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Abstract: Diabetes affects 30.3 million Americans and is on the rise. Chronic lower extremity ulceration in patients with 
diabetes is a common complication that can lead to major morbidity and mortality if not addressed expeditiously. Despite 
numerous advances in wound care and healing over the past two decades, these ulcerations continue to pose a significant clinical 
problem. This case series aimed to evaluate the effectiveness of focused extracorporeal shock wave therapy (F-ESWT) 
administered via a pulsed acoustic cellular expression system in enhancing localized wound tissue oxygenation and perfusion in 
chronic wounds. Fifteen subjects with a history of diabetes and a chronic wound of the foot or ankle that had failed to achieve 
wound area reduction of 50% or greater after at least 4 weeks of standard of care treatment underwent four weekly treatments of 
F-ESWT administered via a pulsed acoustic cellular expression system. Near-infrared spectroscopy (NIRS) was used to 
determine the effectiveness of F-ESWT on tissue oxygen saturation within the wound bed. All subjects demonstrated a 
statistically significant increase in tissue oxygen saturation within the wound bed as well as a decrease in wound area. Seven 
wounds healed. Results of this case study suggest that F-ESWT promotes increased tissue oxygenation within the wound bed and 
neovascularization, potentially facilitating accelerated wound resolution of chronic lower extremity ulcerations in patients with 
diabetes. 

Keywords: Extracorporeal Shock Wave Therapy, Diabetic feet, Diabetic Foot Ulcer, Angiogenesis, Spectroscopy, 
Near-Infrared, Oxygenation, Oxygenated Hemoglobin, Neovascularization 

 

1. Introduction 

The diabetes epidemic continues to grow in the United 
States (US). The most recent National Diabetes Statistics 
Report released by the Centers for Disease Control estimates 
that 30.3 million Americans, or roughly one out of every ten 
US citizens, are living with diabetes, and this number is rising 
[1]. Possible long-term complications of uncontrolled diabetes 
include damage to large (macrovascular) and small 
(microvascular) blood vessels. Such damage can lead to, 
among other morbidities, neuropathy and the development of 
non-healing wounds, particularly on the lower extremities. 

Despite advancements in medicine over the past two decades, 
chronic lower extremity ulcerations in those with diabetes 
continue to pose a significant clinical problem [2]. It is 
estimated that 85% of all non-traumatic lower extremity 
amputations are a direct result of these types of ulcerations [3]. 

Ischemia, microcirculatory dysfunction, and peripheral 
vascular disease (PVD) cause limitations in blood flow that 
can delay the healing process and result in a high-risk for 
lower extremity amputation in patients with diabetes [4]. 
Advancements in the understanding of the physiology of 
neovascularization have led researchers to examine the effects 
of external physical force manipulation on tissues to increase 
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new vessel growth and improve wound healing. One such 
modality is Focused Extracorporeal Shock Wave Therapy 
(F-ESWT) [5]. 

F-ESWT is a non-invasive treatment that can be safely and 
easily performed in the outpatient setting as an adjunctive 
therapy. F-ESWT uses the electrohydraulic shockwave 
principle to deliver focused, biphasic, high-energy acoustic 
pressure waves [6]. Research has shown that the local delivery 
of focused shock wave therapy stimulates the early expression 
of angiogenesis-related growth factors, including endothelial 
nitric oxide synthase (eNOS), vascular endothelial growth 
factor (VEGF) and proliferating cell nuclear antigen (PCNA) 
[7]. These effects of F-ESWT have been demonstrated to have 
healing effects in both bone and soft tissue [8]. 

Several methods can used to measure perfusion and wound 
tissue oxygenation. One of these is a novel near-infrared 
spectroscopy (NIRS) imaging device that objectively 
measures the tissue oxygenation saturation percentage (StO2%) 
of the wound bed. Hyperspectral technology has been 
successfully used in previous clinical studies to evaluate 
functional tissue oxygen saturation in the management of 
diabetic foot ulcerations [9-11]. 

In this case series the authors hypothesized that the 
administration of F-ESWT via a pulsed acoustic cellular 
expression system (dermaPACE® System, SANUWAVE, 
Suwanee, GA) over four (4) consecutive weeks would result 
in a significant increase in the oxygenated hemoglobin ratio in 
the wound bed which would potentially increase wound 

healing. A NIRS device (SnapshotNIR Kent Imaging, Calgary, 
AB, Canada) was used to track tissue oxygen saturation. 

2. Methods 

This case series reports on fifteen wounds observed in the 
primary author’s clinical practice between January 2019 and 
December 2019. Patients were all >18 years of age with an 
ankle-brachial index between > 0.9mmHg and < 1.4mmHg, and 
an HbA1c level between 7-12%. All fifteen wounds had a 
minimum duration of 4 weeks, had failed to achieve at least 50% 
wound area reduction after a minimum of 4 weeks treatment with 
standard of care wound therapy, and were negative for clinical 
signs and symptoms of infection. There was no upper or lower 
limit to wound size. Previous wound management varied and 
included debridement, offloading, compression bandages, 
alginates, collagen, gelling hydrofibers, and foam dressings. All 
patients provided written informed consent to publish the case 
details and associated de-identified image assessments. 

Patients were seen weekly for five consecutive visits and 
received a total of four F-ESWT treatments unless they healed 
earlier. An FDA cleared, non-invasive pulsed acoustic cellular 
expression system (dermaPACE® System, SANUWAVE, 
Suwanee, GA) was used to provide F-ESWT treatment. 
Therapy was administered per the manufacturer’s guidelines 
in which wound size determines the number of shocks 
administered per treatment (Figure 1). 

 
Figure 1. Determination of shock count per treatment with the dermaPACE® system based on wound size. 

A NIRS device, (SnapshotNIR Kent Imaging, Calgary, AB, 
Canada) was used to assess localized wound tissue 
oxygenation and perfusion. NIRS provided immediate 
photographic image capture and point-of-care site specific 
information to objectively track changes in StO2%. At baseline, 

prior to the first F-ESWT treatment, wounds were measured 
manually, a NIRS image of the wound was taken, and the 
NIRS system was directed to calculate the StO2% at a 
standardized central point within the wound bed. The same 
procedures were repeated prior to each subsequent weekly 



 American Journal of Nursing Science 2021; 10(3): 156-162 158 
 

F-ESWT treatment. Final wound measurements, NIRS images 
and StO2% were obtained at Week 5 after completion of four 
F-ESWT treatments, or upon wound resolution if complete 
healing occurred prior to Week 5. 

During the treatment period, all wounds were treated with 
the standard of care. Debridement was done when clinically 
indicated. Bandages consisted of inert dressing materials 
(plain foam or alginate and dry secondary dressings) to 
manage exudate and promote a moist wound healing 
environment. Offloading via total contact casting (TCC) was 
used in the treatment of any plantar foot wounds. During the 
treatment period, no patient underwent any other intervention 
to improve circulation. Healing was defined as 100% 
re-epithelization with no drainage and no need for dressing 
application. 

Statistical methods 

The wound area tissue oxygen saturation percentage were 
quantitatively described at baseline and follow-up using 
descriptive statistics (mean, SD, median, minimum and 
maximum). Descriptive statistics (mean, SD, median, 
minimum and maximum) and 95% confidence intervals (CI) 
were used to describe absolute and percent change in the 
oxygenated hemoglobin ratio from baseline to study 
completion and in wound area from baseline to study 

completion. A two-sided paired t-test (α = 0.05) was used to 
test the research hypothesis that the mean change in tissue 
oxygen saturation and in wound area was larger than zero. A 
Spearman Rank Correlation test (α = 0.05) was used to test for 
an association between change in StO2% and wound area. All 
statistical analyses were performed using SAS Version 9.4 
(SAS Institute Inc., Cary, NC, USA). 

3. Results 

The patient cohort consisted of fourteen subjects, eight 
male and six female, with a chronic foot or ankle wound and a 
diagnosed history of diabetes. One male patient had two 
wounds—one on the medial aspect of his foot, and one on the 
lateral. Mean patient age was 64.5 ± 10.2 years (range: 49 to 
88). Mean wound area at baseline was 21.65 ± 30.85 cm2 

(range: 0.42 to 93.10). Due to the large variation in wound size, 
average values were also evaluated in terms of medians. The 
median baseline wound area was 7.5 cm2. Two of 15 (13.3%) 
wounds had a baseline wound area < 1 cm2. Nine of 15 (60%) 
of the wounds had a wound area > 7 cm2. The average wound 
duration prior to beginning weekly F-ESWT treatments was 
12.33 ± 5.3 weeks. Mean baseline StO2 was 60.7 ± 18.9% 
(Table 1). 

Table 1. Patient demographics and Baseline and Final StO2% and Wound Area. 

Gender Age Wound Duration at Study Entry (weeks) Baseline StO2% Final StO2% Baseline Area (cm2) Final Wound Area (cm2) 

F 49 6 58 71 1.6 Healed 
F 56 16 49 60 93.1 82.65 
M 56 14 69 77 1.7 Healed 
F 57 6 74 86 9.8 5.3 
M 58 11 47 77 7.0 Healed 
F 60 9 84 92 0.4 Healed 
F 61 21 57 72 70.7 66.24 
F 62 19 57 62 74.1 63.9 
F 62 8 69 71 7.5 Healed 
M 67 15 34 81 16.4 0.2 
M 67 12 48 81 5.0 2.4 
M 70 9 82 85 0.6 Healed 
F 73 10 82 86 3.0 0.1 
F 81 7 20 52 9.5 7.1 
M 88 22 80 83 24.4 Healed 

 
Upon study completion, all 15 wounds demonstrated a 

decrease in wound area, with seven (46.7%) having healed. 
The mean final wound area, including healed wounds, was 
15.9 ± 29.18 cm2. The mean final wound area, excluding 
healed wounds, was 28.49 ± 35.65 cm2. The mean change in 
wound size, including healed wounds, was -6.46 ± 6.65 cm2 
(CI -10.14 to -2.77). When healed wounds were excluded, the 
mean change in wound area was -6.71 ± 5.02 cm2 (CI-10.91 to 
-2.51). Paired t-test p-values were 0.002 and 0.007, 
respectively, demonstrating significant reduction in wound 
areas with or without excluding healed wounds. Given the 
large variability in wound sizes, the wound area data was also 
evaluated non-parametrically. The median wound area at the 
final study visit, including healed wounds was 0.12 cm2 (range: 
0.00-82.65) and excluding resolved wounds was 6.20 cm2 
(range: 0.12 to 82.65). The median change in wound area from 
baseline to final visit, including resolved wounds was -4.44 

cm2 (range: -24.42 to -0.42) and excluding healed wounds was 
-4.5 cm2 (range: -16.20 to -2.36). 

All 15 wounds displayed a significant increase in wound 
bed tissue oxygen saturation upon study completion. The 
average final StO2% was 75.7 ± 11.1% with an absolute 
change of 15.07 ± 13.8%. Statistical significance was seen 
with a two-sided paired t-test (df=14, p=0.0008, CI = 7.4 to 
22.7%). A non-parametric Wilcoxon signed rank test 
demonstrated that this result was robust (p<0.0001) and not 
due to a single outlier with an absolute increase of 47%. The 
mean percentage increase of StO2% from baseline to follow up 
was 37.6 ± 49.8% (p=0.011 – two-sided paired t-test; p 
<0.0001 – signed rank test; CI 10.0 to 65.1). In this sample, 
there was no association between changes in the oxygenated 
hemoglobin ratio and changes in wound size (all wounds, 
N=15, Spearman rank correlation = 0.01, p=0.96). 

No device-related adverse events occurred. There were no 
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patient or investigator-reported complaints associated with 
receiving or providing F-ESWT therapy. 

Case Example [6]
 

A 56-year-old patient with a medical history of Type 1 
diabetes, neuropathy, calciphylaxis, renal dysfunction, 
degenerative joint disease, and hypertension, had a chronic 
wound of 16 weeks duration on their left ankle and foot. 
Baseline wound measurements were 9.5 cm x 9.8 cm, 
(93.1cm2) and the baseline percent tissue oxygen saturation at 
the center of the wound bed was 49% (Figure 2). 

 
Figure 2. [6]: Baseline NIRS wound image with percent tissue oxygenation 

saturation calculated at the center of the wound bed. 

Reproduced with permission from Cole W, Coe S., Using a 
non-invasive pulsed acoustic cellular expression system to 
promote angiogenesis in chronic wounds; published by HMP, 
2020. 

The patient was treated with weekly F-ESWT per the 
manufacturer’s guidelines. After four (4) weekly F-ESWT 
treatments the wound reduced in size to 8.7 cm x 9.5 cm 
(82.65cm2). The percent tissue oxygen saturation at the center 
of the wound bed increased to 60% (Figure 3). 

 
Figure 3. [6]: Final NIRS wound image with percent tissue oxygenation 

saturation calculated at the center of the wound bed. 

Reproduced with permission from Cole W, Coe S., Using a 
non-invasive pulsed acoustic cellular expression system to 
promote angiogenesis in chronic wounds; published by HMP, 
2020. 

These changes translate to an 11.2% decrease in wound size, 
and a 22.5% improvement in StO2%. 

4. Discussion 

Wound healing is an intricate multi-step process that 
requires essential cellular and acellular mechanisms working 
in tandem to restore function to the injured tissue. Wounded 
tissues require a significantly greater perfusion level to 
support healing than that required to sustain intact tissues [12]. 
In patients with diabetes, elevated blood glucose levels can 
lead to dysfunction of the microvasculature. Weakening of 
small blood vessel walls eventually causes decreased blood 
flow, diminishing the body’s ability to deliver essential 
cellular components to wounded tissues [13]. Therapies such 
as F-ESWT that result in new blood vessel in-growth may 
improve blood supply, increase tissue oxygenation, enhance 
cell proliferation, and accelerate wound regeneration and 
healing. The results of this case series reinforce and expand on 
the results of prior research that suggest that F-ESWT therapy 
supports neovascularization resulting in increased oxygen 
saturation levels in wounded tissues [5, 14]. 

Non-invasive F-ESWT works by improving 
microcirculation and thus delivery of oxygen and other 
nutrients essential for wound resolution by causing the 
wound to transition from the inflammatory to the 
proliferative phase of the wound healing cascade [15]. It is 
known that the shockwaves that the device generates are 
converted from an electrical to a mechanical force that 
produces compressive and tensile stresses on wounded 
tissues resulting in a pro-angiogenic response at the cellular 
level [16]. Wang reported that extracorporeal shock waves 
(ESW), including F-ESWT cause shear forces within tissues 
that initiate a biological response at a cellular level producing 
angiogenic growth factors, including eNOS, VEGF, and 
PCNA [5, 14, 17]. Wang’s studies also reported a significant 
increase in blood flow perfusion rates with ESWT treatment 
compared to those wounds treated with hyperbaric oxygen 
therapy [14, 17]. Krokowicz et al showed that F-ESWT 
treatment relaxes local arterioles and increases their diameter 
[18, 19]. This effect, in combination with unaltered blood flow, 
results in better perfusion and oxygenation. Up-regulation of 
VEGF and von Wilenbrand Factor (vWF) expression on the 
endothelial cells was observed and is an indication of 
endothelial cell proliferation in advance of angiogenesis [18, 
19]. VEGF is one of the critical components associated with 
angiogenesis in that it enhances proliferation and migration of 
endothelial cells and prevents them from apoptosis. It also 
participates in the up-regulation of nitric oxide (NO) synthase 
activity in endothelial cells. Endothelium derived NO is 
shown to be involved in vascular remodeling and angiogenesis 
[20]. In addition, Krokowicz confirmed up-regulation of key 
chemokines that are involved in pro-angiogenic activity in 
studies that demonstrated up-regulation of CCL2 
pro-angiogenic gene expression and its receptor CCR2 at 24 
hours after F-ESWT treatment [18, 19]. CCL2 links with 
angiogenic activity via recruitment of macrophages which are 
known to contribute to synthesis of proangiogenic factors such 
as VEGF [18, 19]. 

The increase in perfusion is important as it is, by definition, 
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a decrease in the ischemia (lack of blood flow) that is often 
associated with impaired wound healing. Often wound tissues 
lack adequate oxygen gas exchange because blood oxygen 
levels are low in the wound area. In a study to determine the 
effect of shockwaves on microcirculatory improvement in 
patients with Chronic Limb Ischemia (CLI), De Sanctis et al 
delivered six shockwave treatments over a two-week period 
with an additional six weeks of follow-up visits [21]. 

Microcirculatory measurements were taken with Laser 
Doppler Imaging and PO2 and PCO2 were measured with a 
Kontron Analyzer [21]. De Sanctis et al reported an increase in 
partial pressures of oxygen gas in the blood stream (p<0.05) 
and a decrease in carbon dioxide (p<0.05) during the 8 week 
long study [21]. Wang et al conducted a study to observe the 
effects on the healing of chronic DFUs between F-ESWT and 
Hyperbaric Oxygen Therapy (HBOT) [14]. Doppler imaging 
was used to determine the acute perfusion levels of each 
wound. The study reported a significant increase in perfusion 
for the F-ESWT cohort (N=44) from an average of 0.56 to 
0.74 (p<0.001). The perfusion rates in the HBOT cohort 
(N=40) actually decreased over the course of the 8-week trial 
from an average of 0.59 to 0.50 (p=0.916). 

In the present case series, NIRS assessment provided 
objective evidence to suggest that F-ESWT administered to 
the wound bed improves microcirculation. All fifteen wounds 
demonstrated significantly increased tissue oxygen saturation 
levels within the central wound bed after four consecutive 
weekly doses of F-ESWT. The NIRS device used in this case 
series, SnapshotNIR, calculates StO2 by measuring the 
absorption of red and near-infrared wavelengths. Using a 
proprietary algorithm, it delineates the separate and distinct 
spectral signatures in the visible and near infrared light 
spectrums of oxygenated hemoglobin and deoxygenated 
hemoglobin to determine the proportion of each in the 
sampled tissue [22, 23]. A study by Serena et al compared 
tissue oxygen saturation measurements of NIRS and 
transcutaneous oxygen measurement TCOM, which is the 
current gold standard [24]. Results showed a strong correlation 
between measurements from each device. 

While correlation of increased wound bed StO2% and 
reduction in wound size was not seen in this case series, a 
statistically significant difference in reduction in wound area 
with use of F-ESWT compared to standard of care was also 
not noted in a systematic review and meta-analysis of ESWT 
in the treatment of diabetic foot ulceration by Huang et al. [25]. 
Nonetheless, those authors did note shorter healing times for 
the DFUs treated with F-ESWT. In Sheenan et al.’s landmark 
study [26], a mean absolute reduction in wound size of 1.5cm2 
at four weeks was noted in those patients that healed. These 
results demonstrated that percent change in wound area of a 
diabetic foot ulceration over a 4-week period of treatment was 
a robust predictor of complete healing at 12-weeks. In the 
present case series, 14 of the 15 chronic wounds (mean 
duration 12.3 weeks) demonstrated a greater than 1.5cm2 

reduction of wound area over the four-week study period, 
indicating that they were now on a healing trajectory. Thus, 
the increase in central wound bed tissue oxygenation seen in 

this study and Huang’s, may help explain the reason for 
shorter times to healing despite a non-statistically significant 
correlation with reduction in wound size. 

5. Limitations 

Major limitations of this case series are that it is a 
single-center study with a small sample size, short treatment 
duration, and no control group. In our study sample, increases 
in wound bed StO2% did not correlate significantly with a finite 
reduction in overall wound size. However, the results of the 
t-tests and signed rank tests performed for change in StO2% and 
change in wound area resulted in statistical significance with a 
95% CI that was far from zero. These results suggest that the 
increase in StO2% and reduction in wound area seen from 
baseline to follow up was not due to chance and pursuing 
further investigation into a possible relationship between StO2% 
and wound size reduction in conjunction with F-ESWT therapy 
may be worthwhile. Additionally, the treatment period was 
limited to five weeks (four consecutive weekly treatments) 
which may not be sufficient for determination of the full 
benefit of F-ESWT treatment. Typical wound care trials that 
examine for healing efficacy of a wound care therapy assess 
wounds over a period of 12 weeks. While a four-week 
treatment schedule in this study was based on Sheehan’s 
finding that percent change in wound area at 4 weeks is a 
robust predictor of a wound that is on a healing trajectory [26], 

future studies with a longer duration of treatment may prove 
valuable. Lastly, as a pilot case series the authors did not 
include a control group. However, a control group would 
provide valuable information to aid in determining if F-ESWT 
therapy is the cause of improved microcirculation, and 
possibly increased wound size reduction beyond that obtained 
with standard of care treatment alone. 

6. Conclusions 

The results of this case series suggest that F-ESWT therapy 
supports neovascularization resulting in increased oxygen 
saturation level in wounded tissues, potentially facilitating a 
healing trajectory in chronic wounds of the lower extremity in 
patients with diabetes. The NIRS device proved to be a very 
user-friendly point of care imaging device to objectively track 
weekly wound tissue oxygenation saturation progress. Use of 
F-ESWT in conjunction with NIRS imaging, may prove a 
beneficial additional treatment modality for chronic lower 
extremity ulcerations and other wound types. 
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