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Case Report 
Radial extracorporeal shock wave therapy  
in a patient with decubitus ulcer after  
spinal cord injury: a case report
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Abstract: Decubitus ulcer is a common complication in patients with spinal cord injury (SCI) that can be very difficult 
to treat. We report a case of a 51-year-old man with a right-heel decubitus ulcer after SCI. The ulcer initially covered 
an area of 4.8 cm × 4.5 cm and had a depth of 2 cm with denervation and hypoproteinemia. After surgical debride-
ment of the wound, the patient received radial extracorporeal shock wave therapy (rESWT) as an alternative to skin 
flap transplantation to promote wound healing. The rESWT was administered at 10 Hz once or twice per week for 3 
months, first from an R15 transmitter and later from a deep transmitter, with an increasing dosage of 2.0-3.5 bar 
given in 3000-6000 pulses. After 3 months of rESWT, the ulcer was completely healed. This case report demon-
strates that rESWT can be an effective treatment option for patients with decubitus ulcers. 

Keywords: Radial extracorporeal shock wave therapy, decubitus ulcer, spinal cord injury

Introduction

A decubitus ulcer is an area of localized dam-
age to a tissue surface caused by prolonged 
pressure from compression or shear [1]. De- 
cubitus ulcers are the most common compli- 
cation associated with spinal cord injury (SCI), 
often occurring within a few days following SCI 
[2, 3]. Many factors contribute to decubitus 
ulcers in patients with SCI, including loss of 
motor function and pain and pressure sensa-
tion, poor nutrition, anemia, and other factors 
[4]. The treatment of decubitus ulcer is a major 
clinical challenge. Patients with decubitus ulcer 
are often subjected to long hospital stays and 
devastation of quality of life, resulting in a 
financial burden to family and society [3, 5]. 

Conventional therapies for decubitus ulcers 
include improvement of nutrition, removal of 
pressure, debridement, treatment of infection, 
application of dressings, and surgery [4]. Those 
therapies often fail to result in full healing of 
the wound, however, and sometimes they pro-
vide very little benefit. 

Extracorporeal shock wave therapy (ESWT) is a 
safe, noninvasive, alternative treatment modal-
ity that has been used successfully in patients 
with various musculoskeletal problems, isch-
emic heart disease, and other conditions [6-8]. 
In contrast to conventional focused extracorpo-
real shock wave therapy (fESWT), radial extra-
corporeal shock wave therapy (rESWT) uses a 
type of pneumatically generated shock wave 
that disperses eccentrically from the transmit-
ter without focusing the energy to a targeted 
spot [9]. Thus, rESWT can be applied to larger 
and more superficial treatment areas than 
fESWT. Different transmitters can be used to 
adjust the penetration depth and energy of 
rESWT [10, 11], making it possible to use rES- 
WT in a wide variety of clinical situations. Al- 
though rESWT is used to treat many diseases 
and conditions, including carpal tunnel syn-
drome, hemiplegic shoulder pain syndrome, 
and muscle spasms, there are few reports of its 
use in patients with refractory decubitus ulcer 
[12-14]. Here, we report on a patient with intr- 
actable decubitus ulcer who achieved comple- 
te recovery after receiving rESWT.
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Case report

A 51-year-old man presented to the depart- 
ment in March 2016. The patient had a 21 day 
history of right-heel decubitus ulcer after SCI of 
the first lumbar vertebra complicated with pel-
vic fracture due to trauma (Figure 1). The decu-
bitus ulcer started as a blood blister that first 
appeared one day after the patient underwent 
internal screw fixation of a first lumbar vertebra 
fracture. After the surgery, the patient suffer- 
ed from motor and sensory disturbance of the 
lower limbs. Within 10 days, the blood blister 
progressed to a ulcer that penetrated to a de- 
pth of 2 cm and covered an area of 4.8 cm × 
4.5 cm. The patient was treated with iodophor 
disinfection solution and external application of 
traditional Chinese medicine at a local hospi- 
tal, but the decubitus ulcer worsened in terms 
of its surface area and depth.

The patient was 173 cm tall and weighed 70 kg 
before the spinal surgery. Twenty-one days 
after the spinal surgery, the patient had lost 4 
kg of body weight and had the following clinical 
parameters: white blood cell count 8.34 × 
109/L (normal range: 3.5-9.5 × 109/L), neutro-
phil percentage 80.7% (normal range: 40-75%), 
platelet count 231 × 109/L (normal range: 125-
350 × 109/L), hemoglobin level 130 g/L (nor-
mal range: 130-175 g/L), serum albumin level 
30.7 g/L (normal range: 40-50 g/L), C-reac- 
tive protein level 61 mg/L (normal range: 0-8 
mg/l), procalcitonin level 0.12 ng/mL (normal 

range: 0-0.05 ng/mL), and fasting glucose level 
4.78 mmol/L (normal range: 3.9-6.1 mmol/L). 
Renal and liver functions were normal. 

The standard treatment for intractable decu- 
bitus ulcer involves surgical debridement and 
skin flap transplantation. Accordingly, the ne- 
crotic tissue was surgically debrided from the 
patient’s right heel by a general surgeon. The 
wound bled little during the surgery. Because 
the survival of transplanted skin flaps depends 
on the local microvessel density and hemoper-
fusion [15], and the patient suffered from poor 
circulation and nutritional status and displayed 
neurological impairment of the lower limbs, we 
determined that implanted skin flaps might not 
heal sufficiently and might even become infect-
ed or necrotic.

Therefore, as an alternative to skin flap trans-
plantation, we treated the wound with inter- 
mittent ultra short-wave and rESWT (STORZ 
MEDICAL AG, Switzerland). In the first week 
after the decubitus ulcer was surgically debri- 
ded, we treated the patient once with 3000 
pulses of rESWT at 10 Hz and 2.0 bar intensity 
using an R15 transmitter with a 15-mm diam-
eter. For the rESWT application, the ulcer areas 
were covered by plastic sterile wound dress- 
ings (Zhejiang Kanglidi Medical Articles Co., 
Ltd), and the transmitter was wrapped in one 
finger of a sterile plastic glove. The procedure 
was performed without local anesthesia. Tr- 
ansmission gel was applied between the appli-

Figure 1. Right heel decubitus ulcer. A 51-year-old man presented with a 21-day history of a right-heel decubitus 
ulcer with an area of 4.8 cm × 4.5 cm and a depth of 2 cm. Blood blisters were visible on the wound surface. Tradi-
tional Chinese medicine had been applied to the wound. 
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cator and the wound. The applicator was moved 
slowly around the wound area, including at 
least 3 cm of healthy tissue around the wound 
edge. After the first rESWT treatment, the 
patient displayed good growth of local tissue. 
Therefore, in the following week, we treated  
the patient twice with 4000 pulses of rESWT  
at 3.0 bar. After the first 2 weeks of rESWT,  
the wound area had a rich blood supply and 
was partly scabbed (Figure 2). Starting in the 
third week, to accelerate the wound healing 
process, we replaced the R15 transmitter with 
a deep transmitter (diameter, 15 mm) and con-
tinued treating the patient with 4000 pulses at 
3.0 bar twice per week [11]. One month later, 
the peripheral areas of the ulcer had healed 
(Figure 3), so we increased the rESWT dose to 
6000 pulses at 3.5 bar and 10 Hz applied twi- 
ce per week. Three months after the start of 
rESWT, the decubitus ulcer was completely 
healed (Figure 4). 

Discussion

The application of rESWT to a surgically debrid-
ed decubitus ulcer on the heel of a patient with 
SCI resulted in complete healing of the wound 
after 3 months. Lower-limb decubitus ulcer is 
reported as a common problem worldwide [16]. 
Poor healing of decubitus ulcer is a trouble-
some clinical problem. The management of 
ulceration may include both non-surgical and 

Figure 2. Image of the ulcer after 2 weeks of rESWT. 
rESWT was applied for 2 weeks after surgical de-
bridement of the decubitus ulcer. The wound area 
had a rich blood supply and was partially scabbed. 
Fresh bloody exudation was seen around the wound, 
and the wound area was reduced to 3.5 cm × 2.5 
cm.

Figure 3. Image of the ulcer after 1 month of rESWT. 
The dose of rESWT was adjusted according to the 
observed healing of the ulcer. The wound area was 
reduced to 1.5 cm × 1.5 cm. The tissue surrounding 
the wound had healed, and the middle portion was 
scabbed after 1 month of weekly or bi-weekly rESWT.

Figure 4. Image of the ulcer after 3 months of rESWT. 
After 3 months of rESWT, the scab fell off, and the 
ulcer was wholly healed. 
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surgical approaches, depending on the clinical 
details of the case [17]. The deep tissue pene-
tration and large surface area of the ulcer 
described in this case report would usually be 
indications for skin flap transplantation after 
surgical debridement of the wound. Surgical 
debridement left a large cavity that drained 
poorly, however, which increased the risk of 
infection and treatment failure. In addition, the 
patient had poor nutritional status and loss of 
sensory function in the distal tissues as a re- 
sult of SCI, which greatly increased the risk of 
skin flap necrosis. Therefore, to promote wound 
healing, we decided to treat the patient with 
ESWT, a noninvasive and safe therapy. 

ESWT is widely used to treat chronic soft tissue 
injuries and had beneficial effects in various 
preclinical and clinical studies [18, 19]. In one 
study, ESWT significantly reduced the size of 
digital ulcers and produced no adverse reac-
tions in patients with systemic sclerosis [20].  
In patients with deep-partial/full-thickness bu- 
rns, ESWT played an important role as an adju-
vant therapy and reduced burn-associated pru-
ritus [21, 22]. Those clinical results suggest 
that the enhancing effects of ESWT on wound 
healing might make ESWT suitable for the treat-
ment of decubitus ulcers. Indeed, there are 
some reports of beneficial effects of ESWT in 
the treatment of ulcers; however, those reports 
described only incomplete healing or excluded 
deep ulcers [23, 24]. 

ESWT is classified into fESWT and rESWT on 
the basis of the reflector design, which in part 
determines the pressure field and energy [12]. 
rESWT represents a breakthrough in clinical 
treatment because of its simplicity and safety. 
For instance, rESWT requires no anesthesia or 
image-guided location, and it lessens the risks 
of adverse reactions compared with fESWT by 
reflecting the pathology zone [24-26]. Decubitus 
ulcer is caused by local tissue hypoxia due to 
extrinsic pressure, friction, shear stress, and 
excessive moisture on the skin [27]. Because 
rESWT provides more superficial action over a 
larger surface area than fESWT, it might be 
more suitable for application in patients with 
external structure pathology such as decubitus 
ulcer [28]. Moreover, in rESWT, the transmitter 
can be moved during the application in order to 
achieve a wider range of management. By con-
trast, fESWT is fixed on one site. In general, the 
frequency of rESWT (1-22 Hz) is higher than 

that of fESWT (1-5 Hz). Therefore, if the same 
pulses are applied, rESWT can be performed in 
less time than fESWT, which tends to make 
patients more compliant. For all of those rea-
sons, we decided to administer rESWT to our 
patient with lower-limb decubitus ulcer. 

Although the surgical debridement left a large 
cavity, the decubitus ulcer was totally healed 
after 3 months of rESWT. We progressively in- 
creased the dose of rESWT according to the 
observed healing of the wound, eventually re- 
aching a dosage of 6000 pulses at 3.5 bar 
given from a deep transmitter twice per week. 
Generally, the higher the dose, the greater the 
treatment effects, meaning that fewer sessions 
are required when higher doses are used [29, 
30]. 

The effects of rESWT were excellent, but the 
exact mechanisms by which rESWT promotes 
healing of decubitus ulcers remain poorly un- 
derstood. Shock waves might increase the ex- 
pression of angiogenesis-related growth fac-
tors such as nitric oxide synthase (eNOS), vas-
cular endothelial growth factor (VEGF), and pro-
liferative cell nuclear antigen (PCNA) [31, 32]. 
Those factors would promote angiogenesis, 
leading to increased blood perfusion and re- 
duced risk of ischemia, which is a major prob-
lem in ulcers [21]. One study found that shock 
wave therapy enhanced the migration of fibro-
blasts to wound areas [33], which suggests 
that shock waves modulate fibroblast recruit-
ment and thus promote tissue remodeling [34]. 
Other reports showed that shock waves pro-
moted the migration of circulating endothelial 
progenitor cells to chronically ischemic tissues 
[35], which suggests that shock wave therapy 
might accelerate decubitus ulcer healing by 
stimulating stem cells. Some studies showed 
that shock waves reduced inflammatory cell 
recruitment and cell apoptosis in wound areas 
[19, 34], which might contribute to faster heal-
ing. Beyond that, a threshold number of more 
than 1000 impulses was shown to reduce bac-
terial growth [36], suggesting that the applica-
tion of shock waves might help to prevent or 
even cure infections. In our case study, the 
large, hypoproteinemic wound on the patient’s 
lower limb did not become infected, possibly as 
a result of shock wave therapy.

In conclusion, among the various therapies that 
can be used to treat decubitus ulcer in the 



rESWT in decubitus ulcer

2097 Am J Transl Res 2020;12(5):2093-2098

lower extremities, rESWT represents a safe, 
simple, and effective treatment option. A pa- 
tient with decubitus ulcer of the lower limb  
after SCI was treated with surgical debride-
ment and subsequent rESWT as an alternative 
to skin flap transplantation. The wound did not 
become infected after debridement and was 
completely healed after 3 months of rESWT. 
Thus, rESWT was a noninvasive and cost-ef- 
fective alternative to skin flap transplantation 
for the treatment of a deep and large decubitus 
ulcer.
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