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Abstract 

Background and Aim: 

Results of previous studies have been conflicting on the efficacy of extracorporeal shock wave therapy 
(ESWT) in the treatment of plantar fasciitis. We evaluated the effects of ESWT on plantar fasciitis in 
terms of ultrasonographic and subjective evaluations. 

Materials and Methods: 

I n this randomized placebo-controlled tr ia l , patients w i t h plantar fasciitis were assigned to receive 
ESWT (4000 shock waves/session of 0.2 m J / m m 2 ) i n 3 sessions at weekly intervals) or sham therapy 
(n = 20 in each group). Outcomes were documented by the ultrasonographic appearance of the 
aponeurosis and by patients' pain scores, performed at baseline and 12 weeks after completion of the 
therapy. 

Results: 

The two groups were similar in baseline characteristics. Over the study period, plantar fascia thickness 
significantly reduced in the ESWT group (4.1 ± 1.3 to 3.6 ± 1.2 m m , P < 0.001), but slightly increased in 
the sham group (4.1 ± 0.8 to 4.5 ± 0.9 m m , P = 0.03). Both groups showed significant pain 
improvement over the course of the study (P < 0.001), though pain scores were significantly more 
reduced in the ESWT than the sham group (-4.2 ± 2.9 vs. -2.7 ± 1.8, P = 0.049). 

Conclusions: 

Extracorporeal shock wave therapy contributes to healing and pain reduction in plantar fasciitis and 
ultrasound imaging is able to depict the morphologic changes related to plantar fasciitis as a result of 
this therapy. 

Keywords : Extracorporeal shock wave therapy, plantar fasciitis, ultrasound 

INTRODUCTION  

Plantar fasciitis is one of the most common causes of foot pain in adults, w i th the peak incidence occurs 
between ages 40 and 60 years in the general population.[1] I n up to a th i rd of the cases i t may be 
bilateral, and heel spurs often coexist, but whether they have a causal role in the etiology of the disease 
is still unknown.[2,3] The etiology of plantar fasciitis is multifactorial. Suggested risk factors include 
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those conditions that increase the pressure at the plantar surface such as obesity, prolonged standing, 
flat feet, and reduced ankle dorsiflexion.[4] The high incidence in runners suggests that, at least in this 
population, plantar fasciitis might be due to an injury by repetitive microtrauma.[s,6] 

The diagnosis of plantar fasciitis is clinical and local point tenderness is the hal lmark for diagnosis, while 
laboratory testing is not helpful nor necessary for the diagnosis, [j] However, radiography is required to 
rule out other disorders, especially calcaneal stress fractures. Ultrasonography of the foot is also useful 
in diagnosis and treatment follow-ups w i th indicating plantar fascial thickening, hypoechogenicity at 
the insertion upon the calcaneus, and features of edema including blurr ing of the boundary between the 
fascia and surrounding tissues and decreased echogenicity. [8-10] Diagnostic accuracy of 
ultrasonography for the diagnosis of plantar fasciitis is acceptable (sensitivity 8 0 % and specificity 
88.5%),[11] and Doppler ultrasound can improve the accuracy and provide additional information on 
local hyperemia as well. [12] 

The treatment of plantar fasciitis is primari ly conservative, initially w i t h rest and icing to give pain 
relief. Non-steroidal anti- inflammatory drugs (NSAIDs), local injection of steroids, and electrotherapy 
and physiotherapy w i th stretching exercises are also used.[z] I n about 10% of the cases who do not 
respond to such treatments, surgical intervention is suggested. [13] 

Extracorporeal shock wave therapy (ESWT) is a noninvasive procedure used in rehabilitation therapy 
that is recently being applied in the treatment of tendinopathies and also plantar fasciitis.r14.-20l I n 
ESWT, shock waves are generated by means of electrohydraulic, piezoelectric, and electromagnetic 
methods. There are some possible mechanisms mentioned for the efficacy of shock wave therapy. The 
transmitted waves may have effects on physiology of pain receptor,[21] and also, through 
microtrauma, they may initiate healing processes by the release of molecular agents and growth factors 
leading to neovascular izat ion.^ ! 

Despite increasing use of ESWT in the treatment of plantar fasciitis, few well-controlled trials have been 
conducted to approve its efficacy w i t h conflicting results.r14.20.23l Therefore, we conducted a 
randomized, placebo-controlled tr ia l to evaluate the efficacy of ESWT in the management of plantar 
fasciitis. The outcome was documented by the ultrasonographic appearance of the aponeurosis, as wel l 
as by subjective pain scores. 

MATERIALS AND METHODS  

Patients and settings 

This randomized, placebo-controlled tr ia l was conducted from Jun 2010 to Ju l 2011 on adult patients 
w i th a clinical diagnosis of plantar fasciitis referred to the outpatient clinics of Alzahra University 
Hospital, Isfahan ( IRAN) . Patients w i th plantar heel pain for at least three months and point tenderness 
at or near the medial calcaneal insertion of the plantar fascia, who had no satisfactory response to 
common treatments such as NSAIDs and physiotherapy were included. Patients w i t h diabetes, 
additional foot or ankle pathology (including instability, arthritis, generalized polyarthritis, diffuse heel 
pad tenderness), local dermatological problems, neurological abnormalities, history of recent trauma or 
foot surgery, connective tissue or infectious diseases, malignancy, or vasculitis and pregnant patients or 
those who received anticoagulant therapy in the preceding six months were not included. Considering 
type I error (alpha) = 0.05 and study power = 80%, w i th m i n i m u m expected difference of 1 score i n 11-
point scale for pain assessment, the sample size was calculated as at least 20 patients in each group. The 
study protocol was approved by the Ethics Committee of Isfahan University of Medical Sciences and 
informed consent was obtained from all patients. Also, the tr ia l was registered in I ranian Registry of 
Clinical Trials IRCT2012072910439N1. 

Intervention 

Patients were randomly assigned (by a random table list) to receive ESWT (n = 20) or identical sham 
therapy as the placebo (n = 20) by weekly interval for three consecutive weeks. We used the site of 
max imum local tenderness as the target area for shock waves w i th Duolith SDi shock wave machine. 
Patient in the intervention group received 2000 focused shock waves and 2000 radial pulses in three 
sessions (4000 shock waves/session of 0.2 m J / m m 2 ) at weekly intervals. ESWT dose and treatment 
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schedule were based on the previous studies.ri4.20.23.24.2,c;l For the placebo group sham treatment 
was done where standard contact of radial and focus probe w i th the skin was provided. The machine 
makes a noise w i th every shock wave delivered and, in order to enhance the sham design, m in ima l 
energy pulses (0.04 m J / m m 2 ) were generated.f23.24l 

Assessments 

Ultrasonographic evaluation was carried out before and after the therapy. Ultrasound was performed 
by the same radiologist, using a 10 MHz linear array transducer. Both heels of the participants were 
scanned in two-dimensional (2D) real-time B mode. We took care to obtain comparable views of the 
contralateral sides. Sagital imaging of the plantar fascia was performed w i th the transducer aligned 
along the longitudinal axis of the aponeurosis. Quantitative evaluation of plantar fasciitis was achieved 
by measurement of its thickness about 2 cm distal of the medial calcaneal tuberosity. I n addition, 
qualitative assessment including echogenic appearance of plantar fascia and its fibrillary pattern was 
done. For subjective pain assessment, all subjects completed a numerical rating scale (NRS) for foot 
pain (from o = no pain to 10 = the most severe pain) during the daily activity. 

A l l assessments (pain and ultrasonographic evaluation) were repeated three months after completion of 
the therapy. Along this time, conservative managements including stretching exercise, using NSAIDs, 
and heel pad were considered in both groups. 

Statistical analysis 

Data were analyzed w i th SPSS software for windows, version 16.0 (SPSS Inc., Chicago IL . , USA). A 
paired samples r-test was used to ascertain significant changes in both plantar fascia thickness and 
subjective sub-calcaneal pain over the experimental period, and an independent r-test was used for 
detecting any significant differences in these two parameters between the two groups. The Pearson 
correlation coefficient was employed to investigate the relationship between continuous variables. A 
result was considered to be statistically significant i f the observed significance level (P value) was <o.os. 

RESULTS  

During the study period, 40 patients w i th plantar fasciitis were enrolled and completed the study [ 
Figure l l . Demographic characteristics of the patients are outlined in Table 1. There was no significant 
difference between the two groups in baseline characteristics. 

Data regarding plantar fascia thickness and pain scores are presented in Table 2. I n two patients who 
had severe pain, abnormal f luid collection was seen surrounding the plantar fascia. Init ia l ly there were 
no significant differences between the mean plantar fascia thickness of the two groups (P = 0.95). After 
treatment, the mean plantar fascia thickness was significantly decreased in the ESWT group (P < 
0.001), while i t was slightly increased in the placebo group (P = 0.03), Figure 2. 

Regarding the NRS pain scores, no significant difference were observed between the pain scores of the 
two groups at baseline (P = 0.59), but after three months follow-up, pain scores was significantly lower 
in the ESWT group than in the placebo group (P = 0.04). Both groups showed significant pain 
improvement over the course of the study, although reduction of NRS score in the intervention group 
was significantly greater than in the placebo group (-4.2 ± 2.9 vs. -2.7 ± 1.8, P = 0.049). 

To f ind factors associated w i th better response to ESWT, we splatted the groups and analyzed data from 
the ESWT group. Results showed a significant inverse correlation between plantar fascia thickness 
change and B M I (r = -0.597, P = 0.005). The association between change in pain score and change i n 
plantar fascia thickness was not significant (r = 0.365, P = 0.114). 

DISCUSSION  

There are various options for the treatment of plantar fasciitis, but a lot of them are not satisfactory 
effective and some of them are associated w i t h risks.[xl For example, glucocorticoid injections can 
provide temporary pain relief; however, repeated injections may cause atrophy of the heel pad,[26] and 
even plantar fascia rupture.[27J Surgical interventions, on the other hand, can alter the biomechanics of 
the foot[28] and prolonged the healing process.[29] Accordingly, ESWT has been proposed as a 
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therapeutic option for plantar fasciitis, as well as some other musculoskeletal complaints. [18] During 
the past decade, ESWT has become increasingly used worldwide, and based on some well-controlled 
trials; recently i t was approved by the FDA for treatment of plantar fasciitis in the USA.[3o] A placebo-
controlled multicentre tr ia l of ESWT by Haake and colleagues in subjects w i t h chronic plantar fasciitis 
indicated superior improvement in the active treatment than the placebo group.[20] I n another 
randomized tr ia l , Rompe et al., assigned patients to stretching or low energy shock wave therapy and at 
the 2-month assessment authors found a greater mean change i n Foot Function Index cumulative 
score and a higher patient satisfaction for those who were treated w i t h stretching. These results were 
stable at the 4 -month follow-up, but no difference found between the groups at the 15-month follow-
up, though use of NSAIDs was more common among patients treated w i th shock wave therapy.[3i] I n 
another placebo-controlled tr ia l by Speed et al., on adults w i th plantar fasciitis, no beneficial effects were 
observed for shock wave therapy (0.12 m J / m m 2 ) versus the sham placebo over a 6-month period.[23] 
These results, however, might be due to the moderate dose ESWT effects comparable w i t h placebo 
effects. The differences between various studies in the efficacy of ESWT in plantar fasciitis may be 
related to a number of factors including differences in study populations, heterogeneity of treatment 
parameters such as shock wave intensity, geometry of the shock wave focus, focal energy, different 
placebos and different machine design. Use of different outcome measures can also prevent direct 
comparisons between studies. 

There is no consensus on the appropriate ESWT dosage and treatment parameters remain empirical. A n 
emphasis is placed upon the use of a feasible regime w i th min ima l side effects. Although the technique 
is widely reported to be safe, there is a potential for hemorrhage and local soft tissue damage through 
cavitations.[32] This appears to be more likely w i th the high doses. For this reason, a moderate radial 
and focus dose regime using an electromagnetic generator was chosen in our study, which avoided the 
need for administration of local anesthetic or significant post- treatment rest. Significant adverse effects 
were not noted in our study, in agreement w i t h the experience of others[33j and the results indicated 
that moderate dose of ESWT has significant beneficial effects over placebo. Although, pain intensity in 
the sham group was significantly reduced over the experimental period, ultrasonograghy showed 
slightly increase in plantar fascia thickness. These results indicate that other factors can lead to false 
impressions of a placebo effect, such as spontaneous improvement and fluctuation of symptoms. 

CONCLUSIONS  

I n summary, while ultrasound imaging is able to depict the morphologic changes related to plantar 
fasciitis, ESWT can contribute to healing and pain reduction in plantar fasciitis. Further studies are 
required to f ind the mechanisms of action of ESWT in the treatment of plantar fasciitis. 
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Figure 1 

40 eligible participants 
were invited 

40 participants were 
randomized 

i  
x 

Placebo, n = 20 
No exclusion 

ESWT, n = 20 
No exclusion 

Analyzed, n = 20 

Participants' flow diagram 

Table 1 

Analyzed, n - 20 
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ESWT Placebo P 
Age (years) 50.6 ± 10.0 48.1 ± 8.9 0.403* 
Gender (F/M) 13/7 12/8 0.500** 
BMI (kg/m 2 ) 28.8 ±4.0 29.3 + 4.1 0.704* 
Data ore shown as mean ± SD or number (%); BMI = Body mass index; 
ESWT = Extracorporeal Shockwave therapy; * In dependent/-test; ** Chi-Square lest 

Demographic characteristics of the two groups 

Table 2 

Plantar fascia 
thickness (mm) 

P* Pain score P* 

Before After 

P* 

Before After 

P* 

ESWT 4.1 + 1.3 3.6 ± 1.2 <0.001 7.7 ± 1.0 7.6 ± 0.7 <0.001 
Placebo 4.1 ± 0.8 4.5 ± 0.9 0.03 3.5 ± 2.4 4.9 ± 1.6 <0.001 

0.95 0.02 0.59 0.04 
Data are shown as mean ± SD; ESWT = Extracorporeal Shockwave therapy; * Paired 
f-test; ** Independent f-test 

Comparison of pain scores and plantar fascia thickness before and after the study w i th in and between 
the two groups 

Figure 2 

Post-treatment plantar fascia thickness in the placebo (a) and ESWT (b) groups 
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