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Abstract

Introduction: One of the most frequent complications of breast cancer treat-
ment is lymphoedema (LE), with lymphadenectomy and radiotherapy being
the main triggers of this pathology in developed countries. The aim of the
study was to determine the efficacy of therapeutic exercise in the preven-
tion of upper limb (UL) lymphoedema evaluated through cirtometry, volu-
metry, or bioimpedance spectroscopy (BIS) in women after breast cancer
removal surgery.

Material and methods: The Pubmed, PEDro, and Cochrane databases were
consulted up to May 2020, including randomised clinical trials (RCTs) on
therapeutic physical exercise as a possible preventive measure against
breast cancer-related lymphoedema (BCRL). The studies were requested to
have participants with UL lymphoedema and a control group.

Results: A total of 304 articles were found, of which 9 were included (stand-
alone studies). A therapeutic exercise program (strength and/or aerobic
training) in women who had been surgically intervened for breast cancer
may prevent lymphedema, compared to a regular care.

Conclusions: A therapeutic exercise program (strength and/or aerobic train-
ing) in women operated on for breast cancer contributes to reducing the
number of cases that could obtain a greater difference in volume in their
upper limbs, compared to a regular care program. However, further research
is necessary to affirm that therapeutic physical exercise prevents BCRL.

Key words: breast cancer lymphoedema, exercise therapy, public health,
quality of life, secondary prevention.

Introduction

Breast cancer is one of the most frequent cancers and the most typ-
ical in women worldwide, and it is increasing especially in developed
countries. Its incidence changes widely throughout the world, with rates
as high as 99.4 per 100,000 in North America [1]. It is estimated that
one in eight women is at risk of developing it during her lifetime, with
a survival rate above 90% at 5 years and significant morbidity after the
treatment [2, 3]. One of the most weakening complications of the breast
cancer treatment is lymphoedema (LE) [4, 5], with lymphadenectomy
and radiotherapy being the main triggers of this pathology in developed
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countries [6]. The published data about the rate
of LE are very dissimilar, ranging between 2% and
94% [4, 7, 8]. DiSipio et al. (2013), in their sys-
tematic review and meta-analysis, estimated that
the probability of developing arm lymphoedema is
21.4% (95% Cl: 14.9-29.8%) [9].

Lymphoedema is defined as an accumulation
of protein-rich fluid in interstitial tissues as a re-
sult of the alteration of the lymphatic function
[5, 9]. It can have a negative effect on the perfor-
mance of different activities of daily living, with
a significant physical, functional, psychological,
and economic impact on the people who suffer
from it [4, 6, 9-11]. Therapeutic physical exercise
can contribute to interstitial fluid evacuation, thus
reducing the complications and adverse effects of
the surgical and adjuvant therapies in breast can-
cer patients [12-15].

It is a chronic and progressive disease, also
disabling in some cases, which requires care and
attention throughout life because there is no
curative treatment [16], and it is often misdiag-
nosed, with treatment in late stages or even with-
out applying any therapeutic approach [17]. It is
predicted that it will remain a significant problem
in the future due to the survival associated with
breast cancer as a result of the advances in on-
cological therapies [6]. Therefore, it is essential to
bet on therapeutic physical exercise preventive
treatment with the objective of reducing the in-
cidence of this pathology. Cancer is an important
cause of mortality worldwide [18]. In addition to
the various therapies available, it is important to
also focus on the role of modifiable risk factors in
cancer prevention and prognosis. According to the
World Health Organisation, approximately 35% of
cancer-related deaths can be attributed to these
modifiable risk factors, among which obesity (for
example hospital malnutrition due to poor patient
control can contribute to weight alteration [19])
and lack of physical activity play prominent roles
[20]. Several mechanisms have been proposed for
the beneficial effects of physical activity, includ-
ing decreased levels of reactive oxygen species,
enhancement of immune function, decreased lev-
els of inflammation, etc. [21, 22]. Physical activity
changes the metabolic profile of oestrogens, lead-
ing to reduced hormonal activity and increased
anti-proliferative properties in breast cancer pa-
tients [23]. Due to the increasing number of indi-
viduals diagnosed with cancer, it is important to
understand the role of physical activity in cancer
prevention and therapy. The benefits of physical
activity in cancer patients are multifaceted; they
have been observed in cancer prevention, mortal-
ity, and quality of life [24]. Thus, the majority of
studies included exercise as a therapy to decrease
BCRL symptoms; however, few studies suggest

a preventive approach to the disease [18-25].
Based on the obvious need to develop preventive
measures, the aim of the present review was to
determine the efficacy of therapeutic exercise
in the prevention of lymphoedema evaluated
through cirtometry, volumetry, or bioimpedance
spectroscopy (BIS) of the upper limb (UL) in wom-
en after breast cancer removal surgery.

Material and methods

The methodology was guided by Preferred
Reporting Items for Systematic reviews and Me-
ta-Analyses (PRISMA) [26].

Search strategy

The PubMed, PEDro, and Cochrane databases
were consulted from the date they were created to
May 9t 2020, with the aim of finding studies that in-
cluded therapeutic exercise as a preventive method
against BCRL The MeSH terms used were: “breast
cancer lymphedema”, “exercise therapy”, and “ex-
ercise”. Moreover, other terms were also used:
(“lymphedema” OR “breast cancer-related lymph-
edema”) AND (“therapeutic exercise” OR “physical
activity” OR “aerobic training” OR “resistance train-
ing” OR “strength training” OR “strength”) AND
(“preventive therapy” OR “prevention”). The search
was replicated by two researchers. There was con-
sensus in the searches of both researchers.

Inclusion and exclusion criteria

The authors selected randomised clinical trials
(RCTs), published in English or Spanish, that in-
cluded women intervened for breast cancer (sur-
gery with conservation of the breast or mastec-
tomy) and treated with therapeutic exercise with
a preventive approach against the complications
derived from the surgery or other treatments (ra-
diotherapy and/or chemotherapy). Understanding
therapeutic exercise as strength and/or aerobic
training, these clinical trials could include women
with or without the risk of developing lymphoe-
dema. Furthermore, this review only included tri-
als that had a control group and used UL oedema
evaluated by cirtometry, volumetry, or BIS as a de-
pendent variable. The authors excluded clinical tri-
als in which the participants had been diagnosed
with unilateral or bilateral lymphoedema prior to
or during the treatment, as well as the articles
that had fewer than 20 individuals per group and
those with an intervention programme shorter
than two months.

Study selection

Firstly, the repeated articles from the different
databases consulted were discarded. Then, after
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reading the titles and abstracts, the authors ex-
cluded the studies that were not related to the
specific topic tackled in this review and those that
did not meet the established inclusion criteria.
Lastly, the complete text of the rest of the arti-
cles was read, and the most relevant trials were
selected to compose the sample of this systematic
review.

Evaluation of the methodological quality

To assess the methodology and internal va-
lidity of the selected trials, the PEDro scale was
used, which is based on the Delphi method de-
veloped by Verhagen et al. (1998) [27, 28]. This
scale consists of 11 criteria with two possible
answers (“yes” or “no”), and each of them con-
tributes one point to the total score (minimum to
maximum score range: 0-10 points), except the
first criterion, which evaluates the external va-
lidity. According to Moseley et al. (1999), studies
with a score above 5 points are considered to have
a high methodological quality, whereas those with
a score of 4 or 5 points have a moderate method-
ological quality, and those with a score of 3 points
or less are of low methodological quality [29].

Results

A total of 304 articles were found in the
PubMed, PEDro, and Cochrane databases. Of
these, 75 were discarded for being repeated, and
of the remaining 229, 173 articles were discard-
ed after reading the title and/or abstract, because
they did not use therapeutic exercise as a pre-
ventive method against lymphoedema in women

who had breast cancer removal surgery. Moreover,
another 47 articles were discarded based on the
fact that they did not meet the inclusion criteria.
The main criteria for the exclusion of these arti-
cles were as follows: 1) the inclusion of women
diagnosed with unilateral or bilateral lymphoede-
ma and 2) the absence of a control group. Nine
potentially relevant articles (stand-alone studies)
were selected for systematic review after reading
the complete text (Figure 1).

Methodological quality of the studies

Table | shows the results of the evaluation of
the methodological quality of the studies included
in this review. Most of the RCTs were considered
of high methodological quality, obtaining more
than 5/10 points in the PEDro scale, with two of
them scoring 6/10 [30, 31], three scoring 7/10 [2,
8, 32], and another three scoring 8/10 [7, 33, 34];
there was one [35] that was considered to have
moderate methodological quality, with a score of
5/10.

However, several criteria must be highlight-
ed. Random and blind allocation was applied in
eight [2, 7, 8, 30-34] and six [2, 7, 8, 32-34] stud-
ies, respectively. In all trials, the evaluators who
measured at least one key result were blinded,
although due to the difficulty of blinding all the
subjects and/or therapists in this type of research,
only one article was defined as double-blind, i.e.
both the participants and the therapists were
blinded [34], and in another study [2] the authors
managed to blind the therapists who adminis-
tered the therapy. Regarding the follow-up, in only

Additional records identified through
other sources (n = 1)

Y

Records screened (n = 229) >

Records excluded — title/abstract
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Table I. Evaluation of the methodological quality of articles based on the PEDro scale. 1 —Selection criteria, 2 —ran-
dom allocation, 3 — blind allocation, 4 — baseline characteristics of the groups, 5 — blinded individuals, 6 — blinded
therapists, 7 — blinded evaluators, 8 — follow-up, 9 — intention to treat, 10 — analysis between groups, 11 — score

or variability estimation

Authors/year Evaluation criteria Total score
1 2 3 4 5 6 7 8 9 10 11

Basen-Engquist  Yes Yes No Yes No No Yes No Yes Yes Yes 6/10

et al., 2006 [30]

Sagen et al., Yes Yes Yes Yes No No Yes No Yes Yes Yes 7/10

2009 [32]

Schmitz et al., Yes Yes Yes Yes No No Yes Yes Yes Yes Yes 8/10

2010 [7]

Fernandez-Lao Yes No No Yes No No Yes No Yes Yes Yes 5/10

etal, 2012 [35]

Kilbreath et al., Yes Yes Yes Yes No No Yes Yes Yes Yes Yes 8/10

2012 [33]

Anderson et al., Yes Yes Yes Yes Yes Yes Yes No No Yes Yes 8/10

2012 [34]

Kilbreath et al., Yes Yes No Yes No No Yes Yes No Yes Yes 6/10

2013 [31]

Schmidt et al., Yes Yes Yes Yes No Yes Yes No No Yes Yes 7/10

2017 [2]

Ammitzbgll Yes Yes Yes Yes No No Yes No Yes Yes Yes 7/10

etal, 2019 [8]

three studies [7, 31, 33] the measurement of at
least one key result was obtained from over 85%
of the participants that were initially allocated to
the groups, and in six trials [7, 8, 30, 32, 35], the
results were analysed by intention to treat (ITT).

Characteristics of the studies

The characteristics of the studies included in
this systematic review are shown in Table Il. Nine
RCTs published between 2006 and 2019 were in-
cluded, with a total of 1147 patients distributed
in groups of 21-104 women. The selected articles
evaluated the effect of therapeutic strength [2, 7,
8, 31-34] or aerobic [2, 30, 34, 36] exercise on the
swelling of the affected upper limb in women who
had been surgically intervened for breast cancer;
three of these articles also included stretching ex-
ercises in their intervention programmes [31, 33,
34]. Strength training was understood as exercises
with weights, dumbbells, variable-resistance ma-
chines, and thera-bands, whereas aerobic training
was understood as activities such as walking; on
the other hand, exercises with hand crank ergom-
eters were considered as combined strength and
aerobic training. These trials evaluated the devel-
opment of BCRL through cirtometry [2, 30, 33, 35],
water displacement volumetry [7, 8, 32, 34], or BIS
[31, 33]. Moreover, it was considered fundamental
that these articles included a control group to com-
pare the effects of therapeutic exercise with the
habitual care (patient education) of the affected
arm in these patients.

Of the articles included in this review, two were
based on an aerobic training programme in the
intervention group [30, 35], three on a strength
training programme [7, 8, 32], one on a combined
strength and aerobic training programme [2],
two included stretching exercises in the strength
programme [31, 33], and another trial included
strength, stretching, and aerobic exercises [34].
The intervention period in the groups ranged be-
tween 2 months and 1 year, with an average of 5
months; the number of sessions ranged from one
to three per week, with a total average of 50 ses-
sions. All the intervention programmes were ini-
tially supervised. Of all the articles, five included
women who had completed all the primary treat-
ments for breast cancer [2, 7, 30, 31, 33], two arti-
cles included women who received chemotherapy
during the study period [8, 34], one article includ-
ed women who had not completed the hormone
treatment [35], and another article included wom-
en who were receiving chemotherapy, radiothera-
py, and/or hormone treatment [32].

Observed effects

Regarding the results, one study showed a sta-
tistically significant decrease in UL volume in both
groups [2], two studies reported that the increase
in the difference of UL volume was significantly
greater in the control group than in the interven-
tion group [7, 31], with one of them demonstrat-
ing that the risk of developing lymphoedema was
twice as great in the control group [32]. Moreover,
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Table II. Characteristics of the studies

Study Design Intervention Intervention AdjT  Follow-up Results
period
Basen- IG:n=35 1-24 w: 507 6 months No EV.1 = Pre ILvD: T arm
Engquist CG:n =25 cognitive skills + 10 1-16 w: 1 ss/w; EV.2 =6  circumference IG vs.
et al.,, 2006 moderate/intense 17-24 w: 1 months CG, p > 0.05
[30] march ss/2w post
Schmitz IG:n=77 1-13w:90" UL and 12 months No EV.1 = Pre > 5% ILVD: 17% in
etal,2010 CG:n=77 LLSST (weightsand 1-48 w: 2 ss/w EV.2 =12 CGand 11% in IG.
[7] variable-resistance months *p = 0.003
machines). post Risk of LE: 7% in IG
14-48 w: UST and 22% in CG.
*p = 0.001
Fernandez-  Aerobic IG: Aerobic IG: 2 months Yes: HT  EV.1 = Pre Risk of LE: both IG
Lao et al., n=31 1-8 w: 60° A ST 1-8 w: 3 ss/w EV.2 = < CG
2012 [35] Aquatic IG: Post Cirtometry:
n=33 EV3 =6 { circumference
CG:n=134 months aerobic IG > Gl
post hydrokinesitherapy.
*p =0.019
Kilbreath IG:n =81 1-8 w: S ST 2 months No EV.1 = Pre  Risk of LE: EV.2 and
etal,2012 CG:n =79 (weights) + 1-8 e: ST EV.2 = EV.3: n° of women
[33] stretching; S UST 1 ss/w; UST Post with LE IG vs. CG,
(thera-band) + 5 ss/w stretching EV.3 = p > 0.05 EV.3{ n°
stretching +3ss/wS 6 months  of women with LE in
post CG and IG vs. EV.2
Kilbreath IG: n =80 1-8 w: S ST + 2 months No EV.1 = Pre  Risk of LE: CG over
etal, 2013 CG:n=280 UL stretching + 1-8 w: 1 ss/w EV.2 = double the risk of
[31] home UST 3 months  inflammation than
post IGin EV.2. *p = 0.02
EV.3 =
9 months
post
EV4 =
15 months
post
Schmidt IG:n =21 1-12 w: 60° S and 3 months No EV.1=Pre  Cirtometry: { arm
etal,2017 CG:n=28 A ST (hand crack 1-12 w: 2ss/w EV.2 = circumference
[2] ergometer). 3 months (wrist, 15 cm over
10" warm up + post epicondyle and
25-30"exercise + elbow) IG and CG;
5 cooling *p < 0.05. T armpit
circumference
IG and CG
(*p < 0.05), > in CG
(CG: +10.66; 1G:
+4.29)
Sagen IG: n =104 1-24 w: 45°. No 6 months Yes: EV.1 = Pre % patients with LE:
etal,2009 CG:n=100 restriction ADL + 1-24 w: 2-3 ss/w  CHT, RT EV.2 = 5% IG and 7% CG in
[32] SST and/or 3 months EV.2; 13% IG and GC
HT post in EV.4. p > 0.05
EV.3 =
6 months
post
EV.4 =
24 months
post
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Table II. Cont.
Study Design Intervention Intervention AdjT  Follow-up Results
period
Anderson IG:n=52 1-12 w: 60 ~ ST. 3 months Yes: CHT EV.1 = Pre Adjusted mean
etal,2012 CG:n=152 5”aerobic warm 1-12 w: 2 ss/w EV.2 = volume change
[34] up + 30 moderate 3 months ~ (ANCOVA): 33.5 ml
march + 20" UL and post in IG vs. 60.4 mlin
LL ST (weights and EV.3 = CG.p=0.54
variable-resistance 6 months
machines) + post
5 stretching. EV.4 =
Exercises to 9 months
favour lymphatic post
flow + breathing EV.5 =
techniques 12 months
post
EV.6 =
18 months
post
Ammitzbgll IG:n =82 1-20 w: ST, 12 months Yes: CHT EV.1 = Pre ILVD: difference IG
etal, 2019 CG:n=76 20-50 s: UST and 2 weeks EV.2 = vs. CG.p > 0.05
[8] 1-50 w: UL, LL and 1-20 w: ST 12 months
core S (dumbbells 2 ss/w; UST 1 ss/w post
and thera-band) 21-5 ws: 3 ss/w

Aerobic training — Adj T adjuvant treatment, ADL — activities of daily living, CG — control group, CHT — chemotherapy, EV — evaluation,
HT — hormone therapy, |G — intervention group, ILVD — interlimb volume difference, LE — lymphedema, LL — lower limb, RT — radiotherapy,
S — strength training, ss/w — sessions/week, ST — supervised training, UL — upper limb, UST — unsupervised training, w — week. *p < 0.05

- statistically significant differences.

another clinical trial showed that the group of
the therapeutic exercise performed on a surface
(aerobic exercise) and the aquatic therapeutic ex-
ercise group had lower probability of developing
an increase of UL inflammation than the control
group, with the decrease in UL circumference be-
ing statistically significantly greater in the aerobic
exercise group than in the aquatic exercise group
[35]. The other five studies do not show a sta-
tistically significant difference in the number of
women with lymphoedema secondary to breast
cancer [8, 30, 32-34], although two of them show
that the difference in volume between limbs was
greater in the control group than in the interven-
tion group [32, 34].

Furthermore, the therapeutic exercise also
showed positive effects on the quality of life [2,
30, 34, 35], body composition (weight, body mass
index (BMI), fat mass, and lean mass) [7, 35],
physical performance and fatigue [2, 34], ampli-
tude of the range of motion of the shoulder of the
affected side [8, 33], and muscular strength of the
upper limb [2, 8, 33].

Discussion

The aim of this systematic review was to de-
termine the efficacy of therapeutic exercise to
prevent BCRL evaluated through cirtometry, vol-
umetry, or BIS. Of the nine articles included, five
demonstrate that the proportion of women who
presented a greater difference in UL volume was

lower in the intervention group than in the control
group [7, 31, 32, 34, 35], with the results of two of
these trials being statistically significant [7, 31].

In the field of lymphoedema treatment in fe-
male breast cancer survivors, there are several
research works in which the benefits of exercise
treatment in reducing lymphoedema have been
collected [36—-39]. In the studies of DiSipo et al. [9]
and Baumann et al. [25] subjective improvements
in the quality of life of the patients, anxiety (as
occurs in other pathologies that alter the quali-
ty of life [40, 41]), the decrease in lymphoedema
(evaluated with volumetry) and, equally import-
ant, the non-appearance of adverse effects in the
study population, are revealed. However, to date,
there is no review that focuses on the importance
of exercise work in preventing the onset of lymph-
oedema [9, 25].

Traditionally, physicians have recommended
that cancer patients avoid physical activity; how-
ever, research on therapeutic exercise opposes
such a line of thought. With the aim of finding an
answer to this controversy of ideas, the American
College of Sports Medicine (ACSM) concluded that
physical training is safe during and after cancer
treatment, so long as the training programme is
adapted to the needs of each patient and con-
trolled by a qualified professional to avoid com-
plications [42]. According to Schmitz (2010), the
use of the affected upper limb in activities of
daily living involves a slight decrease in the risk
of developing or worsening lymphoedema, thus
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suggesting an improvement of the motor func-
tion and quality of life [10]. Moreover, this au-
thor also states that progressive training can be
more protective than the inevitable muscle atro-
phy that results from the restriction of activity of
the affected UL In this sense, it is suggested that
physical activity can reduce the complications and
secondary effects of surgical and adjuvant ther-
apies in breast cancer survivors [13-15, 32, 43].
Baumann et al. (2018) demonstrated that physical
exercise can improve the state of BCRL, so long
as the training is initiated with supervision and
individually adapted based on the response of the
symptoms of each patient [25].

Mobilisation of the lymph in the body occurs
through intrinsic and extrinsic mechanisms; one
of the extrinsic factors is muscle contraction, i.e.
the cyclic compression/expansion of the action of
the surrounding muscle tissue [12]. Experimental
evidence suggests that aerobic exercise can in-
crease the lymphatic function, because it decreas-
es inflammation of the subcutaneous tissue, thus
reducing inflammation of the lymphatic vessels
[6]. Regarding progressive strength training, it is
considered that the controlled physiological stress
caused by this type of exercise increases the max-
imum working capacity of the affected arm, thus
reducing the effort required to perform activities
of daily living, such as lifting objects, thereby pro-
tecting it from lesions or inflammatory responses
[7, 10]. Furthermore, both aerobic exercise and
strength training cause changes in body composi-
tion; therefore, they could reduce the risk of devel-
oping lymphoedema, because obesity and weight
gain after surgery are considered as risk factors of
great influence on the development of secondary
lymphoedema [44].

With respect to the duration of the interven-
tion programme, it could be asserted that a min-
imum of two months is required to obtain posi-
tive results in terms of LE development. Kilbreath
et al. (2013) observed that the women who com-
pleted a 2-month strength training programme
showed a lower risk of developing lymphoedema
than women in a control group [31]. Moreover, the
clinical trials included in this review demonstrate
that it is safe to initiate a therapeutic exercise
programme shortly after breast cancer removal
surgery, because none of them reported adverse
effects on the development of oedema in the af-
fected UL although it is recommended that the
exercise be initiated once the drainage is removed
[45]. These studies highlight the importance of
conducting an initially supervised, progressive,
and individualised intervention programme,
based on either strength and/or aerobic training
with self-management for the patient.

The main limitation we found in the realisation
of this review was the small number of articles

available; there are more articles that apply ther-
apeutic physical exercise as a treatment for BCRL
[25], although very few of them include women
without a previous diagnosis of lymphoedema
approaching exercise as a possible preventive
measure. Therefore, it is a concept that requires
further research, and thus it would be interesting
to study its effects separately in women with and
without adjuvant treatment, to prevent the results
from being influenced by possible effects of this
treatment. However, in this review it was not pos-
sible to include only clinical trials of women who
had completed the primary treatment for breast
cancer (radiotherapy, chemotherapy, and/or hor-
mone treatment), due to the small number of ar-
ticles available. Another limitation of this review
was the fact that each article has its particular
characteristics, and there are several risk factors
for the development of secondary lymphoedema,
such as radiotherapy, chemotherapy with taxanes,
obesity, the number of lymph nodes removed, the
time that the surgical drainage is maintained, se-
roma, and surgical wound infections.

Regarding its strengths, this systematic review
includes articles of high and moderate method-
ological quality that back the safety and benefits
of therapeutic exercise in women who have been
surgically intervened for breast cancer, and the
references included are relevant and current. Also,
this review identifies a significant lack of research
on lymphoedema prevention, and this research
provides different strategies for it, being relevant
to the study problem. This review may change
the therapeutic approach of women undergoing
treatment for breast cancer, so that it can have
an important physical, mental, and social impact,
improving the life quality of these patients.

In conclusion, the results of the present sys-
tematic review show that therapeutic exercise in
women who had been surgically intervened for
breast cancer may prevent lymphoedema, com-
pared to a conventional care programme, and it
could be an empowerment tool for women with
breast cancer. However, further research is neces-
sary to affirm that therapeutic physical exercise
prevents BCRL
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