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Abstract
Background
Extracorporeal shock wave therapy (ESWT) has been used as a safe alternative treatment for refractory musculoskeletal
diseases, such as plantar fasciitis, Achilles tendinopathy and gluteal tendinopathy, and various forms of fibromatosis including
palmar or penile fibromatosis. However, there is limited published data for clinical and sonographic features of plantar
fibromatosis after ESWT. The purpose of this study was to evaluate the long-term clinical outcome of ESWT in
ultrasonography-confirmed plantar fibromatosis and ultrasonographic changes of plantar fibroma after ESWT.
Methods
Medical charts of 26 patients (30 feet) with plantar fibromatosis confirmed by ultrasonography were reviewed. Finally, a total
of 10 feet who underwent ESWT for “Poor” or “Fair” grade of Roles-Maudsley Score (RMS) and symptoms persisted for >6
months were included in this study. Short-term follow-up was conducted one week after ESWT and long-term follow-up time
averaged 34.0 months. The Numerical Rating Scale (NRS) and RMS were collected for the evaluation of clinical features.
Follow-up ultrasonography was conducted at long-term follow-up and changes of plantar fibroma was assessed. A greater than
50% reduction in the NRS and achievement of a “good” or “excellent” grade in the RMS were regarded as treatment success.
Additionally, medical charts of 144 patients (168 feet) with plantar fasciitis confirmed by ultrasonography were reviewed and
subsequently, 42 feet who underwent ESWT with the same protocol were included for the comparison of clinical features.
Results

In plantar fibromatosis, baseline NRS (6.2 ± 1.3) and RMS (3.5 ± 0.5) were significantly improved at short-term follow-up
(NRS, 1.8 ± 1.0; RMS, 2.0 ± 0.8, P < .001, respectively) and long-term follow-up (NRS, 0.6 ± 1.1; RMS, 1.4 ± 0.8, P < .001,
respectively). Treatment success was recorded in seven feet (70.0%) at short-term follow-up and 8 feet (80%) at long-term
follow-up, which is comparable to that of the plantar fasciitis group (28 feet, 66.7%; 35 feet, 83.3%, respectively). In long-term
follow-up ultrasonography, mean fibroma thickness was reduced from 4.4±1.0 to 2.6±0.8 mm (P = .003); however, length and
width were not significantly changed. There were no serious adverse effects.
Conclusion
While these are preliminary findings, and must be confirmed in a randomized placebo control study, ESWT can have a
beneficial long-term effect on pain relief and functional outcomes in painful plantar fibromatosis. However, ESWT is unlikely
to affect the ultrasonographic morphology of plantar fibroma, with the exception of reducing the thickness.
Level of evidence
Level III, retrospective cohort study.

Introduction
Plantar fibromatosis, also known as Ledderhose disease, is an uncommon, benign, and hyperproliferative fibrous tissue disease
characterized by localized proliferation of fibrotic tissue and nodular formation in the plantar fascia. This condition usually
progresses slowly and can cause pain, functional disability, and decreased quality of life. Although the etiology remains largely
unknown, it is often associated with palmar and penile fibromatosis, which are known as Dupuytren’s disease and Peyronie’s
disease, respectively [1–5].
Ultrasonography or magnetic resonance imaging can be used to confirm the diagnosis and measure the size and depth of the
nodule [1–3, 6, 7]. Early stage conservative therapy includes non-steroidal anti-inflammatory drugs (NSAIDs), local
corticosteroid injections, physical therapy, and custom-made insoles. Radiotherapy and surgical treatment may be considered in
refractory cases [1–3]. However, radiotherapy can cause side effects such as lymphatic edema or fracture of irradiated bone,
and surgery has a high recurrence rate that can range from 57% to 100% [1, 3, 8, 9]. Extracorporeal shock wave therapy
(ESWT) has been used as a safe alternative treatment for chronic refractory musculoskeletal disease, such as plantar fasciitis
Achilles tendinopathy and gluteal tendinopathy [10–13]. Previous studies have shown that ESWT also can be therapeutically
applied to various forms of fibromatosis such as penile fibromatosis [14–19] and palmar fibromatosis [20–22] to reduce pain
and soften nodules, although it did not affect the physical size of the nodules [3, 15, 16, 19, 23].
In terms of plantar fibromatosis, there were two case series that reported the pain-relieving effect of ESWT in 6 patients and 2
patients, respectively [24, 25]. However, these studies did not demonstrate the diagnostic process of plantar fibromatosis. In
addition, there is still limited published data for clinical and sonographic features of plantar fibromatosis after ESWT. The
purpose of this study was to evaluate the long-term clinical outcomes of ESWT in plantar fibromatosis confirmed by
ultrasonography and to investigate the long-term ultrasonographic changes of plantar fibroma after ESWT.

Materials and methods
Subjects
This was a retrospective cohort study conducted at the foot clinic at Kangbuk Samsung Hospital from October 2011 to May
2018. Medical charts of 26 patients (30 feet) with plantar fibromatosis confirmed by ultrasonography were reviewed.
Clinically, patients with clinical presumption of plantar fibromatosis (plantar pain accompanied by a palpable nodular lesion of
the plantar fascia) were indicated for diagnostic ultrasonography. Plantar fibromatosis was confirmed when a hypoechogenic or
mixed echogenic nodule with a longitudinally elongated shape embedded in the plantar fascia was found on ultrasonography (
Fig 1) [6, 7, 26]. The maximal size of the plantar fibroma was measured in three dimensions: length, width, and thickness.

Fig 1
Ultrasonographic diagnosis of plantar fibromatosis and measurement of plantar fibroma.
(A) Patients with clinical presumption of plantar fibromatosis (plantar pain accompanied by a palpable nodular lesion of the plantar
fascia) were indicated for diagnostic ultrasonography (B) longitudinal and (C) transverse 3-12-MHz ultrasonography image of plantar
fibromatosis. Plantar fibromatosis was confirmed when a hypoechogenic or mixed echogenic nodule with a longitudinally elongated
shape embedded in the plantar fascia was found. The maximal size of the plantar fibroma was measured in three dimensions: length
(open arrows), width (white arrows), and thickness (arrowheads).

Finally, a total of 10 feet for plantar fibromatosis underwent ESWT in accordance with the ESWT protocol modified from
previous reports [27–29] (Fig 2A). Exclusion criteria were as follows: history of trauma, calcaneal stress fracture, tarsal tunnel
syndrome, systemic inflammatory disease, lumbosacral radiculopathy, other neurologic disorders of lower limb, and history of
previous steroid injection. Additionally, medical charts of 144 patients (168 feet) with plantar fasciitis confirmed by
ultrasonography were reviewed. Clinically, patients with clinical presumption of plantar fasciitis (heel pain with localized
tenderness over the medial aspect of the calcaneal tuberosity) were indicated for diagnostic ultrasonography. Plantar fasciitis
was confirmed when the plantar fascia was thicker than 4.0 mm on ultrasonography [30–33]. Subsequently, 42 feet with plantar
fasciitis who underwent ESWT with the equal protocol to the feet with plantar fibromatosis were included this study for the
comparison of clinical features (Fig 2B). This study was approved by the Institutional Ethics Review Board of Kangbuk
Samsung Hospital, and the requirement for informed consent was waived due to retrospective study design. (KBSMC 2019-03014) All methods were performed in accordance with the relevant guidelines and regulations. Data were analyzed
anonymously.

Fig 2
Flow chart of the study.
(A) Enrollment of plantar fibromatosis group. (B) Enrollment of plantar fasciitis group US, ultrasonography; RMS, Role-Maudsley
score; ESWT, extracorporeal shock wave therapy.

ESWT protocol
ESWT (0.10–0.14 mJ/mm2 energy density (ED) according to patient’ tolerance; 900 shocks, weekly interval) was performed
when the Roles-Maudsley Score (RMS) was a “Poor” or “Fair” grade and the pain was reported to persist for more than 6
months despite conservative treatment. A maximum of 12 ESWT sessions was conducted until the RMS reached a “Good” or
“Excellent” grade. When patients refused to continue the ESWT due to treatment pain or post-treatment soreness, we regarded
it as treatment failure, but completed follow-ups and included the data in the results. ESWT protocol modified from previous
reports was used [27–29]. The ESWT was applied using EvotronⓇ (SwiTech, Kreuzlingen, Switzerland), specifically, the
electrohydraulic type. The patients were stationed in the prone position, and a shock wave was applied to the tender area on the
plantar fibroma in the plantar fibromatosis group or to the calcaneal insertion area of the plantar fascia in the plantar fasciitis
group. All patients were recommended to reduce their activity level and avoid impact activities such as excessive walking or
running etc.
Outcome measures
The clinical outcomes were evaluated with the Numerical Rating Scale (NRS) for subjective pain and the RMS for functional
outcomes. The NRS is an 11-point pain intensity rating scale, where a value of 10 points indicate worst possible pain and 0
point indicates no pain. The RMS is a subjective 4-point assessment of limitations of activity (Table 1).

Table 1
Roles and Maudsley score.
Grade

Point

Interpretation

Excellent

1

No pain, full movement and activity

Good

2

Occasional discomfort, full movement and activity

Fair

3

Some discomfort after prolonged activity

Poor

4

Pain-limiting activities

In both plantar fibromatosis and plantar fasciitis groups, the NRS and RMS were assessed before each ESWT session, at shortterm follow-up, and at long-term follow-up. A greater than 50% reduction in the NRS and achievement of a “good” or
“excellent” grade in the RMS were regarded as treatment success. Short-term follow-up was accomplished one week after
ESWT sessions were completed, and long-term follow-up was performed mean 34.0 months (range 11 to 63 months) after
ESWT for the plantar fibromatosis group; and mean 37.7 months (range 9 to 80 months) for the plantar fasciitis group.
In the plantar fibromatosis group, follow-up ultrasonography was conducted at long-term follow-up to investigate morphologic
changes of the plantar fibroma after ESWT. The maximal size of the plantar fibroma was evaluated by ultrasonography in three
dimensions: length, width, and thickness (Fig 1).
Statistical analysis
Repeated measures analysis of variance (ANOVA) and Paired t-test were used to analyze the changes of NRS and RMS. The
Student t-test and Fisher’s exact test were used for the comparison of demographics between two groups. The morphologic
changes of the plantar fibromas were analyzed with the Paired t-test. The Pearson’s chi-square test was used to compare the
success rate of treatment between the two groups. All statistical analyses were performed with the IBM SPSS Statistics, version
24.0 (Armonk, NY: IBM Corp). A P < 0.05 were considered statistically significant.

Results
The basic characteristics of subjects are shown in Table 2. Repeated measures ANOVA revealed a significant improvement of
NRS and RMS over time in plantar fibromatosis group at short-term follow-up (P <0.001) and at long-term-follow-up (P
<0.001). In the plantar fibromatosis group, the mean NRS was significantly reduced from 6.2 ± 1.3 (baseline) to 1.8 ± 1.0
(short-term follow-up) and 0.6 ± 1.1 (long-term follow-up). Baseline RMS (3.5 ± 0.5) were significantly improved at shortterm follow-up (2.0 ± 0.8, P < .001) and long-term follow-up (1.4 ± 0.8, P < .001) (Table 3). With regard to plantar fasciitis
group, baseline NRS (5.7 ± 1.6) and RMS (3.3 ± 0.4) were significantly improved at short-term follow-up (NRS, 2.5 ± 2.1;
RMS, 2.1 ± 0.8, P < .001, respectively) and at long-term follow-up (NRS, 1.1 ± 2.4; RMS, 1.6 ± 0.7, P < .001, respectively) (
Table 4).

Table 2
Demographics and characteristics of subjects.
Characteristics

Plantar fibromatosis (N = 10) Plantar fasciitis (N = 42) P value
a
49.1 ± 11.3 (36–75)
50.6 ± 10.4 (33–76)
.691

Age, year (range)
Gender

b
.264

male

6

17

female

4

25

13.0 ± 9.7 (6–36)

11.3 ± 5.2 (6–25)

34.0 ± 13.4 (11–63)

37.7 ± 19.8 (9–80)

a
.448
a
.580

right

3

19

b
.381

left

7

23

Baseline NRS (range)

6.2 ± 1.3 (4–8)

5.7 ± 1.6 (3–10)

Baseline RMS (range)

3.5 ± 0.5 (3–4)

3.3 ± 0.4 (3–4)

Total number of ESWT (range)

7.8 ± 2.9 (5–12)

6.5 ± 2.8 (1–12)

Duration of symptoms, month (range)
Follow-up period, month (range)
Affected site

a
.447
a
.414
a
.228

Maximal size of fibroma on ultrasonography
length, mm (range)

13.5 ± 4.6 (9.2–22.2)

width, mm (rane)

10.3 ± 3.5 (5.7–16.0)

thickness, mm (range)

4.4 ± 1.0 (3.3–6.3)

Abbreviations: NRS, numeric rating scale; RMS, Roles-Maudsley score; ESWT, extracorporeal shock wave therapy.
a

Student’s t-test

b

Fisher's exact test.

Table 3
Changes of NRS and RMS after ESWT in plantar fibromatosis group.
Plantar fibromatosis group (N = 10)
Mean ± SD (range)

P value

NRS
Baseline

6.2 ± 1.3 (4.0–8.0)

Short-term follow-up

1.8 ± 1.0 (0.5–3.5)

Long-term follow-up

0.6 ± 1.1 (0.0–3.0)

*
<0.001
**
<0.001

RMS
Baseline

3.5 ± 0.5 (3.0–4.0)

Short-term follow-up

2.0 ± 0.8 (1.0–3.0)

Long-term follow-up

1.4 ± 0.8 (1.0–3.0)

*
<0.001
**
<0.001

Abbreviations: NRS, numeric rating score; RMS, Roles-Maudsley score; ESWT, extracorporeal shock wave therapy.
*, between baseline and short-term follow-up by paired t-test
**, between baseline and long-term follow-up by repeated measures ANOVA

Table 4
Changes of NRS and RMS after ESWT in plantar fasciitis group.
Plantar fasciitis group (N = 42)
Mean ± SD (range)

P value

NRS
Baseline

5.7 ± 1.6 (3.0–10.0)

Short-term follow-up

2.5 ± 2.1 (0.0–8.0)

Long-term follow-up

1.1 ± 2.4 (0.0–6.0)

*
<0.001
**
<0.001

RMS
Baseline

3.3 ± 0.4 (3.0–4.0)

Short-term follow-up

2.1 ± 0.8 (1.0–4.0)

Long-term follow-up

1.6 ± 0.7 (1.0–3.0)

*
<0.001
**
<0.001

Abbreviations: NRS, numeric rating score; RMS, Roles-Maudsley score; ESWT, extracorporeal shock wave therapy.
*, between baseline and short-term follow-up by paired t-test
**, between baseline and long-term follow-up by repeated measures ANOVA

The treatment success rate in fibromatosis group were as follows: seven feet (70.0%) at short-term follow-up and 8 feet (80%)
at long-term follow-up achieved treatment success. In plantar fasciitis group, short-term success was achieved in 28 feet
(66.7%) and long-term success was in 35 feet (83.3%). There were no significant differences in success rate between the two
groups in both short-term and long-term follow-ups (Table 5).

Table 5
Success rate of ESWT.
Plantar fibromatosis group (N = 10) Plantar fasciitis group (N = 42) P value
*
Short-term follow-up
7 (70.0%)
28 (66.7%)
.840
*
Long-term follow-up
8 (80.0%)
35 (83.3%)
.802

Abbreviation: ESWT, extracorporeal shock wave therapy.
*, between plantar fibromatosis group and plantar fasciitis group by chi-square

Follow-up ultrasonography indicated that the mean thickness of fibromas was significantly reduced from baseline (4.4±1.0
mm, range 3.3–6.3) to long-term follow-up (2.6±0.8 mm, range 0.4–3.9, P = 0.003). However, the mean length and width of
fibromas were not significantly changed (length, P = 0.207; width, P = 0.090). The mean fibroma length was estimated to be
13.5±4.6 mm (range 9.2–22.2) at baseline and 12.3±4.9 mm (range 8.9–24.9) at long-term follow-up. The mean width was
10.3±3.5 (range 5.7–16.0) at baseline and 9.1±3.1 mm (range 5.4–15.3) at long-term follow-up (Fig 3). None of the cases
experienced complete resolution; however, softening of the fibroma was observed in all cases.

Open in a separate window
Fig 3
Changes of plantar fibroma in follow-up ultrasonography after ESWT.
The mean thickness of fibroma was significantly reduced, while length and width were not significantly changed. ESWT, extra
corporeal shock wave therapy.

Discussion
In this study, subjective pain score and functional score were significantly improved one week after ESWT and at long-term
follow-up (mean 34.0 months after ESWT) in plantar fibromatosis group. The results of our study are in accordance with two
previous case series [24, 25]. Knobloch et al. [25] used two sessions of high-energy focused ESWT (1.24 mJ/mm2 ED, 2000
pulse, weekly) in 6 patients with plantar fibromatosis. The mean visual analogue scale (VAS) was reduced from 6 to 2 one
week after the ESWT sessions, and it decreased to 1 at 3 months of follow-up. Frizziero et al. [24] conducted 4 consecutive
ESWT sessions (maximal 0.20 mJ/mm2 ED, 1600 shocks, weekly) in 3 feet with plantar fibromatosis. The mean VAS was

reduced from 5.6 to 0.6 at 6 months of follow-up. Foot Function Index Scores were also improved in all 3 feet. Our ESWT
parameters were as follows: a maximum of 12 sessions (mean 7.8±2.9, range 1–12) with 0.10–0.14 mJ/mm2 ED and 900
shocks on a weekly basis. In our study, the mean NRS was improved from 6.2 at baseline to 1.8 at short term follow-up (one
week after ESWT sessions), and it decreased to 0.6 at long-term follow-up (mean 34 months after ESWT sessions). The mean
RMS was also improved from 3.5 at baseline to 2.0 at short-term follow-up, and 1.4 at long-term follow-up. In addition,
treatment success was achieved in 7 feet (70.0%) at short-term follow-up and 8 feet (80.0%) at long-term follow-up in the
plantar fibromatosis group. These results are comparable to those of the plantar fasciitis group, in which 28 feet (66.7%) and 35
feet (83.3%) achieved treatment success at short term and long-term follow-up, respectively. Based on these findings, ESWT
can be considered as a valid therapeutic option for pain relief and for functional improvement in chronic painful plantar
fibromatosis, although there is variability in the protocol for treatment.
In the literature, ESWT has been shown to be effective for pain relief in penile fibromatosis (Peyronie’s disease) and palmar
fibromatosis (Dupuytren’s disease) which is uncommon, benign, and hyperproliferative fibrous tissue disease. However, there
is limited published data for plantar fibromatosis. Although the mechanisms of the analgesic effect of ESWT are unclear,
hyperstimulation of nociceptors that alters cell membrane permeability of nociceptors [34], suppression of neurotransmitter
substance P, and increased local pain-inhibiting substances [35] have been suggested in musculoskeletal diseases such as
plantar fasciitis, Achilles tendinopathy and gluteal tendinopathy. Additionally, stimulation of nociceptors may also play a role
in tendon remodeling, as it may induce release of neuropeptides, resulting in fibroblast stimulation and vasodilation [34]. In
terms of fibromatosis, it is thought that ESWT stimulates biosynthesis of the extracellular matrix by tendon fibroblasts, which
could help in counteracting the maturation process of myofibroblasts and lead to reduced tissue contraction [24, 36].
There was no significant morphologic change in fibromas on ultrasonography, with the exception of reduced thickness, and
there was no case in which the fibroma was completely resolved after ESWT. This result is similar to previous reports on
penile fibromatosis, in which ESWT is unlikely to reduce the size of the fibroma [14, 15, 23]. There are only two reports that
ESWT reduced size of penile fibroma and improved penile curvature [17, 18]. However, given the progressive nature of
fibroma, ESWT may have interfered with the growth of the fibroma and could have been advantageous for avoiding the need
for radiation or surgery. Thus, such effects could be clinically beneficial, even if the size dose not significantly decrease.
Actually, softening of fibroma after ESWT was noted in all 10 cases in this study, which was in accord with the previous
reports on plantar fibroma by Frizziero et. al. [24] and Knobloch et. al. [25]. Because standardized method has not been
established, we also confirmed softening of fibroma by palpation after patient’s report as with the previous reports. Further
studies using more objective method, such as shear wave elastography, would be needed.
No serious adverse effects were observed after the ESWT session in any of the participants. Post-treatment soreness was seen
at the ESWT site in 7 feet (70.0%) in the plantar fibromatosis group and 38 feet (90.5%) in the plantar fasciitis group.
However, this symptom subsided spontaneously within mean 1.0±0.9 days in the plantar fibromatosis group and 1.6±1.3 days
in the plantar fasciitis group with no significant difference between the two groups.
There were several limitations to this study. First, due to the retrospective study design, there was a lack of information;
therefore, the concomitant conservative treatment received, such as physical therapy, NSAIDs, stretching and use of custommade insoles may have affected the outcomes. Second, there was no placebo control group. Thus, the effect of the natural
progression of this condition and sonographic change without ESWT could not be assessed. Third, only a small number of
subjects was included in this study, which could be too small to draw a definite conclusion. The small number of enrolled
subjects were inevitable because plantar fibromatosis is not a common disease. However, further study with larger number of
subjects would be still needed.

Conclusion
ESWT can have a beneficial long-term effect on pain relief and functional outcomes in painful plantar fibromatosis, but it is
unlikely to affect the ultrasonographic morphology of plantar fibroma, except for reducing the thickness. These are preliminary
findings, and must be confirmed in a randomized placebo control study.

Supporting information

S1 File

(XLSX)
Click here for additional data file.(20K, xlsx)

S2 File

(XLSX)
Click here for additional data file.(14K, xlsx)

Funding Statement
The author(s) received no specific funding for this work.

Data Availability
All relevant data are within the manuscript and its Supporting Information files.

References
1. Espert M, Anderson MR, Baumhauer JF. Current Concepts Review: Plantar Fibromatosis. Foot Ankle Int. 2018;39(6):751–
7. 10.1177/1071100718768051 . [PubMed] [CrossRef] [Google Scholar]
2. Veith NT, Tschernig T, Histing T, Madry H. Plantar fibromatosis—topical review. Foot Ankle Int. 2013;34(12):1742–6.
10.1177/1071100713505535 . [PubMed] [CrossRef] [Google Scholar]
3. Young JR, Sternbach S, Willinger M, Hutchinson ID, Rosenbaum AJ. The etiology, evaluation, and management of plantar
fibromatosis. Orthop Res Rev. 2019;11:1–7. Epub 2019/02/19. 10.2147/ORR.S154289 [PMC free article] [PubMed]
[CrossRef] [Google Scholar]
4. Fausto de Souza D, Micaelo L, Cuzzi T, Ramos ESM. Ledderhose disease: an unusual presentation. The Journal of clinical
and aesthetic dermatology. 2010;3(9):45–7. Epub 2010/09/30. [PMC free article] [PubMed] [Google Scholar]
5. Gudmundsson KG, Jonsson T, Arngrimsson R. Association of Morbus Ledderhose with Dupuytren's contracture. Foot Ankle
Int. 2013;34(6):841–5. Epub 2013/02/07. 10.1177/1071100713475352 . [PubMed] [CrossRef] [Google Scholar]
6. Cohen BE, Murthy NS, McKenzie GA. Ultrasonography of Plantar Fibromatosis: Updated Case Series, Review of the
Literature, and a Novel Descriptive Appearance Termed the "Comb Sign". J Ultrasound Med. 2018;37(11):2725–31.
10.1002/jum.14615 . [PubMed] [CrossRef] [Google Scholar]
7. Jaeki A, Chul K, Yongbum P. Sonographic Appearance and Variations of Plantar Fibromatosis in the Korean. Ann Rehabil
Med. 2010;34(5):565–9. [Google Scholar]
8. van der Veer WM, Hamburg SM, de Gast A, Niessen FB. Recurrence of plantar fibromatosis after plantar fasciectomy:
single-center long-term results. Plast Reconstr Surg. 2008;122(2):486–91. Epub 2008/07/16. 10.1097/PRS.0b013e31817d61ab
. [PubMed] [CrossRef] [Google Scholar]
9. de Bree E, Zoetmulder FA, Keus RB, Peterse HL, van Coevorden F. Incidence and treatment of recurrent plantar
fibromatosis by surgery and postoperative radiotherapy. Am J Surg. 2004;187(1):33–8. Epub 2004/01/07.
10.1016/j.amjsurg.2002.11.002 . [PubMed] [CrossRef] [Google Scholar]
10. Aqil A, Siddiqui MR, Solan M, Redfern DJ, Gulati V, Cobb JP. Extracorporeal shock wave therapy is effective in treating
chronic plantar fasciitis: a meta-analysis of RCTs. Clinical orthopaedics and related research. 2013;471(11):3645–52. Epub
2013/07/03. 10.1007/s11999-013-3132-2 [PMC free article] [PubMed] [CrossRef] [Google Scholar]
11. Lou J, Wang S, Liu S, Xing G. Effectiveness of Extracorporeal Shock Wave Therapy Without Local Anesthesia in Patients
With Recalcitrant Plantar Fasciitis: A Meta-Analysis of Randomized Controlled Trials. American journal of physical medicine
& rehabilitation. 2017;96(8):529–34. Epub 2016/12/16. 10.1097/phm.0000000000000666 . [PubMed] [CrossRef]
[Google Scholar]
12. Schmitz C, Császár NBM, Rompe J-D, Chaves H, Furia JP. Treatment of chronic plantar fasciopathy with extracorporeal
shock waves (review). Journal of orthopaedic surgery and research. 2013;8:31–. 10.1186/1749-799X-8-31 . [PMC free article]
[PubMed] [CrossRef] [Google Scholar]
13. Wang C-J. Extracorporeal shockwave therapy in musculoskeletal disorders. Journal of orthopaedic surgery and research.
2012;7:11–. 10.1186/1749-799X-7-11 . [PMC free article] [PubMed] [CrossRef] [Google Scholar]
14. Capogrosso P, Frey A, Jensen CFS, Rastrelli G, Russo GI, Torremade J, et al. Low-Intensity Shock Wave Therapy in
Sexual Medicine-Clinical Recommendations from the European Society of Sexual Medicine (ESSM). The journal of sexual
medicine. 2019. Epub 2019/08/27. 10.1016/j.jsxm.2019.07.016 . [PubMed] [CrossRef] [Google Scholar]

15. Fojecki GL, Tiessen S, Osther PJ. Extracorporeal shock wave therapy (ESWT) in urology: a systematic review of outcome
in Peyronie's disease, erectile dysfunction and chronic pelvic pain. World journal of urology. 2017;35(1):1–9. Epub
2016/04/25. 10.1007/s00345-016-1834-2 . [PubMed] [CrossRef] [Google Scholar]
16. Hatzichristodoulou G, Meisner C, Gschwend JE, Stenzl A, Lahme S. Extracorporeal shock wave therapy in Peyronie's
disease: results of a placebo-controlled, prospective, randomized, single-blind study. The journal of sexual medicine.
2013;10(11):2815–21. Epub 2013/08/01. 10.1111/jsm.12275 . [PubMed] [CrossRef] [Google Scholar]
17. Husain J, Lynn NN, Jones DK, Collins GN, O'Reilly PH. Extracorporeal shock wave therapy in the management of
Peyronie's disease: initial experience. BJU international. 2000;86(4):466–8. Epub 2000/09/06. 10.1046/j.1464410x.2000.00827.x . [PubMed] [CrossRef] [Google Scholar]
18. Lebret T, Loison G, Herve JM, Mc Eleny KR, Lugagne PM, Yonneau L, et al. Extracorporeal shock wave therapy in the
treatment of Peyronie's disease: experience with standard lithotriptor (siemens-multiline). Urology. 2002;59(5):657–61. Epub
2002/05/07. 10.1016/s0090-4295(02)01527-3 . [PubMed] [CrossRef] [Google Scholar]
19. Palmieri A, Imbimbo C, Longo N, Fusco F, Verze P, Mangiapia F, et al. A first prospective, randomized, double-blind,
placebo-controlled clinical trial evaluating extracorporeal shock wave therapy for the treatment of Peyronie's disease. European
urology. 2009;56(2):363–9. Epub 2009/05/29. 10.1016/j.eururo.2009.05.012 . [PubMed] [CrossRef] [Google Scholar]
20. Abdulsalam AJ, Shehab D, Elhady AA, Abraham M. High-energy focused extracorporeal shockwave therapy relieved pain
in Dupuytren's disease: a series of seven hands. European journal of physical and rehabilitation medicine. 2019;55(6):862–4.
Epub 2018/10/30. 10.23736/S1973-9087.18.05498-9 . [PubMed] [CrossRef] [Google Scholar]
21. Knobloch K, Kuehn M, Vogt PM. Focused extracorporeal shockwave therapy in Dupuytren's disease—a hypothesis.
Medical hypotheses. 2011;76(5):635–7. Epub 2011/02/01. 10.1016/j.mehy.2011.01.018 . [PubMed] [CrossRef]
[Google Scholar]
22. Notarnicola A, Maccagnano G, Rifino F, Pesce V, Gallone MF, Covelli I, et al. Short-term effect of shockwave therapy,
temperature controlled high energy adjustable multi-mode emission laser or stretching in Dupuytren's disease: a prospective
randomized clinical trial. Journal of biological regulators and homeostatic agents. 2017;31(3):775–84. Epub 2017/09/30. .
[PubMed] [Google Scholar]
23. Hatzimouratidis K, Eardley I, Giuliano F, Hatzichristou D, Moncada I, Salonia A, et al. EAU guidelines on penile
curvature. European urology. 2012;62(3):543–52. Epub 2012/06/05. 10.1016/j.eururo.2012.05.040 . [PubMed] [CrossRef]
[Google Scholar]
24. Frizziero A, Barazzuol M, Vittadini F, Bellon G, Masiero S, Meneghini A. Plantar Fascial Fibromatosis: Two Cases Treated
With Low-Energy Focused Shock Waves. Journal of clinical rheumatology: practical reports on rheumatic & musculoskeletal
diseases. 2017;23(1):63–5. Epub 2016/12/22. 10.1097/rhu.0000000000000462 . [PubMed] [CrossRef] [Google Scholar]
25. Knobloch K, Vogt PM. High-energy focussed extracorporeal shockwave therapy reduces pain in plantar fibromatosis
(Ledderhose's disease). BMC research notes. 2012;5:542 Epub 2012/10/04. 10.1186/1756-0500-5-542 [PMC free article]
[PubMed] [CrossRef] [Google Scholar]
26. Bedi DG, Davidson DM. Plantar fibromatosis: most common sonographic appearance and variations. Journal of clinical
ultrasound: JCU. 2001;29(9):499–505. Epub 2001/12/18. 10.1002/jcu.10014 . [PubMed] [CrossRef] [Google Scholar]
27. Lee JY, Yoon K, Yi Y, Park CH, Lee JS, Seo KH, et al. Long-Term Outcome and Factors Affecting Prognosis of
Extracorporeal Shockwave Therapy for Chronic Refractory Achilles Tendinopathy. Ann Rehabil Med. 2017;41(1):42–50. Epub
2017/03/16. 10.5535/arm.2017.41.1.42 [PMC free article] [PubMed] [CrossRef] [Google Scholar]
28. Park JW, Yoon K, Chun KS, Lee JY, Park HJ, Lee SY, et al. Long-term outcome of low-energy extracorporeal shock wave
therapy for plantar fasciitis: comparative analysis according to ultrasonographic findings. Ann Rehabil Med. 2014;38(4):534–
40. Epub 2014/09/18. 10.5535/arm.2014.38.4.534 [PMC free article] [PubMed] [CrossRef] [Google Scholar]
29. Seo KH, Lee JY, Yoon K, Do JG, Park HJ, Lee SY, et al. Long-term outcome of low-energy extracorporeal shockwave
therapy on gluteal tendinopathy documented by magnetic resonance imaging. PLoS One. 2018;13(7):e0197460 Epub
2018/07/18. 10.1371/journal.pone.0197460 [PMC free article] [PubMed] [CrossRef] [Google Scholar]
30. Tsai WC, Chiu MF, Wang CL, Tang FT, Wong MK. Ultrasound evaluation of plantar fasciitis. Scandinavian journal of
rheumatology. 2000;29(4):255–9. Epub 2000/10/12. 10.1080/030097400750041415 . [PubMed] [CrossRef] [Google Scholar]
31. Kisung Y, Beom KS, Sung PJ. Ultrasonographic Findings in Plantar Fasciitis. J Korean Acad Rehabil Med.
2002;26(2):181–6. [Google Scholar]

32. McMillan AM, Landorf KB, Barrett JT, Menz HB, Bird AR. Diagnostic imaging for chronic plantar heel pain: a systematic
review and meta-analysis. J Foot Ankle Res. 2009;2:32 Epub 2009/11/17. 10.1186/1757-1146-2-32 [PMC free article]
[PubMed] [CrossRef] [Google Scholar]
33. Mohseni-Bandpei MA, Nakhaee M, Mousavi ME, Shakourirad A, Safari MR, Vahab Kashani R. Application of ultrasound
in the assessment of plantar fascia in patients with plantar fasciitis: a systematic review. Ultrasound Med Biol.
2014;40(8):1737–54. Epub 2014/05/07. 10.1016/j.ultrasmedbio.2014.03.001 . [PubMed] [CrossRef] [Google Scholar]
34. Reilly JM, Bluman E, Tenforde AS. Effect of Shockwave Treatment for Management of Upper and Lower Extremity
Musculoskeletal Conditions: A Narrative Review. PM R. 2018;10(12):1385–403. Epub 2018/05/19.
10.1016/j.pmrj.2018.05.007 . [PubMed] [CrossRef] [Google Scholar]
35. Ogden JA, Alvarez RG, Levitt R, Marlow M. Shock wave therapy (Orthotripsy) in musculoskeletal disorders. Clinical
orthopaedics and related research. 2001;(387):22–40. Epub 2001/06/13. 10.1097/00003086-200106000-00005 . [PubMed]
[CrossRef] [Google Scholar]
36. Frairia R, Berta L. Biological effects of extracorporeal shock waves on fibroblasts. A review. Muscles Ligaments Tendons
J. 2011;1(4):138–47. Epub 2011/10/01. [PMC free article] [PubMed] [Google Scholar]
2020; 15(8): e0237447.
Published online 2020 Aug 10. doi: 10.1371/journal.pone.0237447.r001

Decision Letter 0
Natasha McDonald, Staff Editor
Copyright © 2020 Natasha McDonald
This is an open access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.

24 Jun 2020
PONE-D-20-02966
Follow-up of clinical and sonographic features after extracorporeal shock wave therapy in painful plantar fibromatosis
PLOS ONE
Dear Dr. Lee,
Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not
fully meet PLOS ONE’s publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the
manuscript that addresses the points raised during the review process.
The reviewers raised a number of concerns about the methodological approach used in the study. They specifically felt that
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3. A maximum of 12 sessions of ESWT received in the enrolled participants. What factors may be possibly related to treatment
success after less sessions?
4. Although the thickness of plantar fibroma is reduced in long-term follow-up period, how did the authors confirm the
softening of the fibroma, as stated in page 11, line 196& page 13, line 246-247?
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1. The authors stated the low energy ESWT in the text. The definition of low-energy ESWT should be clearly stated in the text
2. In medical chart review, there is a lack of information on the concomitant conservative treatments received
3. In page 6, line 123-124, the authors stated “A maximum of 12 ESWT sessions was conducted until the RMS reached a
“Good”or “Excellent” grade or patients refused to continue the ESWT”. Possible information on the reasons of refuse further
ESWT? Were the data included anyway if patients refused to continue ESWT?
4. Table 3 and Figure 3 are stating the same results from repeated measures ANOVA.
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6. PLOS authors have the option to publish the peer review history of their article (what does this mean?). If published, this
will include your full peer review and any attached files.
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Do you want your identity to be public for this peer review? For information about this choice, including consent
withdrawal, please see our Privacy Policy.
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4 Jul 2020
Dear Editor-in-Chief
Thanks for your reviews and comments for our manuscript. We tried to response reviewer’s comment properly and clarify the
text when needed. We hope that the reviewers will find our responses to their comments satisfactory, and our manuscript could
be accepted and then published in your journal as soon as possible. We look forward to hearing from you soon.
<Author’s comment>
Please find our response (in blue) to reviewer’s specific comments (in black) below. The corrected sentences are highlighted
with yellow color.
Reviewer #1
This study was to evaluate the long-term clinical outcome of ESWT in the plantar fibromatosis and ultrasonographic changes.
As your result, low-energy ESWT can have a beneficial long-term effect on pain relief and functional outcome. I agree this
article is appropriate to publish. However, this is a retrospective study, there are some limitation. The adjuvant treatments
affected the outcome and lack of placebo control group.
� -> Thanks for your reviews and comments. We totally agree with your comments that the adjuvant treatments affected the
outcome and lack of placebo control group. We suppose that this factor could be compensated to some degree because we
confined the subjects to the feet with chronic intractable painful plantar fibromatosis whose symptom did not improve after
conventional conservative treatment and lasted more than 6 months. However, placebo control group would be still needed to
assess the pure effect of the ESWT. Therefore, we addressed these issues in limitation section as follows:
There were several limitations to this study. First, due to the retrospective study design, there was a lack of information;
therefore, the concomitant conservative treatment received, such as physical therapy, NSAIDs, stretching and use of custommade insoles may have affected the outcomes. Second, there was no placebo control group. Thus, the effect of the natural
progression of this condition and sonographic change without ESWT could not be assessed.
Reviewer #2: This is a retrospective study investigating the clinical and sonographic features of plantar fibromatosis after
ESWT.
General comments
1. As a retrospective study, the number of enrolled subjects (feet) were too small to draw a conclusion.
� -> We totally agree with reviewer’s comments that the number of enrolled subjects (feet) were too small to draw a
conclusion. Therefore, we addressed these issues in limitation section as follows:
Third, only a small number of subjects was included in this study, which could be too small to draw a definite conclusion. The
small number of enrolled subjects were inevitable because plantar fibromatosis is not a common disease and our strict inclusion
criteria confined subjects to the feet with chronic intractable painful plantar fibromatosis whose symptom did not improve after
conventional conservative treatment and lasted more than 6 months. However, further study with larger number of subjects
would be still needed.
2. In addition, there is lack of comparison group for sonographic change in plantar fibroma without ESWT.
� -> We agree with the reviewer’s comment the there was no control group for sonographic change in plantar fibroma without
ESWT. Thus, we addressed this issue in our limitation section as follows:
Second, there was no placebo control group. Thus, the effect of the natural progression of this condition and sonographic
change without ESWT could not be assessed.
3. A maximum of 12 sessions of ESWT received in the enrolled participants. What factors may be possibly related to treatment
success after less sessions?

� -> Lower initial NRS, duration of onset, and post-treatment soreness was thought to be related to the less sessions, we could
not found relationship among these factors in our study. We suppose further study with lager number of subjects would be
needed.
4. Although the thickness of plantar fibroma is reduced in long-term follow-up period, how did the authors confirm the
softening of the fibroma, as stated in page 11, line 196& page 13, line 246-247?
� -> In the previous reports on softening of plantar fibroma by Knobloch et al. and Frizziero et al., softening of fibroma was
confirmed by palpation after patient’s report. Because standardized method has not been established, we also confirmed
softening of fibroma by palpation after patient’s report as with the previous reports. Therefore, we addressed this issue in our
manuscript as follows:
Actually, softening of fibroma after ESWT was noted in all 10 cases in this study, which was in accord with the preveious
reports on plantar fibroma by Frizziero et. al. [24] and Knobloch et. al. [25]. Because standardized method has not been
established, we also confirmed softening of fibroma by palpation after patient’s report as with the previous reports. Further
studies using more objective method, such as shear wave elastogrphy, would be needed.
Specific comments
1. The authors stated the low energy ESWT in the text. The definition of low-energy ESWT should be clearly stated in the text
� -> Shock-wave therapy is usually classified according to the energy flux density administered as follows: low-energy (<
0.08-0.27 mJ/mm2), medium-energy (0.28–0.59 mJ/mm2), and high-energy (> 0.6 mJ/mm2); or low-energy (< 0.12 mJ/mm2)
and high-energy (> 0.12 mJ/mm2). [J Bone Joint Surg Br 2004;86-B:165-71] While these terms ‘high’, ‘medium’ and ‘low’
energy are commonly used in the literature, there is no clear consensus on the threshold values. Therefore, we erased the term
‘low-energy’ from our conclusion section.
2. In medical chart review, there is a lack of information on the concomitant conservative treatments received
� -> We addressed these issues in limitation section as follow:
There were several limitations to this study. First, due to the retrospective study design, there was a lack of information;
therefore, the concomitant conservative treatment received, such as physical therapy, NSAIDs, stretching and use of custommade insoles may have affected the outcomes.
3. In page 6, line 123-124, the authors stated “A maximum of 12 ESWT sessions was conducted until the RMS reached a
“Good”or “Excellent” grade or patients refused to continue the ESWT”. Possible information on the reasons of refuse further
ESWT? Were the data included anyway if patients refused to continue ESWT?
� -> Patients refused to continue ESWT when they felt that there was no effect due to treatment pain or post-treatment
soreness. When the patients refused ESWT in the middle of ESWT sessions, we regarded it as treatment failure, but completed
follow-ups and included data in the results. We addressed this issue in our manuscript as follows:
A maximum of 12 ESWT sessions was conducted until the RMS reached a “Good” or “Excellent” grade. When patients
refused to continue the ESWT due to treatment pain or post-treatment soreness, we regarded it as treatment failure, but
completed follow-ups and included the data in the results.
4. Table 3 and Figure 3 are stating the same results from repeated measures ANOVA.
� -> We agree with your comments. Therefore, we deleted the Figure 3 in our manuscript.
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Dear Dr. Lee,
We’re pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally
accepted for publication once it meets all outstanding technical requirements.
Within one week, you’ll receive an e-mail detailing the required amendments. When these have been addressed, you’ll receive
a formal acceptance letter and your manuscript will be scheduled for publication.
An invoice for payment will follow shortly after the formal acceptance. To ensure an efficient process, please log into Editorial
Manager at http://www.editorialmanager.com/pone/, click the 'Update My Information' link at the top of the page, and double
check that your user information is up-to-date. If you have any billing related questions, please contact our Author Billing
department directly at authorbilling@plos.org.
If your institution or institutions have a press office, please notify them about your upcoming paper to help maximize its
impact. If they’ll be preparing press materials, please inform our press team as soon as possible -- no later than 48 hours after
receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date
of publication. For more information, please contact onepress@plos.org.
Kind regards,
Ezio Lanza, M.D.
Academic Editor
PLOS ONE
Additional Editor Comments (optional):
Dear Authors,
The paper shows sufficient quality to grant publication.
Please remove claims of primacy at lines 239-240 "To our knowledge, this is the first study to investigate the morphologic
changes after ESWT in plantar fibromatosis. " which do not add value to the discussion.
Also, avoid repeating inclusion criteria at 265-268. Stating that plantar fibromatosis is an uncommon disease, it's enough of an
explanation for the small cohort.
For better readability, please invert the paragraph order in conclusion. First, state that "ESWT can have a beneficial long-term
effect on pain relief and functional outcomes in painful plantar fibromatosis.", but "ESWT is unlikely to affect the
ultrasonographic morphology of plantar fibroma, except for reducing the thickness." then complete saying that "these are
preliminary findings, and must be confirmed in a randomized placebo control study.
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