
 

 

 University of Groningen

Radiotherapy for Ledderhose disease
de Haan, Anneke; van Nes, Johanna G.H.; Kolff, M. Willemijn; van der Toorn, Peter Paul;
Westenberg, A. Helen; van der Vegt, Annelies E.; Groen, Henk; Overbosch, Jelle; van der
Laan, Hans Paul; Werker, Paul M.N.
Published in:
Radiotherapy and Oncology

DOI:
10.1016/j.radonc.2023.109718

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2023

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
de Haan, A., van Nes, J. G. H., Kolff, M. W., van der Toorn, P. P., Westenberg, A. H., van der Vegt, A. E.,
Groen, H., Overbosch, J., van der Laan, H. P., Werker, P. M. N., Langendijk, J. A., & Steenbakkers, R. J.
H. M. (2023). Radiotherapy for Ledderhose disease: Results of the LedRad-study, a prospective
multicentre randomised double-blind phase 3 trial. Radiotherapy and Oncology, 185, Article 109718.
https://doi.org/10.1016/j.radonc.2023.109718

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

https://doi.org/10.1016/j.radonc.2023.109718
https://research.rug.nl/en/publications/c029eab7-86d8-497e-ab31-73a3513ec399
https://doi.org/10.1016/j.radonc.2023.109718


Radiotherapy and Oncology 185 (2023) 109718
Contents lists available at ScienceDirect

Radiotherapy and Oncology

journal homepage: www.thegreenjournal .com
Original Article
Radiotherapy for Ledderhose disease: Results of the LedRad-study, a
prospective multicentre randomised double-blind phase 3 trialq
https://doi.org/10.1016/j.radonc.2023.109718
0167-8140/� 2023 The Author(s). Published by Elsevier B.V.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

q Presented at:International Dupuytren Symposium – 03rd of November
2021ESTRO 2022 – 09th of May 2022ASTRO 2022 – 24th of October 2022.
⇑ Corresponding author at: Department of Radiation Oncology, University of

Groningen, University Medical Center Groningen, PO Box 30001, 9700RB Gronin-
gen, the Netherlands.

E-mail address: a.de.haan01@umcg.nl (A. de Haan).
1 Current Address: Martini Hospital Groningen, Department of Rehabilitation

Medicine, Groningen, The Netherlands.
Anneke de Haan a,⇑, Johanna G.H. van Nes b, M. Willemijn Kolff c, Peter-Paul van der Toorn d,
A. Helen Westenberg e, Annelies E. van der Vegt f,1, Henk Groen g, Jelle Overbosch h, Hans Paul van der Laan a,
Paul M.N. Werker i, Johannes A. Langendijk a, Roel J.H.M. Steenbakkers a

aUniversity of Groningen, University Medical Center Groningen, Department of Radiation Oncology, Groningen; bRadiotherapeutisch Instituut Friesland, Leeuwarden; cAmsterdam
University Medical Center, Department of Radiation Oncology, Amsterdam; dCatharina Hospital Eindhoven, Department of Radiation Oncology; eRadiotherapiegroep Arnhem, Ede;
fUniversity of Groningen, University Medical Center Groningen, Department of Rehabilitation Medicine, Groningen, the Netherlands; gUniversity of Groningen, University Medical
Center Groningen, Department of Epidemiology, Groningen, the Netherlands; hUniversity of Groningen, University Medical Center Groningen, Department of Radiology, Groningen, the
Netherlands; and iUniversity of Groningen, University Medical Center Groningen, Department of Plastic Surgery, Groningen, the Netherlands
a r t i c l e i n f o

Article history:
Received 3 March 2023
Received in revised form 11 May 2023
Accepted 13 May 2023
Available online 20 May 2023

Keywords:
Ledderhose disease
Plantar fibromatosis
Radiation
Non-malignant
a b s t r a c t

Background and purpose: Radiotherapy is considered a treatment option for Ledderhose disease.
However, its benefits have never been confirmed in a randomised controlled trial. Therefore, the
LedRad-study was conducted.
Materials and methods: The LedRad-study is a prospective multicentre randomised double-blind phase
three trial. Patients were randomised to sham-radiotherapy (placebo) or radiotherapy. The primary end-
point was pain reduction at 12 months after treatment, measured with the Numeric Rating Scale (NRS).
Secondary endpoints were pain reduction at 6 and 18 months after treatment, quality of life (QoL), walk-
ing abilities and toxicity.
Results: A total of 84 patients were enrolled. At 12 and 18 months, patients in the radiotherapy group had
a lower mean pain score compared to patients in the sham-radiotherapy group (2.5 versus 3.6 (p = 0.03)
and 2.1 versus 3.4 (p = 0.008), respectively). Pain relief at 12 months was 74% in the radiotherapy group
and 56% in the sham-radiotherapy group (p = 0.002). Multilevel testing for QoL scores showed higher QoL
scores in the radiotherapy group compared to the sham-radiotherapy group (p < 0.001). Moreover,
patients in the radiotherapy group had a higher mean walking speed and step rate with barefoot speed
walking (p = 0.02). Erythema, skin dryness, burning sensations and increased pain were the most fre-
quently reported side effects. These side effects were generally graded as mild (95%) and the majority
(87%) were resolved at 18 months follow-up.
Conclusion: Radiotherapy for symptomatic Ledderhose disease is an effective treatment resulting in a sig-
nificant pain reduction, improvement of QoL scores and bare feet walking abilities, in comparison to
sham-radiotherapy.
� 2023 The Author(s). Published by Elsevier B.V. Radiotherapy and Oncology 185 (2023) 109718 This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Ledderhose disease, also known as plantar fibromatosis, is a
benign hyperproliferative disease of the plantar fascia of the feet.
[1] Clinically, patients develop nodules and/or cords in the soles
of their feet, usually located on the medial and central bands of
the plantar fascia. [2] Ledderhose disease can be painful and may
negatively affect daily activities and quality of life. [3] Ledderhose
disease is associated with Dupuytren’ s disease in the hand and
Peyronie’s disease in the penis. [3–6] The aetiology and prevalence
of Ledderhose disease is not precisely known. [5–6].

At present, there is no evidence based treatment guideline for
symptomatic Ledderhose disease. Several conservative options
are offered to manage symptoms and to support and/or improve
functional outcome. The scientific evidence for these options varies
widely and some are based solely on expert opinion. [5–6] In the
early phase of this disease, orthotics are often used to relieve pres-
sure in the affected area and to support the feet during daily activ-
ities. [6] If symptoms increase, possible treatment options include
intralesional cortisone injections, extracorporeal shock wave ther-

http://crossmark.crossref.org/dialog/?doi=10.1016/j.radonc.2023.109718&domain=pdf
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.radonc.2023.109718
http://creativecommons.org/licenses/by/4.0/
mailto:a.de.haan01@umcg.nl
https://doi.org/10.1016/j.radonc.2023.109718
http://www.sciencedirect.com/science/journal/01678140
http://www.thegreenjournal.com


Ledderhose disease: Radiotherapy is effective
apy, surgery (limited fasciectomy) and radiotherapy. [5–7] Cur-
rently, surgery is not offered routinely, since the risk of recurrence
is high and may result in complications such as painful scars and
nerve problems. [5–6,8].

In recent decades, radiotherapy has emerged as a treatment
option for Ledderhose disease. Between 2003 and 2022 the effect
of radiotherapy as primary treatment for patients with Ledderhose
disease has been investigated in four retrospective studies
(Table S1). [9–12] These studies showed reduction of pain with
minimal toxicities. However, the added value of radiotherapy has
never been investigated in a randomised controlled trial. Therefore,
the LedRad-study was designed to test the hypothesis that radio-
therapy is an effective treatment for patients with symptomatic
Ledderhose disease.

Materials and methods

Study design

The LedRad-study is a prospective multicentre randomised
double-blind phase III trial investigating the efficacy of radiother-
apy in patients with symptomatic Ledderhose disease. Patients
were randomly assigned to receive either sham-radiotherapy
(arm 1) or radiotherapy (arm 2) (Fig. 1).

Approval for the study was obtained from the central institu-
tional ethical review-board at the University Medical Center of
Groningen (UMCG; METc 2017/397). The study was conducted in
four different centres in the Netherlands under the auspices of
the institutional review board of each participating centre. Ethical
Principles of Good Clinical Practices were followed. Data collection
was performed by the local radiation oncologists and data manage-
ment, and data analysis by the coordinating investigators at the
UMCG.
Study population

Inclusion criteria were:

� Age � 18 years
� WHO performance score 0–2
� Pain score related to Ledderhose disease � 2
� Good understanding of the Dutch language
� Ability and willingness to attend follow-up visits and complete
several questionnaires in Dutch

Exclusion criteria were:
Fig. 1. Flowchart of patients in the LedRad-study. Abbrev
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� Previous treatment with radiotherapy and/or surgery for Led-
derhose disease in the affected foot

� Any psychological, familial, sociological or geographical condi-
tion potentially hampering compliance with the study protocol
or follow-up schedule

� Being unable to lie in a prone position for at least fifteen
minutes

� Pregnancy at entry or planning to become pregnant within six
months

Written informed consent was received from each patient prior
to enrolment.
Randomisation and masking

ALEA Clinical (FormsVision Company, the Netherlands) was
used for the randomisation. Stratification factors were age
(<40 years, between 40 and 60 years and � 60 years) and gender
(male versus female). Pocock’s minimization strategy was used to
ensure adequate balancing of factors in both arms. Deblinding
was performed at 18 months follow-up (FU).
Treatment

The radiation field was delineated by marking all Ledderhose
nodules and/or cords on the sole of each affected foot with a mar-
gin of 2.5 cm in proximal–distal direction and a margin of 1.5 cm in
medial–lateral direction. A custom lead mould of at least 10 mm
thick was made for each patient. The purpose of this lead mould
was to only irradiate the Ledderhose nodule(s) with the direct sur-
rounding skin by shielding the remaining part of the foot.

Radiotherapy was administered in two separate courses of five
daily fractions of 3 Gy each to a total dose of 30 Gy. Both courses
started on a Monday and the interval between the two courses
was 10 weeks. Depending on the nodule thickness, either 8 MeV
electrons (�1 cm) or 10 MeV electrons (>1 cm) were used.

Patients assigned to arm 1 were subjected to the same
preparation- and treatment procedures as patients assigned to arm
2. However, during sham-treatment, patients did not receive actual
radiation, but heard a sound-recording of the linear accelerator (ra-
diation machine/device) mimicking the radiation treatment.
Endpoints and assessments

Evaluation and study assessments were performed prior to
treatment (baseline), at the start of the second treatment course,
and at 6, 12 and 18 months FU.
iations: FU: follow-up; M: months; RT: radiotherapy.



Table 1
Baseline characteristics of the patients included in the LedRad-study.

Patient
characteristics

Arm 1: sham-radiotherapy
(n = 42)

Arm 2: radiotherapy
(n = 42)

Age at inclusion ± SD
(yrs.)

55.8 ± 8.6 55.9 ± 10.2

Gender
Male
Female

14
(33%)28
(67%)

13
(31%)29
(69%)

Age category
< 40 years
40–60 years
� 60 years

3
(7%)25
(60%)14
(33%)

2
(5%)26
(62%)14
(33%)

WHO-performance
status
0
1

34
(81%)8
(19%)

34
(81%)8
(19%)

Affected foot 12 13
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The primary endpoint of the study was pain reduction, relative
to baseline, at 12 months FU, measured with the Numeric Rating
Scale (NRS). Secondary endpoints were pain reduction at 6 and
18 months FU; quality of life, measured with the EURO-QoL-5D-
5L questionnaire and visual analogue scale; walking speed and step
rate, measured with the 10-meter straight line walk test; and tox-
icity of radiotherapy, measured as adverse events (AEs).

The NRS is an 11-point scale ranging from 0 (no pain) to 10 (ex-
cruciating pain). [13] Pain scores from Ledderhose disease in the
affected feet were obtained at all time points. Mean pain scores
of the treated feet in the two treatment arms were compared.
Additionally, pain response categories were evaluated based on
the difference in pain score between baseline and during FU. A
complete pain response was defined as a pain score of 0 points.
A partial pain response was defined as a decrease in pain score of
at least two points combined with a remaining pain score � 1
point. Stable pain was defined as a one or zero pain score point
change in either direction. Progressive pain was defined as an
increase in pain score of at least two points.

The EuroQoL-5D-5L instrument comprises a short descriptive
system questionnaire and a visual analogue scale (EQ VAS). [14]
The questionnaire provides a simple descriptive profile of a respon-
dent’s health state, based on the societal perspective (i.e., what the
general population thinks about the value of the health state). The
descriptive questions of the EQ–5D cover five domains: mobility,
self-care, usual activities, pain/discomfort, and anxiety/depression.
The results of the questionnaire can be used to describe health
states as index values, which reflect how good or bad a health state
is according to the preferences of the general population,
expressed on a scale from 0 to 1. The EQ VAS visual analogue scale
provides information about the patient’s perspective on their cur-
rent overall health on a scale ranging from 0 to 100. [15] Higher
scores indicate a better quality of life. The scores were compared
with the EQ-5D-5L reference values from the Dutch general popu-
lation. [16].

During the 10-meter straight line walk test patients had to walk
wearing their own shoes and barefoot at two speed levels: at
patient’s own comfortable speed and speed walking. This test mea-
sured the impact of Ledderhose disease on walking speed and step
rate. [17] Barefoot walking was added to the study protocol after
15 patients were included.

The number of AEs was reported from baseline up to and
including the 18 months FU. The following items were recorded
for each AE: grading (mild, moderate, severe, life-threatening,
death related to AE), relation to treatment (unrelated, unlikely,
possible, probable, definite), seriousness (yes, no) and if the AE
was ongoing. Scoring for AEs was done before the deblinding at
18 months. All AEs were divided into categories and the categories
with the most AEs were analysed in more depth.
Left
Right
Both

(28%)7
(17%)23
(55%)

(30%)6
(15%)23
(55%)

Number of nodes left
foot*
0
1
2
3
4

7
(20%)14
(40%)6
(17%)7
(20%)1
(3%)

8
(22%)15
(42%)8
(22%)4
(11%)1
(3%)

Number of nodes
right foot*
0
1
2
3
4
8

6
(20%)13
(44%)7
(23%)2
(7%)1
(3%)1
(3%)

6
(21%)16
(55%)6
(21%)1
(3%)0
(0%)0
(0%)

*Based on physical examination.
Abbreviations: SD: standard deviation, yrs.: years.
Sample size calculation and statistical analysis

Enrolment of 80 patients was required to detect an absolute dif-
ference in pain response (complete and partial) of 35% at 12months
FU (accounting for a 25% placebo effect and 60% response in the
radiotherapy arm), with a 90% power and a type I error of 5%.

Analyses were performed according to the intention-to-treat
principle and included all randomised patients. Data were analysed
using the statistical package SPSS for Windows 23.0 (SPSS Inc, Chi-
cago, IL, USA). Continuous endpoints at each time point were
tested on statistical significance using the Mann-Whitney U test.
Categorical endpoints were tested on statistical significance using
the Chi-Square Tests. Multilevel testing was performed to test
changes over time considering the following items: patient, feet,
and time-points. All reported p-values were two-sided with 0.05
as threshold for statistical significance.
3

Results

From January 2018 to October 2019, 84 patients (27 men and 57
women) were enrolled. Mean age at baseline was 55.8 years (SD:
9.4 years). Baseline characteristics are shown in Table 1. A total
of 130 feet (25 left sided, 13 right sided and 46 patients with both
feet) were treated. 65 Feet (in 42 patients) were allocated to arm 1
and 65 feet (in 42 patients) to arm 2. Five patients dropped-out
prior to completing the 12 months FU (Fig. 1).

The results regarding pain score and pain response are shown in
Table 2 and Fig. 2, respectively. At 12 months FU, the mean pain
score in arm 2 was significantly lower compared to that in arm 1
(2.5 vs. 3.6; p = 0.03). The pain response rate (cumulative
complete- and partial pain response) at this time point was 74%
in arm 2 and 56% in arm 1. The overall pain response, including
all four pain response categories, differed significantly between
the two arms (p = 0.002). At 6 months FU, the mean pain scores
and pain response rates in both arms were comparable. At
18 months FU, the mean pain score in arm 2 was still lower than
the mean pain score in arm 1 (2.1 vs. 3.4; p = 0.008) and the pain
response rate was comparable to the rate at 12 months FU; 77% in
arm 2 versus 54% in arm 1. The overall pain response differed sig-
nificantly between the two arms (p = 0.002). Multilevel testing
showed a significantly higher overall pain reduction for patients
in arm 2 compared to patients in arm 1 (p = 0.03).

For the EQ-5D index value scores at baseline and at 6 months
FU, the mean score of patients in arm 1 improved from 0.71 to
0.77 and from 0.63 to 0.82 for patients in arm 2. At 12 months
FU, the mean score of patients in arm 1 remained stable (0.77), rel-
ative to the score at 6 months FU, and further improved to 0.85 for
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patients in arm 2. At 18 months FU, the mean score remained
stable for both arms, relative to scores at 12 months FU: 0.76 for
arm 1 and 0.84 for arm 2. The reference value of the age-
matched Dutch population for the EQ-5D index value was 0.86
(Fig. 3). The mean scores at baseline and at 6 months FU for the
EQ VAS score improved from 71.9 to 74.8 for patients in arm 1
and from 67.8 to 74.8 for patients in arm 2. At 12 months FU, the
mean score remained stable (74.0), relative to score at 6 months
FU, for patients in arm 1 and further improved to 78.8 for patients
in arm 2. At 18 months FU, the scores remained stable for both
arms, relative to scores at 12 months FU: 73.8 for arm 1 and 76.8
for arm 2. The reference value of the Dutch population for the EQ
VAS score was 80.6. Overall improvement for both scores was more
pronounced among patients in arm 2 compared to those in arm 1
(p < 0.001 and p = 0.04, respectively).

No differences between the two treatment arms were found for
walking either on shoes or barefoot at a comfortable speed, at any
of the FU time points. Results for barefoot speed walking are shown
in Table 2. Multilevel testing showed a higher mean walking speed
and higher mean step rate for barefoot speed walking for patients
in arm 2 compared to patients in arm 1 (p = 0.02 for both
variables).

Erythema, skin dryness, burning sensations and increased pain
were the four most frequently reported AEs (n = 98; Table S2). Five
of those (5%) were graded as moderate (grade II) and all others as
mild (95%; grade I). Relation to treatment was probable for 13 AEs
(13%), possible for 84 AEs (86%) and unlikely for one AE (1%). At the
18 months FU six patients had ongoing erythema and seven
patients ongoing skin dryness. In all patients, burning sensations
and increased pain were resolved.

Regarding AEs, the only difference between the two treatment
arms was the scoring of relation to treatment for erythema
(p = 0.003). In arm 1 one erythema was scored as unlikely related
to treatment and nine as possible related. In arm 2 five erythema
were scored as possible related to treatment and ten as probable
related.

Four patients experienced a serious adverse event (SAE; n = 3 in
arm 1 and n = 1 in arm 2); anaphylactic reaction to MRI contrast
agent, hospitalisation after fall from stairs (unrelated to Ledder-
hose disease), ileus due to diverticulitis (hospitalisation and sur-
gery needed) and collapse (observational hospitalisation). These
SAEs were all considered unrelated to the study treatment.
Discussion

This is the first RCT assessing the effect of radiotherapy for
symptomatic Ledderhose disease. Our results showed that radio-
therapy is an effective treatment modality with only mild
toxicities.

At 12 months FU, radiotherapy resulted in a significantly lower
mean pain score compared to sham-radiotherapy. This significant
difference sustained at 18 months, with further decrease in the
mean pain score for patients in the radiotherapy arm. In a retro-
spective study, with a median follow-up > 4 years, the mean pain
score decreased after radiotherapy from 5.7 to 1.7 (p < 0.001).
[12] This mean pain score is lower compared to the pain score
found in our study at 18 months FU. This might indicate that the
pain score can still further improve over time. In other retrospec-
tive studies, the reported range of pain response rates after radio-
therapy (60–81%) are in line with the pain response rates in the
radiotherapy arm found in our study (74% at 12 and 77% at
18 months FU). [9–11].

At 6 months FU no differences in mean pain scores between the
two arms were found and a high and unexpected pain response
was found in the sham-radiotherapy arm. There are several factors



Fig. 3. Mean QoL-scores (EQ-5D index value scores), including 95% CI for the Mean,
for both treatment arms at baseline, 6, 12 and 18 months after end of (sham)-
radiotherapy. The horizontal green line represents the reference value from the age-
matched Dutch population. Abbreviations: CI: confidence interval; FU: follow-up;
M: months; RT: radiotherapy.

Fig. 2. Pain responses (%) of the treated feet at follow-up, per group and timepoint. Pain responses are based on the differences in pain score between baseline and the follow-
up visit.
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which might contribute to high responses after placebo/sham-
treatment. Patient treatment expectancy is considered a major
determinant of the treatment response. [18] Other factors can be
fluctuations in symptoms, response to concurrent treatments, the
natural course of the disease, or response bias from reporting of
subjective symptoms. [19–20].

Quality of life scores in our study increased significantly after
radiotherapy compared to sham-radiotherapy. The mean scores
at 12 and 18 months FU were comparable to the mean scores of
the age-matched general Dutch population. This indicates that
the intensity of health-related problems after radiotherapy is low
and at the level of the general population. Comparable results were
found in the retrospective study with a median follow-up > 4 years.
[12] This might indicate that the high quality of life scores sustain
after a longer follow-up.

A significant improvement of barefoot speed walking, the most
demanding walking situation for patients with Ledderhose disease,
was found after radiotherapy. Although improvements in walking
abilities were not studied in the same way, improvement in walk-
ing was also reported in one of the retrospective studies. [10] In
this study, when looking at gait (no limitations, limitations
5

after > 1 km, limitations after � 1 km and complete limitation),
73% of patients reported improvement after radiotherapy and
60% of patients had no limitations any longer. Prior to radiotherapy
all patients had limitations.

Two mild toxicities from radiotherapy were previously
reported: erythema and skin dryness. In general, erythema was
reported as acute toxicity and skin dryness was reported both as
acute- and late toxicity. [9–12] In our study, increased pain and
burning sensations were also frequently reported as toxicities. In
general, these toxicities were graded as mild and resolved sponta-
neously. At 18 months FU, some patients (n = 13) still had mild ery-
thema and/or mild skin dryness, however, without any impact on
quality of life.

After radiotherapy, there is a risk of radiation-induced malig-
nancy. As there is no report in the literature of a radiation-
induced malignancy after radiotherapy for Ledderhose disease, this
is considered a theoretical drawback. Based on experience of other
disease sites, the lifetime risk of a radiation-induced malignancy is
estimated to be 0.02%. [21–22] Another possible toxicity over time
from radiotherapy is fibrosis. [23] Radiation dose and intrinsic
radiosensitivity are the main risk factors for this toxicity. [24]
Fibrosis was not found within the 18 months follow-up period in
our study and was not reported in the retrospective studies. [9–
12] The follow-up periods in all studies were short and compared
to cancer patients treated with radiotherapy, the radiation dose
given for Ledderhose disease is relatively low. For both radiation-
induced malignancy and fibrosis a life-long follow-up and patient
education is suggested.

Information on the radiobiological mechanism behind radio-
therapy for Ledderhose disease is limited, and mainly based on
the treatment for other benign conditions, like Dupuytren’s dis-
ease. It has been suggested that the effect of radiotherapy in this
disease is predominantly based on inhibition of fibroblast and
myofibroblast proliferation, eventually resulting in symptoms
and progression of nodules. [25] It should be noted that the opti-
mal dose and fractionation for Ledderhose disease remains to be
determined. In retrospective studies, the total dose ranged from
21 – 32 Gy, using different fractionation schedules. [9–12] In the
current study, the total dose of 30 Gy, delivered in two portions
of 5x3 Gy, was chosen as this was the most commonly schedule
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in Ledderhose disease. Further research on the radiobiological
mechanisms as well as the most optimal dose and fractionation
is warranted.

Our study has several strengths: the multicentre randomised
double-blind placebo-controlled design with stratification for age
and gender, the use of validated outcome measurements, the use
of one treatment modality (electrons) and the well-defined homo-
geneous patient population.

A limitation of our study is that no direct knowledge about the
natural course of the disease and fluctuation of symptoms was
gained. A third arm including a watch-and-wait policy might have
provided this information. There are also two limitations with
regard to clinical applicability. First, from this study no conclusions
can be drawn with regard to the effectivity of radiotherapy when
orthovolt is used as treatment modality. However, retrospective
studies showed that treatment outcomes achieved with orthovolt
were similar to the results from treatment with electrons. For this
reason, we believe that in clinical practice both treatment modali-
ties can be used, based on preferences and site availability. Second,
in our study previous surgery for Ledderhose disease was an exclu-
sion criteria and therefore it is uncertain whether radiotherapy will
have the same effect on previously operated patients who experi-
ence a recurrence.

In conclusion, compared to sham-radiotherapy, radiotherapy
for symptomatic Ledderhose disease is an effective treatment,
resulting in a significant pain reduction, improvement of QoL
scores and bare feet walking abilities, without increased toxicity.
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