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BACKGROUND

Breast cancer is one of the three most frequently 
diagnosed cancers among women and is the most com-
mon cause of death in this population [1,2]. It is esti-
mated that around 10% of women worldwide currently 
suffer from breast cancer [3]. There are many treat-
ment methods available for this condition, with the 

most common being surgical procedures (mastectomy, 
lumpectomy), radiotherapy, and chemotherapy [4]. 

Breast cancer treatment is associated with the 
occurrence of various complications. One of these is 
upper limb lymphedema, which is recognized as the 
most bothersome and problematic symptom for fe-
male patients [5-7]. Lymphedema is characterized by 
the accumulation of fluid in the tissues. The primary 
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ABSTRACT

Background: The treatment of breast cancer related lymphedema (BCRL) focuses on the alleviation symp-
toms. One of the innovative, non-invasive therapies used for this condition is extracorporeal shock wave 
therapy (ESWT). 

Aim of the study: To review the available literature and evaluate the effectiveness of ESWT in the treatment 
of secondary lymphedema (in vitro works, animal experiments) and lymphedema associated with the treat-
ment of breast cancer. 

Material and methods: The scientific literature review was conducted from October to December 2020. The 
review was carried out by searching scientifically recognized medical databases, including PubMed, MEDLINE 
and PEDro. Date restrictions were not applied. As there are only a few clinical studies assessing the effective-
ness of ESWT on the reduction of lymphedema, case reports, animal experiments and in vitro works were 
included in the review. Articles written in a language other than English were excluded. 

Results: In total, the analysis included twelve studies, including seven clinical trials, one case report, three 
animal experiments and one in vitro test.

Conclusions: Based on the results of the analyzed articles, ESWT can be an effective therapeutic tool for 
lymphedema occurring after breast cancer treatment. Unfortunately, the level of evidence is relatively weak 
since the number of publications on this subject is still quite low. The accumulated results indicate the need 
for further clinical trials. 
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cause of edema is a dysfunction of the lymphatic sys-
tem induced by the removal or damage of axillary 
lymph nodes, or lymphatic vessel obstruction, during 
cancer treatment [8,9]. 

The treatment for breast cancer related lymph-
edema (BCRL) primarily involves symptomatic man-
agement. These treatments include both invasive and 
non-invasive methods. Among the methods that do 
not require surgical intervention are comprehensive 
anti-edema therapy (manual lymphatic drainage, 
pneumatic compression, bandaging, exercises and 
compression garments), laser therapy, and kinesio-
taping [6,9,10-13]. Available reports also indicate 
that the shock wave therapy may be effective for the 
treatment of lymphedema.

Extracorporeal shock wave therapy (ESWT) is 
widely used in clinical practice. Due to the way that 
the energy is supplied to the tissues, the beam shape 
and its physical properties, shock wave therapy can be 
divided into two basic types: focused extracorporeal 
shock wave therapy (FSWT) and radial extracorporeal 
shock wave therapy (RSWT) [14]. FWST is referred to 
as “focused” because the generated waves penetrate 
deeply into tissues to focus on a small and specific 
area with a radius of approximately 5 mm. There are 
three methods for generating the focus wave: elec-
trohydraulic, electromagnetic and piezoelectric. De-
pending on the type of generator used, the supplied 
energy can reach a value of 1.5 mJ/mm2. Focused 
waves may penetrate tissues to a depth of a few to 
even 8 cm. Penetration depth depends on the choice 
of the wave generating method and on the amount 
of energy provided to tissues. Unlike FSWT, RSWT 
generates a diffuse wave that reaches its maximal 
pressure at the source and spreads radially through 
tissues. Therefore, it has a more superficial effect. 
The energy of the radial extracorporeal shock wave is 
much lower than that of FSWT and reaches a maxi-
mum value of 0.15 mJ/mm2 [15-17].

This review is a compilation of the scientific evi-
dence that supports the effective use of ESWT in the 
reduction of lymphedema, including BCRL. 

AIM OF THE STUDY

The aim of this work is to review the pre-clinical 
(in vitro and animal studies) and clinical literature 
on the use of ESWT in the treatment of secondary 
lymphedema, including that observed in breast can-
cer patients. 

MATERIAL AND METHODS

A systematic literature review was carried out in 
the period from October to December 2020. Its aim 

was to evaluate the effectiveness of ESWT for the 
treatment of lymphedema in female patients after 
breast cancer. The systematic review was conducted 
in accordance with the preferred reporting items for 
systematic reviews and meta-analyses (PRISMA).

The review was carried out by searching the sci-
entifically recognized medical databases PubMed, 
MEDLINE and PEDro. After an initial search of the 
literature, the following search terms were used: (ef-
fectiveness) and (lymphedema or lymphedema after 
breast cancer) and (ESWT or shock wave). During the 
literature search no date restrictions were applied. 
Due to the low number of clinical trials assessing the 
effectiveness of ESWT on the reduction of lymphe-
dema, case reports, animal experiments and in vitro 
works were also included in the review. Articles writ-
ten in a language other than English were excluded. 

The review and evaluation of the identified arti-
cles was conducted by two researchers. The analysis 
focused on the characteristics of the materials and 
methods, results and conclusions. Preliminary pa-
rameters to be assessed were the range of motion, 
volume and dexterity of the upper limbs, the thick-
ness of skin folds, and questionnaires. 

RESULTS

Twelve studies were included in the analysis. 
A breakdown of the different types of studies includ-
ed is presented in Figure 1.

The use of ESWT in lymphedema treatment is 
a relatively recent development. In recent years, grow-
ing interest in this method may have arisen from the 
fact that ESWT, at the cellular level, shows a positive 
effect on the lymphatic system and processes related 
to its reconstruction/regeneration. Tests carried out 
on animals have confirmed these effects [18]. While 
studies in this area are limited, researchers have been 
willing to attempt to treat BCRL using shock wave-
based therapies. The small number of studies provides 
a basis to analyze, among other things, the treatment 
parameters used and the therapeutic effects obtained 
by this method. The characteristics of the included 
articles are presented in Tables 1 and 2. 	

Studies included in the analysis (n = 12)

clinical trials (n = 7)

two cases report (n = 1)

animal research (n = 3)

in vitro (n = 1)

Figure. 1. Types of studies included in the analysis
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In vitro research 

Jones et al. [19] investigated the effect of ESWT 
on lymphatic endothelial cells (LECs) and in vitro lym-
phangiogenesis. Among other parameters, changes 
in the biological properties of the cells, their viability, 
migration, and proliferation processes were assessed 
and compared to human blood vessel endothelial cells 
derived from the umbilical vein. Cells were subjected 
to a shock wave with an energy in the range of 0.03 
to 0.19 mJ/mm2, a frequency of 5 Hz and a constant 
pressure of 1 bar in an amount of 200 strokes. The 
results showed a positive influence of ESWT on the 

biological properties of LECs, especially with regard 
to morphology, proliferation, migration, and gene 
expression. The increase in cell proliferation was re-
ported at the levels of 0.07 and 0.09 mJ/mm2. These 
results suggest that the use of shock wave therapy in 
vivo may stimulate lymphangiogenesis.

Animal research

The first in vivo research in this area was published 
in 2010. Kubo et al. [20] examined the influence of 
low-energy ESWT on lymphangiogenesis stimula-

Table 1. Characteristics of the included in vivo and in vitro pre-clinical studies

Author Publica- 
tion year

Type 
of study Groups

Number 
of patients 

(n)

Energy SW 
[mJ/mm2]

Number 
of ESWT 

pulses

Frequency 
[Hz]

Period 
of treat-

ment 
(weeks)

Number 
of treat-

ments

Rohringer 
et al.

2014 in vitro — — 0.03–0.19 200 5 — —

Kubo  
et al.

2010
in vivo (rabbit 
ear model)

treatment 7 0.09 200 — 4.0 12

Serizawa 
et al.

2011
in vivo (rat tail 
model)

treatment 45
0.25 500 — 1.5   4

control 45

Kim In 
Gul et al.

2013
in vivo (mouse 
lower limb 
model)

treatment 
(n=4)

5 (20)
0.05 500 3 4.0 10

control 5

Table 2. Characteristics of the included clinical trials

Author

Pub-
lica- 
tion 
year

Type of 
study Groups

Num- 
ber of 

patients 
(n)

Energy 
SW 

[mJ/mm2]

Number 
of ESWT 

pulses

Fre-
quency 

[Hz]

Period 
of treat-

ment 
(weeks)

Number 
of treat-

ments

PEDro 
scale

Kim So-Yeon 
et al.

2015 two cases 
report

— — 0.04–0.069 2000 5 2 16 —

Bae  
et al.

2013 pilot study treatment (tra- 
ditional physio-
therapy program 
+ ESWT)

4

0.056–0.068 2000 — 2   4 —

treatment  
(ESWT)

3

Hesham  
et al.

2015 randomized, 
controlled 
clinical  study

treatment 20 *E equal  
to pressure 

2 bar
2500 4 8 16 5

control 20

El-Shazly 
et al.

2016 randomized, 
controlled 
clinical study

treatment 30
0.004–0.069 2000 5 6 12 4

control 30

Cebicci  
et al.

2016 pilot study treatment 11 *E equal  
to pressure 

2 bar
2500 4 4 12 —

Abdelhalim 
et al.

2018 randomized, 
controlled 
clinical study

treatment  
(ESWT)

21 *E equal to 
pressure 2 

bar (90 mJ)
2500 4 4 12 7

treatment  
(IPCT)

22

Lee Kyeong 
Woo et al.

2020 randomized, 
controlled 
clinical study

treatment 15
0.056–0.068 2500 — 3   6 4

control 15

Josset et al. 2020 pilot study treatment 10 0.10 2500 4 4   8 —
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tion and the reduction of lymphedema in a rabbit 
ear model with secondary lymphedema. There were 
7  rabbits used in this research. The therapy started 
two weeks after the surgical modeling of the ear. For 
3  days a  week over a period of four weeks, a shock 
wave with parameters constituting ~10% of the 
lithotripsy procedure energy (0.09 mJ/mm2, 200 
strokes) was applied. The measurements and immu-
nohistochemical tests showed a reduction in the ear 
thickness and a  statistically significant increase in 
VEGF-C and VEGFR-3 expression (LEC growth fac-
tors), and thus a significant regeneration of the lym-
phatic vessels. 

Serizawa et al. [21] also evaluated the influ-
ence of ESWT on lymphangiogenesis. In this study,  
a secondary lymphedema model in a rat tail prepara-
tion was used. The study was conducted on 90 rats, 
half of which were the test group and half the control 
group. The therapy included 4 treatment sessions at 
3, 5, 7, and 9 days after the procedure. 500 shock wave 
strokes with an energy of 0.25 mJ/mm2 were deliv-
ered. Among others findings, an increase of VEGF-C 
and bFGF was reported and, as a consequence, a re-
duction in lymphedema was observed.

Korean scientists led by Kim In Gul [22] combined 
ESWT with a VEGF-C hydrogel therapy for the treat-
ment of secondary lymphedema in the lower limbs 
of mice. Young female mice were divided into the 
following 5 groups (n=5 each):normal group, group 
with ESWT, group with hydrogel, ESWT and hydro-
gel group, and control group (with lymphedema, 
without intervention). The surgical procedures were 
conducted every 3 days over a period of 4 weeks. The 
parameters of the wave were as follows: 500 wave 
strokes at an energy of 0.05 mJ/mm2 and a frequency 
of 3 strokes/second. Use of the combination therapy 
with VEGF-C hydrogel and ESWT significantly in-
creased VEGF-C and VEGFR3 expression and lym-
phangiogenesis, and the reduced lymphedema, when 
compared to the other groups. 

Case reports

Kim-So-Yeon et al. [23] carried out research on 
two female patients who underwent a sparing mas-
tectomy followed by chemo-radiotherapy. The ap-
plied treatment resulted in the occurrence of stage 
3 lymphedema in both women with the dissection of 
the axillary lymph nodes. The treatment consisted of 
ESWT with an energy in the range of 0.04–0.069 mJ/
mm2, a frequency of 5 Hz and 2000 strokes, divided 
by 1000 in the area of the largest circumference of 
the upper limb, and 1000 for the surrounding is-
sues. The intervention was performed twice a week 
for 8  weeks. In one of the patients, bandaging was 
continued throughout the treatment. In order to 

determine the effects of the therapy, a computer to-
mograph was used, and the volume and structure of 
tissues in the upper limb were assessed. A reduction 
in lymphedema was observed in both patients. In 
the first patient, the total volume of the upper limb 
decreased by 4,904 mm3, while in the second patient 
the difference was 54.4 mm3. 

Clinical tests

The first pilot studies on the effects of ESWT on 
secondary lymphedema associated with breast can-
cer in female patients were conducted by Bae et al. 
[24]. This study included 7 women divided into two 
groups. In group A (n=4), manual lymphatic drain-
age, pneumatic compression and ESWT were used, 
while in group B (n=3) only the shock wave therapy 
was used. The therapy was administered twice a week 
for two weeks. The upper limb affected by lymphe-
dema was subjected to shock waves with an energy 
range of 0.056–0.068 mJ/mm2, depending upon the 
patients’ individual feelings. In a single intervention 
there were 2000 strokes used. The subjective and ob-
jective measurements suggested that ESWT reduced 
the secondary lymphedema related to breast cancer. 
However, no significant differences were found be-
tween the two study groups. 

Hesham et al. [25] investigated the influence of 
ESWT on mild-to-moderate lymphedema associated 
with breast cancer. Forty postmenopausal women 
aged 48–60 were included in the research. Additional 
inclusion criteria were unilateral breast cancer treat-
ed by radical mastectomy or lumpectomy, and the use 
of radiotherapy or chemotherapy. The patients were 
randomly assigned to two study groups. A traditional 
physiotherapy program that included cardiovascular 
exercises combined with the elevation of the upper 
limb affected by edema, manual lymphatic drainage 
and bandaging was carried out in both groups. A sin-
gle therapy session lasted 45 minutes and took place 
3 times a week for a period of 8 weeks. Additionally, 
in one of the groups, the patients were subjected to 
shock wave therapy with 2500 strokes, a pressure of 
2 Ba, and a frequency of 4 Hz. The ESWT interven-
tion was carried out twice a week for a period of 8 
weeks. Measurements of the circumference of the 
swollen upper limb, volume, and the range of motion 
were performed before the start of the therapy, four 
weeks following the start, and after the end of treat-
ment process. The results showed a significant im-
provement in all the parameters tested in the group 
of patients who received ESWT treatment. 

In another study, El-Shazly et al. [26] evaluated 
the influence of ESWT on second and third stage sec-
ondary unilateral lymphedema. Sixty women aged 
30–50 who had a modified mastectomy or lumpec-
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tomy, as well as radiotherapy and chemotherapy, 
were included in the study. Volumetric and range of 
motion measurements were performed before the 
start of the therapy. The patients were then assigned 
to two groups: study and control. In group A (n=30), 
ESWT was used twice a week for a period of six weeks. 
Also, a traditional physiotherapeutic program was 
performed for 60 minutes, three times a week. The 
women were subjected to shock waves with an energy 
of 0.004–0.069 mJ/mm2, a frequency 5 Hz, and 2000 
strokes. For group B (n=30), only the traditional 
physiotherapeutic program that included circulatory 
exercise of the upper limb affected by lymphedema, 
manual lymphatic drainage and pneumatic com-
pression was applied. After the end of the therapy, 
measurements were taken again. The results showed 
an improvement in all parameters in both sample 
groups. However, the results were better in the group 
with ESWT as compared to the control group. 

In a prospective pilot clinical trial, Cebicci et al. 
[27] evaluated the influence of ESWT on secondary 
unilateral lymphedema associated with breast cancer. 
The research involved 11 women who completed radi-
otherapy or chemotherapy within the last 6 months. 
In all patients, a shock wave therapy with a frequency 
of 4 Hz, 2 Ba pressure, and 2500 strokes was used. 
The intervention was carried out 3 times a week over 
a period of 4 weeks. The assessment was based on 
volumetric measurements. The patients also com-
pleted two questionnaires, including a shortened 
questionnaire on hand, shoulder, and upper limb dis-
abilities, and a shortened questionnaire designed by 
the World Health Organization on the quality of life. 
Assessments were carried out at the beginning of the 
therapeutic process, after its completion, as well as 
one, three and six months after the treatment. The 
results showed a statistically significant reduction in 
volumetric measurements and an improvement in 
the questionnaire results, lasting for 6 months from 
the end of the treatment process.

A prospective, randomized, controlled single-
blind study was also conducted by Abdelhalim et al. 
[28]. This study investigated the effects of ESWT and 
intermittent pneumatic compression therapy (IPCT) 
on unilateral lymphedema related to breast cancer. 
The study included 43 women aged 45–55 after mas-
tectomy or lumpectomy. The patients were randomly 
assigned to two groups. In group 1 (n=21), ESWT was 
performed using an energy of 90 mJ, a frequency 4 
Hz, and 2500 strokes in a single session. The inter-
vention was conducted 3 times a week for 4 weeks. In 
group 2 (n=22), IPCT was performed for 45 minutes 
with a  pressure of 60mmHg. This therapy was con-
ducted 5  times a week for 4 weeks. In addition, all 
women performed home physiotherapy throughout 
the treatment period, which consisted of active and 
pumping exercises combined with the elevation of 

the upper limb. All patients were also asked to carry 
out proper hygiene and skin care. Both before and 
after the start of the therapy, measurements of the 
circumference of the upper limb, the thickness of the 
skin fold, and the strength of the hand grip were tak-
en. After the treatment was completed, the research-
ers noted the same improvement in grip strength in 
both sample groups. In addition, there was a greater 
improvement in circumference and skinfold thick-
ness in the ESWT group as compared to the IPCT 
group.

Another prospective and randomized study was 
carried out by LeeKyeongWooi et al. [29], who as-
sessed the influence of ESWT on stage 2 lymphedema. 
This experiment included 30 women who had under-
gone modified radical mastectomy and chemotherapy 
or radiotherapy. An additional inclusion criterion was 
a greater than 2 cm difference in the circumference of 
the upper limb affected by lymphedema compared to 
the unaffected limb, as well as an upper limb volume 
greater than 200 ml. The patients were randomized 
into two groups. All patients conducted exercises and 
drainage positions, and received manual lymphatic 
drainage, bandaging, and proper skin care. One 
group received the shock wave therapy at an energy 
of 0.056–0.068 mJ/mm2 with 2500 strokes, twice 
a week for a period of 3 weeks. Both before the start 
of the therapy and after its end, measurements were 
performed, including scoring on a visual analog scale, 
volumetric and upper limb circumference measure-
ments, skinfold thickness using a caliper, a quick up-
per limb, shoulder and arm disability questionnaire, 
and a bioelectric impedance test to assess the ratio 
of extracellular water to total water in the body. The 
researchers observed an improvement in all param-
eters in both study groups. However, statistically sig-
nificant differences were only observed in the ESWT 
group, and they were related to the volume of the up-
per limb, the circumference of the upper limb below 
the elbow, the thickness of the skin fold, and the wa-
ter content ratio.

In 2020, there was pilot study published by Joss 
et al. [30] that evaluated whether low energy ESWT 
was effective in treating secondary lymphedema in 
its final stage. The study involved ten adult patients 
(nine women and one man) who underwent surgical 
treatment of lymphedema and therapy with tradi-
tional physiotherapeutic methods. All patients were 
treated with ESWT at a frequency of 4 Hz, an en-
ergy of 0,10 mJ/mm2 and 2500 strokes within one 
therapeutic session. The treatment consisted of 8 
sessions, twice a week for a period of 4 weeks. The 
results showed a statistically significant reduction in 
circumference and a slight reduction in the affected 
upper limb’s volume. Furthermore, the researchers 
observed an improvement in the patients’ subjective 
perception. 
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DISCUSSION 

The use of shock wave treatment in lymphedema 
after breast cancer is an innovative approach. As 
such, the number of studies focusing on this subject 
is very limited. Hence, the works that were included 
in the current review are mainly animal experiments 
and case studies. Also taken into consideration were 
the available clinical tests. The majority of these clini-
cal trials could be considered pilot studies, and were 
also relatively low in number (the average PEDro 
score was 5). 

Among the scientifically proven methods for re-
ducing upper and lower limb lymphedema, IPCT, 
manual lymphatic drainage, compression therapy, 
and kinesiotherapeutic activities are considered ef-
fective, and together have been termed comprehen-
sive anti-edema therapy. Compression therapy is 
the most well studied treatment in edema manage-
ment. The effectiveness of this therapy is supported 
by a high quality of scientific evidence obtained from 
many randomized clinical tests, meta-analyses, and 
systematic reviews. Vignes [31] has indicated that 
compression therapy should serve as the basis of 
comprehensive lymphedema therapy, an approach 
supported by many other authors [32,33,34]. Leung 
et al. [35], after reviewing the literature, concluded 
that compression therapy effectively reduces the vol-
ume of the affected limb. Also, a group of experts led 
by Rabe et al. [36] recommend compression as one 
of the most effective, clinically confirmed methods of 
lymphedema treatment.

The usefulness of IPCT in lymphedema treatment 
has also been shown in numerous clinical studies. 
Yüksel et al. [34], after conducting an analysis of sci-
entific evidence in the field of conservative lymph-
edema treatment, reported a high effectiveness for 
IPCT, including for the treatment of BCRL. These 
conclusions have also been confirmed by the Franks 
team’s review [37]. 

Manual lymphatic drainage is another method 
applied in anti-edema therapy. Huang et al. [38] pub-
lished a meta-analysis assessing this method and 
showed a low effectiveness for this intervention as 
an exclusive therapy. On the other hand, Ezzo et al. 
[39] examined the effectiveness of manual lymphatic 
drainage as an element of comprehensive therapeutic 
management. The results of this analysis emphasized 
the necessity to use several therapeutic methods si-
multaneously, while paying attention to the effec-
tiveness of manual lymphatic drainage as a supple-
ment to compression treatment.

Rogan et al. [7] conducted an extensive review of 
the literature regarding therapeutic options applied 
for secondary lymphedema therapy in patients after 
breast cancer. This study, in particular, assessed the 
influence of physical exercises, and clearly indicated 

the effectiveness of this rehabilitation form. Indeed, 
there are numerous scientific reports recognizing 
targeted physical exercises as a necessary element 
of comprehensive anti-edema therapy. The neces-
sity to perform early compression therapy and select 
appropriate exercises, especially ones focusing on 
the stimulation of the muscle pump, is emphasized 
[32,40,41]. In addition, researchers have questioned 
the validity of the over 20-year-old belief that a phys-
ical strain of the affected upper limb may intensify 
the existing problem or create new issues. The latest 
meta-analysis carried out by Hasenoehrl and his team 
[42] focused on evaluating the impact of resistance 
exercises on BCRL, and upper and lower limb muscle 
strength. The results showed that resistance exercises 
do not have a negative influence on the edema and, in 
some cases, even lead to its reduction. The authors, 
however, indicate that further research is needed to 
determine, among others things, the standards for 
such procedures.

To date, research indicates that the combination 
of several proven, above-mentioned treatments into 
a comprehensive lymphedema therapy brings the 
greatest health effects. The results of this review indi-
cate the potential in the use of shock wave treatment, 
not necessarily as a form of monotherapy, but as part 
of a complex anti-edema therapy protocol in patients 
after breast cancer. 

Work limitations

Above all, it should be emphasized that this work 
is not a classic systematic review. Prospectively, a me-
ta-analysis of randomized clinical trials would be of 
much greater value, However, the number of studies 
is currently not enough for such an analysis. In ad-
dition, the current literature review was carried out 
by two authors. In order to increase the reliability of 
such research, a team of experts who would apply ap-
propriate study evaluation blinding processes should 
be appointed. Nonetheless, as this is relatively new 
therapy and currently available reports indicate the 
need for further clinical trials, a preliminary review 
of this nature is warranted.

CONCLUSIONS

Analysis of the cited articles suggests that shock 
wave therapy is a promising tool for the treatment 
of secondary lymphedema, including lymphedema 
in patients after breast cancer treatment. As the 
number of studies is still quite low, further clinical 
tests should be conducted to confirm the current re-
ports and to determine the most effective treatment 
parameters for this therapy. 
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