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Background: The effectiveness of different energy levels used in extracorporeal shockwave
therapy (ESWT) have been investigated in previous studies, but controversy remains regarding
which energy levels should be used in the treatment of plantar fasciitis. The objective of this
study was to compare the efficacy of different energy levels used in ESWT in the treatment of
plantar fasciitis through comparisons of plantar fascia thickness and pressure distribution.
Methods: Between July 2020 and September 2020, a total of 51 patients (71 feet) with plantar

fasciitis were randomized into three treatment groups using the sealed envelope method.
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Group 1 (n = 25) received low energy density (0.09 mJ/mm2 ), Group 2 (n = 25) received
medium energy density (0.18 mJ/mmz2), and Group 3 (n = 21) received high energy density
(0.38 mJ/mm2). All groups received three sessions of ESWT with a frequency of 2,000
shocks/min at one week intervals. The patients were evaluated before and after treatment
using a visual analog scale (VAS) for pain, the Foot Function Index (FFl), and plantar fascia
thickness measured by ultrasonography, and plantar pressure distribution.

Results: The posttreatment VAS and FFl scores were determined to be statistically significantly
lower than the pretreatment values in all three groups (p<0.001). There was no significant
difference between the groups in terms of the pre and post treatment values of VAS, FFl scores,
plantar fascia thickness and pressure distribution (p>0.05). No statistically significant difference
was found between the groups in terms of percentage changes in all the outcome parameters
(p>0.05).

Conclusions: The results of the study suggest that neither low, medium, or high levels of ESWT
were superior to one another in terms of pain, foot functions, fascia thickness and pressure

distribution in the treatment of plantar fasciitis.

Plantar fasciitis is one of the most common causes of heel pain in adults. Patients present with
pain in the heel, which characteristically worsens on arising in the morning and after periods of
prolonged sitting. The tender points are located on the plantar side of the foot, often near the

medial side of the calcaneal tuberosity. Although the exact etiology is unknown, it is probably
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multifactorial, including chronic inflammation, degeneration, and microtrauma of the plantar
fascia, entrapment of the lateral planter nerve, overuse syndrome, heel spurs, heel pad
atrophy, and seronegative arthritis induced inflammation (1).

The diagnosis of plantar fasciitis is based on patient history and physical examination
findings (2). The general therapy of choice is conservative, which is effective in approximately
90% of patients. Treatment modalities include heel cups, orthotics and/or shoe modifications,
surgical release, nonsteroidal anti-inflammatory drugs, extracorporeal shockwave therapy
(ESWT), local corticosteroid injection and physiotherapy with stretching exercises (3,4).

ESWT has been used for approximately twenty years in the treatment of refractory plantar
fasciitis (5). The effectiveness of ESWT has been established in large randomized clinical trials
and several meta-analyses (6).

ESWT energy levels are categorized as high (> 0.28 mJ / mm2), medium (0.08-0.28 mJ /
mm?2) and low (<0.08 mJ / mmz2) (7). Although previous meta-analyses have investigated the
effectiveness of different energy levels used in ESWT, it is not yet clear which energy level is
most effective in the clinical recovery and pain relief of plantar fasciitis after ESWT treatment.
Ultrasonography (USG) is a non-invasive, inexpensive, and easily accessible imaging tool, which
is useful in the differential diagnosis of heel pain. In studies of plantar fasciitis treatments, USG
evaluation of the plantar fascia thickness is widely used as the outcome parameter. Plantar

fascia thickness of 24 mm is compatible with a diagnosis of plantar fasciitis (8).
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Plantar pressure distribution is considered to provide valuable information in the study of
specific foot pathologies (9). It has also been shown to be useful in the evaluation of foot
function by comparing the loads between pre and posttreatment (10). There are various
studies in the literature regarding foot loading during walking in patients with plantar fasciitis
(11), but knowledge about the effect of ESWT on plantar pressure distribution is scarce.
There are few studies in the literature that have compared different treatment energy levels of
ESWT. Consequently, there are no clear guidelines for which energy level is most effective,
when implementing ESWT, for the treatment of plantar fasciitis. The aim of this single center,
prospective, double-blind, randomized controlled study was to compare the effects of low,
medium and high energy ESWT on pain, functional status, plantar fascia thickness, and plantar
pressure distribution in the treatment of plantar fasciitis.
Materials and Methods
This study was included a total of 71 feet of 51 participants who presented at the Physical
Medicine and Rehabilitation Clinic and the Orthopedics and Traumatology Outpatient Clinic
with heel pain and were diagnosed with plantar fasciitis between July 2021 and September
2021.

The diagnosis of plantar fasciitis was made based on clinical evidence, such as the

presence of plantar heel pain with the first step taken in the morning, or after a period of rest,
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and positive physical examination findings (pain on palpation of the site of plantar fascial
insertion to the heel bone).

The subjects were informed about the study and written informed consent was
obtained at the beginning of the study. The study protocol was approved by the Local Ethics
Committee. The study was conducted in accordance with the principles of the Declaration of
Helsinki. The trial was registered on the ClinicalTrials.gov register.

The study inclusion criteria were defined as 1) Age 18-85 years, 2) Presence of heel pain,
3) Tenderness at the insertion site of the plantar fascia on the anteromedial aspect of the
calcaneal tubercle on palpation, and 4) Nonresponse to conservative treatment for three
months. The study exclusion criteria included: 1) History of inflammatory rheumatic disease 2)
Local dermatological lesion or infection 3) Peripheral circulatory disorder 4) Neurological
disorder such as radiculopathy or polyneuropathy 5) Congenital or acquired foot deformity 6)
Malignancy 7) Cardiac pacemaker 8) Metal implant at the application site, and 9) Pregnancy.
The 51 participants (71 feet) who met the inclusion criteria were randomly separated into three
groups using the sealed envelope method, by an independent person who did not participate in
the study. All groups received three sessions of ESWT (StorzMedical, Masterplus MP100,
Germany) with a frequency of 2,000 shocks/min at 10 Hz with each session given once a week
for three weeks. The ESWT target area was set as the area of maximum tenderness in the

medial calcaneus, in the proximal fourth of the foot. No local anesthesia was administered. The
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ESWT was applied in a circular motion over the insertion site of the plantar fascia (1,000 shocks)
and along the fascia (1,000 shocks). Group 1 received low energy ESWT (n=25, 2000
shocks/session, energy density per shock 0.09 mj/mm?), Group 2 received medium energy
ESWT (n=25, 2000 shocks/session, energy density per shock 0.18 mj/mm?) and Group 3
received high energy ESWT (n=21, 2000 shocks/session, energy density per shock 0.38
mj/mm?). All ESWT sessions were performed by a single orthopedist.

During the course of the treatment, none of the participants received any additional

treatment, such as physical therapy, acupuncture, steroid injection, or anti-inflammatory drugs.

Outcome Measurements
All the pre (at baseline) and posttreatment (at 1 month) measurements were evaluated by a
physiatrist.
A Visual Analog Scale (VAS) was used for the evaluation of pain. The score ranges from 0 to 10,
where 0 indicates no pain and 10 indicates intolerable pain (12).

The Foot Functional Index (FFI) was developed to measure the impact of foot pathology
on function in terms of pain, disability and activity restriction. The FFl is a self administered
index consisting of 23 items including nine items in the pain subcategory, nine items in the

disability subcategory, and five items in the activity restriction subcategory (13).
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Ultrasonographic evaluations
High resolution ultrasound (frequency transducers: 13-6 MHz linear transducer, Sonosite
Micromaxx, USA) was used to measure plantar fascia thickness. During the procedure, the
participants were positioned prone with the knees fully extended and ankles in a neutral
position. The thickness was measured vertically from the hyperechogenic border of the
calcaneus bone to the inferior hyperechogenic rim of the plantar fascia in the longitudinal view
(Figure 1). In order to minimize potential errors, an average of three measurements of plantar
fascia thickness were taken at each assessment session.

The thickness of the plantar fascia was evaluated with USG before (at baseline) and after
(at 1 month) ESWT by a physiatrist blinded to the treatment groups. The physiatrist also

checked the hypoechogenicity, partial rupture, and calcification of the fascia.

Plantar Fascia Pressure

All participant underwent an assessment of plantar pressure distribution with a static
baropodometry. In the baropodometric test, each participant was in a standing position on the
platform (freeMed Base; Sensor Medica; Guidonia Montecelio, Roma, ltalia) for 5seconds,
looking straight ahead, barefoot, with feet placed side by side and arms held along the trunk.
The parameters examined were total plantar pressure (%), rearfoot plantar pressure (%), and

forefoot plantar pressure (%). Physiologically, in the barometric test, the plantar pressure
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should be divided as 50% on the right foot and 50% on the left foot, and normal distribution of
the plantar pressure percentage for each foot should be 60% on the rearfoot and 40% on the
forefoot (Figure 2) (14).

The plantar pressure distribution was evaluated before and after ESWT by a physiatrist

who was blinded to the treatment groups.

Statistical Analysis

The power of the study was calculated using the G Power Statistical Program version 3.1.9.4
(Universitat Dusseldorf, Germany) based on the study by Ulusoy et al. (15,16) A total of 26
participants per group were deemed necessary for a study power of 80% with a 5% type 1 error
and f=0.36 effect size.

Continuous variables were expressed as means * standard deviation or median(minimum-
maximum) values, and categorical variables as number (n) and percentage (%). The conformity
of continuous variables to normal distribution was evaluated using the Kolmogorov-Smirnov
test. Intergroup comparisons of normally distributed qualitative variables were performed
using the One way ANOVA Test (Post hoc: LSD), and within group analysis of normally
distributed data using the Paired Samples T Test. Intergroup analysis of data not showing
normal distribution was performed using the Kruskal Wallis test (Bonferroni corrected Mann

Whitney U test), and the Wilcoxon Signed Rank Test was used in within group analyses. The Chi-
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square test was used in the comparisons of categorical data. Data were analyzed statistically
using the IBM Statistical Package for Social Sciences (SPSS) version 22.0 software (IBM

Corporation, Armonk, NY, USA). A value of p<0.05 was considered statistically significant.

Results

No statistically significant difference was found between the groups in terms of body mass
index, gender, marital status, occupation and duration of symptoms. Age and education level
were seen to be different between the groups (Table 1). The posttreatment VAS scores and all
FFI subgroup scores were determined to be statistically significantly lower than the
pretreatment values in all three groups (p<0.001). There was no significant difference between
the groups in terms of the pre and posttreatment values of VAS and all FFl subgroups (p>0.05)
(Table 2).

Posttreatment plantar fascia thickness values were statistically significantly higher than
the pretreatment values in the low level group (p=0.037). The posttreatment values were
statistically significantly lower than the pretreatment values in the high level group (p=0.008).
There was no significant difference between the groups in terms of pre and posttreatment
median values of plantar fascia thickness and pressure distribution (p>0.05) (Table 3). No

statistically significant difference was found between the groups in terms of percentage
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changes in VAS, FFI (all subgroups), plantar fascia thickness, and pressure distribution (p>0.05)

(Table 4).

Discussion

In this study, evaluations were made of the efficacy of ESWT applied at different energy levels
in the treatment of plantar fasciitis using the outcome measurements of plantar fascia
thickness and pressure distribution. The study results demonstrated no superiority of the
different ESWT energy levels over each other in respect of the shortterm VAS, FFl and plantar
pressure distribution values. In addition, although there was no significant difference between
the groups in plantar fascia thickness, success was not obtained in the low and medium level
ESWT after the treatment, but there was a significant improvement in the high level ESWT after
the treatment. To the best of our knowledge, this is the first study to have investigated the
efficacy of different energy levels of ESWT in the treatment of plantar fasciitis using the
outcome measures of plantar fascia thickness and plantar pressure distribution.

Although the effects of ESWT on plantar fasciitis have been reported, no treatment
protocol for ESWT has been established. There is controversy in particular about the proper
amount of energy to be applied. Previous studies have shown that high energy ESWT reduced
symptoms of painful heel in significantly more patients than a placebo (17,18). The same result

has been demonstrated using low energy ESWT (19,20) and medium energy ESWT (21). In the
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current study, all the groups exhibited a statistically significant decline in pain and an
improvement in functional status over time, consistent with the findings of previous studies.

A few meta-analyses have compared the efficacy of different energy levels used in ESWT in the
treatment of plantar fasciitis. Yin et al. stated that low intensity ESWT was superior to high
intensity treatment in respect of shortterm pain relief and functional outcomes (22). These
results contradict those of the systematic review conducted by Dizon et al., in which it was
shown that high and moderate intensity ESWT applications were more effective in pain and
functional outcomes than low intensity ESWT in the management of chronic plantar fasciitis
(23). Likewise, Chang et al suggested that setting the highest and most tolerable energy efflux
densities in the range of medium intensity was the preferable option(24).

In another meta-analysis which investigated the efficacy of ESWT with different energy
levels and follow ups in the treatment of plantar fasciitis, medium energy ESWT was shown to
be more effective in the long term compared with the control group. However, in that meta-
analysis, the efficacy of low and high energy ESWTs with the control groups provided
inconsistent results due to the limited number of articles in the subgroup analysis and the lack
of longer follow up periods (25).

Except for these meta-analyses, there are no randomized controlled studies in literature

that have investigated three energy level groups. In this respect, the current study is the first in
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the literature. Unlike the results of all the meta-analyses mentioned above, in the current study
no energy level was found to be superior to the others in terms of pain and functionality.
Plantar fasciitis has previously been evaluated mostly with outcome parameters such as pain
and functionality, but recently, the measurement of plantar fascia thickness with
ultrasonography has been used as an outcome parameter. There are very few studies in
literature that have evaluated the effectiveness of different energy levels of ESWT on plantar
fascia thickness.

In a randomized controlled pilot study evaluating the effects of low level versus high
level ESWT in patients with chronic plantar fasciitis, Liang et al. reported no difference in
plantar fascia thickness, pain and function level between the two groups at 3 and 6 months. It
was recommended that low intensity ESWT be used as it was not associated with lower
outcomes and caused less discomfort during treatment (26).

Lee et al found that medium energy level was more efficient in terms of relieving pain,
and restoring functional activity and thickness of the plantar fascia than low energy level
applied in the same session. However, when the sessions were applied at different times to
provide the same total energy influx, different therapeutic effects in the different energy
groups no longer occurred. It was therefore suggested that the therapeutic effect might
disclose a dose related relationship and the energy density and times of sessions are factors to

be considered when treating with ESWT(27).
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In the current study, no difference was observed between all groups in respect of
plantar fascia thickness before and after treatment. After treatment, plantar fascia thickness
increased in the low level ESWT treatment group, no change was detected in the medium level
ESWT group, only a significant improvement in plantar fascia thickness was observed in the high
level ESWT group. This result suggested that if total energy influx were provided as in the study
by Lee et al., similar effects on the plantar fascia thickness may be seen in all the groups (27).
Similarly, Gollitzwer et al. reported that the total energy applied significantly influences the
final outcome and it was suggested that lower energy flux densities can be partly compensated
by higher impulse numbers and repeated treatment (28).

In contrast, in a study to investigate the effect of density and number of sessions of
ESWT in patients with plantar fasciitis, 3 groups were formed (Group 1: 7 sessions of high
energy ESWT, Group 2: 3 sessions of high energy ESWT, and Group 3: 7 sessions of low energy
ESWT) and the results demonstrated that high energy has a more important role than the
number of sessions in ESWT (29).

There are various reports which have observed that plantar fasciitis alters the plantar
load distribution. Patients with plantar fasciitis have been shown to have reduced force under
the rearfoot and forefoot of the symptomatic and asymptomatic foot by approximately 8% and
6% bodyweight, respectively (11). Similarly, other studies have reported reduced loading of the

rearfoot (30,31) or forefoot (32,33) in the symptomatic foot when compared to control subjects.
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A few studies have investigated the effects of ESWT on plantar pressure distribution in patients
with plantar fasciitis. Brachman et al found that plantar pressure distribution, which had
decreased before treatment, increased after ESWT (34). In contrast, Hsu et al. stated that
ESWT did not influence the rearfoot pressure, the pressure over the forefoot increased and the
total foot pressure also decreased (35).

The current study is the first in literature to have compared the effects of different
energy levels of ESWT on plantar pressure distribution. However, according to the results
obtained, the distribution of total, fore and rear foot pressure did not change in any group after
ESWT. Although the effect of ESWT on plantar pressure distribution is controversial, this result
can be considered to be due to the short follow up period and the evaluation of only static
plantar pressure.

There were some limitations to this study, primarily the low number of patients and the
short follow up period. The lack of longer follow up periods may have caused uncertainty about
the efficacy of different energy levels of ESWT in this study. There is a need for further studies
with larger samples and longer follow up to compare these methods. Another limitation was
that only static weightbearing biomechanical inferences were considered, and the forces in
dynamic situations such as gait were not taken into account.

In conclusion, the results of this study demonstrated that the three different levels of

ESWT significantly reduced the pain experienced with plantar fasciitis and provided functional
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improvement. However, when the success rates were evaluated, no level of ESWT was found to
be superior to the others in terms of reducing pain and plantar fascia thickness, and improving

functional status and plantar pressure distribution. Further studies are required to confirm the

Financial Disclosure: None reported.

Conflict of Interest: None reported.

References
1. Thomas JL, Christensen JC, Kravitz SR, Mendicino RW, Schuberth JM, Vanore JV, Weil LS
Sr, Zlotof HJ, Bouche R, Baker J. The diagnosis and treatment of heel pain: a clinical practice
guideline-revision 2010. J Foot Ankle Surg 49:1-19, 2010.
2. Coughlin MJ, Mann RA, Saltzman CL. Mann’s Surgery of the foot and ankle. 9th ed.

Philadelphia, PA: Elsevier Saunders; 2013.
3. Li S, Wang K, Sun H, Luo X, Wang P, Fang S, Chen H, Sun X. Clinical effects of
extracorporeal shock-wave therapy and ultrasound-guided local corticosteroid injections for
plantar fasciitis in adults: A meta-analysis of randomized controlled trials. Medicine (Baltimore)
97(50):e13687,2018.
4, Nahin RL. Prevalence and pharmaceutical treatment of plantar fasciitis in united states

adults. J. Pain 19,885-9,2018.

How to cite this article: JAPMA 112 (4): el-e26
els



Journal of the
American Podiatric
Medical Association

Online Early a pma >

DOI: 10. 7547/22—047 Advancing foot and ankle

medicine and surgary

This Original Article is a preprint. It has been reviewed, accepted for publication, and approved
by the author but has not been copyedited, proofread, or typeset.

5. Ogden JA, Alvarez R, Levitt R, Cross GL, Marlow M. Shock wave therapy for chronic
proximal plantar fasciitis. Clin Orthop Relat Res 387:47-59,2001.

6. SunJ, Gao F, Wang Y, Sun W, Jiang B, Li Z. Extracorporeal shock wave therapy is effective
in treating chronic plantar fasciitis: a meta-analysis of RCTs. Medicine (Baltimore)
96(15)e6621,2017.
T Rompe JD, Furia J, Weil L, Maffulli N. Shock wave therapy for chronic plantar
fasciopathy. Br Med Bull 81-82:183-208, 2007.

8. Radwan A, Wyland M, Applequist L, Bolowsky E, Klingensmith H, Virag I.
Ultrasonography, an effective tool in diagnosing plantar fasciitis: a systematic review of
diagnostic trials. Int J Sports Phys Ther 11:663-71, 2016.

9. Mann R, Malisoux L, Urhausen A, Meijer K, Theisen D. Plantar pressure measurements
and running-related injury: A systematic review of methods and possible associations. Gait Post
47:1-9, 2016.

10. Rosenbaum D, Libke B, Bauer G, Claes L. Long-term effects of hindfoot fractures

evaluated by means of plantar pressure analyses. Clin. Biomech 10 (7):345-51,1995.

11. Wearing SC, Smeathers JE, Urry SR. The effect of plantar fasciitis on vertical foot-ground
reaction force. Clin Orthop Relat Res 409:175-85, 2003.

12. Marvin JA. Pain assessment versus measurement. J Burn Care Rehabil 16:348-57,1995.

How to cite this article: JAPMA 112 (4): el-e26
el6



Journal of the
American Podiatric
Medical Association

Online Early a pma >

DOI: 10. 7547/22—047 Advancing foot and ankle

medicine and surgary

This Original Article is a preprint. It has been reviewed, accepted for publication, and approved
by the author but has not been copyedited, proofread, or typeset.

13. Budiman-Mak E, Conrad KJ, Mazza J, Stuck RM. A reviewof the foot function index and
the foot function index -revised. J Foot Ankle Res 6:5, 2013.
14. Feka K, Brusa J, Cannata R, Giustino V, Bianco A, Gjaka M, lovane A, Palma A, Messina G.
Is bodyweight affecting plantar pressure distribution in children? : An observational study.
Medicine (Baltimore) 99(36):e21968,2020.
15. Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: A flexible statistical power analysis
program for the social, behavioral, and biomedical sciences. Behavior Research Methods
39:175-191,2007.
16. Ulusoy A, Cerrahoglu L, Orguc S. Magnetic resonance imaging and clinical outcomes of
laser therapy, ultrasound therapy, and extracorporeal shock wave therapy for treatment of
plantar fasciitis: a randomized controlled trial. J Foot Ankle Surg 56(4):762-7,2017.
17. Kudo P, Dainty K, Clarfield M, Coughlin L, Lavoie P, Lebrun C. Randomized, placebo
controlled, double-blind clinical trial evaluating the treatment of plantar fasciitis with an
extracoporeal shockwave therapy (ESWT) device: a North American confirmatory study. J.
Orthop Res 24:115-23,2006.
18. Zhiyun L, Tao J, Zengwu S. Meta-analysis of high-energy extracorporeal shock wave
therapy in recalcitrant plantar fasciitis. Swiss Med Wkly 143:w13825,2013.
19. Rompe JD, Hopf C, Nafe B, Burger R. Low-energy extracorporeal shock wave therapy for

painful heel: a prospective controlled single-blind study. J Orthop Trauma Surg 115:75-9,1996.

How to cite this article: JAPMA 112 (4): el-e26
el7



Journal of the
American Podiatric
Medical Association

Online Early a pma >

DOI: 10. 7547/22—047 Advancing foot and ankle

medicine and surgary

This Original Article is a preprint. It has been reviewed, accepted for publication, and approved
by the author but has not been copyedited, proofread, or typeset.

20. Hofling |, Joukainen A, Venesmaa P, Kréger H. Preliminary experience of a single session
of low-energy extracorporeal shock wave treatment for chronic plantar fasciitis. Foot Ankle Int
29(2):150-4,2008.

21, Gerdesmeyer L, Frey C, Vester J, Maier M, Weil L Jr, Weil L Sr, Russlies M, Stienstra J,
Scurran B, Fedder K, Diehl P, Lohrer H, Henne M, Gollwitzer H. Radial extracorporeal shock
wave therapy is safe and effective in the treatment of chronic recalcitrant plantar fasciitis:
results of a confirmatory randomized placebo-controlled multicenter study. Am J Sports Med
36(11):2100-9,2008.

22. Yin MC, Ye J, Yao M, Cui XJ, Xia Y, Shen QX, Tong ZY, Wu XQ, Ma JM, Mo W. Is
extracorporeal shock wave therapy clinical efficacy for relief of chronic, recalcitrant plantar
fasciitis? A systematic review and meta-analysis of randomized placebo or active-treatment
controlled trials. Arch Phys Med Rehabil 95(8):1585-93,2014.

23. Dizon JN, Gonzalez-Suarez C, Zamora MT, Gambito ED. Effectiveness of extracorporeal
shock wave therapy in chronic plantar fasciitis: a meta-analysis. Am J Phys Med Rehabil 92:606-
20,2013.

24, Chang KV, Chen SY, Chen WS, Tu YK, Chien KL. Comparative effectiveness of focused
shock wave therapy of different intensity levels and radial shock wave therapy for treating
plantar fasciitis: a systematic review and network meta-analysis. Arch Phys Med Rehabil

93(7):1259-68,2012.

How to cite this article: JAPMA 112 (4): el-e26
el8



Journal of the
American Podiatric
Medical Association

Online Early a pma >

DOI: 10. 7547/22—047 Advancing foot and ankle

medicine and surgary

This Original Article is a preprint. It has been reviewed, accepted for publication, and approved
by the author but has not been copyedited, proofread, or typeset.

25. Wang YC, Chen SJ, Huang PJ, Huang HT, Cheng YM, Shih CL. Efficacy of different energy
levels used in focused and radial extracorporeal shockwave therapy in the treatment of plantar
fasciitis: A meta-analysis of randomized placebo-controlled trials. J Clin Med 8(9):1497,2019.
26. Liang HW, Wang TG, Chen WS, Hou SM. Thinner plantar fascia predicts decreased pain
after extracorporeal shock wave therapy. Clin Orthop Relat Res 460:219-25,2007.

2. Lee SJ, Kang JH, Kim JY, Kim JH, Yoon SR, Jung KI. Dose-related effect of extracorporeal
shock wave therapy for plantar fasciitis. Ann Rehabil Med 37(3):379-88,2013.

28. Gollwitzer H, Diehl P, von Korff A, Rahlfs VW, Gerdesmeyer L. Extracorporeal shock wave
therapy for chronic painful heel syndrome: a prospective, double blind, randomized trial
assessing the efficacy of a new electromagnetic shock wave device. J Foot Ankle Surg 46(5):348-
57,2007.

29. Gezginaslan O, Basar G. Comparison of effectiveness of density and number of sessions
of extracorporeal shock wave therapy in plantar fasciitis patients: A double-blind, randomized-
controlled study. J Foot Ankle Surg 60(2):262-8,2021.

30. Bedi HS, Love BRT. Differences in impulse distribution patterns in patients with plantar
fasciitis. Foot Ankle Int 19:153—-156,1998.

31. Wearing SC, Smeathers JE, Urry SR. A comparison of two analytical techniques for
detecting differences in regional vertical impulses due to plantar fasciitis. Foot Ankle Int

23:148-154,2002.

How to cite this article: JAPMA 112 (4): el-e26
el



Journal of the
American Podiatric
Medical Association

Online Early a pma >

DOI: 10. 7547/22—047 Advancing foot and ankle

medicine and surgary

This Original Article is a preprint. It has been reviewed, accepted for publication, and approved
by the author but has not been copyedited, proofread, or typeset.

32, Chang R, Rodrigues PA, Van Emmerik RE, Hamill J. Multi-segment foot kinematics and
ground reaction forces during gait of individuals with plantar fasciitis. ] Biomech 47(11):2571-
7,2014.

33. Katoh Y, Chao EY, Morrey BF, Laughman RK. Objective technique for evaluating painful
heel syndrome and its treatment. Foot Ankle Int 3 (4):227-37,1983.

34, Brachman A, Sobota G, Marszatek W, Pawtowski M, Juras G, Bacik B. Plantar pressure
distribution and spatiotemporal gait parameters after the radial shock wave therapy in patients
with chronic plantar fasciitis. J Biomech 105:109773,2020

35. Hsu WH, Lai LJ, Chang HY, Hsu RW. Effect of shockwave therapy on plantar fasciopathy.

A biomechanical prospective. Bone Joint J 95-B(8):1088-93,2013.

How to cite this article: JAPMA 112 (4): el-e26
e20



Journal of the
American Podiatric
Medical Association

Online Early
DOI: 10.7547/22-047

dpma»>

Advancing foot and ankle
medicine and surgery

This Original Article is a preprint. It has been reviewed, accepted for publication, and approved
by the author but has not been copyedited, proofread, or typeset.

Table 1: Comparison of socio-demographic and clinical characteristics

Medium level

Low level ESWT High level ESWT

ESWT P
(n=25) (n=25) (n=21)
Age (years) (meanzSD) 54,928,662 51,88+12,79 46,38+10,23° 0.031*
BMI (kg/m?) (mean+SD) 29,0814,22 27,5613,77 27,7544,17 0.306*
Symptom duration (months) 18 (1-36) 6 (2-120) 12 (1-60) 0.880**
[median{min-max)]
Gender (n, %)
Female 21 (%84,0) 16 (%64,0) 13 (%61,9) 0.179%**
Male 4 (%16,0) 9 (%36,0) 8 (%38,1)
Education (n, %)
Primary school 9 (%36,0) 8 (%32,0) 4 (%19,0) 0.031++*
High school 9 (%36,0) 7 (%28,0) 15 (%71,4)
University 7 (%28,0) 10 (%40,0) 2 (%9,5)
Marital status (n, %)
Married 25 (%100,0) 22 (%88,0) 20 (%95,2) 0.180***
Single 0 (%0,0) 3(%12,0) 1(%4,8)
Job (n, %)
Housewife 11 (%44,0) 8 (%32,0) 5 (%23,8)
Retired 5 (%20,0) 3(%12,0) 3 (%14,3)
0.108***
Worker 0 (%0,0) 3(%12,0) 6 (%28,6)
Officer 5 (%20,0) 10 (%40,0) 5 (%23,8)
Private Job 4 (%16,0) 1 (%4,0) 2 (%9,5)

* One way ANOVA Test (Posthoc:2LSD) ** Kruskal Wallis Test *** Chi-square Test

SD: standart deviation, ESWT: Extracorporeal Shock Wave Therapy, BMI: Body Mass Index
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Table 2: Comparison of the outcome parameters of the groups

Low level Median High level
ESWT level ESWT ESWT p
(n=25) (n=25) (n=21)
VAS pretreatment[med(min-max)] 8 (5-9) 8 (5-10) 8 (5-9) 0.998*
VAS ttreat t d(min-
posttreatment[med(min 5 (0-7) 5 (0-9) 4 (0-8) 0.472*
max)]
p<0.001**  p<0.001**  p<0.001**
FFI activity limitati treat t
activity imtation pretreatment 56 (2-46)°  20(0-34)°  22(6-42)  0.033*
[med(min-max)]
FFI activity limitation «
posttreatment [med(min-max)] 12 (0-36) 8 (0-46) 10(0-24) 0.810
p<0.001**  p<0.001**  p<0.001**
FFI pain pretreatment (meanSD) 64,48+15,48 62,96%+15,62 62,52+16,37 0.905***
FFI pain posttreatment (mean+SD) 38,12+20,79 39,68+28,10 33,61+21,42 0.678***
p<0.001**** p<0.001**** p<0.001****
FFI disability  pretreatment ., c.1605 60,32¢416,70 60,28+19,27 0.944%**
(meantSD)
FFI disability  posttreatment ., 10,1957 347642632 32,09422,05 0.922%**
(meantSD)

p<0.001%***

p<0.001****

p<0.001%***

* Kruskal Wallis test (?Bonferroni corrected Mann Whitney U test)

** Wilcoxon Signed Ranks Test

*** One way ANOVA Test (Post hoc:LSD)

**%* Paired Samples T Test

SD: standart deviation, ESWT: Extracorporeal Shock Wave Therapy,VAS:Visual analog scale, FFl:
Foot function index, med: median, min: minmum, max: maximum
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Table 3: Comparison of the groups in terms of median values of plantar fascia thickness and
pressure distribution

Low Level Medium level High Level
ESWT ESWT ESWT
[median({min- [median({min- [median{min- p
max)] max)] max)]
(n=25) (n=25) (n=21)
PF thickness pretreatment 0.40(0.28-0.71) 0.42(0.29-0.65) 0.45(0.24-0.65) 0.636*
PF thick 0.39(0.32-0.66) 0.43(0.19-0.60
ickness 0.42 (0.25-0.64) ( ) ( ) .93
posttreatment
p=0.037** p=0.987** p=0.008**
Fore foot (%) 0.50(0.25-0.67) 0.45(0.28-0.68)
pretreatment 0.47(0.33-0.60) 0.577*
0, - -
Fore foot (%) 0.47 (0.34-0.65) 0.49 (0.25-0.68) 0.45(0.27-0.61) 0.266*
posttreatment
p=0.886** p=0.435%** p=0.872%**
Rear foot (% 0.50(0.33-0.75) 0.55(0.32-0.72
ear foot (%) 0.53 (0.40-0.67) ( ) ( ) 0577+
pretreatment
0, - -
Rear foot (%) 0.53 (0.35-0.66) 0.51(0.32-0.75) 0.55(0.39-0.73) 0.266*
posttreatment
p=0.886** p=0.435%** p=0.872%**
Total foot 0.50 (0.38-0.62) 0.49 (0.40-0.60) 0.49(0.39-0.57) 0.872*
pretreatment
Total foot 0.50 (0.34-0.66) 0.49 (0.39-0.56) 0.50(0.38-0.55) 0.557*
posttreatment
p=0.787** p=0.419** p=0.764**

* Kruskal Wallis test (?Bonferroni corrected Mann Whitney U test)

** Wilcoxon Signed Ranks Test

min-max: minimum-maximum, PF: Plantar fascia, ESWT: Extracorporeal Shock Wave Therapy
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Table 4: Comparison of the percentage changes of VAS, FFI, plantar fascia thickness and

pressure distribution of the groups

Low Level Medium Level High Level
ESWT ESWT ESWT
Percentage of changes (%A) [med(min- [med(min- [med(min- P
max)] max)] max)]
(n=25) (n=25) (n=21)
VAS -37.5(-100-0) -25(-100-0)  -42.8(-100-0) 0.575%
FFI pain -51.5 (-100 - -46.6 (-100 -
e -47.5 (-95.5 - 0) ( : 02487
14.9) 3.4)
FFI disabilit -41.1 (-97 - -44.7 (-100 -
y 50.9 (:96.- 5) ( ( 0.964*
18.6) 3.6)
FFI activity limitation -59 (-100 - -22.5(-100 - -54.5(-100-0) (.370*
36.3) 109)
Plantar fascia thickness -5.1(-26.4 - -1.5(-43.3 - -3.9 (-25.8 - 0.062*
16.6) 18.1) 11.1)
Forefoot (%) -1.7 (-30.6 - -0.0(-22.2 - -0.0(-25-29.4) (.g33*
31.7) 59.5)
Rare foot (%) -2.2(-22.3 - -0.0(-43.1- 26) -0.0(-15.1 - 0.748*
29.4) 37.5)
Total foot (%) -1.8(-33.3 - -1.8(-18.3 - -0.0(-23.6 - 0.680*
34.6) 27.5) 13.6)

* Kruskal Wallis Test

ESWT: Extracorporeal Shock Wave Therapy,VAS:Visual analog scale, FFl: Foot function index,
med: median, min: minmum, max: maximum

How to cite this article: JAPMA 112 (4): el-e26

e24



Journal of the
American Podiatric
Medical Association

Online Early a pma >

DOI: 10. 7547/22—047 Advancing foot and ankle

medicine and surgary

This Original Article is a preprint. It has been reviewed, accepted for publication, and approved
by the author but has not been copyedited, proofread, or typeset.

Figure 1: An ultrasound image of plantar fascia
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Figure 2: Pressure baropodometric analyses of plantar areas
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