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Chronic diabetic foot ulcers (DFUs) 
are defined as nonhealing ulcers of 
the foot lasting more than 3 months’ 
duration in patients with diabetes.1-6 The 
etiologies of chronic DFUs are multi-
factorial. Diabetic ulcers are caused by 
angiopathy with small vessel occlusion 
associated with poor skin sensation due 
to peripheral neuropathy and secondary 
infection.7,8 Moulik et al9 reported 45% 
neuropathic, 16% ischemic, and 24% 
neuroischemic DFUs in 185 patients. The 
5-year amputation rates were 11%, 29%,
and 25% and the 5-year mortality rates
were 45%, 55%, and 18% for neuropath-
ic, ischemic, and neuroischemic DFUs,
respectively.9 The overall amputation
rate in DFUs was 21.5% to 28.4% in the
reported series.10 Significant risk factors
for amputation include peripheral vascu-

lar disease, elevated neutrophils in white 
blood cells, C-reactive protein, triglycer-
ide, Wagner grade, age of patient, and 
age of wound.10-12

Management of chronic DFUs requires 
a multifaceted approach, including 
dressings, glucose control, shoe wear, 
infection control, wound care, vascular 
and nutritional consultation, and surgery 
in select cases. The results of surgical and 
nonsurgical treatments are inconsistent, 
and most studies reported unsatisfactory 
results.13-15 Therefore, many adjunctive 
therapies are designed to improve the 
care of chronic DFUs (eg, hyperbaric oxy-
gen therapy [HBOT], recombinant human 
platelet-derived growth factor BB, nega-
tive pressure wound therapy, and acellular 
matrices). Some achieved limited success, 
but none showed universal results.16-23

Extracorporeal shockwave therapy 
(ESWT) has been shown to induce neo-
vascularization and increase angiogenic 
and osteogenic growth factors that lead 
to improvement in blood flow perfusion 
and tissue regeneration in animal experi-
ments.24,25 Molecular changes support that 
ESWT acts as mechanotransduction that 
produces the therapeutic benefits through 
complex biological pathways for neoangio-
genesis and tissue regeneration in chronic 
DFUs.1,26,27 A study from 2007 reported28 
positive effects of ESWT in the treatment 
of acute and chronic wounds. Prior studies 
showed ESWT is more effective than 
HBOT in the treatment of DFUs in short-
term follow-up.2,5,6 Other studies3-5 also 
demonstrated the effectiveness of ESWT in 
chronic DFUs and nondiabetic foot ulcers. 
In addition, ESWT was shown to improve 
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skin flap survival, burn wound healing, and 
blood flow perfusion.29-31

Several studies1,2,5,26,27 found ESWT is 
an effective treatment for chronic DFUs 
with significant improvement in the 
numbers of completely healed and > 50% 
improved foot ulcers as well as decreased 
mortality and morbidity, including the 
rate of amputation and local blood flow 
perfusion. The effectiveness of ESWT in 
chronic DFUs is most noticeable within 
1 year following treatment. However, the 
effects of ESWT began to decline and the 
clinical outcome and blood flow perfusion 
showed deterioration in follow-up from 1 
year to 5 years post treatment. The Spear-
man rank correlation analysis showed 
clinical outcomes correlated significantly 
with the changes in blood flow perfusion 
at 1 year and 5 years.6 There are multiple 
reasons to explain the changes, including 
that the natural course of the disease may 
predispose to further disease progression 
with time. Further, the authors speculate 
the effects of ESWT may gradually disap-
pear with time without additional treat-
ment or stimulation to sustain the effects 
of ESWT. Thus, the nonlasting effects 
of ESWT in chronic DFUs beyond 1 year 
have raised the question of the long-term 
effect of ESWT in chronic DFUs. 

The purpose of this case series is to as-
sess the effectiveness of multiple extended 
booster ESWT to maintain the effects of 
ESWT and improve the outcome in chronic 
DFUs. The authors hypothesized that cu-
mulative extended application of ESWT at 
certain time intervals can be beneficial to 
sustain the effects of ESWT and improve 
the long-term outcomes of ESWT in the 
treatment of chronic DFUs.

MATERIALS AND METHODS
This study was conducted at Kaohsiung 
Chang Gung Memorial Hospital (Kaohsi-
ung, Taiwan). The inclusion criteria con-
sisted of patients with nonhealing, Wag-
ner32 grade II or less DFUs of > 3 months’ 
duration and hemoglobin A1C < 12%. The 
exclusion criteria included patients with 
cardiac arrhythmia or a pacemaker, ma-
lignancy, joint sepsis, nondiabetic ulcers, 
multiple ulcers, or a fistula; pregnant 

women; history of poor compliance; 
obesity (body mass index > 40 kg/m2); 
patients on dialysis; and patients involved 
in another clinical trial.

In addition to ESWT, patients received 
multidisciplinary wound care including 
dressings, offloading, and glucose control. 
The evaluations included clinical assess-
ment of ulcer severity status, local blood 
flow perfusion, and biopsy for histopatho-
logical examination and immunohisto-
chemical analysis. 

Shockwave application
The shockwave source used was 
dermaPACE (SANUWAVE, Suwanee, GA). 
The treatment dosage was dependent 
on the ulcer size; the number of impuls-
es equaled the treatment area in cm2 x 
8, but at least 500 shocks at E2 at 4Hz 
(equivalent to 0.11 mJ/mm2 energy flux 
density) were delivered twice weekly for 
a total of 6 treatments. During ESWT, 
the treatment head of the device was 
gently glided over the entire surface 
of the wound extending 1 cm from the 
wound perimeter in every direction. The 

treatment area was calculated as the 
actual size of the ulcer extending 1 cm in 
each direction. The dosage of the booster 
ESWT was the same as the initial course 
of treatment. In cases with completely 
healed ulcers, ESWT was applied to the 
same area, including the perimeter be-
tween the ulcer and normal skin. 

Blood flow perfusion scan
Tissue viability was evaluated by lo-
cal blood flow perfusion scan pre- and 
post-ESWT. Local blood flow perfusion 
was measured using Doppler Flowmetry 
(Perivasculary; Moor Instruments Ltd., 
Devon, UK). To perform this analysis, 
the DFU was placed on a light-absorbing 
background material such as a black or a 
dark green cloth. The distance between the 
scanner head and the object was 15 cm. The 
minimum and maximum values are set at 
0 and 5 volts, respectively. The perfusion 
scan image color scale displayed the lowest 
value in dark blue and the highest value in 
dark red. The minimal value, the maximal 
value, and the mean and standard devia-
tion were computer analyzed.

Table. Patient demographics and wound characteristics (N=4)

6 TREATMENTS 12 TREATMENTS

Patients (no. of wounds) 3 (3) 1 (1)

Age (y); mean (range) 59.67 (50–71) 68 (--)

Gender (M) 3 1

Side (Right/Left) Rt:1; Lt:2 Rt: 0; Lt: 1

Wound size

Case No. 1 Case No. 4

Pre-ESWT 3.0cm x 1.7cm 4.0cm x 5.0cm

48-wk post-ESWT 0.9cm x 0.8cm 0.0cm x 0.0cm (Healed)

Case No. 2

Pre-ESWT 12.5cm x 2.0cm --

48-wk post-ESWT 10.0cm x 1.5cm --

Case No. 3

Pre-ESWT 1.7cm x 1.5cm --

48-wk post-ESWT 0.0cm x 0.0cm (Healed) --

M: male; Rt: right; Lt: left; ESWT: extracorporeal shockwave therapy
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RESULTS
During the course of study, a total of 21 
patients were screened; only 4 patients 

fulfilled the criteria and 17 were excluded. 
All 4 patients received ESWT to the foot 
with the DFU. Three patients received 

6 treatments of ESWT, and 1 patient re-
ceived 12 treatments of ESWT. The anal-
yses of this study were based on a small 
case series with a cohort of 4 patients. 
All patients were labeled according to the 
methods of treatment (Table). 

Patients 2 and 4 had completely healed 
DFUs at 24 weeks post ESWT and had 
no recurrence at 48 weeks. Patient 1 
showed 86% reduction of ulcer size at 48 
weeks post ESWT, and patient 2 showed 
40% reduction in ulcer size. The clinical 
results of a representative case is shown 
in Figure 1. It appears ESWT effectively 
healed the DFUs, and the regenerative 
process appears to be continuous for 
48 weeks or longer after ESWT. When 
DFUs were assessed using the Diabetic 
Foot Ulcer Scale Short-Form,33 the score 
decreased in patient 4 and remained un-
changed in patients 1–3. From immediate 
post ESWT to 48 weeks post treatment, 
patient 3 showed a worse score. There-
fore, the effects of ESWT on DFU scores 
are sustainable for up to 48 weeks after 
the initial treatment before deterioration 
may take place if no additional treatment 
was rendered. 

Blood flow perfusion
The blood flow perfusion rate increased 
in patient 3 and remained unchanged 

Figure 1. Clinical results of a representative case of a chronic ulcer on the foot (A) pre-ESWT and (B) 48-weeks post-ESWT. 
ESWT: extracorporeal shockwave therapy

Figure 2. Microphotographs of the different molecular changes. 
PDGF: platelet-derived growth factor; eNOS: nitrate oxide synthase; VEGF: vessel endothelial growth 
factor; vWF: von Willebrend factor; PCNA: proliferating cell nuclear antigen; ESWT: extracorporeal 
shockwave therapy; EFG: epidermal growth factor; MMP-13: metalloproteinase 13; TGFβ-1: transforming 
growth factor beta 1

EGF  MMP-13  TGFβ-1 β-catenin  Fibronectin

17.09% 13.49% 5.66% 22.97% 13.78%

23.88% 25.69% 29.78% 29.21% 11.91%

Pre-
ESWT

Post-
ESWT

Pre-
ESWT

Post-
ESWT

PDGF eNOS VEGF vWF PCNA

16.82% 13.69% 15.06% 7.22% 9.40%

30.81% 15.84% 30.79% 11.56% 26.88%

A B
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in patients 1, 2, and 4. From immediate 
post ESWT to 48 weeks, the blood flow 
perfusion rate was improved in patients 1 
and 2 and decreased in patient 3. The skin 
perfusion pressure seemed to decrease 
after ESWT. Likewise, blood flow perfu-
sion rate showed a tendency to increase 
in only patient 3 shortly after ESWT and 
patients 1 and 2 in immediate post ESWT 
to 48 weeks post treatment.

Immunohistochemical analyses
The angiogenesis biomarker, 
platelet-derived growth factor, was ele-
vated in patients 1, 2, and 4 and decreased 
in patient 3 after ESWT. The neovas-
cularization biomarkers, nitrate oxide 
synthase, vessel endothelial growth factor, 
were elevated in patients 1, 2, and 4 and 
decreased in patient 3 after ESWT; the von 
Willebrend factor increased in patients 1–3 
and decreased in patient 4. The proliferat-
ing biomarkers, proliferating cell nuclear 
antigen and epidermal growth factor, 
were up in patients 1, 2, and 4 and down in 
patient 3 following ESWT. Anti-inflamma-
tory cytokines, transforming growth factor 
beta 1, increased in patients 1, 2, and 4 and 
decreased in patient 3 after ESWT. In addi-
tion, for tissue repair biomarkers, metallo-
proteinase 13 increased in patients 1, 2, and 
4 and decreased in patient 3; beta-catenin 
increased in patients 2–4 and decreased in 
patient 1, and fibronectin showed decreas-
es in all patients post ESWT. The micro-
photographs of the different molecular 
changes are shown in Figure 2.

Complications
All patients tolerated ESWT treatment 
well. Mild local redness or swelling was 
treated with observation and ice pack 
application. There were no systemic or 
neurovascular complications or de-
vice-related problems.

DISCUSSION
The authors’ prior studies reported the 
effectiveness of ESWT on DFUs.2,5,6,26,31 
Despite a small case number, the results 
showed ESWT may be effective to heal 
or improve DFUs. The effects of ESWT 
appear to maintain certain levels for an 

extended period of time of 1 year before 
starting to show deterioration on the 
tissue viability. Therefore, it is speculat-
ed that intermittent booster ESWT may 
maintain the effects of ESWT and sustain 
tissue viability and repairing. The results 
of this series showed a tendency of tissue 
regeneration when intermittent booster 
ESWT is used in DFUs.

The mechanism of ESWT is not fully 
understood. Extracorporeal shockwave 
therapy was shown to induce neovascu-
larization and increase angiogenic and 
osteogenic growth factors that lead to 
improvement in blood flow perfusion 
and tissue regeneration.24,25 The molec-
ular changes support that ESWT acts as 
mechanotransduction that produces the 
therapeutic benefits through complex bio-
logical pathways for neoangiogenesis and 
tissue regeneration in chronic DFUs.

LIMITATIONS
The limitations of this study included the 
small number of patients and relatively 
short follow-up time. Additional study 
is needed to confirm these results on 
extended ESWT for chronic DFUs.

CONCLUSIONS
Extracorporeal shockwave therapy 
appears effective for the treatment of 
DFUs. The observational results in 
this case series showed a tendency of 
increased ESWT effects when multiple 
courses of booster treatment are utilized. 
Additional randomized controlled stud-
ies with a larger patient population are 
needed to further confirm the efficacy of 
ESWT in DFUs. 
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