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ARTICLE INFO  ABSTRACT 
 

 
 
 

Purpose: To assess the therapeutic efficacy of shock wave therapy and ultrasound therapy on healing 
of venous ulcer.  
Material and Methods: Thirty patients with Lower limb ulcer ( second degree )were selected 
randomly from Kasr- el aine hospitals. Patient's ages were ranged from 30-45 years. These patients 
were divided into two equal groups: 
 Group A (Shock wave group): In this group, fifteen patients received unfocused Shock wave 
therapy (500 pulses /cm2 ,0.1 mJ/mm2)two sessions per week for six week plus routine medical 
treatment (emollient, corticosteroid, antibiotics). 
Group B (Ultrasound group):In this group, fifteen patients were received ultrasound therapy 
(1mHz,0.5w/cm2) plus routine medications. The method of assessment was 3d autocade 
(photographic; burn depth, size, color). Measurements were conducted before starting the treatment as 
a first record and at the end of 6 weeks of treatment as second record.  
Results showed significant decrease in wound surface area and increase in the rate of epithelialization 
in shock wave group compared to ultrasound group.  
Conclusion: It was concluded that Shock wave therapy had more effect on wound healing of venous 
ulcer than ultrasound wave. 
 
 

 

INTRODUCTION 
 

 Lower limb ulceration is reported as a common problem 
world-wide, and is considered a major social and economic 
burden (Fioramonti et al., 2012). Lower limb ulceration is 
associated with numerous comorbidities including, but not 
limited to; diabetes, peripheral vascular disease and venous 
insufficiency (Mittermayr et al., 2012). Venous ulcers (venous 
insufficiency ulceration, stasis ulcers, stasis dermatitis, 
varicose ulcers, or ulcuscruris) are wounds that are thought to 
occur due to improper functioning of venous valves, usually of 
the legs (James et al., 2006). They are the major occurrence of 
chronic wounds, occurring in 70% to 90% of leg ulcer cases. 
Venous ulcers develop mostly along the medial distal leg, and 
can be very painful (Snyder, 2005). Venous ulceration is 
caused by increased pressure in the venous system. The main 
cause of venous hypertension is insufficiency of the valves in 
the deep venous system and the lower perforating veins. These 
veins and good functioning of their valves are necessary for the 
return of venous blood to the heart at each contraction of the 
calf muscles (_the muscle pump). Intact valves but absent 
muscle contraction (immobility, paresis) may also cause 
oedema and ulceration, a condition known as dependency 
syndrome.  
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Valve insufficiency may be acquired as in post-thrombotic  
syndrome or caused by congenital weakness of valves or 
vessels. The exact pathogenetic cascade leading from valve 
insufficiency to ulceration is still not fully elucidated (Leng et 
al., 2001).  The management of ulceration is dependent on the 
proposed causes, common interventions uased include both 
non-surgical and surgical approaches. Typically, effective ulcer 
management involves local wound care, compression therapy, 
pressure redistribution, infection management and optimization 
of vascular status  (Tang et al., 2012). Recently, extracorporeal 
shock wave therapy, for the treatment of chronic 
ulceration,)The use of extracorporeal shock waves in medicine 
was first reported over 30 years ago as a treatment for kidney 
stones, and is commonly referred to as ‘extracorporeal shock 
wave lithotripsy’, or ‘ESWL’. Extracorporeal shock waves are 
also used as a treatment for musculoskeletal conditions such as 
plantar heel pain and boney non-union and is commonly 
referred to as ‘extracorporeal shock wave therapy’ (ESWT) to 
differentiate from ESWL (Speed, 2013). Furthermore, the use 
of ESWT has also been reported in the treatment of arterial 
aneurysms and intermittent claudication (Serizawa and 
Matsubara, 2011). Ultrasound therapy is a standard treatment 
option for soft tissue injuries in physiotherapy clinics, and it is 
used in some centers for the management of chronic wounds 
(Moffatt et al., 2007) that using low intensity ultrasound (≤3 
W/cm2) can be used to stimulate normal physiological 
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responses to injury to aid repair (Ter Haar, 1999). Several case 
studies demonstrated that the low frequency ultrasound was a 
useful tool in the management of chronic wounds, not only for 
healing but also for pain, pigmentation and odour reduction 
(Johnson, 2003). 

 

MATERİALS AND METHODS 
 
Thirty patients suffered from Lower limb ulcer (second degree) 
were selected and recruited randomly from Kasr- el aine 
hospitals. Patient's ages are ranged from 30-45 years. 
 

Criteria of patient selection 
 

 The patients had the following criteria: 
 

Inclusion criteria 
 

patients with age ranged from 30 to 45 years suffering from 
lower limb venous ulcer for, and the ulcers had grade 2 or 
3.patients were conscious, well nourished, co.operative, free 
from other neurological problems, free hepatic, diabetes 
mellitus and thyroid diseases. 
 

Exclusion criteria 
 
The current study was excluded the following patients: 
Uncooperative patients, Instability of patient's medical 
condition, Association of other medical problems, Presence of 
any disease that could affect the research results. These 
patients were divided into two equal groups in number:  
 

Group A (Shock wave therapy) 
 
 In this group of the study, fifteen patients were received Shock 
wave therapy (500 pulses /cm2 ,0.1 mJ/mm2) three sessions 
per week for six week plus routine medical treatment. 
Measurements were conducted before starting the treatment as 
a first record and at the end of 6 weeks of treatment as second 
record. 
 

Group B (ultrasound wave therapy group) 
 
In this group, fifteen patients were received ultrasound therapy 
plus routine medications. Measurements were conducted 
before starting the treatment as a first record and at the end of 
6 weeks of treatment as second record.  
 

Instrumentations and Materials 
 
3D surface imaging autocade: ("Photographic": Burn depth, 
size and color are evaluated using photographic shots that were 
measured before starting the treatment and at the end of six 
weeks of the treatment) this autocadeprograme uses a digital 
camera (CANONN) that capatured the wound ulcers from 
adistance (15CM). 
 

Therapeutic equipment 
 
Shock wave therapy:  (Evotron, High Medical Technologies, 
Lengwil, Switzerland).After the disinfection of the wound, the 
shock wave applicator head was placed over the wound, the 
cleaned wound was covered with sterile ultrasound gel and a 
sterile drape, over which further coupling was spread to 
provide an air –free contact for extracorporeal shock wave 
therapy head (ESWT).The head was then moved directly on 
the wound and the edges. 

 

Ultrasound therapy: The ultrasound therapy was applied with 
a SoLo Therasonic 355 machine (EMS Physio, Wantage, UK).  
 
After  the  disinfection  of  the  wound, the ultrasound 
applicator head was placed over the wound,  the  cleaned  
wound  was  covered  with  sterile ultrasound gel and a sterile 
drape,  The head was then moved circular in one direction on 
the wound and the  edges. 
 

Statistical analysis: In this study, the obtained data was 
recorded on the evaluation sheet. These data was transferred 
into IBM card using IBM personal computer with statistical 
program to obtain the following statistical tools: 
 

 Descriptive statistics: Descriptive statistics in the form 
of mean, and standard deviation were calculated for all 
patients in the two groups of the study to determine the 
homogeneity and central deviation. 

 Analytic statistics:  In this study, the mean, standard 
deviation and standard error were calculated for all 
variables in both groups. Independent "T" test was used 
also to compare between pre test and post test in each 
group. Comparison was applied by student T test to 
compare between the independent means. 

 

RESULTS 
  
when comparing the two groups (A and B) before treatment, 
the mean ± SD values were 3.87 ± 0.43 and 3.9 ± 0.41 
respectively which indicated no significant difference (p= 
0.841), while comparing the two groups after six weeks of 
treatment, the mean ± SD values were 0.04 ± 0.06 and 0.13 ± 
0.12 respectively which indicated a significant difference (p= 
0.025) in favor of group A (MD= 0.09) and % of improvement 
was 14.82 %. 
 

DISCUSSION 
 
During this study, I meet some limitations as;The shockwave 
device wasn't available in all time, very expesive, the cases 
weren't available and some patients were uncooperative in the 
sessions. At the end of the study, The results of this study 
revealed that there was a significant difference in wound 
surface area after 6 weeks  (post-treatment)  of  the  treatment  
between  in shock  wave group and  the  ultrasound  group  (P 
value  = 0.025 ) although there was no significant difference 
between the two group at the beginning of the study (pre-
treatment).That  could  prove  the  efficacy  of ESWT  in  
acceleration  of  wound  healing  in  lower limb venous  ulcers.  
Also,  it  was found that application of shock waves on lower 
limb ulcers showed  a  statistically  significant  increase  in the  
epithelialization  rate  after  6  weeks  by14.82% (pvalue = 
0.025). In comparison, the   ultrasound  group  showed  a  rate  
of  epithelialzation after 6 weeks of 12.7%. Although the 
mechanisms by which SWT improves ulcer healing are not 
fully understood, it is purported to stimulate vascular in-
growth, neovascularization and cell proliferation (Contaldo et 
al., 2012), therefore improving healing rates in chronic ulcers 
(Fioramonti et al., 2012).  All of the published clinical studies 
involved application of US only in conservative therapy of 
venous leg ulcers. The researchers never applied the US in 
patients with leg ulcers following a surgical procedure, thus it 
was estimated whether promising results could be expected in 
postoperative therapy (Watson and Nelson, 2006).  
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Table 1 . Comparing the mean values of wound surface area (cm2) among the two groups 
 

Wound surface area (cm2) Group (A) Group (B) 

Pre 
Treatment 

Post 
Treatment 

Pre 
Treatment 

Post 
Treatment 

     Mean ± SD 3.87 ± 0.43 0.04 ± 0.06 3.9 ± 0.41 0.13 ± 0.12 
MD 3.83 3.77 
% of improvement 14.82 % 12.7 % 
t-value 35.16 32.3 
p-value 0.000 0.000 
Level of Significant S S 

 
 

 
 

Pre: Before application of treatment    Post: After six weeks of treatment. 
SD: Standard Deviation.    MD: Mean Difference.   
% of improvement: Percentage of improvement.     
t-value: Paired and Un-paired  t- test value.     
p-value: Probability value.        
S: Significant. 

 

Table 2. Comparing between pre and post treatment mean values of wound surface area (cm2)  between the two groups 
 

Two  
Groups 

wound surface area (cm2) 

Pre- treatment Post- treatment 
Group (A) Group (B) Group (A) Group (B) 

Mean ± SD 3.87 ± 0.43 3.9 ± 0.41 0.04 ± 0.06 0.13 ± 0.12 
MD 0.03 0.09 
t-value 0.2 2.44 
p-value 0.841 0.025 
Level of Significant NS S 

 

 

 
 

Fig 2.  Pre and post treatment mean values of wound surface area (cm2) between the two groups 
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The results of the present study by ESWT come agree with 
(Wang, et al., 2011,Otimann, et al.,  2010, Arno, et al., 2010, 
Larking, etal., 2010,  Kuo, et al., 2009, (Meirer, et al., 2007, 
Wang, et al., 2001), Morretti, et al ., 2009, Wang, et al., 2009, 
Saggini, et al., 2008, (Haake, et al., 2002), Dumfartn, et al., 
2008, Schaden, et al., 2007, Meirier, et al., 2005,Wang, 2003, 
wang, et al., 2003,Wang, et al., 2002). So the current study 
was designed to determine the therapeutic efficacy of 
Extracorporeal Shock Wave and ultrasound therapy in Patients 
with Lower limb ulcer.  The results of the present study come 
agreed with (Meirer et al. 2005a)  (Tan et al., 2007) that direct 
and indirect effects of ESW may stimulate endothelial 
organization, with increased deposition of connective tissue 
and stimulation of epithelialization.  Previous studies on shock 
waves demonstrated rearrangement of the endothelial cells and 
basal laminae, significant rise of local growth factors, such as 
nitric oxide synthase, proliferating cell nuclear antigen 
inducing neovascularization and transforming growth factor-
_B1 (Wang, 2003), (Wang et al., 2003), (Wang et al., 2002).    
 

Even if ESWT was postulated to cause microtrauma and 
hematoma formation, depending on location of treatment and 
amount of energy (Haake et al., 2002) during all the study 
period no complications were encountered.  ESWT seems to be 
a safe method to improve wound healing in chronic 
wounds.Saggini et al., 2008 treated 32 ulcers with ESWT and 
reported that 16 ulcers healed completely within six sessions of 
ESWT. In those ulcers that did not completely heal, statistical 
significance (p < 0.01) was reported with regard to decrease in 
ulcer size, after four to six sessions of ESWT. There was no 
evidence in this study of a difference between the two groups 
regarding ulcer healing or change in ulcer size. Wang et al., 
2009 found that in the ESWT group, 31% of ulcers completely 
healed, 58% improved and 11% remained unchanged. In the 
HBO group 22% completely healed, 50% improved, and 28% 
remained unchanged. These differences were significant at p = 
0.001. Furthermore, greater than 50% improvement of the 
ulcer was observed in 89% of participants in the ESWT group 
and 72% of participants in the HBO group (p < 0.001).  In their 
second study comparing ESWT and HBO, Wang et al., 2011 
found completely healed ulcers in 57% and 25% (p = 0.003); ≥ 
50% improved ulcers in 32% and 15% (p = 0.071), and 
unchanged ulcers in 11% and 60% (p < 0.001) respectively.  
 

Schaden et al., 2007, found that venous stasis ulcers 
demonstrated the worst healing rates (36% versus 66% for all 
other ulcers, p = 0.001). Furthermore, arterial insufficiency 
ulcers did not completely heal in 33% of cases, the second 
worst healing rate of all ulcer types. The primary outcome 
assessed in their study was the safety and feasibility of using 
ESWT on wounds, the authors concluding that ESWT is a safe 
and effective treatment. Morretti et al., 2009 conducted a study 
of 30 diabetic patients with neuropathic foot ulcers treated with 
debridement followed by unfocused SWT (100 pulses of 0.03 
mJ/mm2) for 3 sessions every 72 hours and wound care. The 
control arm was treated with debridement, pressure relief and 
treatment of infection. The wounds studied were small (SWT 
300 +/- 130 mm2, control 250 +/- 100 mm2, mean size +/- 
SD). SWT parameters were based on the authors’ clinical 
experience with SWT in orthopedics. In 20 weeks, the 
treatment arm had a healing rate of 53% versus 33% in the 
control. Though randomized, the random allocation sequence, 
its mechanism and implementation were not explained. The 
study excluded chronic diabetic ulcers greater than 5 cm to 
avoid selection bias. Recently, Ottomann et al., 2010 

conducted a study with 28 patients with acute traumatic 
wounds and burns requiring skin grafting treated with 
unfocused SWT (100 impulses at 0.1 mJ/mm2) to the skin 
graft donor site immediately after skin harvest. A significantly 
decreased time for reepithelization of skin graft donor sites in 
the SWT arm (13.9 +/- 2.0 days) versus control (16.7 +/- 2.0) 
was reported. The study was powered to detect a difference in 
time to epithelization with adequate randomization and 
blinding. However, the sample size was too small to study 
other outcomes including pain and the cosmesis of donor sites 
and did not have long-term follow up. Dumfarth et al., 2008  
carried out a Level 2b study with 100 patients undergoing vein 
harvesting for coronary artery bypass graft (CABG) surgery, 
half of whom received unfocused SWT (25 impulses at 0.1 
mJ/mm2) at the wound closure site of the vein graft. Treated 
patients had lower ASEPSIS scores (serous discharge, 
erythema, purulent exudates, separation of the deep tissue, 
isolation of bacteria, and duration of inpatient stay) on 
postoperative days 3 and 7 with no reported complications 
from treatment, suggesting better wound healing. Treated 
patients had a statistically significant lower use of antibiotics 
for leg wounds. However, the study was not powered for its 
primary outcome.  
 

The long term effects of SWT in these surgical wounds were 
not assessed.  Larking et al., 2010 investigated the response of 
decubitus ulcerations to ESWT in a randomized, placebo-
controlled crossover study. All included patients (nine ulcers) 
suffered from severe physical disabilities (Barthel score <8/20) 
with decubitus ulcerations lasting longer than 3 months in 
different locations. The design of the study protocol consisted 
of a 3-week baseline observation period in order to confirm 
stable wound conditions. Thereafter, ulcers were allocated to 
ESWT or placebo and followed-up for 4 weeks receiving 
treatment each week. A 2-week wash-out phase led over to 
treatment crossover for another 4 weeks with same treatment 
and evaluation parameters as in the first phase. The main 
finding was that ulcers that were stable over the baseline 
observation period showed healing after ESWT. In the group 
receiving the placebo regimen first (machine with typical noise 
but without producing shock waves), no substantial differences 
in wound area were recognized in the 4-week interval, but after 
receiving ESWT, wounds showed progressively healing. 
 
 In the ESWT first group, most of the ulcers decreased in size, 
which was continued after crossing over in the placebo group. 
 An interesting finding was that some of the wounds initially 
showed deterioration in size once the shock wave therapy 
started, which then turned in improvement. This phenomenon 
was discussed as follows that shock waves may first debride 
the wounds receiving proper wound bed, which is then 
conditioned for healing. Arno et al., 2010 conducted a case-
series study of 15 patients with <5% TBSA deep partial/full 
thickness skin burns who received unfocused SWT (500 
impulses at mJ/mm2) on days 3 and 5 post-burn. Patients 
underwent debridement and STSG in the absence of burn 
reepithelization 2.5 weeks or more after SWT therapy. 80% of 
the patients healed before 3 weeks; 15% of patients required 
surgical debridement and STSG and 5% developed 
hypertrophic scarring. Increase in perfusion based on laser 
Doppler imaging (LDI) images was also observed. The results 
of the present study by ultrasound come agree with (Serna, et 
al., 2009, Kuo et al., 2009, Cole, et al., 2009, Bell  and 
Cavorsi, 2008, Kavros, et al., 2007, Kavros and Schenck, 
2007, Ennis, et al., 2005, Johnson, et al., 2003 and Jeffry, et 
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al., 2003). Several case studies demonstrated that the low 
frequency ultrasound was a useful tool in the management of 
chronic wounds, not only for healing but also for pain, 
pigmentation and odour reduction (Johnson, 2003). Low 
frequency ultrasound is also being used in the treatment of 
pressure sores. To date there was only one study namely a case 
study that demonstrated a beneficial effect of ultrasound in 
treatment of pressure ulcers (Ennis et al., 2006). Using 
ultrasound therapy, a prior retrospective analysis found a 
reduction in the median wound area from 2·5 to 0·6 cm2 and 
increased percentage of granulation tissue from 32% before 
ultrasound therapy to 46% after ultrasound therapy (Bell and 
Cavorsi, 2008).  Another retrospective study showed that 30% 
of 41 patients treated with ultrasound had complete healing 
and granulation tissue increased from 26% at the beginning of 
the study to 80% at the end of the study (Cole et al., 2009). 
Serena et al., 2009 conducted a series of experiments with 
ultrasound therapy. They found that ultrasound penetrated into 
both wounded and intact skin in an ex vivo pig model by 
tracing the presence of a dye that was used in the irrigation 
preparation. They also performed in vitro experimentation on 
bacteria survival and showed that 33% of P. aeruginosa, 40% 
of Escherichia coli and 27% of Enterococcus faecalis 
disappeared after one-time ultrasound treatment. Additionally I 
n pigs with induced wounds, compared with silver dressings 
ultrasound therapy reduced bacterial counts, except for P. 
aeruginosa. Finally, patients with stage III pressure ulcers, less 
than 2 weeks of non contact ultrasound treatment reduced 
pretreatment bio burden of 4 × 107 to 2 × 107. In another 
study, Kavros et al., 2007 assessed ultrasound therapy in the 
treatment of non-healing leg and foot ulcers associated with 
chronic critical limb ischemia.  
 
The subjects included 35 patients who received ultrasound 
therapy plus the standard of wound care for 12 weeks 
(treatment group) and 35 patients who received the standard of 
wound care alone (control group). The main outcome 
measurements showed a significantly higher percentage of 
patients treated with the treatment group achieved greater than 
50% wound healing at 12 weeks than those treated with the 
standard of care alone (63% vs. 29%; p < 0.001). Also, Kavros 
et al., 2007 in another study indicated healing time reductions 
(9.8 ± 5.5 weeks vs. 5.5 ± 2.8 weeks (p < 0.0001)) and wound 
volume percent improvement (37.3% ± 18.6% vs. 94.9% ± 
9.8% (p < 0.0001)) in comparing the clinic’s standard care 
with MIST ultrasound therapy (Kavros  and Schenck, 2007) in 

a randomized, controlled,  double- blinded study, Ennis  et al., 
2006. Examined the effectiveness of MIST ultrasound therapy 
after 12 weeks of care for the healing of recalcitrant diabetic 
foot ulcers. The authors concluded, the proportion of wounds 
healed in the active ultrasound therapy device group was 
significantly higher than that in the control group (40.7% vs. 
14.3%, p = 0.0366, Fisher’s exact test) (Ennis et al., 2005). 
Also Ennis et al., 2006  in another non-comparative study, 
used MIST ultrasound during an 8-month period and 
ultimately concluded that 69% of the wounds were healed and 
median time to healing was 7 weeks when MIST ultrasound 
was used as a stand-alone therapy. 
 

Conclusion 
 
From  the  previous  discussion  of  these  results and  
according  to  reports  of  researches  in  the  field related to the 
present study, it could be concluded that application of shock 
wave therapy on the lower limb venousulcer    can  improve  

and  accelerate the  closure  of  wound  and  decrease  the  time  
of  healing,  leading  to  decrease  the  physical, psychological  
and  financial  complications  for  these patients  and  decrease  
the  costs more than the ultrasound therapy.  The  results  of  
the current study  would introduce a scientific applicable 
protocol  for  an  effective  and  safe  modality  that  can help  
physical  therapists,  physicians and  clinicians  in their  
dealing  with  patients  who  suffer  from lower  limb  
ulceration to  overcome this problem  and improve the quality 
of life. 
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