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A B S T R A C T

Background

Breast cancer-related lymphoedema can be a debilitating long-term sequela of breast cancer treatment. Several studies have investigated

the effectiveness of different treatment strategies to reduce the risk of breast cancer-related lymphoedema.

Objectives

To assess the effects of conservative (non-surgical and non-pharmacological) interventions for preventing clinically-detectable upper-

limb lymphoedema after breast cancer treatment.

Search methods

We searched the Cochrane Breast Cancer Group’s (CBCG) Specialised Register, CENTRAL, MEDLINE, EMBASE, CINAHL, PEDro,

PsycINFO, and the World Health Organization (WHO) International Clinical Trials Registry Platform in May 2013. Reference lists

of included trials and other systematic reviews were searched.

Selection criteria

Randomised controlled trials that reported lymphoedema as the primary outcome and compared any conservative intervention to either

no intervention or to another conservative intervention.

Data collection and analysis

Three authors independently assessed the risk of bias and extracted data. Outcome measures included lymphoedema, infection, range

of motion of the shoulder, pain, psychosocial morbidity, level of functioning in activities of daily life (ADL), and health-related quality

of life (HRQoL). Where possible, meta-analyses were performed. Risk ratio (RRs) or hazard ratio (HRs) were reported for dichotomous

outcomes or lymphoedema incidence, and mean differences (MDs) for range of motion and patient-reported outcomes.

1Conservative interventions for preventing clinically detectable upper-limb lymphoedema in patients who are at risk of developing

lymphoedema after breast cancer therapy (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

mailto:m.stuiver@nki.nl
mailto:m.m.stuiver@amc.uva.nl


Main results

Ten trials involving 1205 participants were included. The duration of patient follow-up ranged from 2 days to 2 years after the

intervention. Overall, the quality of the evidence generated by these trials was low, due to risk of bias in the included trials and

inconsistency in the results.

Manual lymph drainage

In total, four studies used manual lymph drainage (MLD) in combination with usual care or other interventions. In one study,

lymphoedema incidence was lower in patients receiving MLD and usual care (consisting of standard education or exercise, or both)

compared to usual care alone. A second study reported no difference in lymphoedema incidence when MLD was combined with

physiotherapy and education compared to physiotherapy alone. Two other studies combining MLD with compression and scar massage

or exercise observed a reduction in lymphoedema incidence compared to education only, although this was not significant in one of the

studies. Two out of the four studies reported on shoulder mobility where MLD combined with exercise gave better shoulder mobility

for lateral arm movement (shoulder abduction) and forward flexion in the first weeks after breast cancer surgery, compared to education

only (mean difference for abduction 22°; 95% confidence interval (CI) 14 to 30; mean difference for forward flexion 14°; 95% CI 7

to 22). Two of the studies on MLD reported on pain, with inconsistent results. Results on HRQoL in two studies on MLD were also

contradictory.

Exercise: early versus delayed start of shoulder mobilising exercises

Three studies examined early versus late start of postoperative shoulder exercises. The pooled relative risk of lymphoedema after an early

start of exercises was 1.69 (95% CI 0.94 to 3.01, 3 studies, 378 participants). Shoulder forward flexion was better at one and six months

follow-up for participants who started early with mobilisation exercises compared to a delayed start (two studies), but no meta-analysis

could be performed due to statistical heterogeneity. There was no difference in shoulder mobility or self-reported shoulder disability

at 12 months follow-up (one study). One study evaluated HRQoL and reported difference at one year follow-up (mean difference 1.6

points, 95% CI -2.14 to 5.34, on the Trial Outcome Index of the FACT-B). Two studies collected data on wound drainage volumes

and only one study reported higher wound drainage volumes in the early exercise group.

Exercise: resistance training

Two studies compared progressive resistance training to restricted activity. Resistance training after breast cancer treatment did not

increase the risk of developing lymphoedema (RR 0.58; 95% CI 0.30 to 1.13, two studies, 358 participants) provided that symptoms

are monitored and treated immediately if they occur. One out of the two studies measured pain where participants in the resistance

training group reported pain more often at three months and six months compared to the control group. One study reported HRQoL

and found no significant difference between the groups.

Patient education, monitoring and early intervention

One study investigated the effects of a comprehensive outpatient follow-up programme, consisting of patient education, exercise,

monitoring of lymphoedema symptoms and early intervention for lymphoedema, compared to education alone. Lymphoedema inci-

dence was lower in the comprehensive outpatient follow-up programme (at any time point) compared to education alone (65 people).

Participants in the outpatient follow-up programme had a significantly faster recovery of shoulder abduction compared to the education

alone group.

Authors’ conclusions

Based on the current available evidence, we cannot draw firm conclusions about the effectiveness of interventions containing MLD.

The evidence does not indicate a higher risk of lymphoedema when starting shoulder-mobilising exercises early after surgery compared

to a delayed start (i.e. seven days after surgery). Shoulder mobility (that is, lateral arm movements and forward flexion) is better in the

short term when starting shoulder exercises earlier compared to later. The evidence suggests that progressive resistance exercise therapy

does not increase the risk of developing lymphoedema, provided that symptoms are closely monitored and adequately treated if they

occur.

Given the degree of heterogeneity encountered, limited precision, and the risk of bias across the included studies, the results of this

review should be interpreted with caution.

P L A I N L A N G U A G E S U M M A R Y
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Interventions for preventing lymphoedema (swelling of the arm) after breast cancer treatment

Review question

We reviewed the evidence about the effect of interventions on preventing lymphoedema in women after breast cancer surgery.

Background

About one in five people treated for breast cancer develop lymphoedema later on. We reviewed the available evidence to determine

whether some methods, such as manual lymph drainage (a massage therapy), compression, exercise or only education could help prevent

lymphoedema.

Study characteristics

The evidence is current to May 2013. Ten studies were included: four studies used manual lymph drainage with usual care, or combined

with exercise or compression versus usual care or education alone (395 participants); three studies examined early versus late start of

postoperative shoulder exercises (378 people); two studies used either progressive resistance exercise or restricted activity (358 people);

and one study investigated a physiotherapy care plan versus no physiotherapy (65 people). The duration of patient follow-up ranged

from two days to two years after the intervention.

Key results

No firm conclusion can be drawn about the effect of manual lymph drainage in addition to exercise and education on preventing

the incidence of lymphoedema. This is because the two included studies found contradicting results. In addition, no firm conclusion

can be drawn about manual lymph drainage in combination with other interventions, because only two studies were found that each

tested different combinations. One of these studies found that manual lymph drainage combined with exercise lowered the risk of

lymphoedema. The other study combined manual lymph drainage with compression, but this study was too small to draw conclusions.

Arm mobility (i.e. reaching upwards over the head) was better after manual lymph drainage than without it, but this improvement

lasted only for the first few weeks after breast cancer surgery.

When assessing whether early or late shoulder exercises reduced the likelihood of developing lymphoedema, the studies did not provide

a clear result. The likely incidence of lymphoedema ranged from 5% to 27% (early start) compared to 4% to 20% (for delayed start)

during the first 6 to 12 months after surgery. Starting shoulder exercises immediately after surgery may improve shoulder mobility in

the first month, compared to starting after the first week but no firm conclusions can be drawn and mobility is comparable later on.

Progressive resistance training did not increase the risk of developing lymphoedema compared to restricted activity, on the basis that

symptoms were monitored and treated immediately if they occurred.

For all investigated interventions, no firm conclusion can be drawn about their effectiveness in reducing pain or improving quality of

life.

Quality of the evidence

The evidence was considered to be low quality, except for the evidence on resistance training, which was of moderate quality. This was

because many studies had shortcomings in how they were conducted; there were only a small number of studies for each intervention;

the results differed between comparable studies; and the groups studied were relatively small.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Early physiotherapy including MLD for patients at risk for secondary upper limb lymphoedema after breast cancer treatment

Patient or population: patients at risk for secondary upper limb lymphoedema after breast cancer treatment

Settings: Hospital/outpatient clinic

Intervention: early physiotherapy including MLD

Outcomes Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

No of Participants

(studies)

Quality of the evidence

(GRADE)

Comments

Assumed risk Corresponding risk

Control Early physiotherapy in-

cluding MLD

Time to event (Lym-

phoedema)

volumetry

Follow-up: 12 months

Low HR ranged from 0.26 to

1.31

270

(2 studies)

⊕©©©

very low2,3,4

Not estimable Not estimable

High

Not estimable Not estimable

Lymphoedema - short

term follow up

Volumetry

Follow-up: mean 3

months

Low RR ranged from 0.14 to

1.4

226

(2 studies)

⊕©©©

very low5,6,7

Not estimable Not estimable

High

Not estimable Not estimable

Lymphoedema -

medium term follow up

Volumetry

Follow-up: 6 to 12

months

Low RR ranged from 0.02 to

1.26

385

(4 studies)

⊕©©©

very low8,9,10

Not estimable Not estimable

High

Not estimable Not estimable4
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Shoulder range of mo-

tion for abduction - short

term follow up

goniometer. Scale from:

0° to 180°.

Follow-up: 2 to 4 weeks

The mean shoulder range

of motion for abduction -

short term follow up in the

control groups was

121° 11

The mean shoulder range

of motion for abduction -

short term follow up in the

intervention groups was

22°higher

(14° to 30° higher)

183

(2 studies)

⊕⊕©©

low12

Shoulder range of mo-

tion for forward flexion -

short term follow up

goniometer. Scale from:

0° to 180°.

Follow-up: 2 to 4 weeks

The mean shoulder range

of motion for forward flex-

ion - short term follow up

in the control groups was

126° 11

The mean shoulder range

of motion for forward flex-

ion - short term follow up

in the intervention groups

was

14°higher

(7° to 22° higher)

183

(3 studies)

⊕⊕©©

low12

Shoulder range of mo-

tion for abduction -

medium term follow up

goniometer. Scale from:

0° to 180°.

Follow-up: 6 to 12

months

Not estimable11 The mean shoulder range

of motion for abduction

- medium term follow up

in the intervention group

ranged from 3.1° lower to

16.9° higher

183

(3 studies)

⊕©©©

very low13,14,15

Shoulder range of mo-

tion for forward flexion -

medium term follow up

goniometer. Scale from:

0° to 180°.

Follow-up: 6 to 12

months

Not estimable The mean shoulder range

of motion for forward flex-

ion - medium term fol-

low up in the intervention

group ranged from 0° to

14° higher

183

(3 studies)

⊕©©©

very low13,14,15

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the

assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: Confidence interval; RR: Risk ratio; HR: Hazard ratio;
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GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

1 Range reflects observed risk measures in two studies
2 A higher percentage in the intervention group had level III dissection (43% vs 33%) and a higher percentage had radiotherapy on the

axilla (10 vs 6) in one study (Devoogdt 2011). Radiotherapy was more often used in control group in one study (Torres 2010). No

blinding of participants and personnel both studies. Per protocol analysis in one study (Torres 2010).
3 No evidence of effect in one study (Devoogdt 2011), large effect in one study (Torres 2010). Contradicting point estimates.
4 No meta-analysis was possible due to statistical heterogeneity, 95%CI includes clinically relevant values in both directions in one study

(Devoogdt, 2011)
5 No allocation concealment in one study (Zimmermann 2012), no blinding of outcome assessment in one study (Zimmermann 2011).
6 No evidence of effect in one study (Devoogdt 2011), large effect in the second study (Zimmermann 2012).
7 No meta-analysis was possible, one study with a very large confidence interval (Zimmermann 2012) one study with small confidence

interval (Devoogdt 2011)
8 No allocation concealment in one study (Zimmermann 2012), selective outcome reporting in one study (Castro-Sanchez 2011). No

blinding of outcome assessment in three studies (Castro-Sanchez 2011; Torres 2010; Zimmermann 2011). No intention-to-treat analysis

in one study (Torres 2010). Groups not comparable at baseline in two studies (Castro-Sanchez 2011, Torres 2010). Treatment of groups

differed apart from assigned intervention (Castro-Sanchez 2011, Torres 2010).
9 Strong statistical heterogeneity.
10 Broad 95% CIs including clinically-relevant effects in both directions in three studies (Castro-Sanchez 2011; Torres 2011; Devoogdt

2011).
11 Final scores were available for one study only
12 No allocation concealment in one study (Zimmermann 2012). No blinding of outcome assessment in both studies. No intention-to-

treat analysis in one study (Torres 2010). Treatment of groups differed apart from assigned intervention (Torres 2010).
13 No allocation concealment in one study (Zimmermann 2012). No blinding of outcome assessment in both studies. No intention-to-

treat analysis in one study (Torres 2010). Groups not comparable at baseline in one study for radiotherapy treatment (Torres 2010).

Treatment of groups differed apart from assigned intervention (Torres 2010).
14 Large effect in favour of intervention in one study (Zimmermann 2012), small non-significant effect favouring the control group in

another study (Torres 2010)
15 Broad 95% CI in one none-significant study includes potentially clinically-relevant effects in both directions (Torres 2010).
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B A C K G R O U N D

Breast cancer is the most common type of cancer among women.

Worldwide, it has been estimated that 1.38 million new cases were

diagnosed in 2008. The incidence is especially high in the devel-

oped countries of the world, with an estimated age-standardised

incidence in 2008 of 76 cases per 100,000 women in the United

States, 83.2 per 100,000 in Canada, 84.8 per 100,000 in Aus-

tralia and 89.7 per 100,000 women in Western Europe (Globocan

2008). Advances in breast cancer treatment have resulted in better

survival prospects after diagnosis. As a consequence, an increasing

number of people are confronted with early and late side effects

of breast cancer treatment. One of the most important side ef-

fects of breast cancer treatment is secondary lymphoedema. The

reported incidence of lymphoedema following breast cancer treat-

ment varies from 6% to 54% (Clark 2005; Kwan 2010; Norman

2010; Park 2008; Paskett 2007; Petrek 1998; Shih 2009). A recent

systematic review and meta-analysis estimated the risk of develop-

ing arm lymphoedema to be 16.6%, taking all studies into account,

and 21% based on meta-analysis of cohort studies (DiSipio 2013).

Lymphoedema incidence increases with the time since treatment

(Cormier 2010; DiSipio 2013; Petrek 1998). The variability in

reported incidence is due, in part, to differences in the criteria

used to define lymphoedema (Cormier 2010; Petrek 1998). Lym-

phoedema can be a debilitating condition that negatively affects

health-related quality of life, body image, finances, social partici-

pation and activity level (Engel 2003; Paskett 2007; Vassard 2010).

The economic burden of breast cancer-related lymphoedema was

studied in a two-year follow-up study after breast cancer treatment

in which insurance claims data were used. The estimated differ-

ence in the two-year costs between women who were diagnosed

with breast cancer-related lymphoedema and those without lym-

phoedema ranged from USD 14,877 to USD 23,167. The true

costs may be underestimated in that study because of the use of

claims data and the limited duration of follow-up (Shih 2009).

Description of the condition

Pathophysiology of lymphoedema

Lymphoedema is the accumulation of interstitial fluid as a result

of insufficient lymph drainage (Brennan 1992). After breast can-

cer treatment, secondary lymphoedema may occur as a result of

insufficient lymph drainage from the upper limb. This is due to

partial or total destruction of the lymphatic system with surgery

or radiotherapy. Additionally, cancer treatment may induce qual-

itative changes in the structure of the skin and subcutaneous tis-

sues of the arm or trunk, such as scarring or subcutaneous fibrosis.

Insufficient lymph drainage due to these changes can also lead to

the development of lymphoedema.

Diagnosis of lymphoedema

Several different diagnostic criteria for the presence of lym-

phoedema are used. Lymphoedema may be defined as a certain

amount of absolute or relative change in limb circumference. Cir-

cumference can be measured using a tape measure or perimetry.

Other criteria are absolute or relative changes in total limb volume.

Volume can be estimated from circumference measurements, wa-

ter displacement or laser scanning. Bioimpedance spectrometry

can be used to estimate the amount of extracellular fluid. The di-

agnosis of lymphoedema is sometimes made by self-reporting of

symptoms. The wide variety of ways to define and diagnose lym-

phoedema complicates the interpretation of research on its inci-

dence, prevalence, risk factors, treatment and prevention (Paskett

2007).

Risk factors

Findings in the literature on treatment-related and patient-related

risk factors are inconsistent. The treatment factor most consis-

tently associated with lymphoedema is the extent of surgery. Be-

sides the extent of local surgery, this specifically includes axillary

lymph node dissection and the number of lymph nodes removed

(DiSipio 2013; Hayes 2008; Meeske 2008; Norman 2010; Park

2008; Ridner 2011; Tsai 2009a; Yen 2009). Radiotherapy has been

associated with an elevated risk of lymphoedema in some studies

(Kwan 2010; Park 2008; Tsai 2009a) but not in others (Goldberg

2010; Helyer 2010; Meeske 2008; Norman 2010; Paskett 2007;

Yen 2009). This inconsistency may be due, in part, to the het-

erogeneity of radiotherapy treatment protocols. Of the clinical

characteristics associated with an increased risk of developing lym-

phoedema, higher body mass index (BMI) and higher body weight

are the most consistent (DiSipio 2013; Goldberg 2010; Helyer

2010; Meeske 2008; Norman 2010; Park 2008; Ridner 2011).

Other clinical risk factors include positive lymph nodes and ad-

vanced disease (Kwan 2010; Meeske 2008; Park 2008; Tsai 2009a;

Yen 2009). Coming from a black race has also been suggested as a

risk factor in some studies (Kwan 2010; Norman 2010), although

other studies found no such association (Meeske 2008; Paskett

2007; Yen 2009). Higher age has been identified both as a risk fac-

tor (Hayes 2008) and as a protective factor (Kwan 2010; Meeske

2008; Norman 2010). Higher education or socioeconomic status

has also been identified both as a risk factor (Norman 2010) and

as a protective factor (Hayes 2008; Kwan 2010).

Description of the intervention

Various preventive interventions are employed to minimise the

risk of developing lymphoedema after treatment for breast cancer.

For this review, we considered conservative interventions: non-

surgical and non-pharmacological interventions. These include,

but may not be limited to, the interventions as described below.
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Exercise

Performing exercise has been debated to be both a risk factor and a

risk-reducing factor (Ewertz 2011). Exercise increases blood flow

and the blood pressure in the upper limb, and consequently in-

creases lymph production. On the other hand, muscle activity in

the limb stimulates lymph flow (often referred to as the ’muscle

pump’), improving lymph drainage. Interindividual physiologi-

cal variation seems to exist with regard to changes in lymphatic

drainage during exercise (Lane 2007). Exercises that specifically

aim to stimulate lymph flow from the extremity towards the tho-

rax may, if effective, lower the risk of developing lymphoedema.

Exercises that improve the range of motion and strength of the

upper limb may also improve daily use of the arm thus improving

lymph drainage through muscle activity (Box 2002).

Patient education

Participant education can be provided verbally, or through writ-

ten materials. Education is intended to help participants under-

stand the changes in fluid regulation in the affected limb and the

influence of external factors on fluid regulation. Risk minimisa-

tion strategies may additionally be discussed as part of the educa-

tion, including lifestyle advice, such as maintaining activity levels

and a healthy BMI, information on early self-detection of lym-

phoedema, and measures that can be taken in case swelling occurs

(Box 2002; Park 2008). Although education may be effective in

encouraging preventive self-care measures, it may also uninten-

tionally reduce other desirable forms of behaviour, such as activi-

ties involving the arm on the affected side (Lee 2009).

Monitoring and early intervention

Monitoring involves regular follow-up appointments to objec-

tively judge the status of the affected limb and to reinforce be-

haviour that is thought to be beneficial for preventing lym-

phoedema. Subclinical lymphoedema may be diagnosed with the

help of techniques such as bioimpedance spectrometry or whole

limb perimetry. The rationale for monitoring is that the sooner

lymphoedema is diagnosed then the sooner it can be adequately

addressed, thus limiting morbidity (Stout 2008), although it is

unclear whether or not subclinical lymphoedema will ultimately

result in clinically-detectable lymphoedema in individual patients.

Compression therapy

Compression therapy may consist of wearing compression gar-

ments in various compression classes, and using bindings or pneu-

matic compression devices. The rationale for compression ther-

apy is based on providing resistance to swelling, as well as to im-

proving the ‘muscle pump’ function. Compression therapy has

been recommended for the treatment and control of manifest lym-

phoedema of the limbs (Preston 2008), but is also sometimes used

for prevention of lymphoedema.

Manual lymph drainage

Manual lymph drainage (MLD) is a massage technique that in-

volves gentle compression of the skin to stimulate lymph flow

and manual stimulation of lymph nodes to increase their activity.

MLD generally aims at improving consistency of the oedema and

reducing or stabilising lymphoedema. Reducing lymphoedema is

achieved by stimulating the formation of physiological lymphatic

shunts or alternative pathways for lymph drainage. Some evidence

suggests that MLD could be effective in reducing upper limb vol-

ume in people with existing lymphoedema although it is usu-

ally combined with other treatment modalities (Devoogdt 2010;

Preston 2008; Torres 2010). Some advocate the use of MLD to

prevent lymphoedema by activating alternative drainage pathways

(Torres 2010). Techniques of manual lymph drainage may also be

used to improve tissue consistency and tissue compliance of the

surgical scar, with the objective to improve lymphatic flow through

the tissue and range of motion.

Lymph taping (Kinesio tape)

The concept of lymph taping is relatively novel. This therapy in-

volves the application of elastic, thermo-adhesive tape in such a

way that lymph drainage towards the lymph nodes is facilitated.

Kinesio tape has been suggested as a replacement for bandaging

in the treatment of lymphoedema (Tsai 2009b).

Why it is important to do this review

Considering the impact of lymphoedema on the quality of life

of people after breast cancer therapy and the associated societal

costs, efforts should be made to prevent its occurrence. Unfortu-

nately, there is no conclusive evidence to date on the optimal strat-

egy to prevent lymphoedema. Preventive treatments carry with

them direct and indirect costs that should be balanced against pos-

sible gains. A research recommendation for a systematic review

addressing this subject was made in the NHS Database of Un-

certainties about the Effects of Treatments (DUETS) at http://

www.library.nhs.uk/DUETs/ViewResource.aspx?resID=302437 (

Duets). The review presented here aims to summarise current evi-

dence in such a way that it can be used to guide clinical decisions,

and support the development of evidence-based guidelines for the

prevention of lymphoedema in people with breast cancer.

O B J E C T I V E S

To assess the effects of conservative (non-surgical and non-phar-

macological) interventions for preventing clinically-detectable up-

per-limb lymphoedema after breast cancer treatment.
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M E T H O D S

Criteria for considering studies for this review

Types of studies

We considered eligible for inclusion all types of randomised con-

trolled trials (RCTs) that had reported secondary lymphoedema

as the primary outcome, and had compared a conservative inter-

vention to either usual care, placebo intervention, or some other

intervention.

Types of participants

Trials with participants of both sexes and all ages at risk of develop-

ing lymphoedema in the upper limb after treatment for breast can-

cer were eligible for inclusion. Treatments for breast cancer could

include: surgical treatment for breast cancer with axillary lymph

node dissection, sentinel lymph node biopsy or axillary sampling,

with or without radiotherapy to the axilla or the supraclavicular

fossa or both; or radiotherapy alone. Trials in people who had

been diagnosed with lymphoedema or cancer recurrence were not

eligible for inclusion.

Types of interventions

We considered trials of exercise therapy, patient education, mon-

itoring and early intervention, manual lymph drainage (MLD),

compression therapy (bandages, a compression sleeve, pneumatic

compression), and lymph taping; or any combination of these in-

terventions. We also considered trials with other non-pharmaco-

logical and non-surgical interventions eligible for inclusion if they

were identified in the search, provided that the studies met the

other inclusion criteria.

Types of outcome measures

Primary outcomes

The primary outcome in our review is the occurrence of lym-

phoedema. This could be reported as either a dichotomous out-

come or as a continuous outcome (volume or percentage volume

change). Time-to-event data, with lymphoedema as the event, was

also used, if reported. Because of the variety of ways in which lym-

phoedema can be defined and diagnosed, studies were only consid-

ered eligible if they had used a predefined criterion for establishing

lymphoedema that was based, at least in part, on an objective as-

sessment. This included circumference measurements, water dis-

placement methods, bioimpedance measurements, laser scanning,

perimetry and dual energy X-ray absorptiometry (DEXA) scan-

ning. This means we did not include studies that had evaluated

an intervention based solely on a diagnosis of lymphoedema made

by a healthcare professional or on self-reported swelling or com-

plaints of oedema.

Secondary outcomes

Secondary outcome measures of interest were:

• infection, defined as any inflammation (redness, pain, heat

and swelling) for which antibiotics were prescribed;

• active range of motion (AROM) of the upper limb; and

• level of functioning in activities of daily living (ADL), as a

self-reported measure or as rated by an assessor using a validated

measurement instrument.

The following self-reported measures were also included as sec-

ondary outcomes, whenever assessed with a validated measure-

ment instrument:

• pain;

• health-related quality of life (including both physical and

mental well-being); and

• psychosocial morbidity (emotional or psychosocial distress).

Any reported adverse effects of the preventive treatments were

documented.

Search methods for identification of studies

See: Breast Cancer Group methods used in reviews.

No language or publication date restrictions were imposed. We

only considered research that has been published in peer-reviewed

scientific journals.

Electronic searches

We searched the following databases.

(a) The Cochrane Breast Cancer Group’s (CBCG) Spe-

cialised Register. Details of the search strategies used by the

Group for the identification of studies and the procedure

used to code references are outlined in the Group’s mod-

ule (www.mrw.interscience.wiley.com/cochrane/clabout/articles/

BREASTCA/frame.html). Trials with the key words ’lym-

phoedema/ lymphedema’, ’upper-limb lymphoedema/ lym-

phedema’, ’exercise’, ’education’, ’patient monitoring’, ’manual

lymph drainage’, ’compression therapy’, ’compression bandages’,

’compression sleeve’, ’pneumatic compression’, ’lymph taping’ and

’kinesiotape’ were extracted and considered for inclusion in the

review.

(b) MEDLINE via PubMed. See Appendix 1 for the search strat-

egy.

(c) EMBASE via Ovid (1980 to May 2013). See Appendix 2 for

the search strategy.

(d) The World Health Organization (WHO) International Clin-

ical Trials Registry Platform (ICTRP) search portal (http://
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apps.who.int/trialsearch/Default.aspx) for all prospectively regis-

tered and ongoing trials. See Appendix 3 for the search strategy.

(e) The Cumulative Index to Nursing and Allied Health Literature

(CINAHL) through EBSCO (1980 to May 2013). See Appendix

4 for the search strategy.

(f ) The Physiotherapy Evidence Database (PEDro) via http://

www.pedro.org.au/ (1980 to May 2013). See Appendix 5 for the

search strategy.

(g) PsycINFO through Ovid (1980 to May 2013). See Appendix

6 for the search strategy.

(h) The Cochrane Central Register of Controlled Trials (CEN-

TRAL) (The Cochrane Library, Issue 4, April 2013). See Appendix

7.

Searching other resources

References of included articles and relevant identified reviews were

handsearched for previously unidentified studies.

Data collection and analysis

Selection of studies

All studies identified through the electronic searching were

screened for eligibility by two authors independently (MS and MT

or CA). An initial selection was carried out based on the title of

the study. Studies were classified as potentially eligible if the title

of the study report indicated a randomised controlled trial (RCT)

on the prevention of lymphoedema using a conservative therapy.

If no judgement could be made about the eligibility of a study

based on the title, the judgement was based on title and abstract.

Any disagreements about eligibility were resolved in consensus

meetings. The same procedure was applied to references found in

articles reporting on included studies. Review articles identified

in the search were screened for relevance and reference lists were

checked to identify additional potentially eligible studies. Final

decisions about inclusion for all studies judged potentially eligible

were based on the full text of the study report.

Data extraction and management

Two authors (MS and MT) performed data extraction indepen-

dently, using data collection forms that were developed and pre-

tested for the purpose of this study. In the case of disagreement,

agreement was reached in a consensus meeting. If no consensus

could be reached, the decision was made by a third author (CA).

For each included study, the following characteristics were col-

lected:

1. study information (year, country, setting, sample size, method

of randomisation, blinding and method of outcome assessment

including the definition of lymphoedema in the case of a dichoto-

mous outcome, duration of follow-up);

2. baseline characteristics of study participants (age, sex, disease

stage);

3. intervention used for the prevention of lymphoedema (type of

treatment, dosage of treatment, description of usual care condi-

tion);

4. comparator (alternative intervention or follow-up only);

5. aggregated outcomes (proportions of incident cases, or relative

risks for dichotomous data, or means and standard deviations for

continuous data);

6. adverse effects reported; and

7. loss to follow-up (number and reasons).

If the data and methods reported were insufficient for data extrac-

tion or risk of bias assessment, the authors of included studies were

contacted for additional information.

Assessment of risk of bias in included studies

Risk of bias was assessed using the Cochrane risk of bias tool for

the appraisal of RCTs, as outlined in the Cochrane Handbook for

Systematic Reviews of Interventions version 5.1.0 (Higgins 2011).

The tool contains six domains and each domain was assigned a

judgement related to the risk of bias. The judgement could be

’low risk’, ’high risk’, or ’unclear risk’. The latter judgement was

assigned if the risk of bias of a characteristic in an included study

was judged to be unclear, or if there was insufficient information

on which to base the judgement.

The six domains are:

1. sequence generation;

2. allocation concealment;

3. blinding of participants, personnel and outcome assessors;

4. incomplete outcome data;

5. selective outcome reporting; and

6. other sources of bias.

Other sources of bias specifically addressed were comparability of

the groups at baseline, intention to treat analysis, and equal treat-

ment of groups except for the allocated intervention. Specifically,

additional contact with a healthcare professional due to the nature

of the intervention may also reinforce risk-reduction behaviour,

such as self-care; this may result in an overestimation of the ef-

fect. Since the effectiveness of self-care and other risk-reduction

behaviour is unclear, risk of bias from other sources was set to ’un-

clear’ if this was the only potential source of bias, or ’high’ if there

were additional concerns related to risk of bias from other sources.

Judgements on comparability of groups at baseline were based on

magnitude of the differences rather than statistical significance.

Two authors (MS and MT) independently assessed each included

trial. Results were compared and discussed in a consensus meet-

ing. If no consensus could be reached, a third author (CA) made

the decision. In cases where no clear judgement could be reached

based on the trial report, the trial authors were contacted to obtain

additional details. The risk of bias is reported with a ’Risk of bias’

table and graph for each outcome measure.
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Measures of treatment effect

Statistics to express treatment effects are reported for each out-

come separately. We used the measure of effect as estimated in the

intention-to-treat analysis. The method of assessment is reported

for each outcome.

Dichotomous outcomes

For dichotomous outcomes, such as a diagnosis of lymphoedema,

the treatment effect was expressed as a risk ratio with 95% confi-

dence intervals (CIs).

Continuous outcomes

For continuous outcomes, such as limb volume, and self-reported

measures, such as health-related quality of life, psychosocial mor-

bidity, level of ADL functioning and active range of motion of

the upper limb, the treatment effect was expressed as the mean

difference or the standardised mean difference if different scales

had been used. If no mean differences and CIs were reported, they

were calculated from the available summary data using Review

Manager software (RevMan 5).

For outcome variables measured with the same instrument, final

scores and change scores (the difference between baseline scores

and final scores) were reported in the included trials. In future

updates of this review, we will preferably extract the adjusted final

scores for the meta-analysis if these are reported.

If final scores and change scores could be pooled together, they

were presented for subgroups in the corresponding forest plot. If

it was not possible to extract standard deviations (SDs) for a par-

ticular outcome, attempts were made to obtain the SDs from the

study authors. If no further details could be obtained, missing SDs

were imputed using the square root of the average of the variances

(standard deviation squared) from all other included studies for

that measure, as recommended in the Cochrane Handbook for Sys-

tematic Reviews of Interventions.

Time-to-event outcomes

For time-to-event outcomes such as time to diagnosis of lym-

phoedema, the treatment effect was expressed as a hazard ratio

(HR). Only unadjusted HRs were available and extracted from

the identified studies. In future updates of the review, if the HR

and associated variances cannot be obtained directly from the trial

publication, we will obtain these data indirectly using the methods

described by Parmar 1998, by employing other available summary

statistics or data extracted from published Kaplan-Meier curves.

Unit of analysis issues

Unit of analysis issues were not encountered in this review. How-

ever for future updates of this review that include studies with

multiple intervention groups, comparable groups within a study

will be combined to create a single pair-wise comparison, if this is

possible. If necessary we will reduce the sample size for the control

group when making multiple comparisons. If this is not possible,

only one comparison will be made per meta-analysis.

Given the nature of the primary outcome, no cross-over trials

or cluster-randomised trials were expected to be identified in the

search.

Dealing with missing data

For studies that were listed in trial registers, reported outcomes

were compared with those specified in the protocol. If outcomes

as described in the methods section of the publication or the trial

registration file were not presented in the available publications,

the authors were contacted for additional details.

Assessment of heterogeneity

Three authors (MS, MT and CA) jointly judged the extent of clin-

ical heterogeneity for studies that had comparable goals and type

of intervention, but differences with respect to treatment protocols

or population. Outcomes that were judged potentially eligible for

meta-analyses were used to generate summary measures of treat-

ment effect. Subsequently, statistical heterogeneity was assessed by

visual inspection of the forest plots and quantified using the Chi²

statistic and the I² statistic, as provided by Review Manager soft-

ware (RevMan 5).

For the Chi² statistic, a P value of 0.10 was set to indicate statisti-

cally-significant heterogeneity, rather than the conventional value

of 0.05. The I² statistic indicates the percentage of the variability

in effect estimates that is due to heterogeneity. We considered an

I² statistic greater than 50% as large. The value of the I² statistic

was evaluated alongside the magnitude and direction of effect and

the P value for the Chi² statistic for heterogeneity (Higgins 2011).

Because of the small number of studies available per outcome, we

used a fixed-effect model in all cases. For future updates of this re-

view, if there is no statistical evidence of heterogeneity we will use

the fixed-effect model (Mantel 1959); while if significant hetero-

geneity exists we will use the random-effects model (DerSimonian

1986) and sources of heterogeneity will be explored.

Assessment of reporting biases

Given the small number of studies per outcome, no funnel plots

were generated to test for reporting bias. Future updates of this

review will include funnel plots if sufficient studies are available

(Higgins 2011).

Data synthesis

Treatment effects from studies with comparable interventions and

outcomes were visualized in forest plots. Summary estimates were

calculated only if statistical heterogeneity was within the prespec-

ified limits of acceptability.
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Since the reported numbers of events in the majority of studies

reflected point-prevalence rather than cumulative incidence, we

used the risk ratio (RR) for dichotomous outcomes.

If time-to-event analyses were presented, hazard ratios were ex-

tracted. RRs and HRs were combined in separate plots. The results

were stratified according to the duration of follow-up, combining

studies with short follow-up (less than six months) and medium

length follow-up (6 months up to two years) in separate plots.

Published data on long-term follow-up (more than 2 years) were

not available, but may be examined in future updates of the review.

For continuous outcomes, mean differences (MD) were used for

limb volume and standardised mean differences (SMD) for self-

reported measures.

For dichotomous outcomes, fixed-effect analyses using the Man-

tel-Haenszel method were conducted on all occasions considering

the small number of studies (Mantel 1959). If the results were

judged too heterogeneous, forest plots were generated, but no total

summary statistics were presented.

All analyses were performed using Review Manager software

(RevMan 5) in accordance with the Cochrane Handbook for Sys-

tematic Reviews of Interventions and R3.0.1 (R Statistical Package).

Subgroup analysis and investigation of heterogeneity

Due to the small number of studies identified no subgroup analy-

ses were possible. In future updates of this review, if a large amount

of heterogeneity is found, subgroup analyses will be performed

for people with and without axillary clearance and people with

and without radiotherapy treatment, if sufficient data are avail-

able. If there are sufficient studies, subgroup analyses will also be

performed to examine the impact of study quality on outcome

measures.

Sensitivity analysis

Due to the small number of identified studies per intervention,

and the fact that meta-analysis was not possible in most cases,

no sensitivity analyses were performed. In future updates of this

review, if adequate data are available, we will perform sensitivity

analyses to assess the robustness of our results by repeating the

analysis with the following adjustments:

• repeating the analysis excluding studies with high risk of

bias;

• repeating the analysis each time excluding unpublished

results.

R E S U L T S

Description of studies

See: Characteristics of included studies; Characteristics of excluded

studies; Characteristics of ongoing studies.

Results of the search

See: Figure 1.
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Figure 1. Study flow diagram.
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A total of 2570 records were identified in the initial search, of

which six were relevant reviews. In the reference lists of these re-

views, one additional potentially eligible study was identified.

After removing duplicates, 1702 unique titles remained. Of these,

1679 were excluded based on title and abstract screening.

Included studies

Twenty-three of the 1702 unique records were retrieved for full

text evaluation. Of these 10 fulfilled all inclusion criteria (Bendz

2002; Box 2002; Castro-Sanchez 2011; Cinar 2008; Devoogdt

2011; Sagen 2009; Schmitz 2010; Todd 2008; Torres 2010;

Zimmermann 2012).

For three of the included studies, additional publications were

available (Box 2002; Zimmermann 2012; Schmitz 2010). These

publications concerned reports on additional outcome measures

(Zimmermann 2009 for Zimmermann 2012; Box 2002 for Box

2002; Speck 2010 for Schmitz 2010), a publication on the trial

protocol (Schmitz 2009 for Schmitz 2010) and a paper on adverse

events (Brown 2012 for Schmitz 2010).

Although studies including both men and women were eligible for

inclusion in the review, all studies concerned women only. All in-

cluded studies had evaluated the occurrence of lymphoedema, but

different study questions and interventions had been addressed:

• Four trials in five publications investigated the effectiveness

of manual lymph drainage, alone or in combination with other

interventions, for the prevention of lymphoedema after breast

cancer surgery (Castro-Sanchez 2011; Devoogdt 2011; Torres

2010; Zimmermann 2012; Zimmermann 2009).

• Two studies in four publications were non-inferiority trials

investigating the safety of progressive resistance exercise after

breast cancer surgery, with regard to lymphoedema risk (Sagen

2009; Schmitz 2010).

• Three studies, (Bendz 2002; Cinar 2008; Todd 2008),

investigated the influence of different postoperative

rehabilitation protocols (early versus late start of shoulder-

mobilisation exercises after surgery for breast cancer) on the risk

of subsequent secondary lymphoedema.

• One study, (Box 2002), investigated the effects of a

comprehensive out-patient physiotherapy program for women

surgically treated for breast cancer, that included education,

monitoring, exercise and early intervention for prevention of

lymphoedema.

Six studies (Bendz 2002; Box 2002; Cinar 2008; Todd 2008;

Torres 2010; Zimmermann 2012) included shoulder range of mo-

tion as a secondary outcome measure.

Four studies (Bendz 2002; Castro-Sanchez 2011; Sagen 2009;

Torres 2010) reported pain as a secondary outcome measure.

Four studies included HRQoL as a secondary outcome mea-

sure (Castro-Sanchez 2011; Devoogdt 2011; Schmitz 2010; Todd

2008).

We did not identify any studies evaluating the effectiveness of

lymph taping for prevention of lymphoedema.

Full details on trial characteristics and outcomes are provided in

the ’Characteristics of included studies’ table.

Excluded studies

Thirteen full-text publications were excluded (Ahmed 2006;

Anderson 2012; Boccardo 2009; Box 2009; Campisi 2002;

Chandrakaladharan 2009; de Rezende 2006; Hayes 2012; Le-Vu

1997; Oliveira 2009; Sarri 2010; Sisman 2012; Wang 2005).

Reasons for exclusion were the use of (partly) non-conservative in-

terventions (Boccardo 2009; Campisi 2002); a primary outcome

other than lymphoedema (Anderson 2012; de Rezende 2006;

Hayes 2012; Le-Vu 1997; Oliveira 2009; Sarri 2010); and the

use of subjective measures or unclear criterion for defining lym-

phoedema, or both (Hayes 2012; Le-Vu 1997; Wang 2005). One

manuscript was not a primary study, but a synopsis of another

study (Box 2009). One record of a potentially eligible study was a

conference abstract (Chandrakaladharan 2009). No correspond-

ing article could be identified and no additional information could

be obtained from the institution where the work was done. Since

the available data from the conference abstract was insufficient for

the purposes of this review, the study was excluded. One study was

not a randomised controlled trial (Sisman 2012). Another study

was excluded because it also included people with lymphoedema

at baseline (Ahmed 2006).

See the ’Characteristics of excluded studies’ table for further de-

tails.

Risk of bias in included studies

Information on one or more items related to risk of bias was un-

clear or not reported in seven studies (Bendz 2002; Box 2002;

Castro-Sanchez 2011; Cinar 2008, Devoogdt 2011; Torres 2010;

Zimmermann 2012) The authors of these studies were contacted

for further clarification and the missing information was obtained

in all but one case (Cinar 2008).

Detailed information on risk of bias for all studies is described in

the ’Risk of bias’ tables under Characteristics of included studies

and in the risk of bias graph in Figure 2.
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Figure 2. Risk of bias summary: review authors’ judgements about each risk of bias item for each included

study.
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Allocation

Random sequence generation

All studies used randomisation for treatment allocation. In one

study, a cluster randomised study, the method of treatment alloca-

tion per time period was not described in detail and it cannot be

excluded that this may have been quasi randomised (Bendz 2002).

Allocation concealment

Allocation concealment was explicitly ensured in six studies

(Castro-Sanchez 2011; Devoogdt 2011; Sagen 2009; Schmitz

2010; Todd 2008; Torres 2010). One study did not mention al-

location concealment (Bendz 2002). Since cluster randomisation

was applied over periods of four weeks, allocation was to a cer-

tain extent predictable (see also random sequence generation). In

two studies, allocation was not sufficiently blinded (Box 2002;

Zimmermann 2012).

Blinding

Blinding of participants and personnel

None of the studies relied on blinding of study participants for

the intervention. Blinding of personnel was applied in only one

study (Box 2002).

Lack of blinding of participants and personnel may lead to dif-

ferent impact on risk of bias across different types of interven-

tions and outcome. For objective outcomes, the risk of bias was

judged as low in two studies (Box 2002; Sagen 2009), high in

one study (Schmitz 2010), and unclear in seven studies (Bendz

2002; Castro-Sanchez 2011; Cinar 2008; Devoogdt 2011; Todd

2008; Torres 2010; Zimmermann 2012). Although compliance

with the experimental intervention was measured and reported in

some studies, this was not the case for compliance with the control

condition in all but two studies (Sagen 2009; Schmitz 2010).

Risk of bias due to lack of blinding for patient-reported outcomes

was classified as high in one study (Schmitz 2010), low in one study

(Sagen 2009) and unclear in five studies ( Bendz 2002; Castro-

Sanchez 2011; Devoogdt 2011; Todd 2008; Torres 2010).The

remaining studies (Box 2002; Cinar 2008; Zimmermann 2012)

did not use patient-reported outcomes.

Blinding of outcome assessors

In three studies, there was no blinding of outcome measurement

or blinding was insufficiently assured for the primary outcome

(Bendz 2002; Box 2002; Zimmermann 2012). In three studies

(Devoogdt 2011; Sagen 2009; Torres 2010), risk of bias was un-

clear for the primary outcome, lymphoedema. Although outcome

assessors were blinded, participants would be examined if they re-

ported symptoms in between regular follow-up points. Since par-

ticipants were not blinded to the intervention, the inclination for

participants to report symptoms may have been different between

the intervention and the control groups. Participants diagnosed

with lymphoedema received treatment, so bias would affect cumu-

lative incidence as well as point prevalence estimates. This bias ap-

plies to lymphoedema only, but not to other objective outcomes.

In the remaining four studies (Castro-Sanchez 2011; Cinar 2008;

Schmitz 2010; Todd 2008) outcome assessment was sufficiently

blinded.

Seven studies assessed patient-reported outcomes. Of these, risk of

bias due to lack of blinding of outcome assessors was considered

high in five studies (Castro-Sanchez 2011; Devoogdt 2011; Sagen

2009; Schmitz 2010; Torres 2010), unclear in one study (Bendz

2002), and low in one study (Todd 2008).

Incomplete outcome data

Loss to follow-up was limited in most studies. Risk of bias for ob-

jective outcomes due to differential loss to follow-up was consid-

ered high in three studies (Bendz 2002; Sagen 2009; Todd 2008),

unclear in one study (Cinar 2008), and low in all other studies

(Box 2002; Castro-Sanchez 2011; Devoogdt 2011; Schmitz 2010;

Torres 2010; Zimmermann 2012).

For patient-reported outcomes, risk of bias due to incomplete

outcome data was high in three studies (Bendz 2002; Sagen 2009;

Todd 2008), unclear in one study (Schmitz 2010), and low in the

remaining three studies that included patient-reported outcomes

(Castro-Sanchez 2011; Devoogdt 2011; Torres 2010).

Selective reporting

Risk of reporting bias was low in most studies. For six trials (Box

2002; Devoogdt 2011; Sagen 2009; Schmitz 2010; Todd 2008;

Torres 2010; ), enquiries were made about unreported data by

contacting the authors of the studies. These results were obtained

in all but two cases (Devoogdt 2011; Schmitz 2010). Conse-

quently risk of bias was set to ’unclear’ for these studies. In one

study (Castro-Sanchez 2011), the measures as reported for lym-

phoedema differed from the measure as defined in the methods

section, and therefore the risk of bias was judged to be high.

Other potential sources of bias

In four studies, assignment to the treatment group also implied

that participants had more contact with a healthcare professional
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compared to the control group (Castro-Sanchez 2011; Cinar 2008;

Sagen 2009; Zimmermann 2012).

One study had statistically-significant differences in HRQoL at

baseline that were not controlled for in the analysis (Castro-

Sanchez 2011), and one study had differences in number of par-

ticipants with pre-existing shoulder problems between groups at

baseline, as well as differences in the number of people receiving

radiotherapy (Cinar 2008).

One study used a cluster randomised design, which was not ac-

counted for explicitly in the analysis (Bendz 2002).

Effects of interventions

See: Summary of findings for the main comparison Early

physiotherapy including MLD for patients at risk for secondary

upper limb lymphoedema after breast cancer treatment; Summary

of findings 2 Early shoulder mobilising exercises compared to

delayed shoulder mobilising exercises for patient surgically treated

for breast cancer; Summary of findings 3 Progressive resistance

exercise for patients at risk for secondary upper limb lymphoedema

after breast cancer treatment

Manual lymph drainage (MLD)

Incidence of treatment failure (occurrence of lymphoedema)

Four trials, involving 395 participants, tested MLD alone or in

combination with other interventions. In two of these studies,

manual lymph drainage as an added intervention to usual care was

investigated, allowing for the evaluation of the unique effect of

MLD (Devoogdt 2011; Zimmermann 2012). Two other studies

investigated the effect of MLD in combination with another in-

tervention compared to education alone (Castro-Sanchez 2011;

Torres 2010).

In Devoogdt 2011, both cumulative incidence up to each follow-

up point and point prevalence at each follow-up point were re-

ported. In Castro-Sanchez 2011, Torres 2010 and Zimmermann

2012 no explicit distinction was made and reported numbers were

treated as cumulative incidence.

Due to substantial clinical and statistical heterogeneity both for

short-term (less than 6 months) and medium-term (more than 6

months, less than 24 months) follow-up, (I² = 86%, P = 0.008;

and I² = 84%, P < 0.001 respectively for RR; and I² = 84%,

P = 0.01 for the HR), no meta-analyses were performed. The

results of all studies comparing physiotherapy with MLD to any

other intervention are summarized in a single forest plot without

totals (see: Figure 3 (Analysis 1.1); Analysis 1.2; Figure 4 (Analysis

1.3)), and a narrative summary of the results is provided below. A

summary of the main outcomes of these studies is also provided

in ’Summary of findings’ table 1.

Figure 3. Forest plot of comparison: 1 Early physiotherapy including MLD vs no early physiotherapy or

physiotherapy without MLD, outcome: 1.1 Time to event for lymphoedema.
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Figure 4. Forest plot of comparison: 1 Early physiotherapy including MLD vs no early physiotherapy or

physiotherapy without MLD, outcome: 1.3 Lymphoedema - medium term follow up.

Physiotherapy including MLD versus physiotherapy without

MLD

One study (Zimmermann 2012) that investigated MLD in addi-

tion to routine physiotherapy consisting of exercises of the upper

limb and chest, compared to a control group that had routine

physiotherapy only, found a large lymphoedema risk-reducing ef-

fect of MLD (RR 0.14, 95% CI 0.04 to 0.58, P < 0.003 at 3

month follow-up; RR 0.02, 95% CI 0.00 to 0.33, P < 0.001 at 6

months follow-up). Risk of bias in this study was high.

Another study (Devoogdt 2011), with moderate risk of bias, found

no added value of MLD in combination with routine physiother-

apy consisting of exercises and education in comparison to routine

physiotherapy only (RR 1.40, 95% CI 0.51 to 3.86, P = 0.51 at

3 month follow-up; RR 0.96, 95% CI 0.45 to 2.05, P = 0.92 at 6

month follow-up; RR 1.26, 95% CI 0.69 to 2.32, P = 0.45 at 12

month follow-up). In this study, comparisons were also made for

time-to-event for the occurrence of lymphoedema. There was no

statistically-significant difference between the groups (HR 1.30,

95% CI 0.67 to 2.53, P = 0.44). Results on lymphoedema risk as

defined by a different criterion (an increase of 2 cm or more in the

difference in arm circumference between the affected and healthy

side at two or more adjacent measurement points compared with

the difference before surgery), which was included as a secondary

outcome measure, were qualitatively similar.

MLD in combination with other interventions versus

education only

Castro-Sanchez 2011 reported a statistically-significant reduction

in lymphoedema risk for people receiving a combined intervention

of MLD, compression, scar massage and education, compared to

those receiving education alone, although the 95% confidence

interval as calculated from the available data included the null

value of the RR (RR 0.17, 95% CI 0.02 to 1.28, calculated P =

0.097; reported P = 0.042 at 8-month follow-up). Risk of bias in

this study was moderate.

A second study compared MLD combined with exercise therapy

and education to education only (Torres 2010). In this study, there

was a statistically-significant reduction in lymphoedema risk at

the 12-month follow-up in favour of the intervention group (RR

0.28, 95% CI 0.10 to 0.79, P = 0.01 ). Time-to-event analysis in

this study suggested a statistically-significant difference in favour

of the intervention group (HR 0.26, 95% CI 0.09 to 0.79, P =

0.01). Risk of bias in this study was high.

Infection

No data on this outcome.

Active range of motion (AROM) of the upper limb

Two studies, examined the effect of early physiotherapy consisting

of MLD plus exercise on shoulder range of motion (Torres 2010;

Zimmermann 2012). Both studies had high risk of bias. P-values

were not available from Torres 2010 and these values were calcu-

lated from the reported mean changes and standard deviations.

Pooling the results of the early postoperative phase (equal to or

less than three weeks) resulted in a mean difference for abduction

of 22° (95% CI 14 to 30, P < 0.00001, Analysis 1.4) and a mean

difference for forward flexion of 14° (95% CI 7 to 22, P = 0.0001,

Analysis 1.5) in favour of the intervention group.

At medium term follow-up (equal to or greater than six months),

Torres 2010 reported a small and statistically non-significant dif-

ference in favour of the control group, in improvement of shoulder

range of motion from first postoperative day to 12 month follow-

up: intervention group -3° (95% CI -11 to 4, P = 0.42) for ab-

duction, and of -0.4° (95% CI -9 to 8, P = 0.93) for forward flex-

ion. Zimmermann 2012 reported a statistically-significant mean

difference of 17° (95% CI 10 to 24, P < 0.001) for abduction and
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14° (95% CI 7 to 21; P < 0.001) for forward flexion, in favour of

the intervention group.

No meta-analyses could be performed due to considerable statis-

tical heterogeneity (I² = 93%, P < 0.01 and I² = 85%, P = 0.01,

for abduction and forward flexion, respectively), and a forest plot

is provided without totals (Analysis 1.6; Analysis 1.7).

Only one of the studies (Torres 2010) included range of motion

for rotations and found a small and statistically non-significant

difference in recovery of medial rotation (15° versus 10° improve-

ment, calculated P for the mean difference in change = 0.09, re-

ported 95% CI for the difference in observed means: 4 to 11) and

lateral rotation (8° versus 7°, calculated P for the mean difference

in change = 0.69, reported 95% CI for the difference in observed

means: 1 to 6) in favour of the early physical therapy group at 3

weeks and 12 months respectively after the first postoperative day.

Refer to Analysis 1.6 and Analysis 1.7.

ADL function

No data on this outcome.

Pain

Two studies (Castro-Sanchez 2011; Torres 2010), both with high

risk of bias, addressed pain as a secondary outcome and both eval-

uated combined interventions including manual lymph drainage

versus education alone. No meta-analysis was performed due to

statistical heterogeneity (I² = 81%, P = 0.02, Analysis 1.8).

In Torres 2010, people who received manual lymph drainage, ex-

ercise and education reported greater improvement in pain score

from baseline at three weeks (-4.2 points versus -3.8 points change

on a 0 to 10 scale; reported 95% CI of the difference in means -

0.7 to 1.7; calculated P for the difference in change = 0.46) but

less improvement at 12 months (-4.5 versus -5.0, 95% CI -0.72 to

1.72, P = 0.42) compared to participants who received education

alone.

In Castro-Sanchez 2011, participants receiving MLD and using

a compression sleeve for 8 months reported lower pain scores on

a 0 to 10 rating scale, compared to participants who received ed-

ucation only. Mean difference and 95% CI were calculated from

provided means and 95% CIs: mean difference -2.4 points, 95%

CI -4.5 to -0.2, reported P = 0.056, calculated P = 0.03.

Health-related Quality of Life (HRQoL)

MLD in combination with other interventions versus

education only

Two studies on MLD in combination with other interventions as-

sessed HRQoL as a secondary outcome measure (Castro-Sanchez

2011; Devoogdt 2011). Due to clinical heterogeneity meta-anal-

ysis was deemed inappropriate and a narrative synthesis has been

provided.

In Devoogdt 2011, no statistically-significant differences were

found in the mental and physical summary component scores of

the 36-item Medical Outcomes Study Short-Form (SF-36) be-

tween participants who received MLD in combination with exer-

cise and education, and participants who received education only.

This study had moderate risk of bias.

In Castro-Sanchez 2011, participants receiving MLD plus com-

pression had statistically-significantly better mean scores than par-

ticipants receiving education only, for physical functioning (144

versus 109, P = 0.02), social functioning (144 versus 124, P =

0.02), fatigue (47 versus 71, P = 0.03) and financial difficulties

(6 versus 14, P = 0.04) as measured with the EORTC QLQ-C30

questionnaire. Risk of bias in this study was high. In particular,

there were baseline differences in several domains of the QLQ-

C30 (see ’other types of bias’ in the Risk of bias in included studies

for Castro-Sanchez 2011).

Psychosocial morbidity

No data on this outcome.

Adverse Events

No data on this outcome.

Exercise

Incidence of treatment failure (occurrence of lymphoedema)

Early versus delayed onset of mobilising shoulder exercises

after breast cancer treatment

Three trials, involving 378 participants, all with high risk of bias

for the primary outcome, investigated the influence of early versus

delayed onset of full range mobilising shoulder exercises after breast

cancer surgery (Bendz 2002; Cinar 2008; Todd 2008).

Meta-analysis resulted in a summary estimate of the relative risk

of lymphoedema at medium-term follow-up (6 to 12 months)

between early and late start of full range exercises of 1.69 (95%

CI 0.94 to 3.01, P = 0.08) (Figure 5 (Analysis 2.1)).
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Figure 5. Forest plot of comparison: 2 Early vs delayed exercise after breast cancer surgery, outcome: 2.1

Lymphoedema - medium term follow up.

Progressive resistance exercise after breast cancer treatment

The meta-analysis of two non-inferiority studies (Sagen 2009;

Schmitz 2010) indicated that weight training after breast cancer

treatment did not increase lymphoedema risk (RR 0.58, 95% CI

0.30 to 1.13, P = 0.11; Figure 6 (Analysis 3.1)).

Figure 6. Forest plot of comparison: 3 Progressive resistance exercise vs no exercise, outcome: 3.1

Lymphoedema in studies with ≥6 month follow up < 24 months.

One study, (Sagen 2009), compared a supervised physiotherapy

programme of moderate progressive resistance exercises (starting at

0.5 kilograms) two to three times a week, with a regimen of activ-

ity restriction (i.e. avoiding heavy or strenuous physical activities,

including aerobic or other types of exercise classes involving heavy

upper limb physical activity, and lifting and carrying objects over

3 kilograms) and physiotherapy (passive mobilisation and mas-

sage) once a week, for 6 months. In both groups, lymphoedema

treatment was started if participants reported symptoms.

RRs calculated from reported point prevalences were 0.69 (95%

CI 0.23 to 2.09, P = 0.56), 0.48 (95% CI 0.15 to 1.55, P = 0.24)

and 1.04 (95% CI 0.51 to 2.09, P = 0.92) at three months, six

months and 24 months, respectively. This study had high risk of

bias.

The second study, Schmitz 2010, with moderate risk of bias,

compared progressive resistance exercise (starting with the lowest

weight and using the smallest possible increments) plus immediate

treatment of lymphoedema at first symptoms versus no exercise,

and accepted the equivalence hypothesis on lymphoedema risk

(RR = 0.64, 95% CI 0.28 to 1.45, P for equivalence = 0.003; (con-

trary to superiority trials, in equivalence trials or non-inferiority
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trials, the null hypothesis states that there is a difference between

the groups. Thus a P-value smaller than 0.05 is considered statis-

tically-significant evidence of non-inferiority or equivalence).

Infection

Early versus delayed onset of mobilising shoulder exercises

after breast cancer treatment

Infection rates were reported in one study (Cinar 2008). No sta-

tistically-significant differences in wound infection rates were ob-

served between early supervised start of mobilising shoulder exer-

cises compared to a delayed start (RR 0.83, 95% CI 0.20 to 3.39,

P = 0.80). Risk of bias for this outcome was unclear.

Active range of motion (AROM) of the upper limb

Early versus delayed onset of mobilising shoulder exercises

after breast cancer treatment

Three studies reported on early versus delayed full range shoulder

mobilisation after breast cancer surgery (Bendz 2002; Cinar 2008;

Todd 2008). Two of these studies reported on short-term results

at one month follow-up (Bendz 2002; Cinar 2008). Meta-analysis

could be performed for internal rotation only, due to statistical

heterogeneity for forward flexion (I² = 97%, P < 0.001), abduction

(I² = 97%, P < 0.001) and external rotation (I² = 89%, P = 0.003).

Forward flexion at short-term follow-up

In both Bendz 2002 and Cinar 2008, people with an early start of

exercises had better forward flexion at one month; 7° (95% CI 3 to

11, P < 0.001) and 36° (95% CI 27 to 45, P < 0.001), respectively

(Analysis 2.2).

Abduction at short-term follow-up

Abduction did not differ significantly at one month in Bendz

2002. In Cinar 2008, the early exercise group had better shoulder

function at one month: mean difference for abduction 43°, 95%

CI 32 to 55, P < 0.001) (Analysis 2.3).

External rotation at short-term follow-up

External rotation did not differ significantly at one month in

Bendz 2002, but in Cinar 2008 the early exercise group had better

function at one month (mean difference 15°, 95% CI 7 to 23, P

< 0.001) (Analysis 2.4).

Internal rotation at short-term follow-up

All three studies included medium-term follow-up measurements

at six months (Bendz 2002; Cinar 2008) or 12 months (Todd

2008). Data-pooling was possible for shoulder internal rotations

only, due to statistical heterogeneity for forward flexion (I² = 90%,

P < 0.001), abduction (I² = 92%, P < 0.001) and external rotation

(I² = 58%, P = 0.09). The pooled estimate for internal rotation

showed no statistically-significant or potentially clinically-relevant

difference as indicated by the 95% confidence interval, between

early and delayed shoulder exercises (Analysis 2.5).

Forward flexion at medium-term follow-up

In Bendz 2002, participants who started early with full range

shoulder exercises had a small but statistically-significant better

range of motion for forward flexion up to two years post-treat-

ment (at 6 months: 5°, 95% CI 2 to 8, P < 0.01; at 2 years: 3°,

95% CI 0 to 6, P < 0.05). In Cinar 2008, people who started

early with shoulder exercises had statistically significantly better

function for forward flexion (mean difference 15°, 95% CI 11 to

20, P < 0.001). In Todd 2008, there was no statistically-significant

difference in forward flexion at 12 months follow-up (Analysis

2.6).

Abduction at medium-term follow-up

In Bendz 2002, people who started early with shoulder exercises

had no statistically significant better abduction at six months (6°,

95% CI -1 to 13, P = 0.11), but did so at 2 years follow-up (mean

difference 9°, 95% CI 1 to 17, P = 0.03). In Cinar 2008, par-

ticipants in the early mobilisation group also had statistically sig-

nificantly better abduction at six months (mean difference 21°,

95% CI 13 to 30, P < 0.001). In Todd 2008, participants in both

groups had poorer range of motion for abduction at 12 months

compared to baseline. Although the difference in abduction be-

tween the groups was not statistically significant, it was observed

that the early mobilisation group had worse shoulder function

than the delayed mobilisation group, and the 95% CI included a

clinically-relevant difference (mean difference -8, 95% CI -17 to

0.4, P = 0.06). (Analysis 2.7)

External rotation at medium-term follow up

In Bendz 2002, people who started early with shoulder exer-

cises had no statistically-significant different external rotation at 6

months or at 2 years follow-up (at 6 months: mean difference -1°,

95% CI -4 to 2, P = 0.53; at 2 years: mean difference 0°, 95% CI

-3 to 3, P = 1.00). In Cinar 2008, participants in the early mo-

bilisation group also had statistically significantly better external

rotation at six months (mean difference 8°, 95% CI 0.5 to 16, P
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= 0.04). In Todd 2008, external rotation in participants in both

groups recovered almost completely at 12 months compared to

baseline, with no statistically-significant differences between the

groups (mean difference -1°, 95% CI -6 to 4, P = 0.82; Analysis

2.8).

Internal rotation at medium-term follow-up

The summary estimate for internal rotation at six-month follow-

up showed no statistically-significant or potentially clinically-rel-

evant difference for internal rotation (Analysis 2.9).

ADL Function

Early versus delayed onset of mobilising shoulder exercises

after breast cancer treatment

Only one of the studies reported on ADL function (Todd 2008). In

this study, there were no significant differences between early mo-

bilisation and delayed mobilisation in Shoulder Disability Ques-

tionnaire score at one-year follow-up (a mean of 1.7 positively

scored items versus 1.9 for early and delayed start respectively, P

= 0.64). Risk of bias for this outcome was classified as high due to

attrition, but it seems unlikely that such bias would have changed

the conclusion with regard to differences in ADL functioning as

measured with the SDQ.

Pain

Early versus delayed onset of mobilising shoulder exercises

after breast cancer treatment

Only one study, with high risk of bias, examined the effects of

early versus delayed exercise on pain. No statistically-significant

differences were found for pain scores at any follow-up point up to

two years in people who started early with mobilisation exercises

and people who had a delayed start of exercises (Bendz 2002).

Progressive resistance exercise after breast cancer treatment

One study, with moderate risk of bias for this outcome, examined

the effect of progressive resistance exercise on pain (Sagen 2009).

People who were engaged in moderate progressive resistance ex-

ercise reported pain significantly more often at 3 months and 6

months (P < 0.001), but not at 24 months, compared to a control

group with 6 months of activity restrictions, massage and passive

mobilisation: 78% versus 45% at 3 months; 60% versus 36% at

6 months; and 39% versus 34% at 24 months.

Health-related Quality of Life (HRQoL)

Due to clinical heterogeneity, meta-analysis was deemed inappro-

priate and a narrative synthesis has been provided.

Early versus delayed onset of mobilising shoulder exercises

after breast cancer treatment

One study that compared early versus delayed start of exercises

reported on HRQoL (Todd 2008). There were no statistically-

significant differences in HRQoL as measured by the Functional

Assessment of Cancer Therapy-Breast Trial Outcome Index (TOI)

at 12 months follow-up, between people who started early with

mobilisation exercises and people who had a delayed start (32.5

versus 30.9, P = 0.10). This difference was smaller than the 5

points difference that was considered to be clinically important by

the authors. Risk of bias for this outcome was classified as high

due to attrition, but it seems unlikely that such bias would have

changed the conclusion with regard to differences in Quality of

Life as measured with the TOI.

Progressive resistance exercise after breast cancer treatment

In Schmitz 2010, no statistically-significant differences were found

in the mental and physical summary component scores of the

SF-36 between participants who engaged in progressive resistance

exercise and those who did not increase their activity level, at

12 months follow-up (mean percent change mental component

score: 3.3 versus 3.1, P = 0.92; mean percent change physical

component score: 6.6 versus 4.1, P = 0.10, for exercise and control

group, respectively). Risk of bias for this outcome in this study

was unclear.

Psychosocial morbidity

No data on this outcome.

Adverse Events

Adverse events were reported for four of the included studies (

Cinar 2008; Sagen 2009; Schmitz 2010; Todd 2008), all of which

investigated exercise interventions.

Early versus delayed onset of mobilising shoulder exercises

after breast cancer treatment

Although this was not specifically described as an adverse event,

statistically higher wound drainage volume (P = 0.004) was re-

ported in the early mobilisation group compared to the delayed

mobilisation group in one study (Todd 2008), with low risk of

bias for this outcome, but not in another study with unclear risk

of bias (Cinar 2008). Absolute values of drainage volume were not

reported.
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Progressive resistance exercise after breast cancer treatment

Self-reported (musculoskeletal) injury was assessed with a 1-year

recall, using a survey. The OR for musculoskeletal injury in the

weightlifting group compared to the control group was 5.6 (95%

CI 0.31 to 26.1, P = 0.44 (Schmitz 2010)). Another study noted a

1.5% incidence of musculoskeletal adverse events (two people with

frozen shoulder, one with a supraspinatus tendinopathy), but did

not specify in which of the groups these occurred (Sagen 2009).

Patient education, monitoring and early intervention

Incidence of treatment failure (occurrence of lymphoedema)

There were no studies that evaluated either patient education, or

monitoring and early intervention alone.

There was one study with high risk of bias (Box 2002), involving

65 participants, that employed an extensive program (’PMCP’)

of patient education, supervision of exercises and adjustment of

self-directed shoulder exercises, and monitoring of lymphoedema

symptoms and early intervention for lymphoedema or shoulder

problems if deemed necessary. The control group received an in-

struction booklet only.

Absolute numbers of people at risk in each group at each time

point were not available from the published reports. From a sur-

vival curve obtained from the authors of the study, the number of

participants in each group was obtained by subtracting the num-

ber of censored people up to that time point. 2x2 tables were then

constructed for each follow-up point and risk estimates were calcu-

lated. No statistically-significant difference in prevalence of lym-

phoedema, as defined by a greater than 200 mL or 10% change

from preoperative volume, was found between the control group

and the intervention group at 1 month (RR 1.03, 95% CI 0.07

to 15.8, P = 1.00), 3 months (RR 0.40, 95% CI 0.12 to 1.37, P

= 0.18), 6 months (RR 0.22, 95% CI 0.03 to 1.78, P = 0.20), 12

months (RR 0.52, 95% CI 0.10 to 2.60, P = 0.67) and 24 months

(RR 0.34, 95% CI 0.10 to 1.15, P = 0.10). There also were no

statistically-significant differences at each follow-up point for any

of the other criteria for lymphoedema.

Infection

No data on this outcome

Active range of motion (AROM) of the upper limb

The recovery pattern for range of motion of shoulder abduction

was more favourable for the participants who received the PMCP

compared to the control group (P = 0.001), with the intervention

group returning to preoperative levels at 3 months, compared to

6 months in the control group. No statistically-significant differ-

ences between groups were observed for recovery pattern of the

other shoulder movements (forward flexion, extension, and rota-

tions).

ADL Function

No data on this outcome.

Pain

No data on this outcome.

Health-related Quality of Life (HRQoL)

No data on this outcome.

Psychosocial morbidity

No data on this outcome.

Adverse Events

No data on this outcome.

Compression therapy

Incidence of treatment failure (occurrence of lymphoedema)

Compression therapy was studied in a single study (Castro-

Sanchez 2011), involving 48 participants, in which it was com-

bined with MLD and education (see ’Incidence of treatment fail-

ure - MLD in combination with other interventions versus educa-

tion only’). A separate evaluation of compression therapy is there-

fore not possible, but the combined intervention was not statisti-

cally significantly more effective than education only in prevent-

ing lymphoedema (RR 0.17, 95% CI 0.02 to 1.28, reported P =

0.042, calculated P = 0.097 at 8 month follow-up).

Infection

No data on this outcome.

Active range of motion (AROM) of the upper limb

No data on this outcome.

ADL Function

No data on this outcome.

Pain

See Castro-Sanchez 2011 in the MLD section.
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Health-related Quality of Life (HRQoL)

See Castro-Sanchez 2011 in the MLD section.

Psychosocial morbidity

No data on this outcome.

Adverse Events

No data on this outcome.
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A D D I T I O N A L S U M M A R Y O F F I N D I N G S [Explanation]

Early shoulder mobilising exercises compared to Delayed shoulder mobilising exercises for patient surgically treated for breast cancer

Patient or population: patients at risk for secondary upper limb lymphoedema after breast cancer treatment

Settings: hospital

Intervention: early shoulder mobilising exercises

Comparison: delayed shoulder mobilising exercises

Outcomes Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

No of Participants

(studies)

Quality of the evidence

(GRADE)

Comments

Assumed risk Corresponding risk

Delayed shoulder mobil-

ising exercises

Early shoulder mobilis-

ing exercises

Lymphoedema -

medium term follow up

Volumetry/ Circumfer-

ence

Follow-up: 6-12 months

Low1 RR 1.69

(0.94 to 3.01)

378

(3 studies)

⊕©©©

very low2,3,4

5 per 100 8 per 100

(5 to 15)

High1

27 per 100 46 per 100

(25 to 81)

Shoulder range of mo-

tion for abduction - short

term follow up

goniometer. Scale from:

0 to 180.

Follow-up: 1 month

Not estimable The mean shoulder range

of motion for abduction -

short term follow up in the

intervention group ranged

from 6° to 43° higher

262

(2 studies)

⊕©©©

very low2,5
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Shoulder range of mo-

tion for abduction -

medium term follow up

goniometer. Scale from:

0 to 180.

Follow-up: 6 to 12

months

Not estimable The mean shoulder range

of motion for abduction

- medium term follow up

in the intervention group

ranged from 8.3° lower to

21.3° higher

378

(3 studies)

⊕©©©

very low6,7,8

Shoulder range of mo-

tion for forward flexion -

short term follow up

goniometer. Scale from:

0 to 180.

Follow-up: 1 month

Not estimable The mean shoulder range

of motion for forward flex-

ion - short term follow up

in the intervention group

ranged from 7° to 35.7°

higher

262

(2 studies)

⊕⊕©©

low2,9

Shoulder range of mo-

tion for forward flexion -

medium term follow up

goniometer. Scale from:

0 to 180.

Follow-up: 6 to 12

months

Not estimable The mean shoulder range

of motion for forward flex-

ion - medium term fol-

low up in the intervention

group ranged from 0.6°

lower to 5° higher

321

(3 studies)

⊕©©©

very low6,7,10

Shoulder range of mo-

tion for external rotation

- medium term follow up
11

goniometer. Scale from:

0 to 90.

Follow-up: 6 to 12

months

Not estimable The mean shoulder range

of motion for external ro-

tation - medium term fol-

low up in the interven-

tion group ranged from 1°

lower to 8° higher

378

(3 studies)

⊕©©©

very low6,12

Shoulder range of mo-

tion for internal rotation

- medium term follow up

goniometer. Scale from:

0 to 90.

The mean shoulder range

ofmotion for internal rota-

tion - medium term follow

up in the control groups

was 76°

The mean shoulder range

of motion for internal ro-

tation - medium term fol-

low up in the intervention

groups was

378

(3 studies)

⊕⊕©©

low6
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Follow-up: 6 to 12

months

2.4°higher (0.14°lower to

4.9° higher)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the

assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: Confidence interval; RR: Risk ratio;

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

1 Assumed range of background risk taken from observed control-group incidence in the included studies
2 No allocation concealment in one study (Bendz 2002). No blinding of outcome assessment in one study (Bendz 2002). No explicit

statistical consideration for cluster randomisation (Bendz 2002). Unclear risk of bias for allocation procedure and concealment and

attrition in one study (Cinar 2008). Unequal treatment of groups besides intervention in one study (Cinar).
3 Large and statistically-significant effect in favour of intervention in one study (Todd 2008). Statistically non-significant effects in favour

of control group in another study (Bendz 2002).
4 Broad 95% confidence interval including clinically-relevant effect in non-significant meta-analysis.
5 Small and non-significant effect in one study (Bendz 2002). Large statistically-significant effect in another study (Cinar 2008). Data

pooling could not be performed due to significant statistical heterogeneity.
6 No allocation concealment in one study (Bendz 2002). No blinding of outcome assessment in one study (Bendz 2002). High risk of

attrition bias in one study (Todd 2008). No explicit statistical consideration for cluster randomisation (Bendz 2002). Unclear risk of bias

for allocation procedure and concealment and attrition in one study (Cinar 2008). Unequal treatment of groups besides intervention in

one study (Cinar).
7 No meta-analysis could be performed due to significant statistical heterogeneity, with contradicting effect estimates in three studies:

(Bendz 2002; Cinar 2008; Todd 2008)
8 Very broad 95% CIs including both neutral values and large clinically-relevant effects in two studies (Bendz 2002, Todd 2008). Data

pooling was not possible due to significant statistical heterogeneity.
9 No data pooling was possible due to significant statistical heterogeneity, but point estimates are in favour of early mobilisation and

statistically significant in both studies (Bendz 2002; Cinar 2008).
10 95% confidence interval includes both neutral and potentially clinically relevant values in one study (Todd 2008), and a small clinically-

irrelevant effect in the lower boundary of the CI in a second study (Bendz 2002).
11 Pooled data are from 6 month follow-up (Bendz 2002) and 12 month follow-up (Todd 2008).
12 Two studies with non-significant effect with point estimate favouring delayed exercise (Bendz 2002, Todd 2008), one study with a

large statistically-significant effect favouring early exercise (Cinar 2008).
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Progressive resistance exercise for patients at risk for secondary upper limb lymphoedema after breast cancer treatment

Patient or population: patients at risk for secondary upper limb lymphoedema after breast cancer treatment

Settings:

Intervention: progressive resistance exercise

Outcomes Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

No. of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Assumed risk Corresponding risk

Control Progressive resistance

exercise

Lymphoedema

Volumetry

Follow-up: 12 to 24

months

Study population1 RR 0.58

(0.3 to 1.13)

351

(2 studies)

⊕⊕⊕©

moderate2

12 per 100 7 per 100

(4 to 14)

Low1

8 per 100 5 per 100

(2 to 9)

High1

17 per 100 10 per 100

(5 to 20)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the

assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: Confidence interval; RR: Risk ratio

GRADE Working Group grades of evidence

High quality: further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.2
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Very low quality: we are very uncertain about the estimate.

1 Assumed risks are based on observed control group risks in the included trials
2 Both studies did not blind participants for the intervention. In one study, activity levels over time increased in both experimental and

control group, despite requests to the control group not to increase activity levels during study period. One study (Sagen 2009) had

more patients lost to follow up in the experimental group; data were imputed using last observation carried forward. Contact with a

physiotherapist was more frequent in the experimental group in one study, which may reinforce self-care/risk-reducing behaviour (Sagen

2009).

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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D I S C U S S I O N

Summary of main results

In this systematic review we included ten randomised controlled

trials investigating different types of interventions to reduce the

risk of secondary lymphoedema after breast cancer treatment.

MLD

Four studies with a total of 385 participants studied the effec-

tiveness of MLD. The evidence of the effectiveness of MLD on

lymphoedema risk is conflicting. Differences in dosage and ad-

ministration of the MLD intervention in the two studies that al-

lowed for evaluation of the effectiveness of MLD (Devoogdt 2011;

Zimmermann 2012) may in part account for the observed differ-

ences in effect. It should also be noted, however, that overall risk

of bias in Zimmermann 2012 was higher than in Devoogdt 2011.

In particular, allocation concealment and blinding of outcome as-

sessment were lacking in Zimmermann 2012, both of which are

typically associated with larger effect estimates (Wood 2008).

The results of two other studies on MLD suggest that a combined

physiotherapy intervention containing MLD may reduce the risk

of developing lymphoedema compared to education only. The

extent to which MLD accounts for the observed effect cannot be

estimated from these studies. It is unclear whether the observed

positive effects resulted from the concurrent compression therapy

(Castro-Sanchez 2011) or exercise therapy (Torres 2010) rather

than MLD or vice versa. The results should also be interpreted

with caution, since both trials suffered from risk of bias at several

points.

No conclusions can be drawn from the available studies with regard

to effects of MLD, with or without additional intervention, on

pain.

The observed effects on shoulder function suggest that combined

MLD and exercise may lead to better shoulder intervention in the

first few weeks after surgery compared to education only. Results

on long-term effects were inconsistent. These findings, too, should

be interpreted with caution owing to the overall low quality of the

evidence.

Early versus delayed shoulder mobilisation

Three of the included trials compared early versus delayed full-

range shoulder exercises after axillary dissection in a total of 378

breast cancer patients at risk for lymphoedema (Bendz 2002; Cinar

2008; Todd 2008). The meta-analysis did not yield a statistically-

significant elevated risk of lymphoedema after early start of exer-

cises. However, the point estimate favoured a delayed start. A de-

layed start of exercises does not seem to have a negative influence

on recovery of shoulder range of motion in the medium term, but

immediate postoperative start of exercise leads to better shoulder

function in the short term (up to 6 months).

Progressive resistance exercise

Two studies evaluated the safety of progressive resistance exercises

after breast cancer surgery including axillary lymph node dissec-

tion, in a total of 351 participants. The results of these studies sup-

port the hypothesis that resistance training does not increase lym-

phoedema risk, and may even reduce the risk, provided that lym-

phoedema symptoms are closely monitored and adequate treat-

ment is initiated as soon as symptoms become apparent (Sagen

2009; Schmitz 2010).

Overall completeness and applicability of
evidence

The number of studies that investigated the effectiveness of a con-

servative intervention for prevention of lymphoedema after breast

cancer surgery was small, and the types of intervention studied

were limited. None of the included studies investigated the effect

of compression therapy only (either by bandaging, compression

sleeves or pneumatic compression), or of lymph taping. There

were no studies evaluating the effect of education or risk-reduc-

tion advice compared to no education, or surveillance and early

intervention.

Not all relevant outcome measures were used in the identified

studies. ADL functioning in relation to the affected arm was mea-

sured with a validated self-report measure in only one study (Todd

2008). Infection was reported in Cinar 2008, but none of the

other studies included it as an outcome measure or adverse effect.

None of the included studies addressed psychosocial morbidity

(depression or anxiety).

Quality of the evidence

The overall quality of the evidence ranged from very low to low,

with the exception of the comparison of progressive resistance

training with no exercise, which was graded as moderate (Summary

of findings for the main comparison; Summary of findings 2;

Summary of findings 3)

Lack of blinding accounted for an important part of the reasons

for downgrading the quality of the evidence, as it was judged to

be unclear or insufficient in the majority of studies. The type of

interventions under investigation made it very difficult, if not im-

possible, to adequately blind participants. The impact of this on

the observed outcomes is difficult to estimate and may differ be-

tween types of interventions. Since adherence to the assigned in-

tervention was not explicitly addressed in eight of the studies, this

may have introduced bias towards the null hypothesis in superior-

ity trials, and towards the alternative hypothesis in non-inferiority

trials.

The definitions used for lymphoedema among the included studies

differed, with some studies reporting on lymphoedema based on

several different criteria. Since all of the studies included a volume
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criterion to define incident cases, we extracted the results based on

this criterion for studies reporting on several definitions but failing

to specify the definition used as the primary outcome. In Castro-

Sanchez 2011 the primary outcome measure for lymphoedema as

defined in the methods section was not reported. Since incident

cases of lymphoedema were reported and the authors provided

a sufficiently objective criterion, we used this outcome for our

analyses. Even though all studies included a volume criterion, these

too differed between studies. Also, different ways of measuring

limb volume were used. These variations added to the observed

heterogeneity.

Most studies reported cumulative incidence of lymphoedema, but

a number of the studies did this by reporting the prevalent cases at

a certain follow-up point. Since limb volume is variable over time,

and transient episodes of lymphoedema may occur, the reported

number of cases observed at a particular follow-up measurement

could be considered point prevalence rather than cumulative in-

cidence.

The use of a priori power calculation was not included in the

risk of bias assessment. It should be noted, however, that sample

size calculations were not performed in five studies (Bendz 2002;

Castro-Sanchez 2011; Cinar 2008; Torres 2010; Zimmermann

2012). Power calculations were performed based on volume differ-

ences rather than incidence of lymphoedema in two studies (Sagen

2009; Todd 2008). All studies reporting a priori power calcula-

tions recruited the targeted number of participants.

Potential biases in the review process

We performed a comprehensive search in the most relevant

databases. We refrained from using a methodological filter, to make

sure that no relevant studies would be missed due to misclassifi-

cation in the databases. Neither did we impose a language restric-

tion.

The studies identified included both studies with positive findings

and studies with negative findings. Although the number of studies

per outcome and intervention was too small to make a formal

analysis, we have found no clues that indicate possible publication

bias.

We corresponded with the authors of six studies to obtain addi-

tional information on risk of bias related to study characteristics,

and additional outcome data. These data were obtained in most

cases, which makes our review more complete. On the other hand,

it also means that some of the details on study methodology and

study results have not yet gone through a peer-review process.

An important limitation of this review was that we included only

studies that used lymphoedema as the primary outcome. As a result

of this restriction, studies may have been missed that reported

on lymphoedema as a secondary outcome in trials on exercise,

postoperative rehabilitation protocols or other interventions.

Agreements and disagreements with other
studies or reviews

A Cochrane systematic review (McNeely 2010) studied the effect

of exercise interventions on upper limb dysfunction due to breast

cancer treatment. This review included a number of studies that

reported lymphoedema as a secondary outcome. The reported

results with regard to the effects of early versus late start of exercise

on lymphoedema incidence are congruent with our results.

Chan 2010 also performed a systematic review on the effectiveness

of exercise programmes on shoulder mobility and lymphoedema.

While that review included some studies that did not meet the

inclusion criteria of the current review, the authors also conclude

that exercise is safe with regard to lymphoedema risk.

Some of the results that we calculated, based on the available data

and using Review Manager software (RevMan 5), were inconsis-

tent with the results as reported in the source publications.

Castro-Sanchez 2011 reported a statistically-significant difference

in lymphoedema incidence at eight-month follow-up. Using the

data as reported, our analysis did not show a statistically-signifi-

cant reduction in lymphoedema risk for people receiving a com-

bined intervention of MLD, exercise, scar massage and education,

compared to those receiving education alone (RR = 0.13, 95% CI

0.014 to 1.18, P = 0.097), which is probably due to the use of a

Chi² test without Yates’ correction, instead of a (more appropriate)

Fisher’s exact test.

Conversely, Castro-Sanchez 2011 reported a clinically-relevant,

but statistically non-significant, difference in pain scores (reported

P = 0.056) whereas in our analysis based on the reported mean

scores and 95% CIs, this difference was statistically significant (cal-

culated P = 0.03). We do not have an explanation for this differ-

ence; it seems unlikely that differences occurred due to rounding,

since confidence intervals were reported precisely (up to 2 deci-

mals).

The results as reported by Box 2002 were also not entirely consis-

tent with our calculations based on the available data, but this did

not result in a qualitatively different conclusion.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

The aim of this review was to summarise current evidence and thus

provide information that can be used to guide clinical decisions

and guideline development. Unfortunately, the overall low quality

of the evidence does not allow for firm conclusions on the effect

of MLD, compression, exercise or a combination of these inter-

ventions for prevention of upper limb lymphoedema in people at

risk after breast cancer treatment.

Although the comparison of early versus delayed start of shoulder

exercises showed no significant influence on lymphoedema inci-
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dence, the point estimate suggested a lower risk of lymphoedema

after delayed start. An early start may result in better range of mo-

tion in the short term compared to a late start, but this difference

disappears from six months onward. Other studies have shown that

delaying postoperative shoulder rehabilitation reduces postopera-

tive wound drainage volumes and wound drainage time, although

it does not reduce incidence of seroma formation (McNeely 2010).

Clinicians who consider early recovery of shoulder function as

very important may want to consider early onset of exercise. Oth-

erwise, delaying exercise for a week after the operation could be

considered.

Current evidence supports that progressive resistance exercise is

safe, and potentially beneficial for reducing lymphoedema risk in

people treated for breast cancer. The beneficial effects of resistance

training on physical functioning, fatigue and quality of life are

well established. Breast cancer survivors can therefore be actively

encouraged to engage in such exercise and can be informed that

this will not increase their risk of developing chronic upper limb

lymphoedema, provided that they monitor their symptoms and

see to it that lymphoedema is treated in a timely manner should

it occur.

Implications for research

Considering the low number of studies identified, the heterogene-

ity of interventions applied in these studies, and the overall low

quality of the evidence available to date, future studies are needed.

Many of the included studies in this review did not report on

important methodological characteristics related to risk of bias.

Therefore, we would stress the importance of adhering to the

CONSORT guidelines for reporting future clinical trials (Altman

1996; Schulz 2010).

Using a commonly agreed upon criterion for clinically detectable

lymphoedema would greatly facilitate the interpretation of future

studies, but unfortunately no such single criterion currently exists.

Alternatively, future studies could choose to incorporate a number

of methods to assess lymphoedema and report results based on

each of those, while clearly specifying the criterion used as the

primary outcome variable.

Future studies should preferably use survival analysis to assess the

effectiveness of interventions, as this takes into consideration that

even if lymphoedema is not prevented, its onset may be postponed

by the intervention.

Including infection, pain, limitations in ADL functioning, quality

of life and mood, and adverse events as secondary outcomes is

recommended.

Further research is needed to provide more robust evidence on the

(combined) interventions as described in this review, as well as to

examine the effectiveness of preventive compression and MLD as

a single intervention, kinesio taping, and early intervention for

subclinical lymphoedema. Although results from an observational

study suggest that early detection by self-examination and subse-

quent treatment with conservative interventions may reduce the

severity of lymphoedema (Stout 2008), randomised controlled tri-

als are needed to confirm these findings.

The effect of patient education also needs further study in ran-

domised controlled trials. While it is generally agreed upon that

providing risk-reduction advice should be part of routine care after

breast cancer treatment, it is currently unclear whether the benefits

outweigh potential harms (Fu 2010; Lee 2009; Round 2006).

In addition, the cost-effectiveness from a societal perspective

should be evaluated for all interventions.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Bendz 2002

Methods Cluster randomised controlled trial (clusters formed by 4 week time periods of treatment)

Participants Women treated for breast cancer with radical mastectomy or quadrantectomy, including

ALND, with or without radiotherapy to the chest wall. Mean age 58 (SD 11)

Interventions Intervention group (available n = 101)

Immediate full-range exercise supervised by a physical therapist: Preoperative instructions

to use the arm as much as comfortable, avoiding lifting and carrying heavier items and

avoid forced movements for 14 days

From day 14 forward, full-range mobilising exercises were given to both groups, to be

performed 3 times a day

Control group (available n = 104)

Delayed full-range exercise: preoperative instruction on shoulder/arm exercise pro-

gramme, to be started on the first postoperative day. No abduction or elevation for 3

days, slowly increasing to elevation and abduction to 90º during 14 days

Outcomes Primary outcome:

Lymphoedema, defined as 10% or greater change in volume of the operated arm, cor-

rected for preoperative differences, using the formula:

(volume difference between operated and non-operated arm at baseline - volume differ-

ence at follow-up)/ postoperative volume of the operated arm * 100

Secondary outcomes:

Range of motion (goniometer) for shoulder flexion, abduction and rotation;

Pain (4 point ordinal scale based on visual analogue scale);

Hand grip strength (vigorimeter);

Subjective estimation of heaviness and tension (VAS).

Follow up 1 month, 6 months, 24 months follow-up

Country, setting Sweden, University Hospital

Year of conduct 1994 to 1996

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk ”Cluster randomisation was used to alter-

nate periods of 4 weeks“, which is not a

truly random sequence
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Bendz 2002 (Continued)

Allocation concealment (selection bias) High risk There is no mention of allocation conceal-

ment.

Blinding of participants and personnel

(performance bias)

Objective outcomes

Unclear risk Neither participants nor personnel were

blinded for the intervention, but due to

the nature and duration of the intervention

and the use of cluster randomisation, per-

formance bias seems unlikely

Blinding of participants and personnel

(performance bias)

Patient reported outcomes

Unclear risk Neither participants nor personnel were

blinded for the intervention, but due to

the nature and duration of the intervention

and the use of cluster randomisation per-

formance bias seems unlikely

Blinding of outcome assessment (detection

bias)

Measured outcomes

High risk Outcome assessors were not blinded.

Blinding of outcome assessment (detection

bias)

Patient reported outcomes

Unclear risk Participants were not blinded. Due to clus-

ter randomisation, and due to the fact that

the duration of the intervention was 2

weeks, with self-reported pain assessed at 1

month, 6 months, and 2 years postopera-

tively, it seems unlikely that self-reported

pain was strongly affected by participants’

knowledge of group allocation

Incomplete outcome data (attrition bias)

Objective outcomes

High risk Drop-out rates at 2 years follow-up were

twice as high in the early exercise group

compared to the delayed exercise group (16

vs 8) and reasons for drop out differed be-

tween groups. Also 25 participants dropped

out before the first assessment and were not

included in any of the subsequent analyses

Incomplete outcome data (attrition bias)

Patient reported outcome

High risk Drop-out rates at 2 years follow-up were

twice as high in the early exercise group

compared to the delayed exercise group (16

vs 8) and reasons for drop out differed be-

tween groups. Also 25 participants dropped

out before the first assessment and were not

included in any of the subsequent analyses

or reported upon in the tables

Selective reporting (reporting bias) Low risk Outcomes for all variables are reported.
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Bendz 2002 (Continued)

Other bias High risk It is unclear whether the groups were com-

parable on all relevant risk factors such as

number of removed nodes and BMI. There

is no explicit statistical consideration for

the cluster randomisation

Box 2002

Methods Parallel group randomised controlled trial, stratification by surgical procedure (complete

local excision or modified radical mastectomy)

Participants Patients treated surgically for breast cancer (all stages except advanced disease), complete

local excision or modified radical mastectomy, including ALND

Mean age (SD) 56 (10.6)

Interventions Intervention Group (n = 32)

Physiotherapy Management Care Plan (PMCP). PMCP includes preoperative individual

risk assessment, identification of possible risk factors, education on the lymphatic system,

education about early signs of lymphoedema and introduction of risk-minimisation

strategies for identified precipitating factors in the preoperative phase. Postoperatively,

outpatient reviews are scheduled (monitoring of shoulder ROM, progression of exercise,

provision of LO awareness, individualised intervention if required)

Control Group (n = 33)

No physiotherapy.

Outcomes Primary outcomes:

Lymphoedema defined by three criteria (each was evaluated separately):

1. Increase of 5 cm or more from preoperative sum of circumferences of the arm, operated

arm vs non-operated side;

2. Increase of 200 mL or more from preoperative total arm volume difference between

the operated and non-operated side

3. Multifrequency Bioelectrical Impedance Measurement: A MFBIA ratio of the arm

operated side and non-operated side lower than 95% confidence interval from preoper-

ative data; or a 10% change from baseline in the ratio of operated arm to unoperated

arm

Secondary outcomes:

Range of motion (goniometer) for shoulder flexion, abduction, extension and rotations;

Non-validated functional tasks questionnaire.

Follow up 1, 3, 6, 12 months

Country, setting Australia, University Hospital

Year of conduct 1996 to 1999

Notes

Risk of bias
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Box 2002 (Continued)

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Computer-generated random number ta-

ble.

Allocation concealment (selection bias) High risk Chronological recruitment with allocation

from random number table, without at-

tempts at blinding

Blinding of participants and personnel

(performance bias)

Objective outcomes

Low risk Medical and nursing staff were blinded

for group allocation, participants were not.

Contamination seems unlikely due to the

nature of the intervention

Blinding of outcome assessment (detection

bias)

Measured outcomes

High risk Outcome measurements were taken by a

blinded PT for “as many women as possi-

ble”; it is unclear in how many cases this

was actually the case

Incomplete outcome data (attrition bias)

Objective outcomes

Low risk There is a 9% loss to follow-up, for reasons

unrelated to the outcome

Selective reporting (reporting bias) Low risk All outcomes mentioned in the methods

sections are reported.

Other bias Unclear risk Women in the treatment group on aver-

age had more lymph nodes removed (16

vs 13 nodes), more often had level 2 (81%

vs 64%) or 3 (16% vs 9%) axillary dis-

section, and more often had radiotherapy

(66% vs 49%). No sensitivity analysis or

adjusted analysis were performed due to the

low number of events

Analyses on shoulder function measure-

ments were adjusted for age, number of re-

moved lymph nodes, level of ALND, his-

tory of shoulder problems, radiotherapy,

chemotherapy and wound infection

Castro-Sanchez 2011

Methods Parallel group randomised controlled trial.

Participants Women aged 30 to 60, treated for breast cancer (stages not specified) including partial

axillary dissection and adjuvant radiotherapy
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Castro-Sanchez 2011 (Continued)

Interventions Intervention group (n = 24)

Elastic compression sleeve + manual lymph drainage 5 times a week for 6 months; Leduc

method transthoracical and thoraco-abdominal and manual lymph drainage of the arm

Control group (n = 24)

Patient education

Outcomes Primary outcome:

Lymphoedema, defined as:

between group mean difference in percentage upper arm volume difference (from cir-

cumference measurements) between affected vs non-affected side (not reported)

Secondary outcomes:

Incident cases of lymphoedema, defined as > 2 cm increase in the circumferential mea-

surements at 2 adjacent marked points in comparison with the corresponding contralat-

eral arm

Volume of the arm.

Body composition: fat-free mass (g/kg/d), fat mass (kg), amount of extracellular water

(l) as measured with bioimpedance measurements

Temperature of the back of the hand, anterior forearm and elbow

Health-related quality of life (EORTC QLQ-C30).

Pain (10 point visual analogue scale).

Functional Shoulder rating scale UCLA (composite score of self-reported complaints

and limitations, ROM measurements and strength measurements)

Follow up 8 months

Country, setting Spain, 2 university hospitals

Year of conduct 2008 to 2009

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk A computer-generated random number ta-

ble was used.

Allocation concealment (selection bias) Low risk Randomisation cards were placed in

opaque envelopes that were opened by a

therapist who was not involved in baseline

assessments

Blinding of participants and personnel

(performance bias)

Objective outcomes

Unclear risk Participants and personnel were not

blinded for the intervention. The risk of

contamination is unclear
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Castro-Sanchez 2011 (Continued)

Blinding of participants and personnel

(performance bias)

Patient reported outcomes

Unclear risk Participants and therapist were not blinded

for the intervention. The risk of contami-

nation is unclear

Blinding of outcome assessment (detection

bias)

Measured outcomes

Low risk Outcome assessor was blinded for group

allocation.

Blinding of outcome assessment (detection

bias)

Patient reported outcomes

High risk Self report for pain and HRQoL may be af-

fected by participants’ knowledge of group

allocation

Incomplete outcome data (attrition bias)

Objective outcomes

Low risk There is no loss to follow-up.

Incomplete outcome data (attrition bias)

Patient reported outcome

Low risk There is no loss to follow-up.

Selective reporting (reporting bias) High risk Reported incident cases with

lymphoedema are based on a different cri-

terion than defined in the methods section

Other bias High risk At baseline, limb volume on the operated

side was lower in the intervention group

compared to the control group (307 mL vs

378 mL), no corrections were made to take

this difference into account in the between-

group comparison of volume at follow-up

At baseline, the intervention group had

lower scores than the control group for the

EORTC QLQ-C30 domains of:

Physical functioning (114 vs 123)

Role functioning (88 vs 96)

Social functioning (120 vs 126)

Global health (73 vs 87)

Constipation (4 vs 11)

Diarrhoea (44 vs 53)

Financial difficulties (5 vs 14)

No corrections were made to take these dif-

ferences into account

The intervention group had more contacts

with a therapist, which may reinforce other

behaviour such as compliance to exercises

and self-care measures
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Cinar 2008

Methods Parallel groups randomised controlled trial.

Participants Women (mean age 53, range 29 to 72), surgically treated for breast cancer with radical

modified mastectomy

Interventions Intervention group (n = 27)

Early postoperative shoulder mobilisation:

Shoulder immobilisation on first day, PT-supervised active exercises hand and elbow.

Gradually increasing shoulder-mobilising exercises from day 2 onwards, with passive

stretching from day 5 forward. After removal of wound drain 15 sessions of individual

PT outpatients setting, mobilising and strengthening exercises for the shoulder upper

limb. Home-based exercise in following 8 weeks, and education on risk reducing behavior

Control group (n = 30)

Delayed approach to shoulder exercises, starting after removal of the wound drain. Home-

based after initial physiotherapist-delivered exercise instruction, and education on risk

reducing behavior

Outcomes Primary outcome:

Lymphoedema defined as 1.5 cm to 3cm difference in circumference of the treated vs

the non-treated upper limb (mild oedema); 3 cm to 5 cm difference (moderate); > 5 cm

difference (severe)

Secondary outcome:

Non-validated questionnaire on functional activities involving the shoulder

Follow up 5 days, 1, 3, 6 months

Country, setting Turkey, hospital

Year of conduct < 2007 (no exact time provided)

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk It is mentioned that treatment allocation

was randomised, the method is not stated

Allocation concealment (selection bias) Unclear risk Not mentioned.

Blinding of participants and personnel

(performance bias)

Objective outcomes

Unclear risk Participants and personnel were not

blinded for the intervention. The risk of

contamination is unclear

Blinding of outcome assessment (detection

bias)

Measured outcomes

Low risk Outcome assessor was blinded to group

allocation
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Cinar 2008 (Continued)

Incomplete outcome data (attrition bias)

Objective outcomes

Unclear risk No attrition was reported, but the number

of participants at follow-up is not reported

and there is no consort diagram

Selective reporting (reporting bias) Low risk All outcomes are reported.

Other bias High risk Women in the treatment group on average

less often had radiotherapy treatment (10;

37% vs 14; 47% )

The intervention group had more contacts

with a therapist, which may reinforce other

behaviour such as compliance to exercises

and self-care measures

Devoogdt 2011

Methods Parallel groups randomised controlled trial, stratification for Body Mass Index and ad-

juvant radiotherapy

Participants People treated for breast cancer (all stages except advanced disease) including ALND

Interventions Intervention group (n = 79)

Provision of guidelines about prevention of lymphoedema, passive shoulder mobilisation,

active shoulder exercises, scar massage and manual lymph drainage (40 one-hour sessions,

3 times/week)

Control group (n = 81)

Provision of guidelines about prevention of lymphoedema, passive shoulder mobilisation,

active shoulder exercises, scar massage

Outcomes Primary outcome:

Cumulative incidence of lymphoedema defined as:

1. 200 mL or more increase in arm volume difference between healthy and operated side

compared to the difference before surgery

2. Time to develop lymphoedema, by same criterion

Secondary outcomes:

Cumulative incidence of lymphoedema defined as 2 cm or more increase in arm circum-

ference difference at any two adjacent points between healthy and operated side

Time to develop lymphoedema by the same criterion.

Point prevalence of lymphoedema using both criteria.

Point prevalence of subjective lymphoedema.

Increase of arm volume.

Health-related quality of life (MOS Short Form 36 component scores for physical and

mental health)

Range of motion of the upper limb (not reported).

Lymphoscintigraphic examination (not reported).

Lymph-SBP questionnaire (not reported).
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Devoogdt 2011 (Continued)

Follow up 12 months

Country, setting Belgium, University Hospital

Year of conduct 2007 to 2009

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Randomisation using permuted blocks,

stratification for Body Mass Index and ad-

juvant radiotherapy

Allocation concealment (selection bias) Low risk Allocation to treatment groups was con-

cealed.

Blinding of participants and personnel

(performance bias)

Objective outcomes

Unclear risk Participants and personnel were not

blinded for the intervention. The risk of

contamination is unclear

Blinding of participants and personnel

(performance bias)

Patient reported outcomes

Unclear risk Participants and personnel were not

blinded for the intervention. The risk of

contamination is unclear

Blinding of outcome assessment (detection

bias)

Measured outcomes

Unclear risk Outcome assessors were blinded. How-

ever, lymphoedema was assessed at sched-

uled follow-up measurements or in case of

self-reported symptoms. Participants were

not blinded for the intervention which

may have induced differences in propen-

sity towards reporting symptoms based on

knowledge of group allocation

Blinding of outcome assessment (detection

bias)

Patient reported outcomes

High risk Self report for pain and HRQoL may be af-

fected by participants’ knowledge of group

allocation

Incomplete outcome data (attrition bias)

Objective outcomes

Low risk There was a very low dropout rate. A sen-

sitivity analysis by the review authors sup-

ported the conclusions

Incomplete outcome data (attrition bias)

Patient reported outcome

Low risk There was a very low dropout rate.
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Devoogdt 2011 (Continued)

Selective reporting (reporting bias) Unclear risk Range of motion was measured according

to the trial protocol, but not reported. Data

were not yet available at the time of writing

for this review

Other bias Unclear risk A higher percentage in the intervention

group had level III dissection (43% vs 33%)

and a higher percentage had radiotherapy

on the axilla (10 vs 6), which may lead to

increased risk for the intervention group

Sagen 2009

Methods Parallel group randomised controlled trial.

Participants Women aged 32 to 75, treated for early stage breast cancer with mastectomy or breast-

conserving therapy with ALND (level I and II), with or without radiotherapy, chemo-

therapy or hormone treatment

Interventions Intervention (n = 104)

Supervised physiotherapy consisting of moderate progressive resistance exercise training

2 to 3 times a week, without restriction in activities

Control (n = 100)

Restricted activity for the affected limb for 6 months (avoidance of heavy or strenuous

activities, carrying or lifting over 3 kg). Supervised physiotherapy consisting of passive

manual mobilisation, light massage, once a week

Outcomes Primary outcome:

Lymphoedema defined as 10% or more increase in Voldiff = (volume of the affected

- volume of the heterolateral arm)/volume of the heterolateral arm *100, measured by

water displacement volumetry

Secondary outcomes:

Pain (ordinal scale with 3 categories, based on visual analogue scale)

Sensation of heaviness (VAS).

Follow up 24 months

Country, setting Norway, 2 University Hospitals

Year of conduct 1999 to 2003

Notes The study question was based on an equivalence hypothesis, but the study was analysed

as a superiority trial

Risk of bias

Bias Authors’ judgement Support for judgement
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Sagen 2009 (Continued)

Random sequence generation (selection

bias)

Low risk Block randomisation by computer pro-

gram.

Allocation concealment (selection bias) Low risk Sealed envelopes.

Blinding of participants and personnel

(performance bias)

Objective outcomes

Low risk Participants and personnel were not

blinded.

Self-reported physical activity scores were

lower in the control group than in the in-

tervention group during the intervention

(3 months and 6 months) which suggests

there was no contamination

Blinding of participants and personnel

(performance bias)

Patient reported outcomes

Low risk Participants and personnel were not

blinded.

Self-reported physical activity scores were

lower in the control group than in the in-

tervention group during the intervention

(3 months and 6 months)

Blinding of outcome assessment (detection

bias)

Measured outcomes

Unclear risk The blinded outcome assessor was not in-

volved in the interventions performed at

the outpatient clinics. However, ALE treat-

ment was given whenever necessary dur-

ing the 6 month intervention and when-

ever requested between the 6 month and 2

year follow-up. Since participants were not

blinded, there may have been differences in

reporting symptoms of LO between exper-

imental and control group

Blinding of outcome assessment (detection

bias)

Patient reported outcomes

High risk Participants were not blinded. Self-re-

ported pain may be affected by participants

knowledge of group allocation

Incomplete outcome data (attrition bias)

Objective outcomes

High risk More participants were lost to follow-up in

group 1 (no activity restriction) compared

to group 2: 13 vs 10, 14 vs 3 and 36 vs 16

at 3, 6 and 24 months respectively. A last

observation carried forward procedure was

employed. Since lymphoedema incidence

increases over time, this approach is ques-

tionable

Incomplete outcome data (attrition bias)

Patient reported outcome

High risk More participants were lost to follow-up in

group 1 (no activity restriction) compared

to group 2: 13 vs 10, 14 vs 3 and 36 vs

16 at 3, 6 and 24 months respectively. A

last observation carried forward procedure
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Sagen 2009 (Continued)

was employed. Data on 17 participants in

group 1 and 15 participants in group 2 were

not reported at 3-months follow-up and

apparently imputed at six months and two

years

Selective reporting (reporting bias) Low risk All outcomes mentioned in the methods

section are reported.

Other bias High risk People in the activity restriction group also

received usual care physiotherapy treat-

ment once a week, which included mas-

sage, while people in the exercise group did

not receive massage

The intervention group had more contacts

with a therapist, which may reinforce other

behaviour such as compliance to exercises

and self-care measures

Arm lymphoedema was treated in both

groups, both during the intervention pe-

riod and during follow-up. The figures

as reported are based on point-preva-

lence at follow-up points, not as cumula-

tive incidence. It is therefore unclear how

many people in each group developed lym-

phoedema at some point during the fol-

low-up that resolved as a result of therapy.

This may lead to a biased interpretation of

equivalence

Schmitz 2010

Methods Parallel groups equivalence trial.

Participants Females, unilateral BRCA, non-metastatic 1 to 5 years post treatment, BMI < 50, cur-

rently cancer free, no medical conditions limiting exercise, weight stable, no weight lift-

ing in the year before study entry, no plans for surgery or leave > 1 month during study

period, not actively trying to lose weight, > 1 LN removed, no current lymphoedema

Interventions Intervention group (n = 77)

1 year membership to community fitness centre, progressive resistance exercises in groups

of 2 to 6, supervised for 13 weeks.

Unsupervised for the rest of the study period. Progressive resistance exercises with dumb-

bells or machines, in 3 sets of 10 reps, increasing weight with the smallest possible in-

crement after completing 2 sessions of 3x10 reps without symptoms of lymphoedema

Control group (n = 77)

Controls were asked not to change baseline level of exercise during study period
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Schmitz 2010 (Continued)

Outcomes Primary lymphoedema outcome:

Lymphoedema defined as: interlimb difference of > 5%, determined by water displace-

ment volumetry: (affected arm volume - unaffected arm volume)/unaffected arm volume

Secondary lymphoedema outcomes:

Lymphoedema defined as: greatest circumferential difference of > 5% and clinician-

based diagnosis based on CTCAE v3.0

Health-related quality of life (SF36).

Body image (Body Image and Relationships Scale).

Pain (not reported).

Musculoskeletal adverse events.

Follow up 12 months

Country, setting USA, University Medical Center

Year of conduct 2005 to 2008

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Minimisation balancing for age, NRN, obesity and

RT

Allocation concealment (selection bias) Low risk Computerised sequence generation (minimisation)

Blinding of participants and personnel

(performance bias)

Objective outcomes

High risk Participants and personnel were not blinded for the

intervention. Although participants in the control

group were asked not to change their baseline phys-

ical activity level, average self-reported physical ac-

tivity in MET-min/week increased with 370 MET-

min/week and 360MET-min/week in the control

group. It is unclear whether this involved strength

training as well, although there was no significant in-

crease in strength in the control group

Blinding of participants and personnel

(performance bias)

Patient reported outcomes

High risk Participants and personnel were not blinded for the

intervention

Blinding of outcome assessment (detection

bias)

Measured outcomes

Low risk Outcome observers lymphoedema were blinded to

group allocation. Participants were asked not to re-

veal group assignment before measurement sessions

Blinding of outcome assessment (detection

bias)

High risk Participants were not blinded. Self-reported HRQoL

may be affected by participants’ knowledge of group
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Schmitz 2010 (Continued)

Patient reported outcomes allocation

Incomplete outcome data (attrition bias)

Objective outcomes

Low risk The drop-out rate and reasons for drop out were com-

parable between groups for the primary outcome;

sensitivity analysis (best case/worst case scenario) was

performed and findings were robust

Incomplete outcome data (attrition bias)

Patient reported outcome

Unclear risk For participant-reported outcomes, the attrition rate

was 23.3% in the intervention group and 20.8% in

the control group at the 12 month follow-up. Time

since diagnosis of the evaluable participants in the

control group was on average 5 months more than

in the intervention group

Selective reporting (reporting bias) Unclear risk There were no results reported on pain.

Other bias Low risk No other potential sources of bias were identified.

Todd 2008

Methods RCT, parallel groups, single blind.

Participants Women with early breast cancer admitted for surgery including ALND

Interventions Intervention group (n = 58)

Delayed (1 week) full-range shoulder mobilisation exercises. During the first week, ex-

ercise was limited to below 90° in all planes of movement

Exercises were to be performed 4 times per day, until full shoulder movement was restored

Control group (n = 58)

Immediate (within 2 days after surgery) vigorous, full-range, shoulder mobilisation ex-

ercises, following the same regimen as the intervention group

Outcomes Primary outcome:

Lymphoedema defined as:

200 mL or more volume difference between the arms on the operated side and the non-

operated side

Secondary outcomes:

Range of motion of the shoulder for flexion, abduction, medial rotation and lateral

rotation as measured with a goniometer

HRQoL using the Trial Outcome Index of the Functional Assessment of Cancer Therapy

- Breast (FACT-B)

Grip strength (JAMAR).

Shoulder disability (Shoulder disability questionnaire).

Follow up 12 months

Country, setting UK, 2 secondary care National Health Service trusts.
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Todd 2008 (Continued)

Year of conduct 2003 to 2006

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Randomisation using random number table and

sealed envelopes

Allocation concealment (selection bias) Low risk Women were randomised by an objective third per-

son after completion of baseline measures

Blinding of participants and personnel

(performance bias)

Objective outcomes

Unclear risk Participants and personnel were not blinded for

group allocation, but only one participant in the

delayed mobilisation group did not receive the al-

located intervention, so bias due to contamination

is unlikely

Blinding of participants and personnel

(performance bias)

Patient reported outcomes

Unclear risk Participants and personnel were not blinded for

group allocation, but only one patient in the de-

layed mobilisation group did not receive the allo-

cated intervention, so bias due to contamination

is unlikely

Blinding of outcome assessment (detection

bias)

Measured outcomes

Low risk Outcome observer was blinded, and participants

were instructed not to reveal group allocation dur-

ing follow-up visits

Blinding of outcome assessment (detection

bias)

Patient reported outcomes

Low risk Participants were not blinded, but HRQoL was as-

sessed at one year follow-up. Given the nature and

the duration of the intervention, it seems unlikely

that knowledge of group allocation would have in-

fluenced participants’ self-reported HRQoL

Incomplete outcome data (attrition bias)

Objective outcomes

High risk Results were imputed using last observation carried

forward; sensitivity analysis yields the possibility of

a non-significant RR (whereas a significant RR is

reported)

Incomplete outcome data (attrition bias)

Patient reported outcome

High risk Sensitivity analysis of the primary outcome al-

lowed for a different conclusion with regard to lym-

phoedema risk, and consequently risk of bias in

participant-reported outcome measures cannot be

excluded
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Todd 2008 (Continued)

Selective reporting (reporting bias) Low risk All outcome measures mentioned in the methods

section are reported

Other bias Unclear risk It is unclear how many participants in each group

were treated for lymphoedema in the period be-

tween baseline and follow-up measurements (this

was dependent on self-reported lymphoedema

complaints and subsequent clinical evaluation)

Torres 2010

Methods Parallel groups randomised controlled trial.

Participants Women after unilateral breast cancer surgery including ALND, mean age 52.9 (SD

11.6), (N = 120). Eighty percent of the women received radiotherapy treatment, 82%

chemotherapy

Interventions Intervention group (n = 60)

Manual Lymph Drainage (thorax, breast, axilla and upper arm), scar massage and exercise

therapy (stretching, functional activities, active and assisted exercises of the shoulder) for

3 weeks (3 visits/week), and education

Control group (n = 60)

Education only.

Outcomes Primary outcome:

Lymphoedema, defined as a 2 cm or greater increase in the circumference of any two

adjacent points compared with measurements in the other arm

Secondary outcomes:

Pain (VAS);

Range of motion of the shoulder;

Lymphoedema by other criteria (not reported);

Time to event for lymphoedema

Follow up 1, 3, 6 and 12 months (event rates for lymphoedema only available for 12 months)

Country, setting Spain, University hospital

Year of conduct 2005 to 2007

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Randomisation was done based on a com-

puter-generated randomisation table
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Torres 2010 (Continued)

Allocation concealment (selection bias) Low risk Participants were enrolled in order of ar-

rival. Randomisation was performed by a

different person from the recruiter

Blinding of participants and personnel

(performance bias)

Objective outcomes

Unclear risk Participants and personnel were not

blinded for the intervention. The risk of

contamination is unclear

Blinding of participants and personnel

(performance bias)

Patient reported outcomes

Unclear risk Participants and therapist were not blinded

for the intervention. The risk of contami-

nation is unclear

Blinding of outcome assessment (detection

bias)

Measured outcomes

Unclear risk An independent observer performed all

follow-up measurements; however partic-

ipants were not blinded for the interven-

tion which may have induced differences

in propensity towards reporting symptoms

based on knowledge of group allocation.

This may have biased the estimation of

lymphoedema incidence, but not measure-

ments of range of motion of the shoulder

Blinding of outcome assessment (detection

bias)

Patient reported outcomes

High risk Self report for pain and HRQoL may be af-

fected by participants’ knowledge of group

allocation

Incomplete outcome data (attrition bias)

Objective outcomes

Low risk Data are available for all patients who were

not excluded from the study (however,

analysis was per protocol, see ’other bias’)

Incomplete outcome data (attrition bias)

Patient reported outcome

Low risk Data are available for all participants who

were not excluded from the study (however,

analysis was per protocol, see ’other bias’)

Selective reporting (reporting bias) Low risk Data on secondary outcomes are not re-

ported in the publication, but were made

available by the researchers

Other bias High risk Radiotherapy was more often given to par-

ticipants in the control group (+11%)

Trial analysis was per protocol. 3 people

in the control group and 1 patient in the

intervention group who did not receive the

allocated intervention were excluded
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Zimmermann 2012

Methods Parallel groups randomised controlled trial.

Participants Women after breast cancer surgery, mean age 67 (range 34 to 81)

Interventions Intervention group (n = 33): manual lymph drainage (modified Földi and

Strößenreuther method), 5 times a week during first 2 weeks, then twice a week from

day 14 until 6 months, in addition to standardised physiotherapy (exercises of upper

limb and chest)

Control group (n = 34): self drainage and standardized physiotherapy

Outcomes Primary outcome:

Lymphoedema, measured through the water displacement method. Volume of lym-

phoedema is expressed as the ratio of the difference between arm volume on the operated

and nonoperated sides divided by arm volume, nonoperated side

Cutoff points used for lymphoedema: < 5% absence; 5% to 10% mild; 10% to 20%

moderate; > 20% substantial

Secondary outcome:

Range of motion (goniometer) for shoulder flexion, abduction, extension

Follow up 2, 7, 14 days, 3 months, 6 months

Country, setting Germany, teaching hospital

Year of conduct 2003 to 2004

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Block randomisation using computerised

list.

Allocation concealment (selection bias) High risk Fixed block length, no mention of blinding

of allocation.

Blinding of participants and personnel

(performance bias)

Objective outcomes

Unclear risk Participants and personnel were not

blinded for the intervention. The risk of

contamination is unclear

Blinding of outcome assessment (detection

bias)

Measured outcomes

High risk No attempts at blinding were made.

Incomplete outcome data (attrition bias)

Objective outcomes

Low risk Outcome is complete for all participants.

Selective reporting (reporting bias) Low risk All outcome data is available.
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Zimmermann 2012 (Continued)

Other bias Unclear risk The intervention group had more contacts

with a therapist, which may reinforce other

behaviour such as compliance to exercises

and self-care measures

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Ahmed 2006 In both groups people were included who already had lymphoedema. Allocation was not stratified for

presence of lymphedema, hence no subgroups could be examined

Anderson 2012 Lymphoedema was not the primary outcome in this study on the effect and safety of a structured exercise

programme with lymphoedema prevention module on quality of life

Boccardo 2009 The intervention was in part non-conservative (microsurgical operation in case of appearance of lym-

phoedema, as established by lymphoscintigraphy)

Box 2009 Not a primary study, but a synopsis of Todd 2008

Campisi 2002 The intervention was in part non-conservative (microsurgical lymphatic-venous anastomoses in people

non responsive to early physical therapy for lymphoedema, as established by lymphoscintigrapy)

Chandrakaladharan 2009 Full text could not be obtained from the author, study was published as an abstract only

de Rezende 2006 The study evaluated shoulder function and wound drainage volumes. Lymphoedema was not an outcome

Hayes 2012 Lymphoedema was not a primary outcome in this study on effect of exercise on quality of life, and the

outcome measure used was not sufficiently objective

Le-Vu 1997 The primary outcome was seroma formation. Lymphoedema was assessed at some point between 8 and

24 months, but only by self report questionnaire or clinician-based diagnosis

Oliveira 2009 The primary outcome was range of motion of the shoulder.

Arm circumferences were included as secondary outcome measure. No results on lymphoedema are

reported except that there was no statistically-significant difference between the groups at all follow-up

points

Sarri 2010 The primary outcome was lymphatic flow as measured by lymphscintigrapy, as a surrogate endpoint for

lymphoedema

Sisman 2012 Not a randomised controlled trial.

Wang 2005 No clear and sufficiently objective measure for lymphoedema was defined
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Characteristics of ongoing studies [ordered by study ID]

Ben Selvan 2008

Trial name or title The influence of prophylactic application of the class 2 upper limb stockings in carcinoma breast patients in

reducing the incidence of Breast cancer related lymph edema

Methods Parallel group single blinded randomised controlled trial, 36 month follow-up, N = 178

Participants Parallel group single blinded randomised controlled trial, 36 month follow-up, N = 178

Interventions Class 2 elastic compression stockings: for a period of 3 months from the first post operative period, vs no

stocking

Outcomes Primary outcome: percentage of reduction in arm volume (circumference measurements) in the study group

Secondary outcome: incidence of lymphedema on the 10th post-operative day and at three months follow up

Starting date Registered on 27-11-2008

Contact information Ben Selvan, C.K. Christian Medical College, Department of Surgery, 632004, Vellore, Tamil Nadu, India

drckben@yahoo.com

Notes CTRI/2008/091/000249

Pain 2012

Trial name or title Prevention of breast cancer-related lymphoedema following axillary lymph node clearance

Methods Parallel group randomised controlled trial, 36 month follow-up, N = 178

Participants People who have had axillary node clearance for breast cancer

Interventions Manual lymph drainage, in addition to skin care, compression garments and exercise vs skin care, compression

garments and exercise only

Outcomes Limb volume using circumference measurements, validation of bio-impedance technology

Starting date 1-10-2011

Contact information Pain, S, Norfolk & Norwich University Hospital, Colney Lane, Norwich, Norfolk NR4 7UY, United King-

dom, simon.pain@nnuh.nhs.uk

Notes
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D A T A A N D A N A L Y S E S

Comparison 1. Early physiotherapy including MLD vs no early physiotherapy or physiotherapy without MLD

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Time to event for lymphoedema 2 Hazard Ratio (Random, 95% CI) Totals not selected

2 Lymphoedema - short term

follow up

2 Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

3 Lymphoedema - medium term

follow up

4 Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

4 Shoulder range of motion for

abduction - short term follow

up

2 183 Mean Difference (IV, Fixed, 95% CI) 21.84 [13.58, 30.10]

4.1 Studies reporting final

scores

1 67 Mean Difference (IV, Fixed, 95% CI) 12.40 [-1.96, 26.76]

4.2 Studies reporting change

scores

1 116 Mean Difference (IV, Fixed, 95% CI) 26.50 [16.41, 36.59]

5 Shoulder range of motion for

forward flexion - short term

follow up

2 183 Mean Difference (IV, Fixed, 95% CI) 14.44 [7.08, 21.81]

5.1 Studies reporting final

scores

1 67 Mean Difference (IV, Fixed, 95% CI) 8.20 [-3.21, 19.61]

5.2 Studies reporting change

scores

1 116 Mean Difference (IV, Fixed, 95% CI) 18.9 [9.26, 28.54]

6 Shoulder range of motion for

abduction - medium term

follow up

2 Mean Difference (IV, Fixed, 95% CI) Totals not selected

6.1 Studies reporting final

scores

1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

6.2 Studies reporting change

scores

1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

7 Shoulder range of motion for

forward flexion - medium term

follow up

2 Mean Difference (IV, Fixed, 95% CI) Totals not selected

7.1 Studies reporting final

scores

1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

7.2 Studies reporting change

scores

1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

8 Pain 2 Mean Difference (IV, Fixed, 95% CI) Totals not selected

8.1 Studies reporting final

scores

1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

8.2 Studies reporting change

scores

1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]
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Comparison 2. Early vs delayed exercise after breast cancer surgery

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Lymphoedema - medium term

follow up

3 378 Risk Ratio (M-H, Fixed, 95% CI) 1.69 [0.94, 3.01]

2 Shoulder range of motion for

foward flexion - short term

2 Mean Difference (IV, Fixed, 95% CI) Totals not selected

3 Shoulder range of motion for

abduction - short term

2 Mean Difference (IV, Fixed, 95% CI) Totals not selected

4 Shoulder range of motion for

external rotation - short term

2 Mean Difference (IV, Fixed, 95% CI) Totals not selected

5 Shoulder range of motion for

internal rotation - short term

2 262 Mean Difference (IV, Fixed, 95% CI) 0.23 [-2.21, 2.67]

6 Shoulder range of motion for

forward flexion - medium term

3 Mean Difference (IV, Fixed, 95% CI) Totals not selected

6.1 Studies reporting final

scores

2 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

6.2 Studies reporting change

scores

1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

7 Shoulder range of motion for

abduction -medium term

3 Mean Difference (IV, Fixed, 95% CI) Totals not selected

7.1 Studies reporting final

scores

2 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

7.2 Studies reporting change

scores

1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

8 Shoulder range of motion for

external rotation - medium

term

3 Mean Difference (IV, Fixed, 95% CI) Totals not selected

8.1 Studies reporting final

scores

2 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

8.2 Studies reporting change

scores

1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

9 Shoulder range of motion for

internal rotation - medium

term

3 378 Mean Difference (IV, Fixed, 95% CI) 2.39 [-0.14, 4.92]

9.1 Studies reporting final

scores

2 262 Mean Difference (IV, Fixed, 95% CI) 2.48 [-0.33, 5.29]

9.2 Studies reporting change

scores

1 116 Mean Difference (IV, Fixed, 95% CI) 2.0 [-3.82, 7.82]
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Comparison 3. Progressive resistance exercise vs no exercise

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Lymphoedema in studies with

≥6 month follow up < 24

months

2 351 Risk Ratio (M-H, Fixed, 95% CI) 0.58 [0.30, 1.13]

Analysis 1.1. Comparison 1 Early physiotherapy including MLD vs no early physiotherapy or physiotherapy

without MLD, Outcome 1 Time to event for lymphoedema.

Review: Conservative interventions for preventing clinically detectable upper-limb lymphoedema in patients who are at risk of developing lymphoedema after breast

cancer therapy

Comparison: 1 Early physiotherapy including MLD vs no early physiotherapy or physiotherapy without MLD

Outcome: 1 Time to event for lymphoedema

Study or subgroup log [Hazard Ratio] Hazard Ratio Hazard Ratio

(SE) IV,Random,95% CI IV,Random,95% CI

Devoogdt 2011 0.2624 (0.3398) 1.30 [ 0.67, 2.53 ]

Torres 2010 -1.3471 (0.5413) 0.26 [ 0.09, 0.75 ]

0.01 0.1 1 10 100

Favours PT with MLD Favours no PT/MLD
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Analysis 1.2. Comparison 1 Early physiotherapy including MLD vs no early physiotherapy or physiotherapy

without MLD, Outcome 2 Lymphoedema - short term follow up.

Review: Conservative interventions for preventing clinically detectable upper-limb lymphoedema in patients who are at risk of developing lymphoedema after breast

cancer therapy

Comparison: 1 Early physiotherapy including MLD vs no early physiotherapy or physiotherapy without MLD

Outcome: 2 Lymphoedema - short term follow up

Study or subgroup Experimental Control Risk Ratio Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Devoogdt 2011 (1) 8/77 6/81 1.40 [ 0.51, 3.86 ]

Zimmermann 2012 (2) 2/34 14/34 0.14 [ 0.04, 0.58 ]

0.01 0.1 1 10 100

Favours PT with MLD Favours no PT/MLD

(1) 3 month follow up

(2) 3 month follow up

Analysis 1.3. Comparison 1 Early physiotherapy including MLD vs no early physiotherapy or physiotherapy

without MLD, Outcome 3 Lymphoedema - medium term follow up.

Review: Conservative interventions for preventing clinically detectable upper-limb lymphoedema in patients who are at risk of developing lymphoedema after breast

cancer therapy

Comparison: 1 Early physiotherapy including MLD vs no early physiotherapy or physiotherapy without MLD

Outcome: 3 Lymphoedema - medium term follow up

Study or subgroup Experimental Control Risk Ratio Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Castro-Sanchez 2011 (1) 1/24 6/24 0.17 [ 0.02, 1.28 ]

Devoogdt 2011 (2) 18/75 15/79 1.26 [ 0.69, 2.32 ]

Torres 2010 (3) 4/59 14/57 0.28 [ 0.10, 0.79 ]

Zimmermann 2012 (4) 0/33 24/34 0.02 [ 0.00, 0.33 ]

0.01 0.1 1 10 100

Favours PT incl. MLD Favours no MLD
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(1) 8 months follow up

(2) 12 months follow up

(3) 12 months

(4) 6 months

Analysis 1.4. Comparison 1 Early physiotherapy including MLD vs no early physiotherapy or physiotherapy

without MLD, Outcome 4 Shoulder range of motion for abduction - short term follow up.

Review: Conservative interventions for preventing clinically detectable upper-limb lymphoedema in patients who are at risk of developing lymphoedema after breast

cancer therapy

Comparison: 1 Early physiotherapy including MLD vs no early physiotherapy or physiotherapy without MLD

Outcome: 4 Shoulder range of motion for abduction - short term follow up

Study or subgroup Experimental Control
Mean

Difference Weight
Mean

Difference

N Mean(SD)[degrees] N Mean(SD)[degrees] IV,Fixed,95% CI IV,Fixed,95% CI

1 Studies reporting final scores

Zimmermann 2012 (1) 33 134 (25.1) 34 121.6 (34.3) 33.1 % 12.40 [ -1.96, 26.76 ]

Subtotal (95% CI) 33 34 33.1 % 12.40 [ -1.96, 26.76 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.69 (P = 0.091)

2 Studies reporting change scores

Torres 2010 (2) 59 82.6 (23.6) 57 56.1 (31.2) 66.9 % 26.50 [ 16.41, 36.59 ]

Subtotal (95% CI) 59 57 66.9 % 26.50 [ 16.41, 36.59 ]

Heterogeneity: not applicable

Test for overall effect: Z = 5.15 (P < 0.00001)

Total (95% CI) 92 91 100.0 % 21.84 [ 13.58, 30.10 ]

Heterogeneity: Chi2 = 2.48, df = 1 (P = 0.12); I2 =60%

Test for overall effect: Z = 5.18 (P < 0.00001)

Test for subgroup differences: Chi2 = 2.48, df = 1 (P = 0.12), I2 =60%

-100 -50 0 50 100

Favours no PT/MLD Favours PT with MLD

(1) ROM at 14 days follow up

(2) difference between 1st postoperative day and 3 weeks follow up
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Analysis 1.5. Comparison 1 Early physiotherapy including MLD vs no early physiotherapy or physiotherapy

without MLD, Outcome 5 Shoulder range of motion for forward flexion - short term follow up.

Review: Conservative interventions for preventing clinically detectable upper-limb lymphoedema in patients who are at risk of developing lymphoedema after breast

cancer therapy

Comparison: 1 Early physiotherapy including MLD vs no early physiotherapy or physiotherapy without MLD

Outcome: 5 Shoulder range of motion for forward flexion - short term follow up

Study or subgroup Experimental Control
Mean

Difference Weight
Mean

Difference

N Mean(SD)[degrees] N Mean(SD)[degrees] IV,Fixed,95% CI IV,Fixed,95% CI

1 Studies reporting final scores

Zimmermann 2012 (1) 33 134.5 (22.4) 34 126.3 (25.2) 41.7 % 8.20 [ -3.21, 19.61 ]

Subtotal (95% CI) 33 34 41.7 % 8.20 [ -3.21, 19.61 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.41 (P = 0.16)

2 Studies reporting change scores

Torres 2010 (2) 59 67.8 (24.6) 57 48.9 (28.2) 58.3 % 18.90 [ 9.26, 28.54 ]

Subtotal (95% CI) 59 57 58.3 % 18.90 [ 9.26, 28.54 ]

Heterogeneity: not applicable

Test for overall effect: Z = 3.84 (P = 0.00012)

Total (95% CI) 92 91 100.0 % 14.44 [ 7.08, 21.81 ]

Heterogeneity: Chi2 = 1.97, df = 1 (P = 0.16); I2 =49%

Test for overall effect: Z = 3.84 (P = 0.00012)

Test for subgroup differences: Chi2 = 1.97, df = 1 (P = 0.16), I2 =49%

-50 -25 0 25 50

Favours no PT/MLD Favours PT with MLD

(1) ROM at 14 day follow up

(2) change between first postoperative day and 3 weeks follow up
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Analysis 1.6. Comparison 1 Early physiotherapy including MLD vs no early physiotherapy or physiotherapy

without MLD, Outcome 6 Shoulder range of motion for abduction - medium term follow up.

Review: Conservative interventions for preventing clinically detectable upper-limb lymphoedema in patients who are at risk of developing lymphoedema after breast

cancer therapy

Comparison: 1 Early physiotherapy including MLD vs no early physiotherapy or physiotherapy without MLD

Outcome: 6 Shoulder range of motion for abduction - medium term follow up

Study or subgroup Experimental Control
Mean

Difference
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Studies reporting final scores

Zimmermann 2012 (1) 33 174.4 (11) 34 157.5 (16.8) 16.90 [ 10.12, 23.68 ]

2 Studies reporting change scores

Torres 2010 (2) 59 83.7 (22.2) 57 86.8 (19.2) -3.10 [ -10.65, 4.45 ]

-20 -10 0 10 20

Favours no PT/MLD Favours PT with MLD

(1) ROM at 6 month follow up

(2) difference between 1st postoperative day and 12 month follow up
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Analysis 1.7. Comparison 1 Early physiotherapy including MLD vs no early physiotherapy or physiotherapy

without MLD, Outcome 7 Shoulder range of motion for forward flexion - medium term follow up.

Review: Conservative interventions for preventing clinically detectable upper-limb lymphoedema in patients who are at risk of developing lymphoedema after breast

cancer therapy

Comparison: 1 Early physiotherapy including MLD vs no early physiotherapy or physiotherapy without MLD

Outcome: 7 Shoulder range of motion for forward flexion - medium term follow up

Study or subgroup Experimental Control
Mean

Difference
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Studies reporting final scores

Zimmermann 2012 (1) 33 163.6 (15.1) 34 149.3 (14.9) 14.30 [ 7.11, 21.49 ]

2 Studies reporting change scores

Torres 2010 (2) 59 69.4 (24.7) 57 69.8 (22.8) -0.40 [ -9.05, 8.25 ]

-20 -10 0 10 20

Favours no PT/ MLD Favours PT with MLD

(1) ROM at 6 month follow up

(2) difference between 1st postoperative day and 12 month follow up
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Analysis 1.8. Comparison 1 Early physiotherapy including MLD vs no early physiotherapy or physiotherapy

without MLD, Outcome 8 Pain.

Review: Conservative interventions for preventing clinically detectable upper-limb lymphoedema in patients who are at risk of developing lymphoedema after breast

cancer therapy

Comparison: 1 Early physiotherapy including MLD vs no early physiotherapy or physiotherapy without MLD

Outcome: 8 Pain

Study or subgroup Experimental Control
Mean

Difference
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Studies reporting final scores

Castro-Sanchez 2011 (1) 24 4.51 (4.3338) 24 6.88 (3.1971) -2.37 [ -4.52, -0.22 ]

2 Studies reporting change scores

Torres 2010 (2) 59 -4.5 (3.4) 57 -5 (3.3) 0.50 [ -0.72, 1.72 ]

-4 -2 0 2 4

Favours PT with MLD Favours no PT/MLD

(1) VAS score at 8 months

(2) difference between first postoperative day and 12 months
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Analysis 2.1. Comparison 2 Early vs delayed exercise after breast cancer surgery, Outcome 1

Lymphoedema - medium term follow up.

Review: Conservative interventions for preventing clinically detectable upper-limb lymphoedema in patients who are at risk of developing lymphoedema after breast

cancer therapy

Comparison: 2 Early vs delayed exercise after breast cancer surgery

Outcome: 1 Lymphoedema - medium term follow up

Study or subgroup Early exercise Delayed exercise Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Bendz 2002 (1) 5/101 4/104 25.2 % 1.29 [ 0.36, 4.66 ]

Cinar 2008 (2) 5/27 6/30 36.4 % 0.93 [ 0.32, 2.69 ]

Todd 2008 (3) 16/58 6/58 38.4 % 2.67 [ 1.12, 6.33 ]

Total (95% CI) 186 192 100.0 % 1.69 [ 0.94, 3.01 ]

Total events: 26 (Early exercise), 16 (Delayed exercise)

Heterogeneity: Chi2 = 2.46, df = 2 (P = 0.29); I2 =19%

Test for overall effect: Z = 1.76 (P = 0.078)

Test for subgroup differences: Not applicable

0.1 0.2 0.5 1 2 5 10

Favours early Favours delayed

(1) 6 month follow up

(2) 6 months follow up

(3) 12 month follow up
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Analysis 2.2. Comparison 2 Early vs delayed exercise after breast cancer surgery, Outcome 2 Shoulder

range of motion for foward flexion - short term.

Review: Conservative interventions for preventing clinically detectable upper-limb lymphoedema in patients who are at risk of developing lymphoedema after breast

cancer therapy

Comparison: 2 Early vs delayed exercise after breast cancer surgery

Outcome: 2 Shoulder range of motion for foward flexion - short term

Study or subgroup Early Delayed
Mean

Difference
Mean

Difference

N Mean(SD)[degrees] N Mean(SD)[degrees] IV,Fixed,95% CI IV,Fixed,95% CI

Bendz 2002 (1) 101 145 (14) 104 138 (15) 7.00 [ 3.03, 10.97 ]

Cinar 2008 (2) 27 170.57 (13.01) 30 134.91 (21.21) 35.66 [ 26.62, 44.70 ]

-20 -10 0 10 20

Favours delayed Favours early

(1) 1 month

(2) 1 month

Analysis 2.3. Comparison 2 Early vs delayed exercise after breast cancer surgery, Outcome 3 Shoulder

range of motion for abduction - short term.

Review: Conservative interventions for preventing clinically detectable upper-limb lymphoedema in patients who are at risk of developing lymphoedema after breast

cancer therapy

Comparison: 2 Early vs delayed exercise after breast cancer surgery

Outcome: 3 Shoulder range of motion for abduction - short term

Study or subgroup Early Delayed
Mean

Difference
Mean

Difference

N Mean(SD)[degrees] N Mean(SD)[degrees] IV,Fixed,95% CI IV,Fixed,95% CI

Bendz 2002 (1) 101 115 (22) 104 109 (25) 6.00 [ -0.44, 12.44 ]

Cinar 2008 (2) 27 166 (18.69) 30 122.85 (25.91) 43.15 [ 31.50, 54.80 ]

-50 -25 0 25 50

Favours delayed Favours early

(1) 1 month

(2) 1 month
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Analysis 2.4. Comparison 2 Early vs delayed exercise after breast cancer surgery, Outcome 4 Shoulder

range of motion for external rotation - short term.

Review: Conservative interventions for preventing clinically detectable upper-limb lymphoedema in patients who are at risk of developing lymphoedema after breast

cancer therapy

Comparison: 2 Early vs delayed exercise after breast cancer surgery

Outcome: 4 Shoulder range of motion for external rotation - short term

Study or subgroup Early Delayed
Mean

Difference
Mean

Difference

N Mean(SD)[degrees] N Mean(SD)[degrees] IV,Fixed,95% CI IV,Fixed,95% CI

Bendz 2002 (1) 101 81 (13) 104 80 (13) 1.00 [ -2.56, 4.56 ]

Cinar 2008 (2) 27 86.73 (10.3) 30 71.92 (20.54) 14.81 [ 6.50, 23.12 ]

-20 -10 0 10 20

Favours delayed Favours early

(1) 1 month

(2) 1 month

Analysis 2.5. Comparison 2 Early vs delayed exercise after breast cancer surgery, Outcome 5 Shoulder

range of motion for internal rotation - short term.

Review: Conservative interventions for preventing clinically detectable upper-limb lymphoedema in patients who are at risk of developing lymphoedema after breast

cancer therapy

Comparison: 2 Early vs delayed exercise after breast cancer surgery

Outcome: 5 Shoulder range of motion for internal rotation - short term

Study or subgroup Early Delayed
Mean

Difference Weight
Mean

Difference

N Mean(SD)[degrees] N Mean(SD)[degrees] IV,Fixed,95% CI IV,Fixed,95% CI

Bendz 2002 (1) 101 68 (9) 104 68 (11) 78.7 % 0.0 [ -2.75, 2.75 ]

Cinar 2008 (2) 27 86.84 (10.3) 30 85.76 (9.98) 21.3 % 1.08 [ -4.20, 6.36 ]

Total (95% CI) 128 134 100.0 % 0.23 [ -2.21, 2.67 ]

Heterogeneity: Chi2 = 0.13, df = 1 (P = 0.72); I2 =0.0%

Test for overall effect: Z = 0.19 (P = 0.85)

Test for subgroup differences: Not applicable

-4 -2 0 2 4

Favours delayed Favours early
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(1) 1 month

(2) 1 month

Analysis 2.6. Comparison 2 Early vs delayed exercise after breast cancer surgery, Outcome 6 Shoulder

range of motion for forward flexion - medium term.

Review: Conservative interventions for preventing clinically detectable upper-limb lymphoedema in patients who are at risk of developing lymphoedema after breast

cancer therapy

Comparison: 2 Early vs delayed exercise after breast cancer surgery

Outcome: 6 Shoulder range of motion for forward flexion - medium term

Study or subgroup Early Delayed
Mean

Difference
Mean

Difference

N Mean(SD)[degrees] N Mean(SD)[degrees] IV,Fixed,95% CI IV,Fixed,95% CI

1 Studies reporting final scores

Bendz 2002 (1) 101 164 (11) 104 159 (14) 5.00 [ 1.56, 8.44 ]

Cinar 2008 27 176.94 (5.16) 30 161.56 (11.73) 15.38 [ 10.75, 20.01 ]

2 Studies reporting change scores

Todd 2008 (2) 58 -1.8 (15.9) 58 -1.2 (15.4) -0.60 [ -6.30, 5.10 ]

-20 -10 0 10 20

Favours delayed Favours early

(1) ROM at 6 months follow up

(2) ROM reduction at 12 months follow up
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Analysis 2.7. Comparison 2 Early vs delayed exercise after breast cancer surgery, Outcome 7 Shoulder

range of motion for abduction -medium term.

Review: Conservative interventions for preventing clinically detectable upper-limb lymphoedema in patients who are at risk of developing lymphoedema after breast

cancer therapy

Comparison: 2 Early vs delayed exercise after breast cancer surgery

Outcome: 7 Shoulder range of motion for abduction -medium term

Study or subgroup Early Delayed
Mean

Difference
Mean

Difference

N Mean(SD)[degrees] N Mean(SD)[degrees] IV,Fixed,95% CI IV,Fixed,95% CI

1 Studies reporting final scores

Bendz 2002 (1) 101 147 (25) 104 141 (29) 6.00 [ -1.41, 13.41 ]

Cinar 2008 27 174.93 (11.32) 30 153.64 (19.66) 21.29 [ 13.06, 29.52 ]

2 Studies reporting change scores

Todd 2008 (2) 58 -11.2 (28.1) 58 -2.9 (18.6) -8.30 [ -16.97, 0.37 ]

-50 -25 0 25 50

Favours delayed Favours early

(1) ROM at 6 months follow up

(2) ROM reduction at 12 months follow up
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Analysis 2.8. Comparison 2 Early vs delayed exercise after breast cancer surgery, Outcome 8 Shoulder

range of motion for external rotation - medium term.

Review: Conservative interventions for preventing clinically detectable upper-limb lymphoedema in patients who are at risk of developing lymphoedema after breast

cancer therapy

Comparison: 2 Early vs delayed exercise after breast cancer surgery

Outcome: 8 Shoulder range of motion for external rotation - medium term

Study or subgroup Early Delayed
Mean

Difference
Mean

Difference

N Mean(SD)[degrees] N Mean(SD)[degrees] IV,Fixed,95% CI IV,Fixed,95% CI

1 Studies reporting final scores

Bendz 2002 (1) 101 86 (11) 104 87 (12) -1.00 [ -4.15, 2.15 ]

Cinar 2008 (2) 27 90 (11) 30 81.76 (18.39) 8.24 [ 0.46, 16.02 ]

2 Studies reporting change scores

Todd 2008 (3) 58 -1.9 (13.8) 58 -1.3 (14) -0.60 [ -5.66, 4.46 ]

-20 -10 0 10 20

Favours delayed Favours early

(1) ROM at 6 months follow up

(2) ROM at 6 months; SD for exorotation in early intervention group was imputed (reported SD 0)

(3) ROM reduction at 12 months follow up
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Analysis 2.9. Comparison 2 Early vs delayed exercise after breast cancer surgery, Outcome 9 Shoulder

range of motion for internal rotation - medium term.

Review: Conservative interventions for preventing clinically detectable upper-limb lymphoedema in patients who are at risk of developing lymphoedema after breast

cancer therapy

Comparison: 2 Early vs delayed exercise after breast cancer surgery

Outcome: 9 Shoulder range of motion for internal rotation - medium term

Study or subgroup Early Delayed
Mean

Difference Weight
Mean

Difference

N Mean(SD)[degrees] N Mean(SD)[degrees] IV,Fixed,95% CI IV,Fixed,95% CI

1 Studies reporting final scores

Bendz 2002 (1) 101 70 (10) 104 68 (12) 70.1 % 2.00 [ -1.02, 5.02 ]

Cinar 2008 (2) 27 90 (10) 30 84.45 (18.54) 11.0 % 5.55 [ -2.08, 13.18 ]

Subtotal (95% CI) 128 134 81.1 % 2.48 [ -0.33, 5.29 ]

Heterogeneity: Chi2 = 0.72, df = 1 (P = 0.40); I2 =0.0%

Test for overall effect: Z = 1.73 (P = 0.083)

2 Studies reporting change scores

Todd 2008 (3) 58 3.1 (13) 58 1.1 (18.5) 18.9 % 2.00 [ -3.82, 7.82 ]

Subtotal (95% CI) 58 58 18.9 % 2.00 [ -3.82, 7.82 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.67 (P = 0.50)

Total (95% CI) 186 192 100.0 % 2.39 [ -0.14, 4.92 ]

Heterogeneity: Chi2 = 0.74, df = 2 (P = 0.69); I2 =0.0%

Test for overall effect: Z = 1.85 (P = 0.064)

Test for subgroup differences: Chi2 = 0.02, df = 1 (P = 0.88), I2 =0.0%

-10 -5 0 5 10

Favours delayed Favours early

(1) ROM at 6 months follow up

(2) ROM at 6 months; SD for internal rotation in the early group was imputed (reported SD 0)

(3) ROM reduction at 12 months follow up
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Analysis 3.1. Comparison 3 Progressive resistance exercise vs no exercise, Outcome 1 Lymphoedema in

studies with ≥6 month follow up < 24 months.

Review: Conservative interventions for preventing clinically detectable upper-limb lymphoedema in patients who are at risk of developing lymphoedema after breast

cancer therapy

Comparison: 3 Progressive resistance exercise vs no exercise

Outcome: 1 Lymphoedema in studies with ≥6 month follow up < 24 months

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Sagen 2009 (1) 4/104 8/100 39.0 % 0.48 [ 0.15, 1.55 ]

Schmitz 2010 (2) 8/72 13/75 61.0 % 0.64 [ 0.28, 1.45 ]

Total (95% CI) 176 175 100.0 % 0.58 [ 0.30, 1.13 ]

Total events: 12 (Experimental), 21 (Control)

Heterogeneity: Chi2 = 0.16, df = 1 (P = 0.69); I2 =0.0%

Test for overall effect: Z = 1.60 (P = 0.11)

Test for subgroup differences: Not applicable

0.05 0.2 1 5 20

Favours exercise Favours no exercise

(1) 6 month follow up

(2) 12 month follow up

A P P E N D I C E S

Appendix 1. MEDLINE via Pubmed (1980 to present)

(”breast neoplasms“[MeSH] OR breast cancer*[tiab] OR breastcancer*[tiab] OR breast tumor*[tiab] OR breast tumour*[tiab] OR

mammary neoplasm*[tiab] OR mammary carcinoma*[tiab] OR breast neoplasm*[tiab] OR breast carcinoma*[tiab] OR breast malig-

nan*[tiab] OR breast metastas*[tiab] OR mammary malignan*[tiab] OR mammary metastas*[tiab]) AND (lymphoedema[tiab] OR

”lymphedema“[MeSH Terms] OR lymphedema[tiab] OR lymphatic edema[tiab] OR oedema[tiab] OR ”edema“[MeSH Terms] OR

edema[tiab] OR swelling[tiab] OR elephantias*[tiab]) AND (prevent*[tiab] OR ”prevention and control“[Subheading] OR ”Preventive

Health Services“[Mesh] OR ”Early Diagnosis“[Mesh] OR ”Risk“[Mesh] OR risk*[tiab] OR ”Risk Reduction Behavior“[MAJR] OR

reducing[tiab] OR ”Probability“[Mesh] OR restrict*[tiab] OR prevalence*[tiab] OR ”Prevalence“[Mesh])
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Appendix 2. EMBASE via Ovid (1980 to present)

1 exp breast cancer/ or (breast cancer* or breastcancer* or breast tumor* or breast tumour* or mammary neoplasm* or mammary

carcinoma* or breast neoplasm* or breast carcinoma*).ti,ab

2 lymphedema/ or elephantiasis/ or (lymphoedema or lymphedema or lymph edema or lymphatic edema or oedema or edema).ti,

ab

3 prevention/ or early diagnosis/ or risk/ or *risk reduction/ or probability/ or prevalence/ or prediction/ or (prevent* or risk* or

reducing or restrict* or prevalence*).ti,ab

4 1 and 2 and 3

5 limit 4 to embase

Appendix 3. WHO ICTRP Search Portal

Basic Searches:

1. Conventional interventions for preventing clinically detectable upper-limb lymphoedema in patients who are at risk of developing

lymphoedema after breast cancer therapy

2. Lymphoedema AND prevent*

3. Lymphedema AND prevent*

Advanced Searches:

1. Title: Conventional interventions for precenting clinically detectable upper-limb lymphoedema in patients who are at risk of

developing lymphoedema after breast cancer therapy

Recruitment Status: ALL

2. Condition: breast cancer AND (lymphoedema OR lymphedema OR lymphatic oedema OR lymphatic edema OR oedema OR

edema)

Intervention: prevention OR control OR early diagnosis OR risk reduction behavior OR exercise OR patient education OR early

intervention OR monitoring OR compression therapy OR manual lymph drainage OR lymph taping OR kinesiotape

Recruitment Status: ALL

Appendix 4. The Cumulative Index to Nursing and Allied Health Literature (CINAHL) via EBSCO
(1980 to present)

S4 S1 and S2 and S3

S3 ( ( (MH ”Early Diagnosis+“) or (MH ”Relative Risk“) or (MH ”Probability“) or (MH ”Prevalence“) ) or ( ( ( TI restrict* OR

AB restrict* ) or ( TI prevalence* OR AB prevalence* ) ) or ( ( TI prevent* OR AB prevent* ) or ( TI risk* OR AB risk* ) or (

TI reducing OR AB reducing ) ) ) ) or ( TI predict* or AB predict* ) or (MH ”Risk Factors+“)

S2 ( (MH ”Lymphedema+“) or ( ( TI lymphoedema or AB lymphoedema ) or ( TI lymphedema or AB lymphedema ) or ( TI

lymph edema or AB lymph edema ) ) or ( ( TI lymphatic edema or AB lymphatic edema ) or ( TI oedema or AB oedema ) or (

TI edema or AB edema ) ) ) or ( ( TI swelling or AB swelling ) or ( TI elephantias* or AB elephantias* ) )
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(Continued)

S1 (MH ”Breast Neoplasms+“) or ( ( TI breast cancer* or AB breast cancer* ) or ( TI breastcancer* or AB breastcancer* ) or ( TI

breast tumor* or AB breast tumor* ) ) or ( ( TI breast tumour* or AB breast tumour* ) or ( TI mammary neoplasm* or AB

mammary neoplasm* ) or ( TI mammary carcinoma* or AB mammary carcinoma* ) or ( TI breast neoplasm* or AB breast

neoplasm* ) or ( TI breast carcinoma* or AB breast carcinoma* ) )

Appendix 5. Physiotherapy Evidence Database (PEDro) via http://pedro.org.au (1980 to present)

1. Abstract and title: cancer

2. Problem: oedema

Appendix 6. PsycINFO via Ovid (1980 to present)

1 lymphoedema.id. or (lymphoedema or lymphedema or lymphatic edema or oedema or edema or swelling or elephantias*).ti,ab

2 risk factors/ or risk factors.id. or (prevent* or risk* or reducing or restrict* or prevalence*).ti,ab

3 breast neoplasms/ or breast cancer.id. or (breast cancer* or breastcancer* or breast tumor* or breast tumour* or mammary

neoplasm* or mammary carcinoma* or breast neoplasm* or breast carcinoma* or breast malignan* or breast metastas* or mammary

malignan* or mammary metastas*).ti,ab

4 1 and 2 and 3

Appendix 7. CENTRAL

#1 MeSH descriptor: [Lymphedema] explode all trees

#2 lymphoedema* or lymphedema* or lymphatic oedema* or lymphatic edema* or oedema* or edema* or swelling

#3 MeSH descriptor: [Elephantiasis] explode all trees

#4 #1 or #2 or #3

#5 MeSH descriptor: [Breast Neoplasms] explode all trees

#6 breast neoplasm or breast cancer or breast tumour or breast tumor or breast carcinoma

#7 #5 or #6

#8 #4 and #7

#9 ’prevention and control’ or prevent* or control or early diagnosis or risk reduction behavior or exercise or patient education or early

intervention or monitoring or compression therapy or manual lymph drainage or lymph taping or kinesiotape

#10 #8 and #9
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