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Arthroses as economically relevant disease 

• Most common disease of the joints

• Most common reason for disability

• Increasing incidence and prevalence 

• Cumulative direct and indirect costs of 7.6 billion Euro/year 

Gesundheitsberichterstattung des Bundes; RKI 2013 ; Hiligsmann et al.2013, Semin Arthritis Rheum; Weissmann, Deloch et al. 2023, Strahlenther Onkol



Arthroses/Osteoarthritis 

• Complex, multifactorial condition affecting the entire 
joint

• Mechanical and inflammatory components 
(risk factors: age, obesity, hormones, genetic factors)

• Leading degenerative joint disease; 

• Not only mechanical cartilage degradation  complex 
interaction of various tissue and cell types, strong 
involvement of the immune system



Treatment Options

• Conservative measures: Medication, physical
therapy, ergotherapy orthopedic measures, ..

• Surgical measures: joint preserving surgery, 
joint replacement, …

• But: ~20% non-responders



Treatment Options

• „Window of opportunity“: Early treatment
essential

 LD-RT!



Low-dose Radiotherapy – Current usage in Germany

In Germany:

• Up to 50.000 LD-RT patients/year

• Chronic, degenerative, musculoskeletal disorders:
 improved pain management
 improved mobility

• Data: in patients  mostly empirical and/or not supported by placebo-controlled studies
preclinical  exact mechanisms unknown, involvement of the immune system

 often: Hesitation to use LD-RT as some existing treatment strategies are better examined



LD-RT as Effective Targeted Therapy
Slide: Dr. Thomas Weissmann, Dept. of Radiation Oncology, Strahlenklinik Erlangen



LD-RT Predicament- Lack of Prospective, Sham-controlled
Studies

Slide: Dr. Thomas Weissmann, Dept. of Radiation Oncology, Strahlenklinik Erlangen



LD-RT Predicament- Lack of Prospective, Sham-controlled
Studies

Slide: Dr. Thomas Weissmann, Dept. of Radiation Oncology, Strahlenklinik Erlangen

• Response to therapy often only judged
on a clinical basis/imaging

• Current study limitations: 
Applied dosage
Patient selection
Number of series

Need for biological data as proof of
effectiveness!



Classical Inflammatory Process 

Bloodvessel

Endothelial Cells

• Inflammatory stimulus

 Enlargement and increased permeability of
blood vessels

 Alteration of adhesion properties of
endothelial cells

 Attachment and tissue migration of
leukocytes

 Resolved inflammatory stimulus
Inflammatory

stimulus

Leukocytes

Weissmann, Deloch et al. 2023, Strahlenther Onkol



Joint-specific Cell Types Involved in Inflammatory Processes

• Synovialfibroblasts and Macrophages
Initiiation and upkeep of inflammation

• Störung des Knochenstoffwechsels 
mehr Knochenabbau (Osteoklasten) statt 
Knochenaufbau (Osteoblasten)

 Fortschreitende Zerstörung des 
Gelenks Synovial-

membrane:

Weissmann, Deloch et al. 2023, Strahlenther Onkol



Joint-specific Cell Types Involved in Inflammatory Processes

• Synovialfibroblasts and Macrophages
Initiiation and upkeep of inflammation

• Disturbed bone metabolism  more
bone loss (Osteoclasts) than build up
(Osteoblasts)

 Progressive destruction of joints
Synovial-

membrane:

Bone:

Weissmann, Deloch et al. 2023, Strahlenther Onkol



LD-RT-mediated Cellular Effects –
Dose Range 0.3 – 0.7 Gy

Weissmann, Deloch et al. 2023, Strahlenther Onkol
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LD-RT-mediated Cellular Effects –
Dose Range 0.3 – 0.7 Gy

Weissmann, Deloch et al. 2023, Strahlenther Onkol



LD-RT Predicament- Lack of Prospective, Sham-controlled
Studies

Slide: Dr. Thomas Weissmann, Dept. of Radiation Oncology, Strahlenklinik Erlangen

• Response to therapy often only judged
on a clinical basis/imaging

• Current study limitations: 
Applied dosage
Patient selection
Number of series

Can‘t we just use a lower dose as
control instead of a placebo group?



Why can’t we just use a lower dose as the control?
Wunderlich et al. 2019, IJMS; Rödel et al, 2010, Radiotherapy and Oncology; Rödel et al, 2009, Autoimmunity; Rödel et al. 2012, Curr Med Chem

CD25 = Marker on activated
CD4+ T cells



CD25 = Marker on activated
CD4+ T cells

Cell death of endothelial 
cells after LD-RT

Wunderlich et al. 2019, IJMS; Rödel et al, 2010, Radiotherapy and Oncology; Rödel et al, 2009, Autoimmunity; Rödel et al. 2012, Curr Med Chem

Why can’t we just use a lower dose as the control?



CD25 = Marker on activated
CD4+ T cells

Cell death of endothelial 
cells after LD-RT

Activity of AP-1 as transcriptionfactor of
Immun-effector molecules

Wunderlich et al. 2019, IJMS; Rödel et al, 2010, Radiotherapy and Oncology; Rödel et al, 2009, Autoimmunity; Rödel et al. 2012, Curr Med Chem

Why can’t we just use a lower dose as the control?



CD25 = Marker on activated
CD4+ T cells

Cell death of endothelial 
cells after LD-RT

Activity of AP-1 as transcriptionfactor of
Immun-effector molecules

 NO linear dose-effect connection for cells (of the immune system)!

Wunderlich et al. 2019, IJMS; Rödel et al, 2010, Radiotherapy and Oncology; Rödel et al, 2009, Autoimmunity; Rödel et al. 2012, Curr Med Chem

Why can’t we just use a lower dose as the control?



LD-RT Predicament- Lack of Prospective, Sham-controlled
Studies

Slide: Dr. Thomas Weissmann, Dept. of Radiation Oncology, Strahlenklinik Erlangen

• Response to therapy often only judged
on a clinical basis/imaging

• Current study limitations: 
Applied dosage
Patient selection
Number of series

Need for biological data as proof of
effectiveness!



What dose should we be using?  Clinical Answer

Servier, Medical Art

Slide: Dr. Thomas Weissmann, Dept. of Radiation Oncology, Strahlenklinik Erlangen

Radiotherapy 3 vs 6 Gy in Gonarthrosis
and Coxarthrosis (RAGOCO)



What dose should we be using?  Clinical Answer
Slide: Dr. Thomas Weissmann, Dept. of Radiation Oncology, Strahlenklinik Erlangen

Radiotherapy 3 vs 6 Gy in Gonarthrosis
and Coxarthrosis (RAGOCO)

 No superiority in 1.0 vs. 0.5 Gy (single dose)  0.5 Gy!

Servier, Medical Art



Ideal dose for patient treatment?  Biological Answer
Deloch et al. 2018, Frontiers Immunology; Deloch et al. 2018, IJMS

Bone resorption



Ideal dose for patient treatment?  Biological Answer
Deloch et al. 2018, Frontiers Immunology; Deloch et al. 2018, IJMS

Bone resorption

Bone build up



Ideal dose for patient treatment?  Biological Answer
Chen et al. 2014, PLoS ONE

0.5 Gy increased proliferation and viability in osteoblasts

0.5 Gy: Increased fracture healing



Ideal dose for patient treatment?  Biological Answer

31

Deloch et al. 2018, Frontiers Immunology; Deloch et al. 2018, IJMS

Cell numbers
Inflammatory cytokines



Ideal dose for patient treatment?  Biological Answer
Wunderlich et al. 2015, Clinical and Experimental Immunology

0.1 and 0.5 Gy increased chemotaxis
Reduced IL1β levels, increased TGF-β levels



Ideal dose for patient treatment?  Biological Answer
Rödel et al. 2008, Strahlenther Onkol

0.5 Gy reduced leukocyte adhesion



Ideal Dose within the Joint? 
Clinical Data Biological Data

In line with patient data: 
No benefit for higher

doses
 0.5 Gy biological most

effective dose 

BioRender.com



LD-RT Predicament- Lack of Prospective, Sham-controlled
Studies

Slide: Dr. Thomas Weissmann, Dept. of Radiation Oncology, Strahlenklinik Erlangen

• Response to therapy often only judged
on a clinical basis/imaging

• Current study limitations: 
Applied dosage
Patient selection
Number of series

Need for biological data as proof of
effectiveness!



Patient Selection? – Inflammatory Status
Deloch et al. 2018, Frontiers Immunology; Deloch et al. 2018, IJMS
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 The inflammatory background has an influence on cellular responses after LD-RT



Considerations for LD-RT – Patient Selection
Image adapted from: Choy EH, Panayi GS. 2001 N Engl J Med 344: 907-16

Rheumatoid Arthritis

• Complex, chronic inflammatory autoimmune disease 
with mostly unknown etiology

• Higher risk in women than in men

• Immune cell infiltration in the synovial layer, Progressive 
joint and bone destruction; Systemic inflammation



Considerations for LD-RT – Patient Selection
Image adapted from: Choy EH, Panayi GS. 2001 N Engl J Med 344: 907-16

Rheumatoid Arthritis Arthroses

• Mechanical and inflammatory components

• Higher risk in women than in men

• Synovial inflammation; Joint and bone destruction;    
Possible association with systemic inflammation 
in some patients



Considerations for LD-RT – Patient Selection
Image adapted from: Choy EH, Panayi GS. 2001 N Engl J Med 344: 907-16

Rheumatoid Arthritis Arthroses

tendon

bone

bone

calcaneal
spur

Heel Spur

• Discrepancy about gender aspect (younger
cohorts female > males)

• Discrepancy inflammation MRI 8% inflammatory
changes



Considerations for LD-RT – Patient Selection
Donaubauer et al, unpublished data - CONFIDENTIAL-
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Considerations for LD-RT – Patient Selection
Donaubauer et al, unpublished data - CONFIDENTIAL-

Outcome differs on type of disease!
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Patient Selection? – Gender
Deloch et al. 2018, Frontiers Immunology; Deloch et al. 2018, IJMS

 LD-RT results in sex specific differences
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Considerations for LD-RT – Patient Selection
Weissmann, Deloch et al. 2022, Frontiers Immunology

OA patients < 50 years: significant better outcome



Considerations for LD-RT – Patient Selection
Weissmann, Deloch et al. 2022, Frontiers Immunology

OA patients < 50 years: significant better outcome

No significant influence on gender



Considerations for LD-RT – Patient Selection
Weissmann, Deloch et al. 2022, Frontiers Immunology

OA patients < 50 years: significant better outcome

No significant influence on gender

BUT: Significant impact of localization



LD-RT Predicament- Lack of Prospective, Sham-controlled
Studies

Slide: Dr. Thomas Weissmann, Dept. of Radiation Oncology, Strahlenklinik Erlangen

• Response to therapy often only judged
on a clinical basis/imaging

• Current study limitations: 
Applied dosage
Patient selection
Number of series

Need for biological data as proof of
effectiveness!



In vivo irradiation set-up
Concept of irradiation chamber: PD Dr. Benjamin Frey; Technical drawings: Dr. Jens Wölfelschneider; Treatment planning: PD Dr. Benjamin Frey and Willi Stillkrieg

Opening for the 
Left hindleg

Anesthesia
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Local LD-RT with 1x0.5Gy enhances grip strength and 
reduces hTNFα levels in the serum of hTNFα tg animals

Deloch et al., Frontiers Immunology, 2018
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Shown are 3 independent experiments with in sum (w/o)=6 and n(local)=5 hTNF-α tg Mäusen. Data is presented as Mean ±SEM for grip strength and Median + IQR; Statistic was calculated using Whitney-U test in comparison to untreated controls (w/o) *p<0.05).

 Significantly enhanced grip strength right after the treatment

 Reduced hTNFα levels in the serum of irradiated animals (d33)
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Local LD-RT with 1x0.5Gy reduces systemic 
inflammation in hTNFα tg mice

Deloch et al., Frontiers Immunology, 2018; Histological slices in Cooperation with Barbara Happich, Medical Clinic 3; Paw: modified after http://www.informatics.jax.org/cookbook/figures/figure43.shtml 
26.11.2020;   
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 Significantly reduced inflammatory areas after 1x 0.5Gy (d33)  Systemic reaction!!

Shown are 3 independent experiments with in sum (w/o)=6 and n(local)=5 hTNF-α tg mice. Data is presented as Mean ±SEM for grip strength and Median + IQR; Statistic 
was calculated using Whitney-U test in comparison to untreated controls (w/o) *p<0.05).



LD-RT with 1x0.5 Gy results in an anti-inflammatory
T cell response (CD4+↑, CD8+↓)

Weissmann, Deloch et al. 2022, Frontiers Immunology

T cells (total)

Bone marrow

Data shows 2 independent experiments with in sum n(w/o)=5 and n(local)=7 mice; mice were age- and sex-matched. Data is presented as median+IQR and analyzed by two-tailed Mann-Whitney-U test in 
comparison to mock-treated (w/o) controls (*p<0.05)
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LD-RT with 1x0.5 Gy results in an anti-inflammatory
T cell response (CD4+↑, CD8+↓)

Weissmann, Deloch et al. 2022, Frontiers Immunology

T cells (total) CD4+ T cells CD8+ T Cells

Bone marrow

Data shows 2 independent experiments with in sum n(w/o)=5 and n(local)=7 mice; mice were age- and sex-matched. Data is presented as median+IQR and analyzed by two-tailed Mann-Whitney-U test in 
comparison to mock-treated (w/o) controls (*p<0.05)

• Significant increase of rather anti-inflammatory CD4+ T cells

• Significant decrease of rather inflammatory CD8+ T cells
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LD-RT with 1x0.5 Gy results in an anti-inflammatory
T cell response (CD4+↑, CD8+↓)

Weissmann, Deloch et al. 2022, Frontiers Immunology

CD4+ T cells CD8+ T Cells

Bone marrow

Data shows 2 independent experiments with in sum n(w/o)=5 and n(local)=7 mice; mice were age- and sex-matched. Data is presented as median+IQR and analyzed by two-tailed Mann-Whitney-U test in 
comparison to mock-treated (w/o) controls (*p<0.05)
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Locally applied LD-RT with 0.5 Gy reduces Bone Loss 
and Osteoclast Numbers in hTNFα tg mice

Deloch et al., Frontiers Immunology, 2018; Histological slices in Cooperation with Barbara Happich, Medical Clinic 3; Paw: modified after http://www.informatics.jax.org/cookbook/figures/figure43.shtml 
26.11.2020;   

Shown are 3 independent experiments with in sum (w/o)=6 and n(local)=5 hTNF-α tg mice. Data is presented as Mean ±SEM for grip strength and Median + IQR; Statistic 
was calculated using Whitney-U test in comparison to untreated controls (w/o) *p<0.05).

 Significant reduction of erosive areas (d33) as well as a reduction of osteoclast numbers after 1x 0.5Gy
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Local and systemic effects of LD-RT with 0.5 Gy

Local irradiation 
systemic anti-inflammatory effects in inflammation

Local irradiation 
local effects in bone

Reduction of erosive areas



LD-RT Predicament- Lack of Prospective, Sham-controlled
Studies

Slide: Dr. Thomas Weissmann, Dept. of Radiation Oncology, Strahlenklinik Erlangen



LD-RT Predicament- Lack of Prospective, Sham-controlled
Studies

Slide: Dr. Thomas Weissmann, Dept. of Radiation Oncology, Strahlenklinik Erlangen

Biological data in in vitro experiments does
not support lack of effectiveness!

BioRender.com



LD-RT Predicament- Lack of Prospective, Sham-controlled
Studies

Slide: Dr. Thomas Weissmann, Dept. of Radiation Oncology, Strahlenklinik Erlangen

Biological data in in vivo experiments does
not support lack of effectiveness!

BioRender.com



Considerations for LD-RT – Research in Clinical and
Pre-clinical Settings  

Autoimmune disease or mechanical disease?

Applied dosage?

Inflammatory background?

Gender?

Age?

Localization of affected joints?



Summary and Outlook

We already know quite a lot! 



Summary and Outlook

We already know quite a lot! 
(and a lot more than what I have been able to share here is known)

Weissmann, Deloch et al. 2023, Strahlenther Onkol



Summary and Outlook

We already know quite a lot! 
(and a lot more than what I have been able to share here is known)

BUT

There are still many open questions!
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