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BENEFICIAL EFFECTS OF FOCUSED VERSUS RADIAL UNFOCUSED
LOW ENERGY EXTRACORPOREAL SHOCK-WAVE THERAPY ON
CHRONIC WOUND HEALING
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Objective: the aim of this study was to compare the efficacy of focused versus radial unfocused low energy
extracorporeal shock-wave therapy on chronic wound healing.

Methods: Sixty patients were randomly divided into three groups of equal number. Group A; received focused
extracorporeal shockwave therapy in addition to standard care. Group B received radial extracorporeal shockwave
therapy in addition to standard care. Group C received standard care only. Wound surface area, wound volume
were measured before and after 3 weeks.

Results: The results of study revealed that there was significant reduction of wound surface area and wound
volume in radial more than focused shock wave therapy group. Conclusion; Radial extracorporal shock wave
therapy may be superior compared to focused extracorporeal shock wave therapy on chronic wound healing
using the same low intensity energy flux densities. Further studies are needed using different parameters and
follow up.

KEY WORDS: Focused Shock Wave Therapy, Radial Shock Wave Therapy, Wound Surface Area, Wound Volume,
Wound Healing.
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Chronic wounds, which also known as ulcers,
are wounds that don’t heal in a predictable
amount of time in the way most wounds do;
wounds that do not heal within three months
are often considered chronic. These wounds do
not close without intervention and are some-
times unresponsive to healing interventions.
Diabetic foot ulcers, pressure ulcers or pressure
sores, venous leg ulcers, and sternal wound
infections are all recognized as chronic wounds
because their etiologies delay and prevent heal-
ing, and they persist without proper medical care
[1, 2].

Non-healing wounds are a significant, function-
ally-limiting medical problem impacting the
quality of life for millions of people each year.
Ulceration healing and its effects on the
elongation of hospitalization period is a major
economic issue that faces the physical thera-
pists and other team members of ulcers reha-
bilitation. Wound care is an expensive compo-
nent of inpatient care and lasts for a long time
that presents a critical risk factor for complica-
tions such as infection and amputation; chronic
wounds also lead to marked impairment of
patients’ quality of life [3, 4].
Ischemia, an essential element of which is
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tissue hypoxia, has been shown to limit granu-
lation tissue formation, diminish epithelializa-
tion and decrease biomechanical strength
parameters in wounds. Reduced tissue oxygen
tension has been confirmed to lower collagen
synthesis in wounds, improve the activity of
matrix metalloproteinase and induce abnormal
expression of a variety of growth factors and
cytokines within the wound [5].
Lack of perfusion decreases tissue resilience,
leads to rapid death of tissue, and impedes
wound healing. Wound healing and tissue
regeneration depend on an adequate blood
supply to the region. Ischemia due to vascular
disease prevents healing by reducing the
supply of oxygen, nutrients, and soluble media-
tors that are involved in the repair process [6].
The chronicity of ulcers and its liability to lead
to amputations, coupled with the frequent need
for long-term treatment require the use of thera-
pies that are simple, effective, safe and cosmeti-
cally acceptable[7,8]. The use of new therapeu-
tic methods may prevent progression of foot ul-
ceration and improve health-related quality of
life, thereby significantly reduce overall costs
and lower-extremity amputations [9]. Nearly for
the last three decades, extracorporeal shock
wave therapy has been clinically implemented
as an effective treatment to disintegrate urinary
stones. This technology has also emerged as a
safe, effective noninvasive treatment modality
for several orthopedic and traumatic indications
including problematic soft tissue wounds
[10-13]. There are several devices with focused
and unfocused shock waves that have been
applied to a different group of wounds.  Extra-
corporeal Shockwave Therapy firstly used
focused shock waves.  Several years ago a new
kind of shockwave therapy was introduced:
radial shockwave therapy. Recently, radial
shockwave generators are often used because
they are more affordable than focused
shockwave generators. To date, there is no
consensus on which more efficient radial is or
focused shock wave therapy in chronic wound
healing. The aim of this study was to compare
the efficacy of focused versus unfocused radial
shock wave therapy in chronic wound healing.
PATIENTS AND METHODS
Sixty patients (24 Female & 36 Male) with

chronic wound were included in the study.
Patients were recruited from EL-Mataria Teach-
ing Hospital, Cairo, Egypt, between 2013 and
2016. Inclusion criteria were; patients had un-
healed wound more than three months, patients’
age between 45 and 55 years, all patients were
conscious, all patients had no diabetes or blood
problems, patients signed a consent form be-
fore entering the study.  Reasons for exclusion
were; Patients with pacemakers, coronary by-
pass, pregnancy, peripheral vascular disease,
diabetes, coagulation diseases or history of neo-
plasia, Tumor over the affected area. Also, pa-
tients with bleeding disorders, arthemia, medi-
cations that prolong blood clotting, septic infec-
tion of the joints, growing nucleus, acute inflam-
mation with pain, osteoporosis, wound size less
1 cm or greater than 10×20cm.
The patient medical profile was completed for
every patient that included personal data, the
main disease causing the ulcer, secondary dis-
eases, previous treatments and their costs, and
previous medications. Eligible patients were
randomly divided into three groups. Group A;
received Focused Extracorporeal Shockwave
Therapy (ESWT) in addition to standard care.
Group B received Unfocused Extracorporeal
Shockwave Therapy (ESWT) in addition to stan-
dard care. Group C received standard care only.
Block randomization was done through software
computer program by an independent assistant
researcher, but he was not involved in the treat-
ment or the outcome assessment.
Ethical Considerations: The aims, procedures
of this study were fully explained to the patients.
The study was approved by local ethical com-
mittee, and it is in accordance with the Decla-
ration of Helsinki
Procedures of study:
Measurement Procedures
Assessment of Wound surface area: Assess-
ment of wound was done for all patients before
the treatment (pre) and after three weeks of
treatments (post). A digital camera was used to
photograph ulcer with using macro function. The
wound area and its following reductions were
measured with the Rhinoceros program software
running on a personal computer [14].
Wound volume measurement: Wound volume
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surface area and wound volume variables
showed normal distribution, ANOVA test was
used to detect mean differences in duration,
wound surface area and wound volume between
three groups. Post-Hoc test used to test differ-
ences between each pair of groups. Kruskal test
was used to detect differences in wound site,
underlying causative disease between three
groups. P value less than 0.05 was regarded as
significant.

was measured through injection of sterilized
saline into wound by using graded syring and
calculated the amount of saline at each time.
Measurements were done before (pre) and
after three weeks of treatment (post).
Treatment Procedures: Patients in group A
were received focused ESWT treatment by a
PiezoWave system (Richard Wolf combines, F10
G4 focused, mobile ESWT therapy source).
Parameters were used (n=20; 1,000 shocks/s
ession, EFD per shock 0.001-0.06 mJ/mm2,
Frequency 1-8 Hz, Pressure range 0.1 – 3.2 MPa),
the treatment lasted just for two minutes. Three
sessions per week for three weeks.
Patients in group B were received unfocused
ESWT by Evotron electrohydraulic system (HMT,
Lengwil, Switzerland), with an unfocused probe.
Parameters were used (n=20; 1,000 s hocks/ses-
sion, EFD per shock 0.28 mJ/mm2, Frequency
8-12 Hz, Pressure 3.2 – 4.5 bar), The treatment
lasted just for two minutes, three sessions per
week for three weeks.
The parameters such as energy flux density,
pulse number, and frequency for shock wave
application were chosen based on our experi-
ence in pre-studies and on other studies
relating to low-energy shock wave application.
Sterile ultrasound gel was spread over the wound
and covered by a sterile drape. The coupling gel
was spread to provide an air-free contact for the
extracorporeal shock wave therapy head and to
prevent any cross-contamination of the device.
The head was then moved directly around the
perimeter of the wound.  No local anesthetic
used because low energy flux density was used
during the treatment.
All three groups received standard wound treat-
ment that consisted of a regular debridement
to remove surrounding callus and local wound
care by Silvercell dressing for an average of
48–72 hours, treatment of infection by appro-
priate systemic antibiotics.
Statistical Analysis: Data obtained were
analyzed using SPSS software, statistical pack-
age for the social sciences version 20.0 (SPSS
Inc., Chicago, IL, USA). Continuous variables
were summarized as mean ± standard deviation
(SD) and categorical variables as frequency and
percentage (%). As data of age, duration, wound

Figure (1) represented the Flow chart of partici-
pants through the study. Table (1) showed
statistical differences of basic demographic data
for patients in three groups. The mean ages for
patients in groups A, B, C were (49.60±3.33,
49.60±3.33, 49.67±3.55) respectively. The mean
differences of the wound duration between three
groups were (6.9±2.33, 7.28±2.60, 7.15±2.39)
respectively. As shown; there were no signifi-
cant differences between three groups regard-
ing age & wound duration as P value >0.05.
Regarding distribution of sex, wound site,
underlying causative disease among three
groups, as shown in table (1) there were no
significant differences between three groups as
P value >0.05.

RESULTS

Fig. 1: Flow of participants through the study.

Table (2) showed statistical analysis of mean
differences of wound surface area and wound
volume for patients in three groups pre & post
treatment. Regarding wound surface area, there
were no significant differences between three
groups pre-treatment as P value > 0.05, while
there were highly significant differences
between three groups post- treatment as p value
< 0.05. Results of wound volume among three
groups showed that there were no significant
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Table 1: Represented demographic data
of patients in three groups.

Age (years) (mean ±SD) 49.60±3.33 50.55±2.76 49.67±3.55 0. 661*
Sex (N) %
         Male (13) 65% (10) 50% (15) 75%
         Female (7) 35% (10) 50% (5) 25%
Site (N) %
         Feet (7) 35% (10) 50% (9) 45%
         Leg (5) 25% (6) 30% (7) 35%
         Sacrum (5) 25% (3) 15% (2) 10%
         Trochanter (3) 15% (1) 5% (2) 10%
Underlying causative disease (N) %
         Burn (9) 45% (10) 50% (7) 35%
         Multiple sclerosis (3) 15% (4) 20% (3) 15%
         Bilateral strokes (6) 30% (2) 10% (10) 50%
         Friedreich’s ataxia (2) 10% (4) 20% -

Duration of ulcer ) month) 6.9±2.33 7.28±2.60 7.15±2.39 0.900*

Variable P value

* No significant difference

Group  (C) 
(20)

Group (B) 
(20)

  Group (A) 
(20)

0.833*

0.377*

0.421*

Table 2: Represented comparative
analysis of mean differences of wound
surface area and wound volume
between three groups pre and post
treatment.

WSA ( pre ) 6.52±1.12 6.59±1.04 7.16±0.89 0.171*

WSA (post) 5.06±1.23 3.12±0.84 6.80±0.97 0.0001†
% Reduction of WSA 22% 53% 5%

WV (pre) 17.50 ±1.50 17.40±1.42 17.30±1.30 0.905*

WV ( post) 9.35±3.07 5.05±1.14 15.05±2.11 0.0001†
% Reduction of WA 46.50% 71% 13%

Variable
P value 

between 3 
groups

* No significant difference              † Highly significant difference

  Group (A) (20) Group (B) (20) Group (C) (20)

Table 3: Represented multiple pair
comparisons by Tukey HSD test.

Dependent Variable (I) groups (J) groups Sig. Dependent 
Variable

(I) groups (J) groups Sig.

group B .400* group B .973*

group C .844* group C .896*

group A .400* group A .973*
group C .160* group C .973*

group A .844* group A .896*

group B .160* group B .973*

group B .000† group B .000†

group C .000† group C .000†
group A .000† group A .000†

group C .000† group C .000†

group A .000† group A .000†

group B .000† group B .000†

Wound surface  are 
(pre)

Wound surface  are 
(post)

group A group A

group B group B

group C group C

Wound 
volume 
(post) 

group A group A

group B group B

group C group C

Wound 
volume 

(pre)

Fig. 2: Percentage of improvement of wound surface area
in three groups.

Fig. 3: Percentage of improvement of wound surface area
in three groups.

* No significant difference † Highly significant difference
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DISCUSSION

Chronic wounds include, but are not limited, to
diabetic foot ulcers, venous leg ulcers, and
pressure ulcers. They are a challenge to wound
care professionals and consume a great deal of
healthcare resources around the globe.  Chronic
skin ulceration in long-term care is a problem
as it can delay rehabilitation, time-consuming
and decreases the quality of life. Therefore, it
would be necessary to find therapeutic solutions
able to aid the healing process by reducing, at
the same time, some dressings applied, the need
for assistance in wound care and the need for
surgery [15, 16].
Chronic wound treatment is based on mechani-
cal debridement, use of flaps or skin grafts,
advanced dressings and, in an experimental way,
application of a particular type of acoustic wave,
defined shock wave. Nowadays ESWT can be
considered an effective, safe, versatile, repeat-
able, noninvasive therapy for the treatment of
many musculo-skeletal diseases, and for some
pathological conditions where regenerative
effects are desirable, especially when some
other noninvasive/conservative therapies have
failed [17, 18].
The results of this study showed significant
decrease in wound surface area for focused SWT
group (A) and radial SWT group (B) more than
control group (C), p value <0.05. The percent-
age of reduction of wound surface area for group
A, group B and group C were 22%, 53%, 5%
respectively. In addition, the results of the study
showed significant reduction in wound volume
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differences between three groups pre-treatment
as P value > 0.05, but there were highly signifi-
cant differences between three groups post-
treatment as p value < 0.05. Fig (2) & fig (3)
showed the percentage of improvement
between three groups.
Table (3) showed multiple pair comparisons
between groups. There were highly significant
differences between control group and either
focused or radial shock wave group regarding
wound surface area or wound volume post-
treatment. In addition, there are significant
differences between focused and radial shock
wave group post- treatment.

for group (A)  and group (B) more than control
group (C), p value <0.05. The percentage of
reduction of wound volume for group A, group B
and group C were 46.5%, 71%, 13% respectively.
This reflected the improvement of chronic wound
healing following treatment with extracorporeal
shock wave therapy, whatever focused or radial
. The clinical benefits of SWT may be ascribed
to its beneficial effects on the microenvironment
of the wound. It stimulates physiological angio-
genesis, due to the release of NO and vascular
growth factors at the site of the ulcer. Previous
studies [15, 19-26] showed that shock waves
are effective in stimulating several endogenous
growth factors such as EGF, IGFl, VEGF and
nitric oxide production, inducing angiogenesis
and promoting the healing of fractures, ulcers
and complex lesions. Gerdesmeyer et al.[27]
showed in their studies the antibacterial effect
of shock waves mediated by cavitation.   Radial
shockwave generators generate waves that are
very different from those generated by focused
shockwave generators. Radial shockwaves lack
the characteristic features of shockwaves such
as a short rise-time, a high peak pressure and
non-linearity [28]. Another difference is that ra-
dial shockwaves have a more superficial effect
on tissue, compared to focused shockwaves
which reach a maximal energy in the focus that
is located deeper into the tissue [29]. These dif-
ferences don’t imply that radial shockwave
therapy is less effective than focused shockwave
therapy and each therapy may even have a dif-
ferent working mechanism.
To date, literature review have no studies com-
pared both types of shock wave therapy on
chronic wound treatment.
The present study revealed superiority of the
radial extracorporeal shock wave treatment as
compared to the focused extracorporeal shock
wave treatment. Combining all tested variables
(wound surface area and wound volume),
resulted in a superior outcome for the group B
treated with radial shock waves more than group
A treated by focused SWT. The percentage of
reduction of wound surface area and wound
volume for focused SWT were 22%, 46.5 %
respectively while for radial SWT were 53%, 71%.
No side effects or discomforts were reported in
both groups because of SWT application.
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CONCLUSION
Radial extracorporal shock wave therapy may
be superior compared to focused extracorporeal
shock wave therapy on chronic wound healing
using the same low intensity energy flux densi-
ties. Further studies are needed using different
parameters and follow up .
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