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Objective  To evaluate the effects of extracorporeal shockwave therapy (ESWT) on improving lymphedema, quality 
of life, and fibrous tissue in patients with stage 2 lymphedema.
Methods  Breast cancer-related lymphedema patients referred to the rehabilitation center were recruited. We 
enrolled stage 2 lymphedema patients who had firmness of the skin at their forearm, a circumference difference 
of more than 2 cm between each arm, or a volume difference between upper extremities greater than 200 mL, 
confirmed by lymphoscintigraphy. The patients were randomly divided into the ESWT group and the control 
group. ESWT was performed for 3 weeks (two sessions per week); both groups received complex decongestive 
physical therapy. All patients were evaluated at baseline and at 3 weeks after treatment. The measurements 
performed included visual analog scale score, volume, circumference, QuickDASH (Quick Disabilities of the Arm, 
Shoulder and Hand) score, bioelectrical impedance, and skin thickness.
Results  The patients in both groups (n=15 in each group) completed the 3-week therapy experiment. No 
significant differences were observed in demographic characteristics between groups. After the 3-week treatment 
period, improvement was noted in the circumference difference below the elbow, volume, ratio of extracellular 
water to total body water, and skin thickness in the ESWT group. A significant difference was found in all the 
above-mentioned areas except in circumference below the elbow in the ESWT group. 
Conclusion  ESWT reduced edema and skin fibrosis without significant complications. Therefore, ESWT can be 
used together with complex decongestive physical therapy for treating lymphedema.
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INTRODUCTION

Lymphedema is a chronic disease caused by damage to 
the lymphatic drainage system, resulting in protein accu-
mulation, swelling, chronic inflammation, and fibrosis in 
tissues. Secondary lymphedema is caused by tumors of 
the lymph nodes, lymph node dissection, radiotherapy, 
trauma, or infection [1]. Upper limb lymphedema occurs 
in 24%–49% of mastectomy patients and 2.4%–49% of 
axillary lymphadenectomy patients [2]. According to the 
classification of the World Health Organization, the tis-
sue initially becomes swollen in the form of non-pitting 
edema and then, in stage 2, the affected limb becomes 
firm and enlarged. In stage 3, fibrosis worsens, result-
ing in irreversible changes in the tissues, which is due 
to secondary proliferation of neutrophils, macrophages, 
and fibroblasts and accumulation of collagen. A complex 
physical therapy regimen is the most widely used treat-
ment for lymphedema. 

The complex physical therapy consists of skin care, 
lymphatic drainage, compression tools, and exercise to 
promote lymph flow. Several studies demonstrated that 
complex physical therapy may reduce the volume of 
lymphedema by 21%–60% [3-7]. However, the therapy has 
the disadvantage of being affected by the therapist’s tech-
nique and patients’ compliance [8]. If there is progres-
sion beyond stage 2, additional treatments may also be 
necessary for fibrotic tissue because the effect of therapy 
can be diminished due to fibrotic changes [9,10]. 

Extracorporeal shockwave therapy (ESWT) is a recently 
developed non-invasive treatment approach that ac-
tivates vascular endothelial growth factor (VEGF) and 
fibroblast, thereby promoting lymphatic neovasculariza-
tion. Previous studies have reported that ESWT is effec-
tive in reducing lymphedema [11,12]. However, there is a 
lack of evidence on the effects of therapy according to the 
stage classification of disease and duration of treatment. 

Therefore, the present study aimed to evaluate the effects 
of ESWT on the improvements of lymphedema, quality 
of life, and fibrous tissue in patients with stage 2 lymph-
edema.

MATERIALS AND METHODS

Subjects 
The participants of this prospective study were female 

patients diagnosed with breast cancer by an oncology 
department who had visited an outpatient rehabilitation 
medical center for lymphedema treatment. 

The present study enrolled stage 2 lymphedema pa-
tients with firmness at their forearm. For the objective 
evaluation of lymphedema, patients with circumference 
difference exceeding 2 cm between each arm and a vol-
ume difference over 200 mL (confirmed by lymphoscin-
tigraphy) were included.

Patients without indication for ESWT due to bilateral, 
acute, and chronic inflammation as well as due to metas-
tasis and poor skin condition were excluded. A total of 30 
patients were randomly assigned to the ESWT and con-
trol groups.

Methods
For the ESWT group, extracorporeal shockwaves were 

generated using the electromagnetic type Dornier AR2 
machine (Dornier MedTech, Wessling, Germany). The 
1,000 times for the most fibrotic area and 1,500 times 
for the cubital lymph node and forearm area were per-
formed twice a week for 3 weeks, a total of six times, at 
the strength of 0.056–0.068 mJ/mm2 [13,14] (Fig. 1). For 
both groups, complex physical therapy such as manual 
lymphatic massage, specialized non-elastic bandage 
therapy, lymphatic drainage exercises, and skin care were 
commonly performed. All patients were treated by the 
same doctor and physiotherapist. To maintain patients’ 

A B C

Fig. 1. (A) Extracorporeal shock-
wave therapy (ESWT) was applied 
to the most fibrotic lesion in the 
forearm. (B) ESWT was applied 
at the cubital lymph nodes. (C) 
ESWT was applied around the 
forearm.
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compliance, patient education was provided at every ses-
sion.

Assessment
The patients were evaluated for each indicator twice: 

before treatment and at 3 weeks after treatment. Visual 
analog scale (VAS), with scores ranging from 0 to 10, was 
used to measure the subjective pain degree. Lymph-
edema was evaluated by measuring the circumference of 
both arms and elbow, at 10 cm above and below the el-
bow and at the wrist and hand. For evaluating lymphede-
ma, volume measurement was calculated as the amount 
of water remaining after the patient’s arm was immersed 
to the axillary level in a water-filled cylinder.

Skin fibrosis, a complication of lymphedema, was 
evaluated by measuring the thickness using a skinfold 
caliper (Cambridge Scientific Industries Inc., Cambridge, 
MD, USA), and the mean value of three measurements 
of thickness of the most fibrotic lesion 10 cm below the 
elbow was used.

The Quick Disabilities of the Arm, Shoulder and Hand 
(QuickDASH) is a measurement of the functional status 
of the patient. This subjective assessment is conducted 

on items such as physical functional disability, pain, daily 
life difficulties, and muscle weakness, evaluating physi-
cal ability and symptoms of an arm with musculoskeletal 
disorder, ranging from 0 (no disability) to 100 (most se-
vere disability). Subjective satisfaction of patients can be 
measured with this method. 

The InBody S10 (Biospace Co. Ltd., Seoul, Korea) body 
composition analyzer was used to compare the ratio of 
extracellular water to total body water of the affected up-
per limb. A total of eight electrodes, two for each foot and 
hand, were used; the site for measurement was cleansed 
with alcohol before testing to reduce noise. The patients 
were examined in the supine position, and the test lasted 
for approximately 1 minute. As bioelectrical impedance 
analysis is sensitive to water content, 24 hours before the 
test, all activities that might affect water retention, such 
as extreme exercise or drinking, were restricted. The first 
and follow-up evaluations were performed at the same 
time of the day.

Statistical analyses 
We used SPSS version 22.0 (IBM SPSS, Armonk, NY, 

USA) for conducting statistical analyses. To compare the 

Table 1. Baseline characteristics of subjects at the initial evaluation

Characteristic Study (n=15) Control (n=15) p-value
Age (yr) 53.13±10.85 52.24±8.60 0.596

Sex, female 15 15 -

Days from breast cancer-related surgery 30.43±16.09 28.30±11.17 -

Duration of lymphedema (mo) 12.83±8.21 14.40±10.63 0.142

Lymphedema stage 2 15 15 -

Received chemotherapy 15 15 -

Received radiotherapy 12 13 -

VAS 0.64±1.57 0.52±1.35 0.693

Circumference (cm)

   Above elbow 28.17±3.01 26.81±4.28 0.492

   Elbow 25.94±2.08 24.44±2.37 0.401

   Below elbow 26.28±3.02 25.80±2.78 0.556

   Wrist 16.21±0.90 16.70±1.63 0.761

   Hand 18.00±0.57 17.90±1.28 0.492

Volume (mL) 840.42±181.33 822.00±144.68 0.726

Rate of water content in upper extremity 0.386±0.03 0.380±0.02 0.222

QuickDASH score 4.75±5.72 2.52±3.77 0.426

Skin thickness (mm) 31.14±2.91 30.15±7.40 0.510

Values are presented as mean±standard deviation.
VAS, visual analog scale; QuickDASH, the Quick Disabilities of the Arm, Shoulder and Hand Questionnaire. 
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results before and after treatment, statistical significance 
was confirmed with the Wilcoxon signed-rank test. For 
between-group analysis for significant differences in 
demographic characteristics and the parameters of test, 
the Mann-Whitney test was performed. Statistical signifi-
cance was set at p-value below 0.05.

RESULTS

A total of 30 patients with stage 2 lymphedema associ-
ated with breast cancer were included without dropouts. 
The patients were randomly divided into the ESWT group 
and the control group. In terms ofthe baseline charac-
teristics of the two groups, all patients were female, had 
undergone modified radical mastectomy due to breast 
cancer, and had adjuvant chemotherapy and/or radia-
tion.

The mean age of the ESWT group and the control group 
was 53.13±10.85 and 52.24±8.60 years, respectively. 
The mean duration of lymphedema was 12.83±8.21 
and 14.40±10.63 months, respectively, and the dura-
tion of postoperative lymphedema was 30.43±16.09 and 
28.30±11.17 months in the ESWT group and the control 
group, respectively. There were also no significant differ-
ences between the two groups in baseline characteristics 
including VAS score, circumference, volume, ratio of ex-
tracellular water to total body water, QuickDASH score, 
and skin thickness (Table 1).

Improvements were observed in both groups after 
3 weeks of treatment (Table 2). In the ESWT group, 
the circumference (in cm) below the elbow changed 
from 26.28±3.02 to 25.50±3.12 after the treatment 
(p=0.026), while the volume (in mL) had changed from 
840.42±181.33 to 802.82±149.7 (p=0.017). The ratio of ex-
tracellular water to total body water measured by bioelec-
trical impedance analysis also improved from 0.386±0.03 
to 0.379±0.01 (p=0.013), and skin thickness (in mm) mea-
sured by a skinfold caliper improved from 31.14±2.91 to 
29.85±3.09 (p=0.026).

The results of the comparison of changes in measure-
ments between the two groups after 3 weeks of treatment 
are shown in Table 3. There was a significant difference in 
volume (%) between the treatment group and the control 
group, 3.90±2.87 and 1.85±1.89, respectively (p=0.033). 
The changes in the ratio of extracellular water to total 
body water measured by bioelectrical impedance analy-
sis for the ESWT and control groups were 0.007±0.02 and 
0.002±0.01, respectively, indicating a significant differ-
ence (p=0.031). There was also a significant difference in 
skin thickness (mm) between the treatment group and 
the control group, 1.28±1.21 and 0.61±1.45, respectively 
(p=0.048).

Complications associated with ESWT, including soft 
tissue edema, hematoma, pain, and redness of the skin, 
were not observed in any of the patients during the study.

Table 2. Change of measurements between both groups after 3-week therapy

Study (n=15) Control (n=15)
Pre Post p-value Pre Post p-value

VAS 0.64±1.27 0.43±0.78 0.180 0.52±1.35 0.40±0.84 0.655

Circumference (cm)

   Above elbow 28.17±3.01 27.14±4.46 0.066 26.81±4.28 25.55±2.65 0.564

   Elbow 25.94±2.08 25.63±3.14 0.102 24.44±2.37 24.04±2.07 0.065

   Below elbow 26.28±3.02 25.50±3.12 0.026* 25.80±2.78 25.40±2.19 0.286

   Wrist 16.21±0.90 16.00±0.76 0.083 16.70±1.63 16.55±1.53 0.593

   Hand 18.00±0.57 17.43±0.97 0.102 17.90±1.28 17.75±1.78 0.450

Volume (mL) 840.42±181.33 802.80±149.7 0.017* 822.00±144.68 810.00±156.90 0.469

Rate of water content in upper extremity 0.386±0.03 0.379±0.01 0.013* 0.380±0.02 0.378±0.01 0.285

QuickDASH score 4.25±5.72 3.89±4.41 0.317 3.15±4.28 3.11±3.98 0.987

Skin thickness (mm) 31.14±2.91 29.85±3.09 0.026* 30.15±7.40 29.54±6.98 0.089

Values are presented as mean±standard deviation.
VAS, visual analog scale; QuickDASH, the Quick Disabilities of the Arm, Shoulder and Hand Questionnaire.
*p<0.05 by Wilcoxon signed-rank test.
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DISSCUSSION

The present study aimed to investigate the effects of 
ESWT on lymphedema and fibrotic lesions in breast 
cancer-associated lymphedema. According to the results, 
significant improvements in below elbow circumference, 
volume, ratio of extracellular water to total body water 
and skin thickness were observed in the ESWT group, 
and significant differences were found in volume, ratio of 
extracellular water to total body water, and skin thickness 
when comparing changes between the ESWT group and 
the control group.

Breast cancer is one of the most common tumors in 
women [15]. Secondary lymphedema is a chronic lifelong 
complication that occurs after breast cancer surgery and 
radiation therapy [16]. Lymphedema results from the ac-
cumulation of interstitial fluid due to damaged lymphatic 
drainage. Chronic lymphatic stasis accumulates fibro-
blasts, adipocytes, keratinocytes, and neutrophils, which, 
in turn, promotes the accumulation of collagen. Complex 
decongestive physical therapy, including manual lym-
phatic drainage, medical compression therapy, exercise, 
and skin care, is currently used as the first-line therapy 
for lymphedema, and several studies have demonstrated 
that it is effective in treating lymphedema associated with 
breast cancer [7,17]. The treatment duration of complex 
decongestive physical therapy may vary across patients, 
ranging from months to lifetime. The effect of this ther-
apy is largely influenced by the degree of lymphedema, 

treatment methods, patient education, and compliance. 
Depending on the condition, continuous treatment for 
lifetime may be required, which may lead to a lower pa-
tient compliance, while increasing the cost burden [9,18].

For these limitations, ESWT could be suggested as 
an additional therapy. In a previous study, ESWT was 
conducted in 7 patients with stage 3 lymphedema as-
sociated with breast cancer. Significant improvements 
in VAS score, volume, circumference, and skin thick-
ness were observed after treatment [13]. In addition, in 
a study conducted by Cebicci et al. [14], the use of ESWT 
in breast cancer-related lymphedema patients showed 
significant improvements in volume, QuickDASH, and 
the brief version of the World Health Organization Qual-
ity of Life (WHOQOL-BREF). ESWT can stimulate the 
release of VEGF, which plays an essential role in promot-
ing lymphangiogenesis, thereby relieving lymphedema. 
Previous human and animal studies showed that ESWT 
upregulates lymphangiogenesis and decreases inflam-
mation [11,12]. Therefore, the effects on lymphedema 
found in the present study could be also seen as a result 
of improved lymphatic drainage by lymphangiogenesis.

Skin thickness was also evaluated in this study, which 
showed a reduction in the fibrotic changes in skin in pa-
tients with complaints of lymphedema associated with 
breast cancer. Untreated lymph accumulation causes 
lymphostatic fibrosis, which creates a snowball effect, 
causing more swelling. Therefore, as lymphedema stage 
worsens, fibrosis deteriorates. The results of a study 

Table 3. Comparison of changes between two groups

Study (n=15) Control (n=15) p-value
ΔVAS 0.21±0.78 0.12±1.47 0.294

Circumference (cm)

   ΔAbove elbow   1.02±1.07 1.26±0.28 0.255

   ΔElbow 0.31±0.47 0.40±0.55 0.463

   ΔBelow elbow 0.78±0.63 0.40±1.02 0.273

   ΔWrist 0.21±0.26 0.15±0.74 0.328

   ΔHand 0.57±0.78 0.15±0.58 0.322

ΔVolume (%) 3.90±2.87 1.85±1.89 0.033*

ΔRate of water content in upper extremity 0.007±0.02 0.002±0.01 0.031*

ΔQuickDASH score 0.35±2.26 0.04±0.54 0.065

ΔSkin thickness (mm) 1.28±1.21 0.61±1.45 0.048*

Values are presented as mean±standard deviation.
VAS, visual analog scale; QuickDASH, the Quick Disabilities of the Arm, Shoulder and Hand Questionnaire.
*p<0.05 by Mann-Whitney U-test.
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in which ESWT were applied to patients with sclerosis 
demonstrated that ESWT may be an effective treatment 
for patients with skin fibrosis [19]. In the present study, 
the ESWT group also showed significant post-treatment 
improvements in skin thickness. Improvements in skin 
thickness found with skinfold caliper imply improve-
ments in fibrosis such as improved skin elasticity and 
connective tissue strength [13]. 

While there are several methods for identifying lymph-
edema, including limb circumference measurement, wa-
ter volume, and lymphoscintigraphy, there is no definite 
tool with both high sensitivity and specificity. Among 
other methods, bioelectrical impedance analysis is an 
easy-to-use, simple, inexpensive, and non-invasive tool 
to measure body composition [20,21]. Cornish et al. [22] 
demonstrated that lymphedema can be diagnosed ac-
cording to bioelectrical impedance analysis in patients 
with >3 standard deviations compared to healthy con-
trols. Furthermore, Ward and his colleagues [23,24] iden-
tified lymphedema using bioelectrical impedance analy-
sis and reported that these results are accurate and that 
therapeutic monitoring could be performed. Therefore, 
in the present study, bioelectrical impedance analysis 
was also used, and significant improvements were ob-
served in changes when comparing the ESWT group and 
the control group.

The major goal of treating lymphedema is to reduce its 
effects. In the present study, ESWT was shown to be ef-
fective in the treatment of stage 2 lymphedema and skin 
fibrosis that occurred with the progression of this con-
dition. The effects of ESWT on lymphedema were con-
firmed by decreased volume, rate of water content in the 
upper extremity, and skin thickness.

The present study has several limitations such as the 
small sample size. Therefore, further research including 
more patient groups will be needed. Furthermore, there 
could have been a selection bias, as only patients with 
stage 2 lymphedema were included in the sample. There-
fore, it was difficult to derive meaningful results in VAS 
and QuickDASH scores. In addition, although the short-
term effects of ESWT could be evaluated in this study, 
further assessments to identify the long-term effects are 
needed. Finally, according to previous studies, a skinfold 
caliper was used to measure fibrosis, a complication of 
lymphedema [13]. However, this method has the limita-
tion that the amount of fibrosis cannot be precisely de-

termined. Several previous studies have used a variety of 
methods to measure fibrosis, but there is no current gold 
standard, warranting further research.

In summary, we provide evidence that ESWT can im-
prove stage 2 breast cancer-related lymphedema. Signifi-
cant improvement was observed in bioelectrical imped-
ance analysis, volume, and skin thickness. Moreover, the 
results showed that that the therapy is effective on fibrotic 
lesions that cannot be effectively treated by complex de-
congestive physical therapy alone. Therefore, ESWT is a 
useful adjunct option for rehabilitation therapy that can 
complement conventional complex decongestive physi-
cal therapy.
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