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Position paper: Does radiotherapy
play a role in activated osteoarthritis
of the temporomandibular joint?

Topic: Could radiotherapy be a treatment option for
symptomatic inflammatory and/or degenerative arthropathy
of the temporomandibular joint?

Background

In addition to radiotherapy for ma-
lignant tumors, radiotherapy for
non-malignant diseases also plays
an important role in daily clinical
practice and it is applied successfully
[17, 24]. Although radiotherapy is
used much more frequently to treat
malignant diseases, several national
patterns of care studies have shown
the relevance of radiotherapy for
treating non-malignant diseases.
The last large national patterns of
care study revealed that more than
37,000 patients per year are irradiat-
ed for non-malignant diseases. In
this case, only a small proportion
are benign tumors. The majority of
cases consist of degenerative and de-
generative-inflammatory  diseases,
followed by functional diseases and
hyperproliferative diseases. Degener-
ative and degenerative-inflamma-
tory diseases alone account for more
than 23,000 cases per year in Ger-
many [25]. Consequently, the inter-
esting question arises of whether
patients with degenerative or degen-
erative-inflammatory diseases of the
TMJ can also benefit from radio-
therapy.

Among the degenerative and de-
generative-inflammatory diseases,
plantar fasciitis (with or without ac-
companying heel spur), enthesiopathy,
tendinitis, epicondylitis, and subacro-
mial syndrome play an important role
[17, 24, 25]. In a large percentage,
many of these diseases can be cured or
at least significantly improved by
means of radiotherapy. For example, in
plantar fasciitis, radiotherapy is a stan-
dard therapy. The effect has been dem-
onstrated in numerous prospective,
randomized studies [18, 24].

Radiotherapy for the treatment of
osteoarthritis has been an established
procedure for many years. The begin-
nings of radiotherapy in the treat-
ment of arthritic changes dates back
to the 1920s [11, 15, 16, 28]. However,
there is little data on radiotherapy for
osteoarthritis or activated osteoarthri-
tis of the TMJ. Most existing data re-
lates to knee joint arthritis, hip arthri-
tis and finger polyarthritsis. In many
heterogeneous collectives, TM] os-
teoarthritis is lost in the “other” ar-
thritides. Only one older study reports
TM]J osteoarthritis separately [2, 4, 11].

The current S2k-Guideline of the
DEGRO (German Society for Radiation

Oncology) provides a “should” recom-
mendation for gonarthritis and a
“can” recommendation for other ar-
thritides. Thus, according to the guide-
line’s recommendations, there is also
the possibility to employ irradiation in
the treatment of osteoarthritis or de-
generative and/or inflammatory ar-
thropathies of the TMJ [16, 17, 20].
The author’s research group has been
successfully treating patients with TMJ
osteoarthritis using radiotherapy for
several years. Most of these patients
are included in a national multicenter
observational study.

Principles of radiobiology
Many preclinical studies have shown
that low-dose radiotherapy has an in-
flammation-modulating or anti-in-
flammatory effect via different mech-
anisms. For example, a reduction of
chemotactic cytokines (e.g., CCL20)
has been shown. Thus, fewer inflam-
matory cells are attracted [17, 22].
One of the most important stages
in the inflammatory cascade is the
adhesion of monocytes and granulo-
cytes to the endothelium and the mi-
gration of these immune cells into
the inflamed tissue. One mode of ac-
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Figure 1 Radiotherapy plan for a patient who has been irradiated unilaterally at the TM].
The figures on the left and above show the dose distribution in various 3D cross sections:
two transversal, one sagittal and one coronal. The target volume is outlined in red. The
figure on the bottom right shows a dose-volume histogram which is used to estimate the
dose distribution in the target volume and the dose exposure of the organs at risk.

tion of low-dose radiotherapy is to at-
tenuate this adhesion process. Inter-
estingly, this effect is independent of
the target irradiated (that is, whether
the immune cells or the endothelial
cells are irradiated) [17, 21, 24].

The release of anti-adhesive cyto-
kines also seems to be a starting point
for the immunomodulatory or anti-
inflammatory effect of low-dose
radiotherapy [17]. Apoptosis of in-
flammatory cells (especially granulo-
cytes and monocytes) likewise ap-
pears to play a role [6].

Another important target that is
related to the analgesic and anti-in-
flammatory effects of low-dose radio-
therapy is the attenuation of nitric
oxide synthase and thus nitric oxide
production. Nitric oxides are an im-
portant carrier of the inflammatory
response and are strongly involved in
inflammatory pain [17, 21].

Similar to nitric oxide synthesis,
the formation of reactive oxygen
metabolites, important contributors
to inflammation, is also reduced [17].

What is common to these anti-in-
flammatory mechanisms is that their
maximum effect is in the range of low-
dose radiotherapy (doses between 0.3
and 1.0 Gy). At higher radiation doses,
there does not seem to be an increased
anti-inflammatory effect, but rather, a
weaker effect can be assumed [5, 21].

These mechanisms have now
been relatively well-studied at the
molecular level or in cell experiments.
The effect has also been demonstrated
in animal models. Moreover, there are
also clinical studies demonstrating
that these models are applicable to
patients and that low-dose radiother-
apy has immunomodulatory or anti-
inflammatory effects in various dis-
ease conditions [3, 5, 7, 8, 27].

Principles of radiation
physics

What radiotherapy of various degen-
erative and degenerative-inflamma-
tory diseases has in common is that
low radiation doses are used, usually
individual doses between 0.5 and
1.0 Gy. Total doses of 3.0-6.0 Gy are
usually applied. In most cases, irradi-
ation is not performed daily, but
2-3 times a week [20, 21].

In contrast, in curative cases of
malignant tumors, radiation doses of
around 50 Gy are generally used in
multimodal therapy approaches, and
over 60 Gy in definitive radiotherapy.

Irradiation of non-malignant dis-
eases can be performed with a linear
accelerator (using photon or electron
radiation) or, in part, with an ortho-
voltage device. A linear accelerator
should be used for irradiation of acti-
vated TM] osteoarthritis. As part of

Fig. 1: M. G. Hautmann

the planning, 3D CT planning should
be integrated — ideally MRI-guided —
in order to protect surrounding tissue
and organs at risk [2,21].

Current evidence on radio-
therapy for osteoarthritis
Since the 1920s, there have been a
large number of publications showing
the benefit of radiotherapy in pa-
tients with osteoarthritis. As of 2019,
the author’s research group has ident-
ified a total of 50 publications with
over 12,000 patients who have been
evaluated [11, 15]. In recent years,
however, there have been 2 random-
ized studies on knee osteoarthritis
and finger polyarthrosis, each with a
smaller number of patients, that
failed to show a significant benefit
[13, 14]. This is in contrast to the
many other studies that point to a
benefit for patients — all the more so
because there are also several studies
that have used objectifiable criteria to
demonstrate responsiveness [8, 19].
In this regard, one assumption as to
why these two randomized trials
failed to show a significant benefit is
that they probably included many pa-
tients with very advanced osteoarthri-
tis. It is likely that several different
pain components play a role in os-
teoarthritis. In addition to pain that is
purely degenerative, there is also an
important inflammatory pain compo-
nent in activated osteoarthritis, re-
spectively inflammatory or degener-
ative-inflammatory arthropathy. It
can be assumed that radiotherapy can
help improve the inflammatory pain
component, in particular, but its ef-
fect on the purely degenerative pain
component is insufficient [8, 19,
21, 27].

Clinical effect

Many studies have shown that the an-
algesic, respectively the anti-inflam-
matory, effect occurs with a certain la-
tency [11, 18, 28], usually ranging be-
tween 2 and 6 weeks after the end of
radiotherapy. Only a small proportion
of patients experience an improve-
ment in pain during or immediately
after radiotherapy. The pain minimum
is usually reached between 4 and
6 weeks after the end of radiotherapy.
The evaluation of the success is there-
fore only possible with a time delay.
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Figure 2 Design of a modern linear accelerator that can be used for the irradiation of

malignant and non-malignant diseases.

Figure 3 Positioning of the patient with a custom-made thermoplastic mask. The mask
is used to immobilize the patient. A laser-guided coordinating system (drawn on the
mask) helps align the patient correctly for irradiation.

The first clinical follow-up examin-
ation should generally take place
10-12 weeks after the end of radio-
therapy. In case of an insufficient ef-
fect or lack of response, a new course
of irradiation can be performed. Clini-
cal studies have shown the benefit of
such re-irradiation in degenerative or
degenerative-inflammatory diseases,
even in patients who did not show a
response in the first course [9, 10].
Unlike enthesopathies (tendon at-
tachment diseases) or tendinitides (ten-
don inflammations), in osteoarthritis,
the analgesic effect of radiotherapy is
often not permanent, but only present
for a few years. This is most likely ex-
plained by the degenerative pain com-

ponent of osteoarthritis. In addition,
osteoarthritis constitutes a progressive
clinical pattern with further progress-
ive degeneration [11, 16, 18, 20].

Since recent data suggests that
predominantly or exclusively the in-
flammatory pain component can be
favorably influenced by low-dose
radiotherapy, patients with activated
osteoarthritis — ideally patients in the
activated relapse of osteoarthritis —
should be treated particularly [19].

Whether analgesic or anti-inflam-
matory radiotherapy can slow down
progression has not yet been clearly
proven. There are — predominantly
preclinical — studies that may sug-
gests this [3, 5, 27].
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Risks of radiotherapy in the
treatment of degenerative
and degenerative-inflamma-
tory diseases

Since low-dose radiotherapy is used
for treatment — as mentioned above —
so-called deterministic toxicities are
not to be expected. These include typi-
cal side effects such as radiodermatitis
or mucositis. The typical late side ef-
fects of higher-dose radiotherapy such
as fibrosis or xerostomia are also not
to be expected, or can be virtually
ruled out, as the tolerance doses of the
organs at risk are generally not reach-
ed or by far not reached [17, 21, 23].

In principle, there is a risk of
stochastic side effects (e.g. tumor in-
duction) with each application of
radiation on humans. This risk of
tumor induction is low in the case of
radiotherapy for degenerative and de-
generative-inflammatory diseases. The
effective dose model can be used to
estimate this risk. However, individual
factors such as gender and age of the
patient must still be accounted for in
the assessment. The potential chance
of improvement and the risks of alter-
native therapy options must be
weighed against this risk [2, 21, 26].

For example, there is a significant
risk of adverse side effects and also se-
vere adverse side effects when analge-
sic drugs are taken for a longer period
of time. In many cases, this risk out-
weighs the risk of radiotherapy [1].

In a calculation according to ICRP
2008, for an intermediate-aged pa-
tient who is irradiated unilaterally at
the TMJ with a dose of 6 x 0.5 Gray,
there is an estimated lifetime risk of
approximately 0.008 % for the induc-
tion of a malignant tumor (2, 26].

Practical approach

Patients with activated osteoarthritis
of the TMJ may also be referred for
radiotherapy by dentists [12]. It
should be noted that a referral is
required for radiotherapy appoint-
ments. It is also advisable to send the
most important documents and in-
formation in advance (provided the
patient agrees to this after being in-
formed in accordance with data pro-
tection regulations). In particular, the
previous course of the disease, the
course of treatment, and available
cross-sectional imaging (e.g. CT or
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MRI) with corresponding radiological
findings are very relevant.

Conclusion
Low-dose radiotherapy for treating
osteoarthritis of the TM]J is a conser-
vative treatment option. In particu-
lar, it can be applied in cases of acti-
vated osteoarthritis as well as inflam-
matory or degenerative-inflamma-
tory arthropathies. Even if patients
having TM] osteoarthritis are under-
represented in the studies to date,
treatment can be provided in analogy
to osteoarthritis at other sites, with
the aim of achieving analgesic and
anti-inflammatory effects. This is also
in line with the recommendation of
the S2k-Guideline of the DEGRO.
The treatment utilizes low doses of
irradiation. Typical deterministic toxic-
ities are not expected and the risk of
stochastic side effects appears to be low.

Conflict of interest

The author declares that there is no
conflict of interest as defined by the
guidelines of the International Com-
mittee of Medical Journal Editors.

References

1. Aygiin D, Kaplan S, Odaci E, Onger
ME, Altunkaynak ME: Toxicity of non-ste-
roidal anti-inflammatory drugs: a review
of melatonin and diclofenac sodium as-
sociation. Histol Histopathol 2012; 27:
417-436

2. Behr M, Fanghanel ] (Hrsg): Kranio-

mandibuldre Dysfunktionen. Antworten

auf Fragen aus der Praxis. Thieme, Stutt-
gart 2019

3. Budras KD, Hartung K, Miinzer BM:
Licht- und elektronenmikroskopische Un-
tersuchungen Uber den Einfluss von Ront-
genbestrahlung auf das Stratum synoviale
des entziindeten Kniegelenks. Berl Munch
Tierarztl Wochenschr 1986; 99: 148-152

4. Cocchi U: Erfolge und MiRerfolge bei
Rontgenbestrahlung nichtkrebsiger
Leiden. Strahlenther 1943; 73: 255-305

5. Frey B, Gaipl US, Sarter K et al.:
Whole body low dose irradiation im-
proves the course of beginning poly-
arthritis in human TNF-transgenic mice.
Autoimmunity 2009; 42: 346-348

6. 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

7. Hautmann AH, Wolff D, Hilgendorf |
et al.: Total nodal irradiation in patients
with severe treatment-refractory chronic
graft-versus-host disease after allogeneic
stem cell transplantation: Response rates
and immunomodulatory effects.
Radiother Oncol 2015; 116: 287-293

8. Hautmann MG, Jung E-M, Beyer LP
et al.: Ist die Strahlentherapie eine effek-
tive Behandlungsoption der Bakerzyste?
Strahlenther Onkol 2019; 195: 69-76

9. Hautmann MG, Neumaier U,

Kélbl O: Re-irradiation for painful heel
spur syndrome. Retrospective analysis of
101 heels. Strahlenther Onkol 2014; 190:
298-303

10. Hautmann MG, Rechner P, Hipp M et
al.: Rebestrahlung bei Arthrose — retro-
spektive Analyse von 217 Gelenken.
Strahlenther Onkol 2019; 195:
1060-1067

11. Hautmann MG, Rechner P, Neu-
maier U et al.: Radiotherapy for osteo-
arthritis — an analysis of 295 joints treated
with a linear accelerator. Strahlenther
Onkol 2020; 196: 715-724

12. Kassenzahnarztliche Bundesvereini-
gung, Spitzenverband Bund der Kran-
kenkassen: Bundesmantelvertrag —
Zahnarzte (BMV-Z) 2021

13. Mahler EAM, Minten M|, Leseman-
Hoogenboom MM et al.: Effectiveness of
low-dose radiation therapy on symptoms
in patients with knee osteoarthritis: a ran-
domised, double-blinded, sham-con-
trolled trial. Ann Rheum Dis 2019; 78:
83-90

14. Minten MJM, Leseman-Hoogen-
boom MM, Kloppenburg M et al.: Lack
of beneficial effects of low-dose radiation
therapy on hand osteoarthritis symptoms
and inflammation: a randomised,
blinded, sham-controlled trial. Osteoar-
thritis Cartilage 2018; 26: 1283-1290

15. Minten MJM, Mahler E, Broeder AA
den, Leer JWH, van den Ende CH: The ef-
ficacy and safety of low-dose radiother-
apy on pain and functioning in patients
with osteoarthritis: a systematic review.
Rheumatol Int 2016; 36: 133-142

16. Miicke R, Seegenschmiedt MH,
Heyd R et al.: Strahlentherapie bei
schmerzhafter Kniegelenkarthrose (Go-
narthrose): Ergebnisse einer deutschen
Patterns-of-Care-Studie. Strahlenther
Onkol 2010; 186: 7-17

17. Miicke R, Micke O, Seegen-
schmiedt MH: Strahlentherapie gut-
artiger Erkrankungen. S2e-Leitlinie der
Deutschen Gesellschaft fiir Radioonkolo-
gie (DEGRO). 2018

18. Niewald M, Seegenschmiedt MH,
Micke O et al.: Randomized, multicenter
trial on the effect of radiation therapy on
plantar fasciitis (painful heel spur) com-
paring a standard dose with a very low

dose: mature results after 12 months’ fol-
low-up. Int ] Radiat Oncol Biol Phys
2012; 84: e455-62

19. Ott O, Micke O, Miicke R et al.:
Low-dose radiotherapy: Mayday, may-
day. We've been hit! Strahlenther Onkol
2019; 195: 285-288

20. Ott OJ, Niewald M, Weitmann H-D et
al.: DEGRO guidelines for the radiother-
apy of non-malignant disorders. Part II:
Painful degenerative skeletal disorders.
Strahlenther Onkol 2015; 191: 1-6

21. Reichl B, Block A, Schafer U et al.:
DEGRO practical guidelines for radiother-
apy of non-malignant disorders: Part I:
Physical principles, radiobiological mech-
anisms, and radiogenic risk. Strahlenther
Onkol 2015; 191: 701-709

22. Rodel F, Hofmann D, Auer ] et al.:
The anti-inflammatory effect of low-dose
radiation therapy involves a diminished
CCL20 chemokine expression and granu-
locyte/endothelial cell adhesion.
Strahlenther Onkol 2008; 184: 41-47

23. Ruppert R, Seegenschmiedt MH,
Sauer R: Radiotherapie von Arthrosen. In-
dikation, Technik, klinische Ergebnisse.
Orthopade 2004; 33: 56-62

24. Seegenschmiedt MH, Makoski H-B,
Trott K-R et al.: Radiotherapy for non-ma-
lignant disorders. Springer, Berlin, Heidel-
berg 2008

25. Seegenschmiedt MH, Micke O, Wil-
lich N: Radiation therapy for nonmalig-
nant diseases in Germany. Current con-
cepts and future perspectives.
Strahlenther Onkol 2004; 180: 718-730

26. The 2007 Recommendations of the
International Commission on Radiological
Protection. ICRP publication 103. Ann
ICRP 2007; 37: 1-332

27. Trott KR, Parker R, Seed MP: Die Wir-
kung von Rontgenstrahlen auf die experi-
mentelle Arthritis der Ratte. Strahlenther

Onkol 1995; 171: 534-538

28. Zschache H: Ergebnisse der Rontgen-
schwachbestrahlung. Radiol Diagn (Berl)
1972;13: 181-186

Photo: UKR

PD DR. MATTHIAS G. HAUTMANN,
Clinic and Polyclinic for Radiotherapy,
University Hospital Regensburg,
93042 Regensburg

© Deutscher Arzteverlag | DZZ International | Deutsche Zahnarztliche Zeitschrift International | 2021; 3 (6)





