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Position paper: Does radiotherapy 
play a role in activated osteo arthritis 
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, TMJ os-
teoarthritis is lost in the “other” ar-
thritides. Only one older study reports 
TMJ 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 osteo arthritis 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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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 TMJ osteoarthritis. As part of 

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 arthro pa thy. 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. 

Figure 1 Radiotherapy plan for a patient who has been irradiated unilaterally at the TMJ. 
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.
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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].

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 an alge -
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 × 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 

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.
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MRI) with corresponding radiological 
findings are very relevant.

Conclusion
Low-dose radiotherapy for treating 
osteoarthritis of the TMJ 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 TMJ 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.
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