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1 Information and introduction

Special note

Medicine is subject to a constant process of development, so that all information in this guideline
can only correspond to the state of knowledge at the time of its preparation. The greatest possible
care has been taken with regard to the recommendations given on the dosage and technique of
radiation therapy. Nevertheless, the person administering ionizing radiation for therapeutic
purposes is ultimately responsible and should consult a specialist in case of doubt. Discrepancies
that come to light while reading these guidelines can and should be reported to the guideline
editors. In this guideline, registered trademarks (protected product names) are not noted as such,
and an absence of a corresponding reference does not necessarily imply that the name given is
the free trade name. The work is protected by copyright in all of its parts. Any commercial or for-
profit use is prohibited without the written consent of the editors. No part of this guideline may
be reproduced in any form.
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1.2 Introduction

1.2.1 Foreword

The field of “radiotherapeutics” is generally associated amongst physicians and the public with the
treatment of malignant diseases. This perception excludes the radiation treatment of a heterogeneous
spectrum of nonmalignant diseases that originally predominated in the early days of
“radiotherapeutics” and have continuously been treated in German-speaking countries over the last
100 years [561,708].

In the meantime, tens of thousands of patients are treated with radiotherapy in Germany each year
for “benign” or “nonmalignant diseases” or “functional disorders” [692,693,701,705]. Taking the
results of a research report on radiation protection from the German Society for Radiation Oncology
(DEGRO) as a basis [636], in 2016, more than 250,000 completed treatment cycles were performed for
benign diseases (including benign tumors) in Germany.

Treatment success often leads to the preservation or improvement of quality of life, e.g., through pain
reduction or improvement of previously limited function(s). Depending on the type of institution and
the geographic location, indications for radiotherapy comprise between 10% and 30% of the patient
clientele, as shown by various patterns of care studies in Germany [693,695,701,705]. Of the more
than 300 currently active radiation therapy facilities in Germany, each one offers radiation therapy for
benign diseases.

This development has been promoted since 1995 through independent action as a radiation therapy
professional society (DEGRO e.V.) and systematic further education and training in the field. The
indications for nonmalignant diseases commonly used today were determined within the specialist
group from 1996 to 2000 by a consensus process and established in a jointly developed guideline within
the scientific specialist society [692,693,701]. The fact that the clearly defined clinical indications came
to be viewed as a relevant basis for treatment is shown by the doubling of the number of patients
receiving treatment for benign conditions from 1999 to 2004 and by new investments in orthovoltage
technology. This trend continues today and is likely to continue in the near future because of the
increasingly aging population in Germany and associated increase in patients with nonmalignant
indications for radiation therapy. Most such indications involve degenerative painful joint diseases
[692,701,705].

The uptake of ionizing radiation in low-to-medium and occasionally high doses for nonmalignant
diseases represents an extremely interesting, multi-layered medical chapter. New indications have
been systematically established, others have disappeared, and still others have survived from the
outset [378,465,708].

1.2.2 Objective, research question, and audience of this guideline

The 2022 guideline presented here should be seen as a detailed update of the guideline first published
in October 1999 and extensively updated in 2018. It takes into account the broad spectrum of
indications for radiotherapy of nonmalignant diseases in 2022 in German-speaking countries.

This is a S2e guideline. It was developed from formally assessed statements in the scientific literature
and deliberated and approved in a formal consensus process.

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 7
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The guideline is to be regarded as specific for specialist groups and therefore primarily addressed to
specialists in radiotherapy, residents undertaking further training to become specialists in
radiotherapy, and radiologists involved in radiotherapy. More broadly, this guideline is also intended
to offer information for therapy decisions to all groups of specialists.

After topics were assigned to experts in 2009 and 2010, open working group meetings were held in
2011 for the purpose of approving the guideline contributions. In 2013, the final guideline was
published, with an update in 2018. In 2022, a call for experts was made to update the contributions
again. The updated contributions are marked separately in the current version.

The guideline presented here is intended to provide the basis for action-relevant medical decision-
making processes. The guideline is intended to contribute to ensuring appropriate health care with
regard to radiotherapy for nonmalignant diseases and thus to form the basis for individually adapted,
quality-assured, economically balanced therapy.

1.3  Methodology basics (S2e guideline)

A systematic search, selection, and evaluation of scientific evidence (‘evidence’) on the relevant clinical
guestions was conducted, as follows:

1. Systematic search for guidelines on the same topic and to check whether individual
recommendations can be adopted or adapted from them

2. Literature search according to a largely standardized procedure (PubMed, MEDLINE, and
Cochrane Library)

3. Presentation of the selection criteria for the evidence, in particular reasons for exclusion

4. Summary and evaluation of the evidence

5. Establishing the strength of the evidence (level of evidence) and the strength of the
recommendation (level of recommendation)

The guideline is divided into general and specific parts.

The introductory part of this guideline includes explanations of the physical principles, radiobiological
mechanisms, and radiogenic (radiation-induced cancer) risks of radiotherapy for nonmalignant
diseases.

In thesite-specific guidelines the individual indications are presented. The authors followed a uniform
scheme that takes into account the definition, epidemiology, etiology and pathogenesis, diagnostics
and differential diagnostics, staging, and general therapy options for each disease. For each clinical
picture, specific radiotherapeutic aspects, such as indication, rationale, target volume definition, dose
concept, and irradiation technique, along with aspects of radiation protection, are presented.

The indications addressed in the special section represent the broad spectrum of common and rare
benign diseases that the practicing radiation therapist in Germany may encounter for treatment. This
selection is not claimed to be complete, and we note that the expert group decided by consensus not
to include benign diseases of the central nervous system in this guideline.

The guideline is to be updated at regular intervals (e.g., every 3 or 5 years). We would like to invite
interested parties to actively participate in this process.

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 8
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1.4  Scheme of evidence grading

Evidence grading was based on the Oxford Centre of Evidence-Based Medicine scheme for disease
therapy [470]. The scheme is presented in Table 1.

la:
1b:
1c:
2a:
2b:
2c:
3a:
3b:

4:
5:

Systematic review (with homogeneity of study results) of randomized controlled trials
Single randomized controlled trial (with narrow confidence interval)

All-or-nothing principle

Systematic review (with homogeneity of study results) of cohort studies

Single cohort study or low-quality randomized controlled trial (e.g., <80% follow-up)
Outcome studies, ecological studies

Systematic review (with homogeneity of study results) of case-control studies

Single case-control study

Case series (and cohort and case-control studies of low quality)

Expert opinion without explicit critical evaluation or based on physiology or laboratory results

Table 1. Level of evidence based on the Oxford Centre of Evidence-Based Medicine scheme for the therapy of diseases.

1.

5 Recommendations and their grading

The grading of the recommendations also was based on the Oxford Centre of Evidence-Based
Medicine’s scheme for the treatment of diseases [470].

Grade A  Is to be implemented Evidence level la and Ib
Grade B Should be carried out Evidence level Il or llI
Degree C Can be performed Evidence level IV
Grade D  Decision is open Evidence level V
Table 2. Grading of recommendations based on the Oxford Centre of Evidence-Based Medicine scheme for disease therapy.

1.

6 Evidence rating

At the end of the specific articles, a level of evidence rating is followed by the level of recommendation for
performing radiation therapy, for instance:

Radiotherapy should be performed, if indicated.

Evidence level 2c, recommendation level B

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0

Page 9



Guideline

2 Limitations (Update 2022)

This guideline provides recommendations for radiotherapy of numerous benign diseases. Based
on analysis of the available literature pool, the best available evidence was used. The authors are
aware of certain limitations to this approach. For example, the gold standard in pain management
research is the double-blind, placebo-controlled trial [359,740]. On the important topic of
radiotherapy for pain relief in benign conditions, however, only a few studies have been
conducted with this design, often with limited quality and/or number of cases [702].
Unfortunately, none of these studies has demonstrated an additional radiation-specific effect
compared with sham irradiation [256,275,524,554,613,775]. Thus, the objection of some critics
that, especially in osteoarthritis, low-dose pain irradiation is also a “powerful placebo effect”
[54,256] still cannot be invalidated.

This limitation should not diminish the value of this guideline. Every author has worked with great
care on their respective subject area and engaged in debate about it. The result is a guideline for
radiation therapy of benign diseases that represents the highest available consensus within the
field’s professional society. In other European countries, which so far have been rather cautious
in selecting indications compared to Germany, radiotherapy of benign diseases also is increasingly
coming into focus. For example, the UK’s Royal College of Radiologists updated its
recommendations for radiotherapy of various benign diseases in 2022. In this regard, in an
editorial published in 2022, experts from Italy and England proposed levels of evidence according
to the Oxford Centre of Evidence-Based Medicine for the therapy of diseases [207].

The observation of German folklorist and poet Johann Peter Hebel, writing more than 200 years
ago, is still valid: “As much as one knows, one would like to know even more.”

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 10
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3 General aspects

3.1 Basic physics concepts

3.1.1 Introduction

For the treatment of inflammatory and hypertrophic processes as well as the treatment of benign
tumors, ionizing radiation is used, which can be delivered in the form of X-rays, gamma rays, electron
beams, or particle beams.

Processes used

The physical interaction of radiation with matter takes place in the form of the photoelectric effect,
the Compton effect, and pair formation. lonizing radiation causes changes in biological matter in the
form of genetic changes, introduction of cellular defects, and changes in metabolic processes.
Radiation therapy treatment of benign diseases is performed with the same equipment and according
to the same principles and procedures as in radiation oncology [632,702].

An evidence level according to evidence-based medicine cannot be determined for the physical
parameters of the irradiation devices. For this reason, recommendation level B is defined for the
appropriate choice of irradiation device. Depending on the location of the target volume and thus the
selected depth of dosage, the parameters listed in Table 3 should be used for treatment.

3.1.2 External beam radiotherapy

Radiation therapy of nonmalignant diseases can be performed by using medical electron linear
accelerators (energy range 6—18 MeV), Co-60 gamma irradiation devices (1.17 and 1.33 MeV), and X-
ray therapy devices.

3.1.2.1 X-ray equipment

The X-ray therapy systems are set up with kilovoltage energies — superficial and orthovoltage units
generally up to 300kVand a half-depth therapy unit (from 100 kV) [157, 158]. The dose distribution in
air is neither symmetrical nor uniform in X-ray therapy equipment. The largest deviation occurs in the
direction parallel to the tube axis and depends on the anode angle and the heel effect. The anode angle
is chosen so that these two effects are in balance, usually 30° for orthovoltage devices and 45° for
surface therapy devices [426]. For an X-ray therapy device designed for a wide voltage range (50 kV to
300 kV), the anode angle is 30° [752]. To homogenize the radiation, filters made of aluminum, copper,
or lead or combinations of aluminum, copper, and tin are used, which are inserted in coded filter
holders.

For surface therapy, knowledge of the depth dose distribution is often of secondary interest as long as
no organ at risk is located below the target volume. More often, a very uniform dose distribution is
required in this region, which can be determined by measurements of the transverse profile. The
penumbra must be known precisely if risk organs, such as the eye, are located in the immediate vicinity
of the radiation field.

If deeper tissues are to be irradiated with the Orthovolt device, accurate information on the depth
dose profile is indispensable in addition to the transverse profile analysis at these depths.

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 11
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Tubes of 25 to 50 cm in length are used to better delineate the irradiation fields, which are placed on
the skin. Typical tube field sizes are 4x6, 6x9, 8x10, 10x15, or 15x20 cm?. In addition, there are open
round tubes from 1 cm in diameter.

Modern X-ray therapy systems with modern switching and safety technology meet all of today’s
requirements in terms of handling and versatility and are suitable for both soft and hard beam therapy.

The radiation quality of an X-ray therapy system is characterized by:

a) Tube voltage
b) Total filtering
¢) 1% and 2"-half thickness

The half-width thickness (HWD) is the layer thickness of a reference material (aluminum or copper)
that reduces the air kerma power in the narrowly focused beam to half (s1), and the 2nd HWD reduces
it to a quarter (s2). The units used are mm Al (up to 120 kV) or mm Cu. Both HWD s1 and s2 are
measured in a narrow beam behind the total filter. These measurements are complex and require high-
purity aluminum and copper, which are correspondingly expensive to purchase. The AAPM-TG 61
Report [490] states that the indication of the 1°- and 2"%-half thickness can be valid for a wider voltage
range, but the same voltage level using different X-ray therapy devices can lead to different HWD. It is
suggested that in addition to the HWD, the voltage level and the ratio of absorbed dose values at 2 cm
and 5 cm of water depth should be given. As an alternative method of labeling radiation quality, the
DGMP Report No. 15 suggests measurements in water at depths of 5 cm and 10 cm or a water-
equivalent solid phantom at a constant focus-measurement distance of 50 cm and field size 125 cm?:

QR = M10/M5

From this, the corresponding half-value thickness s1 in mm Cu can be determined for voltages above
100 kV [157].

Dosimetry should be performed with an ionization chamber calibrated to indicate absorbed dose to
water or an ionization chamber calibrated freely in air to indicate air kerma in accordance with DIN
6809-4 [163]. The Farmer chamber is considered the gold standard for determination of HWD and
measurement of absolute dose [490].

Scattering effects are of great importance in kV radiation. The backscatter factor (BSF) plays a specific
and crucial role, which also must be considered in therapy planning. The BSF is defined as the ratio of
the air kerma at the surface of a water phantom to the air kerma at the same position measured free
in air [631].

BSF varies as a complex function of X-ray energy spectra, field size, source—surface distance, and
different phantom materials [327]. The uncertainty around experimentally determined BSF stems from
the change in the energy spectrum of the kV radiation as it transitions from air to phantom and in the
energy response of the detector, as well as from perturbations in photon fluence. Theoretical data
show that the energy transfer coefficient utr, however, undergoes only a change on the order of 10%
[426]. The BSF maximum is at HWD 1.0 mm Cu, which corresponds to a voltage step of 150 kV. Monte
Carlo simulations for 120-200 kV of radiation resulted in deviations of less than 3% from the published
RSF data of the AAPM-TG 61 report [539]. It is recommended that these BSF data be used for irradiation
planning [327].

For the medical physicist (MPE) making their own measurements, care must be taken to use the correct
phantom material. PMMA and RW3 as backscatter material can lead to deviations in BSF
measurements of up to 7% at 50 kV, although the errors become smaller at higher beam energies.
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Irradiation planning
The MPE cannot use a treatment planning system to create the physical radiation plan and needs tables
that allow hand calculations for monitoring units or irradiation time.

The dose applied to the patient at a given X-ray energy depends on a number of factors [426]:

a) Depth dose value at reference point

b) Tube

c) Effective field size after shielding measures

d) Size of air gap between lower edge of tube and patient surface

Tables or graphical progressions are required for the following quantities:

a) Dosage table

b) Depth dose table

¢) BSFs

d) Backscatter buildup effect

Dosing for nonmalignant disease, as in radiotherapy in general, should be based on the reference point
according to ICRU 50/62 [348,350]. A maximum dose inhomogeneity of -5 to +7% is in principle
desirable but often not achievable with radiotherapy equipment because of the steep dose gradients.
As a rule, normalization is performed to the surface, and the radiation quality must be selected so that
the target volume is still enclosed by the 90% isodose [327]. This condition can be fulfilled in the field
of surface therapy for target volumes at a depth of up to 5 mm, but only to depths of about 5 cm in
half-depth therapy up to 400 kV. Therefore, disease foci deeper than 5 cm below the skin should not
be subjected to X-ray therapy. The dosage dose, maximum dose, reference dose, and dose minimum
in the target volume should be recorded. For opposed field techniques, the contribution of both fields
along the central beam must be taken into account according to the depth dose distribution and added
when determining the maximum dose to the skin.

In addition, the use of shielding or collimating measures (e.g., in the form of lead shields) may be
necessary, depending on the size of the target volume. For lead shielding, lead equivalent values, which
are considered sufficient for radiation protection in X-ray diagnostics, should not be used as a guide
[164]; instead, the specifications in megavoltage (MV) radiotherapy, which provide for shielding of 5
half-value layer thicknesses, should be applied [338]. Lead shields for limiting the useful beam should
be 0.15 mm thick up to 50 kV, 0.8 mm thick from >50 kV to 100 kV, 2.0 mm thick from 120 to 200 kV,
and at least 4.0 mm thick from >200 to 300 kV [791]. When very irregular field shapes are formed with
lead shields, a correction factor must be introduced for the output factors, which is the ratio of the
BSFs of the irregular and the open field.

Due to its high atomic number (Z=82), lead is an excellent shielding material for use with healthy tissue.
However, shielding with lead leads to a reduction in backscatter and consequently a dose reduction at
the surface. This dose reduction is a function of field size, lead thickness, energy, and depth of lead
shielding. The largest decrease in surface dose has been observed at X-ray energies with generation
voltages of about 100 kV [327]. Decreases in surface dose also are caused by deeper bones and air
pockets. It is therefore recommended to estimate the dose reduction by taking into account the
various influencing factors.

If lead is brought behind the target volume, e.g., in irradiations of the lip or ear, very significant
perturbations in the dose distribution occur at the interfaces between water/soft tissue and materials
with high atomic number. At such interfaces, changes in BSF of up to 15% may occur. In these cases, it
is advisable to coat the surface of the lead with material of a lower atomic number.

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 13



Guideline

In the case of field recesses with lead, the therapy beam can be contaminated with low-energy
electrons, which can lead to a doubling of the dose at the surface with 150 kV radiation and even to a
tripling with 300 kV. This problem can be remedied by wrapping the lead shields or the tubes with thin
plastic foil.

The MPE is responsible for preparing the depth dose curves and dose tables. Dose distribution
documents supplied by the manufacturer should be verified prior to use. For determining BSF and
necessary correction of the backscatter build-up effect, the MPE will often have to refer to tabular
works that give these values for the respective radiation quality in half-value thicknesses of aluminum
and copper.

For the practical execution of irradiation planning, the MPE will need the radiation quality in half-value
thicknesses of aluminum and copper. This information allows for relative depth dose values to be
obtained from the tables of the BJR 25 [112] (note that it is better to use self-measured ones). The BSFs
are already included if the irradiated body region is thicker than 10 cm, so that the contributions from
the backscatter are saturated. The measurement regulation for calibration of an X-ray therapy device
therefore also requires a minimum thickness of 10 cm for the backscattering material. At lower
thicknesses, the backscattering is not yet in saturation, and the surface dose is correspondingly lower.
This effect increases up to about 150 kV and then decreases again at even higher voltages. At low
thicknesses of a few centimeters, the effect can lead to underdoses of up to 30% [825]. In these cases,
the MPE should make a dose correction using tables [72,157]. Another possibility, e.g., for irradiations
of the hand, is to place the patient with additional backscatter material under the hand [327].
Dosimetry should then also be performed with this support.

In addition to backscattering, sideways scattering occurs. For field sizes of approximately 6x6 cm and
larger, sideways scattering can lead to a lack of correspondence between tube boundaries and field
boundaries, according to ICRU 50 [348], but the 50% isodose is shifted about 2-3 mm outwards. The
effect can be observed for all beam qualities from 50-300 kV and should be taken into account when
determining the safety margin; it is particularly critical for irradiations in the immediate vicinity of the
eye. It should be noted that shielding measures with lead at critical structures such as the lens of the
eye considerably reduce the primary radiation, but because of scattering effects, the planned dose can
increase by 25%.

Although muscle and fat tissue change the depth dose distribution by less than 5% compared with
values in water, energy transfer by the photoelectric effect at photon energies up to about 200 keV
leads to overexposures of bone of up to 700% [157]. The “effective photon energy” is thus required if
interaction coefficients from tables for monoenergetic photons are to be used for dose and depth dose
distribution corrections in the passage of X-rays through bone tissue. This energy is defined as the
energy of a monoenergetic photon radiation having the same first-half thickness in copper as the
polychromatic radiation present. It is obtained by calculating the average mass attenuation coefficient
for copper from the following:

u/p=In2/(p*s)1

interpolated from corresponding tabulated mass attenuation coefficients for monoenergetic photons
[631].

The linear attenuation coefficient is tabulated for the individual tissues for monoenergetic photon
energies [157]. The attenuation law can be used to correct the depth dose distribution in bone by
calculation or to estimate overexposure from graphical plots of relative mass energy absorption versus
photon energy.

Another way to obtain the surface dose for a specific tissue (medium) from the surface dose in the
Water phantom is a conversion with the following correction factor:
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with (”pﬂ)med_w as the ratio of the mass energy absorption coefficients from the medium and water

averaged over the primary photon spectrum free in air and Bmed and BW as BSFs for the medium
and water, respectively [490]. Correction factors for different tissue types are listed in the AAPM-
TG-61 report.

Quality control

Field control images at the linear accelerator have been standard in radiation therapy with ultrahard
X-rays for decades, and for about 20 years, they have been performed mainly with electronic portal
imaging systems. For irradiation of benign conditions such as Dupuytren’s disease (DD), epicondylitis,
fasciitis plantaris, and painful shoulder syndrome, field control images with imaging plates at different
voltage levels have been attempted with humanoid phantoms on an X-ray therapy unit (20-200 kV).
Voltage level had to be reduced somewhat compared with the therapeutic voltage level to obtain
meaningful images for position control and documentation: from 40 kV to 20 kV for the hand and from
75 kV to 50 kV for the foot, elbow, and knee [73].

3.1.2.2 Gamma irradiation equipment

In some cases, Co-60 devices are still in use as gamma radiation devices. The energy of the gamma
radiation emitted by radioactive decay of ®°Co is 1.17 MeV and 1.33 MeV. The procedure here is
analogous to that of a linear accelerator.

3.1.2.3 Linear accelerator

In linear accelerators, electrons emitted from a cathode are accelerated in electromagnetic fields. Both
the accelerated electrons themselves and the photons generated by deceleration when the electrons
hit a target can be used.

Photons in the energy range of 6-18 MeV
Electrons in the energy range of 6-21 MeV

The treatment of benign diseases [632,702] is performed in keeping with the principles for treatment
planning and implementation of radiation therapy of malignant diseases in radiation oncology
[155,165,166,167,348,349,351,632,702,742]. The process is outlined below.

Determination of the target volume

After taking the patient’s medical history and establishing the indication, the radiotherapist
determines the clinical target volume (CTV). To take into account positioning inaccuracies, movement
artifacts, and uncertainties in the determination of tumor volume, the planning target volume (PTV) is
defined and used for radiation planning [155, 165,166,167].

Irradiation planning

Taking into account the CTV, its location, its proximity to radiation-sensitive risk organs, and available
technical possibilities, an irradiation plan is prepared by a medical physics expert and a specialist in
radiation therapy. Avoiding undesirable side effects in the surrounding tissue [168] requires isodose
coverageof the PTV [155,166,167,168] as homogeneously as possible with the target dose at the
reference dose point [156] and with as little dose as possible in adjacent risk structures and normal
tissue.

This aim is achieved by selecting a suitable radiation type and energy (see Table 3), as well as a suitable
irradiation technique. Depending on the disease type and target volume location, spreadsheets or
computer-assisted radiation planning systems [155,347] are used. In many cases, the use of direct field

techniques and opposing field techniques is sufficient in this context [156].
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Nevertheless, the geometrical possibilities available through the use of linear accelerators, such as the
easy-to-generate conformation of the radiation fields by means of a multi-leaf collimator or blocks,
should be exploited especially when the target volume is directly adjacent to critical organs.

If necessary, other options for dose optimization, such as custom boluses, may be used.

When electron irradiation is used to treat near-surface target areas [351,702], it is necessary to
fabricate special electron shields to limit the irradiation field. These shields must be appropriately
dosimetrized before use on the patient.

Irradiation

To implement the irradiation plan and technique, the irradiation plan must be transferred to the
patient and implemented for reproducible settings on the irradiation unit by means of removable skin
markers on the patient. The following options are available for determining the isocenter of the
irradiation plan and, if necessary, its field entry ports.

Setting on the device

For simple conditions, adjustments can be made according to anatomical criteria directly on the device
after prior establishment of the reference dose point [155], diameter of the patient at the isocenter (if
opposing techniques are used), and determination of the field size(s) to be applied. Control exposures,
which check the setting accuracy (see 1.4.4 Quality control), are necessary.

Virtual simulation

Use of planning computed tomography (CT) is recommended for computer-assisted radiation planning
and simultaneous determination of the isocenter of the radiation technique, using a traversable laser
system and marking on the skin.

Simulation

An X-ray device can be used that has fluoroscopy capability with the same geometry and technical
capabilities for setting the fields as the irradiation device. In this case, the selected irradiation
technique is implemented by means of X-ray control on the simulator and appropriate markings of the
space-fixed laser system, and field entry ports are applied to the patient’s skin. The patient can then
be adjusted and treated at the irradiation unit according to the attached markings.

Quality control

To control implementation of the irradiation plan and technique (verification [165]), it is necessary,
among other things, to check the correct position of the radiation entrance ports of the individual
irradiation fields and their field shape (field size and possible conformation). This quality check can be
achieved by various methods using field control images, as described below.

Conventional films
This method involves recording of the individual irradiation fields on films during the irradiation session.

Portal imaging systems
Instead of films, electronic methods such as portal imaging systems can be used, which also use the
radiation emitted by the accelerator during the irradiation session for imaging.
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3.1.3 Brachytherapy

Objective

As a consequence of the inverse-square law, the dose falls steeply in the immediate vicinity of the
radiation source. This circumstance is specifically exploited in brachytherapy to deliver a high dose
directly to the target area, with good sparing of surrounding unaffected tissue [167].

One example of irradiating nonmalignant diseases is endovascular brachytherapy, in which radioactive
fluids are injected into a balloon catheter, e.g., for restenosis prophylaxis. This method, which
exclusively concerns vascular irradiation, is not discussed here.

Contact therapy
In contact therapy, radiation carriers are placed directly on the target area. Radiation therapists have
abandoned the use of radioactive strontium derma plates for irradiations of the skin [354].

For ophthalmic applications, dome-shaped applicators with diameters from 5.2 to 12 mm are used. For
irradiation planning, both the maximum dose at the surface and the first half-layer thickness in the
tissue must be known. The depth extent of the superficial lesions to be treated should not exceed 10
mm.

Radionuclides

The beta emitter strontium-90 is used, which decays by emitting beta electrons with a low energy
(0.546 MeV), with a long half-life of 28.7 years. High-energy beta electrons (2.27 MeV) are emitted by
the daughter nuclide yttrium-90, which has a short half-life of 64 hours that is of no further significance
because a decay equilibrium is established between strontium-90 and yttrium-90. The half-life layer
thickness is 1.5 mm in water [250]. The final product is zirconium-90.

Another common ophthalmic applicator is ruthenium-106 (decays to rhodium-106), which has the
advantage of higher beta electron energy (3.4 MeV) and greater half-layer thickness (3 mm) over
strontium-90/yttrium-90 [250]. The half-life of 369 days is shorter than that of strontium-90 [157].

Palladium-103 (various gamma energies of 0.08—0.48 MeV) is used as a gamma emitter in ophthalmic
applications, with a half-layer thickness of 16 mm and time of 17 days.

Irradiation planning

For irradiation planning, both the maximum dose at the surface and the first half-layer thickness in the
tissue must be known. Irradiation time tables should be adjusted to radioactive decay annually for
strontium-90 applicators, weekly for ruthenium-106, and daily for palladium-103.

Radiation protection

When handling beta emitters, it should be noted that although the depth of penetration into tissue is
only a few millimeters, the range of the high-energy electrons in air of, e.g., strontium-90 is about 10
m. Therefore, the active sides of the applicators must never be held in the direction of a person.

3.1.4 Documentation

All parameters of radiotherapeutic treatments (irradiation plan, irradiation concept, dose, time period,
and verification recordings) are recorded in the so-called irradiation protocol [166], which is
documented in accordance with legal requirements [742] and must be kept for 30 years.
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Table 3. Recommended instrumentation depending on the dosing depth of the target volume to be treated.
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3.2 Radiobiological mechanisms of anti-inflammatory effects of
low doses of radiation

Inflammation is a basal immunological effector process in response to damage, whether infectious,
chemical, or physical. The inflammatory reaction is regulated at multiple levels and is characterized by
a complex of a multitude of immune cells and soluble factors that can be pathophysiological when
chronic. Accordingly, it can be assumed that the clinically empirically proven anti-inflammatory and
analgesic efficacy of low doses of radiation is based on the modulation of multiple components and
essential inflammation-related mechanisms. Experimental studies have already demonstrated these
effects.

Adhesion of mononuclear and polymorphonuclear leukocytes (monocytes and granulocytes) from
peripheral blood to activated endothelial cells and subsequent migration of these immune cells into
the inflamed tissue is considered an initial step of the inflammatory cascade. Regarding a mechanism
of action of low-dose radiotherapy (0.3-1.0 Gy), a significant reduction in the adhesion process has
been observed for either irradiated leukocytes or endothelial cells [322,407]. This characteristic
coincides with increased expression and activity of the anti-adhesive cytokine transforming growth
factor-beta 1 (TGF-B1) in endothelial cells, which is also a key factor for radiogenic adhesion inhibition
in animal models [20,648]. Recent studies have shown that reduced adhesion is associated with
discontinuous production of reactive oxygen species (ROS), the basis of which is radiation-mediated
reduction in the activity of the transcription factor nuclear factor E2—related factor 2 and enzymes such
as glutathione peroxidase [182,455]. Only recently, it was determined that physiological study of these
processes is essential where possible [182].

Radiation can lead to cell death via stress responses. Apoptosis is a physiological suicide program of
the cell induced by a variety of stimuli, including ionizing radiation [299]. It plays a central role in
homeostasis during development and maintenance, as well as in the regulation of the immune
response and irradiation response. After irradiation of granulocytes and monocytes, for example, a
discontinuous course of apoptosis induction has been observed with a relative maximum in the dose
range between 0.5 and 1.0 Gy [234,406], which may contribute to decreased recruitment of
inflammatory cells through cell loss. This possibility is further supported by findings of decreased
surface expression of adhesion molecules such as E-selectin on endothelial cells [322,648] and
proteolytic cleavage of L-selectin on apoptotic monocytes [406]. In addition, studies show modulation
of the survival-relevant enzyme AKT kinase [234] and a reduction in the release of the chemotactically
active cytokine CCL20 in granulocytes after irradiation in the relevant dose range of 0.3-0.7 Gy [646].
Furthermore, apoptotic cells are eliminated in a neutral or anti-inflammatory manner, i.e., the
phagocytes ingesting them secrete anti-inflammatory cytokines [789].

The subsequent effector phase of inflammation is characterized by an accumulation of monocytes and
their subsequent differentiation into dendritic cells and inflammatory macrophages [774].
Macrophages, in turn, support the local inflammatory process through a variety of functions including
phagocytosis, cytotoxic activity, processing/presentation of antigens, and the ability to secrete
cytokines, ROS, and nitric oxide [230]. Nitric oxide regulates vascular permeability, promotes edema
formation, and is involved in the development of inflammation-related pain [333]. In contrast, after
irradiation of activated macrophages, a decrease in expression of inducible nitric oxide synthase and
nitric oxide production is observed [325], as is ROS release [677], which may mechanistically contribute
to the clinically observed analgesic effect of low-dose radiotherapy. Of note, histologically observed
inhibition of disease progression in an arthritis animal model also has been associated with modulation
of inducible nitric oxide synthase activity [321]. Studies have shown a reduction in migratory activity
and secretion of the proinflammatory cytokine interleukin (IL)-1 in stimulated macrophages but
increased expression of the anti-inflammatory factor TGF-p1 [480,829].
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In addition, preliminary evidence suggests that macrophages maintain a stable phenotype
(inflammatory, M1, or anti-inflammatory, M2) after irradiation, but modulation of the phenotype in
the joint may arise through interaction with synovial fibroblasts [150].

A common radiobiological characteristic of the anti-inflammatory effects of low-dose radiation is a
discontinuous dose—effect relationship with pronounced efficacy in the dose range of 0.3-0.7 Gy
[222,643]. This behavior is confirmed in the biphasic activity of inflammation-related and anti-oxidative
transcription factors such as nuclear factor kappa B and transcription factor nuclear factor E2—related
factor 2 [455,480,645], the nonlinear detection of the DNA double-strand break marker yH2AX [456],
and the discontinuous expression of the apoptosis regulator X-linked inhibitor of apoptosis protein in
endothelial cells [642]. In addition to its anti-apoptotic effect, X-linked inhibitor of apoptosis protein
can modulate nuclear factor kappa B activity and is associated with decreased adhesiveness and
release of TGF-B1. The molecular mechanisms of these nonlinear relationships are still largely unknown
but appear to be based on distinct effects with differential thresholds and kinetics and to act in a
staggered manner (reviewed in [643]).

In addition to the increasing knowledge of underlying molecular mechanisms, the clinical anti-
inflammatory effectiveness of low doses of radiation has been indicated in numerous experimental
animal models (reviewed in [644]). In inducible arthritis models of the rabbit, rat, and mouse, for
example, five weekly fractions of 1.0 Gy or 0.5 Gy inhibited synovial cell proliferation and synovial fluid
synthesis and counteracted cartilage and bone destruction [102,208,763]. In addition, in other mouse
studies, a single dose of 0.5 Gy led to a decrease in inflammation as well as a reduction inbone erosions
[149]. One explanation may be local as well as systemic modulation of the immune system, as
suggested by other animal model data [806] and analyses within the framework of patient studies
[170]. A decrease in bone erosions can be attributable to decreased osteoclast number and activity
[181, 149] and increased mineralization rate by osteoblasts [149].

To determine the lowest effective dose and optimal treatment timing, the efficacy of different
fractionation regimens has been investigated. The best treatment effect was observed after daily
fractionations with 5x0.5 Gy and treatment starting early in the course of the disease [471]. In recent
analyses using a genetically determined polyarthritis model of tumor necrosis factor (TNF)-a transgenic
mice and in an antibody-mediated osteoarthritis model, irradiation with 5x0.5 Gy showed clinical and
histological prevention of arthritis progression and reduced swelling and disease progression
[221,806]. Consistent with other models, the highest efficacy was found with acute inflammatory
events or when applied in early disease stages.

In summary, current experimental and initial mechanistic clinical studies confirm an anti-inflammatory
efficacy and immunomodulatory effect of low doses of radiation (for a summary, see [488]). The latter
attenuate pre-existing inflammation and appear to have a beneficial effect on bone metabolism.
Studies of the osteoimmunological effects of low-dose radiotherapy have additionally provided
important insights and are the subject of current and future research [223]. Despite advances in the
understanding of cellular targets and molecular mechanisms, however, important questions remain
regarding (chronic) inflammatory, degenerative, and hyperproliferative diseases [641] that are based
in complex (patho)physiological networks, and a large number of questions remain unresolved. Further
intensive translational and clinical investigations and additional basic models are needed to elucidate
additional factors and mechanisms.
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3.3 Malignancy risk after low-dose radiotherapy for benign
disease (Update 2022)

3.3.1 Preliminary remarks

In principle, any medical application of ionizing radiation carries a risk of undesirable stochastic
treatment consequences. These risks are based in transformations or mutations of affected cells that
can lead to neoplastic changes or hereditary diseases, although the latter are not considered in the
following text. In general, typical low-dose radiotherapy of degenerative tendopathies or osteoarthritis
poses only an extremely small individual additional risk of malignancy. This assessment is based on the
comparatively advanced age of this patient population, predominantly target volumes outside the
body trunk, and comparatively low total doses. However, it is not enough to exclusively consider risk
to single patients. If the results of the departmental research report on radiation protection of DEGRO
are taken as a basis [636], as noted in the introduction, more than 250,000 completed treatment cycles
for benign diseases (including benign tumors) were performed in Germany in 2016, so that even very
low, individually insignificant risks may be relevant for society as a whole.

A central component for the evaluation of ionizing radiation is radiation risk. This term should always
be defined when it is used. In fact, in the frequently used terminology of the International Commission
on Radiological Protection (ICRP)?, radiation risk (detriment) is a multidimensional concept. The main
components are several stochastic quantities: probability of fatal malignancy, probability of nonfatal
malignancy, probability of severe heritable effects, and duration of life lost [345]. Thus, a low risk of
radiation (detriment) in this context does not automatically imply a low absolute risk of radiation-
induced malignancy. For example, skin cancer ranks last by far for radiation risk (detriment) but is by
far the most common radiation-induced malignancy according to Table A.4.1. of ICRP Publication 103
[345]. This ranking is justified by the very low morbidity and mortality of skin malignancies. Therefore,
terms and definitions, which are predominantly intended as radiation protection variables for the
benefit of public health (ICRP), should be used to determine individual risk only to a very limited extent
[160].

The importance of age at exposure appears to be particularly relevant to the likelihood of radiation-
induced malignancies [279]. Epidemiologic data from survivors of the U.S. atomic bombing of
Hiroshima and Nagasaki show a marked decrease in incidence as a function of age according to the Life
Span Study (LSS) [448]. However, in the source data of the LSS, those who were aged 250 years at the
time of exposure are significantly underrepresented, especially for a dose greater than 0.5 Gy [264].
Also, other epidemiologic studies of malignancy risk after radiotherapy for benign disease essentially
include individuals who were children, adolescents, or young adults at the time of exposure [506].
Some authors now question whether exposure in middle age really decreases most radiation-induced
malignancy risks, as is often assumed [722].

3.3.2 Procedure

The absolute probability is considered exclusively for the occurrence of malignancies after a typical
low-dose radiation given for pain or as an anti-inflammatory treatment (dose range up to 6.0 Gy).
Terms derived from the lexicon of radiation protection such as “radiation risk” (detriment) or “effective
dose” are not used (see above).

1 International Commission on Radiological Protection
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The quantitative information is taken from the column “Nominal Risk Coefficent?” of Table A.4.1.
(Summary of sex-averaged nominal risks and detriment) of ICRP Publication 103 [345]. From this table,
only values for a population aged 18 years and older at the time of exposure are used. Due to the
fundamental importance of the topic, the calculated values are compared with a 2006 publication by
Trott et al. with a similar approach [762]. In addition, data from further literature are included.

Finally, personal experiences from the authors’ patient populations are given. As of January 2022, a
total of 4294 patients had been treated since January 2010. Almost all patients received 6x1 Gy
(Orthovolt). The mean age at the time of treatment was 65 years, and only a small proportion (~15%)
of all patients were under age 50 years. In terms of sex distribution, women predominated (63%). After
irradiation, the median life expectancy estimated according to the Kaplan—Meier method was 16 years.

For the risk assessment, it seems reasonable to distinguish three patient groups, based on body areas:

1. Irradiation of regions distant from the trunk, without blood-forming red bone marrow
(RBM), such as elbows, hands/fingers, knees, or feet

2. Irradiation of regions distant from the trunk, with blood-forming RBM, such as the
shoulder or hip/bursitis trochanterica (BT)

3. Radiation in the trunk, such as the sacroiliac joint or spine

Although the hematopoietic RBM in adults is distributed mainly in the spinal, thoracic, and pelvic
regions, small proportions continue to be found in the shoulder and hip regions. The approximate
percentage distribution is shown in Figure 1. In the case of irradiation of the trunk, in addition to a
sometimes-high exposure for the hematopoietic RBM, there is exposure of organs such as the lungs,
esophagus, or gastrointestinal tract. From our own data, a good 98% of all patients receive irradiation
of regions distant from the trunk, of which 61% have no hematopoietic RBM and 37% have a low
proportion of hematopoietic RBM. Only 2% of all patients receive target volumes in the trunk.

To estimate radiogenically induced tumor risk, a distinction should be made between solid and
systemic malignancies. The clinical localization of solid malignancies is usually in the irradiation field or
the peripheral area, but when MVs are used, an induction of malignancies by scattered radiation even
outside the high-dose range cannot be completely excluded [502,549]. The latency period for the
development of solid tumors is usually 10-60 years, with a steady increase over time [448], but may
be shorter in individual cases, such as radiation-induced angiosarcomas [220]. Malignant systemic
diseases (hemoblastoses) diverge from this pattern. In contrast to solid malignancies, the time interval
between exposure and clinical appearance is much shorter, at least in leukemias, at 5-10 years, and
subsequently also decreases significantly [867]. Of course, hemoblastoses manifest clinically outside
the irradiation fields.

2 Nominal Risk Coefficient: Cases per 10,000 persons; per Sievert
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Figure 1. Distribution of active red bone marrow in adults (figure personally adapted from [368] and [344]).
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3.3.3 Solid malignancies with irradiation of regions distant from the trunk of

the body

When treating regions distant from the trunk, the skin, bones, and soft tissues are usually
all exposed.

3.3.3.1 Skin
The spontaneous lifetime risk of a malignant skin tumoris 1in 5 (20%) [639].

Much evidence suggests that radiation induces basal cell carcinomas of the skin, and that the risk
persists throughout the lifespan. In contrast, this relationship is unclear for squamous cell carcinomas,
melanomas, or Paget’s disease of the skin [744]. A clear effect of age at exposure and the occurrence
of radiation-induced basal cell carcinoma is described in atomic bomb victims. Thus, the additional
relative risk (ERR3) is 15 for childhood exposure (age 0-9 years), 5.7 for adolescents (10-19 years), 1.3
for young adults (20-39 years), and almost zero for older people (aged 40+ years; from Table 3 in
[744]). However, these data originating from Japan are somewhat limited because the natural rate of
skin cancers in Hiroshima or Nagasaki is much lower than in Europe [744]. In addition, skin malignancies
are rarely fatal and thus are either not detectable within epidemiologic studies or are deliberately not
collected when only mortality is used as a criterion [506]. Below is an example of calculation of the
excess relative risk, defined as the rate of disease in an exposed population divided by the rate of
disease in an unexposed population, minus 1.0, and often expressed as per Gy or per Sv (ICRP
Publication 103, 2007 [345]).

Example: The nominal risk coefficient for tumor induction (cases per 10,000 per 1 sievert) for persons
aged 18-64 years is given in ICRP Publication 103 (Table A.4.1) as 670 (whole skin exposure) [345].
Assuming a whole-skin area of 2 m?, a field size of 10x10 cm would give 0.5% of this proportionately.
With the above-mentioned risk after total skin exposure of 670 per 10,000 per 1 Sievert (Sv), a very
low skin carcinoma risk of 670x0.5% equals 3 per 10,000 persons or 0.03% per 1 Sv. Based on a linear
dose-response relationship, for a typical irradiation series of 3 Gy or 6 Gy, the calculated risk for a skin
tumor would be just under 0.1% (3 Gy) or 0.2% (6 Gy). These data refer to an age interval at exposure
of 18-64 years, so that older patients are certainly less at risk.

Trott et al. report a risk of 0.1% for a dose of 1 Gy for sun-exposed skin areas at a 100 cm? field, and
about an order of magnitude smaller in non—sun-exposed skin areas [762].

In our own patient population, as of January 2022, one basal cell carcinoma (patient age at exposure,
55 years) has occurred to date in the irradiation field 11 years after pain irradiation of the left shoulder
with 6x1 Gy (Orthovolt).

3 Excess relative risk: the rate of disease in an exposed population divided by the rate of disease in an unexposed population,
minus 1.0. This is often expressed as excess relative risk per Gy or per Sv. (ICRP Publication 103, 2007 [345])
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3.3.3.2 Soft tissue and bone sarcomas
The spontaneous lifetime risk of bone sarcoma is approximately 0.07% [106].

It is well known that radiotherapy can induce malignant sarcomas. The division into soft tissue and
bone sarcomas is probably similar, as is the latency period, which is reported to be between 11 and 16
years at the median [74,415], but the range can be considerable. At doses <10 Gy in the field, sarcomas
are very rare [74,431]. The LSS atomic bomb studies do not provide relevant data [345].

Irradiation for ankylosing spondylitis has been associated with a significant increase in deaths from
bone sarcoma after radiotherapy [141], but the total doses used in the spinal areas for the first
irradiation series alone were also >10 Gy (mean 14 Gy) [802]. In 1995, Bloechle et al. described 11
patients who presented with in-field sarcoma after previous irradiation during 1975 to 1993. The total
doses were also >10 Gy (12-60 Gy), with a mean of 40 Gy [74]. Studies for a low-dose range <10 Gy
were not found in the literature. Below is an example of a risk calculation in this scenario:

Example: The nominal risk coefficient for induction of a malignant bone tumor for persons aged 18-64
years is given in ICRP Publication 103 as 5 cases per 10,000 persons per 1 Sv whole-body exposure
[345]. For a typical irradiation of the knee joint with a field of 15 cmx10 cm, about 5% volume of the
whole skeletal system is exposed?, as calculated from a randomly selected whole-body scan from our
patient data, with a total bone system volume of 5769 cm? and knee (bone) volume of 326 cm?3. Using
the above nominal risk coefficient of 5 cases per 10,000 persons per 1 Sv (0.05%), for a typical
irradiation series of a knee joint and assuming a linear dose-response relationship, the risk at doses of
3.0 Gy and 6.0 Gy for radiation-induced bone sarcoma are thus 0.008% and 0.015%, or 0.75 and 1.5
per 10,000, respectively. Similar values are likely to apply to soft tissue sarcomas.

Trott et al. report a lifetime risk of osteosarcoma of <1 in 100,000 for 1 Gy and 100 cm? field size
(0.001%) [762].

As of January 2022, no sarcoma has occurred in the irradiation field in our own patient population.

3.3.4 Solid malignancies with radiation to the trunk

The spontaneous lifetime risk of bronchial carcinoma is approximately 7.8% in men and 6.8% in women
[106].

Radiotherapy in the trunk of the body is occasionally performed to improve painful degenerative
changes in the vertebral arch joints (spondylarthrosis) or in the vertebral bodies/intervertebral spaces
(spondylosis deformans), as well as in chronic progressive inflammation of the sacroiliac joints
(sacrailiitis). In our patient population, just under 2% of all patients received pain radiation in the trunk
region. In contrast to the regions far from the trunk, other organs are exposed, mainly the thyroid
gland (cervical spine), parts of the lung and esophagus (thoracic spine), or parts of the stomach and
intestine parts (lumbar spine, pelvis).

Radiation-induced thyroid carcinomas are more likely to be described with childhood exposures than
with adulthood exposures. From a cohort of 8144 individuals (82% aged 40—-69 years) in a Swedish
study with treatment to the cervical spine and an estimated average dose to the thyroid of about 1 Gy,
22 thyroid carcinomas were found versus the 13.77 that would be expected. Most thyroid cancers
were diagnosed 15 years after exposure [140].

4 Own data. Calculated from a randomly-selected whole-body scan: Volume total bone system: 5769 cm3,
volume knee (bone) 326 cm3.
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Lung malignancies are the most common radiation-induced solid tumors after skin [361]. Radiation-
induced solid carcinomas of esophagus, stomach, and colon occur less frequently than induced lung
carcinomas, with nominal risk coefficients of 16, 60, and 50 per 10,000 per 1 Sv of whole-organ
exposure, respectively, according to ICRP Publication 103. Parts of the lung are in the target volume
during radiation therapy for ankylosing spondylitis. Darby et al. [141] observed 224 cases of death from
lung tumor, compared with an expected value of 184. Lung tumors accounted for one-third of all fatal
malignancies and were judged to be the most common form of radiation-induced tumor after
radiotherapy for ankylosing spondylitis. The median dose to the mediastinum was 5 Gy (data taken
from [762]).

Calculation example: The nominal risk coefficient for a lung malignancy for persons aged 18—64 years
is given in ICRP Publication 103 as 127 per 10,000 (1.27%) for whole-body exposure [361]. This value is
based on irradiation of the thoracic spine over a dorsal field of 10 cmx15 cm, 6 MV, 3.0 Gy with
normalization (reference point) at 4 cm, so that FSD® equals 96 cm. Using our data from a randomly
selected whole-body scan with a total lung volume of 2738 cm?3, the calculated mean lung exposure is
about 0.9 Gy®. Thus, this would result in a risk of about 1.14% or 114 per 10,000. However, this value
may be reduced if Orthovolt is used.

Trott et al. assumed whole-lung exposure of 1 Gy for a typical spinal irradiation and arrive at an
absolute risk of radiation-induced lung tumor of approximately 1% within 25 years [762].

In our own patient population, as of January 2022, one bronchial carcinoma (patient age at exposure
53 years) has occurred in the irradiation field (paravertebral) 12 years after pain irradiation of the
thoracic spine with 6x1 Gy (Orthovolt).

3.3.5 Malignant systemic diseases
The spontaneous lifetime risk of leukemia is approximately 2.1% in men and 1.2% in women [106].

It is well known that leukemia can be induced by ionizing radiation, with the exception of chronic
lymphocytic leukemia [211], and has been confirmed after irradiation for benign diseases such as
ankylosing spondylitis [98,141], in menorrhoeiccomplaints [662], and with gastric ulcers [477].
Radiation-induced induction also may apply to other hematologic malignancies originating in the bone
marrow, such as multiple myeloma [137] or at least some subsets of non-Hodgkin lymphomas [63] may
be induced by radiation. However, the relationship between radiation exposure and multiple myeloma
or non-Hodgkin lymphoma remains unclear [79, 474].

Leukemias are of particular interest for estimating radiation risk in elderly patients because, unlike
solid carcinomas, the assumed mean time interval between radiation exposure and clinical
presentation is less than 10 years on average [395]. Because leukemias and other hematologic
malignancies arise from mutant cells of the active RBM, they should be induced by radiation only when
RBM-containing bones are exposed. In contrast to children, RBM in adults is found only in certain areas
of the skeleton (see Chapter 3.3.2 and Figure 1).

Damber et al., in their 1995 study of 20,024 patients treated with classical low-dose pain irradiation
between 1950 and 1964, found increases in standardized incidence ratios for leukemia, with ratios of
1.01 with no exposure, 1.22 with moderate exposure, and 1.40 with high exposure to RBM [139]. The
risk increases significantly with irradiation of parts of the spine. In their 1987 study of just over 14,000
irradiated patients [141], Darby et al. found that 39 died of leukemia versus the expected 12.29 for a
mean bone marrow dose of 1 Gy for ankylosing spondylitis. National Council on Radiation Protection
& Measurements report 116 gives an overall fatal risk of leukemia of 0.5% per 1 Sv [cited in 448].

5 Focus-skin distance
6 Own data. Calculated from a randomly-selected whole-body scan with a total lung volume of 2738 cm3; own computer planning
with the given data.
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Calculation example: The nominal risk coefficient for leukemia (cases per 10,000 persons per 1 Sv) for
persons aged 18-64 years is given in ICRP Publication 103 as 23 per 10,000 (0.23%) for whole-body
exposure [351]. Shoulder irradiation is estimated to expose 2% of the active adult RBM (see Figure 1).
This results in an additional risk of approximately 0.005% per 1 Gy, or 0.015% and 0.03% for 3.0 Gy and
6.0 Gy, respectively, assuming a linear dose-response relationship. Please note: For a corresponding
irradiation in the spinal region, these figures may increase tenfold.

Trott et al. suggest a higher lifetime risk of leukemia of about 1% per 1 Gy of whole-body exposure
[762]. Consequently, an exposure of 2% RBM would result in 0.02% for 1 Gy and an additional risk of
0.06% and 0.12% for 3 Gy and 6 Gy, respectively.

In our own patient population, 0.15% of all patients developed non-chronic lymphocytic leukemia
without involvement of the hematopoietic bone marrow and 0.30% with bone marrow involvement.

3.3.6 Summary

Data on malignancy risk after low-dose radiotherapy of benign diseases are inevitably inaccurate
because the absolute probabilities are relatively low and are lost in the “noise” of the natural
malignancy rate. The required follow-up times are often decades long and are rarely achievable for
exposures at the typical age of the affected patients, as far as solid malignancies are concerned.
However, the situation is different for malignant systemic diseases, especially leukemia, which has
already exceeded the incidence maximum 10 years after exposure.

In principle, irradiation of regions distant from the trunk should be separated from treatment of the
pelvis or spine. In regions distant from the trunk, there is a very low absolute risk of radiation-induced
solid malignancies below or in the low per thousand range. The risk is similar for hematologic
malignancies if bone marrow—active regions such as the shoulder or hip are treated.

Rare irradiations of the pelvis or spine involve a higher exposure of bone marrow—active regions as
well as further radiation-sensitive organs such as the lungs, so that the additional risks can approach
the percentage range. Patients should be informed accordingly of these risks, and the indication should
be strictly defined.
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3.4  Deterministic risks (Update 2022)

In terms of content, only low-dose pain radiotherapy of benign orthopedic diseases is considered here.
Antiproliferative radiotherapies, e.g., for DD or Ledderhose’s disease (LD), are not addressed in this
version.

3.4.1 Preliminary remarks

It may seem curious to talk about the risks of deterministic consequences in connection with low-dose
pain irradiation of skeletal diseases. In general, this form of therapy in particular is considered to be
well tolerated and practically free of risks. Also, commonly used patient information sheets scarcely
address the risks of permanent tissue damage [619]. However, the usual total doses of 3.0-6.0 Gy are
far from insignificant for the human cell: 1 Gy per cell causes approximately 1000 single-strand breaks,
50 double-strand breaks, 200 base damages, 150 DNA crosslinks, and 450 bulky lesions [302]. Repair
can occur within hours, but of 100 critical double-strand breaks, 2 to 3 are repaired incorrectly and 0
to 1 are not repaired at all [668]. The spermicidal or hematotoxic effects of doses around 5.0 Gy are
well known, as are radiogenic alopecia or radiation cataract of the eye lens. Deterministic effects also
are conceivable in the clinical routine of low-dose pain irradiation, if, for example, the nail bed is in the
radiation field during treatment of painful finger distal interphalangeal joint (DIP) osteoarthritis and
there is temporary discoloration or loss of the fingernail.

Nevertheless, low-dose pain irradiation is generally considered to be free of deterministic tissue
damage. However, this expectation refers only to proper and professional implementation of the
treatment and to total doses of 3 Gy to 6 Gy with repetition after 6-12 weeks, if necessary (so-called
second series) [796]. In the case of repeated irradiation of the same region, the relative safety becomes
increasingly uncertain with the increasing number of series. For this reason, recommendations for
action will be presented in this chapter.

3.4.2 Procedure

The derivation of these treatment recommendations is based on generally accessible knowledge about
the biological effects of radiation. This knowledge should be acquired by every therapist who
responsibly uses ionizing radiation. It is supplemented by personal experience with the authors’ patient
population. As of January 2022, this population consisted of 4294 patients who were treated since
January 2010. Almost all patients received 6x1 Gy (Orthovolt), with many receiving a second series and
some a third of the same region. Following irradiation, the mean life expectancy remained 16 years,
estimated according to the Kaplan—Meier method.

The following terms are addressed in this section: tolerable risk, reference value, and tolerance value
of this reference quantity.

3.4.3 Tolerable risk

Regardinglife expectancy, the diseases being treated are relatively harmless, at least compared with
cancer. Therefore, there should be a claim that the treatment for them is “almost certainly” harmless.
This claim sounds unusually high at first. However, with more than 250,000 completed treatment
courses of radiotherapy for benign diseases per year in Germany, as an example [636], even a
treatment risk of only 0.2% for expected radiation damage would mean a number of cases in the 3-
digit range per year.
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3.4.4 Reference value

First, a uniform reference value should be defined for which an upper limit can then be determined.
This reference value should be simple and universally applicable to what may be quite different
technology and dose concepts.

Frequently, the “number of series” is mentioned here. However, with the very large range of dose
concepts within an irradiation series from 6x0.5 Gy to 6x1.0 Gy or 12x0.5 Gy, the pure number of series
obviously is not a suitable reference value for defining an upper irradiation limit.

The use of the prescription dose to a reference point (normalization) or volume also is not suitable,
however. According to Table 2 of the BfS RESFOR-173/20 [636], it can be assumed that with >250,000
outpatient treatments for benign diseases in 2016 and >140,000 applications with X-rays, more than
half of all corresponding treatments are performed with Orthovolt. With the Orthovolt technique in
particular, however, the reference point is selected quite differently, ranging from 0 cm to a dosing
depth of 4 cm, and in individual cases even 6 cm, at least for a simple direct field. This variation can
result in quite different maximum doses in organs at risk with seemingly identical prescription doses
(see Figure 2).

From the above it can therefore be seen that only the absolute dose maximum (Dmax in Gy) in organs
at risk appears suitable as a universally comparable reference value. The absolute dose maximum
yields directly and simply comparable values for all different techniques and dosing concepts. The
absolute dose maximum is subject to the general documentation obligation, so that pre- irradiation
carried out elsewhere can be easily included.
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Radiation dose profile along center beam for
1 single field - normalization depth = 40 mm
Dmax approximately 188.22 % at depth(s) 0 mm
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Figure 2. Dose distribution of a direct field at 200 kV Orthovolt, tube 10x15 cm, FHA 40 cm, filter 09. Prescription of a total of

3.0 Gy to 4 cm tissue depth. (Source: authors’ calculation using XBeam version 1.2.0.24, calibrated for the in-house
Orthovolt therapy device).
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3.4.5 Tolerance doses

The classical term “tolerance dose” from radiation oncology does not seem useful for low-dose pain
irradiation of benign diseases because the given dose limits deliberately include a risk of sometimes
severe deterministic tissue damage of 5% [187]. This value appears prohibitively high for benign
diseases (cf. chap. 3.4.3). To almost exclude tissue damage, doses used to treat benign conditions
should be much lower than oncological tolerance doses.

At least when using an orthovoltage technique, the skin should be mentioned as a frequently affected
risk organ for deterministic damage. For the skin, according to Turesson et al. and Emani et al., there
is a risk of permanent skin changes (e.g., telangiectasia) of approximately 1% at 40 Gy and 5% at 50 Gy,
both within 5 years, for normo-fractionated radiation therapy with single doses of 1.8-2.0 Gy and for
afield area around 100 cm? [187,768]. For skin ulceration, the risk is 3% at 50 Gy and 5% at 55 Gy [187].
For field areas smaller than 100 cm?, these risks exist only at higher total doses, and for larger field
areas, at lower doses. Common risk factors such as age (reduced number of dermal stem cells) or co-
morbidities such as circulatory disorders or diabetes mellitus already should be included in these
values, but not rare hereditary diseases involving DNA repair defects. Admittedly, based on the
authors’ calculation using a linear-quadratic model with an alpha-beta value (late) of 3.0. Gy, these
tolerance doses are shifted upwards by about 20% for single doses of 1 Gy and by almost 12% for 1.4
Gy (corresponding to 1.0 Gy at 200 kV in 4 cm of tissue depth). Yet the extreme protraction of weeks,
months, or years between series appears to have a major impact. CRP publication 118 (2012), chapter
2.4. “Skin,” states that “Late reactions show very little sparing from dose protraction because of the
lack of any contribution from cell repopulation, which is the explanation for early-reaction sparing...”
[346]).

In summary, doses used to treat benign conditions should be much lower than those used in oncology
in order to achieve practically damage-free therapy and respect the wide variation in techniques and
prescription modalities, including different field sizes up to 10x15 cm. Here, for reasons of
practicability, half the value of the oncological tolerance dose for the organ in question is used, which
for the skin is around 25 Gy, and the reference value should always be the absolute dose maximum.
The typical gap between series obviously has little influence on the probability of deterministic late
reactions, so this dose value can be added as the cumulative sum of all irradiation series. This upper
limit is valid for life. In strong support of this statement, no deterministic tissue damage has been
reported in >4000 patients from our own treatments performed while adhering to this upper limit.

3.4.6 Exceeding tolerance values

There are certainly cases where exceeding this recommendation could be considered, e.g., when
repeated irradiation over a period of years achieves pain relief efficiently but always only temporarily.
In this case, however, the classical low-dose pain irradiation loses its definition and becomes a risky
radiotherapy, which should be made clear to the patient. Appropriate risk education should be
performed and documented, as the commonly used sheets do not include it. In particular, information
should be provided about the increased risk of permanent cosmetic changes, including non-healing
skin ulcers, which often appear only after years. The elderly patient is particularly predisposed, as they
have a significantly reduced stem cell reserve, and the use of field areas over 100 cm? poses a risk.
Depending on the location of the cumulative dose maximum, contractures of tendons, myositides of
muscles, or bone necroses are also to be considered.

7 Own calculation using linear-quadratic model with an alpha-beta value (late) of 3.0. Gy
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3.4.7 Recommendation

The concept of the cumulative dose maximum as the sum of all irradiation series seems most suitable
to define a uniform and practicable statement for an irradiation upper limit for all irradiation
techniques and dosage concepts. Also, pre-irradiations at other clinics can be easily included. Doses
used for benign conditions should be much lower than those used in oncology, with a recommendation
that the lifetime tolerance dose should be approximately half the value of oncological tolerance values

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 32



Guideline

4 Site-specific guidelines
4.1  Osteoarthritis

4.1.1 Recommendations for the practical implementation of low-dose

irradiation of the most common musculoskeletal diseases (Update 2022)

4.1.1.1 General

Patients with benign diseases are treated on linear accelerators in most radiotherapy facilities, and an
adequate definition of the target volume is becoming increasingly important [445]. In many
institutions, 3D-planned irradiation is performed, necessitating precise knowledge of the respective
target volume concepts. In this context, the treatment of benign diseases [632,702] is performed
analogously to the principles of treating malignant diseases
[155,165,166,167,348,349,351,632,702,742].

4.1.1.2 Large joints of the lower extremity

Gon- and coxarthrosis (Osteoarthritis of the knee and hip)

In osteoarthritis, the target volume should include the following structures in addition to the joint with
adjacent bony and muscular structures: capsular thickening, effusion formation as well as soft tissue
swelling, osteophytes, and involvement of adjacent joints as well as nerve and tendon sheaths. The
gonadal region must be blocked out. In principle, care should be taken to treat the extended region
and not necessarily the entire joint.

Figure 3. 3D planning coxarthrosis (property of R. Miicke).
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Figure 4. 3D planning gonarthrosis (property of R. Muicke).

Heterotopic ossification prophylaxis

If ossifications already exist preoperatively, the entire visible ossification in the planning CT should be
included in the target volume in addition to the entire joint. If there are no ossifications yet, the entire
joint with adjacent bony and muscular structures is included.

Bursitis trochanterica (BT)

The target volume should safely include the superficial and deep, as well as the primary and secondary
gluteus maximus bursae. Furthermore, the gluteofemoral bursa should be included and may entail a
craniocaudal extension of up to 7 cm in the presence of marked inflammation [826]. Diagnostic
magnetic resonance imaging (MRI) may be helpful in defining the target volume.

Bursitis trochanterica
MRT - Rechte Hiifte

Figure 5. 3D planning of bursitis trochanterica (property of H. Seegenschmiedt).
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4.1.1.3 Dorsal and Plantar Heel Pain

The term plantar heel pain includes plantar heel spur and plantar fasciitis (which is distinct from
plantar fibromatosis, despite sharing the ICD-10 code of M72.2). “Dorsal heel pain” includes Achilles
tendinopathy and dorsal heel spur. The radiotherapy treatment volumes for heel pain may include
the entire plantar and/or dorsal calcaneus with adjacent bony and muscular structures that are
relevant for the affected areas, depending on the patient’s specific symptoms.

The setting can be done clinically at the irradiation unit as well as after 3D planning. In any case, exact
localization of pain by the patient is crucial for the definition of the target volume.

A

=

Figure 6. Clinical PTV definition with different field sizes in the irradiation of plantar heel pain according to Hermann et al. [301].

Figure 7. PTV definition and 3D planning of calcaneodynia/achillodynia (property of H. Seegenschmiedt).
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In achillodynia, the entire painful tendon as well as the calcaneal tuberosityshould be targeted. The
field placement can be done clinically at the irradiator as well as after 3D planning.

4.1.1.4 Large joints of the upper extremity

Painful shoulder syndrome

In principle, care should be taken to treat the extended region and not necessarily the entire joint. The
adjacent lung and mammary gland must be left out of the target area. In the case of isolated
supraspinatus or subdeltoid tendinitis, a smaller target volume can be selected.

} Beispiel : rechtes Schultergelenk
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Figure 8. 3D planning of omarthrosis (property of H. Seegenschmiedt).

Medial and Lateral Epicondylitis of the Elbow

In principle, care should be taken to treat the extended region and not necessarily the entire joint. The
target volume should include the entire lateral or medial epicondyle with adjacent bony and muscular
structures. Because of the extra-articular location of the epicondyle, it is not necessary to include the
entire joint capsule. Adjustment can be performed clinically at the irradiator or after 3D planning.

Hand region and finger joints

The extent of the target volume depends on the number and pattern of joints affected. In the case of
individual joints, these also can be treated locally. If several joints are affected, the entire hand maybe
treated. If possible, care should be taken to ensure that the fingernails are adequately blocked out.
The adjustment should be made clinically at the irradiation unit.
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Figure 9. Clinical PTV definition of finger joints (PIP) (property of H. Seegenschmiedt).

Figure 10. Clinical fielddefinition of the whole hand (property of H. Seegenschmiedt).
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Figure 11. Clinical field definition of base of thumb osteoarthritis (property of H. Seegenschmiedt).
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4.1.2 Radiotherapy for painful osteoarthritis of the large joints of the lower

extremity (Update 2022)

4.1.2.1 Definition

Osteoarthritis is a chronic degenerative disease characterized by progressive destruction of articular
cartilage with involvement of joint structures such as bone, the synovial and fibrous joint capsule, and
periarticular musculature.

Gonarthrosis includes all degenerative diseases of the knee joint (femoro-tibial and femoro-patellar)
[512].

Coxarthrosis includes all degenerative changes of the hip joint with painful reduction in function.
Synonyms are the following: osteoarthritis of the hip joint, arthrosis deformans of the hip joint,
arthrosis deformans coxae, osteoarthritis of the hip joint, malum coxae senile, hip arthrosis, hip joint
arthrosis [374,439].

4.1.2.2 Epidemiology
The prevalence of gonarthrosis at the age of 60 is about 20%. In those aged 70 to 74 years, the
proportion rises to up to 40%. If the diagnosis is based on clinical symptoms alone, the prevalence in
adulthood drops to 10%. Only about 15% of patients with radiologically confirmed gonarthrosis
complain of knee pain. The rate of new cases per year is estimated to be about 1% of the population
over age 70 years [512].

Compared with gonarthrosis, coxarthrosis occurs less frequently, being present in approximately 3.7%
of men and approximately 5.6% of women over 60 years of age, with bilateral involvement in
approximately 44% of affected patients [374].

4.1.2.3 Etiology and pathogenesis

These conditions are divided into the primary (idiopathic) and secondary arthroses. Causes of
secondary gonarthrosis can include axial deviations, injuries of the knee joint, arthropathies
(metabolic, neurogenic, endocrine, in hemophilia, in systemic diseases), rheumatoid arthritis, bacterial
arthritis, dystopias of the patella, muscular imbalances, osteochondrosis dissecans, dysplasias of the
joint, osteonecrosis (e.g., Ahlback’s disease), and chondromatosis. Causes of secondary coxarthrosis
may include congenital hip dislocations, epiphyseolysis capitis femoris, rheumatoid and bacterial
coxitis, Perthes disease, trauma, osteochondrosis dissecans, articular chondromatosis, idiopathic
femoral head necrosis, and chronic polyarthritis.

Additional influencing factors are obesity, physical strain, and endocrine factors. The hyaline articular
cartilage is considered to be the target of arthritis-causing factors and the site of disease onset [512].

Pathogenetically, damage to the chondrocytes and cartilage ground substance occurs for various
reasons, which initiates osteoarthritis [5,593].
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Pathophysiology [439,512]
* Release of cartilage-degrading enzymes
¢ Change in mechanical tissue properties
e Chondrocyte death
* Imbalance between matrix synthesis and degradation
* Inthe further course, phasic reactive inflammation of the synovium
e Subchondral sclerotherapy
* Osteophytes and bone cysts

4.1.2.4 Diagnostics and differential diagnostics

Clinical history for knee osteoarthritis [512]
* Pain: localization, pain radiation, daily rhythm, duration, intensity, functional limitation, pain-
free walking distance
* Load capacity
e Limp
*  Mobility
*  Pinching, blocking, feeling of instability
* Tendency to swell, discomfort when going down stairs/downhill
e Walking aids

Clinical history for hip osteoarthritis [439]
e Paininthe hip
*  Morning stiffness in the hip lasting longer than 30 minutes and shorter than 60 minutes
* Painful internal rotation
*  Movement restriction
e Maximum walking distance
*  Painfulness of other joints
e Previous treatment of the affected joint

Clinical examination

The clinical symptoms depend on the stage. The leading symptom is joint pain on exertion. Persistent
pain at rest or during the night can be interpreted as a sign of advanced osteoarthritis. The clinical
examination should include general relevant data, visual and palpatory findings, motion verification
and, if necessary, special functional tests.

Special examination, knee osteoarthritis [512]
e Tape stability
*  Meniscus tests
e Gait analysis

Special examination, hip osteoarthritis [439]
* Tape stability
* Pain after rest, pain on exercise, strain pain
* Low back pain in compensatory hyperlordosis due to flexion contracture of the diseased hip
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Imaging and staging [439,512]

Conventional radiographs should be taken in a standardized manner in at least two planes. Depending
on the problem, special functional radiographs should be performed. Radiologically, the staging of gon-
and coxarthrosis is according to Kellgren and Lawrence [404]. Bone scintigraphy, CT, and especially an
MRI examination to visualize the hyaline cartilage can be performed as well.

Stages of gonarthrosis according to Kellgren and Lawrence

e Grade 0 - no findings

* Grade 1 —initial osteoarthritis, incipient osteophytes

e Grade 2 — moderate joint space narrowing, moderate subchondral sclerosis

* Grade 3 —joint space narrowing >50%, flattening of the femoral condyle, extensive
subchondral sclerosis, pronounced osteophytes

e Grade 4 —joint destruction, joint space completely obliterated, debris cysts in the tibial
plateau and femoral condyle, subluxation position

Stages of coxarthrosis according to Kellgren and Lawrence
e Grade 0 - no findings
* Grade 1 - osteophytes
e Grade 2 — periarticular ossifications
e Grade 3 —joint space narrowing, subchondral sclerosis
e Grade 4 — cysts
* Grade 5 - bony deformities of the hip joint

Classification
For scientific comparison, the following scores are recommended in the original version:

* Knee Society Score (Insall et al. 1989) [360]
e HSS score (Ranawat and Shine 1973) [625]
* Lequesne score (1987) [468]

*  WOMAC Osteoarthritis Index [55]

*  Harris Hip Score [285]

Additional laboratory chemical and microbiological examinations of the blood and possibly a biopsy
may be required for further differential diagnostic clarification in case of coxarthrosis [439].

4.1.2.5 General therapy options
Stage scheme of therapy for gonarthrosis [512,603]:

1. Non-drug therapy: weight reduction, orthopedic aids, physical measures and
physiotherapeutic measures [46,94,97,218,342,373,660,784]

2. Drug therapy (paracetamol, non-steroidal anti-inflammatory inhibitors [NSAIDs],
opioids, symptomatic slow-acting drugs for osteoarthritis, complementary medicines)
[113, 203,475,759,760]

3. Intra-articular injection of corticosteroids and hyaluronic acid for effusion and severe pain
[56,57]

4. Joint-preserving surgical measures [96]

5. Joint replacement surgical therapies
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Stage scheme of therapy for coxarthrosis [439]:

1. General measures: lifestyle changes, physical stress in work and sports, weight reduction,
exercises to eliminate muscle deficits, especially through self-exercises [46,217,373]

2. Drug therapy (paracetamol, metamizole, NSAIDs, cyclooxygenase-2 inhibitors, opioids,
glucocorticoid crystal suspensions for intra-articular injections, symptomatic slow-acting drugs
for osteoarthritis, vitamin E, complementary medicines ) [113,203,475,759,760]

3. Physiotherapy [94,342,660,784]

4, Other conservative procedures (occupational therapy, orthopedic aids, acupuncture)
b. Joint-preserving surgical measures
6. Joint replacement surgical therapy

4.1.2.6 Radiotherapy
Previous results of radiotherapy in osteoarthritis of the hip and the knee

The recording of the results is mostly done in the literature with the help of visual analog scales and
the “von Pannewitz” score [591]. A response to irradiation in the sense of a significant reduction in
pain and freedom from pain has been described in 58%—91% of patients with gonarthrosis, with a total
of 10,187 patients retrospectively evaluated [34,47,125,226,253,
265,287,289,305,399,403,515,527,536,591,594,612,659,669,686,758,812,813,840] (Table 4).

In 2010, the results of a Patterns of Care study in Germany were published with the finding that 78.8%
of radiation therapy facilities in the country treat patients who have painful gonarthrosis [536]. A
response to radiation in terms of a significant reduction in pain and freedom from pain was reported
in 24%—-89% of patients with coxarthrosis among a total of 741 patients evaluated retrospectively
[34,125,226,241,265,289,304 305,399,473,527,594,659,686,758,812,813,840] (Table 5).

Randomized, placebo-controlled, double-blind studies also are available. Two historical studies from
the 1970s with this study design had an insufficient number of patients, too short follow-up time, and
radiotherapy dose-fractionations: Goldie et al. (1970) with 92 gonarthroses and 23 coxarthroses and
Valtonen et al. (1975) with 16 gonarthroses and 16 coxarthroses, using dosage concepts with single
doses of 1.5-2.0 Gy and a maximum follow-up time of 6 weeks [256,775]. The results should therefore
be viewed with these limitations in mind. Neither group found an effect of pain irradiation beyond
placebo. A 2018 placebo-controlled, double-blind study randomized a total of 55 patients with
symptomatic gonarthrosis and showed no effect of pain irradiation beyond placebo. However, in that
study, 45.5% of patients (n=25) had a symptom duration before radiotherapy of >5 years, which must
be considered a significant flaw in study design [524].

A study by Niewald et al. published in 2021 indicated that good pain relief was achieved with either
6x0.5 Gy or 6x0.05 Gy of radiotherapy for osteoarthritis of the knee joints, with no significant
difference in effect between the two doses [554]. In that study, the mean duration of pain before
radiation was 56.2 and 49.6 months in the study groups, respectively. This duration was similar to that
in the 2018 study described above [524].

The conclusions from the most recent randomized trials [524, 554] are that there is a need for more
appropriate patient selection, which should be the goal of future studies, and that patients need to be
seen much earlier in the disease course. A pain history of more than 6 months has long been associated
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with a worse outcome, which should be discussed with referring physicians.
Indication, knee osteoarthritis

Based on data to date, low-dose radiation for painful Kellgren stage 2-3 knee osteoarthritis should be
recommended and performed as an effective treatment option when surgical intervention is not yet
indicated or not desired [536] and conservative therapies are not effective, not tolerated, or are
contraindicated.

Indication, coxarthrosis

Regarding painful stage 2—4 Kellgren’s coxarthrosis, low-dose irradiation may be a therapeutic option
according to current data when surgical interventions are not yet indicated or not desired and
conservative therapies are not effective, not tolerated, or are contraindicated.

Target volume definition
The target volume should include the entire joint with the adjacent bony and muscular structures. The
gonadal region should be covered with lead if necessary.

4.1.2.7 Radiotherapy technique

Knee osteoarthritis

Antero-posterior or lateral parallel opposed fields are to be used. The dosage is to be set at a uniform
depth (e.g., knee joint center). For dosimetric reasons, higher energies (24 MV) are suitable. Single
doses of 0.5—-1.0 Gy and total doses of 3.0-6.0 Gy should be used, with irradiation 2-3 times per week.

Hip osteoarhritis
Antero-posterior parallel opposed fields are to be used. The dosage is to be set at a uniform depth
(e.g., center of hip joint). Regarding the radiation energy, higher energies (210 MV) are preferred if
possible. Single doses of 0.5-1.0 Gy and total doses of 3.0-6.0 Gy should be used, with irradiation 2-3
times per week.

Evaluation of the therapy response
Functional scores (see above) or visual analog scales should be used to assess the pain situation.

From a 2010 orthopedics statement on radiation therapy for gonarthrosis: “Certainly, low-dose
radiation is also indicated for painful gonarthrosis in stage 2-3 according to Kellgren” [513].

4.1.2.8 Recommendation

Gonarthrosis
Radiotherapy can be performed, if indicated.

Evidence level 2c, recommendation level C

Coxarthrosis
Radiotherapy can be performed, if indicated.

Evidence level 4, recommendation level C
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Upper and lower ankle joints

The data for this indication are limited, so that no level of evidence can be determined regarding the
use of radiotherapy. However, the principles described for gonarthrosis and coxarthrosis apply
analogously with regard to radiation technique and dosage.

Author Patients Radiotherapy Response CR PR NC
energy rate (%) (%) (%) (%)
Fried (1934) [226] 126 Orthovolt 90.6 30.5 60.1 9.4
Bakke (1939) [34] 148 Orthovolt 83.8 26.2 57.6 16.2
Toschke (1941) [758] 148 Orthovolt 79.0 4.7 74.3 21.0
Cocchi (1943) [125] 188 Orthovolt 70.2 25.5 44.7 29.8
Pape and Golles (1954) 190 Orthovolt 76.0 25.0 51.1 24.0
[594]
Hess and Bonmann 366 Orthovolt 60.1 11.7 48.4 39.9
(1955) [305]
Pizon (1957) [612] 201 Orthovolt 87.4 43.7 43.7 12.6
Wieland and Kuttig 222 Orthovolt 90.1 62.6 27.5 9.9
(1965) [812]
Wieland (1966) [813] 341 Orthovolt 89.0 62.0 27.0 11.0
Mitrov and Harbrov 820 Orthovolt 91.0 57.0 34.0 9.0
(1967) [527]
Grasshoff (1970) [265] 51 Orthovolt 74.5 9.8 64.7 25.5
From Pannewitz (1970) Not Orthovolt 85.0 46.0 39.0 15.0
[591] specified
Hartweg et al. (1973) 124 Orthovolt 87.0 29.0 58.0 13.0
[287]
Zschache (1972) [840] 461 Orthovolt 84.1 18.2 65.9 15.9
Hassenstein (1976) 124 Orthovolt 85.5 29.0 56.5 14.5
[289]
Keilholz (1998) [399] 49 Orthovolt 63.3 20.4 429 36.7
Sautter-Bihl (1993) 21 Co-60 81.0 14.0 67.0 19.0
[669]
Schultze (2000) [686] 113 Orthovolt 58.4 13.3 45.1 41.6
Glatzel (2004) [253] 214 Orthovolt 68.2 9.3 58.9 31.8
Ruppert (2004) [659] 31 Orthovolt 64.0 36.0
Keller (2013) [403] 1039 Orthovolt, 79.3 10.5 68.8 20.7
Caesium, Linac
Bartmann (2017) [47] 139 Orthovolt, Linac 51.0 8.8 42.2 49.0
Total 5118 77.2 25.3 51.9 22.8
PCS (2010) [536] 5069 Orthovolt, Linac, 79.5 27.8 51.7 20.5
Co-60
Table 4. Literature review of radiotherapy outcomes for painful gonarthrosis, including Patterns of Care Studies results.
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Author Patients Radiotherapy Response CR PR NC
Energy rate (%) (%) (%) (%)

Fried (1934) [226] 10 Orthovolt 80.0 20.0 60.0 20.0
Bakke (1939) [34] 83 Orthovolt 82.0 18.0 64.0 18.0

Toschke (1941) [758] 26 Orthovolt 42.3 0.0 42.3 57.7
Cocchi (1943) [125] 107 Orthovolt 68.2 24.3 439 31.8

Pape and Golles (1954) 30 Orrthovolt 66.7 20.0 46.7 333

[594]
Hess and Bonmann 70 Orthovolt 24.3 4.3 20.0 75.7
(1955) [305]
Wieland and Kuttig 31 Orthovolt 77.4 54.8 22.6 22.6
(1965) [812]

Wieland (1966) [813] 44 Orthovolt 89.0 52.3 36.7 11.0

Mitrov and Harbrov 120 Orthovolt 77.5 27.5 50.0 22.5
(1967) [527]

Grasshoff (1970) [265] 55 Orthovolt 56.4 10.9 45.5 43.6

Zschache (1972) [840] 73 Orthovolt 65.8 9.6 56.2 34.2
Hess (1974) [304] 23 Orthovolt 39.1 21.7 17.4 60.9
Hassenstein (1976) 120 Orthovolt 69.2 35.9 333 30.8
[289]
Lindner and 53 Orthovolt 43.3 9.4 33.9 56.7
Freislederer
(1982)
[473]

Gardener (1988) [241] 8 Orthovolt 75.0 12.5 62.5 25.0
Keilholz (1998) [399] 7 Orthovolt 71.4 28.6 42.8 28.6
Schultze (2000) [686] 31 Orthovolt 38.7 9.7 29.0 61.3
Ruppert (2004) [659] 7 Orthovolt 67.0 33.0

Total 895 62.9 21.1 41.7 37.2
Table 5. Literature review of the results of radiotherapy for painful coxarthrosis.
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4.1.3 Radiotherapy for painful osteoarthritis of the small joints (Update 2022)

4.1.3.1 Definition of osteoarthritis

The primary definition of osteoarthritis is pathological manifestation in one or more joints with more
or less severe joint remodeling. There may be cartilage destruction, new bone formation, and changes
in the joint capsule and synovium.

4.1.3.2 Epidemiology

Almost all people over age 65 years show radiographic signs of osteoarthritis, often without clinical
symptoms. Significantly more women than men are affected (75%/25%). The disease process may be
accelerated and intensified by diabetes mellitus, hyperuricemia, endocrine diseases, circulatory disorders,
and trauma, the disease process can be accelerated and intensified.

4.1.3.3 Etiology

Mechanical stress and physical-chemical changes over time are are important factors in the
development of osteoarthritis. With age, there is a metabolic slowdown in the joint. A mismatch
develops between load and load-bearing capacity [581] of cartilage and bone, which causes wear and
tear.

A distinction is made between primary arthrosis deformans as a result of (over)stress, which is a
disease of advanced age, and secondary arthrosis deformans as a result of inflammatory or traumatic
disorders [136].

The different phases of osteoarthritis

Phase 1: The smooth cartilage surface is damaged and becomes rough.
Phase 2: There is increasing tearing of the cartilage.
Phase 3: The damaged cartilage is increasingly destroyed by microtrauma, and its elasticity is

reduced; reactive osteosclerosis develops because of higher subchondral pressure; and
marginal osteophytes form.

Phase 4: The subchondral bone is exposed, bone abrasion begins, synovial fluid penetrates the
medullary cavity through the defects in the subchondral boundary lamella, and typical
boulder cysts appear.

Phase 5: Granulation tissue covers the articular surface (in case of movement without pressure)
or ankylosis (in case of no movement).

4.1.3.4 Diagnostics

Clinical picture: Arthrosis deformans can affect single joints but often occurs locally in the context of
several adjacent joints also being affected. Subjectively, there is initial heaviness and stiffness of the
affected joint followed by pain, swelling, and even loss of joint function. The pain is described as a deep
persistent pain that increases with weight bearing and decreases with rest.
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Radiological findings

Typical thickening of the joint lines appears in the X-ray image. Due to the cartilage atrophy, subchondral
sclerosis and joint space narrowing are seen. Typical osteophytes arise at the joint edges, and in the late
stage, typical subchondral cysts are seen. On radionuclide scintigraphy, the three-phase scintigram is a
particularly sensitive but not very specific examination method; it is useful for the differential diagnosis of
inflammation, neoplasia, and avascular necrosis.

CT and MRI are also used for differentiation, such as to exclude osseous metastases in a known tumor
disease or to exclude osteomyelitis. By detecting synovitis, MRI can be used to diagnose incipient
osteoarthritis before the appearance of bony changes. Bone marrow edema-like signal changes in the fat-
suppressing sequences are pre-erosive yet potentially reversible changes without correlation in
conventional radiography [634].

4.1.3.5 Therapy options

Physiotherapy

Thermotherapy in the form of heat, hyperemic substances, or cold applications can lead to pain relief.
Movement treatment, massage, and physiotherapy are used. Immobilization with arthrosis splints or
surgical arthrodesis also can improve symptoms.

Drug therapy

One focus of osteoarthritis treatment is certainly drug therapy. NSAIDs are predominantly used. They inhibit
cyclooxygenase, which is crucially involved in the formation of prostaglandins. The synthesis of
prostaglandins — the so-called pain mediators that regulate functions such as pain, inflammation, and fever
— is inhibited with NSAIDs, resulting in pain relief and anti-inflammation. Glucocorticoids have good anti-
inflammatory effects but can have strong diabetogenic, catabolic, and ulcerogenic side effects [88].
Ointment dressings with anti-rheumatic agents do not have as many side effects as systemic application,
but the resulting analgesia is not sufficient for severe pain.

Radiosynovectomy is a local therapy that is now used very frequently. The procedure has been known for
about 50 years and is based on radiogenic obliteration of the inflamed synovium using an intraarticular
injection of a radionuclide in colloidal form [491]. Depending on the inflammatory activity, the inflamed
synovial membrane is irradiated, the hypertrophied layers are destroyed, and subsequently fibrosis of the
synovial surface develops. The maximum range is only a few millimeters, which means that this therapy
reaches its limits in the case of massive thickening of the synovial membrane [194].

Other options include homeopathy, complementary medicine therapies, and acupuncture, as well as
biologicals, which are thought to intervene directly in the process of the immune modulation [634].
Treatment with ultrasound also can be used with success [138].

Reconstructive surgery and prosthetic joint replacement tend to be used as a last resort.

4.1.3.6 Radiotherapy

Dosage concept
Doses of 3.0-6.0 Gy are applied in single fractions of 0.5 to 1.0 Gy twice per week. According to the DEGRO
guidelines for irradiation of nonmalignant diseases [517,705], the following dosage regimen is
recommended:

For acute inflammation with a duration of symptoms <3 months, a per fraction of 0.5 Gy is recommended,;
for a duration of symptoms >3 months, the recommendation is to use a dose of 1 Gy per fraction,
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applied twice or three times per week for 6 fractions and a total dose of 3-6 Gy [704,705].
If the effect is not sufficient, a second series at the same dosage can be performed after 6—8 weeks.

X-rays of energies 100 kV and 200 kV can be used; when using 6-MV photons, a bolus of 5 mm should
be applied to small joints to achieve a comparable dose distribution at a depth of 5 mm. A parallel
opposed field technique is preferable to the single direct field technique.

A recent randomized, placebo-controlled, double-blind study from 2018 randomized a total of 56
patients with symptomatic osteoarthritis of the hands and concluded that there was no effect of pain
radiation beyond placebo [524]. However, 39.3% of the patients (n=22) had a pre-radiotherapy
symptom duration of >5 years, which must be considered a limitation [524].

A 2021 study by Niewald et al. reported that good pain relief was achieved with either 6x0.5 Gy or
6x0.05 Gy of radiotherapy for osteoarthritis of the hand, with no significant difference in effect
between the two doses [554]. In that study, the mean duration of pain before radiation was 56.2 and
49.6 months, respectively, in the two study groups. This duration was similar to that in the 2018 study
[524]. It may be that the reason why there was no significant difference in the outcome between the
two groups was because the patients were treated too late in their disease course, and we suggest
that patients are seen earlier in their disease course, in particular within 6 months of their first
symptoms.

Target volume definition

Irradiation planning must comply with ICRU 50 guidelines, including that the target volume is the
affected joint and that the dose reference point has been established. When irradiating the fingers and
toes, the nails must be shielded with lead, if possible, to prevent growth disturbances.

The indication should be made after interdisciplinary consultation (e.g., involving orthopedists,
rheumatologists, pain therapists). Radiological findings and clinical examination should be the basis.
For benefit-risk analysis considerations, ionizing radiation should be used only if other therapies do not
yield similarly good results or are riskier than radiation therapy. All possibilities for radiation protection
should be applied (beam direction, collimators, lead protection, etc.) to minimize possible damage to
organs at risk.

An explanation of possible and potential side effects must be provided prior to radiotherapy, and
written informed consent must be obtained from the patient.

The documentation of the initial findings, preparation of the therapy plan, and first field setting are
carried out by the radiation therapist. Further irradiations are to be carried out under the supervision
of a specialist. Positioning of the patient, field setting, collimators, lead covers, etc., must be
documented (e.g., in photos).

Collection and documentation of the final findings can be done according to the von Pannewitz
complaint score [704]:

Category 0=  Symptom-free: The patient does not feel any pain and is therefore completely
symptom free.

Category 1=  Substantially improved: There has been a marked reduction in pain with periods of
complete freedom from pain alternating with mild discomfort.

Category 2 = Improved: Discomfort has decreased, with pain decreased to a tolerable level.
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Category 3= Unchanged: No change resulted from radiotherapy, or pain level has returned to the
level before therapy started after temporary improvement.

Category 4 =  Deteriorated: Deterioration has occurred despite irradiation.

4.1.3.7 Summary and recommendation
Irradiation of osteoarthritis of small joints is a successful, low-cost, low-risk therapy that is an
alternative to other forms of therapy.

However, because of the general risk of radiation, a careful risk-benefit assessment must be made in
younger patients, for instance below the age of 40 years.

A total of 75% of patients with osteoarthritis of small joints benefit from analgesic irradiation. Even
after >5 years, sustained pain relief can be achieved in more than half of these patients [362].

Radiation therapy with 6.0 Gy promises good success not only after a large number of pretreatments
but also for patients with a pain history of >10 years. Although radiotherapy should be started early in
the course of the disease, there are no significant differences in the success of therapy with regard to
the duration of symptoms. Localization, age, or sex are also not influencing factors.

A second series of irradiation leads to success in >80% of patients. Even a third can still improve pain
but not to the same extent as the second series.

Considering the radiation protection, with the age distribution of the patients (median, 65 years), the
tumor risk is negligible [92]. For the dose ranges used in radiotherapy of joint arthrosis, no tumor
induction has been described in the literature [85,319, 324,840].

4.1.3.8 Recommendation

Radiotherapy can be performed, if indicated.

Evidence level 4, recommendation level C
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4.1.4 Painful shoulder syndrome

4.1.4.1 Definition

Shoulder syndrome includes periarthritis or periathropathia humeroscapularis, as well as omarthrosis
and acromioclavicular arthritis.

Periathropathia humeroscapularis includes various degenerative and inflammatory diseases of the soft
tissues at the shoulder joint, such as bursitis subacromialis or subdeltoidea; tendinopathies of the
various tendons (supraspinatus muscle, biceps brachii muscle, and rotator cuff); and insertional
tendinopathy at the coracoid process. Initial descriptions were made by Duplay and Codman [126,176].

4.1.4.2 Epidemiology

Shoulder syndrome affects about 2%—5% of the population, predominantly people over age 40 years
and menopausal women. People with diabetes have an approximately 5-fold increased risk of
developing the disease. The right shoulder is more frequently affected than the left.

4.1.4.3 Etiology and pathogenesis
Often, overloading with microtrauma is considered to be the cause of the inflammatory changes in
tendons and bursae.

In the chronic course, these inflammatory and scarring processes can also calcify, although calcification
does not necessarily contribute to symptoms [313]. Calcification is found on X-ray in many affected
individuals but can occur in unaffected individuals [238,523,614,672].

Rotator tendons distended by calcifications can cause tightness under the fornix humeri with
significant restriction of abduction motion, which is called impingement syndrome [427,546].

4.1.4.4 Diagnostics and differential diagnostics

The workup for shoulder syndrome includes history, clinical examination, and radiographs of the
shoulder in multiple planes. The clinical examination also includes range of motion and mobility against
resistance, especially in elevation and abduction.

4.1.4.5 General therapy options

Treatment options include topical and systemic application of anti-inflammatory drugs, local cold
application, electrotherapy, ultrasound and shock wave treatment, and instillation of inflammation-
modulating substances to physiotherapy and surgical measures. Several Cochrane reviews are
available on this subject, although none of these treatments have been shown to be very effective.

4.1.4.6 Radiotherapy
As early as 1898, Sokoloff reported on the radiation treatment of painful joint lesions. In 1925, Staunig
published his experience with over 400 patients with painful shoulder lesions [729,738].
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Recording of results in the literature is often performed using the von Pannewitz score [590]. The
effect of the treatment is often delayed, so an assessment of the treatment success is meaningful
only several weeks after therapy.

A response to irradiation in the sense of a significant reduction in pain and more freedom from pain is
described in 58%-100% of patients with shoulder syndrome. Of 7928 patients who were
retrospectively evaluated, 55% of the patients became pain-free and 33% experienced an
improvement in symptoms; only 12% had unchanged symptoms [313].

Modern randomized, placebo-controlled and double-blinded studies unfortunately do not exist. With
caution, three historical studies with low patient numbers, short follow-up time, and in some cases
unusual dosing could not prove more than a placebo effect for pain irradiation [256,613,775].

Better results are obtained with acute and earlier symptomatology than with chronicized symptoms,
i.e., those existing for more than 6 months [1,11,32,243,266,303,329,419,423,436,460,473,
523,602,721]. Data on a higher response rate for patients with calcification appear contradictory
[11,32,115,238,424,440,473,493,504,602].

Numerous authors report that calcifications disappear after radiotherapy
[1,11,23,32,34,59,80,98,423,424,427,436,440,459,483,721,739]. Regression of calcification does not
correlate with clinical improvement in symptoms [32,34,59,427,436,440].

Strict eligibility criteria should improve the treatment results. This also seems reasonable because
there is a small but real risk of tumor induction [98,669,674].

Indication

Based on the data, low-dose irradiation for painful shoulder syndrome should be recommended and
performed as an effective and side effect—free therapeutic option before surgical interventions when
conservative therapies do not lead to the desired success, show too-severe side effects, or are
contraindicated and surgical interventions are quite invasive.

Target volume definition

The target volume should include the entire shoulder joint with the adjacent bony and muscular
structures, leaving the adjacent lung and mammary gland out of the target area. A smaller target
volume may be selected for isolated supraspinatus or subdeltoid tendinitis.

Technology
An Orthovolt device or a high-voltage device can be used for treatment. The dosage is to be set at a
uniform depth (e.g., center of the shoulder joint).

Single doses of 0.5-1.0 Gy as well as total doses of 3.0—6.0 Gy should be applied, and irradiation can
be performed 2-5 times a week.

Evaluation of the therapy response
Pain relief and improvement of mobility are primary treatment goals; resolution of any calcification
that may be present is not a therapeutic goal.

Functional scores or visual analog scales can be used to assess mobility and pain levels.
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4.1.4.7 Recommendation

Radiotherapy can be performed, if indicated.

Evidence level 4, recommendation level C
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4.2  Enthesopathies

4.2.1 Trochanteric bursitis

4.2.1.1 Definition

Trochanteric bursitis is also known as “greater trochanteric pain syndrome” (GTPS), which includes
elements of tendinopathy. BT is a general term capturing acute or chronic non-infectious inflammation
of the bursae around the greater trochanter. In the UK/US literature, the terms “trochanteric bursitis”
and GTPS are often used synonymously [129,130].

4.2.1.2 Epidemiology

It is estimated that BT is one of the most common pain syndromes of the hip region in Western
industrialized countries, with an incidence of 10%—25% [818]. The age distribution shows a maximum
in the fourth to sixth decades of life [472,714], with the female sex being affected more frequently in
a ratio of about 3-4:1 [711,723,757]. Segal et al. [711] demonstrated a prevalence of 17.6% based on
a multicenter, retrospective study including 3026 adults. Lieviense et al. [472] reported an incidence
of 1.8 cases per 1000 population/year.

4.2.1.3 Etiology and pathogenesis

The development of BT is most likely multifactorial. Chronic microtraumatization of the tissues caused
by continued mechanical misuse or overuse and regional muscular-ligamentous dysfunction are
probably responsible. The characteristic symptom complex of BT is usually triggered by an acute event,
such as an unaccustomed walking load, local trauma, or chronic pressure on the trochanter [714,818].
These abnormal loads may result from, for example, painful coxarthrosis or lumbar syndrome; the
incidence with lumbar syndrome is reported to be 20%—35% [129,476,711,757]. Advanced age, female
sex, ipsilateral tractus iliotibialis complaints, activated gon- or coxarthrosis, obesity, and the presence
of lumbar syndrome are considered risk factors that may favor the occurrence of BT [476,711,818].

4.2.1.4 Diagnostics, differential diagnosis

BT is primarily a clinical diagnosis. The leading symptom is acute, intermittent, or chronic pain, which
in about 50% of patients radiates from the trochanteric region over the lateral aspect of the thigh along
the tractus iliotibialis down to the knee joint. Lying on the affected side, prolonged standing, sitting
with crossed legs, stair climbing, and intensive running are frequently given as causes in the patient’s
medical history. With normal walking, on the other hand, the complaints can sometimes diminish. The
Patrick/FABER test often allows a provocation of pain during the clinical examination. In case of
prolonged persistence, abductor weakness may manifest itself in a positive Trendelenburg sign.

Imaging can support the clinical diagnosis. In protracted courses, conventional radiology can detect
nonspecific peritrochanteric soft tissue calcifications; bursa distension can be detected by joint
sonography. The imaging diagnostic method of choice, especially for surgical planning, is MRI. The T2-
weighted sequences reliably detect inflammatory changes of the bursae and injuries of the muscle
insertions [69,434,793].
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Possible differential diagnoses include acute disc herniation or other vertebral complaints, abduction
fracture of the femoral neck, coxarthrosis, nonspecific coxitis, tendovaginitis, or insertional
tendinopathies of the hip muscles.

4.2.1.5 Therapy options (general)

With regard to primary therapy, conservative measures are most important because spontaneous
symptom regression is also possible [489]. Behavioral changes play an important role in the form of
mechanical relief, weight reduction, or avoidance of stress that triggers symptoms. Furthermore, in
addition to extracorporeal shock wave therapy [231], almost the entire spectrum of physical therapy
measures is applied [245,372,781]. For analgesic and anti-inflammatory local therapy, cold
applications, Non-steroidal anti-inflammatory drugs, and local corticosteroid infiltrations have proven
effective, and their use can achieve pain remission in 60%—100% of cases [41,127,183].

A surgical approach should be reserved for those cases that are refractory to conservative therapy. A
wide variety of surgical techniques have been described, including open or endoscopic-assisted bursal
resections [33,196,214,688,725], trochanteric osteotomies [261], or incisions or extensions of the
fascia lata [607] or of the tractus iliotibialis [119].

4.2.1.6 The role of radiotherapy

Regarding the effectiveness of low-dose radiotherapy for the treatment of BT, very limited published
data are available (n=157) [47,251,386,515,519,573]. Glatzel et al. [251] reported in an abstract on 34
patients (30 women, 4 men) who had received orthovoltage therapy (175 kV, 20 mA, FHA 40 cm) during
July 1996 to March 2000 for “insertional tendopathy” at the greater trochanter. A single dose of 1.0
Gy was applied three times per week, the total dose per series was 6.0 Gy, and five patients had
received a second irradiation series. The median follow-up period was 14 months. Three months after
completion of radiotherapy, 38% were symptom-free (complete remission), 18% had significant pain
relief, 29% had moderate pain relief, and 15% had experienced no improvement or had progressive
symptoms. Olschewski and Klein [573] reported 10 years later on 26 patients (20 women, 6 men) who
had received radiation to a total of 27 lesions from October 2008 to September 2009. In >80%,
symptoms had previously persisted for more than a year. Follow-up examinations were performed at
3-month intervals using a pain score. In total, six patients (23%) had complete pain remission, 13 (50%)
had partial remission, and seven patients (27%) were unchanged with respect to pain severity. No
relevant side effects were observed; only one case involved transient erythema. In 2017, Micke et al.
[515] published 27 cases of patients aged 270 years, of whom 69.2% were pain-free or significantly
pain-relieved after a median follow-up of 29 months (3—39) in terms of initial pain. Kaltenborn et al.
report 60 cases with a response rate of 70% at 3 months, of whom 37% of patients were pain-free
[386]. Bartmann [47] reported in the context of a dissertation on 70 patients, and at a mean follow-up
of 24 months (3—-40), 29.9% were pain-free, 16.4% significantly improved, 19.4% slightly improved,
29.9% unchanged, and 4.5% worsened with regard to the initial pain. The results of this dissertation
also were published in 2018 [519].

Dose concept/radiotherapy technique

In analogy to the treatment of other degenerative-inflammatory diseases, single doses of 0.5 to 1.0 Gy
are used; thus, the total doses per series are 3.0 to 6.0 Gy. Spontaneous remission is possible, however,
so symptoms should persist for at least 3 months before initiation of radiotherapy. Because of the close
proximity, care should be taken to maximize gonadal sparing, especially for those of reproductive age,
and a critical indication should be required.
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Regarding the irradiation technique, a safe inclusion of the superficial and deep, primary, and
secondary gluteus maximus bursa should be ensured; furthermore, the gluteofemoral bursa should be
included caudally, which may have an extension of up to 7 cm in the craniocaudal direction in case of
pronounced inflammation [826]. In case of treatment at the linear accelerator, opposing fields are
recommended, which should be adjusted at the simulator; photon energies of 6-10 MV allow for a
homogeneous dose distribution. CT-guided radiation planning or prior performance of diagnostic MRl
of the hip region may be considered to accurately assess the size extent of the bursa. The empirical
values reported in the literature are limited to orthovoltage irradiations; to achieve the most
homogeneous dose distribution possible, 2-3 fields should be used (dorsoventral + lateral).

4.2.1.7 Recommendation

Radiotherapy can be performed, if indicated.

Evidence level 4, recommendation level C
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4.2.2 Radiotherapy of Plantar Heel Pain

4.2.2.1 Definition

The definition of this condition consists of inflammatory changes in the plantar aponeurosis with
formation of a bony spur at the distal limit of the calcaneus, triggering pain and difficulty walking
because of the inflammation itself as well as the pressure of the spur on the soft tissue structures of
the sole of the foot. The terms “plantar fasciitis” and “plantar heel spur” are included.

4.2.2.2 Epidemiology
The incidence is about 8%—10%, and especially 10% of runners are affected. Women are affected more
often than men, with an age peak at >40 years [520].

4.2.2.3 Etiology

The underlying mechanism is an abnormal pronation in the hindfoot. This positioning can be favored,
e.g., by lower leg and foot malformations such as tibia vara, pes equinus, and a varus position in the
foot, and by overweight, unsuitable sports, and unsuitable footwear [520].

4.2.2.4 Pathogenesis

The excessive stretching of the plantar aponeurosis leads to microtraumas, especially at the proximal
tendon insertion of the calcaneus. Chronic inflammation develops here, which ultimately promotes
the formation of the bony spur [520].

4.2.2.5 Diagnostics

Medical history

In addition to the general anamnesis, the duration of the pain, previous treatment, and sporting and
occupational stress on the heel should be recorded. In particular, the patient should be asked what
activities improve or worsen the pain symptoms.

Investigation
Orthopedic examination and conventional radiography are essential. Optional ultrasound, bone
scintigraphy, and MRI may be added if baseline diagnostics are unclear [412].

Standardized questionnaires should be used to assess symptomatology, e.g., the corresponding
questionnaire of the German Cooperative Group on Radiotherapy for Benign Diseases (GCG-BD) [556].

Classification

Here, the use of a standardized score is also recommended, e.g., the calcaneodynia score according to
Rowe [556,655].
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4.2.2.6 Other therapy options

A summary meta-analysis by Salvioli et al. [664] in 2017 describes positive effects of shock waves, laser,
orthotics, ultrasound-guided radiofrequency treatment, needle treatment, and taping vs. placebo,
with moderate to low evidence.

Individual meta-analyses (excerpted):

e Platelet-rich plasma vs. corticosteroid injections (Yang et al., 2017, [830])

e Corticosteroid injections (David et al., 2017 [142])

e Extracorporeal shockwave therapy (Sun et al., 2017, [748]; Lou et al., 2017, [484])
* Botulinum toxin A injections (Tsikopoulos et al., 2016, [765])

* Insoles/orthoses (Lee et al., 2009, [464]; Hawke et al., 2008, [295])

e Overall, the evidence is moderate to low, and the best data are found for shockwave therapy
and orthoses.

4.2.2.7 Radiotherapy

Mechanism of action of radiotherapy

The mechanism is not yet fully understood. Previously, an influence on the endothelium, tissue pH,
and the autonomic nervous system, as well as a release of enzymes, has been suspected. More recent
work has described an influence on macrophage function, apoptosis, and cytokine secretion (especially
TGF-B1). Other studies have suggested decreased adherence of macrophages to endothelium,
increased activity-induced cell death in polymorphonuclear cells, and decreased adhesion of
granulocytes to endothelial cells, with a maximum of these anti-inflammatory effects at a single dose
of 0.3-0.7 Gy [21, 234,323,643,647,649].

Indication for radiotherapy

Indications are a painful heel spur with a history of more than 3 months. Patients under age 40 years
should not be irradiated as a rule. Patients between 30 and 40 years of age may be irradiated if all
conservative methods have been exhausted and were unsuccessful. Clinical and radiological evidence
of calcaneal spur should be required [556].

Radiotherapy technique
Orthovolt therapy is administered with a direct plantar field. A caveat is to apply a bolus at the lateral,
dorsal, and medial heel edge, with dosage set at a uniform depth.

Alternatively, it is possible to administer 4—6 MV photons of a linear accelerator via a pair of lateral
opposed fields, with dosing on the heel center (MPD) according to the ICRU.

Dosage

The total reference dose is 3.0-6.0 Gy, with single doses of 0.5-1.0 Gy, with treatments given twice
per week. In this context, following the aforementioned radiobiological results and in accordance with
the work of Ott et al. [579], a single dose of 0.5 Gy should be preferred.

Retrospective results
Classification of results is according to von Pannewitz [589].

Freedom from pain can be achieved with this radiotherapy approach in 13%—81% of patients, with
additional pain relief in 7%—70% of patients (summarized in [520]).
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Recent retrospective studies

- Miicke et al. [535] in 2007 reported on positive prognostic factors, which included patients with
only one treatment series, age >58 years, and high-voltage treatment.

- Badakhshi et al. in 2014 [30], Koca et al. in 2014 [428], and Uysal et al. in 2015 [773] showed
freedom from pain in at least 58% of patients.

- Hermann et al. in 2013 [301] found no effect of field size on pain relief.

- Hautmann et al. in 2014 [294] reported a positive effect of reradiation after initial treatment failure.

Patterns-of-care study

- Micke et al. covered patterns of care in 2004 [516].

Randomized trials
- Heyd et al. in 2001 [319]: 3.0 Gy/0.5 vs. 6.0 Gy/1.0 Gy, each 2x per week, with no significant difference.

- Niewald et al. in 2012 [555]: with a follow-up of 48 weeks, 6.0 Gy/1.0 Gy vs. 0.6 Gy/0.1 Gy, each
twice per week, with the higher dosage significantly more effective.

- Ottetal.in 2013 and 2014 [579,580]: with a median follow-up of 32 months, 6.0 Gy/1.0 Gy vs. 3.0
Gy/0.5 Gy each 2x/week, with identical results and the consequence that the majority of
institutions reduced dose to 3.0/0.5 Gy.

- Niewald et al. [553] and Prokein et al. in 2017 [620]: with a follow-up of 48 weeks, 6.0 Gy/1.0Gy
2x/week vs. 6.0 Gy/0.5 Gy 3x/week, showing identical results, with influence of fractionation not
detected in patients.

Randomized comparison with alternative methods

- Canyilmaz et al. in 2014 [108]: radiotherapy vs. corticosteroid injections, with a median follow-up
of 12.5 months, showing radiotherapy superior.

- Gogna et al. in 2016 [255]: radiotherapy vs. platelet-rich plasma with a follow-up of 6 months and the same
results.

4.2.2.8 Summary

The indication for radiotherapy is the presence of appropriate symptoms and clinical and imaging
evidence. Radiation with a total reference dose of 3.0(—6.0 Gy) with single fractions of 0.5(—1.0 Gy), 2-
3 times per week, is recommended.

Radiation therapy is possible by means of Orthovolt therapy or low-energy photons from a linear
accelerator. Pain relief can be achieved in up to 90% of patients without side effects.

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 58



Guideline

4.2.2.9 Summary and recommendation

Radiotherapy should be performed, if indicated.

Evidence level 1b, recommendation level A
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4.2.3 Radiotherapy for medial and lateral epicondylitis of the elbow

4.2.3.1 Definition

Elbow syndrome is an acquired, painful, irritable condition with degenerative changes in the
connective tissue at the insertion sites of the muscle tendons in the area of the epicondylus humeri
radialis or the epicondylus humeri ulnaris.

Synonyms are insertional tendinopathy, tendopathy, tendinitis, and epicondylitis [62]; in the case of
lateral pain symptoms, also lateral epicondylitis, writer’s cramp [657], and tennis elbow; and in the
medial setting, medial epicondylitis and golfer’s or thrower’s elbow.

4.2.3.2 Epidemiology

The prevalence of elbow syndrome is reported to be 1%—4% in the general adult population 240 years
of age [720]. It occurs more frequently between the ages of 40 and 60 years [152,281,720, 824]. Clear
differences in sex distribution are not found, but the majority of studies assume a higher probability of
disease for women [200,461,719,720,824]. In direct lateral comparison, pain occurs more frequently
radially as well as at the dominant elbow joint [281,314,640,718]. Socioeconomic influencing factors
are not assumed [162,281].

4.2.3.3 Etiology and pathogenesis

Common pathogenetic hypotheses are based on the consideration that mechanical overloads and/or
cyclic, repetitive, and intense movements under eccentric loading leads to some kind of material
fatigue, submicroscopic structural damage, and either inflammatory, inflammatory-degenerative,
degenerative, or microtraumatic and then reparative-degenerative changes [511].

Signs of lipoidosis, hyalinization, fragmentation of tendon fibrils, calcification, necrosis, and fibrosis
have been described at the tendon insertions as a morphological correlate for the symptoms of
discomfort [622,681,682]. In addition, pathognomonic vascular and cellular proliferations have been
described in this context [441,616,630,667]. Tendon ruptures have been interpreted as a consequence
of the degeneration process [681].

4.2.3.4 Diagnostics and differential diagnostics

Medical history

The leading symptom is load-dependent joint pain, for example when grasping or carrying and holding
loads. In some cases, this pain can even go so far as to severely interfere with everyday activities, such
as shaking hands or lifting a cup. In addition to load-associated pain, night and rest pain are reported
less frequently. History often will include unaccustomed (e.g., carrying an infant) or repetitive activities
(e.g., at a computer workstation) [652].

Clinical examination

The diagnostic landmark symptom is localized pain in the area of the epicondylus humeri radialis or
ulnaris [720]. The pain symptomatology may radiate along the arm proximally and distally [116]. On
clinical examination, unrestricted function is usually found with regard to flexion and extension.
Pronation, especially against resistance, is typically painfully limited. Externally recognizable signs of
inflammation, accompanying motor or sensory deficits, and circulatory disturbances are not typical.

Special examinations:
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-Thomsen handle [314]
- Middle finger stretching test [314]
- Forced extension [314]

- Chair lift or chair test [314]

Imaging and staging

In the case of persistent pain symptoms, the conventional X-ray of the elbow in two planes is part of
the basic diagnosis, not least in order not to overlook accidental neoplastic processes [123]. In most
cases, however, the radiographs show normal findings corresponding to the age of the patient.
Occasionally, calcifications are found at the tendon insertion. MRI is suitable for further imaging, if
necessary, as it can depict inflammatory changes in addition to optimal soft tissue imaging [671,795].

There is no widely accepted staging of elbow syndrome.

4.2.3.5 Other therapy options
- Avoidance of chronic mechanical overstressing

- Extracorporeal shockwave therapy [67,679]

- lontophoresis [67,369]

- Laser [67,68,685]

- Physiotherapeutic applications [67,571]

- Acupuncture [67,685,761]
- Bandages [67,679]
- Corticosteroid injections [661,679,824]

- Botox injections [235,384]

- NSAIDs [67,679]
- Cell therapy [132,564]

- Operative therapy [116,128,416]
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4.2.3.6 Radiotherapy

Results of irradiation to date

From 1923 to 2011, outcomes after radiotherapy for elbow syndrome have been reported in more
than 2000 patients. Most publications described a treatment response in 270% of cases. Further details
are given in Table 6.

Indication

Low-dose, anti-inflammatory irradiation for elbow syndrome should be recommended and performed
as an effective therapeutic option when conservative therapies do not achieve the desired outcome,
have too-severe side effects, or are contraindicated, and surgical intervention is not reasonable,
possible, or desirable [317,696].

Target volume definition

The target volume should include the entire lateral or medial epicondyle with the adjacent bony and
muscular structures. For irradiation, the target volume is determined using a simulator or 3D planning.
Because of the extra-articular location of the epicondyle, the entire joint capsule does not need to be
included.

Radiotherapy technique

Depending on the pain localization, a direct field is used on the Orthovolt device in the area of the
lateral or medial epicondylus humeri. The field is set clinically on the device over the lateral or medial
epicondyle. At the linear accelerator, irradiation is realized via parallel opposed fields at low photon
energy. The dose reference point is located in the central axis of the opposing beams at the mid-point
(i.e. at MPD). The single fraction dose is 0.5 Gy, and the total dose per series is 3.0 Gy. Irradiation
should be performed 2-3 times a week. Common sizes of irradiation fields are 7x7, 6x8, and 10x10 cm.
In case of pain persistence, a second irradiation series is possible after 10-12 weeks.

Evaluation of the therapy response

When evaluating treatment response after radiation therapy for elbow syndrome, the primary
endpoint is pain relief. Routine assessment of pain remission should be performed using a visual analog
scale, and a von Pannewitz score [589,590] should be assessed. More comprehensive functional
assessments, such as the Neutral-0 method [753], Thomsen handgrip [314], middle finger extension
test [314], forced extension [314], chair lift or chair test [314], or a possibly modified Morrey score
[531] can be helpful in the investigation of further scientific questions.

4.2.3.7 Recommendation

Radiotherapy should be performed, if indicated.

Evidence level 2¢c, recommendation level B

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 62



Guideline

Ref. Year | Cases | Technology | Response CR PR NC
(n) rate [%] [%] [%] [%]
Kind [273] 1923 15 Orthovolt 93 33 60 7
Mustakallio et al. [541] 1939 18 Orthovolt 96 82 14 4
Cocchi [125] 1943 22 Orthovolt 59 41 18 41
Canigiani [107] 1946 23 Orthovolt 87 70 17 13
Morvay [532] 1953 102 Orthovolt 94 94 - 6
Hess et al. [305] 1955 65 Orthovolt 89 54 35 11
Pizon [612] 1957 10 Orthovolt 100 80 20 -
Reinhold et al. [633] 1961 212 Orthovolt 90 58 32 10
Germ [400] 1965 4 Orthovolt 25 - - 75
3 Co-60 100 - - -
Wieland et al. [812] 1965 15 Orthovolt 87 74 13 13
Pannewitz [592] 1970 43 Orthovolt 90 52 38 10
Zschache [840] 1972 150 Orthovolt 69 5 64 31
Keinert et al. [401] 1975 639 Orthovolt 84 64 20 16
Gorlitz et al. [259] 1981 50 Orthovolt 84 54 30 16
Mantell [494] 1986 30 Orthovolt 47 40 7 53
Gartner et al. [240] 1988 26 Orthovolt 50 - - 50
44 Co-60 64 - - 36
Kammerer et al. [388] 1990 299 Orthovolt 73 16 57 27
Sautter-Bihl et al. [669] 1993 11 Co-60 91 64 27 9
Schafer et al. [674] 1996 30 Cs-137 75 57 18 25
Heyd et al. [314] 1997 45 Co-60 69 16 53 31
Seegenschmiedt et al. [696,700] 1998 85 Orthovolt 91 54 37 8
Ott et al. [577] 2012 | 199 Orthovolt 91 18 73 9
Ott et al. [578] 2014 | 199 Orthovolt 94 51 43 6
Leszek et al. [469] 2015 | 50 Megavolt 70 - - -
Table 6. Results after radiotherapy for elbow syndrome.
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4.3  Hyperproliferative processes

4.3.1 Radiotherapy for Dupuytren’s disease (DD)

4.3.1.1 Introduction

Dupuytren’s contracture or DD is a hyperproliferative disease of the connective tissue and
subcutaneous adipose tissue originating from the palmar aponeurosis of one or both hands with
connective tissue induration of the palm and gradual extension to the finger areas. The condition is
named after the French anatomist Baron Guillaume Dupuytren (1777-1835), although it was also
described by Felix Platter (1614) and Astley Cooper (1824) [177,178]. Gradual hardening and shrinkage
of the palmar aponeurosis results in the formation of coarse nodules and cords, which in the long term
leads to severe functional limitations of the hand and finger function and, due to a flexion contracture,
to limitations in occupation and leisure. Correspondingly, Ledderhose Disease (LD), addressed in the
next main section, is a hyperproliferative disease of the connective tissue and the subcutaneous fat
tissue starting from the plantar aponeurosis of one or both soles of the foot and only occasionally
extending to the forefoot and toes [12,28,95,124,462,485,522,526,534,610,624,678,786,828,833].

4.3.1.2 Epidemiology and Etiology

DD manifests in multiple forms, preferentially in the catchment area of the ulnar nerve in the region
of the fourth and fifth digits of the hand. However, radial and mixed polytopic forms of DD also occur.
In the course of life, the disease usually manifests on both sides; approximately 10%—15% of all patients
with DD also have LD, while in 25%—30% of all patients with primary presence of LD, DD is also present.
It is therefore always useful to ask the patient about involvement of the hands and feet and always to
inspect and palpate all extremities at the initial presentation.

Increased risk is ascribed to those with white European ancestry, but the disease also occurs outside
these ethnic groups. In Western industrialized nations, the prevalence is 1%—3%. In certain regions
(Ireland/certain regions of France), it is as high as 17%. In older age (from the age of 40), the risk of
disease is increased. Men are usually affected up to three times more often than women. So far, no
correlation with handedness is known, but in the majority of cases, bilateral involvement occurs at
some point. The causes of the disease are still controversial. However, an increased risk of the disease
is known with a positive family history (first-/second-degree relationship), alcohol and nicotine abuse,
liver disease (especially cirrhosis), diabetes mellitus, the presence of epilepsy or the use of antiepileptic
drugs, and the occurrence of other fibromatoses such as LD and Peyronie’s disease, keloid formation
after surgery, and “frozen shoulder” syndrome [91,485,503,522,540,698,707,828].

4.3.1.3 Pathogenesis and staging
Histopathologically and clinically, three stages of disease (according to Luck) can be distinguished,
which are significant for treatability with radiotherapy [485]:

(1) Inthe proliferation phase, inflammatory cells and especially highly proliferating fibroblasts
are initially found in greater numbers, resulting in the increased formation of type | collagen.
At the same time, an increased appearance of macrophages and perivascular inflammatory
cells is observed [18]. This phase of the disease is radiosensitive with respect to radiogenic
influence on inflammatory cells and proliferating fibroblasts.
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(2) In the involution phase, reparative processes already dominate. There is an accumulation of
myofibroblasts in the fibrinous tissue of the fiber bundles, which initiates the formation of
nodules and cords. This phase is only slightly radiosensitive and limited to the existing
fibroblasts in the sense of proliferation inhibition.

(3) In the residual phase, fibroblast activity is suspended, the stored collagen matures,
accompanied by a resulting hardening of the affected connective tissue, and finally leads to
flexion contractures/increased scar formation in the respective affected fingers. This phase of
the disease is not suitable for radiotherapy.

In DD, in addition to conspicuous fibroblasts, the so-called myofibroblasts represent a special feature.
Gabbiani et al. detected myofibroblasts for the first time in diseased Dupuytren’s tissue [232]. These
cells, related to smooth muscle cells, are modified fibroblasts with intracytoplasmic myofilaments. The
histogenetic origin of myofibroblasts is not clear. A proliferation of capillary endothelial cells has been
discussed, which then migrate as pericytes and proliferate in the fascia, especially perivascularly [756].
The clinical stage of the disease is evaluated according to Tubiana et al. [766]. This classification, which
is important for clinical practice, is based on the severity of the extension deficit in the affected
metacarpophalangeal and proximal interphalangeal joints (see Table 9).

Grade 0: no (visible) changes, possibly only early symptoms no indication for RT
Grade N: nodes without flexion contracture very good indication for RT
Grade N/I: Flexion contracture from 1° to 10° with evidence of nodes high effectiveness of RT
Grade I: flexion contracture 11 to 45° with evidence of nodes low effectiveness of RT
Grade II: Flexion contracture 46 to 90°. with evidence of nodes no effectiveness of RT
Grade IlI: flexion contracture 91 to 135° with evidence of nodes no effectiveness of RT
Grade IV: Flexion contracture >135° with evidence of nodes. no effectiveness of RT
Table 7. Clinical staging of Dupuytren’s disease and significance for radiotherapy indication.

According to this classification, stage | already includes a very wide range, from only a minimal to a
significant functional deficit. Therefore, to allow for a better differentiation for the indication of
radiotherapy in the clinical course, the stage or grade N was further subdivided into the stages N(0)
without flexion contracture and N/I with a minor flexion contracture of up to 10° [398]. To date, this
classification is commonly used only by radiation oncologists. For hand surgeons, functional deficits of
30° or more are relevant for the indication of invasive measures (e.g., percutaneous needle
fasciotomy).

4.3.1.4 Therapy options
Without any therapy, clinical progression rates (increase in nodules and cords, angular deficit of
fingers) of more than 50% of early stages were observed after more than 6 years [51,193].
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Non-surgical procedures

In addition to a purely wait-and-see approach (wait-and-see strategy) until possibly necessary surgical
measures, reduction of risk factors (e.g., abstaining from nicotine and alcohol), changes in medication
(e.g., abstaining from chondroitin sulfate, antiepileptic drugs), and intake of preventive drugs (such as
vitamin E), if warranted, are possible in the early phase. Conservative therapy concepts in the sense of
local drug treatment have so far shown no long-term effect. Systemic administration of drugs is
therefore considered ineffective. Furthermore, long-term controlled randomized studies are lacking.

The efficacy of percutaneous local radiotherapy in preventing progression in early-stage DD has been
demonstrated in numerous phase 1/2 clinical trials (see Table 9)
[4,205,300,306,398,430,487,698,699,707,788,799], and this is well recognized, but it is adequately
supported by only a few controlled phase 3 studies.

Surgical procedures

Surgical treatment concepts are considered effective because, in principle, they are used only to
correct functional deficits when hand function is limited. Functional disturbances in everyday life and
a functional extension deficit from 30°-45° are generally accepted indications for surgical measures.
The aim is to improve function. Cure by surgical means is not yet possible. Surgical procedures are thus
limited to advanced stages of the disease and lie at the end of the line of treatment options.

Two approaches for surgery are distinguished. Minimally invasive procedures include needle
fasciotomy, but various extended open surgical measures are also considered, such as partial
fasciectomy for limited findings and total fasciectomy for extensive findings. These procedures are
considered well evaluated and established in surgery (hand and plastic surgery)
[193,244,340,457,503,526]. Randomized studies comparing the different surgical procedures are not
available, however. Overall, a significant overall complication rate of 15%—20% can be expected with
hand surgery therapy procedures [151]. Furthermore, despite the surgical measures performed, in the
long term, 30%—50% of patients experience a renewed progression or recurrence of the disease within
or outside the surgical area.

Enzyme injection (collagenase)

For two decades, a non-surgical method for the treatment of DD has been developed in the United
States that in the advanced stage (advanced contracture) involves injection of a connective tissue—
specific enzyme (clostridial collagenase) into the Dupuytren’s cord to partially dissolve it and then
mechanically “break it open.” The hard connective tissue cords consist predominately of collagen and
can be broken down by the injected enzyme collagenase within a few hours. In most cases, the first
attempt to manually and mechanically break up or cause the affected cords to rupture is made after
only 24 hours, as in needle fasciotomy. Phase 1/2 controlled registration studies showed that in most
cases, even severely curved fingers could be largely stretched again after one month. Enzyme injection
is thus seen as an effective method and possible alternative to hand surgery. The therapy also appears
to be effective in the longer term, but statistically meaningful evidence of its long-term effect is lacking
to date [408]. Overall, collagenase treatment has gradually become established in the repertoire of
hand surgery as a minimally invasive therapy for monotopic and oligotopic involvement of DD and also
in recurrences [353].

Since 2011, treatment with collagenase has been approved in principle both in Europe and in Germany
(product name: Xiapex ®). The drug has been taken off the market in Germany but can be obtained
elsewhere; however, the treatment is not reimbursed by all statutory health insurers for cost reasons.

4.3.1.5 Early-stage radiotherapy

Radiation therapy for DD continues to be regarded with skepticism from a hand surgery perspective,
among other things because long-term evidence from clinical studies is still lacking (36,377]. Also
unknown are the mechanisms of action of ionizing radiation on proliferating fibroblasts and
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myofibroblasts in the early stage, which have been demonstrated radiobiologically (641,656]. It is
therefore all the more important to explain radiotherapy adequately to patients and referring
physicians and to apply it only at the right stage and for clinically clear indications.

Radiation therapy, as a non-surgical treatment, can halt the progression of the disease even in the
early stages (stage N and N/I). The affected areas of the palm or sole of the foot can be effectively
irradiated using superficial soft X-rays (e.g., 125-150 kV) or electrons (4—6 MeV). In this process, all
unaffected hand and foot regions are individually blocked out of the radiation field with lead shields.

For irradiation, different dose concepts have been established in the past. For fractionated irradiation,
2—-4 Gy has been given as single doses, and for total doses, clinical experience has included 20—40 Gy,
although there have been very few clinical studies with long-term results (more than 5 years follow-
up) or studies with a non-treated or differently treated control group to investigate at which time point
irradiation is useful and which dose concept is most effective.

Numerous standardized steps are required to perform radiation treatment.

Medical history/clinical examination

Due to the long-term course of the disease, a long-term history and clinical examination are
recommended for later comparison purposes, as is systematic documentation, including photo
documentation.

The corresponding documentation forms for taking medical histories and documenting findings are
included in this guideline. One recommendation is to always photographically record the pattern of
the affected area in relation to the selected radiation fields so that possible radiogenic acute and/or
chronic radiation reactions and possible recurrences inside and outside the radiotherapy field can be
precisely assigned later.

Palpable nodes and cords are usually marked directly on the skin with a colored pencil. For a 1:1 image,
a photocopy can be made on a standard photocopier or digital photograph. This step ensures objective
comparability of baseline findings to findings during follow-up at 3, 12, and 36 months after
radiotherapy. Subjective symptoms and changes in complaints can be recorded in writing and in
tabular form.

Indication

The indication for radiotherapy in early-stage DD is strictly linked to the presence of an early-stage and
currently active disease. This determination should be made either on taking a clinical history, using
precise information from the patient or in the further course by clinical evidence and observation over
3-6 months. The indication is based on the radiobiological rationale that proliferating fibroblasts and
myofibroblasts play an essential pathogenic role in the progression of the disease.

Radiotherapy is not considered useful in the early stage without proven progression, in the “inactivity
phase” when the disease has been stable for several years, or in severely advanced disease (e.g., from
an angular deficit of >30°). In each case, the radiobiological targets — the proliferating fibroblasts and
myofibroblasts — are not available or are not activated. Renewed stimulation of these cells by growth
factors may occur, for example, after trauma or open hand surgery, which is why postoperative
treatment with ionizing radiation may make sense in such instances, as has been successfully
implemented in keloid treatment. Meaningful clinical studies are lacking, however, on the
postoperative situation and the possible use of radiation therapy or first clinical data for a safe
indication.

Documentation and radiotherapy planning
Before treatment, the patient should receive a detailed explanation about the long-term and
prospective nature of the treatment. Possible risk factors (nicotine, alcohol) must be addressed,
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including with regard to the potential for increased radiogenic side effects. In principle, it makes sense
to also inform the patient about a slightly increased long-term local cancer risk in the region of
irradiation [367]. In addition, the related need for regular follow-up examinations should be
emphasized.

Radiotherapy is based on the individual extent of the objectively determined clinical findings on the
palm or sole of the foot, including a sufficient safety margin. Irradiation is performed either on an
Orthovolt device (with tube voltage 125-150 kV), with a 10x15—cm tube over a palmar or plantar
standing field at a focus-skin distance of 30—-40 cm, or on a linear accelerator, with 4—6 MeV electrons
and a 5-mm bolus to adjust the depth dose effect. The unaffected areas of the palm or sole of the foot
are individually shielded with lead rubber (for Orthovolt irradiation) or with a 1-cm lead absorber (for
electron irradiation). The area between D1 (thumb) and D2 (index finger) is usually not irradiated
because the functionality of the thumb in opposition to the fingers is functionally less important than
the increasing extension deficit of the D2—-D5 fingers. Exceptions are, e.g., patients needing special or
highly demanding hand function, such as when playing the piano.

The guideline for determining the target volume is a safety distance of 2 cm proximal and distal and 1
cm medial and lateral to the clinically clearly recognizable nodes and cords, if possible. The field
boundaries must be documented by sketch or photographically, as further therapeutic measures may
be necessary later in the disease course.

Radiotherapy dose concepts

Within the framework of a Patterns of Care study of the DEGRO AG Benign Diseases, it was shown that
various radiotherapy concepts are applied in Germany or have been clinically evaluated in studies. Of
note, most institutions use hypofractionated concepts with relatively high single doses in the range of
>3 Gy, reaching total doses of >30 Gy, which is supported by clinical studies. In contrast, another
frequently applied concept with 10x2 Gy over 2 weeks, up to 20 Gy, has only weak evidence supplied
from a single clinical study.

With fibroblasts/myofibroblasts as target cells or hyperproliferation as the relevant target mechanism,
higher individual doses can be assumed to have a more favorable overall effect on proliferation.
Corresponding radiobiological analyses by Brenner et al. confirm this idea that higher single doses and
total doses are more likely to be used in fibromatous disease processes [91].

1) 3 x 10 Gy - 30 Gy with radium moulage 1 x per month [204]
(historical concept, currently not practiced).

(2) 8 x4 Gy-» 32 Gy (each 2 x 4 Gy/week with 4 weeks off each) over 3 months
(historical concept, currently practiced by dermatologists).
(3) 7x3 Gy - 21 Gy (every 2 days for a total of 14 days)
(evaluated only in a randomized trial to date).
(4) 10 x 3 Gy - 30 Gy (5x3 Gy in 2 series / 12 weeks off) over 3 months

(frequently practiced concept that was also evaluated in
a larger monocentric randomized trial).

(5) 10 x 2 Gy -20 Gy (5 x 2 Gy/week) over 2 weeks (frequently practiced concept, not yet
prospectively evaluated).

Table 8. Published radiotherapy concepts for Dupuytren’s disease and clinical significance.

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 68



Guideline
—————————————————————————————————————————————————

In this respect, results of phase 1/2 studies to date and a controlled phase 3 study play an important
role in further defining so-called “standard concepts” in radiotherapy. Beyond these data, no other
radiotherapeutic concept can be recommended in principle, unless it were to be tested in a controlled
manner against these existing strategies.

4.3.1.6 General clinical results of radiotherapy

In numerous non-controlled monocentric phase 1/2 studies — mostly from Europe, including Germany
— the concept of prophylactic radiotherapy in early-stage DD has been successfully developed
[154,300,306,398,430,487,788,799,838]. Nevertheless, radiotherapy has not yet gained international
acceptance [465,575,746]. This slow uptake may be the result of the absence of solid foundational data
from controlled phase 3 studies, in addition to inadequate infrastructure (training, experience)
[36,377]. Below, we report data from a phase 1/2 study.

In this phase 1/2 study, 206 patients (297 hands and 426 nodes and/or cords) underwent irradiation
with Orthovolt beams (50 kV energy, 25 mA, 1 mm Al filter, 4 cm round tube, half depth 15 mm) and a
dose schedule of 2x4 Gy per week at intervals of 3-4 weeks and a total dose of 32 Gy distributed over
8 weeks. During the long-term follow-up to 27 years (median 40 months), 93 (45%) patients showed
symptom decrease, 72 (35%) had symptom stabilization, and 41 (20%) experienced progression.
Average subjective satisfaction on a 10-item visual analog scale (O=dissatisfied; 10=extremely satisfied)
was 7.9 points. A total of 92 (22%) nodes and/or cords disappeared after irradiation. Acute radiogenic
side effects occurred as erythema in 42 (20%), skin dryness in 82 (40%), and skin desquamation in 8
(4%) patients. Chronic side effects were skin dryness in 41 (20%), skin atrophy in 7 (3%), loss of sweat
gland activity in 8 (4%), telangiectasia in 6 (3%), skin desquamation in 5 (2%), and sensory disturbances
in 4 (2%) patients. A shorter symptom duration with irradiation of less than 20 months was a
prognostically favorable factor. No other prognostic factors for response were identified [838.]

Only long-term clinical analyses, in particular studies conducted in Erlangen and Essen, have provided
convincing long-term evidence of clinical efficacy. These studies also show that the response decreases
with a longer follow-up interval, however, especially for the more advanced stages | to IV, or with an
extension deficit of 10°-30° because in these situations, the disease process is less amenable to
influence. Thus, radiotherapy is mainly considered for stages that involve minor to no functional
limitations and thus no competing treatments. This view and approach have now been adopted by
some other countries/regions in Europe, such as the Royal College of Radiologists Benign Radiotherapy
Guidelines [545].

Significance of the Erlangen study

The Erlangen study plays a special role in the indication and assessment of the long-term course. From
12/1982 to 02/2006, a total of 135 patients or 208 hands were recruited for treatment. Patients were
consistently followed up from 1985, with controls for various patient- and disease-specific influencing
variables and prognostic parameters. Regarding the radiotherapy concept, no specific question was
addressed during this period; all patients/cases received the same dose concept of 10x3 Gy in two
series 6—8 weeks apart, up to a total dose of 30 Gy. An Orthovolt technique with sufficient energy (120
kV; 20 mA; 4 mm Al filter) and individual collimation (lead rubber) was used. The median follow-up
time was 13 years (range, 2—25 years).

Relative to baseline before treatment, 123 cases (59%) remained stable in the long term and 20 cases
(10%) improved, whereas 65 (31%) developed progression. Depending on the baseline stage, in stage
N, 87% of cases were stable or regressed; in stage N/I, 70% remained stable or regressed; and in
advanced stages | to IV, the rate of progression increased sharply over the long-term despite
radiotherapy, with 62% in stage | and 86% in stage Il experiencing progression. Two-thirds of all
patients benefited from a decrease in symptoms, such as burning, itching, and feelings of pressure and
tension.
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A minor dry skin reaction was observed in 32% of patients prior to radiotherapy and did not increase
the rate of peri- or postoperative complications in case surgery was needed later. In addition, not a
single case of radiation-induced cancer occurred.

Significance of the Essen study

The Essen study is currently the only prospective controlled randomized trial comparing an untreated
control group with two different radiotherapy concepts in long-term follow-up. A total of 489 patients
(291 men; 198 women) were recruited from 01/1997 to 12/2009 and followed up for at least 5 years
(range, 5—13 years). Because of bilateral involvement, a total of 718 hands were evaluated. According
to Tubiana classification, 470 (65.5%) were stage N, 124 (17%) were stage N/I (10° deficit), 106 (15%)
were stage | (11°—45° deficit), and 18 (2.5%) were stage |l (46°-90° deficit). After education about the
different options (wait-and-see strategy versus radiotherapy), 83 patients (122 hands) chose clinical
observation alone, and 406 patients (596 hands) opted for radiotherapy. This latter group was
randomized to two different dose regimens:

(1) 207 patients (303 hands) received 10x3 Gy in two series of 5x3 Gy each with a break of 10-12
weeks for a total dose of 30 Gy

(2) 199 patients (297 hands) received 7x3 Gy in a series in 2 weeks, with only three fractions
administered per week

Acute adverse event rates were moderately increased for the 7x3 Gy approach; an acute Common
Terminology Criteria grade 1 reaction occurred in 26.5% and a grade 2 reaction in 2.5% of patients.
Late reactions in the form of dry skin were observed in 14%, and cancer induction was not observed in
any patients.

After a follow-up of at least 5 years (mean, 8.5 years), 119 patients (16.5%) showed remission of
nodules, cords, and or symptoms, 383 (53%) remained stable, and 206 (29%) showed clinical
progression (increase in nodules or cords, symptoms, or angular deficits), resulting in surgery in 97
hands (13.5%). The progression rate for the untreated control group was 60% for any form of
progression and 30% for surgery. By comparison, progression rates were significantly lower in
irradiated patients. In the group irradiated with 21 Gy, the progression rate was 24%, and 12%
underwent surgery. In the group irradiated with 30 Gy, the progression rate was 19.5%, and 8%
underwent surgery (p<0.0001).

These results were confirmed for all details of the disease when comparing the treatment groups with
the untreated control group, such as the number of nodules and cords, angular deficit, and various
symptoms (p<0.01). The control group experienced progression in 63 hands (52%) compared with 64
(22%) and 49 (16%) in the 21 Gy and 30 Gy irradiation groups, respectively. Overall, re-progression or
recurrence occurred in 50 cases (8%) within the irradiated region and 114 cases (19%) outside the
irradiated region in the irradiated patients. By comparison, these rates were 52% and 28%,
respectively, in the control group. In case of progression after irradiation, surgery was possible without
an increased rate of complications or side effects (wound healing disorders).

Univariate and multivariate prognostic factors for progression were determined to be the following
parameters: nicotine abuse (statistical trend), symptom duration of more than 24 months before
initiation of irradiation, stage of disease, angle deficit, and digital disease (all with p<0.05). The most
important independent prognostic factor was the treatment itself, with a clear difference between
irradiation and non-irradiation and slight advantages for the 30-Gy group over the 21-Gy group.
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4.3.1.7 Summary statements for DD radiotherapy

If the radiobiological considerations and individual results and statements of the clinical studies to date
are transferred to the definition of a “level of evidence” and a grade of recommendation or grade of
recommendation for irradiation, the following statements are supported.

Indication

The indication for radiotherapy is limited to primary “prophylactic treatment” in the early stage of
“nodule formation” with no or only minimal extension deficit (maximum 10° to 30°); clinical results
confirm the low response in higher stages. In this respect, there is no “competition” or “overlap of
indication” for radiotherapy and surgical measures. The aim of treatment is to prevent further
progression of the disease in time to prevent (further) restriction of hand function and, if necessary, to
avoid surgery.

Irradiation in the “inactive phase” of the disease without a detectable progression of the disease within
a period of 3—6 months is not indicated. In this case, a wait-and-see strategy is always recommended,
with annual subjective and objective control of the findings.

There is currently no evidence on the efficacy of radiotherapy after surgery to correct a higher grade
functional deficit (stage | to IV) to prevent new early or later nodule formation or functional deficit.
Neither the correct timing nor the effective dose for such a procedure is currently established.
Radiotherapy is generally not recommended and should be closely coordinated with the surgeon in
individual cases. Prospective randomized studies are needed in the long term.

Irradiation technology

Care must be taken to ensure that the target volume is adequately determined by careful preliminary
examination, if necessary, with imaging (MRI, ultrasound), and an optimal radiation technique. The
selected target volume should be neither too small nor too large. The target volume is always based
on the current findings and includes an additional safety zone of 1-2 cm. Nevertheless, even with
careful technique, re-progression or recurrence is possible within and outside the irradiated target
volume. Both an Orthovolt technique with sufficiently high energy (at least 100-125 kV) and electrons
(4-6 MeV) from a linear accelerator can be used in conjunction with a 5-mm bolus. There is no
superiority of one technique over the other when used correctly. In addition, the use of individual lead
shields is recommended.

Irradiation concept

Based on the clinical trials performed to date — consisting of numerous phase 1/2 trials, some of which
are longer term, and one controlled phase 3 trial — the highest level of evidence currently exists for
performing radiotherapy at all versus a wait-and-see strategy alone.

A direct controlled comparison between the individual dosing concepts shows a slight superiority for
doses with at least a 3-Gy single dose and at least 21-Gy total dose. For lower single doses, e.g., of 2
Gy or total doses of 20 Gy, the available data are insufficient. The dosage concept with 10x3 Gy in two
series at intervals of 8—12 weeks currently offers the strongest evidence.

Documentation and aftercare

The clinical studies conducted to date rely on long-term success monitoring. In this respect, careful and
standardized documentation is recommended. The DEGRO AG Benign Diseases has developed
appropriate templates for this purpose (see Appendix).
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In particular, photo documentation before treatment and during follow-up is useful (objective
assessment criteria). Pre-structured questionnaires are useful for recording symptoms and functional
limitations (see Appendix).

As a minimum period for following up on radiotherapy, a period of 3 months is required, and 6 or 12
months is better still. Long-term follow-up also can be recorded annually via forms without direct
patient contact. In the event of renewed progression or unusual skin reactions, a short-term follow-up
visit to the radiation therapist is advisable.

Recurrence or progression is generally defined as the appearance of new nodules and/or cords and/or
an increase in the extension deficit of 20°-30° per finger ray.

Importance of clinical studies

The results of the Essen study show the advantage of radiotherapy in “active disease” at an early stage.
Outside this indication, the possible use of radiotherapy in the postoperative course must be
evaluated, because early and late recurrences are repeatedly observed. In individual cases, after
complete healing a few weeks after surgery, i.e., not immediately postoperatively as in the case of
keloid, treatment with a radiation series of 5x3 Gy (15 Gy) can be attempted. However, this procedure
should be performed interdisciplinarily only in cooperation with the treating surgeon. The DEGRO AG
Benign Diseases therefore recommends initiating a corresponding study.

4.3.1.8 Recommendation

Radiotherapy should be performed for Dupuytren’s disease only in the active
early stage of “nodule formation” (stage N and N/I).

Evidence level 2 c, recommendation level B

Note: Radiation therapy after needle fasciotomy, collagenase injection, or surgery has not been
evaluated to date and should be tried only in the context of individual curative trials or as part of a
systematic controlled clinical trial.
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Study (year) Radiotherapy concept Follow-up
Single dose Total dose (years)
Finney (1955) [205] 1-3x1000 1000-3000 rad Unknown
rad Ra-
Moulage
Wasserburger 1-3x1000 rad 1000-3000 rad “Long term”
(1956) [799] Ra-Moulage
Lukacs et al. (1978) [487] (2x4 Gy) x4 32 Gy unknown
every 4 weeks
Vogt and Hochschau (1980) [788] | (2x4 Gy) x4 32 Gy >3 years
every 4 weeks
Hesselkamp et al. (1981) [306] (2x4 Gy) x4 40 Gy 1-9 years
every 4 weeks
Kohler (1984) [430] 10x2 Gy 3-5x/week 20 Gy 1-3 years
Herbst et al. (1986) [300] 3-14x3 Gy 15 (30) >1.5 years
5x/week; 42 Gy
2 RT series
Keilholz et al. 10x3 Gy 30 Gy 1-12 years;
(1996/1997) [398] 5x/wk; median,
2 RT series 6 years
Seegenschmiedt et al. (2001 and 10x3 Gy versus 30 Gy 5-13 years;
2012) randomized [698,699,706] 7x3 Gy versus median, 8.5 years
observation alone 21 Gy
Adamietz et al. (2000/2001); 10x3 Gy 30 Gy 5-25 years;
5x/week; 2nd
Betz et al. (2010) [4,64] radiotherapy median,
series 12 years
Schuster et al. (2015) [690] 7x3 Gy (1 series) or 21 Gy median, 30 months
10x3 Gy (2 series) 30 Gy
Zirbs et al. (2015) [838] (2x4 Gy) x4 32 Gy 1-27 years;
every 4 weeks median, 40 months

Table 9. Radiotherapy concepts/single and total dose in Dupuytren’s disease.
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Study (year) Patients (cases) Follow-up Clinical Outcomes [N (%)]
Author (Jahr) (Stad.) (N) N (%) ,Regression” »,No Change“ ,Progression”
Finney (1955) 43 not FU: NA 15/ 25 (60%) ,,good functional result”
[205] specified | 25 (58%) Falle
Wasserburger 213 not ,long-term” »long-term cure” Stad. |: 62 of 69 (90%);
(1956) [799] specified | 146 (69%) pts Stad. II: 26 of 46 (57%); Stad. IlI: 10 of 31 (32%)
Lukacs et al. 106 (I: 2140) FU: NA I: 26 of 32 (81%) 1:6/32(19%) None
(1978) [487] (n: 18) 36 (23%) cases Il: 3of 4(75%)
Vogt & Hoch- (1: 98) (154) FU > 3 years I: 21 0f 98 (21%) 1: 73 /98 (74%) I: 4/98 (4%)
schau (1980) [788] | (11: 4) 109 (63%) pts ll: 1of 4(25%) l: 2/ 4(50%) : 1/ 4(25%)
(n: 7) 11— N:6/ 7 (86%) N:1/ 5(20%)
Hesselkamp 46 (65) FU 1 -9 years total: 24 (52%) total: total:
et al. (1981) [306] 46 (53%) pts 19 (41%) 3 (7%);
Kohler (1984) 31 (38) FU 1 -3 years total: 7 (21%) total: total:
[430] 33 (87%) Fille 20 (61%) 6 (18%)
Herbst 33 (46) FU > 1,5 years None total: total:
et al. (1986) [300] 46 (100%) cases 45 (98%) 1(2%)
Keilholz 96 pts (N: 82) FU 1-12 years; 10 (7%) improved @ 3 months, 130 (92%) stable,
etal. (1997) 142 (N/1:17) median: 6 years 2 (1%) in progression
Erl 1398 I: 30 . .
rlangen I [398] hands E“, 13)) Stages: N: 99%, N/I: 88%, I: 77%, Il - IV: 54% without progression
13 (23%) with progress of which 8 within RT region
and 5 outside RT region.
Adamietz 99 pts (N: 81) FU 7 — 18 years; Stage
sital (bl 176 | (N/I1:15) | median: 10 years N: 84%, N/I: 67%, I: 35%, Il - IV: 17% ohne Progress
»Erlangen 11 [4] hands (1: 65)
(I1: 15)
Betz et al. (2010) 135 pts | (N:115) FU 2 — 25 years; 20 (10%) improved @ last follow-up, 123 (59%) stable,
,Erlangen 111 [64] 208 (N/I:33) median: 13 years 65 (31%) with progression.
I: 50
hands E“_ 10; Stages: N 87%, N/I: 70%, 1: 38%, Il - IV: 14% without progression.
Seegenschmiedt 2 arms Subjective / Objective:
et al. (2001) A: 63 (95) FU > 1 year 55 (56%) Symptome 35 (37%) 7 (7%)

Essen 1“ [706] B: 66 (103) all (100%) pts 55 (53%) Symptome 39 (38%) 9 (9%)
Seegenschmiedt 2 arms N: 470 Minimum-FU A (30Gy) Progress 49 (16%) OP: 25 (8%)
et al. (2012) A: 303 N/l 124 > 5;/ears B (21 Gy) 64 (22%) 35 (12%)

“ B: 297 I: 106 ian:
»Essen Il ey | ih1s vl C(0Gy) 63 (52%) 37 (30%)
[698,699] : : D YEEITS
Schuster et al. 33 pts, 60 regions: median: Local progress/recurrence 14/60 (23%) regions.
(2015) [690] 45 hands, 15 feet 31 months

local control in 50 (83%) regions. Symptom improvement: pain 30
of 37 regions (81%).

Zirbs et al. (2015)
[838]

206 pts nn
297
hands

FU 1 - 27 years
median: 40 months

93 (45%) decline, 72 (35%) stabilization,
and 41 (20%) progression of symptoms.

Table 10.

Literature review: previous results of radiotherapy for Dupuytren’s disease.
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4.3.2 Radiotherapy for Ledderhose Disease (LD)

4.3.2.1 General facts

LD belongs to the group of benign fiboromatoses that includes DD. It is named after the German surgeon
Georg Ledderhose and for unknown reasons occurs less frequently than DD but in association with it
in 10%—20% of affected individuals. In LD, the nodules (rarely cords) usually develop in the toe ray area
from D1 (big toe) to D3, i.e., on the inside of the feet or on the sole of the foot. Initially, itching, burning,
and other sensations may be noted as early signs. The nodules are initially soft and elastic and usually
painless, but as they progress, they become larger and harder and then painful for longer periods of
time. As the nodes continue to grow, conglomerate nodes may form and also cause discomfort,
sometimes significant, when walking.

Although DD contracture of the hand is typical in the long-term course (hence the name Dupuytren’s
contracture), in LD, contracture of the toes occurs only rarely because other stresses play a role or the
tensile forces on the nodes in the sole of the foot are lower. The Ledderhose nodes can sometimes
become very large, and significantly larger than the nodes on the palm of the hand, and impair walking
because of their size and location.

The underlying pathogenetic mechanism, i.e., genetic disposition in conjunction with possible trauma
or exposure to certain risks, is analogous to that for to DD. However, even children and adolescents
can develop LD [12,111,143,180,201,254,277,370,394,453,743].

4.3.2.2 Staging and Classification

In LD, contracture (of the toes) is usually not a major problem and therefore not suitable for
classification. For this reason, objectifiable and easily visible or even palpable features are used. The
classification does not correspond so much to the development of the disease but rather serves to
assess the indication for surgical intervention. The first classification comes from Sammarco and
Mangone (2000) [665] (Table 11).

Grade 1: FOCAL (isolated) disease (= 1 nodule) limited to a small area of the foot fascia. NO adhesion
to skin, NO deep penetration into the musculature.

Grade 2: MULTIFOCAL disease (= muliple nodules) with or without spread (distal or proximal). NO
adhesion to skin, NO deep penetration into the musculature.

Grade 3: MULTIFOCAL disease (= muliple nodules) with spread distally or proximally. EITHER
adhesion to skin, OR deep penetration into the musculature.

Grade 4: MULTIFOCAL disease (= muliple nodules) with spread distally or proximally. BOTH adhesion
to skin AND deep penetration into the muscles.

Table 11.  Classification of Ledderhose disease.

For the indication of radiotherapy, however, this classification has less significance than for DD because
the indication for treatment is based almost exclusively on symptomatology and functional deficit.
Without relevant symptomatology and a significant functional deficit, radiotherapy is not indicated. In
case of doubt, imaging techniques such as MRI may help in the diagnosis and differential diagnosis, as
well as in the long-term clinical course, [38] along with ultrasound.
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4.3.2.3 General treatment options

Correct diagnosis of the disease is the most important step towards possible therapy because not every
nodule in the sole of the foot is already a Ledderhose nodule and other therapies thus also may be
considered. A specialist (orthopedic) clarification and consultation is necessary in any case before the
use of radiotherapy. LD has the same or similar causes as DD, so in principle the same therapy options
are available. However, the feet are subjected to considerably more stress in daily life than are the
hands, and it may be easier to avoid using a hand that has just been operated on than a foot that has
been operated on.

The aim of therapy is to prevent or reduce further growth of the nodules, inhibit accompanying
inflammation, reduce local pain, and maintain or improve walking ability as far as possible. Therefore,
to maintain the ability to walk, conservative methods are first used, such as soft insoles for shoes, or
adaptable, plastic insoles to reduce pain while walking. Sometimes special perforated cushions are
considered to relieve pressure on certain zones to reduce pressure on the nodes. Otherwise, the
following types of treatment are available:

- Injections: Steroid injections with the corticosteroid triamcinolone can help shrink nodules
and reduce pain; however, treatment must be repeated every 1-3 years, which can cause
side effects locally [605].

- Cryotherapy: With this method, the nodes and surrounding tissue are deep-frozen and the
growing nodes die; however, no long-term studies are available, and this method is
considered experimental.

- Shockwave therapy: In individual cases, the nodes could be softened and complaints
noticeably reduced with shockwave therapy, but it often is painful and ineffective in the long
term. Here, too, relevant long-term studies are lacking.

- Needle fasciotomy: Needle fasciotomy is very rarely used in LD [52].

- Operation: Surgery is currently the only published measure in which large nodules are
completely removed. The side effects are sometimes considerable. After the operation, it
must unfortunately be assumed that walking aids will be necessary and that considerable
practical losses will have to be accepted, e.g., no longer driving a car. Very often (>50%),
relapses occur, some of which are worse than the primary manifestation. The outcome
depends on whether only the node or the entire fascia is removed [148,797].

- N-acetylcysteine, or NAC: Long known as a drug for loosening mucus in lungs, its use in LD
has been tested only in isolated cases. First results seem to be promising, but overall, it
remains an experimental, non-established therapy.

- Laser therapy: This treatment with a low-energy laser can shrink the nodules and reduce pain
but has not been evaluated in studies.

- X-ray irradiation (radiotherapy): This therapy can slow down progress of the disease, soften
the nodules, and as in DD, likely completely dissolve small nodules in the early stages. X-ray
therapy is also used when, for example, further surgery is no longer possible because of
scarring from previous surgeries (recurrences) [26].
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4.3.2.4 Radiotherapy options

One of the largest phases 1/2 studies of primary radiotherapy in LD with well over 100 patients/cases
to date was reported by the Essen-Hamburg group at an International Symposium in 2010. They
administered 10x3 Gy, analogous to the concept used in DD [698,699]. Another clinical group from
Offenbach-Frankfurt also reported very good success with different dose concepts in 24 patients [308].
The follow-up time in both studies was 2—11 years. Both X-rays (Orthovolt device) and electrons were
used.

The world’s first publication on radiotherapy for LD was from a study in Essen and included 25 patients
suffering from symptomatic LD [691]. As in DD, a dose of 10x3 Gy was applied in two series for a total
dose up to 30 Gy. Patients were followed up for at least 1-5 years. About 80% experienced significant
improvement of symptoms with nodal regression, and LD stabilized in the remainder. No patient
required surgery.

In their 2010 study, Heyd et al. saw no progression of nodules or increase in clinical symptoms in any
patient after a median follow-up of 22.5 months. Complete remission of nodules or cords occurred in
only 11 cases (33.3%), with reduction or shrinkage in another 18 (54.5%), and four sites (12.1%)
remained stable. Pain regression was reported in 13/19 cases (68%) and improved gait function in
11/15 (73.3%) [308].

In two other studies, radiotherapy was used after complicated surgery to preserve the outcome of
surgery as much as possible [143,776]. A precise evaluation and a special control group were not
implemented in these studies. In the absence of a randomized phase 3 study, only a few established
studies are available in terms of patient numbers and data processing. However, a dilemma exists
about the role of surgery with concerns to an even greater extent about unsatisfactory results (Table
12).

4.3.2.5 Significance of the Essen Study

From 01/1997 to 12/2009, 158 patients (91 males, 67 females; mean age, 49 years; range, 9-81 years)
were referred for treatment. Among these patients, 94 feet were unaffected and 222 were affected
(84 bilateral, 29 right, 25 left). A total of 91 patients (47 male, 44 female) chose radiotherapy as
treatment for 136 feet; the remainder served as controls. Eighty-eight (97%) patients had developed
new symptoms during the previous 6 to 12 months, 86 (95%) had gait disturbances because of
discomfort, and 35 feet (26%) had progression/recurrence after surgical pretreatment. Orthovolt
radiotherapy was used as in DD (125-150 kV, 4 mm Al filter). As in DD, the dose concept consisted of
two radiotherapy series of 5x3 Gy each with a 10-12-week break.

After a minimum follow-up of 24 months (mean, 68 months; range, 24—144), 6 (7%) patients and 11
feet (8%) had progression; of these, 5 (6%) patients on 7 (5%) feet required recurrent surgery. Another
60 feet (44%) remained stable, and 65 (48%) had regression of nodules, cords, and/or clinical
symptoms. There was complete remission in 35 feet without evidence of nodules, cords, and/or clinical
symptoms. Previous symptoms and diminished function improved by up to 90% in each category. The
subjective symptom score improved significantly in 81 (89%) patients. Acute Common Terminology
Criteria category 1 or 2 side effects on plantar skin occurred in 29 (21%) and 7 (5%) feet, respectively.
A chronic Late Effects Normal Tissue grade 1 adverse reaction (dryness of the skin, mild fibrosis)
occurred in 22 (16%) feet. In the untreated control group, the rate of progression was significantly
increased and symptoms were barely improved relative to treated patients. In multivariate analysis,
recurrent disease, nicotine abuse, and advanced symptoms were clear prognostic factors for disease
progression.
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4.3.2.6 Summary statements for LD radiotherapy

Antiproliferative radiotherapy in LD is successful in both primary and recurrent treatment, although to
a lesser extent in the latter. A high proportion of regression of the nodules (up to 50%) and regression
of symptoms (up to 90%) can be seen. In contrast, radiotherapy has not yet become standard as a
postoperative therapy. The same concepts as for DD are recommended as possible dose strategies.
Instructions for the radiotherapy technique, documentation, and follow-up also correspond to those
for DD and are not further elaborated here.

Overall, a wait-and-see approach appears to be reasonable in the absence of symptoms. In the case of
clearly increasing symptoms, however, radiotherapy should be used at an early stage to prevent the
spread of the disease and need for surgical interventions.

In the long term, DEGRO AG recommends a case-control study from all German centers analogous to
the Essen study. The radiotherapy concept also could have significance with regard to a possibly
effective lower single dose and total dose.

4.3.2.7 Recommendation

Radiation therapy can be performed in Ledderhose disease when symptoms are
clearly increasing, both primarily and secondarily after surgery.

Evidence level 4, recommendation level C
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Study (year) Patie | Feet | Type of surgery Recurrence rate Complications
nts
Parnitzke et al. 6 7 PFE, SFE, TPF 5/7 (71%) 3 with wound healing
(1991) [596] problems
1 nerve lesion
1 chronic pain
Aluisio et al. 30 33 PFE, SFE, TPF 13/33 (39%) 4 with wound healing problems
(1996) [15] 2 nerve lesions
2 chronic pain
1 deep vein thrombosis
Diirr et al. 11 13 PFE, SFE, TPF 8/13 (62%) 4 wound healing problem
(1999) [180]
Sammarco 16 21 SFE 2/16 (13%) 11 with wound healing problems
etal. 1 neuroma
(2000) [665]
de Bree et 20 26 PFE, SFE, TPF Not stated; 3/6 feet with radiotherapy had
al. (2004) “best functional impairment
(w437, 0 results”
+ Radiotherapy with radiotherapy
van der Veer 27 33 PFE, SFE, TPF 16 (60%); 9 with wound healing problems
et al. (2008) 100% PFE
[776] 25% TPF
_______________________ “Best results”
+ Radiotherapy with radiotherapy
Table 12. Clinical outcomes after surgery for Ledderhose disease.

PFE=partial fasciectomy; SFE=subtotal fasciectomy; TPF=total plantar fasciectomy.
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4.3.3 Keloid/Hypertrophic Scars

4.3.3.1 Irradiation

Mechanism of action
The influence of ionizing radiation on the pathological development of hypertrophic scars/keloids is
radiobiologically proven and has two main mechanisms, as follows:

1) A direct antiproliferative effect on fibroblasts and myofibroblasts by inhibiting new cell formation,
delaying mitosis and mitosis-induced cell death, respectively. These effects depend on the single and
total dose, influence of fractionation, oxygen effect, and different biological effects of the different
radiation qualities (Orthovolts versus electrons versus brachytherapy).

2) An indirect anti-inflammatory effect via lymphocyte apoptosis, induction of fibroblast/fibrocyte
differentiation, and effects on the cell membrane, endothelial cells, or macrophages/monocytes, as
well as on leukocyte adhesion and oligonucleotides (nuclear factor kappa B). The result is a
hypocellular, low-vascularized, and hypoxic tissue with less excessive fibroblast neogenesis and
consequent inhibition of hypertrophic scar/keloid development. Adequate radiation dose leads to a
balance between scarring and excessive cell growth without delaying wound healing.

Adverse effects

The acute undesirable effect is redness and scaling in the radiation field for a few weeks, which recedes
with time. In this phase, hydrating creams and light protection are recommended as local measures.
With individual doses of 3.0-4.0 Gy and total doses between 10 and 20 Gy, slight local pigmentation
will occur up to one year after irradiation (requiring light protection), but it will gradually disappear.
Chronic effects include hyper- and depigmentation, dryness of the skin, and telangiectasia, but these
entities are very rare with fractionation up to 4.0 Gy single dose and total doses of less than 15 Gy; a
higher rate of pigmentary disturbances is to be expected only with single doses of >5.0 Gy.

Indication

Radiation is usually considered only in the case of recurrence and in combination with surgical excision
of the keloid/hypertrophic scar, which should be as complete as possible. Only in exceptional cases is
irradiation performed alone without preceding surgery.

Response rate/Recurrence rate

In retrospective studies, some quite large, postoperative irradiation of keloids and total doses between
8 Gy to 30 Gy resulted in freedom from recurrence after 12—24 months in 79% to 92%. With irradiation
of 15 keloids with 9—18 Gy alone, Doornbos et al. reported freedom from recurrence after 12 months
in 73% of cases.

Implementation

Postoperative irradiation after excision of a keloid should be performed within 24 hours. A total dose
of 12 Gy applied in three to four fractions daily or every 2 days is recommended. It is favorable to
perform the procedure within one week, i.e., resection on Monday and performance of irradiation at
some time from Tuesday to Friday. The choice of radiation quality, i.e., whether conventional
radiotherapy, brachytherapy, or electron therapy or fractionation, should be decided individually and
depending on the specific characteristics (shape, size, and location) of the keloid/hypertrophic scar and
the available radiation technique of the treating radiation therapist [449,701].

Other
Treatment should preferably take place in specialized clinics with interdisciplinary consultation
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(dermatology, plastic surgery, nuclear medicine).

After irradiation, the same postoperative precautions and special arthroplasty measures for tension-
free wound care must be taken as with the other procedures for keloid prophylaxis.

4.3.3.2 Summary
Primary therapy of hypertrophic scars by irradiation is not recommended.

Therapy by irradiation of keloids as monotherapy may be recommended in individual cases when other
measures cannot be considered.

Radiation postoperatively for prophylaxis of de novo development of Hypertrophic Scars or keloids in
high- risk/predisposed patients is not recommended.

4.3.3.3 Recommendation

Radiotherapy after surgical therapy for keloid recurrence can be performed.

Evidence level 4, recommendation level C
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4.3.4 Gorham-Stout Disease

4.3.4.1 Definition

Gorham-Stout Disease (GSD) is a benign proliferative disease of blood and lymphatic vessels that
disrupts the physiologic equilibrium of bone formation and resorption, leading to severe osteolysis
[257,258,530,550]. The synonyms “disappearing bone disease,” “vanishing bone disease,” “massive
osteolysis,” or “phantom bone” are also commonly used in the US/UK literature. The disease was first
described by the Boston physician John B.S. Jackson (1838), who reported on an 18-year-old patient
with massive osteolysis of the humerus (“boneless arm”) [361]. After a review summarizing the
histologic characteristics, pathologists L. Wittington Gorham and Arthur Purdy Stout (1955) named the
condition [257].

4.3.4.2 Epidemiology

To date, a total of about 250 cases have been published, and valid epidemiologic data are quite limited
because of this rarity [77,312]. With a balanced sex distribution, GSD can occur at any age and shows
no familial or racial clustering. Symptoms mostly manifest before the third decade of life [213]. The
initial pattern of involvement is mostly singular, whereas in protracted courses, the osseous
destruction may spread to adjacent skeletal segments and involve the surrounding soft tissue mantle
in up to 76% of cases. However, initial multifocal involvement has been described [583]. Most affected
sites are the bony skull, especially the mandible, and the shoulder and pelvic girdles [213]. With an
estimated mortality of about 13%, the prognosis is favorable overall. When the axial skeleton is
involved with visceral organs or neurologic deficits, mortality increases to about 30%. It may reach 50%
when the thorax is involved because of the threat of respiratory failure, especially if chylothorax occurs
as a life-threatening complication due to obliteration of the thoracic duct.

4.3.4.3 Etiology and pathogenesis

Little is known about the etiology and pathogenesis of GSD, and both a neoplastic origin and autosomal
dominant inheritance have been suggested as causes. The clinical course is variable; in addition to
rapidly progressive courses in which lesions spread to adjacent structures within months, spontaneous
remissions  with  regression of radiographic changes have also been described
[83,105,120,209,627,733]. Histologically, abnormal hyperproliferation of thin-walled vessels is initially
found in the lysis zones, whereas in the protracted courses, the bone tissue is increasingly replaced by
fibrovascular connective tissue [213,257,550].

The exact pathophysiologic mechanisms leading to osteolysis are unclear [197,559,599]. A hyperemia-
induced disturbance of the physiological osteoblast—osteoclast ratio [258] has been suggested, as have
increased activity of hydrolytic processes triggered by local tissue acidosis [320], increased osteoclast
activity associated with increases in serum IL-6 levels [153], and increased osteoclast progenitor cell
activity triggered by humoral factors [328]. Recent studies show that presumably both lymphatic
endothelial cells and macrophages secrete TNF-a and IL-6, stimulating osteoclasts, which promotes
development of excessive osteolysis. In addition, macrophages produce vascular endothelial growth
factor (VEGF)-C and VEGF-D, which in turn increases endothelial cell proliferation. Their release of
VEGF-A, VEGF-C, and VEGF-D further stimulates osteoclast differentiation. Osteoblast activity and
formation of new bone tissue are inhibited by TNF-a released by lymphatic endothelial cells [197].

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 82



Guideline

4.3.4.4 Diagnostics, differential diagnosis

The clinical symptoms of GSD, such as pain, swelling, or weakness of the affected limb, are nonspecific,
and it is not uncommon for spontaneous fractures without significant trauma to be the initial symptom.
Laboratory chemistry may reveal discrete elevated serum levels of alkaline phosphatase [599]. The
diagnosis is usually confirmed by biopsy and histologic confirmation after exclusion of other diseases
associated with osteolysis [77,599]. The differential diagnostic considerations must include the broad
field of all inflammatory, neoplastic, or endocrinologic diseases that may result in osteolysis [599].
Histopathologically, differentiation from hemangioendotheliomas, lymphangiomas, and capillary
hemangiomas may be problematic [312, 550].

Diagnostic imaging can show the extent of bony destruction and soft tissue involvement, but there are
no known pathognomonic findings. Conventional radiology shows subcortical and intramedullary foci
in the early phase, which then result in fractures and dissolution of the bone via atrophy in the longer
course [599]. CT can more sensitively visualize osseous destruction and soft tissue involvement. The
signal pattern on MRl is variable and depends on the extent of vascularization and fibrosis. T1-weighted
sequences typically show a low signal pattern that increases markedly after contrasting with
gadolinium as a function of capillary permeability due to inflammation. T2-weighted sequences show
a mixed signal pattern depending on vascularization [77,175,599,733].

4.3.4.5 Therapeutic options (non-radiotherapeutic)

Due to the rarity of GSS, no established therapeutic strategy exists. Possible treatment options include
bisphosphonates, a-interferon-2b, androgens, calcium, corticosteroids, calcitonin, vitamin D, and
cytostatics, surgical procedures, embolization [27,77,278,283,320,599], and radiotherapy
[77,120,175,311,312,339,418]. After the use of bisphosphonates alone, as well as when combined with
radiotherapy, partial long-term remissions have been reported [27,77,87,278,283,312,413,724].
Multimodality treatment approaches with sequential use of surgery, radiotherapy, and drug treatment
have also been reported [171,185]. Surgical procedures range from simple resections of the lesions
with or without alloplastic joint replacement to amputation [83,99,179,210,331,769]. Spontaneous
resorption after placement of autologous bone material within weeks to months has been reported
several times [210,827].

4.3.4.6 Special value of radiotherapy

Since the first report by King (1946) [418], who described the successful irradiation of a skeletal
angiomatosis of the left femur, the use of radiotherapy for the treatment of GSD has been described
in numerous, predominantly single-case or case series reports [77,120,175,312,418]. Dunbar et al.
[175] described four patients, three of whom had received definitive radiotherapy with total doses
ranging from 31.5 to 45.0 Gy. After follow-up periods of 77-168 months, all patients were in complete
remission. The largest collective of 10 patients was pooled in the Patterns of Care study of the GCG-BD
[311]. In that study, after follow-up periods of 5-204 months (median, 42 months), local control was
achieved in eight cases (80.0%), although disease progression outside the irradiation volume occurred
in two patients at 46 and 192 months. A literature review of 38 publications from 1958-2009, including
44 patients irradiated in 47 sites with different dose regimens, showed that after follow-up periods of
2 to 288 months (median, 24 months), local progression had occurred in 10 cases (22.7%). Stable
progression was achieved in 22 cases (50.0%), associated with signs of remineralization in 12 of these
22 cases (27.3%).
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Dose concept/radiotherapy technique

The total doses used as reported in the literature vary from 15 to 50 Gy, with total doses of 36—-40 Gy
recommended for conventional fractionated irradiation based on the above literature review. The
irradiation technique should be chosen depending on the localization, with CT-based irradiation
recommended with a dose prescription according to ICRU Report No. 50 because of the high rate of
soft tissue involvement.

4.3.4.7 Recommendation

Radiotherapy is an effective treatment option that can improve local control in GSD, both as a stand-
alone measure and in combination with alternative therapeutic options. Control rates with prevention
of progression of osteolysis can be achieved in 77%—80% of cases.

Treatment is indicated only for progressive courses; conventional fractionated irradiation series
(5%1.8-2.0 Gy/week) with total doses of 36 to 45 Gy have proven effective.

Because of the high rates of soft tissue involvement in approximately three-quarters of cases, CT-based
3D radiation planning and dose specification is recommended according to ICRU Report No. 50 to
ensure safe inclusion of the adjacent soft tissue mantle [strength of evidence 3, recommendation grade
Bl.

Radiotherapy should be performed, if indicated.

Evidence level 3, recommendation level B
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4.3.5 Radiation therapy of induratio penis plastica (IPP, Peyronie’s disease)

4.3.5.1 Definition

This condition involves stranded or nodular hardening of the tunica of the penis, causing painful
deviation when erect. These factors can impair sexual activity and ultimately lead to erectile
dysfunction [450]. Frequent depression has been reported in these patients [538].

4.3.5.2 Epidemiology

The incidence is approximately 1.5%—8.9% depending on age, increasing with age to 3%—7%
[538,730]. In some cases, incidences of more than 20% asymptomatic Peyronie’s foci are reported.
The peak age is 40 to 70 years. A common association with DD and LD is to be noted. Diabetes, the
use of beta-blockers, and smoking are mentioned as possible factors in the literature. A hereditary
component also is possible [450,730].

4.3.5.3 Diagnostics
In consensus with urologic colleagues, clinical examination, sonography, and measurement of
deviation in the erect state are considered essential [237,290].

4.3.5.4 Classification

The classification of IPP goes back to the work of Alth [14] (Table 13). A generally accepted version is
that of the Committee on Peyronie’s Disease and the First International Consultation of Erectile
Dysfunction in 1999, as reprinted in [358]. Alternatively, the classification according to Kelami et al.
[402] can be used (Table 14).

4.3.5.5 Etiology and pathophysiology

The etiology and pathophysiology of IPP are only partially understood. Recurrent microtrauma as well
as a subsequent inflammatory reaction leads to scarred plaques, mostly located dorsally. The resulting
inelasticity and shrinkage of the tunica albuginea causes various penile deformities. The subsequent
course is undulating. A subacute inflammatory phase is distinguished from a later fibrotic phase.
Spontaneous remissions are possible.

4.3.5.6 Therapy options [290,291,749]

Oral therapies (in the acute phase)
Paraaminobenzoate (Potaba®)

Phosphodiesterase inhibitors, tadalafil, vitamin E, colchicine, tamoxifen, levocarnitine (various, some low
evidence)

Intralesional therapy

Collagenase, cortisone, verapamil, interferon, Clostridium histolyticum
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External energy application
lontophoresis

Extracorporeal shockwave therapy (positive meta-analysis [237])
Mechanical penis stretching

Surgical therapy (in the chronic—fibrotic stage)

4.3.5.7 Importance of radiotherapy

Treatment indication and mechanism of radiation action
Not yet fully known.

Indication

The primary indication for treatment is the presence of painful localized inflammatory plaques. The
earlier stages with soft plaques should be preferred for radiotherapy over the later calcified plaques.
Efficacy is probably superior in younger patients. Note that the indication has been questioned because
of the lack of randomized trials (Mulhall et al. [538]).

Radiotherapy technique and dosage

The disease can be treated with Orthovolt therapy or low-energy photons or electrons. Regarding the
choice of energy, please refer to the corresponding table in the general part of this text. The pubic
region and scrotum are to be spared, which can be achieved, for example, by appropriate lead shielding
with the penis in a horizontal position. Another possibility is the vertical alignment of the penis with
the patient lying down and radiation therapy applied via laterally opposing fields [358,557].

Homogeneous irradiation of the corpus penis should be achieved. The glans should be spared to avoid
extremely painful balanitis. Dosage is as follows: total dose, 10-20 Gy; single dose 2.0-3.0 Gy, once
daily and five times per week.

Radiation therapy results

Based on consensus in the literature, radiation therapy leads mainly to a significant pain relief in 50%
to 90% of the patients, and in 30% to 70% an additional improvement in the penile deviation is found.
Published findings further suggest that softening of the indurated foci can be achieved
[135,293,298,357,389,437,454,486,498,508,525,557,588,650,683, 787,803]. Randomized data are
completely lacking. Key available studies are listed below:

Retrospective study: Niewald et al., 2006 [557]

Patterns of Care Studies for Germany: Seegenschmiedt et al., 1999 [693]
Niewald et al., 2007 [558]

From Europe: Incrocci et al., 2008 [356]
First guideline publication: Seegenschmiedt et al., 201 [710]
Review: Mulhall et al., 2012 [538]
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Side effects include occasional mild radiogenic dermatitis or balanitis; the promotion of erectile
dysfunction remains a point of discussion [355,357].

4.3.5.8 Summary

A general recommendation is difficult in the absence of randomized studies. According to the
retrospective data, considerable success can be expected with regard to pain relief and reduction of
penile deviation during radiotherapy. Here, the spontaneous healing rate in IPP has to be considered.

4.3.5.9 Recommendation

Radiotherapy can be performed, if indicated.

Evidence level 3b, recommendation level C
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Item Expression Explanation
Pain 0 = missing
1 =light During erection
2 = light During intercourse
3 = moderate Not exclusively during intercourse
4 = heavy
5 = continuous pain
Plaque size 0 =no plaque
1=1cm
2=2cm
3=3cm
4=4cm
5=5cm or more
Deformity 0 = nhone
D = dorsal 1=15°
L = lateral 2 =30°
V = ventral . 3=45°
S = shortening 4= 60°
5=75° or more
Erection 0 = normal
1 = functional
2 = impaired Penetration possible
3 = impaired Penetration not possible
4 = |ack of hardening of the
glans penis
5 = absent
Table 13. Classification of IPP according to Alth [14].
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Item Expression Explanation
Induration 11 Cartilaginous

12 Fibrous

13 Calcified
Number N1 1 plaque

N2 2 plaques

N3 3 plaques
Size T1 <1.5cm

T2 1.5-3cm

T3 >3 cm
Localization D Dorsal

\'% Ventral

LI (r) Lateral left (right)

C Corona

S Shaft

B Base
Deviation D1 <30°

D2 30-60°

D3 >60°
Pain P- No pain

P+ Pain present
Penetration PN+ PN+/- Possible

PN- Difficult

Not possible

Table 14.

Classification of IPP according to Kelami [402].
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4.4  Other benign diseases

4.4.1 Radiotherapy of heterotopic ossification

4.4.1.1 Definition

Heterotopic ossification (HO) refers to abnormal benign condition of bone formation in soft tissue
occurring outside the original skeletal system [81]. Myositis ossificans is a similar condition that is
treated in a very similar way.

4.4.1.2 Epidemiology
HO can be divided into three main groups [82]:

-traumatic HO
- non-traumatic HO

- neurological HO

The incidence of HO is highest from trauma (accident or surgery), with a rate of 25% after acetabular
fracture [247], 16%—90% after endoprosthetic hip replacement (TEP) depending on the risk profile
[75,653], and 50% after fracture of the elbow joint at [109,352]. The incidence of HO after knee joint
dislocation is reported to be 26% [737].

HO after burns is rare and usually occurs only after burns of at least 20% of the body surface in soft
tissue structures near the joints, especially near the elbow, with an incidence of 0.15%—3% [118,637].

HO occurs in up to 20% of patients with trauma-induced paraplegia [40, 670].

4.4.1.3 Etiology and pathogenesis

The etiology is not fully understood, although it is believed that an inflammatory stimulus from, e.g.,
bone trauma leads to the release of growth factors that cause mesenchymal undifferentiated stem
cells to differentiate into osteoblasts [29,835].

The main risk factor is pre-existing ipsi- or contralateral HO [147]. Individual factors such as age and
predisposing diseases such as chronic polyarthritis have been discussed as further risk factors [676].

4.4.1.4 Diagnostics

HO can be detected on radiographs at the earliest 2 weeks after trauma. In this context, the
classification most commonly used to describe HO after TEP on radiographs is Brooker [93], in which,
however, only grades IlI° and IV° with movement restriction are clinically relevant [32].
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4.4.1.5 Therapy options
Except for resection, there is no definitive therapy for a pre-existing HO.

Preoperative or postoperative radiotherapy of the hip region is an effective treatment modality for
reducing the incidence of HO after TEP. Radiotherapy is most effective when performed in a time
window within up to 4 hours before surgery and up to 72 hours after surgery [433,585,703]. In high-
risk settings, postoperative fractionated therapy is superior to preoperative radiotherapy [697].
Experience regarding repeat radiotherapy after TEP is rare but has been shown to be effective [479].

Ossification prophylaxis is successful for other fractures near the joint [586].

NSAID administration alone for at least 3—6 weeks is also effective [104,219,411].

4.4.1.6 A special place for radiotherapy
In patients with risk factors, postoperative radiotherapy can reduce the HO rate from 90% to less than 10% [703].

Dose concept/radiotherapy technique
A single dose of 7-8 Gy is efficient and effective [85,296,432], and postoperative fractionated therapy
with 5x3.5 Gy is recommended for high risk cases [697].

Irradiation for, e.g., TEP of the hip joint is performed after simulation with a linear accelerator (>6 MV
photons) using an opposing fields technique. The treatment field includes the typical localizations of
HO [242], and risk structures in the pelvis should be blocked out [431]. Other regions should be treated
in a similar way.

4.4.1.7 Summary

All patients with TEP needing removal of HO should be treated prophylactically with NSAIDs or
radiotherapy. Radiotherapy should be applied within the time window of up to 4 hours before surgery
or up to 72 hours after surgery. A single dose of 7-8 Gy should be applied, except in high-risk cases,
which call for postoperative fractionated radiotherapy at 5x3.5 Gy.

4.4.1.8 Recommendation

Patients with TEP as well as removal of HO
Radiotherapy is to be performed.
Evidence level 1, recommendation level A

Other fractures near the joint
Radiotherapy should be performed.
Evidence level 2, recommendation level B
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4.4.2 Radiotherapy for endocrine orbitopathy (EO)

4.4.2.1 Definition

Endocrine orbitopathy (EQO) also known as “Graves orbitopathy” or “thyroid eye disease”, is a thyroid-
associated autoimmune disease. The exact mechanism of the disease is not yet known, although it is
now believed that autoantibodies against thyroid-stimulating hormone receptors in the connective
tissue of the eye muscles are the cause.

4.4.2.2 Epidemiology (Incidence, Age, Sex Distribution, Characteristics)

EO occurs in 10% of all thyroid patients, in up to 90% of cases simultaneously with Graves’ disease, and
in 60% of cases in conjunction with other forms of hyperthyroidism. However, there are no exact data
on the frequency of Graves’ disease in Germany. In areas with sufficient iodine supply, it is reported to
be 2% to 3% in women and about a tenth of that in men. The annual incidence rate of Graves’ disease
is 1 per 1000 inhabitants.

4.4.2.3 Etiology and Pathogenesis (Histological Description, Staging)

The occurrence of EO is the consequence of complex autoimmune processes triggered by B and T
lymphocytes and accompanied by an increased formation of antibodies (thyrotropin receptor
autoantibodies, or TRAbs). There is evidence that TRAbs with stimulating properties (thyroid-
stimulating antibodies, or TSAbs) particularly favor the development of EQ, but the exact mechanism
is not yet known. Other receptor antibodies (e.g., the insulin-like growth factors) also may play a role
[103,239,337,582,597,790].

Fibroblasts in retrobulbar tissue respond particularly strongly to inflammatory-like stimuli, especially
to stimulation of specific antigens, the so-called CD40 proteins, leading to the formation of new fat
cells [380]. Genetic predisposition and tobacco consumption also can be factors in risk [45,717].

The immunological inflammation thus triggered leads to swelling of the muscle, fat, and connective
tissue in the orbit, widens the distance between the orbital wall and the eyeball, and leads to
exophthalmos and a loss of elasticity of the eye muscles with restricted movement and double vision.
This process is caused by lymphocytic infiltration of the tissue and an increase in fibroblasts. In
addition, there is collagen proliferation with a concomitant increase in further stored
glycosaminoglycans and an excessive accumulation of water in the tissue [383]. A typical manifestation
of the eye muscles and, more rarely, of the optic nerve is lipomatosis [307,442].

4.4.2.4 Diagnostics and Differential Diagnostics (Imaging, Laboratory, Clinic,
Classification)

The diagnosis is primarily made clinically. In the classic case, exophthalmos occurs as part of the so-
called Merseburg triad together with thyroid enlargement and tachycardia in the context of Graves’
disease [270,271].

Further diagnostic measures primarily serve to determine the degree of severity and activity of the
disease, as well as impending complications. MRI examination is particularly suitable for estimating
inflammatory activity [543].

Differentially, various imaging techniques (CT, MRI) should be used to exclude a tumor behind the eye
as well as the clinical picture of ocular myositis [248,280,332,390,560,713].
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Difficult to distinguish from EO are idiopathic orbital inflammation and isolated immunogenic
orbitopathy. Both are ultimately diagnoses of exclusion in the absence of evidence of endocrine
involvement [199,336].

There are various schemes for classifying disease progression and stage, but none of them have been
definitively established as the standard [16]. Since 1969, the so-called NOSPECS scheme has been used,
a classification of the American Thyroid Association [777]. The letter sequence is a special abbreviation
for the English names of the queried symptoms. It is also known as the Werner classification [809,810].
Within this classification, a further classification is made according to the severity levels 0, A, B, and C,
with which a certain point value can be determined. Together with a further parameter for disease
activity, the so-called Clinical Activity Score (according to Mourits), the entire course of the disease can
be evaluated.

As an extension of the NOSPECS scheme, the so-called LEMO classification (L=lid changes,
E=exophthalmos, M=muscular changes, O=optic nerve involvement) has become established, and is
intended to contain a more meaningful and practicable classification, as first proposed by Boergen and
Pickardt in 1991. This is a so-called facet classification, using a letter associated with a number. For
example, LLE2MO0O2 stands for “eyelid edema only, conjunctival irritation in the morning, absent
muscle changes, and peripheral visual field defects.”

These schemata are important aids before and during treatment for assessing progression or therapy-
related improvement of the clinical picture in a meaningful way. In addition, they provide a clear
overview of the significance of important symptoms.

4.4.2.5 Therapy options in general (overview of all options)

Although a definitive therapy is not yet identified [145], it is possible in many cases to treat the
symptoms [284,364,379,397,405,443,533,817]. Cortisone preparations are considered the first-choice
agents. In cases where their effect is not satisfactory, complementary measures can be taken (local
irradiation, cyclosporine), but their use is not evidence-based because scientific studies are still
pending [190,191].

Other conservative treatment options include local treatment with tear substitutes or ointments for
mild forms associated only with dryness of the eyes or minor conjunctival irritation.

Biologics, in particular the active ingredient rituximab, are considered experimental procedures.

Surgical interventions are performed only in the inactive, chronic—fibrotic phase of the disease and
after there has been a consistent finding for a period of at least 6 months. The sequence of measures
in which the orbits, then the external eye muscles, and finally the eyelids are treated surgically must
be followed. A few months should elapse between each operation [78,192,611].

The response to the different therapeutic modalities considering symptom duration and stages in the
literature is shown in Table 15.

4.4.2.6 Radiation therapy special (special indication and rationale)

The clinical use of radiotherapy in EO is currently controversial. In Germany, radiotherapy is used as a
treatment option mainly in the intermediate disease classes (2—5 according to NOSPECS), especially
with manifest ocular muscle dysfunction [19,43,44,90,228,576]. Approximately 65%—75% of patients
with EO show a good to excellent response after radiotherapy [202,229,435,587,779]. For response
rates and success criteria, see also Table 16.
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The aim is to use both the anti-inflammatory and anti-proliferative effects of radiotherapy to achieve
a temporal shortening of the inflammatory phase with prevention of later complications, such as optic
nerve compression with loss of visual acuity or fixation of the eye muscles in malposition [169,189,496].
A euthyroid metabolic state should be present before starting irradiation. Orbital irradiation in
combination with steroid application significantly improves bulbar motility by reducing extrabulbar
volume in patients with active EO [567]. Irradiation of the orbit prior to surgical orbital decompression
may improve postoperative outcome in terms of decreased postoperative increase in extrabulbar
muscle volume and decreased induction of postoperative diplopia [417].

Dosage concept/radiotherapy technique

Radiotherapy of EO is performed on a linear accelerator with 4—6 MV photons. After adjusting an
individual mask fixation and performing a radiation planning CT, the CTV and PTV are defined: The
target volume always covers the entire orbital funnel, i.e., dorsally starting from Zinn’s ring at the
orbital apex, covering the posterior two-thirds of the bulb to 6 mm posterior to the corneal limbus, i.e.,
to the attachment of the extraocular eye muscles. The distance between the corneal surface and the
posterior surface of the lens is approximately 8 mm in the normal eye. Comparing the conventional
and the virtual simulation in retrobulbar irradiation, it is usually confirmed that in everyday life, one
can easily orient by the outer lid angle when adjusting the lateral fields. In addition, one can orient by
the limbus corneae. In contrast, the lateral bony canthus is unsuitable as orientation for the ventral
field border. Anatomically, certain size ratios must be taken into account during CT planning
[269,343,371,393,715,727].

After 3D irradiation planning has been performed, the irradiation fields often have a minimum size of
~5x5 cm or ~6x5 cm to achieve sufficient dose in the entire target volume. In most cases, laterally
opposing fields with divergence compensation are then used to optimally preserve the lenses. Other
irradiation techniques include the half-field technique with center block, which eliminates the need for
divergence compensation, the rotation technique, and explicit lens sparing using central shielding
blocks [246,267,297,478,495,533,572,628,772,820].

General recommendations for the dosage or fractionation of radiotherapy of EO do not exist.
According to a representative national survey of the “benign diseases” working group of DEGRO, most
radiotherapeutic institutions in Germany perform radiotherapy of EO using a total reference dose
(TRD) of 16—-20 Gy and single doses of 2 Gy in five fractions per week. However, it is still unclear whether
much lower doses are not isoeffective, depending on the stage of the disease. Lower total doses could
further reduce the potential risk for radiogenic tumor induction
[84,420,444,521,562,595,606,609,728,764,778].

Kahaly et al. performed a randomized three-group study in a total of 65 patients who had moderate
EO of grades 2-5 according to NOSPECS. All patients in group A received 20 fractions of 1 Gy each, 1x
weekly up to a GRD of 20 Gy (long therapy time, low single dose, high total dose). All patients in group
B received 10 fractions of 1 Gy each, five times weekly up to a TRD of 10 Gy (medium therapy time,
low single dose, medium total dose). All patients in group C were irradiated with a TRD of 20 Gy and
single doses of 2 Gy in five fractions per week (short therapy time, high single dose, high TRD). Patients
in all three groups showed comparable response rates in terms of improvement of ophthalmologic
symptoms and changes on MRI. However, group A was clearly superior to groups B and C with regard
to regression of soft tissue swelling and ocular motility restriction [381,382].

Another randomized trial of low-dose radiotherapy compared radiotherapy with eight fractions of 0.3
Gy each, five times weekly up to a TRD of 2.4 Gy (n=43 patients) and standard treatment with 8x2 Gy
in conventional fractionation up to a TRD of 16 Gy (n=43 patients). The treatment groups were similar
with respect to clinical outcomes.

Gorman et al. performed a double-blind randomized study in which one eye in the same patient was
treated with standard therapy of 20 Gy in single doses of 2 Gy in five fractions per week, while the
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other eye received sham irradiation only. The efficacy of both modalities was the same. However, the
sham-irradiated eye had actually received “low-dose radiotherapy” as a result of a non-negligible
amount of scattered radiation (approximately 0.4 Gy per fraction in the orbital funnel) [260]. This may
indicate that lower radiotherapy doses may still be effective in this condition.

4.4.2.7 Summary

The above publications do not specify the timing of radiotherapy relative to the current disease phase
of EO. Low-dose therapy seems to be more effective in the early inflammatory phase of EO [694,751].
In contrast, as the disease progresses, higher doses must be used to achieve the same efficacy, possibly
because the target is connective tissue cells with increasing fibrosis of the soft tissues [666,709].

Percutaneous radiotherapy may also be combined with systemic administration of glucocorticoids
[42,497,621,736,814]. This combined therapy is mostly used in severe cases. In a randomized study,
the efficacy of irradiation of the orbit combined with systemic corticosteroids versus therapy with
corticosteroids alone was investigated. The combined therapy was clearly superior to monotherapy.

For retrobulbar irradiation, use lateral parallel opposed fields while ensuring lens sparing. Dosage
should be made taking into account the current phase of the disease. In the early inflammatory phase,
a single dose of 0.3—-2.0 Gy can be used with eight fractions and daily irradiation, for a total dose of
2.4-16 Gy. In advanced disease, the single dose should be 2.0 Gy with 8—10 fractions and daily
irradiation, for a total dose 16—20 Gy.

In cases of pronounced ophthalmologic symptoms, it may be possible to improve the response to
therapy by lowering the single dose to 1 Gy and prolonging the therapy period by irradiation only once
a week.

4.4.2.8 Recommendation

Antiproliferative percutaneous radiotherapy for endocrine orbitopathy shouldbe
performed, when ocular muscle dysfunction is manifest.

Evidence level 2, recommendation grade B
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Study Patien Symptom | Cat. 2S Cat. Cat. 4 Cat. Cat. Respons | Supplementary
ts, n duration (%) 3P (%) 5C 6S e (%) therapy
(%) (%) (%)
Bartalena 36 2.25 97 56 93 100 72 CS + RT 100%;
12 years 100 45 56 - - 25 CS only; eye
et al. (1983) [42] (0.25- surgery 3%
15)
Esser et al. (1995) 155 0.8 years| 2/3 p<0.001 | p<0.01 -- - = 137 CS-
[191] patients | (55%) | (55%) RT
(67%) Only 18 RT
Frederick 106 0.8 56 62 70 78(26 | 106 RT only;
142 years 79 56 70 == = Gy) 80 | 142 CS +RT; eye
et al. (1997) [228] (0.4-4) (13 | surgery 3%
Gy)
Hurbli et al. (1985) 62 0.6 - 23 74 23 57 56 CS + RT >23%;
[343] years eye surgery 34%
(0.1-
1.5)
Konishi 17 1.75 | (6 patients) (5 (8 (2 (4 59 RT —CS 18%
years patients) | patients)| patient [ patients)
et al. (1986) [435] (0.2- s)
8)
Lloyd et al. (1992) 36 -- (22 (14 (15 (3 - 92 (*) |-
[478] patients) | patients) | patients)| patient
s)
Olivotto et al. 28 0.75 93 26 43 85 100 68 CS + RT 18%;
years eye surgery 50%
(1985) [572] (0.2—-
5)
Van Ouwerkerk 24 1.0 100 (11 78 -- -- - CS +RT 75%
years patients)
et al. (1985) [779] (30)-25—
Palmer et al. 29 0.9 78 52 24 - 67 48 CS + RT 34%;
years eye surgery 45%
(1987) [587] (0.2-
10)
Kriss/Petersen 311 0.9 years 80 51 56 71 65 -- CS + RT 32%;
eye surgery 29%
et al. (1989/1990)
[444,606]
Pigeon et al. 21 1.0 76 47 32 62 - 57 CS+RT67%
years
(1987) [611] (0-5)
Prummel 28 64 43 50 CS
28 - - 38 - - 85 - - - - 46 CS + RT only
et al. (1993) [621]
Ravin et al. 37 -- “many” 32 >11 - 89 - CS + RT >18%;
eye surgery >6%
(1975) [628]
Sandler et al. 35 0.7 - - - - 78 71 CS + RT 80%;
years eye surgery 40%
(0.1—
5.8)
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(1989) [666]

Staar et al. 225 | 0.7 80 64 69 - -- 68 CS + RT 100%;
years eye surgery 29%

(1997) [736] (0.2-3)

Teng et al. 20 5.8 (9 25 (1 - - 35 CS + RT 25%
years patients) patients)

(1980) [751] (0.9-
25)

Wiersinga et al. 39 1.75 - - -- -- -- 64 CS + RT 5%

years

(1988) [814] (0.4-
27)

Wilson et al. 33 - 85 - 54 -- -- - RT only

(1995) [820]

Seegenschmied 60 1.5 50/60 39/56 37/54 13/15 8/17 RT only;
tetal. (1998) years 83% 70% 69% 87% 47% eye surgery 8%
[694] (0.5—

20)

CS=corticosteroid therapy; RT=radiotherapy; eye surgery=decompression or eyelid correction.

Table 15. Treatment response related to symptoms/stages in endocrine orbitopathy—literature review.
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Study Quantity | Dose (Gy) RT Response | Definition of the success criteria
(N) rate (%)
l. Total dose <20 Gy
Esser et al. [190] (1988) 30 10 C 7-40 “Improvement of individual symptoms”;
82 “no progression”

Esser et al. [191] (1995) 155 12 K, L -- Multiple objective ophthalmologic criteria
and “improvement of individual symptoms”
according to established scores

Feyerabend [202] (1989) 15 2.5-20 K 67 “Improvement of clinical symptoms”

Frederick [228] (1997) 142 13 K 80 “Very good” and “good response”

Fritsch et al. [229]  (1981) 83 16 B, K 30 30% “improved,” 70% “unchanged

Grauthoff 1980 10 <10 K 100 “Very good success”

etal.

[267]

Heinze et al. [297] (1974) 40 8-12 B 50-68 “Improvement of individual symptoms”

Horster et al. [337] (1983) 21 <20 R 80 “No progression”

Hurbli et al. [343]  (1985) 62 10.5-20 K, L R 56 “Improvement of individual symptoms”

Pfluger et 1990 37 10/16 L 97 “No progression”

al. [609]

Staar et al. [736] (1997) 225 16-19.2 L 68 “Improvement of most symptoms”

Uhlenbrock 1984 56 3-10 R 62 “General clinical improvement”

etal. [772]

Wildmeister and (1972) 36 2.5 R 45 “General clinical improvement”

Horster [817]

Il. Total dose 220 Gy

Bartalena et al. [43] (1988) 36 20 K, L 72 33% “very good”, 39% “good response”

Donaldson et al. (1973) 23 20 L 65 “Very good” and “good response”

[169]

Frederick [228] (1997) 106 26 K, L 78 “Very good” and “good response”

Kriss et al. [443,444] (1983/ 80 20 L 67 “Very good” and “good response”.

1989)
Lloyd et al. [478] (1992) 36 20 L 92 “No progression”
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et al. [694,709] 1998)

Marcocci et al. [497] (1987) 30 20 K 60 “Very good” and “good response”

Marcocci et al. [495] (1991) 44 20 K, L 25/55 “Very good” and “good response”;
“minimal response”

Olivotto et al. [572]  (1985) 28 20 L 68 “Good response”

Petersen et al. [606] (1990) 311 20/30 L 90 “No progression”

Sandler et al. [666]  (1989) 35 20 -- 71 “No progression”

Seegenschmiedt (1995/ 60 20 L 80 Subjective statements of the patients: “very

good” and “good response” and quantitative
scores (ATA-, Stanford Score, Ol according to
Grussendorf)

Legend: Gy=Gray; ED/GD=single dose/total dose; B=betatron; C=telecesium; K=telecobalt; L=linear

accelerator; R=conventional X-ray irradiation.

Table 16. Outcomes and success criteria in radiotherapy for endocrine orbitopathy.
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4.4.3 Irradiation of benign lymphatic fistulas, lymphatic fistulas acquired
postoperatively, and lymphatic fistulas caused by malignant primary

diseases

4.4.3.1 Definition

Lymphatic fistula is the term for the opening of a lymphatic vessel, either to the body surface (external
L.) orinto the tissue (internal L.). A tumor or iatrogenic intervention may be the cause of this condition.
Lymph fluid is secreted through this opening, the volume of which can be up to 3 L per day during a
warm season. Germs and bacteria can enter the body through the fistula, which can cause erysipelas
(bacterial infection of the lymphatic ducts). Injury to the thoracic duct can lead to a chylothorax. If the
lymphatic fistula does not empty to the body surface, a chyloperitoneum may develop [684]. The
primary therapeutic goal is to close the fistula tract to reduce or avoid sequelae such as
hypoproteinemia, immunodeficiency, metabolic disturbances, or exsiccosis.

4.4.3.2 Epidemiology

Lymphatic fistulas usually occur as a complication after surgical interventions in body regions with
many lymphatic channels. Their incidence is 0.5%-5.2%, depending on the region and extent of the
surgical procedure. The incidence of lymphatic fistulas during initial vertebral surgery decreased by
half during 1985-1997 because of improved surgical techniques and increasing surgeon routine (1985—
1991:5.2%; 1992—-1997: 2.6%) [834]. Pfister et al. also noted an incidence of 2% after vascular surgery
[608]. In 1991, Kalman et al. described the most comprehensive series of patients with postoperative
lymphatic fistulas after infrainguinal reconstruction, and found an incidence of 1.1% for lymphatic
fistulas [385]. Smaller series showed an incidence of 0.8%—-6.4% after reconstructive surgery. After
thyroid surgery, the incidence of lymphatic fistula is 0.5% [482]. No published data are available on the
epidemiology of age and any effect of sex or gender.

4.4.3.3 Etiology and Pathogenesis

Causes of postoperative lymphatic fistula include failure to ligate the injured lymphatic vessels and
inaccurate wound suturing. Furthermore, reoperation, the use of vascular canal prostheses, or
excessive postoperative mobilization may contribute to the formation of a lymphatic fistula. Diabetes
mellitus or increased body mass index have been discussed as factors in the incidence of lymphatic
fistula. According to some authors, a body mass index above 30 is among the risk factors for
postoperative lymphatic fistula formation [529]. Lymphatic leakage often occurs because of the
severing of a lymphatic vessel. If lymphatic fluid accumulates in the groin, for example, wound
infections or lymphocele formation may develop in the region. Poorly healing wounds, excess pressure
in the wound area (surgical area), or a progressing benign tumor also are mentioned as pathogenetic
causes.

4.4.3.4 Diagnostics and differential diagnostics, as well as special examinations

The leading symptom of a lymphatic fistula is the secretion of a clear yellow fluid. Laboratory chemistry
can confirm that the fluid is lymphatic by determining total protein, albumin, and triglycerides
[804,805]. Furthermore, redness, a local feeling of pressure, or fever may be indicative of a lymphatic
fistula.

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 100



Guideline

The fistula reservoir can be assessed on the basis of a sonographic examination. This procedure also is
used in daily scoring. Preservation of lymphatic fluid for determination of blood count and especially
lactate dehydrogenase level is indicated.

CT is performed in a standardized manner. The contrast agent (Lipiodol) is injected into the cutaneous
lymphatic fistula entrance to visualize its course and origin. Detailed imaging of lymphatic vessels is
essential for defect localization in cases of known or suspected lymphatic fistula. For this purpose,
direct lymphography is superior to other imaging techniques. However, it is very costly and currently
not in regular use.

In addition to its diagnostic application, lymphography is used as a therapeutic measure. In a series of
nine patients [including those with lymphatic fistula (n=2), chylothorax (n=5), and chyloascites (n=2)],
fistula closure by the contrast medium used was noted in eight patients (89%), so that further therapy
was no longer indicated [804,805]. Alejandre-Lafont et al. also found that lymphatic fistula,
lymphocele, chylothorax, or chylous ascites could be brought to a halt using Lipiodol in 70% of patients
treated with lymphographic therapy [7].

In addition, magnetic resonance lymphography is a safe and accurate imaging modality to
comprehensively evaluate the lymphatic system in patients with lymphocysts and lymphocutaneous
fistulas [481].

Stages
No literature can be found on the staging of lymphatic fistulas. The secretion volume that indicates a
lymphatic fistula has not yet been standardized.

Classification
No literature can be found on the classification.

4.4.3.5 Therapy options

A standard therapy for lymphatic fistula has not been established. Both conservative and invasive
methods are recommended [161,376]. The first measure in the case of a severely pronounced
lymphatic fistula is a tight wound dressing of the affected body region. In addition, it is advisable to
elevate the adjacent limb. Bed rest or dietary measures using medium-chain triglycerides are also
useful. Alternative methods include the application of fibrin glue [629], doxycycline therapy [276],
vacuume-assisted closure therapy [626], radiotherapy [500], or surgical closure [146].

4.4.3.6 Radiotherapy

Dosage concept, radiotherapy technique

Few publications have addressed the topic of radiation therapy of persistent lymphatic fistulas [274].
Before 1999, radiotherapy was referred to only for lymphoceles and lymphorrhea. The mechanism of
action has not been conclusively elucidated. An interaction between damaged lymphocytes and
endothelium, leading to the obstruction of the lumen of the vessel, is suspected. In 1999, Neu et al.
described radiation therapy of lymphatic fistulas as well as lymphoceles as an alternative to
conservative and surgical treatment options. They presented the results of irradiation of 25 lymphatic
fistulas and four lymphoceles, which showed the effectiveness of irradiation even after unsuccessful
conservative therapy [547].

In 2000, Dietl et al. described the treatment of 28 patients whose inguinal lymphatic fistulas were
treated with radiotherapy, with response assessed by secretion volume. These authors concluded that

radiotheraex was a low-side effect and cost-effective theraex. The research group also concluded that
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sclerotherapy with doxycycline is an inexpensive and effective treatment for lymphatic fistulas [161].
In 2005, Mayer et al. described the irradiation of 17 patients with lymphatic fistulas and found that the
interval between surgery and irradiation was irrelevant to therapeutic success, but the shorter the
interval, the shorter the hospital stay and the lower the cost of therapy. Low single doses of 0.3-0.5
Gy to a total dose of <3 Gy were sufficient to achieve cessation of lymphorrhea [500].

Nevertheless, individual doses in the literature vary from 0.3 and 3.0 Gy for irradiation of lymphatic
fistulas, and total doses are 1.0 and 15.0 Gy, depending on the radiation quality used. Response to
radiotherapy, defined as cessation of lymphatic fluid secretion, has been demonstrated in 41 of 74
reported cases (Table 17). The data suggest a better response with low doses of radiation. Low single
doses (0.3—0.5 Gy) lead to better local success compared with high single doses (3.0 Gy) [500].

Target volume definition, PTV, CTV, risk organs, radiation protection/dose minimization
Neu et al. irradiated 27 patients over an electron standing field set clinically on the device (7 MeV: n=3;
10 MeV: n=4; 12 MeV: n=11; 15 MeV: n=8; and 18 MeV: n=1) with a safety margin of 4 cm. Two more
were irradiated with >15 MV photon fields. The authors found that conventional fractionation with
five irradiations per week compared with four irradiations resulted in no relevant differences.
Recurrences did not occur, nor did wound healing disorders or wound infections [547].

Dietl et al. performed sonographic morphometry with exact length, width, and depth extent of the
lesion before irradiation. The target volume included the entire course of the fistula to its origin,
including a safety margin of 1 cm, with inclusion of the drainage outlet. All of the lymphatic fistulas
were treated with an Orthovolt device (20 kV: n=1; 180 kV: n=2; 200 kV: n=8; 280 kV: n=1; and 300 kV:
n=16) because the maximum depth extension did not exceed 4 cm. The radiation dose was applied
using a lead foil collimated direct field. Irradiation was well tolerated without side effects. The
reduction of secretions correlated with the measured volume, and larger lymphatic fistula volumes
also showed a greater reduction of secretion volume after irradiation [161].

A patient group described by Mayer et al. was treated with photons (8 MV: n=3), electrons (4-11 MeV:
n=2), or X-rays (Orthovolt devices: n=12). The target volume included the lymphatic fistula with a safety
margin of 2-3 cm [500].

Depending on the localization of the lymphatic fistula, consideration should be given to organs at risk.
For this reason, the 3D technique should be used if possible. A daily scoring of the secretion rate by
reading the drainage secretion volume [161] or sonographic morphological assessment [500] is
advisable. Irradiation can be stopped at the latest when lymphatic secretion from the fistula stops, so
that total doses considered often do not have to be applied.

Response evaluation

Radiotherapy of a lymphatic fistula is considered successful when the secretion of lymphatic fluid is
completely arrested. To evaluate success, at least 7 days should pass after the end of treatment. On
average, a complete response of 50%—60% can be expected. If there is a partial reduction in lymphatic
fluid secretion, the response should not be evaluated until 14 days after the end of radiation therapy.
Physical exertion may increase pressure in the lymphatics. To prevent the induced occlusion from
decreasing because of increased intravascular pressure, patients should avoid physical exertion during
and for several days after radiation treatment.
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4.4.3.7 Summary

Conservative therapies such as pressure dressings, repeat surgery, doxycycline treatment, or vacuum-
assisted closure therapy are currently chosen as the primary treatment option, although radiation of
secreting lymphatic fistulas is an effective, low-cost, low—side effect choice. Furthermore, radiation can
be used after previous unsuccessful therapy and is an alternative to surgical treatment. Therapeutic
strategies should be based on low single doses, which obviously promise faster response with the same
efficacy. In large-volume lymphatic fistulas, radiotherapy is more beneficial than the use of fibrin glue,
which is more suitable for small-volume lymphatic fistulas because of effective secretion reduction.

4.4.3.8 Recommendation

Radiotherapy can be performed.

Evidence level 4, recommendation level C
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Authors Region RT ED GD f#staining
e
lymphatic
secretion
Mayer et al. Saphenous vein harvesting | Orthovolt n=12 0.3t0 2.0 Gy 1-12 Gy 13/17
(2005), 17 n=7 Electrons n=2
Patients Femoropopliteal bypass n=3 Photons n=3
Varicose vein surgery n=2
Hip replacement surgery n=3
Shunt surgery n=1
Piercing n=1
Dietl (1997— Inguinal lymphatic fistulas Orthovolt (120- 3x3 Gy (n=22) 8-15Gy | 1/28
2000), 28 300 kv) 2x4 Gy (n=3) 5x3
Patients Gy (n=3)
New (1989- 25 lymphatic fistulas without Electrons: 7— 1.0 Gy 3-12 Gy 27/29
1998), 29 indication of localization 18 MeV (n=27)
Patients 4 lymphoceles, 2 located Photons: 15 MV
retroperitoneally (n=2)
Table 17. Results of radiotherapy for lymphatic fistulae.
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4.4.4 Symptomatic vertebral body hemangiomas

4.4.4.1 Definition

Hemangiomas are nonmalignant neoplasms derived from the endothelial lining of blood conduits and
can occur in all organ systems [173,318,822]. Cavernous bone hemangiomas are rare, accounting for
only 0.7%-1.0% of all bone tumors [831], of which 60%—70% are localized in the cranial and axial
skeleton [318]. Vertebral hemangiomas (VHs) occur mostly in the thoracic and upper lumbar spine; the
pattern of involvement is predominantly singular, and diffuse is possible [215,316,318,537,598,822].

4.4.4.2 Epidemiology

VHs are the most common neoplasms of the bony axial skeleton. Although older autopsy series showed
rates of incidental lesions of 10%—12% [375,623], a more recent serial study shows rates as high as
26%, 7.2% of them multifocal lesions [726]. The sex distribution is balanced, as is the involvement
within the vertebral body. Of these, however, only about 0.9%-1.2% develop clinically relevant
symptoms requiring treatment [315,316,598]. VHs occur more frequently beyond the fourth decade
of life [318], and the average age of symptomatic cases is higher [726].

4.4.4.3 Etiology and pathogenesis

Hemangiomas are harmatomas of a dysontogenetic pathogenetic origin, presumably arising from the
floor of embryonically scattered mesenchymal tissue [215,598]. Histologically, thin-walled ectatic
vessels containing thrombi or hemosiderin are found embedded in hypertrophied bone bellae and
adipose tissue [50,173,215,286,598]. According to morphologic criteria, cavernous VH, capillary VH,
and mixed forms of both types are distinguished [173,318,551,623].

Clinically relevant symptoms are the result of epi- or intraspinal expansion of the ectatic blood conduits
and, by definition, are not due to mitotic activity. Pathologic fractures, extradural hemorrhage, or
ischemia of the spinal cord may aggravate symptoms [215,318]. About 10% of symptomatic cases occur
premenstrually or during pregnancy. Causes are the increase of pressure in the inferior vena cava by
the fetus and/or the increase of plasma volume in a range of 20%—100%.

4.4.4.4 Diagnostics, differential diagnosis

The diagnosis is made mostly on the basis of the clinical and radiological appearance, as biopsies are
associated with an increased risk of bleeding [25]. Typical conventional radiologic signs include vertical
striation, honeycomb-like loosening of the vertebral body internal structure, or distension of the
vertebral body to loss of concave external contour (“ballooning”), predominantly in symptomatic
lesions [31,249,318,598]. However, at least one-third of the vertebral body must be penetrated to
detect these signs, so they are reliably detectable in only about 60% of cases, making the
supplementary use of cross-sectional imaging indispensable for confirming the diagnosis and planning
therapy. CT is the optimal method for evaluating stability; typically, transverse sections of the
hypertrophied bone trabeculae surrounded by the dilated blood vessels of reduced density are found
(i.e., “blackberry aspect,” “polka-dot appearance”) [598]. In addition, MRI can be used to better assess
the width of the spinal canal and soft tissue involvement of contour-spanning findings. In T2-weighted
sequences, symptomatic VHs typically show raised signal intensities because of increased
vascularization [50,86,598].
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The spectrum of possible differential diagnoses includes all benign and malignant spinal processes, as
well as systemic diseases of the musculoskeletal system (bone metastases of malignant tumors, benign
neoplasms, such as aneurysmal bone cysts, angiomas or meningiomas, Paget’s disease) [173].

4.4.4.5 Therapy options (general)

The initiation of therapeutic measures is symptom-adapted on the basis of a clinical staging (Table 18)
[316,318].

In cases of incidental, asymptomatic lesions (stage 1), no treatment is indicated, and patient
monitoring is not mandatory. In cases with local or radicular symptoms without (stage 2) and with
spinal cord compression (stage 3), the full range of standard conservative therapeutic options can be
used alone or in combination, e.g., transarterial embolization [3,215], percutaneous vertebroplasty
[3,100], intralesional ethanol injections [3,172] or radiotherapy [25,31,195,249,315,316,318,
600,623,822,832]. In the case of spinal canal involvement with acute spinal cord compression or an
already manifest paraplegic syndrome (stage 4), prompt surgical intervention is recommended.
Depending on the local extent of the processes, more complex procedures, such as vertebraectomies
with alloplastic vertebral body replacement, are used in addition to simple laminectomies
[3,215,286,551,598]. Preoperative embolization can reduce the intraoperative bleeding risk
[3,215,568,598]. In simple decompressions, because of incomplete resection, local recurrences have
been described in up to 30% at follow-up periods of 23 years, of which approximately 90% occur within
the first 2 years [551]. With more radical resection, such as vertebraectomies, recurrence rates are
lower; a literature review showed a recurrence rate of 12.5% for contour-spanning lesions [568].

4.4.4.6 Special value of radiotherapy

The treatment goal of radiotherapy is local tumor control and avoidance of neurologic deficits and pain
symptomatology [249]. Due to the biological behavior of the target tissues, follow-up periods of at
least 3—6 months are required to evaluate treatment success [249,822].

Since the first report from Bailey and Bucy [31], who successfully used postoperative radiation to treat
a 62-year-old female patient with multilocular involvement of the thoracic spine with acute myelon
compression after previous laminectomy, the value of radiation therapy has been described in
numerous, predominantly case-based publications. Few reports include larger patient populations
[25,249,832]. Glanzmann et al. [249] published a retrospective analysis in 1977 summarizing the
treatment results of 66 cases (62 patients) from 1939-1975. After administration of total doses of 30—
50 Gy, sustained symptom freedom was achieved in approximately 60% of cases. Yang et al. [832]
reported on 23 patients from a period of >20 years in whom total doses of 20 to 43 Gy had been applied
by orthovoltage, telecobalt, and electron irradiation. Partial or complete pain remission was found in
14/16 cases, paresthesias regressed in 4/5 cases, and improvement of a transverse syndrome was
achieved in 5 of 7 cases. Asthana et al. [25] retrospectively analyzed 17 patients who had received total
doses of 35 to 40 Gy by telecobalt irradiation. After follow-up periods of 1-11 years, 7 of 8 patients
had complete pain remission, improvement was achieved in all 6 cases with preexisting paresthesias
(4/6 complete, 2/6 partial), and remission of cross-sectional symptoms was achieved in 7 of 9 cases
(6/9 complete, 1/9 partial, 2/9 none). Rades et al. [623] compared the efficacy of radiotherapy with
different total doses using a collective of 117 patients (authors’ data pooled with literature data)
treated with radiotherapy alone. Significantly better symptom regression was seen with biologically
effective total doses of 236 to 44 Gy. The largest series to date, with 84 patients (96 lesions), was
retrospectively analyzed as part of a multicenter study. In multivariate analysis, significantly better
response was found after total doses 234 Gy in terms of pain relief and recalcification [316].

Dose concept/radiotherapy technique
After CT-guided 3D radiation planning, simple standing fields, weighted opposing fields, oblique fields
with wedge filters, or more complex techniques can be used depending on the anatomical conditions
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[318,348,600,822]. Obliteration of abnormal feeding vessels is discussed as the mechanism of action
of radiotherapy, assuming the endothelial cells of these vessels as the target, for which total in vitro
doses of about 30 Gy have been shown to be successful in inhibiting proliferation [195]. Radiation
doses <20 Gy were found to be ineffective [215,822, 832].

4.4.4.7 Recommendation

In clinical stages 2 and 3, radiotherapy is an effective treatment modality that can be used alternatively
or in combination with other treatment options, resulting in long-term symptom control in
approximately 80% of patients.

Conventional fractionated irradiation series (5x2.0 Gy/week) have proven effective, with significantly
higher rates of pain remission and remineralization achieved with total doses 234 to 36 Gy.

After decompression alone with incomplete resection, postoperative radiotherapy may reduce the
local recurrence rate [strength of evidence 2c, recommendation grade B].

Radiotherapy should be performed.

Evidence level 2c, recommendation level B
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Stage Symptoms Indication for therapy
Stage 1 No symptoms None
Stage 2 Local symptoms without involvement of the spinal canal | Relative (conservative: radiotherapy,
embolization, vertebroplasty, etc.)
Stage 3 Local symptoms with involvement of the spinal canal Relative (conservative: radiotherapy,
without signs of myelon compression embolization, vertebroplasty, etc.)
Stage 4 Involvement of the spinal canal with signs of myelon Absolute  indication  for  surgical
compression decompression
(possibly in combination with preop
embolization or postoperative
radiotherapy)
Table 18. Clinical staging of symptomatic vertebral body hemangiomas
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4.4.5 Pigmented villonodular synovitis (PVNS)

4.45.1 Definition

Pigmented villonodular synovitis (PVNS) is a benign tumor-like neoplasm [121] that derives from
synovial cells of the joint capsules, bursae, and tendon sheaths [365,566]. The description goes back
to Charles Marie Edouard Chassaignac (1852) [117]. Depending on the pattern of involvement and the
clinical course, three forms are distinguished: the diffuse type (D-PVNS), the localized type (L-PVNS),
and pigmented villonodular tenosynovitis (PVTS), which is also called giant cell tumor of the tendon
sheath [365].

4.4.5.2 Epidemiology

PVNS is reported to account for 0.1% to 1% of all joint diseases, with D-PVNS accounting for about two-
thirds. Incidences are reported to be 1.8 cases per year/1,000,000 for PVNS, and 9.2 cases per
year/1,000,000 for PVNS [542]. A recent Danish cohort study showed an incidence rate for PVTS of
30.3 cases/1,000,000 for localized involvement and 8.4/1,000,000 for a diffuse pattern of involvement
of tendon sheaths [184]. Predominantly, adults in the middle decades of life are affected with an even
sex distribution; D-PVNS tends to occur at younger ages [101,365]. Rarely, the disease occurs in
childhood as a differential diagnosis to juvenile arthritis [392].

4.4.5.3 Etiology and pathogenesis

The etiology of PVNS is unclear, but trauma, recurrent hemorrhage or inflammation, an abnormal
humoral or cellular immune response, and local disturbances in lipid metabolism have been discussed
as etiologic factors [101,499]. Furthermore, because of an association with developmental
abnormalities, genetic causes have been suggested [528]. More recent studies have shown an
association with chromosomal aberrations such as trisomy 5 or 7 and translocations involving colony-
stimulating factor-1, most frequently (t1; 2) (p13; gq37) [741].

The pattern of involvement is monoarticular in >90% of cases, with preference for the lower extremity
[574]. While PVTS manifests primarily in the tendon gliding tissue of the fingers, D-PVNS preferentially
affects the middle and larger joints [101]. The most frequent localization is the knee joint, but ankle,
hip, elbow, and shoulder joints may also be affected in decreasing frequency; in principle, ubiquitous
occurrence is possible [101,563,574].

4.4.5.4 Diagnostics, differential diagnosis

Because of the nonspecific clinical symptoms, such as recurrent joint effusions or swelling, and the
rarity of the disease, confirming the diagnosis can be problematic and delayed [101,310]. Histological
confirmation by biopsy is ultimately conclusive, with the characteristic hemosiderin locations allowing
differentiation from malignant synovial tumors and a-mannosidase deficiency [174,365,499,528].
Diagnostic imaging usually reveals no pathognomonic signs [174,499]. Conventionally, on radiology,
there may be compaction of the surrounding soft tissue mantle, subcortical erosive or cystic changes,
or calcifications in 60%—70% [101,499]. CT imaging reveals these density elevations in the soft tissues
with up to 130 HU [499]. MRI typically shows a hypointense signal pattern in the T2-weighted sequence
with prolongation of TR and TE times and, because of hemosiderin deposition, shortening of the T2
relaxation time [499]. Skeletal scintigraphy, ultrasonography, or analysis of biopsies do not contribute
decisively to confirm the diagnosis [101]. An uncharacteristically increased uptake similar to
metastases of malignant diseases is also shown by PNVS formations on 18F-FDG-PET-CT [101,186].
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4.4.5.5 Therapy options (non-radiotherapy)

The treatment of choice for all forms of PVNS is resection of all affected synovial tissue as completely
as possible [101,310]. Based on the pattern of involvement, radical synovectomy is therefore the goal
in D-PVNS, which can be performed openly or arthroscopically [282,569,783]. Infiltrations of the
adjacent bony structures should be remediated by means of curettage [574]; for more extensive
destruction, combinations with alloplastic joint replacement procedures must be considered [282]. The
complexity of the anatomical conditions, especially at the shoulder, knee, ankle, or hip joints,
sometimes requires complex surgical techniques via multiple access routes [101]. In the localized forms
(L-PVNS and PVTS), simple excisions of the lesions are usually sufficient because of the circumscribed
pattern of involvement [101,310]. Because of these problems with surgical repair, reported recurrence
rates are 8%—56% for D-PVNS and 5%—29% for L-PVNS [310].

Postoperative recurrence rates depend on the type of disease and are significantly lower in
circumscribed forms than in diffuse forms. They show a dependence on the pattern of where lesions
occur. Recurrence is negligible when they affect the bursa and significantly lower in tendon sheaths
compared with joints, where rates increase with increasing joint size [101].

The value of targeted therapies with monoclonal antibodies for TNF-a receptor blockade and tyrosine
kinase inhibitors is currently unclear, and these therapies should be used only in the context of
controlled clinical trials [71,110,118,206,446,618]. Radiofrequency ablation is experimental in nature
[451].

4.4.5.6 Special value of radiotherapy

Since the first report by Friedman and Ginzler (1940) [227], the value of radiotherapy for the treatment
of PVNS has been demonstrated in approximately 140 published cases in which total doses of 16—-50
Gy were administered using various techniques and radiation qualities. With follow-up periods of 1-
250 months, local control was achieved in an average of 85.4% [309,310]. Horoschak et al. [335]
retrospectively analyzed outcomes in 17 patients (18 sites) who had received radiotherapy with total
doses of 20-36 Gy after predominantly incomplete resection of recurrences. After a median follow-up
of 46 months (range, 8-181 months), local control was achieved in 89% of cases. In a national pattern-
of-care study, 41 evaluable cases were obtained from 14 institutions in Germany with a response rate
of 83.2% of those who had received total doses of 30-50 Gy (median, 36 Gy) of irradiation. With follow-
up periods ranging from 6 months to >10 years, 39 cases (95.1%) were locally controlled, and good
functional outcome was achieved in 82.9% [309].

Only limited data have been published on the value of radiotherapy in the treatment of PVTS. Kotwal
et al. [438] reported on a series of 48 patients with PVTS, 14 of whom had received orthovoltage
irradiation of 5x2.0 Gy/week to 20 Gy due to increased mitotic rate or incomplete resections. After a
mean follow-up of 52 months (range, 24-132 months), no local recurrence was reported in any case.

Dose concept/radiotherapy technique

The effects of radiotherapy in PVNS are based on proliferation inhibition. The total doses used in the
literature mostly are 30-50 Gy [60,309,335,563] applied under conventional fractionation (5x1.8-2.0
Gy/week). The target volume should include the entire synovial space of the affected joint, which is
most likely to be achieved at the larger joints by CT-based radiation planning [310,574]. For smaller
joints or for PVTS, adjustment of the irradiation fields on the simulator is sufficient. Residual tissue
after incomplete resections can best be localized with MRI, possibly in combination with arthroscopic
findings. As an alternative to external radiotherapy, radiosynoviorthesis can be used [544,798], but this
option can be fraught with significant complications in joints that have undergone multiple previous
surgeries [310]. Calculations of radiogenic risks based on a Monte Carlo algorithm showed acceptable
exposures for the surrounding organs at risk when irradiating the hip and knee joint with 36 Gy [501].
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4.4.5.7 Recommendation

Radiotherapy is an effective therapeutic option for the treatment of PVNS, which can improve local
control rates both in the adjuvant setting and after incomplete resections. Nevertheless, the goal
should always be to achieve the most radical resection possible.

Due to the less aggressive growth behavior, progression of residual tissue can be monitored for
localized involvement, especially in PVTS, even with R+ resections. In cases of involvement of bursae,
postoperative irradiation is not necessary given the low recurrence rates. Especially in case of diffuse
involvement of large joints, the recommendation for postoperative irradiation is stronger.

Under conventional fractionation (5x1.8—2.0 Gy/week), total doses of 36—40 Gy are recommended for
D-PVNS, whereas lower total doses of 20-36 Gy are sufficient for L-PVNS and PVTS. As the target
volume in joints should always include the entire synovial space, CT-based 3D radiation planning is
recommended [strength of evidence 3, recommendation grade B].

Radiotherapy should be performed.

Evidence level 2c, recommendation level B
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4.4.6 Radiotherapy for desmoid tumours

4.4.6.1 Definition

Desmoids are rare benign tumors of connective tissue arising from the deep musculo-aponeurotic
structures in the region of muscle fascia, aponeuroses, tendon, and scar tissue [188,262,263]. They are
referred to as “aggressive fibromatosis” in the US/UK literature [188,410]. The disease has long been
known, with the first descriptions dating back to the 19th century [330,422]. The term “desmoid” or
“desmoid fibroma” was coined by Johannes Miiller in 1838, and its first English-language description
was reported in 1932 by John McFarlane from Glasgow. In each case, neoplasms on the abdominal wall
of women after childbirth were described. Similar tumors were later found in other parts of the body.

4.4.6.2 Epidemiology

Desmoid is a very rare primary benign tumor disease. The number of new cases per year is 2—4 per 1
million [262,330,422]. Differentiation by location into extra-abdominal (approximately 70%), intra-
abdominal (approximately 10%), and abdominal wall desmoids (approximately 20%) may be of
prognostic importance. Extra-abdominal forms are more prone to recurrence, even after apparently
safe RO resection. The intra-abdominal forms are disproportionately frequently associated with
Gardner syndrome (polyposis coli), an autosomal dominant inherited disorder [58,422,425,635,716].
Only exceptionally are other genetic factors and trauma considered to be the cause of desmoids. Very
rarely, desmoids develop in the area of scars after surgical interventions. Women are affected more
frequently than men in a ratio of 1:1.5-2.5. The disease tends to occur in the third and fourth decades,
but desmoids can also develop in young children and older people [330,422].

4.4.6.3 Etiology

The causes are largely unexplained. A hereditary predisposition is not considered to exist, except in
Gardner syndrome, an association of familial adenomatous polyposis of the intestine with desmoid
tumors and osteomas. Estrogen probably plays a role, as the tumor often occurs in association with
pregnancy, regresses spontaneously during menopause, and sometimes responds to antihormonal
therapy. In addition, the tumor is more frequently observed as a result of injury in scar tissue.

4.4.6.4 Histology

Macroscopically, the gray-white tumor has a coarse consistency and usually is >5 cm. Histologically,
similar-looking fibroblasts are present in the tumor, with only minor nuclear atypia. The cells are
oriented in the same direction and are located in a wave- or vortex-shaped collagen network [144,447].

4.4.6.5 Clinical

Typical of desmoid is the slow but locally aggressive and infiltrating growth and the tendency to local
recurrence after local resection [2,49,58,65,526,635,716]. Some tumors show low malignancy and may
spontaneously arrest in growth; others may assume huge proportions and then secondarily trigger
disease-relevant symptoms. Partial and temporary remissions are possible. Desmoids can occasionally
infiltrate larger organs and vessels with sometimes fatal consequences. In about 8%, desmoids lead to
death [615]. Metastasis is always a rarity. Multifocal growth, e.g., multiple localizations to one limb,
are known. Stage is inconsistently estimated, especially in critical localization, e.g., at the mesenteric
root.
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4.4.6.6 Diagnostics

MRI leads the way in assessing the extent of lesions and possible infiltration into adjacent tissues and
organs [61,782]. To confirm the diagnosis, an incisional biopsy is always warranted initially to
differentiate benign from malignant lesions (e.g., fibrosarcoma). Only after histological verification, a
complete resection, if possible, is attempted. Histology with description of the tumor margin is
obligatory and of great importance for assessing the probability of recurrence.

4.4.6.7 Therapy options

Surgery is the treatment of choice, and complete resection should be achieved with adequate safety
margins. In cases of inoperability or R1 or R2 resections, as well as recurrences, radiotherapy is
recommended [37,526,747]. Also discussed in cases of inoperability and recurrence are drug therapy
approaches with, for example, tamoxifen, progesterone, indomethacin with vitamin C, interferon
alpha, and mild chemotherapy protocols [35,366,421,425,452,467,570, 734,754,792,801,816].

4.4.6.8 Indication for radiotherapy

Radiotherapy alone

After primary radiotherapy, a high local control rate is achieved, which hardly differs from that after
postoperative irradiation [37,268,326,330,387,391,409,410,422,429,466,509,561,680,687,731,732,
745,839]. Leibel et al. [466] reported a local control rate of 68% at a median follow-up of 8 years in 19
patients with residual tumor or recurrence irradiated with 50-55 Gy. Surprisingly, tumor size did not
seem to have a prognostic impact on local control after radiotherapy [410,466,747].

Combined approach

In a meta-analysis, Kirschner and Sauer [422] analyzed a total of 698 cases from 13 studies. They found
a 17% improvement in local control after RO resection with postoperative radiation compared with
surgery alone. For macroscopic (R2) or microscopic tumor remnants (R1), the results of postoperative
radiotherapy are significantly better. The recommended total dose in the literature is 50-60 Gy for
postoperative and 60-65 Gy for inoperable or recurrent tumors [25,49,262,263, 330,387,410,422,
429,466,509,561,732,745,794]. The overall position of brachytherapy in the treatment of aggressive
fibromatosis is still unclear, with at least some evidence for better local control compared with surgical
therapy alone [24,836].

A meta-analysis by Nuyttens et al. of 22 studies [561] showed no difference in local control between
postoperative and primary radiotherapy. However, both procedures were significantly superior to
surgery alone in terms of local control.

Radiotherapy technique
Radiotherapy should be performed similarly to the criteria for radiotherapy of sarcomas. Thus, CT-
guided 3D-planned radiotherapy should be performed in every case.

4.4.6.9 Summary

Postoperative radiotherapy significantly improves the local control rate in desmoid compared with
surgery alone. Even in primary therapy, high and long-lasting local control can be achieved with
definitive radiotherapy alone. Thus, radiotherapy can be an alternative to mutilating surgery.
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4.4.6.10 Recommendation

Radiotherapy can be performed, if indicated.

Evidence level 4, recommendation level C

A randomized trial is lacking to support a higher level of evidence.
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4.4.7 Prophylactic radiation for prevention of gynecomastia

4.4.7.1 Definition

By definition, gynecomastia (GM) is the unilateral or bilateral enlargement of the male mammary gland
due to glandular hyperplasia. It can be contrasted with pseudogynecomastia or lipomastia, which is
caused by increased storage of fatty tissue. GM does not represent an independent clinical picture but
is rather a symptom complex that can be triggered by a variety of different hereditary,
endocrinological, metabolic, inflammatory, or neoplastic diseases [39,89,363,604,689,807,819].
Acquired forms may be paralleled by physiological types in neonates [396], during puberty [272], and
in older age as so-called geriatric GM [89,689]. Fundamental here are imbalances in the regulation of
sex hormones with a shift of the androgen—estrogen ratio in favor of estrogens, resulting in a
proliferation stimulus of the glandular body [89,604,807].

4.4.7.2 Frequency

About 10% of all GM is caused by drug treatments [507]. Since the confirmation of androgen sensitivity
of prostate carcinoma cell lines [341], endocrine therapy has become an indispensable pillar in the
treatment of prostate cancer [341]. In the era of estrogen therapy, the incidence of clinically relevant
GM was one of the most common side effects at approximately 90%, but with changes in hormone
therapy, the incidence has decreased significantly. Reported risk is 1%—14% for orchidectomy, 1%—16%
for luteinizing hormone-releasing hormone antagonists, 16%—79% for non-steroidal antiandrogens, 6%
for steroidal antiandrogens, and 13%—22% for complete androgen deprivation [507]. Table 19
summarizes the relative risks for the occurrence of clinically relevant GM with other drug classes.

4.4.7.3 Pathophysiology

Up to childhood, the development of the mammary gland body of both sexes proceeds almost
uniformly. At puberty, under the influence of rising estrogen and progesterone levels, the typical
differentiation of the female breast begins [89], whereas the male mammary gland body undergoes
only a temporary enlargement and then involutes. Nevertheless, hormone sensitivity of the
rudimentary male mammary gland body persists.

The production of testicular and adrenal androgens is subject to the influence of hypothalamic and
pituitary control hormones. Much of the testosterone is converted by reduction to
dihydrotestosterone, the major intracellular mediator of testosterone action; the ratio to estradiol is
about 100:1. Peripheral aromatization, which occurs primarily in liver, muscle, and adipose tissue, gives
rise to female sex hormones from the androgens thus formed, with testosterone as a precursor for
estradiol and the adrenal androstenediones as precursors for estrone. Daily testosterone production
in males is about 6-8 mg/d and daily 17-R-estradiol production is about 45 pg/d [807,819]. Free
testosterone and estradiol can inhibit release of hypothalamic releasing hormones via negative
feedback.

Due to the complexity of the regulatory mechanisms, numerous parameters thus can influence the
testosterone—estrogen ratio. Possible causes of an increase in estrogen levels include drug intake,
hormone-secreting tumors, or the persistence of placental estrogens in neonatal GM. GM in
adolescents results from an earlier onset of estrogen action. Another cause is a decrease in the
synthesis capacity of testosterone in geriatric GM, which also may lead to increased peripheral
conversion, or in the course of cytostatic therapies [212]. Non-steroidal and steroidal antiandrogens
inhibit the protective influence of androgens on male mammary gland tissue. In the case of non-
steroidal antiandrogens, the feminizing effects are more pronounced because they also inhibit the
mechanism of negative feedback via an additional, central attack, which in turn results in an
intensification of peripheral conversion.
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Histopathologic findings do not usually allow for conclusions regarding etiology or pathogenesis [17].
Histologically, the more common tubular form of GM (G. tubularis) can be distinguished from the
“true” lobular form (G. lobularis), which is characterized by an increase in glandular lobules with fat
synthesis in the epithelial cells and secretion [48]. Signs of increased proliferation include clustered
mitoses on light microscopy, various forms and degrees of epithelial hyperplasia and metaplasia, and
loss of myxoid stroma [48,288]. Transitions to atypical proliferation are found in 1.1%—6.5% [17,39].
The glandular epithelium is usually arranged in 4—6 cell layers, and in contrast to the normal male
breast, the myoepithelial cells are much more prominent [288]. Positive detection of androgen,
estrogen, and progesterone receptors is successful in approximately 10% of cases, more so in patients
with Klinefelter syndrome or a unilateral pattern of involvement [604,617]. Younger patients more
often have a more pronounced fibrotic aspect, whereas florid forms are more often found in older
patients, which may be associated with an increased tendency to recurrence after resection [225].

4.4.7.4 Diagnostics, differential diagnosis

In addition to history taking and clinical examination with palpation of the glandular bodies, ultrasound
examinations are of great importance [651,750,815]. Advanced diagnostics to determine the cause of
GM may include mammography, radiography of the thorax, or cross-sectional imaging of various
regions [675,689,821]. Typical clinical symptoms include tension and pressure tenderness,
hyperesthesia of the nipple, pruritus, and less commonly, hyperpigmentation of the areola.

Laboratory determination of testosterone, estradiol, luteinizing hormone, follicle-stimulating
hormone, prolactin, a-fetoprotein, R-human chorionic gonadotropin, glutamate oxaloacetate
transaminase, and creatinine may be required when appropriate [675,689,821].

The most important differential diagnosis of GM, especially in unilateral localization, is male breast
carcinoma. Fibrosis, cysts, inflammatory diseases, hematomas after trauma, and lymphatic or venous
outflow disorders, which may occur in thoracic tumors or retrosternal goiter, should also be
distinguished [675,689,821].

4.4.7.5 Therapy options (general)

GM does not always require therapy but should be investigated, not least to exclude virile breast
carcinoma [363]. In the case of physiological forms, a wait-and-see approach is recommended [821].
For the acquired forms, treatment or elimination of the causal factors should usually be pursued. The
indication for treatment should depend on the severity of clinical symptoms [89,363,675,689,821] or
impairment of quality of life [767]. GM in the context of hormone therapy of prostate carcinomas
occupies a special position in this respect, as the cause cannot be eliminated, given the indication for
the prophylactic treatment. Due to the high rate of clinically relevant GM of up to 80% of this
population, patients to be treated with non-steroidal antiandrogens represent the typical target group.

In principle, various options are available for the treatment of GM in addition to drug or surgical
treatment and radiotherapy [89,363,675,689, 807,821].
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Drug treatment includes tamoxifen at a dosage of 10-20 mg/day, clomiphene as a partial estrogen
blocker, danazol, or aromatase inhibitors such as testolactone or anastrozole
[53,76,159,216,505,663,712,755,771,821]. The efficacy of local application of dihydrotestosterone is
uncertain. Due to androgenic effects, danazol is not indicated in patients with prostate carcinoma.

In prospective randomized, double-blind, placebo-controlled trials, tamoxifen proved significantly
superior to the use of anastrozole [76,663]. Furthermore, a daily dose of 20 mg/day was shown to have
the greatest efficacy [216] and to be clearly superior to weekly doses [53]. However, possible side
effects, such as thromboembolic complications, blood count changes, or lens opacities, should be
weighed [821].

Surgical procedures, such as mastectomy [70,114,224,225,414,463] or liposuction [131], alone or in
combination, are mostly used after failure of conservative therapeutic approaches or primarily in cases
of suspected tumor.

4.4.7.6 Special value of radiotherapy

Radiosensitivity of the mammary gland body has long been described in the literature [638,767], as
the target tissues are epithelia proliferating under the stimulus of excess estrogen. Fine-tissue studies
after prophylactic irradiation showed rarefaction of the stroma and glandular ducts, as well as a
reduction in glandular hyperplasia [458].

After the androgen dependence of prostate carcinoma cells was demonstrated [341], prophylactic
radiotherapy has been regularly used in clinical routine because of the high expected rates of clinically
relevant GM in the era of estrogen treatment, and its efficiency has been demonstrated ina large
number of studies
[8,9,10,22,66,133,134,198,233,236,292,334,458,492,510,654,658,735,800,823,837].  Larsson and
Sundblom [458], in a pilot study with six patients, irradiated the right mammary gland with 1000—-1500
r 14 days before initiation of estrogen treatment and applied “sham irradiation” contralaterally. After
6-9 months, four of the patients developed GM on the non-irradiated side, while only minimal
hyperplasia developed contralaterally.

Meanwhile, the efficacy of radiotherapy for the use of other classes of agents also has been
demonstrated in a number of prospective studies comparing control groups and sham irradiation
[584,770,780,811], showing significantly lower rates of symptomatic GM. Furthermore, prospective
randomized trials have demonstrated superiority of tamoxifen administration over prophylactic
radiotherapy [159,785].

4.4.7.7 Dose concept/radiotherapy technique

The dose concepts described in the literature show a wide range; data from dose-comparative studies
are not available for radiotherapy. A patterns-of-care study by the GCG-BD showed that the doses used
in Germany for prophylactic irradiation are 9-24 Gy, but mostly consist of hypofractionated irradiation
series of 12—15 Gy in 3-5 fractions [548]. Published data indicate that lower doses, such as 4x1.5 Gy,
are associated with significantly worse response rates (18.4%) [654]. In patients with already
symptomatic GM, higher total doses of 9-40 Gy were mostly used. For palliative irradiation of
symptomatic GM, total doses of 30—40 Gy have been called for in the literature, although the value
has not been established by larger case numbers [122].
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In about two-thirds of the facilities, the irradiation fields were positioned clinically on the patient
without further treatment planning. Mostly direct electron fields with energies of 6-18 MeV were
used, but orthovoltage techniques and photon irradiation are also used.

Nieder et al. [552], in an analysis of dose-volume histograms, reported that in unfavorable anatomical
conditions, parts of the left ventricle may receive up to 50%—-80% of the prescribed dose at higher
electron energies. The side-effect profile is usually favorable, however, with grade | erythema or
hyperpigmentation in about 10% of patients [548]. A low-grade risk for induction of radiogenically
induced neoplasia is present and requires patient education [6,584].

4.4.7.8 Recommendation

Prophylactic radiation treatment can significantly reduce the rate of symptomatic GM in the context
of hormone therapy for prostate carcinoma. Both hypofractionated radiation series with total doses
of 9-15 Gy in 3-5 fractions and single irradiations with 1x10-15 Gy have proven to be effective. The
target group is primarily patients treated with non-steroidal antiandrogens. There is no evidence for
use with other classes of pharmaceuticals. In cases of existing GM, radiotherapy may be considered as
an alternative to mastectomy, requiring higher total doses of up to 30—40 Gy depending on the clinic.

Radiation therapy can be performed using orthovoltage, electrons, or tangential photon fields. With
CT-based 3D radiation planning, the loads on relevant organs at risk (heart, lungs) can be quantified,
which appears to be advantageous, at least in patients with relevant preexisting conditions and risk
profiles.

Prophylactic radiotherapy should be performed, when indicated.

Evidence level 1, recommendation level A

Pharmaceutical Relative risk*

Verapamil 9.7 (2.6-36.0)
Spironolactone 9.3 (3.3-26.1)
Cimetidine 7.2 (4.5-11.3)

Nifedipine 2.9 (1.6-5.3)

Digoxin 2.7 (1.2-6.1)

Ranitidine 1.5 (0.8-2.6)

Omeprazole 0.6 (0.1-3.3

Table 19. Relative risks for the occurrence of clinically relevant gynecomastia.
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5 Summary table

Diagnosis Single dose Total dose Evidence Recommendati
level on
degree
Gonarthrosis 0.5to 1 Gy 3 to 6 Gy 2c C
Coxarthrosis 0.5to 1 Gy 3to 6 Gy 4 C
Arthroses of the small 0.5to 1 Gy 3to 6 Gy 4 C
joints
Shoulder syndrome 0.5to 1 Gy 3to 6 Gy 4 C
Bursitis trochanterica 0.5to 1 Gy 3to 6 Gy 4 C
Calcaneodynia 0.5 Gy 3 Gy 1b A
Elbow syndrome 0.5 Gy 3 Gy 2c B
Dupuytren’s disease 3 Gy 15 Gy 2c B
(in the active stage of (repetition of
“node formation”) the series after
8—12 weeks)
Ledderhose disease 3 Gy 15 Gy 4 C
(increasingly (repetition of
symptomatic, both the series after
. 8—12 weeks)
primary and secondary
after surgery)
Keloid 3 Gy 12 Gy 4 C
Gorham-Stout Disease 1.8to 2 Gy 36 to 45 Gy 3 B
Induratio penis plastica | 2to 3 Gy 10 to 20 Gy 3b C
Heterotopic ossifications | 7 Gy 7 Gy 1 A
Endocrine orbitopathy 0.3to 2 Gy 2.4to 16 Gy 2 B
(early inflammatory
phase)
Endocrine orbitopathy 2 Gy 16 to 20 Gy 2 B
(advanced disease)
Lymphatic fistulas 0.3to3 Gy 1to 15 Gy 4 C
Vertebral body 2 Gy 34 to 36 Gy 2¢c B
hemangiomas
Pigmented villonodular | 1.8 to 2 Gy 36 to 40 Gy 2c B
synovitis
Desmoid 1.8to 2 Gy 50 to 65 Gy 4 C
Gynecomastia 3 Gy 9to 15 Gy 1 A
(prophylaxis)
Table 20. Brief overview of indications, radiation doses, levels of evidence, and grades of recommendation.

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0

Page 119



Guideline

6 References

1. Abel MS, Lomhoff Il. Treatment of bursitis and peritendinitis calcarea of the shoulder joint by roentgen therapy. Perm Found
Med Bull 1949; 7: 90-93.

2. Acker JC, Bossen EH, Halperin EC. The management of desmoid tumors. Int J Radiat Oncol Biol Phys 1993; 26: 851-858.

3. Acosta FL Jr, Dowd CF, Chin C, et al. Current treatment strategies and outcomes in the management of symptomatic vertebral
hemangiomas. Neurosurgery 2006; 58: 287-295.

4. Adamietz B, Keilholz, Griinert J, Sauer R. Radiotherapy in early stages of Dupuytren's contracture. Strahlenther Onkol 2001;
177: 604-610.

5. Adams ME, Matyas JR, Huang D, Dourado GS. Expression of proteoglycans and collagen in the hypertrophic phase of
experimental osteoarthritis. J Rheumatol (Suppl) 1995; 43: 94-97.

6. Aksnessather BY, Solberg A, Klepp OH, et al. Does Prophylactic Radiation Therapy to Avoid Gynecomastia in Patients with
Prostate Cancer Increase the Risk of Breast Cancer? Int J Radiat Oncol Biol Phys 2018; 101: 211-216.

1. Alejandro-Lafont E, Krompiec C, Rau WS, Krombach GA. Efficacy of therapeuthic lymphography in lymphatic leaks. Acta
radiologica 1987; 52 (3): 305-311 .

8. Alfthan O, Holsti LR. Prevention of gynecomastia by local roentgen irradiation in estrogen-treated prostatic carcinoma. Scand J
Urol Nephrol 1969; 3: 183-187.
9. Alfthan O, Kettunen K. The effect of roentgen ray treatment of gynecomastia in patients with prostatic carcinoma treated with

estrogenic hormones: a preliminary communication. J Urol 1965; 94: 604-605.

10.  Alfthan O. The inhibiting effect of roentgen treatment of gynecomastia induced by estrogen hormone stimulation: an
experimental study. J Urol 1969; 101: 905-908.

11.  Allen ML. X-ray therapy in the treatment of para-arthritis of the shoulder. A study based on the treatment of 64 cases. Rocky
Mt Med J 1947; 44: 621-625.

12.  Allen PW. The fibromatoses: a clinicpathologic classification based on 140 cases. Am J Surg Pathol 1977; 1: 255-270.

13.  Allen RA, Woolner LB, Ghormley RK. Soft tissue tumors of the sole with special reference to plantar fibromatosis. J Bone Joint
Surg [Am] 1955; 37A: 14-26.

14.  Alth G, Koren H, Gasser G, et al. On the therapy of induratio penis plastica (Peyronies disease) by means of radium moulages.
Strahlenther 1985; 161: 30-34.

15.  Alusio FV, Mair SD, Hall RL. Plantar fibromatosis: treatment of primary and recurrent lesions and factors associated with
recurrence. Foot Ankle Int 1996; 17: 672-678.

16.  American Thyroid Association. Classification of eye changes of Graves' disease. Thyroid 1992; 2: 235-236.

17.  Andersen JA, Gram JB. Gynecomasty: histological aspects in a surgical material. Acta Pathol Microbiol Immunol Scand [A] 1982;
90: 185-190.

18.  Andrew JG, Andrew SM, Ash A, Turner B. An investigation into the role of inflammatory cells in Dupuytren's disease. J Hand
Surg 1991; 16B: 267-271.

19.  Appelqvist P, Salmo M, Rissanen P. Radiotherapy in emergency treatment of malignant exophthalmos. Radiation Oncology
1990; 166: 190-193.

20.  Arenas M, Gil F, Gironella M, et al. Anti-inflammatory effects of low-dose radiotherapy in an experimental model of systemic
inflammation in mice. Int J Radiat Oncol Biol Phys 2006; 66: 560-567.

21.  Arenas M, Sabater S, Hernandez V, Rovirosa A, Lara PC, Biete A, Panes J. Anti-inflammatory effects of low-dose radiotherapy.
Indications, dose, and radiobiological mechanisms involved. Radiation Oncol 2012; 188(11): 975-981.

22.  Arndt D, Heibel JH. Alternative contrasexual hormone therapy after mammary fibrosis irradiation for prostate cancer. A
retrospective analysis in 123 patients. Strahlenther 1983; 159: 465-469.

23.  Arner O, Lindvall N, Rieger A. Calcific tendonitis (tendinitis calcarea) of the shoulder joint. Acta Chir Scand 1958; 114: 319-331.

24.  Assad WA, Nori D, Hilaris BS, Shiu MH, Hajdu SI. Role of brachytherapy in the management of desmoid tumors. Int J Radiat
Oncol Biol Phys 1986; 12: 901-906.

25.  Asthana AK, Tandon SC, Pant GC, et al. Radiation therapy for symptomatic vertebral haemangioma. Clin Oncol 1990; 2: 159-162.

26.  Attassi M, SeegenschmiedtMH. Orthovolt irradiation for the therapy of Ledderhose disease. 26th Colloquium
Radiooncology/Radiation Therapy: Radiotherapy in Benign Diseases. Altenberge: Diplodocus-Verlag 2002:149-156.

217. Avelar RL, Martins VB, Antunes AA, et al. Use of zoledronic acid in the treatment of Gorham's disease. Int J Pediatr
Otorhinolaryngol 2010; 74: 319-322.

28. Aviles E, Arlen M, Miller T. Plantar fibromatosis. Surgery 1971; 69: 117-120.

29.  Ayers DC, Pellegrini VD Jr, Evarts CM. Prevention of heterotopic ossification in high-risk patients by radiation therapy. Clin
Orthop Relat Res 1991; 263: 87-93.

30.  Badakhshi H, Buadch V. Low dose radiotherapy for plantar fasciitis. Treatment outcome of 171 patients. Foot. 2014; 24(4): 172-
175. doi:10.1016/j. foot.2014.07.005.

31. Bailey P, Bucy PC. Cavernous hemangioma of the vertebral column. J Am Med Assoc 1929; 92: 1748-1751.

32. Baird LW. Roentgen irradiation of calcareous deposits about the shoulder. Radiology 1941: 37: 316-324.

33. Baker CL Jr, Massie RV, Hurt WG, et al. Arthroscopic bursectomy for recalcitrant trochanteric bursitis. Arthroscopy 2007; 23:
827- 832.

34.  Bakke SN. On the radiographic treatment of chronic nonspecific joint disease. Acta radiologica 1939; 20: 357-364.

35.  Balducci L, Little DD, Spencer R, Khansur T. Desmoid tumors: report of a case responsive to antiestrogen and review of the
literature. ) Miss State Med Assoc 1988; 29: 227-229.

36.  BallC, Izadi D, Verjee LS, Chan J, Nanchahal J. Systematic review of non-surgical treatments for early dupuytren's disease. BMC
Musculoskelet Disord 2016 Aug 15; 17(1): 345.

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 120



Guideline

37.

38.

39.

40.

41.
42.

43,
44,

45.

46.

47.

48.
49.

50.

51.

52.
53.

54.

55.

56.

57.

58.

59.
60.

61.

62.
63.

64.

65.
66.

67.

68.

69.

70.

71.

72.

73.

Ballo MT, Zagars GK, Pollack A, Pisters PW, Pollack RA. Desmoid tumor: prognostic factors and outcome after surgery, radiation
therapy, or combined surgery and radiation therapy. J Clin Oncol 1999; 17: 158-167.

Banks JS, Wolfson AH, Subhawong TK. T2 signal intensity as an imaging biomarker for patients with superficial fiboromatoses of
the hands (Dupuytren's disease) and feet (Ledderhose disease) undergoing definitive electron beam irradiation. Skeletal Radiol
2018 Feb; 47(2): 243-251.

Bannayan GA, Hajdu SI. Gynecomastia: clinicopathologic study of 351 cases. Am J Clin Pathol 1972; 57: 431-437.

Banovac K, Sherman AL, Estores IM, Banovac F. Prevention and treatment of heterotopic ossification after spinal cord injury. J
Spinal Cord Med 2004; 27(4): 376-382.

Barker CS. Treatment of trochanteric bursitis by steroid injections. Canad Med Assoc J 1958; 78: 613.

Bartalena L, Marcocci C, Chiovato L, et al. Orbital cobalt irradiation combined with systemic corticosteroids for Graves'
ophthalmopathy: comparison with systemic corticosteroids alone. J Clin Endocrinol Metab 1983; 56: 1139-1144.

Bartalena L, Marcocci C, Manetti L et al. Orbital radiotherapy for Graves' ophthalmopathy. Thyroid 1998; 8: 439-441.

Bartalena L, Marcocci C, Panicucci M, et al. Orbital irradiation in the treatment of Graves' ophthalmopathy. Bull Soc Belge
Ophthalmol 1988; 226: 71-83.

Bartalena L, Martino E, Marcocci C, et al. More on smoking habits and Graves' ophthalmopathy. J Endocrinol Invest 1989; 12:
733-737.

Bartels EM, Lund H, Hagen KB, Dagfinrud H, Christensen R, Danneskiold-Samsge B. Aquatic exercise for the treatment of knee
and hip osteoarthritis. Cochrane Database of Systematic Reviews 2007, Issue 4. art. No.: CD005523. DOI:10.1002/14651858.
CD005523. Pub 2.

Bartmann S. Long-term effects of low-dose pain irradiation in gonarthrosis and bursitis trochanterica - comparison of results
after irradiation at the linear accelerator versus orthovolt device. Dissertation, Bochum: 2017.

Bassler R, Schafer A. Electron microscopic cytomorphology of gynecomastia. Virchows Arch Abt Path Anat 1969; 348: 356-373.
Bataini JP, Belloir C, Mazabraud A, et al. Desmoid tumors in adults: the role of radiotherapy in their management. Am J Surg
1988; 155: 754-760.

Baudrez V, Galant C, vande Berg BC. Benign vertebral hemangioma: MR-histological correlation. Skeletal Radiol 2001; 30: 442-
446.

Becker GW, Davis TR. The outcome of surgical treatments for primary Dupuytren's disease-a systematic review. J Hand Surg
Eur 2010; 35(8): 623-636.

Beckmann, Kalteis T, Baer W, et al. Plantar fibromatosis: therapy with total plantar fasciectomy. Zentralbl Chir 2004; 129: 53-57.
Bedognetti D, Rubagotti A, Conti G, et al. An open, randomised, multicentre, phase 3 trial comparing the efficacy of two
tamoxifen schedules in preventing gynaecomastia induced by bicalutamide monotherapy in prostate cancer patients. Eur Urol
2010; 57: 238-245.

Beecher HK. The powerful placebo. ) Am Med Assoc 1955; 159: 1602-1606.

Bellamy N, Buchanan WW, Goldsmith CH, Campbel J, Stitt I. Validation study of WOMAC: A health status instrument for
measuring clinically-important patient-relevant outcomes following total hip or knee arthroplasty in osteoarthritis. J Orthop
Rheumatol 1988; 1: 95-108.

Bellamy N, Campbell J, Welch V, Gee TL, Bourne R, Wells GA. Intraarticular corticosteroid for treatment of osteoarthritis of the
knee. Cochrane Database of Systematic Reviews 2006, Issue 2. art. No.: CD005328. DOI: 10.1002/14651858.CD005328.pub2.
Bellamy N, Campbell J, Welch V, Gee TL, Bourne R, Wells GA. Viscosupplementation for the treatment of osteoarthritis of the
knee. Cochrane Database of Systematic Reviews 2006, Issue 2. art. No.: CD005321. DOI: 10.1002/14651858.CD005321.pub2.
Belliveau P, Graham AM. Mesenteric desmoid tumor in Gardner's syndrome treated by sulindac. Dis Colon Rectum 1984; 27: 53-
54.

Benassi ME. Radiothérapie des arthropathies post-traumatiques et des périarthrites. J Radiol 1951; 32: 280-296.

Berger B, Ganswindt U, Bamberg M, et al. External beam radiotherapy as postoperative treatment of the diffuse pigmented
villonodular synovitis. Int J Radiat Oncol Biol Phys 2007; 67: 130-134.

Bernard J, Le Breton C, Piriou P, et al. Value of MRI to evaluate extra-abdominal desmoid fibromatosis. J Radiol 2002; 83: 711-
716.

Bernhardt M. On a little-known form of occupational neuralgia. Neurol Zbl 1896; 15: 13.

Bertoli LF, Kubagawa H, Borzillo GV, Burrows PD, Schreeder MT, Carroll AJ, Cooper MD. Bone marrow origin of a B-cell
lymphoma. Blood. 1988 Jul;72(1):94-101.

Betz N, Ott OJ, Adamietz B, Sauer R, Fietkau R, Keilholz L. Radiotherapy in early-stage Dupuytren's contracture. Long-term
results after 13 years. Strahlenther Onkol 2010; 186: 82-90.

Biermann JS. Desmoid tumors. Curr Treat Options Oncol 2000; 1: 262-266.

Bischoff W, Kliimper A, Sinagowitz E. On the problem of gynecomastia prophylaxis before estrogen therapy in prostate
carcinoma. Akt Urol 1977; 8: 89-91.

Bisset L, Paungmali A, Vicenzino B, Beller E. A systematic review and meta-analysis of clinical trials on physical interventions for
lateral epicondylalgia. Br J Sports Med 2005; 39: 411-422; discussion 411-422.

Bjordal JM, Lopes-Martins RA, Joensen J, et al. A systematic review with procedural assessments and meta-analysis of low-level
laser therapy in lateral elbow tendinopathy (tennis elbow). BMC Musculoskelet Disord 2008; 9: 75.

Blankenbaker DG, Ullrick SR, Kirkland WD, et al. Correlation of MRI findings with clinical findings of trochanteric pain
syndrome. Skeletal Radiol 2008; 37: 903-909.

Blau M, Hazani R, Hekmat D. Anatomy of the Gynecomastia Tissue and Its Clinical Significance. Plast Reconstr Surg Glob Open
2016; 4: e854.

Blay JY, El Sayadi H, Thiesse P, Garret J, Ray-Coquard I. Complete response to imatinib in relapsing pigmented villonodular
synovitis/tenosynovial giant cell tumor (PVNS/TGCT). Ann Oncol 2008; 19: 821-822.

Block A, Gerdung S, Khawaja T. Radiation quality, dose distribution and quality assurance on the Therapax DXT 300 X-ray
therapy unit. In: Kneschaurek P (ed.): Med Physik 2000: 155-166.

Block A, Loschke M, Waletzko O, Rohn R, Micke O, Seegenschmiedt HM. Are field control images on an X-ray therapy unit (20 kv

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 121



Guideline
——————————————————————————————————————————————————————
(Special No. 1): 162-163.

74. Bloechle C et al: Post-irradiation soft tissue sarcoma. Eur J Cancer 1995;31A:31-4.

75.  Blokhuis TJ, Frélke JP. Is radiation superior to indomethacin to prevent heterotopic ossification in acetabular fractures? a
systematic review. Clin Orthop Relat Res 2009; 467(2): 526-530.

76.  Boccardo F, Rubagotti A, Battaglia M, et al. Evaluation of tamoxifen and anastrozole in the prevention of gynecomastia and
breast pain induced by bicalutamide monotherapy of prostate cancer. J Clin Oncol 2005; 23: 808-815.

T7. Bode-Lesniewska B, von Hochstetter A, Exner GU, et al. Gorham-Stout disease of the shoulder girdle and cervico-thoracic
spine: fatal course in a 65-year-old woman. Skeletal Radiol 2002; 31: 724-729.

78.  Boergen KP. Surgical repair of motility impairment in Graves' orbitopathy. Dev Ophthalmol 1989; 20: 159-168.

79.  Boice JD Jr et al. Radiation dose and second cancer risk in patients treated for cancer of the cervix. Radiat Res. 1988
Oct;116(1):3- 55.

80.  Borak J. The tendogenetic disease and its treatment with x-rays. NY State J Med 1945: 725-729.

81.  Bossche L Vanden, Vanderstraeten G. Heterotopic ossification: a review. J Rehabil Med 2005; 37(3): 129-136.

82.  Bosse A. Clinical aspects, differential diagnosis and histogenesis of heterotopic ossification. Veroff Pathol 1997, vol. 146: 1-168.

83.  Boyer P, Bourgeois P, Boyer O, et al. Massive Gorham-Stout syndrome of the pelvis. Clin Rheumatol 2005; 24: 551-555.

84.  Brada M, Ford D, Ashley S, et al. Risk of second brain tumor after conservative surgery and radiotherapy for pituitary adenoma.
Brit Med J 1992; 304: 1343-1346.

85.  Brady LW. Radiation induced sarcomas of the bone. Skeletal Radiol 1979; 4: 72-78.

86.  Braitinger S, Weigert F, Held P, et al. CT and MRI of vertebral hemangiomas. Fortschr Réntgenstr 151; 1989: 399-407.

87.  Brance ML, Castiglioni A, Céccaro N, Palatnik M. Two cases of Gorham-Stout disease with good response to zoledronic acid
treatment. Clin Cases Miner Bone Metab 2017; 14: 250-253.

88. Brandt KD. Osteoarthritis. In Harrison internal medicine 16th edition ABW. Science Publishers 2005: 2192-2200.

89.  Braunstein GD. Gynecomastia. N Engl ) Med 2007; 357: 1229-1237.

90.  Brennan MW, Leone CR, Janaki L. Radiation therapy for Graves' disease. Am J Ophthalmol 1983; 96: 195-199.

91. Brenner P, Mailander P, Berger A. Epidemiology of Dupuytren's disease. In: Keilholz L, Seegenschmiedt MH, Born AD, Sauer R
(Eds.): Radiotherapy in early stage Dupuytren's disease. Indication and long-term results. Strahlenther Onkol 1997; 173: 27-35.

92. Broerse JJ, Jansen JThM, Zoetelief J, et al. Calculation of effective dose for irradiation of benign diseases: Graves' ophtalmopathy,
hidradenitis and heterotopic ossification. In: Seegenschmiedt MH, Makoski H (eds.): Radiotherapy of benign diseases-10th
Colloquium Radiooncology/Radiation Therapy. Altenberge: Diplodocus-Verlag 2000: 13-20.

93.  Brooker AF, Bowerman JW, Robinson RA, Riley LH Jr. Ectopic ossification following total hip replacement. Incidence and a method
of classification. J Bone Joint Surg Am 1973; 55(8): 1629-1632.

94. Brosseau L, Yonge K, Welch V, Marchand S, Judd M, Wells GA, Tugwell P. Thermotherapy for treatment of osteoarthritis.
Cochrane Database of Systematic Reviews 2003, Issue 4. art. No.: CD004522. DOI: 10.1002/14651858.CD004522.

95.  Brouet JP. Etude de 1000 dossiers de maladie de Dupuytren. In: Tubiana, R. J.T. Hueston (eds.): La malarie de Dupuytren. Paris:
Expansion Scientifique Francaise 1986: 98-105.

96. Brouwer RW, van Raaij TM, Bierma-Zeinstra SMA, Verhagen AP, Jakma TT.S.C., Verhaar JAN. Osteotomy for treating knee
osteoarthritis. Cochrane Database of Systematic Reviews 2007, |Issue 3. art. No.. CD004019. DOI:
10.1002/14651858.CD004019.pub3.

97. Brouwer RW, van Raaij TM, Jakma TT.S.C., Verhagen AP, Verhaar JAN, Bierma-Zeinstra SMA. Braces and orthoses for treating
osteoarthritis of the knee. Cochrane Database of Systematic Reviews 2005, Issue 1. art. No.: CD004020. DOI:
10.1002/14651858.CD004020.pub?2.

98.  Brown WM, Abatt JD. The incidence of leukaemia in ankylosing spondylitis with x-rays. Lancet 1955; 1: 1283-1285.

99.  Brunner U, Riickl K, Konrads C, et al. Gorham-Stout syndrome of the shoulder. SICOT J 2016; 2: 25.

100. BrunotS, Berge J, Barreau X, et al. Long-term follow-up of vertebral hemangiomas treated by percutaneous vertebroplasty. )
Radiol 2006; 86: 41-47.

101. Bruns ), Yazigee O, Habermann CR. Pigmented villonodular synovitis and tenosynovial giant cell tumor. Z Orthop Unfallchir
2008; 146: 663-675.

102. Budras KD, Hartung K, Miinzer BM. Light - and electron microscopic studies on the influence of X-rays on the stratum synoviale
of the inflamed knee joint. Berlin: Miinchner tierdrztiche Wochenschrift 1986; 99: 148-152.

103. Burch HB, Wartofsky L. Graves' ophthalmopathy: current concepts regarding pathogenesis and management. Endocrine Rev
1993; 146: 747-793.

104. Burd TA, Lowry KJ, Anglen JO. Indomethacin compared with localized irradiation for the prevention of heterotopic ossification
following surgical treatment of acetabular fractures. J Bone Joint Surg Am 2001; 83-A (12): 1783-1788.

105. Cambpell J, AlImond HG, Johnson R. Massive osteolysis of the humerus with spontaneous recovery. J Bone Joint Surg Br 1975;
57B: 238-240.

106. Cancer Research UK (2022): https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type

107. Canigiani T. On the radiographic treatment of periarticular inflammation. Wien Klin Wochenschr 1946; 58: 141-143.

108. Canyilmaz E, Canyilmaz F, Aynaci O, Colak F, Serdar L, Uslu GH et al. Prospective Randomized Comparison of the Effectiveness of
Radiation Therapy and Local Steroid Injection for the Treatment of Plantar Fasciitis. International journal of radiation oncology,
biology, physics. 2015; 92(3): 659-666. d0i:10.1016/]. ijrobp.2015.02.009.

109. Casavant AM, Hastings H 2nd. Heterotopic ossification about the elbow: a therapist's guide to evaluation and management. J
Hand Ther 2006; 19(2): 255-266.

110. Cassier PA, Italiano A, Gomez-Roca CA, et al. CSF1R inhibition with emactuzumab in locally advanced diffuse-type tenosynovial
giant cell tumours of the soft tissue: a dose-escalation and dose-expansion phase 1 study. Lancet Oncol 2015; 16: 949-956.

111. Cavolo DJ, Sherwood GF. Dupuytren's disease of the plantar fascia. J Foot Surg 1982; 21: 610-612.

112.  Central axis depth dose data for use in radiotherapy. Technical Report 25. Br J Radiol 1996; 25.

113. Cepeda MS, Camargo F, Zea C, Valencia L. Tramadol for osteoarthritis. Cochrane Database of Systematic Reviews 2006, Issue 3.
art. No.: CD005522. DOI: 10.1002/14651858.CD005522.pub?2.

114,  Chao JW, Raveendran JA, Maly C, et al. Closed-Suction Drains After Subcutaneous Mastectomy for Gynecomastia: Do They

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 122


http://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type

Guideline
e

Reduce Complications? Aesthetic Plast Surg. 2017; 41: 1291-1294.

115.  Chapman JF. Subacromial bursitis and supraspinatus tendonitis: its roentgen treatment. Cal West Med 1942; 56: 248-251.

116. Chard MD, Hazleman BL. Tennis elbow-a reappraisal. Br J Rheumatol 1989; 28: 186-190.

117. Chassaignac M. Cancer de la gaine des tendons. Gaz Hop Civ Milit 1852; 47: 185-186.

118. Chen HC, Yang JY, Chuang SS, Huang CY, Yang SY. Heterotopic ossification in burns: our experience and literature reviews.
Burns 2009; 35(6): 857-862.

119. Chirputkar K, Weir P, Gray A. Z-lengthening of the iliotibial band to treat recalcitrant cases of trochanteric bursitis. Hip Int
2007; 17:31-35.

120. Choma ND, Biscotti CV, Bauer TW, et al. Gorham's syndrome: a case report and review of the literature. Am J Med 1987; 83:
1151-1156.

121.  Choong PF, Willén H, Nilbert M, et al. Pigmented villonodular synovitis. Monoclonality and metastasis - case for neoplastic
origin. Acta Orthop Scand 1995; 66: 64-68.

122. Chou JL, Easley ID, Feldmeier JJ, et al. Effective radiotherapy in palliating mammalgia associated with gynecomastia after DES
therapy. Int J Radiat Oncol Biol Phys 1988; 15: 749-751.

123. Ciancio G, Gutierrez M, Colina M, et al. Ultrasonographic detection of a metastatic elbow lesion mimicking epicondylitis. J Clin
Rheumatol 2011; 17: 164.

124.  Classen DA, Hurst LN. Plantar fibromatosis and bilateral flexion contractures: a review of the literature. Ann Plast Surg 1992;
28: 475-478.

125.  Cocchi U. Successes and failures in X-ray irradiation of noncancerous conditions. |. Benign nontuberculous nonactinomycotic
processes. Strahlenther 1943; 73: 255-305.

126. Codman, EA. On stiff and painful shoulder. The anatomy of the subdeltoid or subacromial bursa and its clinical importance.
Subdeltoid bursitis. Boston Med & Surg J 1906; 154: 613-620.

127. Cohen SP, Navaez JC, Lebovits AH, et al. Corticosteroid injections for trochanteric bursitis: is fluoroscopy necessary? A pilot
study. Brit J Anaesth 2005; 94: 100-106.

128. Coleman B, Quinlan JF, Matheson JA. Surgical treatment for lateral epicondylitis: a long-term follow-up of results. J Shoulder
Elbow Surg 2010; 19: 363-367.

129. Collee G, Dijkmans BA, Vandenbroucke JP, et al. A clinical epidemiological study in low back pain. Description of two clinical
syndromes. Brit J Rheumatol 1990; 29: 354-357.

130. Collee G, Dijkmans BA, Vandenbroucke JP, et al. Greater trochanteric pain syndrome (trochanteric bursitis) in low back pain.
Scand J Rheumatol 1991; 20: 262-266.

131.  Collins PS, Moyer KE. Evidence-Based Practice in Liposuction. Ann Plast Surg 2018; 80: 403-405.

132.  Connell D, Datir A, Alyas F, Curtis M. Treatment of lateral epicondylitis using skin-derived tenocyte-like cells. Br J Sports Med
2009; 43: 293-298.

133.  Cook S, Rodriguez-Antunez A. Pre-estrogen irradiation of the breast to prevent gynecomastia. Am J Roentgenol 1973; 117: 662-
663.

134. Corvalan JG, Gill Jr WM, Egleston TA, Rodriguez-Antunez A. Irradiation of the male breast to prevent hormone produced
gynecomastia. Am J Roentgenol 1969; 106: 839-840.

135.  Culibrk MS, Culibrk B. Physical treatment of Peyronie disease. Amer J Phys Med 2001; 80: 583-585.

136. Cush JJ, Lipsky PE. Approach to diseases of the joints and musculoskeletal system. In: Harrison internal medicine 16th edition
ABW. Science Publishers 2005: 2184-2191.

137.  Cuzick J. Radiation-induced myelomatosis. N Engl J Med. 1981 Jan 22;304(4):204-10.

138. Dalichio W. On the therapy of arthrosis deformans - A comparison between X-ray therapy and ultrasound treatment.
Strahlenther 1952; 88: 657-666.

139. Damber L, Larsson LG, Johansson L, Norin T. A cohort study with regard to the risk of haematological malignancies in patients
treated with x-rays for benign lesions in the locomotor system. |. Epidemiological analyses. Acta Oncol 1995; 34: 713-719.

140. Damber L. et al. Thyroid Cancer after X-ray Treatment of Benign Disorders of the Cervical Spine in Adults. Acta Oncologica
2002, 41: 25-28.

141. Darby SC, Doll R, Gill SK, Smith PG: Long term mortality after a single treatment course with X-rays in patients treated for
ankylosing spondylitis. Br J Cancer. 1987 Feb;55(2):179-90

142. David JA, Sankarapandian V, Christopher PR, Chatterjee A, Macaden AS. Injected corticosteroids for treating plantar heel pain
in adults. The Cochrane database of systematic reviews. 2017;6:CD009348. doi:10.1002/14651858.CD009348. pub 2.

143. 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: 33-38.

144. De Wever |, Dal Cin P, Fletcher CD, et al. Cytogenetic, clinical, and morphologic correlations in 78 cases of fiboromatosis: a
report from the CHAMP Study Group. Chromosomes and Morphology. Mod Pathol 2000; 13: 1080-1085.

145. DeGroot LJ, Gorman CA, Pinchera A, et al. Therapeutic controversies. Radiation and Graves' ophthalmopathy. J Clin Endocrinol
Metab 1995; 80: 339-349.

146. Del Frari B, Piza-Katzer H, Schoeller T, Wechselberger G. Lymphatic fistulas of the lower extremity, intraoperative imaging and
therapy by intracutaneous methylene blue injection. Phlebology 2007; 5: 267 -271.

147. Delee J, Ferrari A, Charnley J. Ectopic bone formation following low friction arthro-plasty of the hip. Clin Orthop 1976; 121: 53-
59.

148. Delgadillo LA, Arenson DJ. Plantar fibromatosis: surgical considerations with case histories. J Foot Surg 1985; 24: 258-265.

149. Deloch L, Derer A, Hueber AJ, Herrmann M, Schett GA, Wélfelschneider J, Hahn J, Riihle PF, Stillkrieg W, Fuchs J, Fietkau R, Frey
B, Gaipl US. Low-Dose Radiotherapy Ameliorates Advanced Arthritis in hTNF-a tg Mice by Particularly Positively Impacting on
Bone Metabolism. Front Immunol 2018; 9: 1834.

150. Deloch L, Fuchs J, Riickert M, Fietkau R, Frey B, Gaipl US. Low-Dose Irradiation Differentially Impacts Macrophage Phenotype in
Dependence of Fibroblast-Like Synoviocytes and Radiation Dose. J Immunol Res 2019; 2019: 3161750.

151. Denkler K. Surgical Complications Associated with Fasciectomy for Dupuytren's Disease: A 20-Year Review of the English
S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 123



Guideline
e

152. Descatha A, Leclerc A, Chastang JF, Roquelaure Y. Medial epicondylitis in occupational settings: prevalence, incidence and
associated risk factors. J Occup Environ Med 2003; 45: 993-1001.

153.  Devlin RD, Bone HG, Roodman GD. Interleukin-6: a potential mediator of massive osteolysis in patients with Gorham-Stout
disease. J Clin Endocrinol Metabol 1996; 81: 1893-1897.

154. Dewing SB. Disorders of Function and Overgrowth. In: Dewing SB (ed.): Radiotherapy of Benign Disease. Springfield: Thomas
1965: 78-171.

155.  DGMP Report 1: Principles of Radiation Planning with Computers, 2003.

156. DGMP Report 11: Dose Specification for Teletherapy with Photon Radiation, 1998.

157. DGMP Report 15: Measurement methods and quality assurance for X-ray therapy systems with tube voltages of 100 kV and 400
kv, 2000.

158. DGMP Report 5: Practice of Soft Beam Dosimetry, 1986.

159. DiLorenzo G, Perdona S, De Placido S, et al. Gynecomastia and breast pain induced by adjuvant therapy with bicalutamide
after radical prostatectomy in patients with prostate cancer: the role of tamoxifen and radiotherapy. J Urol 2005; 174: 2197-
2203.

160. The 2007 Recommendations of the International Commission on Radiological Protection (ICRP), German edition published by
the Federal Office for Radiation Protection.

161. Dietl B, Pfister K, Aufschlidger C, Kasprzak PM. Radiotherapy of inguinal lymphatic fistulas after vascular surgery-a retrospective
analysis. Strahlenther Onkol 2005; 181(6): 396-400.

162. Dimberg L, Olafsson A, Stefansson E, et al. The correlation between work environment and the occurrence of cervicobrachial
symptoms. J Occup Med 1989; 31: 447-453.

163. DIN 6809-4 (draft): Clinical dosimetry - Part 4: X-ray therapy with X-ray tube voltages between 10 kV and 300kV, 2016.

164. DIN 6813: Radiation protection accessories for medical use of X-rays up to 300 kV, 1980-1987.

165. DIN 6814-8: Terms used in radiological technology - Part 8: Radiotherapy, 2000-2012.

166. DIN 6827-1: Record keeping in medical use of ionizing radiation - Part 1: Therapy with electron accelerators and X-ray and gamma
radiation facilities, 2000-2009.

167. DIN 6827-3: Record keeping in medical application of ionizing radiation - Part 3: Brachytherapy with sealed radiation sources,
2002-2012.

168. Doerr W, Herrmann T. Cancer induction by radiotherapy: dose dependence and spatial relationship to irradiated volume. J Radial
Prot 2002; 22: 117-121.

169. Donaldson SS, Bagshaw MA, Kriss JP. Supervoltage orbital radiotherapy for Graves' ophthalmopathy. J Clin Endocrinol Metab
1973; 37: 276-285.

170. Donaubauer AJ, Becker I, Weissmann T, Fréhlich BM, Mufioz LE, Gryc T, Denzler M, Ott OJ, Fietkau R, Gaipl US, Frey B. Low Dose
Radiation Therapy Induces Long-Lasting Reduction of Pain and Immune Modulations in the Peripheral Blood - Interim Analysis
of the IMMO-LDRTO1 Trial. Front Immunol 2021; 12: 740742.

171. Dong Q, Zhang Y, Sun C, Guo J. Gorham-Stout syndrome affecting the left mandible: A case report. Exp Ther Med 2013; 5: 162-
164.

172. Doppman JL, Oldfield EH, Heiss JD. Symptomatic vertebral hemangiomas: treatment by means of direct intralesional injection of
ethanol. Radiology 2000; 214: 341-348.

173.  Dorfman HD, Steiner GC, Jaffe HL. Vascular tumors of bone. Hum Pathol 1971; 2: 349-376.

174. Dorwart RH, Genant HK, Johnston WH, et al. Pigmented villonodular synovitis of synovial joints: clinical, pathologic, and
radiologic features. Am J Roentgenol 1984; 143: 877-885.

175.  Dunbar SF, Rosenberg A, Mankin H, et al. Gorham's massive osteolysis: the role of radiation therapy and a review of the
literature. Int J Radiat Oncol Biol Phys 1993; 26: 491-497.

176. Duplay ES. De la périarthritis scapulohumérale et des raideurs de I'épaule qui en sont la consequence. Arch Gén Méd 1872; 20:
513-542.

177. Dupuytren G. Lecons orales de clinique chirurgicale faites a I'Hotel-Dieu de Paris. Vol. . Paris: Germer Bailliere: 1832.

178. Dupuytren G. Permanent retraction of the fingers, produced by an affection of the palmar fascia. Lancet 1834; 2: 222-225.

179. Duraisamy D, Veerasamy JS, Rajiah D, Mani B. Vanishing mandible: A rare case report with accent to recent concepts on
aetiopathogenesis. J Clin Diagn Res 2015; 9: 25-27.

180. Diirr HR, Krédel A, Troullier H, et al. Fibromatosis of the plantar fascia: diagnosis and indications for surgical treatment. Foot
Ankle Int 1999; 20: 13-17.

181. Eckert D, Rapp F, Tsedeke AT, Kraft D, Wente |, Molendowska J, Basheer S, Langhans M, Meckel T, Friedrich T, Donaubauer AJ,
Becker I, Frey B, Fournier C. Modulation of Differentiation and Bone Resorbing Activity of Human (Pre-) Osteoclasts After X-Ray
Exposure. Front Immunol 2022; 13: 817281.

182. Eckert D, Rapp F, Tsedeke AT, Molendowska J, Lehn R, Langhans M, Fournier C, Rédel F, Hehlgans S. ROS- and Radiation Source-
Dependent Modulation of Leukocyte Adhesion to Primary Microvascular Endothelial Cells. Cells 2021;11(1): 72.

183. Ege Rasmussen KJ, Fano N. Trochanteric bursitis. Treatment by corticosteroid injection. Scand J Rheumatol 1985; 14: 417-420.

184. Ehrenstein V, Andersen SL, Oazi |, et al. Tenosynovial Giant Cell Tumor: Incidence, prevalence, patient characteristics, and
recurrence. A registry-based cohort study in Denmark. J Rheumatol 2017; 44: 1476-1483.

185. Ellati R, Attili A, Haddad H, et al. Novel approach of treating Gorham-Stout disease in the humerus-Case report and review of
literature. Eur Rev Med Pharmacol Sci 2016; 20: 426-432.

186. Elumogo CO, Knochenderfer JN, Civelek AC, Bluemke DA. Pigmented villonodular synovitis mimics metastases on fluorine 18
fluorodeoxyglucose position emission tomography-computed tomography. Quant Imaging Med Surg 2016; 6: 218-223.

187. Emani B et al: Tolerance of normal tissue to therapeutic irradiation. Int J Radiat Oncol Biol Phys. (1991); 15;21(1):109-22.

188.  Enzinger FM, Shiraki M. Musculo-aponeurotic fibromatosis of the shoulder girdle (extra-abdominal desmoid). Analysis of thirty
cases followed up for ten or more years. Cancer 1967; 20: 1131-1140.

189. Erickson BA, Harris GJ, Lewandowski MF, et al. Echographic monitoring of response of extraocular muscles to irradiation in
Graves' ophthalmopathy. Int J Radiat Oncol Biol Phys 1995; 31: 651-660.

190. Esser A Molls M, Benker M. szuantitative results after consecutive corticoid and radiotheraex for endocrine oghthalmogathx.
S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 124



Guideline
e
Fortschr Ophthalmol 1988; 85: 323- 326.

191. EsserJ, Sauerwein W, Olbricht T. Corticoid and radiation therapy in endocrine orbitopathy. Nuclear Medicine 1995; 18: 163-177.

192. Esser J. Endocrine orbitopathy. Surgical interventions on the external eye muscles. Ophthalmologist 1994; 91: 3-19.

193. Falter E, Herndl E, Miihlbauer W. Dupuytren's contracture. When to operate? Conservative treatment? Fortschr Med 1991;
109: 223-236.

194. FarahtiJ, Schneider P, Reiners Ch. Radionuclide therapy in inflammatory joint diseases. Dtsch Arztebl 2006; 103: 2361.

195.  Faria SL, Schlupp WR, Chiminazzo H, Jr. Radiotherapy in the treatment of vertebral hemangiomas. Int J Radiat Oncol Biol Phys
1985; 11: 387-390.

196. Farr D, Selesnick H, Janecki C, et al. Arthroscopic bursectomy with concomitant iliotibial band release for the treatment of
recalcitrant trochanteric bursitis. Arthroscopy 2007; 23: 905, e1-5.

197. Faruqgi T, Dhawan N, Bahl J, et al. Molecular, phenotypic aspects and therapeutic horizons of rare genetic bone disorders.
Biomed Res Int 2014; 2014: 670842.

198. Fass D, Steinfeld A, Brown J, Tessler A. Radiotherapeutic prophylaxis of estrogen-induced gynecomastia: a study of late
sequela. Int J Radiat Oncol Biol Phys 1986; 12: 407-408.

199. Feldon SE, Unséld R. Graves'ophthalmopathy evaluated by infrared eye-movement recordings. Arch Ophthalmol 1982; 100:
324-328.

200. Feleus A, Bierma-Zeinstra SM, Miedema HS et al. Incidence of non-traumatic complaints of arm, neck and shoulder in general
practice. Man Ther 2008; 13: 426-433.

201. Fetsch JF, Laskin WB, Miettinen M. Palmar-plantar fibromatosis in children and preadolescents: a clinicopathologic study of 56
cases with newly recognized demographics and extended follow-up. Am J Surg Pathol 2005; 29: 1095-1105.

202. Feyerabend T, Richter E, Buschmann W, et al. The role of radiotherapy in endocrine orbitopathy. Clin Mbl Ophthalmology
1989; 195: 1-6.

203. Fidelix TSA, Soares B, Fernandes Moca Trevisani V. Diacerein for osteoarthritis. Cochrane Database of Systematic Reviews
2006, Issue 1. art. No.: CD005117. DOI: 10.1002/14651858.CD005117.pub2.

204.  Finck KW. On the question of Dupuytren's finger contacture and its treatment with radium. Strahlenther 1955; 97: 608-612.

205.  Finney R. Dupuytren's contracture. BJR 1955; 28: 610-614.

206. Fiocco U, Oliviero F, Sovran F, Scagliori E, Pagnin E, Vezzu M, et al. Intra-articular treatment with the TNF-alpha antagonist,
etanercept, in severe diffuse pigmented villonodular synovitis of the knee. Reumatismo 2006; 58: 268-274.

207. Fionda B, Rembielak A. Is There Still a Role for Radiation Therapy in the Management of Benign Conditions? Clinical Oncology
2022; https://doi.org/10.1016/j.clon.2022.09.051.

208. Fischer U, Kamprad F, Koch F, Ludewig E, Melzer R Hildebrandt G. The effects of low-dose Co-60 irradiation on the course of
aseptic arthritis in a rabbit knee joint. Strahlenther Onkol 1998; 174: 633-639.

209. Fisher KL, Pogrel MA. Gorham's syndrome (massive osteolysis): a case report. J Oral Maxillofac Surg 1990; 48: 1222-1225.

210. Flérchinger A, Bottger E, ClaaR-Bottger F, et al. Gorham-Stout syndrome of the spine. Case report and review of the literature.
R6Fo 1998; 168: 68-76.

211.  Folley J, Borges W, Yamawaki T. Incidence of leukemia in survivors of the atomic bomb. Am J Med. 1952;13: 311-321.

212. Forbes AP. Chemotherapy, testicular damage and gynecomastia: an endocrine "black hole". N Engl ] Med 1978; 299: 42-43.

213. Foster BL, Ramnitz MS, Gafni Rl, et al. Rare bone diseases and their dental, oral, and craniofacial manifestations. J Dent Res
2014; 93 (Suppl.): 7S- 19S.

214. Fox L. The role of arthroscopic bursectomy in the treatment of trochanteric bursitis. Arthroscopy 2002; 18: E34.

215.  Fox MW, Onofrio BM. The natural history and management of symptomatic and asymptomatic vertebral hemangiomas. J
Neurosurg 1993; 78: 36-45.

216. Fradet Y, Egerdie B, Andersen M, et al. Tamoxifen as prophylaxis for prevention of gynaecomastia and breast pain associated
with bicalutamide 150 mg monotherapy in patients with prostate cancer: a randomised, placebo-controlled, dose-response
study. Eur Urol 2007; 52: 106-114.

217. Fransen M, McConnell S, Hernandez-Molina G, Reichenbach S. Exercise for osteoarthritis of the hip. Cochrane Database of
Systematic Reviews 2009, Issue 3. art. No.: CD007912. DOI: 10.1002/14651858.CD007912.

218. Fransen M, McConnell S. Exercise for osteoarthritis of the knee. Cochrane Database of Systematic Reviews 2008, Issue 4. art.
No.: CD004376. DOI: 10.1002/14651858.CD004376.pub?2.

219. Fransen M, Neal B. Non-steroidal anti-inflammatory drugs for preventing heterotopic bone formation after hip arthroplasty.
Cochrane Database of Systematic Reviews 2004; CD001160.

220. Fredrik K et al: Sarcoma of the breast: breast cancer history as etiologic and prognostic factor-A population-based case-control
study. Breast Cancer Research and Treatment (2020) 183:669-675.

221.  Frey B, Gaipl US, Sarter K, et al. Whole-body low dose irradiation improves the course of incipient polyarthritis in human TNF-
transgenic mice. Autoimmunity 2009; 42: 346-348.

222.  Frey B, Hehlgans S, Rodel F, Gaipl US. Modulation of inflammation by low and high doses of ionizing radiation: implications for
benign and malign diseases. Cancer Lett 2015; 368: 230-237.

223.  Frey B, Ruckert M, Deloch L, Ruhle PF, Derer A, Fietkau R, Gaipl US. Immunomodulation by ionizing radiation-impact for design
of radio-immunotherapies and for treatment of inflammatory diseases. Immunol Rev 2017; 280: 231-248.

224.  Fricke A, Lehner GM, Stark GB, Penna V. Long-term follow-up of recurrence and patient satisfaction after surgical treatment of
gynecomastia. Aesthetic Plast Surg 2017; 41: 491-498.

225.  Fricke A, Lehner GM, Stark GB. Penna V. Gynecomastia: histological appearance in different age groups. J Plast Surg Hand Surg
2018; 52: 166-171.

226. Fried G. The radiotherapy of arthritis. Strahlenther 1934; 49: 634-675.

227. Friedman M, Ginzler A. Xanthogranuloma of the knee joint. Bull Hosp Joint Dis 1940; 1: 17-22.

228. Friedrich A, Kamprad F, Goldmann A. Clinical importance of radiotherapy in the treatment of Graves' Disease. In: Wiegel T,
Bornfeld N, Foerster MH, Hinkelbein W (eds.): Radiotherapy of ocular disease. Front Radiat Ther Oncol. Basel: Karger 1997; 30:
206-217.

229. Fritsch R, Hassenstein E, Dausch D. Results of retrobulbar irradiation in benign endocrine oghthalmogathx. Strahlenther 1981;
S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 125



Guideline

230.
231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.
244.

245.
246.

247.
248.
249.
250.
251.
252.
253.
254.
255.
256.
257.

258.

259.

260.

261.

262.

263.

264.

265.
266.

157: 305-309.

Fujiwara N Kobayashi K. Macrophages in inflammation. Curr Drug Targets Inflamm Allergy 2005; 4: 281-286.

Furia JP, Rompe JD, Maffulli N. Low-energy extracorporeal shock wave as treatment for greater trochanter pain syndrome. Am
J Sports Med 2009; 37: 1806-1813.

Gabbiani G, Ryan GB, Majno G. Presence of modified fibroblasts in granulation tissue and their possible role in wound
contraction. Experimentia 1971; 27: 549-550.

Gagnon JD, Moss WT, Stevens KR. Pre-estrogen breast irradiation for patients with carcinoma of the prostate: a critical review.
J Urol 1979; 121: 182-184.

Gaipl US, Meister S, Lodermann B, et al. Activation-induced cell death and total Akt content of granulocytes show a biphasic
course after low-dose radiation. Autoimmunity 2009; 42: 340-342.

Galvin R, Callaghan C, Chan WS, et al. Injection of botulinum toxin for treatment of chronic lateral epicondylitis: systematic
review and meta-analysis. Semin Arthritis Rheum 2011; 40: 585-587.

Gangai MP, Shown TE, Sieber PE, Moore CA. External irradiation: a successful modality in preventing hormonally induced
gynecomastia. J Urol 1967; 97: 338-340.

Gao L, Quan S, Tang Z, et al. A meta-analysis of extracorporeal shock wave therapy for Peyronie's disease. Int J Impot Res
2016;28: 161-166.

Garber RL. Some observations on roentgen therapy of bursitis and peritendinitis calcarea of the shoulder. Ohio State Med J
1952; 48: 918-919.

Garrity JA, Bartley GB, DeSanto LW, et al. Orbital compression. Long-term results. In: Wall JR, How J (eds.): Graves'
ophthalmopathy. Cambridge (MA): Blackwell Scientific Publications 1990: 171-182.

Gartner C, Schittauf M, Below M, et al. The radiotherapeutic treatment of chronically relapsing, degenerative skeletal changes
at the Oncology Clinic (Charite). Radiobiol Radiother 1988; 29: 689-698.

Gartner C, Schittauf M, Below M, Motorina LA, Michina ZP. On radiotherapeutic treatment of chronic recurrent degenerative
skeletal lesions at the Clinic of Oncology (Charité). Radiobiol Radiother 1988; 29: 687-696.

Gehl HB, Karstens JH, Casser HR, Savvidis E, Ammon J. The prevention of ectopic ossification in total hip endoprostheses.
Studies on field volume, total dosage and timing of postoperative radiotherapy. Rontgenpraxis 1991; 44(4): 117-121.

Yellow LJ. X-ray therapy of arthritis and bursitis. Med Record 1947; 60: 344-350.

Geldmacher J. Limited fasciectomy. In: Berger A, Delbriick A, Brenner P, Hinzmann R (Eds.): Dupuytren's disease. Berlin-
Heidelberg: Springer-Verlag 1994: 257-263.

Gerber JM, Herrin SO. Conservative treatment of calcific trochanteric bursitis. J Manipulative Physiol Ther 1994; 17: 250-252.
Gerling J, Jung E, Kommerell G. Retrobulbar irradiation in endocrine orbitopathy: literature review and approach for a
prospective study. Z Prakt Augenheilk 1993; 14: 265-272.

Giannoudis PV, Grotz MR, Papakostidis C, Dinopoulos H. Operative treatment of displaced fractures of the acetabulum.

A meta-analysis. J Bone Joint Surg Br 2005; 87(1): 2-9.

Given-Wilson R, Pope RM, Michell MJ, et al. The use of real-time orbital ultrasound in Graves's ophthalmopathy: A comparison
with computed tomography. Br J Radiol 1989; 62: 705-709.

Glanzmann C, Rust M, Horst W. Radiotherapy for angiomas of the spine: results in 62 patients from 1939-1975. Strahlenther
1977; 53: 522-525.

Glasgow GP, Perez CA. In: Perez CA, Brady LW (Eds.): Principles and Practice of Radiation Oncology. J. B. Lippincott Company
New York: 1992.

Glatzel M, Baesecke S, Krauss A, et al. Results of radiotherapy for refractory insertional tendopathy of the trachanter major.
Strahlenther Onkol 2000; 176 (special no. 1): 92.

Glatzel M, Basecke S, et al. Radiotherapy of the painful plantar heel spur. BenigNews 2001; 2: 18-19.

Glatzel M, Frohlich D, Basecke S, et al. Results of radiotherapy for gonarthrosis. Strahlenther Onkol 2001 (Special No. 1); 177: 27.
Godette GA, O'Sullivan M, Menelaus MB. Plantar fibromatosis of the heel in children: a report of 14 cases. J Pediatr Orthop
1997; 17: 16-17.

Gogna P, Gaba S, Mukhopadhyay R, Gupta R, Rohilla R, Yadav L. Plantar fasciitis: A randomized comparative study of platelet
rich plasma and low dose radiation in sportspersons. Foot. 2016; 28:16-19. doi:10.1016/j. foot.2016.08.002.

Goldie I, Rosengren B, Moberg E, et al. Evaluation of the radiation treatment of painful conditions of the locomotor system.
Acta Radiol Ther Phys Biol 1970; 9: 311-322.

Gorham LW, Stout AP. Massive osteolysis (acute spontaneous absorption of bone, phantom bone, disappearing bone). J Bone
Joint Surg Am 1955; 37A: 985-1004.

Gorham LW, Wright AW, Shultz HH, et al. Disappearing bones: a rare from of osteolysis. Report of two cases, one with autopsy
findings. Am J Med 1954; 17: 674-682.

Gorlitz N, Schalldach U, Réssner B. The radiotherapy of periarthropathia humeroscapularis and epicondylitis humeri. Dtsch
Gesundheitsw 1981; 36: 901-903.

Gorman CA. Orbital radiotherapy for Graves' ophthalmopathy: a randomized, double blind, prospective, clinical trial. Int
Symposium on Graves' ophthalmopathy. Amsterdam, NL, Nov 27-28: 1998.

Govaert LHM, van der Vis HM, Marti RK, et al. Trochanteric reduction osteotomy as a treatment for refractory trochanteric
bursitis. J Bone Joint Surg Br 2003; 85-B: 199-203.

Goy BW, Lee SP, Eilber F, et al. The role of adjuvant radiotherapy in the treatment of resectable desmoid tumors. Int J Radiat
Oncol Biol Phys 1997; 39: 659-665.

Goy BW, Lee SP, Fu YS, Selch MT, Eilber F. Treatment results of unresected or partially resected desmoid tumors. Am J Clin
Oncol 1998; 21: 584-590.

Grand EJ et al: Solid Cancer Incidence among the Life Span Study of Atomic Bomb Survivors: 1958-2009. RADIATION RESEARCH
2017; 187, 513-537.

Grasshoff H. The success of X-ray therapy in arthrosis deformans. Dtsch Gesundheitsw 1970; 25: 1838-1841.

Grauer S. Clinic and radiotherapy of omarthritis. Strahlenther 1928; 29: 172-179.

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 126



Guideline

267.
268.

269.

270.

271.

272.

273.
274.

275.

276.

2171.
2178.
279.

280.

281.
282.

283.
284.
285.
286.
281.
288.
289.
290.
291.

292.
293.

294.

295.

296.

297.

298.
299.
300.

301.

302.
303.
304.
305.

306.

307.

308.

Grauthoff H, Wuttke H, Frommhold H. Radiotherapy of endocrine orbitopathy. Strahlenther 1980; 156: 226-234.

Greenberg HM, Goebel R, Weichselbaum RR, Greenberger JS, Chaffey JT, Cassady JR. Radiation therapy in the treatment of
aggressive fibromatoses. Int J Radiat Oncol Biol Phys 1981; 7: 305-310.

Gripp S, Doeker R, Glag M, et al. Conventional and virtual simulation in retrobulbar irradiation. Strahlenther Onkol 2000; 176:
131-134.

Grussendorf M, Nowoczyn V, Horster FA, Kriiskemper HL. Standardization and evaluation of clinical findings in patients with
endocrine ophthalmopathy. Akt Endokr 1988; 9: 35-44.

Grussendorf M, Nowoczyn V, Horster FA, Kriiskemper HL. Standardization and evaluation of clinical findings in patients suffering
from Graves' ophthalmopathy. In: Pickardt C, Boergen K (eds.): Graves' ophthalmopathy developments in diagnostic methods
and therapeutic procedures. Dev Opthalmol. Basel: Karger 1989; 20: 8-12.

Guss CE, Divasta AD. Adolescent Gynecomastia. Pediatr Endocrinol Rev 2017; 14: 371-377.

Kind C. Contribution to the treatment of epicondylitis. Medizinische Klinik 1923; 16.

Habermehl D, Habl G, Eckstein H-H, Meisner F, Combs SE. Radiotherapeutic management of lymphatic fistulas. Surgeon 2017;
88:311-316. doi 10.1007/s00104-016-0352-5.

Hackenberg L, Schafer U, Micke O, Liljenqvist U. Radiotherapy for pain in chronic, degenerative low back pain syndrome-results
of a prospective randomized study. Z Orthop Ihre Grenzgeb 2001; 139: 294-297.

Hackert T, Werner J, Loos M, et al. Successful doxycycline treatment of lymphatic fistulas: report of five cases and review of the
literature. Arch Surg 2006; 391: 435-438.

Haedicke GJ, Sturim HS. Plantar fibromatosis: an isolated disease. Plast Reconstr Surg 1989; 83: 296-300.

Hagberg H, Lamberg K, Astrom G. Alpha-2b interferon and oral clodronate for Gorham's disease. Lancet 1997; 350: 1822-1823.
Hall, E.J. Intensity-modulated radiation therapy, protons, and the risk of second cancers. Int. J. Radiat. Oncol. Biol. Phys. 2006,
65, 1-7.

Hallin ES, Feldon SE. Graves' ophthalmopathy: I. Simple CT estimates of extraocular muscle volume. Br J Ophthalmol 1988; 72:
674-677.

Hamilton PG. The prevalence of humeral epicondylitis: a survey in general practice. J R Coll Gen Pract 1986; 36: 464-465.
Hamlin BR, Duffy GP, Trousdale RT, et al. Total knee arthroplasty in patients who have pigmented villonodular synovitis. J Bone
Joint Surg Am 1998; 80A: 76-82.

Hammer F, Kenn W, Wesselmann, et al. Gorham-Stout disease - stabilization during bisphosphonate treatment. J Bone Miner
Res 2005; 20: 350-353.

Harner SG. Orbital decompression techniques. In: Gorman CA, Cambell RJ, Dyer JA (eds.) The eye and orbit in thyroid disease.
New York: Raven Press 1984: 221-230.

Harris WH. Traumatic arthritis of the hip after dislocation and acetabular fractures: treatment by mold arthroplasty. An end-
result study using a new method of result evaluation. J Bone Joint Surg Am 1969; 51: 737-755.

Harrison MJ, Eisenberg MB, Ullman JS, et al. Symptomatic cavernous malformations affecting the spine and spinal cord.
Neurosurgery 1995; 37: 195-205.

Hartweg H, Faust H, Renner K, et al. On the radiotherapy of gonarthrosis. Radiotherapy 1973; 145: 373-377.

Hassan MO, Olaizola MY. Ultrastructural observations on gynecomastia. Arch Pathol Lab Med 1979; 103: 624-630.

Hassenstein E. Radiation treatment of inflammatory diseases-still indicated today? Med Clin 1976; 71: 1117-1119.
Hatzimouratidis K, Eardley |, Giuliano F et al. EAU guidelines on penile curvature. Eur Urol 2012; 62:543-552.

Hauptmann A, Diemer T, Weidner W. Current therapeutic options for induratio penis plastica. Urologist 2013; 52: 1406-1415
Hauri D, Zingg E. Nipple irradiation in hormone treatment of prostate carcinoma. Schweiz med Wschr 1971; 101: 571-572.
Hausmann R, Hauck E, Weidner W. Extracorporeal shock wave therapy in Peyronie's disease: no convincing results. Akt Urologie
2004; 35: 356-357.

Hautmann MG, Neumaier U, Kolbl O. Re-irradiation for painful heel spur syndrome. Retrospective analysis of 101 heels.
Strahlenther Onkol 2014; 190(3): 298-303. doi:10.1007/s00066-013-0462-7.

Hawke F, Burns J, Radford JA, du Toit V. Custom-made foot orthoses for the treatment of foot pain. The Cochrane database of
systematic reviews. 2008(3):CD006801. doi:10.1002/14651858. CD006801. Pub 2.

Healy WL, Lo TC, DeSimone AA, Rask B, Pfeifer BA. Single-dose irradiation for the prevention of heterotopic ossification after
total hip arthroplasty. A comparison of doses of five hundred and fifty and seven hundred centigray. J Bone Joint Surg Am 1995;
77(4): 590-595.

Heinze HG, Pickardt CR, Brand H. Radiotherapy of endocrine ophthalmopathy with 18 MeV bremsstrahlung. Strahlenther 1974;
148: 226-234.

Helvie WW, Ochsner SF. Radiation therapy in Peyronie's disease. South Med J 1972; 65: 1192-1196.

Hengartner MO. The biochemistry of apoptosis. Nature 2000; 407: 770-776.

Herbst M, Regler G. Dupuytren's contracture. Radiotherapy of the early stages. Radiotherapy 1986; 161: 143-147.

Hermann RM, Meyer A, Becker A, Schneider M, Reible M, Carl UM, et al. Effect of field size and length of plantar spur on
treatment outcome in radiation therapy of plantar fasciitis: the bigger the better? International journal of radiation oncology,
biology, physics. 2013; 87(5): 1122-1128. doi:10.1016/j. ijrobp.2013.08.042.

Herrmann Th., Baumann M., Dorr W. Clinical Radiation Biology. 4th edition, Urban and Fischer, 2006

HeR F, Schnepper E. Success and long-term results of radiotherapy of periarthritis humeroscapularis. Radiologe 1988; 28: 84-86.
HeR F. Radiotherapy of coxarthrosis. Radiologist 1974; 14: 379-382.

Hess P, Bonmann KH. The radiotherapy of arthroses, spondyloses, periarthritis humeroscapularis and epicondylitis. Radiotherapy
1955; 96: 75-81.

Hesselkamp J, Schulmeyer M, Wiskemann A. Radiotherapy of Dupuytren's contracture in stage |. Therapy Week 1981; 31: 6337-
6338.

Heufelder AE, Schworm HD, Hofbauer LC. Endocrine orbitopathy: current status on pathogenesis, diagnosis and therapy. Dtsch
Arztebl 1996; 93: 1043-1049.

Heyd R, Dorn AP, Herkstroter M, Rédel C, Miiller-Schimpfle M, Fraunholz I. Irradiation in early stages of Ledderhose disease.
Strahlenther Onkol 2010; 186: 24-29.

e ——

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 127



Guideline
e

309. Heyd R, Micke O, Berger B, et al. Radiation therapy in the treatment of pigmented villonodular synovitis (PVNS). Results of a
national patterns of care study. Int J Radiat Oncol Biol Phys 2010; 78: 199-204.

310. Heyd R, Micke O, Seegenschmiedt MH. Value of external radiotherapy in adjuvant treatment of pigmented villonodular synovitis.
Z Orthop Unfallchir 2011; 149: 677-682.

311. Heyd R, Micke O, Surholt C, et al. Radiation therapy for Gorham Stout syndrome: results of national patterns-of-care study and
literature review. In J Radiat Oncol Biol Phys 2011; 81: 179-185.

312. Heyd R, Rabeneck D, Dérnenburg O, et al. Gorham Stout syndrome of the pelvic girdle treated by radiation therapy. A case
report. Strahlenther Onkol 2011; 187:140-143.

313. Heyd R, Schopohl B, Béttcher HD. Radiotherapy for periarthropathia humeroscapularis (PHS). Indication, technique, own results,
literature review. Rontgenpraxis 1998; 51: 403-412.

314. Heyd R, Schopohl B, Kirchner J, et al. Radiotherapy of epicondylopathy of the humerus. Dtsch Med Wochenschr 1997; 122: 247-
252.

315. Heyd R, Seegenschmiedt MH, Rades D, et al. The value of radiotherapy for symptomatic vertebral body hemangiomas (sWKH).
Strahlenther Onkol 2010; 186: 430-435.

316. Heyd R, Seegenschmiedt MH, Rades D, et al. Radiotherapy for symptomatic vertebral hemangiomas. Results of a multicenter
study and literature review. Int J Radiat Oncol Biol Phys 2010; 77: 217-225.

317. Heyd R, Seegenschmiedt MH. Epicondylopathia humeri radialis: efficancy of radiation therapy. MMW Fortschr Med 2010; 152:
37-39.

318. Heyd R, Seegenschmiedt MH. Vertebral hemangioma (SVH). In: Seegenschmiedt MH, Makoski HB, Trott KR, Brady LW (Eds.):
Radiotherapy for non-malignant disorders. Contemporary concepts and clinical results. Berlin Heidelberg New York: Springer-
Verlag 2008: 425-440.

319. Heyd R, Strassmann G, et al. Radiotherapy in the management of inflammatory calcaneal heel spurs: results of a prospective
study. In: Seegenschmiedt MH, Makoski HB (eds.): 15th Colloquium Radiooncology/Radiation Therapy, Radiotherapy of Benign
Diseases. Altenberge: Diplodocus-Verlag 2001: 173-183.

320. Heyden OD, Kindblom LG, Nielsen M. Disappearing bone disease. ) Bone Joint Surg Am 1977; 59A: 57-61.

321. Hildebrandt G, Loppnow G, Jahns J, Hindemith M, Anderegg U, Saalbach A, Kamprad F. Inhibition of the iNOS pathway in
inflammatory macrophages by low-dose X-irradiation in vitro. Is there a time dependence? Strahlenther Onkol 2003; 179: 158-
166.

322. Hildebrandt G, Maggiorella L, Rédel F, Rédel V, Willis D Trott KR. Mononuclear cell adhesion and cell adhesion molecule liberation
after X-irradiation of activated endothelial cells in vitro. Int J Radiat Biol 2002; 78: 315-325.

323. Hildebrandt G, Radlingmayr A, Rosenthal S, et al. Low-dose radiotherapy (LD-RT) and the modulation of iNOS expression in
adjuvant-induced arthritis in rats. Int J Radiat Biol 2003; 79: 993-1001.

324. Hildebrandt G, Seed MP, Freemantle CN, et al. Effects of low dose ionizing radiation on murine chronic granulomatous tissue.
Radiation Therapy Oncology 1998; 174: 580-588.

325.  Hildebrandt G, Seed MP, Freemantle CN, et al. Mechanisms of the anti-inflammatory activity of low-dose radiation therapy. Int
J Radiat Biol 1998; 74: 367-378.

326. Hill DR, Newman H, Phillips TL. Radiation therapy of desmoid tumors. Am J Roentgenol Radium Ther Nucl Med 1973; 117: 84-
89.

327. Hill R, Healy B, Holloway L, et al. Advances in kilovoltage x-ray beam dosimetry. Phys Med Biol 2014; 59: 183-231.

328. Hirayama T, Sabokbar A, Itonaga |, et al. Cellular and humoral mechanisms of osteoclast formation and bone resorption in
Gorham-Stout disease. J Pathol 2001; 195: 624-630.

329. Hodges FM, Boyer RA. Roentgen therapy of bursitis. Virginia Med Month 1948; 75: 547-549.

330. Hoffmann W, Weidmann B, Schmidberger H, Niederle N, Seeber S, Bamberg M. The clinical picture and therapy of aggressive
fibromatosis (desmoids). Strahlenther Onkol 1993; 169: 235-241.

331. Holroyd |, Dillon M, Roberts GJ. Gorham's disease: a case (including dental presentation) of vanishing bone disease. Oral Surg
Oral Med Oral Pathol 2000: 89: 125-129.

332. Holt JE, O'Connor PS, Douglas JP, Byrne B. Extraocular muscle size comparison using standardized A-scan echography and
computed tomography scan measurements. Ophthalmology 1985; 92: 1351-1355.

333.  Holthusen H. Involvement of the NO/cyclic GMP pathway in bradykinin-evoked pain from veins in humans. Pain 1997; 69: 87-
92.

334. Honger B, Schwegler N. Experience with prophylactic irradiation of the breast in prostate carcinoma patients being treated
with estrogens. Helv Chir Acta 1980; 47: 427-430.

335.  Horoschak M, Tran PT, Bachireddy P, et al. External beam radiation therapy enhances local control in pigmented villonodular
synovitis. Int J Radiat Oncol Biol Phys 2009; 75: 183-187.

336. Horst W, Glanzmann C. Diagnosis and therapy of endocrine ophthalmopathy. Therapy Week 1982; 32: 4848-4855.

337. Horster FA, Wildmeister W. Endocrine orbitopathy. Dtsch Med Wschr 1983; 108: 413-415.

338. Horton JL. In: Aird EG, Williams JR. In: Williams JR, Thwaites DI (Eds.): Radiotherapy Physics in Practice. Oxford Medical
Publications: 1994.

339.  Hu P, Yuan XG, Hu XY, et al. Gorham-Stout syndrome in mainland China: a case series of 67 patients and review of the
literature. J Zhejiang Univ Sci B 2013; 14: 729-735.

340. Hueston JT. Dupuytren's contracture and occupation. ) Hand Surg [Am] 1987; 12: 657-658.

341. Huggins C, Hodges CV. Studies on prostate cancer. |. The effect of castration, of estrogen androgen injection on serum
phosphatases in metastatic carcinoma of the prostate. Cancer Res 1941; 1: 293-297.

342. Hulme JM, Welch V, de Bie R, Judd M, Tugwell P. Electromagnetic fields for the treatment of osteoarthritis. Cochrane Database
of Systematic Reviews 2002, Issue 1. art. No.: CD003523. DOI: 10.1002/14651858.CD003523.

343.  Hurbli T, Char DH, Harris J. Radiation therapy for thyroid eye diseases. Am J Ophthalmol 1985; 99: 633-637.

344. ICRP(1991): 1990 Recommendations of the International Commission on Radiological Protection. ICRP Publication 60. Pergamon
Press, Oxford 1991 - German translation: Empfehlungen der Internationalen Strahlenschutzkommission 1990. G. Fischer:
Stuttgart: 1993.

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 128



Guideline

345.

346.

347.
348.
349.
350.
351.

352.
353.

354.
355.
356.
357.
358.
359.
360.

361.
362.

363.
364.
365.

366.

367.

368.

369.
370.

371.
372.

373.

374.
375.

376.

377.

378.
379.

380.

381.

382.

383.
384.

385.

ICRP (2007): The 2007 Recommendations of the International Commission on Radiological Protection. ICRP Publication 103.
Annals of the ICRP, 2008.

ICRP (2012) PUBLICATION 118: ICRP Statement on Tissue Reactions and Early and Late Effects of Radiation in Normal Tissues and
Organs - Threshold Doses for Tissue Reactions in a Radiation Protection Context Volume 41, Issues 1-2, Pages 1-322 (February-
April 2012).

ICRU 42: Use of Computers in External Beam Radiotherapy Procedures with High-Energy Photons and Electrons, ICRU report 42,
1987.

ICRU 50: Prescribing, recording and reporting photon beam therapy, ICRU report 50, 1993. International Commission on
Radiation Units and Measurements, Bethesda, Maryland, September 1, 1993.

ICRU 51: Quantities and Units in Radiation Protection Dosimetry, ICRU report 51, 1993.

ICRU 62: Prescribing, recording and reporting photon beam therapy (Supplement to ICRU report 50), ICRU report 62, 1999.
ICRU 71: Prescribing, recording and reporting Electron beam therapy, ICRU report 71, 2004.

Ilahi OA, Strausser DW, Gabel GT. Post-traumatic heterotopic ossification about the elbow. Orthopedics 1998; 21(3): 265-268.
llse Degreef. Collagenase Treatment in Dupuytren Contractures: A Review of the Current State Versus Future Needs.
Rheumatol Ther 2016 Jun; 3(1): 43-51.

In: Zamboglou N, Lukas P, Kolotas G, in Bamberg M, Molls M, Sack H (eds): Radiooncology. Munich: W. Zuckerschwerdt-Verlag:
2004.

Incrocci L, Hop CJ, Slob AK. Current sexual functioning in 106 patients with Peyronie’s disease treated with radiotherapy 9
years earlier. Urology 2000; 56: 1030-1034.

Incrocci L, Hop WC, Seegenschmiedt MH. Radiotherapy for Peyronie's disease, a European survey. Acta Oncol 2008; 47: 1110-
1112.

Incrocci L, Wijnmaalen A, Slob AK, et al. Low-dose radiotherapy in 179 patients with Peyronie's disease: treatment outcome
and current sexual functioning. Int J Radiat Oncol Biol Phys 2000; 47: 1353-1356.

Incrocci L. Peyronie's disease. In: Seegenschmiedt MH, Makoski HB, Trott KR et al (eds): Radiotherapy for non-malignant
disorders. Berlin Heidelberg New York: Springer-Verlag 2008: 193-208.

Ingelfinger FJ. The randomised clinical trial. N Engl J Med 1972; 287: 100-101.

Insall JN, Dorr LD, Scott WN. Rationale of the Knee Society Clinical Rating System. Clin Orthop 1989; 248: 13-14.

Jackson JBS. A boneless arm. Boston Med Surg J 1838; 18: 368-369.

Jacob I, Micke O, Willich N. Analgesic irradiation in osteoarthritis of the fingers and hands. Dissertation, University of Miinster:
2009.

Jacobeit J, Kliesch S. Diagnosis and therapy of gynecomastia. J Reproductive Med Endocrinol 2009; 6: 63-67.

Jacobsen DH, Gorman CA. Diagnosis and management of endocrine ophthalmopathy. Med Clin North Am 1985; 69: 973-988.
Jaffe HL, Lichtenstein L, Sutro CJ. Pigmented villonodular synovitis, bursitis, and tenosynovitis. A discussion of the synovial and
bursal equivalents of the tenosynovial lesion commonly noted as xanthoma, xanthoranuloma, giant cell tumor or myeloplaxoma
of the tendon sheath lesion itself. Arch Pathol 1941; 31: 731-765.

Janinis J, Patriki M, Vini L, Aravantinos G, Whelan JS. The pharmacological treatment of aggressive fibromatosis: a systematic
review. Ann Oncol 2003; 14: 181-190.

Jansen JT, Broerse JJ, Zoetelief J, Klein C, Seegenschmiedt MH. Estimation of the carcinogenic risk of radiotherapy of benign
diseases from shoulder to heel. Radiother Oncol 2005; 76(3): 270-277.

Johansson L et. al. A cohort study with regard to the risk of haematological malignancies in patients treated with x-rays for benign
lesions in the locomotor system. Il. estimation of absorbed dose in the red bone marrow. Acta Oncol 1995;34(6):721-6
Johnson GW, Cadwallader K, Scheffel SB, Epperly TD. Treatment of lateral epicondylitis. Am Fam Physician 2007; 76: 843-848.
Johnston RE, Collis S, Peckham NH, et al. Plantar fibromatosis: literature review and unique case report. J Foot Surg 1992; 31:
400-406.

Jones A. Orbital x-ray therapy of progressive exophthalmos. Br J Radiol 1951; 24: 637-646.

Jones DL, Erhard RE. Diagnosis of trochanteric bursitis versus femoral neck stress fracture. Phys Ther 1997; 77: 58-67.

Jordan JL, Holden MA, Mason EEJ, Foster NE. Interventions to improve adherence to exercise for chronic musculoskeletal pain
in adults. Cochrane Database of Systematic Reviews 2010, Issue 1. art. No.: CD005956. DOI: 10.1002/14651858.CD005956.pub2.
Jorring K. Osteoarthritis of the hip. Epidemiology and clinical role. Acta Orthop Scand 1980; 51: 523-530.

Junghanns H. On the frequency of benign tumors in the vertebral bodies (angiomas, lipomas, ostéomas). Arch Klin Chir 1932;
169: 204-212.

Juntermanns B, Cyrek AE, Bernheim J, Hoffmann JN. Management of lymphatic fistulas in the groin region from a surgical
perspective. Surgeon 2017; 88: 582-586. doi 10.1007/s00104-017-0378-3.

Kadhum M, Smock E, Khan A, Fleming A. Radiotherapy in Dupuytren's disease: a systematic review of the evidence. J Hand
Surg Eur Vol. 2017 Sep; 42(7): 689-692.

Kagan AR. Back to the future: re-exploring radiotherapy for benign disease. Front Radiat Ther Oncol 2001; 35: 18-22.

Kahaly G, Forster G, Pitz S, Rosler HP, Mann W. Current interdisciplinary diagnosis and therapy of endocrine orbitopathy. Dtsch
Med Wschr 1997; 122: 27-32.

Kahaly G, Hansen C, Felke B, Dienes HP. Immunohistochemical staining of retrobulbar adipose tissue in Graves'
ophthalmopathy. Clin Immunol Immunopathol 1994; 73: 53-62.

Kahaly G, Résler HP, Kutzner J, et al. Radiotherapy for thyroid-associated orbitopathy. Exp Clin Endocrinol Diabetes 1999; 107
(Suppl. 5): 201-207.

Kahaly G, Résler HP, Pitz S, et al. Low versus high dose radiotherapy for Graves ophthalmopathy. J Clin Endocrinol Metab 2000;
85; 102-108.

Kahaly G, Stover C, Otto E, et al. Glycosaminoglycans in thyroid associated ophthalmopathy. Autoimmunity 1992; 13: 81-88.
Kalichman L, Bannuru RR, Severin M, Harvey W. Injection of botulinum toxin for treatment of chronic lateral epicondylitis:
systematic review and meta-analysis. Semin Arthritis Rheum 2011; 40: 532-538.

Kalman PG, Walker PM, Johston KW. Consequences of groin lymphatic fistulae after vascular reconstruction. Vasc Surg 1991;

b
S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 129



Guideline

386.

387.

388.

389.
390.

391.
392.

393.
394.

395.

396.

397.
398.

399.

400.
401.
402.

403.

404,
405.

406.

407.

408.

409.
410.
411.

412.

413.

414.

415.
416.

417.

418.
419.
420.
421.

422.
423.
424.

425.

Kaltenborn A, Carl UM, Hinsche T, Nitsche M, Hermann RM. Low-dose external beam radiotherapy for greater trochanteric
pain syndrome: target volume definition and treatment outcome. Strahlenther Onkol 2017, 193(4): 260-268.

Kamath SS, Parsons JT, Marcus RB, Zlotecki RA, Scarborough MT. Radiotherapy for local control of aggressive fibromatosis. Int J
Radiat Oncol Biol Phys 1996; 36: 325-328.

Kammerer R, Bollmann G, Schwenger P, et al. The results of radiotherapy of epicondylitis humeri using different dosages.
Radiobiol Radiother 1990; 31: 503-507.

Kammerer R. Radiotherapy of induratio penis plastica. Z Urol Nephrol 1988; 81: 323-328.

Kao SCS, Kendler DL, Nugent RA, et al. Radiotherapy in the management of thyroid orbitopathy. Computed tomography and
outcomes. Arch Ophthalmol 1993; 111: 819-823.

Karakousis CP, Mayordomo J, Zografos GC, Driscoll DL. Desmoid tumors of the trunk and extremity. Cancer 1993; 72: 1637-1641.
Karami M, Soleimani M, Shiari R. Pigmented villonodular synovitis in pediatric population: review of literature and a case
report. Pediatr Rheumatol Online J 2018; 16: 6.

Karlsson U, Kirby T, Orrison W, et al. Ocular globe topography in radiotherapy. Int J Rad Oncol Biol Phys 1995; 33: 705-712.
Kashuk KB, Pasternack WA. Aggressive infiltrating plantar fibromatosis. JAPA 1981; 70: 491-496.

Kato H, Shimizu Y (1995): Cancer mortality rates in atomic bomb survivors. In: Shigematsu |, Ito C, Kamada N, Akiyama M,
Sasaki H, eds. Effects of A-Bomb Radiation on the Human Body. Tokyo, Japan: Bunkodo 26-39.

Kaufman J, Messazos B, Sharples-Blissland N, Cameron F. Extreme physiological gynaecomastia in the neonate: observation
not intervention. J Paediatr Child Health 2015; 51: 1030-1032.

Kazim M, Trokel S, Moore S. Treatment of acute Graves' orbitopathy. Ophthalmology 1991; 98: 1443-1448.

Keilholz L, Seegenschmiedt MH, Born AD, Sauer R. Radiotherapy in early stage Dupuytren's disease. Indication and long-term
results. Strahlenther Onkol 1997; 173: 27-35.

Keilholz L, Seegenschmiedt MH, Sauer R. Radiotherapy in painful degenerative-inflammatory joint diseases. Strahlenther Onkol
1998; 174: 243-250.

Keim H. Report on Irradiation of Inflammations with the Telecobalt Apparatus. Strahlenther 1965; 127: 49-52.

Keinert K, Schumann E, Sell HJ. Radiotherapy of epicondylitis humeri. Dtsch Gesundheitsw 1975; 30: 224-226.

Kelami A. Classification of Peyronie's disease. In: Kelami A. Pryor-JP (Eds): Progress in reproductive biology and medicine. Basel
1977: Karger-Verlag: 109-112.

Keller S, Miiller K, Kortmann RD, Wolf U, Hildebrandt G, Liebmann A, Micke O, Flemming G, Baaske D. Efficacy of low-dose
radiotherapy in painful gonarthritis: experiences from a retrospective East German bicenter study. Radiat Oncol 2013; 8: 29.
Kellgren JH, Lawrence JS. Radiological assessment of osteoarthritis. Ann Rheum Dis 1957; 16: 494-501.

Kennerdell JS. Orbital decompression: an overview. In: Wall JR, How J (eds.): Graves' ophthalmopathy. Cambridge: Blackwell
Scientific Publications 1990: 159-170.

Kern P, Keilholz L, Forster C, Seegenschmiedt MH, Sauer R Herrmann M. In vitro apoptosis in peripheral blood mononuclear
cells induced by low-dose radiotherapy displays a discontinuous dose-dependence. Int J Radiat Biol 1999; 75: 995-1003.

Kern PM, Keilholz L, Forster C, Hallmann R, Herrmann M Seegenschmiedt MH. Low-dose radiotherapy selectively reduces
adhesion of peripheral blood mononuclear cells to endothelium in vitro. Radiother Oncol 2000; 54: 273-282.

Ketchum LD, Donahue TK. The injection of nodules of Dupuytren's disease with triamcinolone acetonide. J Hand Surg 2000; 25:
1157-1162.

Keus R, Bartelink H. The role of radiotherapy in the treatment of desmoid tumours. Radiother Oncol 1986; 7: 1-5.

Kiel KD, Suit HD. Radiation therapy in the treatment of aggressive fiboromatoses (desmoid tumors). Cancer 1984; 54: 2051-2055.
Kienapfel H, Koller M, Wist A, Sprey C, Merte H, Engenhart-Cabillic R, Griss P. Prevention of heterotopic bone formation after
total hip arthroplasty: a prospective randomised study comparing postoperative radiation therapy with indomethacin
medication. Arch Orthop Trauma Surg 1999; 119(5-6): 296-302.

Kier R. Magnetic resonance imaging of plantar fasciitis and other causes of heel pain. Magn Reson Imaging Clin N Am 1994; 2:
97-107.

Kim BJ, Kim TH, Kim DJ, et al. A successfully treated case of gorham-stout syndrome with sternal involvement. Korean J Thorac
Cardiovasc Surg 2015; 48: 90-94.

Kim DH, Byun IH, Lee WJ, et al. Surgical management of gynecomastia: subcutaneous mastectomy and liposuction. Aesthetic
Plast Surg 2016; 40: 877-884.

Kim JH et al: Radiation-induced soft-tissue and bone sarcoma. Radiology 1978; 129: 501-8.

Kim JW, Chun CH, Shim DM, et al. Arthroscopic treatment of lateral epicondylitis: comparison of the outcome of ECRB release
with and without decortication. Knee Surg Sports Traumatol Arthrosc 2011; 19: 1178-1183.

Kim JW, Lee KH, Woo YJ, et al. The Effect of Systemic Steroids and Orbital Radiation for Active Graves Orbitopathy on
Postdecompression Extraocular Muscle Volume. Am J Ophthalmol 2016; 171: 11-17.

King DJ. A case resembling skeletal hemangiomatosis of the lower extremity. J Bone Joint Surg Am 1946; 28A: 623-628.

King JC, Mahaffey CK. Treatment of peritendinitis: its diagnosis and treatment. South Med J 1953; 46: 469-474.

Kinyoun JL, Orcutt JC. Radiation retinopathy. JAMA 1987; 258: 610-611.

Kinzbrunner B, Ritter S, Domingo J, Rosenthal CJ. Remission of rapidly growing desmoid tumors after tamoxifen therapy.
Cancer 1983; 52: 2201-2204.

Kirschner MJ, Sauer R. The role of radiotherapy in the treatment of desmoid tumors. Strahlenther Onkol 1993; 169: 77-82.
Klein I, Klemes IS. Treatment of peritendinitis calcarea in the shoulder joint. Radiology 1941; 37: 325-330.

Klein 1. Treatment of peritendinitis calcarea of the shoulder joint by roentgen irradiation. Report of one hundred cases. Am J
Roentol 1946; 56: 366-375.

Klein WA, Miller HH, Anderson M, DeCosse JJ. The use of indomethacin, sulindac, and tamoxifen for the treatment of desmoid
tumors associated with familial polyposis. Cancer 1987; 60: 2863-2868.

Klevenhagen SC, Thwaites DI, Aukett RJ. Kilovoltage X-rays, In: Williams JR, Thwaites DI (Eds.): Radiotherapy Physics in Practice.
Oxford UK: Oxford University Press 2000: 99-117.

Klinken L. The periarthritis humeroscapularis and its treatment with X-rays. Strahlenther 1943; 72: 474-499.

Kocg Avdin A Sezon [ _Basargn H Kargcy Pa

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 130



Guideline
e

treatment outcome. SpringerPlus. 2014; 3: 21. doi: 10.1186/2193-1801-3-21.

429. Kogelnik HD. Surgery versus radiotherapy for patients with aggressive fiboromatosis or desmoid tumors. A comparative review
of 22 articles. Radiation Oncol 2000; 176: 541-542.

430. Kéhler AH. Radiotherapy of Dupuytren's contracture. Radiobiol Radiother 1984; 25: 851-853.

431. Kélbl O, Alberti WE, Seegenschmiedt MH. Heterotopic Ossification Prophylaxis - The Hip. In: Makoski HB, Trott KR, Brady LW
Seegenschmiedt MH (Eds.): Radiotherapy for Non-Malignant Disorders. Berlin Heidelberg New York: Springer Verlag 2008: 3 57-
372.

432. Kélbl O, Flentje M, Eulert J, Barthel T, Knelles D, Kraus U. Prospective study on the prevention of heterotopic ossification after
total hip replacement. Non-steroidal anti-inflammatory agents versus radiation therapy. Strahlenther Onkol 1997; 173: 677-682.

433. Kélbl O, Knelles D, Barthel T, Raunecker F, Flentje M, Eulert J. Preoperative irradiation versus the use of nonsteroidal anti-
inflammatory drugs for prevention of heterotopic ossification following total hip replacement: the results of a randomized trial.
Int J Radiat Oncol Biol Phys 1998; 42(2): 397-401.

434, Kong A, Van der Vliet A, et al. MRI and US of gluteal tendinopathy in greater trochanteric pain syndrome. Eur Radiol 2007; 17:

1772-1783.

435.  Konishi J, lida Y, Kasagi K, et al. Clinical evaluation of radiotherapy for Graves' ophthalmopathy. Endocrinol Jpn 1986; 33: 637-
644.

436. Koppenfels RV. The radiation treatment of inflammatory and degenerative diseases of the shoulder. Orthop Prax 1975; 11: 321-
324.

437. Koren H, Alth G, Schenk GM, et al. Induratio penis plastica: effectivity of low-dose radiotherapy at different clinical stages. Urol
Res 1996; 24: 245-248.

438. Kotwal PP, Gupta V, Malhorta R. Giant-cell tumor of the tendon sheat. Is radiotherapy indicated to prevent recurrence after
surgery? J Bone Joint Surg Br 2000; 82B: 571-573.

439. Koxarthrosis. Guideline of the German Society for Orthopaedics and Orthopaedic Surgery (DGOOC) and the Professional
Association of Orthopaedic Physicians (BVO). 2009; AWMF Guideline Register No. 033/001: Development stage: 3.

440. Kratzman EA, Frankel RS. Roentgen therapy of peritendinitis calcarea of the shoulder. A study of 220 cases with late results.
Radiology 1952; 59: 827-830.

441. Kraushaar BS, Nirschl RP. Tendinosis of the elbow (tennis elbow). Clinical features and findings of histological,
immunohistochemical, and electron microscopy studies. J Bone Joint Surg Am 1999; 81: 259-278.

442.  Kriss JP, McDougall IR, Donaldson SS, Kraemer HC. Non-thyroidal complications of Graves' disease: perspective on pathogenesis
and treatment. In: Pinchera A, Ingbar S, McKenzie J, Fenzi G (eds.): Thyroid autoimmunity. Pisa: Plenum Press 1987: 263-269.

443.  Kriss JP, McDougall IR, Donaldson SS. Graves' ophthalmopathy. In: Krieger DT, Bardin WC (eds): Current therapy in endocrinology
1983 - 1984. Toronto: Becker-Mosby 1983: 104-109.

444,  Kriss JP, Petersen IA, Donaldson SS, Mc Dougall IR. Supervoltage orbital radiotherapy for progressive Graves' ophthalmopathy:
results of a twenty-year experience. Acta Endocrinol (Copenh) 1989; 121: 154-159.

445, Kriz ), Seegenschmiedt MH, Bartels A, Micke O, Miicke R, Schifer U, Haverkamp U, Eich HT. Updated strategies in the treatment
of benign diseases- a patterns of care study of the german cooperative group on benign diseases. Adv Radiat Oncol 2018; 26:
240-244.

446. Kroot EJ, Kraan MC, Smeets TJ, Maas M, Tak P, Wouters JM. Tumor necrosis factor alpha blockage in treatment resisting
pigmented villonodular synovitis. Ann Rheum Dis 2005; 64: 497-499.

447.  Kulaylat MN, Karakousis CP, Keaney CM, McCorvey D, Bem J, Ambrus Sr JL. Desmoid tumour: a pleomorphic lesion. Eur J Surg
Oncol 1999; 25: 487-497.

448.  Kumar S.: Second Malignant Neoplasms Following Radiotherapy. Int. J. Environ. Res. Public Health 2012, 9, 4744-4759

449.  Kutzner J, Schneider L, Seegenschmiedt MH. Radiotherapy of keloids. Patterns of care study - results. Strahlenther Onkol 2003;
179: 54-58.

450. Lahme S. Peyronie's disease. Unimed Science Publishing: 2005.

451. Lalam RK, Cribb GL, Cassar-Pullicino VN, et al. Radiofrequency thermos-ablation of PVNS in the knee: initial results. Skeletal
Radiol 2015; 44: 1777-1784.

452.  Lanari A. Effect of progesterone on desmoid tumors (aggressive fibromatosis). N Engl ) Med 1983; 309: 1523.

453. Landers PA, Yu GV, White JM, et al. Recurrent plantar fibromatosis. J Foot Ankle Surg 1993; 32: 85-93.

454,  Landthaler M, Kodalle W, Braun-Falco O. Soft-roentgen radiotherapy of induratio penis plastica. Dermatologist 1983; 34: 171-
174.

455,  Large M, Hehlgans S, Reichert S, Gaipl US, Fournier C, Rodel C, Weiss C, Rodel F. Study of the anti-inflammatory effects of low-
dose radiation: the contribution of biphasic regulation of the antioxidative system in endothelial cells. Strahlenther Onkol 2015;
191: 742-749.

456. Large M, Reichert S, Hehlgans S, Fournier C, Rodel C, Rodel F. A non-linear detection of phospho-histone H2AX in EA. hy926
endothelial cells following low-dose X-irradiation is modulated by reactive oxygen species. Radiat Oncol 2014; 9: 80.

457. Larson D, Jerosch-Herold C. Clinical effectiveness of postoperative splinting after surgical release of Dupuytren's contracture:
systematic review. BMC Musculoskelet Disord 2008; 9: 104-111.

458. Larsson LG, Sundbom CM. Roentgen irradiation of the male breast. Acta Radiol 1962; 58: 253-256.

459. Lattman |. Treatment of subacromial bursitis by roentgen irradiation. Am J Roentol 1936; 36: 55-60.

460. Lattomus WW, Hunter LM. Roentgen therapy of subdeltoid bursitis. Delaware State Med J 1949; 21: 115-117.

461. Leclerc A, Landre MF, Chastang JF, et al. Upper-limb disorders in repetitive work. Scand J Work Environ Health 2001; 27: 268-
278.

462. Ledderhose G: On the pathology of the aponeurosis of the foot and hand. Langenbeck's Arch Klin Chir 1897, 55: 664-712.

463. Lee SR, Lee SG, Byun GY, et al. Clinical characteristics of asymmetric ailateral gynecomastia: suggestion of desirable surgical
method based on a single-institution experience. Aesthetic Plast Surg 2018: 10, s00266-018-1102-1105.

464. Lee SY, McKeon P, Hertel J. Does the use of orthoses improve self-reported pain and function measures in patients with plantar
fasciitis? A meta-analysis. Physical therapy in sport: official journal of the Association of Chartered Physiotherapists in Sports
Medicine. 2009; 10(1): 12-18. doi: 10.1016/j.ptsp.2008.09.002.

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 131



Guideline
e

465. Leer JW, van Houtte P, Seegenschmiedt MH. Radiotherapy of non-malignant disorders: where do we stand? Radiother Oncol
2007; 83:175-177.

466. Leibel SA, Wara WM, Hill DR, et al. Desmoid tumors: local control and patterns of relapse following radiation therapy. Int ) Radiat
Oncol Biol Phys 1983; 9: 1167-1171.

467. Leithner A, Schnack B, Katterschafka T, et al. Treatment of extra-abdominal desmoid tumors with interferon-alpha with or
without tretinoin. J Surg Oncol 2000; 73: 21-25.

468. Lequesne MG, et al. "Pain or Discomfort", "Maximum Walking Distance", "Activities of daily living" Indexes of Severity for
Osteoarthritis of the Hip and Knee. Validation-Value in Comparison with Other Assessment Tests. Scand J Rheumatol 1987; 65
Suppl: 85-89.

469. Leszek M, Grygutis |, Zajac P, et al. An Evaluation of Radiotherapy Effectiveness for Epicondylitis Humeri (EPH). Ortop Traumatol
Rehabil 2015; 17: 471-479.

470. Levels of Evidence and Grades of Recommendation (2001). Centre for Evidence-Based Medicine.
http://www.cebm.net/levels_of_evidence.asp.

471. Liebmann A, Hindemith M, Jahns J, et al. Low-dose X-irradiation of adjuvant-induced arthritis in rats. Efficacy of different
fractionation schedules. Strahlenther Onkol 2004; 180: 165-172.

472. Lieviense A, Bierma-Zeinstra S, Schouten B, et al. Prognosis of trochanteric pain in primary care. Br J Gen Pract 2005; 55: 199-
204.

473. Lindner H, Freisleder R. Long-term results of irradiation of degenerative joint diseases. Radiotherapy 1982; 158: 217-223.

474.  Linet MS et al. Incidence of haematopoietic malignancies in US radiologic technologists. Occup Environ Med. 2005
Dec;62(12):861-7.

475. Little CV, Parsons T, Logan S. Herbal therapy for treating osteoarthritis. Cochrane Database of Systematic Reviews 2001, Issue
1. art. No.: CD002947. DOI: 10.1002/14651858.CD002947.

476. Little H. Trochanteric bursitis: a common cause of pelvic girdle pain. Canad Med Assoc J 1979; 120: 456-458.

477.  Little MP, Stovall M, Smith SA, Kleinerman RA. A reanalysis of curvature in the dose response for cancer and modifications by
age at exposure following radiation therapy for benign disease. Int J Radiat Oncol Biol Phys. 2013 Feb 1;85(2):451-9.

478. Lloyd WC, Leone CR. Supervoltage orbital radiotherapy in 36 cases of Graves' disease. Am J Ophthalmol 1992; 113: 374-380.

479. Lo TC, Healy WL. Re-irradiation for prophylaxis of heterotopic ossification after hip surgery. Br J Radiol 2001; 74(882): 503-506.

480. Lodermann B, Wunderlich R, Frey S, Schorn C, Stangl S, Rodel, Keilholz L, Fietkau R, Gaipl US, Frey B. Low dose ionising radiation
leads to a NF-kappaB dependent decreased secretion of active IL-1beta by activated macrophages with a discontinuous dose-
dependency. Int J Radiat Biol Phys 2012; 88: 727-734.

481. Lohrmann C, Foeldi E, Langer M. Lymphocysts and lymphocutaneous fistulas: pretherapeutic assessment by magnetic resonance
lymphography. Br J Radiol 2004; 84: 714-718.

482. Lorenz K, Abuazab M, Sekulla C, Nguyen-Thanh P, Brauckhoff M, Dralle H. Management of lymphatic fistulas in thyroid surgery.
Langenbeck's Archives of Surgery 2010; 395(7): 911-917.

483. Lorimier AA de. Roentgen therapy in acute para-arthritis. Am J Roentol1937; 38: 178-195.

484. 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 / Association of Academic Physiatrists. 2017;96(8):529-34. doi:10.1097/PHM.0000000000000666.

485.  Luck JV. Dupuytren's contracture. ) Bone Jt Surg 1959; 41-A: 635-664.

486. Ludvik W, Wasserburger K. The radium therapy of the induratio penis plastica. Z Urol Nephrol 1968; 61: 319-325.

487. Lukacs S, Braun Falco O, Goldschmidt H. Radiotherapy of benign dermatoses: indication, practice and results. ] Derm Surg Oncol
1978; 4: 620-625.

488. Lumniczky K, Candéias SM, Gaipl US, Frey B. Editorial: Radiation and the Immune System: Current Knowledge and Future
Perspectives. Front Immunol 2018; 8: 1933.

489. Lustenberger DP, Ng VY, Best TM, et al. Efficacy of treatment of trochanteric bursitis: a systematic review. Clin J Sports Med
2011; 21: 447-453.

490. Ma CM, Coffey CW, DeWerd LA et al. AAPM Protocol for 40-300 kV x-ray beam dosimetry in radiotherapy and radiobiology.
Med Phys 2001; 28: 868-893.

491. Mahlstedt J. Radiosynoviorthesis - interdisciplinary significance. In: Seegenschmiedt MH, Micke O (Eds.): 37.Colloquium
Radiooncology Radiotherapy - Radiotherapy in benign diseases. Altenberge: Diplodocus-Verlag 2005: 173-183.

492. Malis I, Cooper JF, Wolever TS. Breast irradiation in patients with carcinoma of the prostate. J Urol 1969; 102: 336-337.

493. Man LS. Treatment of subdeltoid bursitis with roentgen therapy. J Int Coll Surg 1952; 18: 385-388.

494.  Mantell BS. The management of benign conditions. In: Hope-Stone HF (Ed.)-Radiotherapy in Clinical Practice. London:
Butterworths 1986: 384-399.

495.  Marcocci C, Bartalena L, Bogazzi F, et al. Role of orbital radiotherapy in the treatment of Graves' ophthalmopathy. Exp Clin
Endocrinol 1991; 97: 332-337.

496. Marcocci C, Bartalena L, Bruno-Bossio G, et al. Orbital radiotherapy of endocrine ophthalmopathy. Why and when. In: Kahaly
G. (ed.): Endocrine ophthalmopathy. Molecular, immunological and clinical aspects. Basel: Karger 1993: 131-141.

497. Marcocci C, Bartalena L, Panicucci M, et al. Orbital cobalt irradiation combined with retrobulbar or systematic cortico-steroids
for Graves' ophthalmopathy: a comparative study. Clin Endocrinol 1987; 27: 33-42.

498. Martin CL. Long time study of patients with peyronie's disease treated with irradiation. Amer J Roentgenol 1972; 114: 492-497.

499. Masih S, Antebi A. Imaging of pigmented villonodular synovitis. Sem Musculoskeletal Radiol 2003; 7: 205-216.

500. Mayer R, Sminia P, McBride W, et al. Lymphatic fistulas: obliteration by low-dose radiotherapy, Strahlenther Onkol 2005; 181:
660-664.

501. Mazonakis M, Tzedakis A, Lyraraki E, Damilakis J. Organ-specific radiation-induced cancer risk estimates due to radiotherapy
for benign pigmented villonodular synovitis. Phys Med Biol 2016; 61: 6400-6412.

502. Mazonakis m. et al. Radiotherapy for non-malignant shoulder syndrome: Is there a risk for radiation-induced carcinogenesis?
Physica Medica 43 (2017) 73-78.

503. Mc Farlane RMi Mc Grouther DAi Flint MH. Dueuxtren's disease. Biolosx and Treatment. Edinburﬁh: Ch. Livingstone 1990: 201-
S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 132


http://www.cebm.net/levels_of_evidence.asp

Guideline

504.

505.
506.

507.

508.

509.

510.

511.

512.

513.
514.

515.

516.

517.

518.

519.

520.

521.

522.

523.

524.

525.
526.
5217.
528.
529.
530.
531.

532.
533.

534.

535.

536.

239.

McCurrach AC, Norton Gl, Bouchard J. Subacromial bursitis. A classification and evaluation of the results of roentgen therapy.
Canad Med Assoc J 1949; 61: 39-44.

McDermott MT, Hofeldt FD, Kidd GS. Tamoxifen for painful idiopathic gynecomastia. South Med J 1990; 83: 1283-1285.
MCKEOWN SR et al: Radiotherapy for benign disease; assessing the risk of radiation-induced cancer following exposure to
intermediate dose radiation. Br J Radiol 2015; 88: 20150405

McLeod DG, Iversen P. Gynecomastia in patients with prostate cancer: a review of treatment options. Urology 2000; 56: 713-
720.

Meineke V, Uebler C, K6hn FM, et al. Radiotherapy in benign diseases: Peyronie's disease. Strahlenther Onkol 2003; 179: 181-
186.

Merchant NB, Lewis JJ, Woodruff JM, Leung DH, Brennan MF. Extremity and trunk desmoid tumors: a multifactorial analysis of
outcome. Cancer 1999; 86: 2045-2052.

Metzger H, Junker A, Voss AC. Irradiation of the mammary glands as prophylaxis of estrogen-induced gynecomastia in prostate
carcinoma. Strahlenther 1980; 156: 102-104.

Meyer-Clement M. Epicondylopathia humeri radialis et ulnaris - an occupational disease? In: Orthopadisches Forschungsinstitut
(Ed.): Munsteraner Sachverstandigengesprache: Beurteilung und Begutachtung Schulter-Arm-Schmerz. Darmstadt: Steinkopf
Verlag 2005: 89-110.

Michael JWP, Schllter-Brust KU, Eysel P. Epidemiology, etiology, diagnosis, and therapy of gonarthrosis. Dtsch Arztebl 2010; 107:
152-162.

Michael JWP. Conclusion. Dtsch Arztebl 2010; 107: 604-605.

Micke O, Miicke R, Seegenschmiedt M.H. Guidelines for radiation therapy for non-malignant disease: update on current concepts
-focus and methods. Strahlenther Onkol 2011; 187 (special no. 1): 16.

Micke O, Seegenschmiedt MH, Adamietz IA, Kundt G, Fakhrian K, Schaefer U, Muecke R; German Cooperative Group on
Radiotherapy for Nonmalignant Diseases (GCG-BD). Low-Dose Radiation Therapy for Benign Painful Skeletal Disorders: The
Typical Treatment for the Elderly Patient? Int J Radiat Oncol Biol Phys 2017; 98(4): 958-963.

Micke O, Seegenschmiedt MH, German Cooperative Group on Radiotherapy for Benign D. Radiotherapy in painful heel spurs
(plantar fasciitis)-results of a national patterns of care study. Int J Rad Oncol Biol Phys 2004; 58(3): 828-43. doi:10.1016/S0360-
3016(03)01620-1.

Micke O, Seegenschmiedt MH. Consensus guidelines for radiation therapy of benign diseases: a multicenter approach in
Germany. Int J Radiat Oncol Biol Phys 2002; 52: 496-513.

Micke O, Seegenschmiedt MH. Radiotherapy in painful plantar heel spurs (plantar fasciitis) - Results of a national patterns of
care study. Int J Radiat Oncol Biol Phys 2004; 58: 828-843.

Micke O, Ugrak E, Bartmann S, Adamietz IA, Schafer U, Blcker R, Kisters K, Seegenschmiedt MH, Fakhrian K, Miicke R.
Radiotherapy for calcaneodynia, achillodynia, painful gonarthrosis, bursitis trochanterica, and painful shoulder syndrome - Early
and late results of a prospective clinical quality assessment. Radiation Oncology 2018; 13: 71.

Micke, O, Ernst-Stecken A, Miicke R, et al. Calcaneodynia; plantar and dorsal heel spur/heel spur syndrome. In: Seegenschmiedt
MH, Makoski HB, Trott KR, et al (eds). Radiotherapy for non-malignant disorders. Berlin Heidelberg New York: Springer-Verlag
2008: 295-316.

Miller ML, Goldberg SH, Bullock JD. Radiation retinopathy after radiotherapy for thyroid-related ophthalmopathy. Am J
Ophthalmol 1991; 112: 600-601.

Millesi H. Dupuytren's contracture. In: Nigst H, Buck-Gramcko D, Millesi H (eds): Hand Surgery, vol. I. Stuttgart-New York: Thieme-
Verlag 1981: 1500-1557.

Milone FP, Copeland MM. Calcific tendonitis of the shoulder joint. Presentation of 136 cases treated by irradiation. Am J Roentol
1961; 85:901-913.

Minten MJ, Mahler EA, Leseman-Hoogenboom MM, Boks SS, Bijlsma JW, Kloppenburg M, Leer JW, Poortmans PM, van den
Hoogen FH, den Broeder AA, van den EndeCH. Low-dose radiation therapy as treatment for hand and knee osteoarthritis: two
double-blinded RCT'S. Osteoarthritis and Cartilage 2018; Volume 26, Supplement 1: 329-330.

Mira JG, Chahbazian CM, del Regato JA. The value of radiotherapy for Peyronie's disease: presentation of 56 new case studies
and review of the literature. Int J Radiat Oncol Biol Phys 1980; 6: 161-166.

Mirabell R, Suit HD, Mankin HJ, et al. Fibromatoses: from surgical surveillance to combined surgery and radiation therapy. IntJ
Radiat Oncol Biol Phys 1990; 18: 535-540.

Mitrov G, Harbrov I. Our experience with radiation treatment of non-tumor diseases. Radiobiol Radiother 1967; 8: 419-422.
Mohr W. Pigmented villonular synovitis - a review considering166 observations. Pathologist 1992; 13: 314-321.

Mohr Z, Hirche C, Gretschel S, Bembenek A. Risk factors for lymphatic fistulae after ilioinguinal lymphadenectomy in the
setting of isolated limb perfusion and their potential clinical relevance. Zentralblatt fir Chirurgie 2011; 136(4): 386-390.

Moller G, Priemel M, Amling M, et al. The Gorham-Stout syndrome (Gorham's massive osteolysis). A report of six cases with
histopathological findings. J Bone Joint Surg Br 1999; 81B: 501-506.

Morrey BF. Functional evaluation of the elbow. In: Morrey B.F. (Ed.): Elbow and its Disorders. Philadelphia: Saunders Publishing
1985: 73-91.

Morvay E. On the treatment of epicondylitis humeri. Wien Med Wochenschr 1953; 41: 766-768.

Mourits MP, Koornneef L, Wiersinga WM, et al. Orbital decompression for Graves' ophthalmopathy by inferomedial plus lateral
and by coronal approach. Ophthalmology 1990; 97: 636-641.

Moyer KE, Banducci DR, Graham WP 3rd, et al. Dupuytren's disease: physiologic changes in nodule and cord fibroblasts through
aging in vitro. Plast Recon Surg 2002; 110: 187-193.

Miicke R, Micke O, Reichl B, Heyder R, Prott FJ, Seegenschmiedt MH, Glatzel M, Schneider O, Schafer U, Kundt G. Demographic,
clinical and treatment related predictors for event-free probability following low-dose radiotherapy for painful heel spurs - a
retrospective muticenter study of 502 patients. Acta Oncol 2007; 46: 239-246.

Miicke R, Seegenschmiedt MH, Heyd R, et al. Radiotherapy for painful knee osteoarthritis-results of a German Patterns of Care
Study. Strahlenther Onkol 2010; 186: 7-17.

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 133



Guideline

537.

538.
539.

540.

541.
542.

543.
544,
545.
546.
547.
548.
549,
550.
551.
552.

553.

554.

555.

556.

557.

558.

559.

560.
561.

562.
563.

564.
565.

566.
567.
568.
569.
570.

571.

572.

Miihmer M, Bostelmann R, Sarikaya-Seiwert S., et al. Clinical and radiological presentation of spinal. Epidural haemangiomas:
clinical series in a tertiary care center during a 10-year period. Eur Spine J 2014; 23: 404-410.

Mulhall JP, Hall M, Broderick GA et al. Radiaton therapy in Peyronie's disease. J Sex Med 2012; 9: 1435-1441.

Munck AF, Rosenschold P, Nilsson P, Knoos T. Kilovoltage x-ray dosimetry - an experimental comparison between different
dosimetry protocols. Phys Med Biol 2008; 53: 4431-4442.

Murrel GAC, Francis MJO. Oxygen free radicals and Dupuytren's disease. In: Berger A, Delbriick A, Brenner P, Hinzmann R
(eds.): Dupuytren's disease. Berlin-Heidelberg: Springer-Verlag 1994: 227-234.

Mustakallio S, Laitinen H. On insertional pain, its diagnosis and treatment. Acta Radiol 1939; 20: 427-437.

Myers BW, Masi AT, Feigenbaum SL. Pigmented villonodular synovitis and tendosynovitis: a clinical and epidemiologic study of
166 cases and literature review. Medicine 1980; 59: 223-228.

Nakahara H, Noguchi S, Murakami N, et al. Graves' ophthalmopathy: MR evaluation of 10 Gy versus 24 Gy irradiation

combined with systemic corticosteroids. Radiology 1996; 196: 857-862.

Nassar WA, Bassiony AA, Eighazaly HA. Treatment of diffuse pigmented villonodular synovitis of the knee with combined
surgical and radiosynovectomy. HSSJ 2009; 5: 19-23.

National Institute for Health and Clinical Excellence (NICE) (2010) IPG368 Radiation therapy for early Dupuytren's disease:
guidance. http://guidance.nice.org.uk/IPG368/Guidance/pdf/English. 24 November 2010.

Neer CS. Anterior acromioplasty for chronic impingement syndrome in the shoulder: a preliminary report. J Bone Joint Surg Am
1972; 54: 41-50.

Neu B, Gauss G, Haase W, Dentz J, Husfeldt KJ, Radiotherapy of lymphatic fistulas and lymphoceles, Strahlenther Onkol 2000;
176(1): 9-15.

Neu B, Sautter V, Momm F, et al. Radiotherapy for prevention and therapy of gynecomastia due to antiandrogen treatment in
prostate cancer patients. A patterns-of-care study. Strahlenther Onkol 2011; 187: 771-777.

Newhauser et al: Assessing the risk of second malignancies after modern radiotherapy. Nat. Rev. Cancer 2011, 11, 438-448.
Newland L, Kong K, Gallagher R, et al. Disappearing bones: a case of Gorham-Stout disease. Pathology 2008; 40: 420-422.
Nguyen JP, Djindjian M, Pavlovitch JM, et al. Hémangiomes vertébraux avec signes neurologiques. Les résultats thérapeutiques.
Enquéte de la S.N.F. Neurosurgery 1989; 35: 298-305.

Nieder C, Pawinski A, Andratschke NH, Molls M. Can prophylactic breast irradiation contribute to cardiac toxicity in patients with
prostate cancer receiving androgen suppressing drugs? Radiat Oncol 2008; 3: 2.

Niewald M, Holtmann H, Prokein B, Hautmann MG, Rosler HP, Graeber S, et al. Randomized multicenter follow-up trial on the
effect of radiotherapy on painful heel spur (plantar fasciitis) comparing two fractionation schedules with uniform total dose: first
results after three months' follow-up. Radiat Oncol 2015; 10: 174. doi:10.1186/s13014-015-0471-z.

Niewald M, Mller LN, Hautmann MG et al (2021) ArthroRad trial: multicentric prospective and randomized single-blinded trial
on the effect of low-dose radiotherapy for painful osteoarthritis depending on the dose-results after 3 months' follow-up
Strahlenther Onkol Nov 1. doi: 10.1007/s00066-021-01866-2

Niewald M, Seegenschmiedt MH, Micke O, et al. Randomized multicenter trial on the effect of radiation therapy on plantar
fasciitis (painful heel spur) comparing a standard dose with a very low dose - mature results after 12 months follow up. Int J
Radiat Oncol Biol Phys 2012; 84: 455-462.

Niewald M, Seegenschmiedt MH, Micke O, Graber S, German Cooperative Group on the Radiotherapy for Benign Diseases of
the DGSfRO. Randomized multicenter trial on the effect of radiotherapy for plantar fasciitis (painful heel spur) using very low
doses-

-a study protocol. Radiat Oncol 2008; 3: 27. doi:10.1186/1748-717X-3-27.

Niewald M, von Wenzlawowicz K, Fleckenstein J, et al. Results of radiotherapy for Peyronie's disease. Int J Radiat Oncol Biol
Phys 2006; 64: 228-262.

Niewald, M. Giissbacher C, Fleckenstein J, et al. Radiotherapy of induratio penis plastica-results of a nationwide patterns of
care study. J Urol Urogynecol 2007; 14: 9-13.

Nikolaou VS, Chytas D, Korres D, Efstathopoulos N. Vanishing bone disease (Gorham-Stout syndrome): A review of a rare
entity. World J Orthop 2014; 5: 694-698.

Nugent RA, Belkin RI, Neigel RM, et al. Graves' orbitopathy: correlation of CT and clinical findings. Radiology 1990; 177: 675-682.
Nuyttens JJ, Rust PF, Thomas CR (Jr), Turrisi AT, 3rd. Surgery versus radiation therapy for patients with aggressive fibromatosis
or desmoid tumors: a comparative review of 22 articles. Cancer 2000; 88: 1517-1523.

Nygaard B, Specht L. Transitory blindness after retrobulbar irradiation of Graves' ophthalmopathy. Lancet 1998; 351: 725-726.
O'Sullivan B, Cummings B, Catton C, et al. Outcome following radiation treatment for high-risk pigmented villonodular
synovitis. Int J Radiat Oncol Biol Phys 1995; 32: 777-786.

Obaid H, Connell D. Cell therapy in tendon disorders: what is the current evidence? Am J Sports Med 2010; 38: 2123-2132.
O'Brien-Ladner A, Nelson ME, Kimler BF, et al. Release of interleukin 1 by human alveolar macrophages after in vitro
irradiation. Radiat Res 1993; 136: 37-41.

O'Connell JX, Fanburg JC, Rosenberg AE. Giant cell tumor of tendon sheath and pigmented villonodular synovitis:
immunophenotype suggests a synovial cell origin. Hum Pathol 1995; 26: 771-775.

Oeverhaus M, Witteler T, Lax H, et al. Combination Therapy of Intravenous Steroids and Orbital Irradiation is More Effective
Than Intravenous Steroids Alone in Patients with Graves' Orbitopathy. Horm Metab Res 2017; 49(10): 739-747.

Ogawa R, Hikata T, Mikami S, et al. Total en bloc spondylectomy for locally aggressive vertebral hemangioma causing
neurological deficits. Case Rep Orthop 2015; 2015: 724364. doi: 10.1155/2015/724364. epub 2015 Mar 30.

Ogilvie-Harris DJ, McLean J, Zarnett ME. Pigmented villonodular synovitis of the knee. The results of total arthroscopic
synovectomy, partial, arthroscopic synovectomy, and arthroscopic local excision. J Bone Joint Surg Am 1992; 74A: 119-123.
Okuno SH, Edmonson JH. Combination chemotherapy for desmoid tumors. Cancer 2003; 97: 1134-1135.

Olaussen M, Holmedal O, Lindbaek M, Brage S. Physiotherapy alone or in combination with corticosteroid injection for acute
lateral epicondylitis in general practice: a protocol for a randomised, placebo-controlled study. BMC Musculoskelet Disord 2009;
10: 152.

Olivotto IA, Ludgate CM, Allen LH, Rootman J. Supervoltage radiotherapy for Graves' ophthalmopathy: CCABC technique and

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 134


http://guidance.nice.org.uk/IPG368/Guidance/pdf/English

Guideline

573.

574.

575.

576.

577.

578.

579.

580.

581.
582.

583.

584.

585.

586.

587.

588.
589.

590.

591.

592.
593.

594.
595.
596.
597.

598.

599.
600.

601.

602.

603.

604.

605.
606.

607.

608.

609.

results. Int J Radiat Oncol Biol Phys 1985; 11: 2085-2090.

Olschewski T, Klein H. Functional radiotherapy in trochanteric bursitis. Strahlenther Onkol 2010; 186 (special no. 1): 40.
Oppenkowski R, Seegenschmiedt MH. Pigmented villonodular synovitis. In: Seegenschmiedt MH, Makoski HB, Trott K-R, Brady
LW (eds.): Radiotherapy for non-malignant disorders. Contemporary concepts and clinical results. Berlin Heidelberg New York:
Springer-Verlag 2008: 383-395.

Order SE, Donaldson SS. Radiation Therapy of Benign Diseases - A Clinical Guide. Berlin-Heidelberg-New York: Springer-Verlag:
1990.

Order SE, Donaldson SS. Radiation Therapy of Benign Diseases. A Clinical Guide. 2nd edition. Berlin Heidelberg New York:
Springer: 1998.

Ott 0J, Hertel S, Gaipl US et al. Benign painful elbow syndrome. First results of a single center prospective randomized
radiotherapy dose optimization trial. Strahlenther Onkol 2012; 188: 873-877.

Ott OJ, Hertel S, Gaipl US et al. The Erlangen Dose Optimization Trial for radiotherapy of benign painful shoulder syndrome. Long-
term results. Strahlenther Onkol 2014; 190: 394-398.

Ott 0J, Jeremias C, Gaipl US, Frey B, Schmidt M, Fietkau R. Radiotherapy for calcaneodynia. Results of a single center prospective
randomized dose optimization trial. Strahlenther Onkol 2013; 189(4): 329-334. doi:10.1007/s00066-012-0256-3.

Ott 0J, Jeremias C, Gaipl US, Frey B, Schmidt M, Fietkau R. Radiotherapy for benign calcaneodynia: long-term results of the
Erlangen Dose Optimization (EDO) trial. Strahlenther Onkol 2014; 190(7): 671-675. doi:10.1007/s00066-014-0618-0.

Otte P. Ethiological and pathogenetic ideas in osteoarthritis. Paper: Rheumatologe 42; 1983.

Otto E, Ochs K, Hansen C, Wall J, Kahaly G. Orbital tissue-derived T-lymphocytes from patients with Graves' ophthalmopathy
recognize autologous orbital antigens. J Clin Endocrinol Metab 1996; 81: 3045-3050.

Ozbayrak M, Yilmaz MH, Kantarci F, et al. A case of an idiopathic massive osteolysis with skip lesions. Korean J Radiol. 2013; 14:
946-950.

Ozen H, Akyol F, Toktas G, et al. Is prophylactic breast radiotherapy necessary in all patients with prostate cancer and
gynecomastia and/or breast pain? J Urol 2010; 184: 519-524.

Pakos EE, loannidis JP. Radiotherapy vs. nonsteroidal anti-inflammatory drugs for the prevention of heterotopic ossification
after major hip procedures: a meta-analysis of randomized trials. Int J Radiat Oncol Biol Phys 2004; 60: 888-895.

Pakos EE, Pitouli EJ, Tsekeris PG, Papathanasopoulou V, Stafilas K, Xenakis TH. Prevention of heterotopic ossification in high-
risk patients with total hip arthroplasty: the experience of a combined therapeutic protocol. Int Orthop 2006; 30: 79-83.
Palmer D, Greenberg P, Cornell P, Parker RG. Radiation therapy for Graves' ophthalmopathy: retrospective analysis. Int J Radiat
Oncol Biol Phys 1987; 13: 1815-1820.

Pambor C, Gademann G. Induratio penis plastica. Strahlenther Onkol 2003; 179: 787-790.

Pannewitz G von. Degenerative diseases. Handbook of medical radiology. Berlin-Heidelberg-New York: Springer-Verlag 1965:
96-98.

Pannewitz G von. The radiotherapy of arthrosis deformans. In: Holfelder H, Holthausen H, Jiingling O, Martius H, Schinz HR
(eds.): Results of medical radiation research. Vol. IV. Leipzig: Thieme-Verlag 1933: 62-126.

Pannewitz G von. Radiotherapy of arthrosis deformans, technique and results. The Radiologist 1970; 10: 51-54.

Pannewitz G von. On the X-ray therapy of inflammatory diseases. Med Welt 1960: 181-189.

Panula HE, Hyttinen MM, Arokoski JP, Langsjo TK, Peltatari A, Kiviranta |, Helminen HJ. Articular cartilage superficial zone collagen
birefringence reduced and cartilage thickness increased before surface fibrillation in experimental osteoarthritis. Ann Rheum Dis
1998; 57: 237-245.

Pape R, Golles D. Direct and indirect radiotherapy in joint diseases. Radiol Aust 1954; 6: 245-254.

Parker RG, Withers HR. Radiation retinopathy. JAMA 1988; 259: 43-47.

Parnitzke B, Decker O, Neumann U. Ledderhose disease. Plantar fibromatosis- clinical aspects. Zentralbl Chir 1991; 116: 531-534.
Paschke R, Vassart G, Ludgate M. Current evidence for and against the TSH receptor being the common antigen in Graves'
disease and thyroid associated ophthalmopathy. Clin Endocrinol 1995; 42: 565-569.

Pastushyn Al, Slin'ko El, Mirzoyeva GM. Vertebral hemangiomas: diagnosis, management, natural history and
clinicopathological correlates in 86 patients. Surg Neurol 1998; 50: 535-547.

Patel DV. Gorham's disease or massive osteolysis. Clin Med Res 2005; 3: 65-74.

Pavlovitch JM, Nguyen JP, Djindijan M, et al. Radiothérapie des hémangiomes vertébraux avec complications neurologiques.
Neurochiurgy 35; 1989: 296-298.

Payr E: Therapy of primary and secondary arthritis. Bruns' Beitrage zur Klinische Chirurgie 1926; 136: 260-272.

Peic S. The value of radiation treatment of periarthropathia humeroscapularis. In: Reichelt A (ed.): Periarticular shoulder
diseases. Book series in orthopaedics and orthopaedic borderlands. Vol. 8. Uelzen: Medizinisch Literarische Verlagsgesellschaft
mbH 1984: 79-81.

Pendelton AN, Arden N, Dougados M, et al. EULAR recommendations for the management of knee osteoarthritis: report of a
task force of the Standing Committee for International Clinical Studies including Therapeutic Trials (ESCICIT). Ann Rheum Dis Dec
2000; 59: 936-944.

Pensler JM, Silverman BM, Sanghavi J, et al. Estrogen and progesterone receptors in gynecomastia. Plast Reconstr Surg 2000;
106: 1011-1013.

Pentland AP, Anderson TF. Plantar fibromatosis responds to intralesional steroids. ] Am Acad Dermatol 1985; 12: 212-214.
Petersen IA, Donaldson SS, McDougall IR, Kriss JP. Prognostic factors in the radiotherapy of Graves' ophthalmopathy. IntJ
Radiat Oncol Biol Phys 1990; 19: 259-264.

Petrell J, Ortega J, Garcia-Rayo R, et al. Distal fascia lata lengthening: an alternative surgical technique for recalcitrant
trochanteric bursitis. Int Orthop 2009; 33: 1223-1227.

Pfister K, Dietl B, Aufschlager C, Kasprzak CK. For which patients is radiotherapy of inguinal lymphatic fistulas effective after
vascular surgery? 122nd Congress of the German Society of Surgery 2005.
http://www.egms.de/static/en/meetings/dgch2005/05dgch174.shtml .

Pfluger T, Wendt T, Toroutoglou N, Pickardt CR, Wuttke R. Retrobulbar irradiation in endocrine ophthalmopathy: comparison
between 10 and 16 Gy focal dose. Strahlenther Onkol 1990; 166: 673-677.

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 135


http://www.egms.de/static/en/meetings/dgch2005/05dgch174.shtml

Guideline

610.
611.

612.
613.
614.
615.
616.
617.
618.
619.
620.
621.

622.
623.

624.

625.
626.

627.

628.
629.

630.

631.

632.

633.

634.
635.

636.

637.

638.
639.

640.

641.

642.

643.

644.

645.

646.

647.

Pickren JW, Smith AG, Stevenson AG, et al. Fibromatosis of plantar fascia. Cancer 1951; 4: 846-856.

Pigeon P, Orgiazzi J, Berthezene F, et al. High voltage orbital radiotherapy and surgical orbital decompression in the
management of Graves' ophthalmopathy. Horm Res 1987; 26: 172-176.

Pizon P. Les affectiones rhumatismales des genoux. In: La roentgentherapie des affections rhumatismales. Paris: Publisher
Masson & Cie 1957: 131-136.

Plenk HP. Calcifying tendonitis of the shoulder. Radiology 1952; 59: 384-389.

Pohle EA, Morton JA. Roentgen therapy in arthritis, bursitis, and allied conditions. Radiology 1947; 49: 19-24.

Posner MC, Shiu MH, Newsome JL, Hajdu SI, Gaynor JJ, Brennan MF. The desmoid tumor. Not a benign disease. Arch Surg
1989; 124: 191-196.

Potter HG, Hannafin JA, Morwessel RM, et al. Lateral epicondylitis: correlation of MR imaging, surgical, and histopathologic
findings. Radiology 1995; 196: 43-46.

Poulsen HS, Hermansen C, Andersen JA, Andersen HU, Jensen J. Gynecomasty: estrogen and androgen receptors. A clinical-
pathological investigation. Acta Pathol Microbiol Immunol Scand [A] 1985; 93: 229-233.

Praino E, Lapadula G, Scioscia C, et al. Refractory knee giant cell tumor of the synovial membrane treated with intra-articular
injection of infliximab: a case series and review of the literature. Int J Rheum Dis 2015; 18: 908-912.

proCompliance Information sheet: Radiation treatment of degenerative joint diseases RT10a, 10/2019v3

Prokein B, Holtmann H, Hautmann MG, Rosler HP, Graeber S, Dzierma Y et al. Radiotherapy of painful heel spur with two
fractionation regimens: results of a randomized multicenter trial after 48 weeks' follow-up. Strahlenther Onkol 2017; 193(6):
483-490. doi:10.1007/s00066-017-1116-y.

Prummel MF, Mourits M, Blank L, et al. Randomised double-blind trial of prednisone versus radiotherapy in Graves'
ophthalmopathy. Lancet 1993; 342: 949-954.

Putz R, Muller-Gerbl M. Anatomy and pathology of tendons. Orthopade 1995; 24: 180-186.

Rades D, Bajrovic A, Alberti W, et al. Is there a dose-effect relationship for the treatment of symptomatic vertebral hemangioma?
Int J Radiat Oncol Biol Phys 2003; 55: 178-181.

Rafter D, Kenny R, Gilmore M, Walsh CH. Dupuytren's contracture - a survey of a hospital population. Irish Med J 1980; 73: 227-
228.

Ranawat CS, Shine JJ. Duo-condylar total knee arthroplasty. Clin Orthop 1973; 94: 185-195.

Rau O, Reiher F, Tautenhahn J, et al. V.A.C. therapy as a treatment alternative for complications after performing
lymphadenectomy for advanced penile carcinoma. Zentralbl Chir 2006; 131: 153-156.

Rauh G, Gross M. Disappearing bone disease (Gorham-stout disease): report of a case with a follow-up of 48 years. Eur ) Med
Res 1997; 30: 425-427.

Ravin JG, Sisson JC, Knapp WT. Orbital radiation for the ocular changes of Graves' disease. Am J Ophthalmol 1975; 79: 285-288.

Reetz C, Neuss H, Raue W, et al. Prospective randomized study on the reduction of postoperative lymphatic fistulas after radical
axillary lymphadenectomy by application of fibrin glue in 58 patients with lymphogenic metastatic melanoma. 123rd Congress
of the German Society of Surgery, Berlin: 2006.

Regan W, Wold LE, Coonrad R, Morrey BF. Microscopic histopathology of chronic refractory lateral epicondylitis. Am J Sports
Med 1992; 20: 746-749.

Reich H. Dosimetry of ionizing radiation. Stuttgart: Teubner-Verlag: 1990.

Reichl B, Block A, Schafer U, Bert C, Mdiller R, Jung H, Rédel F, The German Cooperative Group on Radiotherapy for Benign
Diseases (GCG-BD). DEGRO practical guidelines for radiotherapy of non-malignant disorders. Part |: physical principles,
radiobiological mechanisms, and radiogenic risk. Strahlenther Onkol 2015; 191: 701-709.

Reinhold H, Sauerbrey R. Radiotherapy of the shoulder-arm syndrome, epicondylitis of shoulder and elbow. Dtsch Med
Wochenschr 1961; 86: 163-168.

Reiser M. Pareto series musculoskeletal system. Stuttgart: Thieme-Verlag 2007: 91-92.

Reitamo JJ, Scheinin TM, Hayry P. The desmoid syndrome. New aspects in the cause, pathogenesis and treatment of the
desmoid tumor. Am J Surg 1986; 151: 230-237.

Departmental Research Reports on Radiation Protection (BfS-RESFOR-173/20). urn: nbn: en:0221-2021010424620; 2020: page
109.

Richards AM, Klaassen MF. Heterotopic ossification after severe burns: a report of three cases and review of the literature.
Burns 1997; 23(1): 64-68.

Richarz A. Developmental inhibition of the female mammary gland by X-ray irradiation. Fortschr Rontgenstr 1925; 33: 573-574.
Rigel DS et al: Lifetime risk for development of skin cancer in the U.S. population: current estimate is now 1in 5. J Am Acad
Dermatol. 1996;35(6):1012-1013.

Rineer CA, Ruch DS. Elbow tendinopathy and tendon ruptures: epicondylitis, biceps and triceps ruptures. J Hand Surg Am 2009;
34: 566-576.

Rodel F, Fournier C, Wiedemann J, Merz F, Gaipl US, Frey B, Keilholz L, Seegenschmiedt MH, Rédel C, Hehlgans S. Basics of
Radiation Biology When Treating Hyperproliferative Benign Diseases. Front Immunol 2017 May 3; 8: 519.

Rodel F, Frey B, Capalbo G, et al. Discontinuous induction of X-linked inhibitor of apoptosis in EA.hy.926 endothelial cells are
linked to NF-kappaB activation and mediates the anti-inflammatory properties of low-dose ionising-radiation. Radiother Oncol
2010; 97: 346-351.

Rodel F, Frey B, Gaipl U, et al. Modulation of inflammatory immune reactions by low-dose ionizing radiation: molecular
mechanisms and clinical application. Curr Med Chem 2012; 19: 1741-1750.

Rodel F, Frey B, Manda K, et al. Inmunomodulatory properties and molecular effects in inflammatory diseases of low-dose x-
irradiation. Front Oncol 2012; 2: 120.

Rodel F, Hantschel M, Hildebrandt G, et al. Dose-dependent biphasic induction and transcriptional activity of nuclear factor
kappa B (NF-kappaB) in EA.hy.926 endothelial cells after low-dose X-irradiation. Int J Radiat Biol 2004; 80: 115-123.

Rodel F, Hofmann D, Auer J, et al. The anti-inflammatory effect of low-dose radiation therapy involves a diminished CCL20
chemokine expression and granulocyte/endothelial cell adhesion. Strahlenther Onkol 2008; 184: 41-47.

Rodel F, Kamprad F, Sauer R, et al: Functional and molecular aspects of the anti-inflammatory effect of low-dose radiotherapy.

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 136



Guideline

Strahlenther Onkol 2002; 178: 1-9.

648. Roédel F, Kley N, Beuscher HU, et al. Anti-inflammatory effect of low-dose X-irradiation and the involvement of a TGF-betal-
induced down-regulation of leukocyte/endothelial cell adhesion. Int J Radiat Biol 2002; 78: 711-719.

649. Rédel F, Schaller U, Schultze-Mosgau S, Beuscher HU, Keilholz L, Herrmann M et al. The induction of TGF-beta (1) and NF-kappaB
parallels a biphasic time course of leukocyte/endothelial cell adhesion following low-dose X-irradiation. Strahlenther Onkol 2004;
180(4): 194-200. doi:10.1007/s00066-004-1237-y.

650. Rodrigues Cl, Njo KH, Karim AB. Results of radiotherapy and vitamin E in the treatment of Peyronie's disease. Int J Radiat Oncol
Biol Phys 1995; 31: 571-576.

651. Rong X, Zhu Q, Jia W, et al. Ultrasonographic assessment of male breast diseases. Breast J 2018 Jul; 24(4): 599-605. doi:
10.1111/tbj.12982. epub 2018 Jan 8.

652. Roquelaure Y, Ha C, Rouillon C, et al. Risk factors for upper-extremity musculoskeletal disorders in the working population.
Arthritis Rheum 2009; 61: 1425-1434.

653.  Rosendahl S, Christoffersen JK, Norgaard M. Para-articular ossifications following hip replacement. Acta Orthop Scand 1977;
48: 400-404.

654. Rost A, Riihl U, Brosig W. Irradiation for gynecomastia prophylaxis before estrogen therapy in prostate carcinoma. Urolog
1977; Al16: 83-87.

655. Rowe CR, Sakellaridis HT, Freeman PA, Sorbie C. Fractures of the os calcis. A long-term follow-up study of 146 patients. ] Am
Med Ass 1963; 184: 920-923.

656. Rubin P, Soni A, Williams JP. The molecular and cellular biologic basis for radiation treatment of benign proliferative diseases.
Semin Radiat Oncol 1999; 9: 203-214.

657. Runge F. On the genesis and treatment of writer's cramp. Berl Klin Wschr 1873; 10: 245-247.

658.  Rupp N, Griinberg G. Mammary irradiation before hormone administration in patients with prostate carcinoma. Strahlenther
1974; 148: 35-38.

659. Ruppert R, Seegenschmiedt MH, Sauer R. Radiotherapy of osteoarthritis. Orthopade 2004; 33: 56-62.

660. Rutjes AWS, Niiesch E, Sterchi R, Jiini P. Therapeutic ultrasound for osteoarthritis of the knee or hip. Cochrane Database of
Systematic Reviews 2010, Issue 1. Art. No.: CD003132. DOI: 10.1002/14651858.CD003132.pub?2.

661. Saccomanni B. Corticosteroid injection for tennis elbow or lateral epicondylitis: a review of the literature. Curr Rev
Musculoskelet Med 2010; 3: 38-40.

662. Sakata R, Kleinerman RA et al: Cancer mortality following radiotherapy for benign gynecologic disorders. Radiat Res. 2012
Oct;178(4):266-7.

663. Saltzstein D, Sieber P, Morris T, Gallo J. Prevention and management of bicalutamideinduced gynecomastia and breast pain:
randomized endocrinologic and clinical studies with tamoxifen and anastrozole. Prostate Cancer Prostatic Dis 2005; 8: 75-83.

664. Salvioli S, Guidi M, Marcotulli G. The effectiveness of conservative, non-pharmacological treatment, of plantar heel pain: A
systematic review with meta-analysis. Foot 2017; 33: 57-67. doi:10.1016/j. foot.2017.05.004.

665. Sammarco GJ, Mangone PG. Classification and treatment of plantar fibromatosis. Foot Ankle Int 2000; 21: 563-569.

666. Sandler HM, Rubenstein JH, Fowble BL, et al. Results of radiotherapy for thyroid ophthalmopathy. Int J Radiat Oncol Biol Phys
1989; 17: 823-827.

667. Sarkar K, Uhthoff HK. Ultrastructure of the common extensor tendon in tennis elbow. Virchows Arch a Pathol Anat Histol 1980;
386:317-330.

668. Sauer, R: Radiotherapy and Oncology. Ed.: Urban & Fischer Verlag / Elsevier GmbH, 5th edition 2009.

669. Sautter-Bihl M, Liebermeister E, Scheurig H, et al. Analgesic irradiation of degenerative, inflammatory skeletal diseases. Dtsch
Med Wschr 1993; 118: 493-498.

670. Sautter-Bihl ML, Liebermeister E, Nanassy A. Radiotherapy as a local treatment option for heterotopic ossifications in patients
with spinal cord injury. Spinal Cord 2000; 38(1): 33-36.

671. Savnik A, Jensen B, Norregaard J, et al. Magnetic resonance imaging in the evaluation of treatment response of lateral
epicondylitis of the elbow. Eur Radiol 2004; 14: 964-969.

672. Schaer H. The pariarthritis humeroscapularis. Ergebn Chir Orthop 1936; 29: 211-215.

673. Schifer U, Micke O, Glashérster M, Riibe C, Prott F, Willich N. Radiotherapeutic treatment of painful calcaneal spur.
Strahlenther Onkol 1995; 171: 202-206.

674. Schiafer U, Micke O, Willich N. Pain irradiation in degenerative skeletal diseases. Réntgenprax 1996; 49: 251-254.

675. SchanzS, Schreiber G, Zitzmann M, et al. S1 guidelines: Gynecomastia in adults. J Dtsch Dermatol Ges 2017; 15: 465-472.

676. Schara K, Herman S. Heterotopic bone formation in total hip arthroplasty: predisposing factors, classification and the
significance for clinical outcome. Acta Chir Orthop Traumatol Cech 2001; 68(2): 105-108.

677. Schaue D, Marples B Trott KR. The effects of low-dose X-irradiation on the oxidative burst in stimulated macrophages. Int J
Radiat Biol 2002; 78: 567-576.

678. Schink W. Dupuytren's contracture. Med Clin 1978; 73: 1371-1379.

679. Schleicher |, Szalay G, Kordelle J. Treatment of epicondylitis - a current review. Sports Injuries Sports Injury 2010; 24: 218-224.

680. Schleicher UM. The radiation sensitivity of desmoid tumors. Dtsch Med Wochenschr 1997; 122: 916.

681. Schneider H, Corradini V. Breakup changes in highly stressed tendons of the upper extremity and their clinical significance. Z
Orth its Frontiers 1954; 84: 278-296.

682. Schneider H. On the structure of the tendon attachment zones. Z Anatomie Entwicklungsgeschichte 1956; 119: 431-456.

683. Schreiber B, Rossbach T, Schmitt G. Percutaneous radiation therapy of peyronie's disease with 137cesium (author's transl).
Urologe 1978; 17: 228-231.

684. Schuchardt C, Herpertz U. Lymphological terminology. LymphForsch 2000; 4: 31-33.

685. Schuller BK, Neugebauer EA. Evidence for laser acupuncture in cases of orthopedic diseases: a systematic review. Pain 2008;
22:9-15.

686. Schultze J. Results of radiotherapy of degenerative skeletal diseases. Strahlenther Onkol 2000 (special issuel); 176: 192.

687. Schulz-Ertner D, Zierhut D, Mende U, Harms W, Branitzki P, Wannenmacher M. The role of radiation therapy in the

Wanagement of de<moid fumore Sprablonther Opkol 200" 178 78.83
S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 137



Guideline
—————————————————————————————

688.  Schunck J, Jerosch J. Endoscopic resection of the trochanteric bursa. Arthroscopy 2004; 17: 96-99.

689. Schiirmeyer TH, Fiichsel K, Nittritz N. Rare cause of gynecomastia in a 70-year-old man. Fortschr Med 1997; 115: 40-43.

690. Schuster J, Saraiya S, Tennyson N, Nedelka M, Mukhopadhyay N, Weiss E. Patient-reported outcomes after electron radiation
treatment for early-stage palmar and plantar fibromatosis. Pract Radiat Oncol 2015 Nov-Dec; 5(6): e651-658.

691. Seegenschmiedt MH, Attassi M. Radiotherapy in Ledderhose disease indication, and clinical results. Strahlenther Onkol 2003;
179: 847-853.

692. Seegenschmiedt MH, Katalinic A, Makoski H, Haase W, Gademann G, Hassenstein E. Radiation therapy for benign diseases:
patterns of care study in Germany. Int J Radiat Oncol Biol Phys 2000; 47: 195-202.

693. Seegenschmiedt MH, Katalinic A, Makoski HB, et al. Radiotherapy of benign diseases: an inventory for Germany. Strahlenther
Onkol 1999; 175: 541-547.

694. Seegenschmiedt MH, Keilholz L, Gusek-Schneider G, et al. Radiotherapy for progressive endocrine orbitopathy: long-term results
and classifications in comparison. Strahlenther Onkol 1998; 174: 449-456.

695. Seegenschmiedt MH, Keilholz L, Katalinic A, Stecken A, Sauer R. Heel Spur: Radiation Therapy for Refractory Pain - Results with
Three Treatment Concepts. Radiology 1996; 200: 271-276.

696. Seegenschmiedt MH, Keilholz L, Martus P et al. Epicondylopathia humeri. The indication for, technic and clinical results of
radiotherapy. Strahlenther Onkol 1997; 173: 208-218.

697. Seegenschmiedt MH, Keilholz L, Martus P, et al. Prevention of heterotopic ossification about the hip: Final results of two
randomized trials in 410 patients using either preoperative or postoperative radiation therapy. IntJ Radiat Oncol Biol Phys 1997;
39:161-171.

698. Seegenschmiedt MH, Keilholz L, Wielpiitz M, Schubert CH, Fehlauer F. Long-Term Outcome of Radiotherapy for Early Stage
Dupuytren's Disease: A Phase Il Clinical Study (Chapter 44). In: Eaton C et al. (eds.): Dupuytren's Disease and Related
Hyperproliferative Disorders. Heidelberg: Springer-Verlag 2012: 349-371.

699. Seegenschmiedt MH, Keilholz L, Wielpiitz M, Schubert CH, Fehlauer F. Long-Term Outcome of Radiotherapy for Early Stage
Dupuytren's Disease: A Phase Il Clinical Study (Chapter 44). In: Eaton C et al. (eds.): Dupuytren's Disease and Related
Hyperproliferative Disorders. Heidelberg: Springer-Verlag 2012: 409-427.

700. Seegenschmiedt MH, Keilholz L. Epicondylopathia humeri (EPH) and peritendinitis humeroscapularis (PHS): evaluation of
radiation therapy long-term results and literature review. Radiother Oncol 1998; 47: 17-28.

701. Seegenschmiedt MH, Makoski HB, Haase W, Molls M. Radiotherapy of non-malignant diseases: principles and
recommendations. Rontgenpraxis 2000; 52: 371-377.

702. Seegenschmiedt MH, Makoski HB, Trott KR, Brady LW (eds.): Radiotherapy for Non-Malignant Disorders: Contemporary
Concepts and Clinical Results. Berlin Heidelberg New York: Springer-Verlag: 200 8.

703. Seegenschmiedt MH, Makowski HB, Micke O, German Cooperative Group on Radiotherapy for Benign Diseases. Radiation
prophylaxis for heterotopic ossification about the hip joint - a multicenter study. Int J Radiat Biol Phys 2001; 39: 161-171.

704. Seegenschmiedt MH, Micke O (eds) 26th Colloquium Radiooncology/Radiation Therapy-Radiotherapy of Benign Diseases.
Altenberge: Diplodocus-Verlag 2002: 244.

705. Seegenschmiedt MH, Micke O, Willich N. Radiation therapy for non-malignant diseases in Germany - Current concepts and future
perspectives. Strahlenther Onkol 2004; 180: 718-730.

706. Seegenschmiedt MH, Olschewski T, Guntrum F. Optimization of radiotherapy in Dupuytren's disease: first results of a controlled
study. Strahlenther Onkol 2001; 177: 74-81.

707. Seegenschmiedt MH. Dupuytren's disease/Morbus Ledderhose. In: Seegenschmiedt MH, Makoski HB, Trott KR, Brady LW (eds.):
Radiotherapy for non-malignant disorders. Contemporary concepts and clinical results. Berlin Heidelberg New York: Springer-
Verlag 2007: 161-191.

708. Seegenschmiedt MH. New future for radiation therapy of non-malignant diseases? Radiother Oncol 2005; 74: 1-2.

709. Seegenschmiedt, MH, Becker W, Gusek G, et al. Megavoltage radiotherapy for severe and refractory progressive Graves'
ophthalmopathy: comparison of scoring systems and long-term results. Int J Radiat Oncol Biol Phys 1995; 32 (Suppl.): 286.

710. Seegenschmiedt, MH, Micke O, Niewald M, et al. DEGRO guidelines for the radiotherapy of non-malignant disorders Part Ill:
Hyperproliferative disorders. Strahlenther Onkol 2015; 191, 541-548.

711. Segal NA, Felson DT, Torner JC, et al. Greater trochanteric pain syndrome: epidemiology and associated factors. Arch Phys Med
Rehabil 2007; 88: 988-992.

712.  Serels S, Melman A. Tamoxifen as treatment for gynecomastia and mastodynia resulting from hormonal deprivation. J Urol
1998; 159: 1309.

713. Shah KJ, Dasher BG, Brooks B. Computed tomography of Graves' ophthalmopathy, diagnosis, management, and post-
therapeutic evaluation. Clin Imaging 1989; 13: 58-61.

714. Shbeeb MI, Matteson EL. Trochanteric bursitis (greater trochanteric pain syndrome). Mayo Clin Proc 1996; 71: 565-569.

715.  Sherouse GW, Bourland JD, Reynolds K, et al. Virtual simulation in the clinical setting: some practical conside-rations. Int J
Radiat Oncol Biol Phys 1990; 19: 1059-1065.

716.  Shields CJ, Winter DC, Kirwan WO, Redmond HP. Desmoid tumours. Eur J Surg Oncol 2001; 27: 701-706.

717. Shine B, Fells P, Edwards OM, Weetman AP. Association between Graves' ophthalmopathy and smoking. Lancet 1990; 335:
1261- 1263.

718. Shiri R, Varonen H, Heliovaara M, Viikari-Juntura E. Hand dominance in upper extremity musculoskeletal disorders. J
Rheumatol 2007; 34: 1076-1082.

719. Shiri R, Viikari-Juntura E, Varonen H, Heliovaara M. Prevalence and determinants of lateral and medial epicondylitis: a
population study. Am J Epidemiol 2006; 164: 1065-1074.

720.  Shiri R, Viikari-Juntura E. Lateral and medial epicondylitis: role of occupational factors. Best Pract Res Clin Rheumatol 2011; 25:
43-57.

721. Shoss M, Otto TG. Roentgen therapy of subdeltoid tendonitis and bursitis. Analysis of 159 cases treated with intermediate
radiation therapy. Missouri Med 1955; 52: 855-863.
722.  Shuryak i. et al. Cancer Risks After Radiation Exposure in Middle Age. J Natl Cancer Inst 2010; 102:1628-1636.

723. Silva F, Adams T, Feinstein J, et al. Trochanteric bursitis: refuting the myth of inflammation. J Clin Rheumatol 2008; 14: 82-86.

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 138



Guideline
—————————————————————————————

724. Silva S. Gorham-Stout disease affecting both hands: stabilisation during biphosphonate treatment. Hand (N Y) 2011; 6: 85-89.

725. Slawski DP, Howard RF. Surgical management of refractory trochanteric bursitis. Am J Sports Med 1997; 25: 86-89.

726. SlonV, Stein D, Cohen H, et al. Vertebral hemangiomas: their demographic characteristics, location along the spine and position
within the vertebral body. Eur Spine J 2015; 24: 2189-2195.

727. Smitt MC, Donaldson SS Radiation therapy for benign disease of the orbit. Sem Radiat Oncol 1999; 9: 179-189.

728. Snijders-Keilholz A, De Keizer RIW, Goslings BM, et al. Probable risk of tumor induction after retroorbital irradiation for Graves'
ophthalmopathy. Radiother Oncol 1996; 38: 69-71.

729. Sokoloff N. X-rays against articular rheumatism. Fortschr Réntgenstr 1898; 1: 209-213.

730. Sommer F, Schwarzer U, Wassmer G, et al. Epidemiology of Peyronie's disease. Int J Impot Res 2002; 14: 379-383.

731. Sorensen A, Keller J, Nielsen OS, Jensen OM. Treatment of aggressive fibromatosis: a retrospective study of 72 patients followed
for 1-27 years. Acta Orthop Scand 2002; 73: 213-219.

732. Spear MA, Jennings LC, Mankin HJ, et al. Individualizing management of aggressive fibromatoses. Int J Radiat Oncol Biol Phys
1998; 40: 637-645.

733. Spieth ME, Greenspan A, Forrester DM, et al. Gorham's disease of the radius: radiographic, scintigraphic, and MRI findings with
pathologic correlation. A case report and review of the literature. Skeletal Radiol 1997; 26: 659-663.

734. Sportiello DJ, Hoogerland DL. A recurrent pelvic desmoid tumor successfully treated with tamoxifen. Cancer 1991; 67: 1443-
1446.

735.  Srinivasan V, Miree J, Lloyd FA. Bilateral mastectomy and irradiation in the prevention of estrogen induced gynecomastia. J Urol
1972; 107: 624-625.

736. Staar S, Miiller RP, Hammer M, et al. Results and prognostic factors in retrobulbar radiotherapy combined with systemic
corticosteroids for endocrine orbitopathy (Graves' Disease). In: Wiegel T, Bornfeld N, Foerster MH, Hinkelbein W (eds.):
Radiotherapy of ocular disease. Front Radiat Ther Oncol. Basel: Karger 1997; 30: 206-217.

737. Stannard JP, Wilson TC, Sheils TM, McGwin G Jr, Volgas DA, Alonso JE. Heterotopic ossification associated with knee dislocation.
Arthroscopy 2002; 18(8): 835-839.

738. Staunig K. On X-ray therapy of arthritis deformans. Strahlenther 1925; 20: 113-120.

739. Steen OT, McCullough JAL. Supraspinatus tendonitis and bursitis. Analysis of 159 cases treated by roentgen therapy. Am J
Rontol 1951; 65: 245-254.

740. Stein CM, Pincus T. Placebo-controlled studies in rheumatoid arthritis: ethical issues. Lancet 1999; 353: 400-403.

741. Steinmetz S, Rougemont A-L, Peter R. Pigmented villonodular synovitis of the hip. EFORT Open Rev. 2016;1: 260-266.

742. Radiation Protection Ordinance - StrlSchV, Ordinance on Protection against Damage Caused by lonizing Radiation, dated July
20, 2001 (BGBI. | p. 1714), officially corrected on April 22, 2002 (BGBI. | p. 1459).

743. Strzelczyk A, Vogt H, Hamer HM, Krdmer G. Continuous phenobarbital treatment leads to recurrent plantar fibromatosis.
Epilepsia 2008; 49: 1965-1968.

744. Sugiyama H. et al. Skin Cancer Incidence among Atomic Bomb Survivors from 1958 to 1996. RADIATION RESEARCH 181, 531-
539 (2014).

745. Suit H, Spiro I. Radiation in the multidiscipnagement of desmoid tumors. Front Radiat Ther Oncol 2001; 35: 107-

119.

746. Suit H, Spiro I. Radiation treatment of benign mesenchymal disease. Sem Rad Oncol 1999; 9: 171-178.

747. Suit HD. Radiation dose and response of desmoid tumors. Int J Radiat Oncol Biol Phys 1990; 19: 225-227.

748. Sunl, Gao F, WangY, Sun W, lJiang B, Li Z. Extracorporeal shock wave therapy is effective in treating chronic plantar fasciitis: A
meta-analysis of RCTs. Medicine (Baltimore) 2017; 96(15): e6621. doi:10.1097/MD.00000000006621.

749. Tan RBW, Sangkum F, Mitchell GC, et al. Update on medical management of Peyronie's disease. Curr Urol Rep 2014; 15:415

750. Telegrafo M, Introna T, Coi L, et al. Breast US as primary imaging modality for diagnosing gynecomastia. G Chir 2016; 37: 118-
122.

751. TengCS, Crombie AL, Hall R, Ross WM. An evaluation of supervoltage orbital irradiation for Graves' ophthalmopathy. Clin
Endocrinol (Oxf) 1980; 13: 545-551.

752. Therapax DXT 300 Microprocessor-Controlled Orthovoltage Therapy Treatment System. Pantak Inc. Branford UK: Technical
Specification 1996.

753. Thomann K-DH, et al. Orthopedic trauma surgical assessment. In: practice of clinical assessment. Amsterdam: Elsevier
Publishers: 2008: 612.

754. Thomas S, Datta-Gupta S, Kapur BM. Treatment of recurrent desmoid tumour with tamoxifen. Aust N Z J Surg 1990; 60: 919-
921.

755. Ting AC, Chow LW, Leung YF. Comparison of tamoxifen with danazol in the management of idiopathic gynecomastia. Am Surg
2000; 66: 38-40.

756. Tomasek J, Rayan GM. Correlation of alpha-smooth muscle actin expression and contraction in Dupuytren' disease fibroblasts.
J Hand Surg Am 1995; 20: 450-455.

757. Tortolani PJ, Carbone JJ, Quatararo LG. Greater trochanteric pain syndrome in patients referred to orthopedic spine specialists.
Spine J 2002; 2: 251-254.

758. Toschke G. On the radiographic treatment of joint diseases. Strahlenther 1941; 70: 443-456.

759. Towheed T, Maxwell L, Anastassiades TP, Shea B, Houpt J, Welch V, Hochberg MC, Wells GA. Glucosamine therapy for treating
osteoarthritis. Cochrane Database of Systematic Reviews 2005, |Issue 2. art. No.. CD002946. DOI:
10.1002/14651858.CD002946.pub?2.

760. Towheed T, Maxwell L, Judd M, Catton M, Hochberg MC, Wells GA. Acetaminophen for osteoarthritis. Cochrane Database of
Systematic Reviews 2006, Issue 1. art. No.: CD004257. DOI: 10.1002/14651858.CD004257.pub?2.

761. Trinh KV, Phillips SD, Ho E, Damsma K. Acupuncture for the alleviation of lateral epicondyle pain: a systematic review.
Rheumatology (Oxford) 2004; 43: 1085-1090.

762. Trott KR, Kamprad F. Estimation of Cancer Risk from Radiotherapy of Benign Dieseases. Radiation Oncol 2006; 182: 431-436.

763. Trott KR, Parker R, Seed MP. The effect of X-rays on experimental arthritis in the rat. Radiation Oncol 1995; 171: 534-538.

764. Trott KR. Therapeutic effects of low radiation doses. Radiation Oncol 1994; 170: 1-12.

765. Tsikopoulos K, Vasiliadis HS, Mavridis D. Injection therapies for plantar fasciopathy ('plantar fasciitis'): a systematic review and
network meta-analysis of 22 randomised controlled trials. British journal of sports medicine. 2016; 50(22): 1367-1375. doi:

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 139



Guideline
—————————————————————————————
10.1136/bjsports-2015-095437.

766. Tubiana R, Michon J, Thomine JM. Evaluation chiffre des deformations dans la maladie de Dupuytren. In Keilholz L,
Seegenschmiedt MH, Born AD, Sauer R (eds.): Radiotherapy in the early stage of Dupuytren's disease. Indication and long-term
results. Strahlenther Onkol 1997; 173: 27-35.

767. Tucci M, Leone G, Buttigliero C, et al. Hormonal treatment and quality of life of prostate cancer patients: new evidences. Minerva
Urol Nefrol 2018 Apr;70(2): 144-151. doi: 10.23736/50393-2249.17.03066-1. Epub 2017 Dec 14.

768. Turesson et al: The influence of fraction size in radiotherapy on the late normal tissue reaction. I: Comparison of the effects of
daily and once-a-week fractionation on human skin. Int. J. Radiat. Oncol. Biol. Phys. (1984); 10, 593-598.

769. TurraS, Gigante C, Scapinelli R. A 20-year follow-up study of a case of surgically treated massive osteolysis. Clin Orthop Relat Res
1990; 250: 297-302.

770. Tyrrel CJ, Payne H, Tammela TL, et al. Prophylactic breast irradiation with single dose of electron beam radiotherapy (10 Gy)
significantly reduces the incidence of bicalutamide-induced gynecomastia. Int J Radiat Oncol Biol Phys 2004; 60:476-483.

T71. Tzortzis V, Samarinas M, Zachos |, et al. Adverse effects of androgen deprivation therapy in patients with prostate cancer: focus
on metabolic complications. Hormones 2017; 16: 115-123.

772.  Uhlenbrock D, Fischer HJ, Rohwerder R. Radiotherapy of endocrine ophthalmopathy - evaluation of 56 cases. Strahlenther 1984;
160: 485-491.

773.  Uysal B, Beyzadeoglu M, Sager O, Demiral S, Gamsiz H, Dincoglan F et al. Role of radiotherapy in the management of heel spur.
European journal of orthopaedic surgery & traumatology: orthopedie traumatologie 2015; 25(2): 387-389. doi: 10.1007/s00590-
014-1482-4.

774. Valledor AF, Comalada M, Santamaria-Babi LF, Lloberas J Celada A. Macrophage proinflammatory activation and deactivation: a
question of balance. Adv Immunol 2010; 108: 1-20.

775. Valtonen EJ, Lilius HG, Malmio K. The value of roentgen irradiation in the treatment of painful degenerative and inflammatory
musculoskeletal conditions. A double-blind study. Scand J Rheumatol 1975; 4: 247-249.

776. 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: 486-491.

T77. van Dijk HIL. Orbital Graves'disease: a modification of the "no specs" classification. Opthalmology 1981; 88: 479-483.

778. Van Leeuwen, FE, Klokman WJ, Hagenbeek A, et al. Second cancer risk following Hodgkin's disease: 20-year follow-up. J Clin
Oncol 1994; 12: 312-325.

779. van Ouwerkerk BM, Wijngaarde R, Hennemann G. Radiotherapy of severe ophthalmic Graves' disease. J Endocrinol Invest
1985; 8: 241-247.

780. Van Poppel H, Tyrrell CJ, Haustermans K et al. Efficacy and tolerability of radiotherapy as treatment for bicalutamide-induced
gynaecomastia and breast pain in prostate cancer. Eur Urol 2005; 47: 587-592.

781. Van Wye WR. Patient screening by a physical therapist for nonmusculoskeletal hip pain. Phys Ther 2009; 89: 248-256.

782. Vandevenne JE, De Schepper AM, De Beuckeleer L, et al. New concepts in understanding evolution of desmoid tumors: MR
imaging of 30 lesions. Eur Radiol 1997; 7: 1013-1019.

783. Vastel L, Lambert P, De Pinieux G, et al. Surgical treatment of pigmented villonodular synovitis of the hip. J Bone Joint Surg Am
2005; 87A: 1019-1024.

784. Verhagen AP, Bierma-Zeinstra SMA, Boers M, Cardoso JRosa, Lambeck J, de Bie R, de Vet HCW. Balneotherapy for osteoarthritis.
Cochrane Database of Systematic Reviews 2007, Issue 4. art. No.: CD006864. DOI:
10.1002/14651858.CD006864.

785.  Viani GA, Bernardes da Silva LG, Stefano EJ. Prevention of gynecomastia and breast pain caused by androgen deprivation therapy
in prostate cancer: tamoxifen or radiotherapy? Int J Radiat Oncol Biol Phys 2012; 83: e519-524.

786. Viljanto JA. Dupuytren's contracture: A rewiew. Semin Arthr Rheum 1973; 3-A: 155-176.

787. Viljoen IM, Goedhals L, Doman MJ. Peyronie's disease - a perspective on the disease and the long-term results of radiotherapy.
South Afr Med J 1993; 83: 19-20.

788. Vogt HJ, Hochschau L. Treatment of Dupuytren's contracture. Miinch Med Wschr 1980; 122: 125-130.

789. Voll R.E., M. Herrmann, E.A. Roth, C. Stach, J.R. Kalden, I. Girkontaite, Immunosuppressive effects of apoptotic cells, Nature, 390
(1997) 350-351.

790. Volpe R. Graves' hyperthyroidism and endocrine ophthalmopathy. One or two closely related diseases. In: Kahaly G (ed.):
Endocrine ophthalmopathy, molecular, immunological and clinical aspects. Basel: Karger 1993: 101-111.

791. Wachsmann F, Drexler G: Graphs and Tables for Use in Radiology. Berlin-Heidelberg: Springer Verlag: 1976.

792. Waddell WR, Gerner RE. Indomethacin and ascorbate inhibit desmoid tumors. J Surg Oncol 1980; 15: 85-90.

793. Walsh G, Archibald CG. MRI in greater trochanter pain syndrome. Australas Radiol 2003; 47: 85-87.

794. Walther E, Hunig R, Zalad S. Treatment of aggressive fibromatosis (desmoid). Reducing the rate of recurrence by postoperative
irradiation. Orthopade 1988; 17: 193-200.

795.  Walton MJ, Mackie K, Fallon M, et al. The reliability and validity of magnetic resonance imaging in the assessment of chronic
lateral epicondylitis. ) Hand Surg Am 2011; 36: 475-479.

796. Wannenmacher: Diseases of joints, tendons and ligaments Chapter 36.8. radiotherapy Edition 2 Eds: Wannenmacher, Wenz,
Debus. Springer Verlag 2013.

797. Wapner KL, Ververelli PA, Moore JH, et al. Plantar fibromatosis: a review of primary and recurrent surgery. Foot Ankle Int
1995; 16: 548-551.

798. Ward WG Sr, Boles CA, Ball JD, Cline MT. Diffuse pigmented villonodular synovitis: preliminary results with intralesional
resection and p32 synoviorthesis. Clin Orthop Relat Res 2007; 454: 186-191.

799. Wasserburger K. Therapy of Dupuytren's contracture. Strahlenther 1956; 100: 546- 560.

800. Waterfall NB, Glaser MG. A study of the effects of radiation on prevention of gynecomastia due to estrogen therapy. Clin Oncol
1979; 5: 257-260.

801. Weiss AJ, Lackman RD. Low-dose chemotherapy of desmoid tumors. Cancer 1989; 64: 1192-1194.

802. Weiss L et al: Cancer mortality following x-ray treatment for ankylosing spondylitis. Int. J. Cancer 1994, 59: 327-338

803. Weisser GW, Schmidt B, Hubener KH, et al. Radiation treatment of plastic induration of the penis. Strahlenther Onkol 1987;

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 140



Guideline
e
163: 23-28.

804. Weissleder H. The pathologic lymphangigram of the thoracic duct. Fortschr Réntgenstr 1964; 100: 573-582.

805. Weissleder H. X-ray kinematographic study of the human thoracic duct. Fortschr Réntgenstr 1964; 100: 435-440.

806. Weissmann T, Riickert M, Zhou JG, Seeling M, Lettmaier S, Donaubauer AJ, Nimmerjahn F, Ott OJ, Hecht M, Putz F, Fietkau R,
Frey B, Gaipl US, Deloch L. Low-Dose Radiotherapy Leads to a Systemic Anti-Inflammatory Shift in the Pre-Clinical K/BxN Serum
Transfer Model and Reduces Osteoarthritic Pain in Patients. Front Immunol 2022; 12: 777792.

807. Werder K von. Diagnostic procedure in gynecomastia. Dtsch med Wschr 1988; 113: 776-778.

808. Werder K von. Therapy of gynecomastia. Dtsch med Wschr 1988; 113: 779-780.

809. Werner SC. Classification of the eye change of Graves' disease. J Clin Endocrinol Metab 1969; 29: 982-984.

810. Werner SC. Modification of the classification of the eye change of Graves' disease: recommendations of the Ad Hoc Committee
of the American Thyroid Association. J Clin Endocrinol Metab 1977; 44: 203-204.

811. Widmark A, Fossa SD, Lundmo P, et al. Does prophylactic breast irradiation prevent antiandrogen-induced gynecomastia?
Evaluation of 253 patients in the randomized Scandinavian trial SPCG-7/SFUO-3. Urology 2003; 61: 145-151.

812. Wieland C, Kuttig H. High-voltage therapy in arthrosis and inflammation. Strahlenther 1965; 127: 44-48.

813. Wieland C. Indication and results of radiotherapy in arthrosis. Z Rheumaforsch 1966; 25: 324-329.

814. Wiersinga WM. Therapeutic outcome of prednisone medication and of orbital irradiation in patients with Graves'
ophthalmopathy. Ophthalmologica 1988; 197(2): 75-84.

815. Wigley KD, Thomas JL, Bernadino ME, Rosenbaum JL. Sonography of gynecomastia. Am J Roentgenol 1981; 136: 927-930.

816. Wilcken N, Tattersall MH. Endocrine therapy for desmoid tumors. Cancer 1991; 68: 1384-1388.

817. Wildmeister W, Horster FA. On the therapy of endocrine ophthalmopathy. Dtsch Med Wschr 1972; 97: 1708-1711.

818. Williams BS, Cohen SP. Greater trochanter pain syndrome: a review anatomy, diagnosis and treatment. Anesth Anal 2009; 108:
1662-1670.

819. Wilson JD, Aimann J, MacDonald PC. The pathogenesis of gynecomastia. Adv Int Med 1980; 25: 1-32.

820. Wilson WB, Prochada M. Radiotherapy for thyroid orbitopathy. Arch Ophthalmol 1995; 113: 1420-
1425.

821. Wimpissinger F, Esterbauer B. Guideline gynecomastia. J Urol Urogyn 2008; 15 (special issue 6): 12-14.

822. Winkler C, Dornfeld S, Baumann M, et al. Efficiency of radiotherapy for vertebral hemangiomas. Strahlenther Onkol 172; 1996:
681-684.

823. Wolf H, Madson PO, Vermund H. Prevention estrogen-induced gynecomastia by external irradiation. J Urol 1969; 102: 607-609.

824. Wolf JM, Mountcastle S, Burks R, et al. Epidemiology of lateral and medial epicondylitis in a military population. Mil Med 175:
336-339.

825. Wolf U, Wiezorek T. Radiophysical Principles. In: Seegenschmiedt MH, Makoski HB, Trott KR, Brady LW (eds.): Radiotherapy for
Non-Malignant Disorders: Contemporary Concepts and Clinical Results. Berlin Heidelberg New York: Springer-Verlag: 2008.

826. Woodley SJ, Mercer SR, Nicholson HD. Morphology of the bursae associated with the greater trochanter of the femur. J Bone
Joint Surg Am 2008; 90: 284-294.

827. Woodward HR. Massive osteolysis of the cervical spine. A case report of bone graft failure. Spine 1981: 6: 545-549.

828. Wu KK. Plantar fibromatosis of the foot. J Foot Ankle Surg 1994; 33: 98-101.

835.  Wunderlich R, Ernst A, Rodel F, Fietkau R, Ott O, Lauber K, Frey B, Gaipl US. Low and moderate doses of ionizing radiation up to
2 Gy modulate transmigration and chemotaxis of activated macrophages, provoke an anti-inflammatory cytokine milieu, but do
not impact upon viability and phagocytic function. Clin Exp Immunol 2015; 179: 50-61.

836. Yang WY, Han YH, Cao XW, Pan JK, Zeng LF, Lin JT et al. Platelet-rich plasma as a treatment for plantar fasciitis: A meta-analysis
of randomized controlled trials. Medicine (Baltimore) 2017; 96(44): e8475. doi: 10.1097/MD.0000000000008475.

837. Yangy, GuanJ, Ma W., et al. Primary Intraosseous Cavernous Hemangioma in the Skull. Medicine 2016; 95: 1-12.

838. Yang Z-Y, Zhang L-J, Chen Z-X, Hu HY. Hemangioma of the vertebral column. A report on twenty-three patients with special
reference to functional recovery after radiation therapy. Acta Radiol Oncol 24; 1985: 129-132.

839. YostJ, Winter T, Fett HC. Dupuytren's contracture. A statistical study. Amer J Surg 1955; 90: 568-571.

834. YousefiS, Stockmann U. Lymphatic fistula after vertebral surgery. Vascular Surgery 2000; 5: 118-120.

83b.  Zeckey C, Hildebrand F, Frink M, Krettek C. Heterotopic ossifications following implant surgery-epidemiology, therapeutic
approaches and current concepts. Semin Immunopathol 2011; 33: 273-286.

836. Zelefsky MJ, Harrison LB, Shiu MH, Armstrong JG, Hajdu S|, Brennan MF. Combined surgical resection and iridium 192
implantation for locally advanced and recurrent desmoid tumors. Cancer 1991; 67: 380-384.

837. Zingg E, Heinzel F. Prevention of gynecomastia in the hormone-treated prostatic carcinoma patient by X-ray irradiation of the
mamilla (mamma virilis). Der Urologe 1968; 7: 96-97.

838.  Zirbs M, Anzeneder T, Bruckbauer H, Hofmann H, Brockow K, Ring J, Eberlein B. Radiotherapy with soft X-rays in Dupuytren's
disease - successful, well-tolerated and satisfying. J Eur Acad Dermatol Venereol 2015 May; 29(5): 904-911.

839. Zlotecki RA, Scarborough MT, Morris CG, et al. External beam radiotherapy for primary and adjuvant management of
aggressive fibromatosis. Int J Radiat Oncol Biol Phys 2002; 54: 177-181.

840. Zschache H. Results of weak X-ray irradiation. Radiobiol Radiother 1972; 13: 181-186.

S2e Guideline Radiation Therapy of Benign Diseases-Version 3.0 Page 141



