
Introduction 

The inflammatory musculoskeletal conditions are a large group of 

disorders composed mainly of arthritis. The term arthritis in itself 

does not refer to a single disease condition, similarly the types of 

arthritis such as osteoarthritis (OA) have various subtypes. 

In 2017, the Centers for Disease Control and Prevention (CDC) 

reported the prevalence of arthritis in the United States was 23% 

with over 54 million people having the disease. In addition, over 

60% of the people in the United States with arthritis are in the 

working age group (18–64 years) [1]. In Canada, arthritis is the 2nd 

and 3rd most common condition in women and men respectively, 

affecting over 4.2 million people which accounts for 16% of the 

population 15 years and older [2]. Similar to the data form the 

United States, arthritis also significantly affects the working age 

group in Canada with nearly 3 in 5 people with arthritis in the 

country aged between 15 and 64 years [2]. 

Inflammatory musculoskeletal conditions are a common group of diseases among the elderly, world-
wide. They are characterized by articular degenerative changes accompanied with often debilitating 
pain. Treatments often involve life-long analgesic therapy or joint replacement in extreme cases. The 
aim of this current review is to look at the role of radiation treatment with the hope of further study 
into the effectiveness of radiation treatment in reducing pain, eliminate or reduce the need for life-
long analgesic therapy and thereby avoiding the analgesics’ side effects. Extensive literature search 
was done on PubMed and other available data base and the findings are presented and discussed. 
Literature showed that many countries in Europe, especially Germany use radiation routinely for the 
treatment of many degenerative disorders including osteoarthritis with good results and few side ef-
fects. A pilot study is therefore recommended with a view to establish the effectiveness or otherwise 
of this treatment method in patients. 
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Disabilities as a result of musculoskeletal disorders increased by 

45% from 1990 to 2010. Furthermore, OA is listed by the World 

Health Organization as the fastest increasing major health condi-

tion and ranked as the 2nd leading cause of disability [3]. OA is the 

underlying cause for more than 90% of the increasing number of 

total hip or knee joint replacement operations worldwide [4]. 

Studies from Africa show the prevalence of OA in South Africa is 

over 29.5% while that of Nigeria is 0.4% [5]. The Community Ori-

ented Program for Control of Rheumatic Diseases (COPCORD) stud-

ies in Asia show the prevalence of OA is as high as 34% among 

people in the 60–64 years age bracket [6]. In the United States, the 

prevalence of OA increased from 6.6% in 1999 to 14.3% in 2014 [7]. 

However, in the same time-period, in the United States, the preva-

lence of rheumatoid arthritis (RA) reduced from 5.9% to 3.8% [7]. 

Rheumatoid arthritis is the 2nd highest attributable disease to 

global disability [8]. It has a two-fold morbidity among women 

compared to men [9]. And it has been estimated that China had 
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over 5 million people diagnosed with rheumatoid arthritis by 2013 

[10]. In Northern Europe and North America, the prevalence of RA 

is estimated to be 0.5%–1% [11–14]. The prevalence of RA in the 

Middle East and North Africa region is among the lowest at 0.16% 

[9], while in South Africa it is 2.54% [5]. 

Ionizing radiation has been employed in treating malignant dis-

ease conditions for the last few decades with great success and 

outstanding improvement in the overall outcome of cancer care. 

Ionizing radiation has also been employed for the treatment of 

some benign conditions including keloids, recurrent pleomorphic 

adenoma, Graves’ orbitopathy, giant cell tumors of the bone, aneu-

rysmal bone cysts and benign CNS tumors [15]. However, the role 

of radiation in the treatment of benign tumors is not as pro-

nounced and well established as in its use for malignant conditions. 

There is worldwide acceptance of the use of ionizing radiation in 

managing the aforementioned benign disease conditions. However, 

ionizing radiation is not a widely used treatment option in manag-

ing painful inflammatory/degenerative skeletal disease conditions 

[16]. The only part of the world where this is routinely done is in 

Central Europe, particularly Germany, Austria and Switzerland, and 

to a lesser degree in some parts of Eastern Europe [17]. 

Historically, there have been accounts of treating arthroses and 

arthritis with ionizing radiation. As early as 1952, Hill and Windey-

er [18] reported on the utility of X-ray irradiation in treating OA 

and ankylosing spondylitis. In the same article they mentioned the 

fact that the earliest published report on the benefit of ionizing ra-

diation in cases of people suffering from joint diseases was by 

Sokoloff in 1897. In addition, Hall and Windeyer [18] also men-

tioned the fact that Anders et al. [19] in 1906 were the first to use 

the analgesic effects of X-rays to treat arthritis. 

After the 1950’s, radiation therapy for these conditions went 

into the history books for fear of secondary malignancies coupled 

with a lack of understanding of the mechanisms involved in radia-

tion treatment for benign conditions [17,20,21]. However, over the 

years, the fields of radiobiology and radiation physics have evolved 

and improved. Therefore, it is becoming apparent that the use of 

radiation therapy in treating inflammatory/degenerative skeletal 

conditions was prematurely abandoned. This may have been due to 

poor understanding of the effects and mechanisms of the therapy. 

Muscoplat et al. [20] in their letter to the editor of the Internation-
al Journal Of Radiation Oncology, Biology and Physics on radiation 

therapy for inflammatory arthritis concluded “There is a disconnect 

in medicine, whereby new therapies are enthusiastically adopted 

(e.g., biologic therapy for ankylosing spondylitis), even if risky, 

whereas old therapies, once abandoned, are overlooked even if the 

therapy was effective and the technology has been extensively im-

proved (e.g., megavoltage radiation therapy). Radiation therapy is 

an “old therapy”; old therapies traditionally do not get studied by 

“modern” clinicians. In this instance, we may be missing an import-

ant and useful treatment. We would welcome a discussion of these 

topics to shed further light on mechanisms of disease, risk of ther-

apies (and especially radiation therapy), and potential clinical stud-

ies that may help revive (if appropriate) an “old therapy” for pa-

tients with resistant spondyloarthropathy” [20]. 

The successful accounts of and extensive use of radiation for be-

nign conditions in countries like Germany serve as reason to take a 

second look into this treatment modality, especially in low and 

middle income countries (LMICs) where the one-off cost model 

that may emerge may provide an incentive as opposed to the life-

long medication that arthritis often requires. It is noted that 8%–

10% of radiotherapy procedures in Germany are for benign disor-

ders, and 70% of these indications are for painful disorders of the 

locomotor system [22]. Over 9,000 patients with OA are treated 

with low dose radiotherapy every year, in order to relieve pain [23]. 

Radiobiology 

The mechanisms by which ionizing radiation result in a therapeutic 

effect in benign diseases have been hypothetically classified as can 

be found in the review article by Trott and Kamprad [21]. These are 

as follows: 

(1) Anti-proliferative radiation effects: This is responsible for the 

utility of radiotherapy in treating keloids, Dupuytren’s contrac-

tures, fibromas or prevention of heterotopic ossification. Doses 

are generally 10 Gy or higher. 

(2) Immunomodulatory radiation effects: This is responsible for 

the local suppression of autoimmune disorders such as endocrine 

orbitopathy. Optimal doses are also greater than 10 Gy. 

(3) Anti-inflammatory radiation effects: This is responsible for 

the analgesic effect of radiotherapy in inflammatory musculo-

skeletal conditions such as osteoarthritis, ankylosing spondylitis, 

periarthritis humeroscapularis or epicondylitis humeri. Total dos-

es of 2–6 Gy are given in fractions of 0.5 Gy (though there are 

clinical evidences proving 1 Gy per fraction is as efficacious) 

[16,24,25]. 

(4) Functional radiation effects: An ill-defined group assumed to 

effect through modulating responses of the autonomic nervous 

system or by interfering with gene activation. Optimal doses are 

usually less than 2 Gy. 

The cellular effects of radiation applicable in treatment of degener-

ative/inflammatory skeletal disorders have been noted by in vitro 

models and animal studies. They include: 

(1) Modulation of endothelial cells: Endothelial cells play a large 

role in inflammation. Once activated, they secrete cytokines and 
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recruit inflammatory leucocyte and also allow transendothelial 

migration of leucocytes. In vitro and in vivo studies have proven 

an increase in the expression of intercellular adhesion molecule 

1 (ICAM-1) in endothelial cells upon exposure to ionizing radia-

tion doses. This is noted to be linearly dose-dependent and peak-

ing at doses between 4-10 Gy [21]. In addition, E-selectin—en-

dothelial-leukocyte adhesion molecule 1 (ELAM-1)—secretion by 

endothelial cells is even more radiosensitive, with its messenger 

ribonucleic acid (mRNA) expression increasing within 2 hours of 

exposure to doses as low as 0.5 Gy. However, this involves acti-

vation by nuclear factor kappa-light-chain-enhancer of activat-

ed B cells (NFKB) [21]. On the other hand, for benign diseases, 

endothelial cells existing in inflammatory condition are in a dif-

ferent cellular condition and thus respond differently. Experi-

ments have demonstrated a reduced adhesion of leukocytes onto 

activated endothelial cells upon irradiation of low doses between 

0.3–1 Gy [21,26]. This might be through the reduction in E-selec-

tin expression in endothelial cells noted by Maggiorella (as cited in 

Trott and Kamprad [21]), upon exposure to low dose radiotherapy 

[21]. In addition, these effects have been observed to functionally 

coincide with nonlinear expression of the anti-inflammatory cyto-

kine transforming growth factor β (TGF-β) [27–29]. 

(2) Modulation of leucocytes: Irradiation of peripheral blood 

mononuclear cells (PBMC) and polymorphonuclear cells (PMNC) 

result in a discontinuous increase in apoptosis which reaches its 

peak at doses of 0.3–0.7 Gy. This coupled with enhanced proteo-

lytic cleavage of L-selectin on apoptotic PBMC and the effect of 

low dose radiation (LDRT) on endothelial cells stated above re-

duces the number and recruitment of inflammatory cells. Fur-

thermore, PMNC irradiated with doses below 1 Gy have been 

noted to have reduced secretion of chemotactic cytokine chemo-

kine ligand 20 (CCL20) and modulated mitogen-activated pro-

tein (MAP) kinases and protein kinase B [27–29]. In addition, fol-

lowing LDRT of activated macrophages there is reduced expres-

sion of inducible nitric oxide (NO) synthase which is responsible 

for the synthesizing of NO. There is also reduced release of reac-

tive oxygen species and reduced production of superoxide, re-

duced secretion of pro-inflammatory cytokine interleukin 1 and 

increased secretion of TGF-β1 by pre stimulated macrophages 

[27,30]. These effects all contribute to an anti-inflammatory cy-

tokine microenvironment for macrophages [27].  

Calabrese et al. [31] in their study determining the optimal dose for 

radiotherapy of human inflammatory disease conditions noted that 

ionizing radiation elicits a pleiotropic effect in macrophages with 

two distinct phenotypes upon radiation depending on the dose. A 

pro-oxidative M1 phenotype results with X-rays of dose in the 

range used for treating malignancies. However, macrophages ex-

posed to low dose radiotherapy with dose per fraction <1 Gy are 

polarized to the M2 phenotype which are anti-inflammatory. 

Animal Models 

These anti-inflammatory effects of LDRT were also corroborated by 

in vivo studies. Von Pannewitz [32] as reported in the review article 

by Arenas et al. [29] noted an improvement of clinical symptoms 

and reduction of synovial fluid and proliferation of synovial cells in 

rabbits knee arthritis once irradiated with 1 Gy of ionizing radia-

tion. Similarly, another model using rats knee arthritis noted sig-

nificantly reduced bone loss, cartilage degradation and joint swell-

ing when irradiated with 4 Gy in 4 daily fractions of 1 Gy compared 

to significantly increased bone loss when exposed to 5 Gy single 

fraction of irradiation [33]. A few animal studies also had histolog-

ical evaluation done on the animals after exposure to low dose ra-

diotherapy and they showed reduced histological evidence of in-

flammation [34–36]. Hildebrandt et al. [37] induced adjuvant ar-

thritis in rats to model rheumatoid arthritis by intradermally inject-

ing heat inactivated Mycobacterium tuberculosis in paraffin oil into 

the base of the tail of rats. The study revealed LDRT (5 Gy in 5 frac-

tions and 2.5 Gy in 5 fractions) resulted in statistically reduced ar-

thritis score and hind paw volume. However, the histopathology re-

vealed a significantly reduced joint destruction but non-significant 

change in inflammatory infiltrate of the hind paw. A review of ani-

mal studies [21] indicate LDRT to be more pronounced in degener-

ative arthritis than rheumatoid arthritis. 

Indication/Results and Outcomes 

There are contemporary reports of LDRT of benign inflammatory/

degenerative skeletal conditions (Table 1). Hautmann et al. [24] re-

ported on their prospective trial in which 20 osteoarthritic knees 

associated with Baker’s cyst were irradiated. They noted LDRT (3 Gy 

in 6 fractions at 0.5 Gy per fraction or 6 Gy in 6 fractions at 1 Gy 

per fraction or a single dose of 1 Gy) improved (pain) numeric rat-

ing score (NRS), the Western Ontario and McMaster Universities 

Osteoarthritis Index (WOMAC) and the objective parts of the Knees 

Society Score significantly at short-term follow-up (6–12 weeks 

post-treatment) compared to baseline values. The volume of the 

Bakers cyst also reduced significantly (p =  0.002) at short-term 

follow-up compared to baseline volume. In addition, there was a 

persistence in the significant effect of LDRT pertaining to NRS, 

Knee Society Score, WOMAC score and cyst volume at longer term 

follow-up (9–12 months). 

In another study on a subtype of OA, thumb carpometacarpal 

osteoarthritis (rhizarthrosis), Kaltenborn et al. [38] analyzed 84 pa-
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tients with 101 joints. The patients were treated with 6 Gy in 6 

fractions at 1 Gy per fraction over 3 weeks using a 6-MV linear ac-

celerator (LINAC). Multivariate logistic regression indicated remis-

sion induction was significantly associated with a larger field size 

(lager than 6 cm ×  4 cm), and negatively associated with initial 

pain increase during radiotherapy [38]. 

The meta-analysis by Minten et al. [16] indicated there was insuf-

ficient evidence for a positive effect of LDRT in treating OA but, this 

was due to the absence of high-quality studies. However, their con-

clusion from the articles they studied was that LDRT decreased pain 

in 13%–90% of patients in the short term, while a long-term anal-

gesic effect was observed in 44%–87% of patients. The meta-analy-

sis also concluded that 29%–80% of the patients functioning im-

proved on LDRT. However, no study with sufficient quality was re-

trieved. The authors thus advised a well-designed sham-controlled 

blinded randomized trial using validated outcome measures. 

In a study on a total of 141 patients treated from 1983–2004 

with LDRT (83% received 6 Gy in 6 fractions at 1 Gy per fractions, 

the others received a total of 4–6 Gy) for periarthritis of the shoul-

der by Niewald et al. [17], 56% of patients reported pain relief and 

improvement of mobility. On follow-up assessments at a median of 

4.5 months, 69% of the patients reported pain relief, while 89% of 

patients reported improvement of motility. At a median of 3.9 years 

post-treatment 73% of patients reported both pain relief and mo-

tility improvement. The only side effect noted in one patient was a 

mild redness of the skin after radiotherapy. There were 7 patients 

who had swelling to start with. Three of these patients noticed an 

improvement immediately after radiotherapy, while 5 patients no-

ticed this improvement at a median of 4.5 months thereafter [17]. 

In a prospective study by Micke et al. [22], 703 patients were 

treated for calcaneodynia, achillodynia, painful gonarthrosis, bursi-

tis trochanterica, and painful shoulder syndrome with LDRT (6 Gy 

in 0.5–1 Gy per fractions). Baseline pain as assessed by visual ana-

logue score (VAS) and pain relief according to the four scale “Von 

Pannewitz” (VPS) [32] were determined. These were also assessed 

immediately post LDRT. They also assessed the long-term effect of 

the treatment by systemic telephone survey in which the VPS was 

used to know which patients had a good long-term response. Their 

results showed that the median VAS scores immediately after 

treatment compared to before treatment was significantly lower in 

all categories of diseases and in all the patients (p <  0.001). Com-

paring the proportion of patients tagged as good response by VPS 

on completion of LDRT to those with good response on long-term 

follow-up indicated all disease categories except for those with 

painful gonarthrosis had a higher proportion with good response to 

treatment on long-term follow-up compared to immediately after 

completing radiotherapy. The authors concluded the enthesopa-

thies were more likely to achieve complete remissions with LDRT 

compared to gonarthrosis because gonarthrosis are due to patho-

logically irreversible processes in which bony and cartilaginous de-

structions occur. These cannot be reversed by radiotherapy. Howev-

er, LDRT can still be of utility in relieving the accompanying inflam-

mation and pain in the acute setting. And no side effects were ob-

served [22,25,32]. 

Literature [39] indicates a lack of efficacy in the use of ionizing 

radiation for treating rheumatoid arthritis. The authors conducted 

a randomized, controlled, double blind study in which one of the 

patients’ joints was treated with X-rays from a LINAC (20 Gy in 10 

fractions over 2 weeks) and another joint was treated by sham ra-

diation. There was no significant change noted in the scores for 

tenderness, swelling, pain or disease activity and the study was 

stopped for ethical reasons. However, with regard to the radiobiol-

ogy of X irradiation of benign inflammatory/degenerative musculo-

skeletal condition, the dose irradiated in this study was too high. 

This might be the reason why no effect was observed. Notwith-

standing, as was earlier noted the anti-inflammatory effect of LDRT 

on rheumatoid arthritis is not as pronounced as on degenerative 

arthritis [21]. The forms of radiation therapy applicable in rheuma-

toid arthritis include radiation synovectomy through intra-articular 

injection of a radionuclide [40] or total lymphoid irradiation [41]. 

Radiotherapy Planning 

Megavoltage or orthovoltage radiotherapy machines may be utilized. 

The German Society for Radiooncology (Deutsche Gesellschaft für 

Radioonkologie [DEGRO]) recommends the target volumes for enthe-

sopathies should encompass the complete involved insertion area in-

cluding the nearby bony and muscular tissues. For painful arthroses, 

DEGRO recommends target volumes must include the articular carti-

lage, the nearby bony structures, the entire synovia, the surrounding 

muscles, and the periarticular connective tissues [25]. 

Appropriate fields to cover the target volume and provide a uni-

form dose distribution should be used. Large joints such as the 

shoulder and knee are treated with two opposed (anteroposterior/

posteroanterior) fields. While smaller joints of the hand can be 

treated with a single (direct) field [25]. 

In situations where the pain persists or the pain relief is insuffi-

cient 6–12 weeks post radiotherapy, a second series may be recom-

mended [25,42,43].  

Radiation Risk

1. Non-carcinogenic effect 
There are hardly any early or late effects of radiotherapy from LDRT. 
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In the study by Niewald et al. [17], the only side effect was a mild 

redness of skin after radiotherapy (acute dermatitis) in one patient. 

There are no accounts of relevant side effects due to anti-in-

flammatory radiotherapy to the knee in published literature [24]. In 

the study by Micke et al. [22] none of the 437 patients followed up 

for a median of 33 months developed any early or late effects. 

2. Radiation carcinogenesis 
It is established that X-ray irradiation has the potential to result in 

secondary cancers or radiation induced cancer. These secondary 

cancers include soft tissue sarcomas (usually malignant fibrous 

histiocytoma [MFH] and fibrosarcoma), thyroid cancer, colon can-

cer and leukemias [31,44,45]. This, in addition to accounts of radia-

tion induced malignancies from survivors of the atomic bombs in 

Japan and other nuclear accidents, is what led to the worldwide 

decline in the use of radiotherapy as an option for the treatment of 

inflammatory/degenerative musculoskeletal conditions [17,31]. The 

first criteria for radiation induced sarcoma were established by Ca-

han et al. [46]. They include: (1) the sarcoma developed within the 

field or path of the radiation beam; (2) a 5-year latency period be-

tween the exposure to radiotherapy and the clinical appearance of 

the sarcoma; and (3) histologically confirmed diagnosis of the sar-

coma. Arlen et al. [47] later modified the criteria to include the tis-

sues adjacent to the path of the radiation beam also at risk for de-

velopment of a sarcoma; and the latency period was reduced to 

3-4 years. 

Studies have shown that post-radiation sarcomas occur post ex-

posure to a median dose of about 50 Gy (ranging from 8 Gy to over 

60 Gy) and a median latency period of 10 years (ranging from 2 

years to up to 50 years) [48]. An estimate of 0.03% of patients who 

receive radiation to 0.2% of patients who have received radiation 

and survived 5 years later develop post-radiation sarcoma [48]. A 

study by Kuttesch et al. [49] noted no post-radiation sarcoma in 

patients receiving less than 48 Gy compared to an absolute risk of 

130 cases per 10,000 person-years of patients who had received 60 

Gy or more. Interestingly, it has been noted that persons exposed to 

low-dose radiation, such as survivors of atomic explosions do not 

report an increase in incidence of sarcoma [50,51]. 

As early as 1990, a case report of a patient who was treated for 

ankylosing spondylitis at the age of 21 (1947/8) was published. He 

received a skin dose of 20 Gy in 10 fractions to the entire length of 

the vertebral column using a 200-kVp X-ray machine. In 1987, as a 

61-year-old male patient, he presented with a history of upper 

thoracic pain which had been on for several years and a subcuta-

neous non-tender lesion at the upper thoracic paravertebral region. 

Histopathology of the resected tumor was revealed to be a leio-

myosarcoma. However, this patient received 20 Gy of radiation 

therapy X-ray photons, far above the upper limit of the total dose 

to be received in LDRT (6 Gy) [44]. The authors also noted that, 

upon exposure to therapeutic single dose of ionizing radiation, an 

increase in death rate from cancers was noted. However, this in-

crease did not reach statistical significance. In addition, excluding 

leukemia and colon cancers, the increased death rate peaked at 

10–12 years post radiation exposure with peak persistence till 25 

years [44]. 

LDRT for benign conditions including inflammatory/degenerative 

musculoskeletal conditions has been utilized in Germany since be-

fore the 1990’s. And since then there has been considerable discus-

sion and research into the risk of secondary cancers [31]. 

Radiation risks associated with LDRT are examples of stochastic 

effects. Stochastic effects are random statistical occurrences, the 

severity of the effect is not dependent on the dose of ionizing radi-

ation, only the probability of the effect occurring is dose depen-

dent, probably with no threshold [52]. To assess radiation risk, ge-

netic and cancer risks need to be assessed. One needs to calculate 

the effective dose of radiation to estimate cancer risk. To do this 

coefficients and values published by the International Commission 

on Radiological Protection (ICRP) on the results of a reassessment 

of radiation risk they undertook in 2007 are used [27]. 

The effective dose estimates the tissue weighted sum of the 

equivalent doses in all specified tissues and organs of the body and 

is defined by the formula below:  

where E is the effective dose, T is the tissue or organ of interest, WT 

is the tissue weighting factor (Table 2), HT is the equivalent dose 

absorbed by tissue T, R is the radiation type, WR is the radiation 

weighting factor, DT,R is the mass-averaged absorbed dose in tissue 

T by radiation type R [27]. 

The unit of effective dose is Sievert. Each type of ionizing radia-

tion has a weighting factor, for photons for example, the WR =  1. 

Each organ has its WT which further modifies the effective dose 

(Table 2). Each nation’s nuclear regulatory agency factors in WT to 

arrive at national radiation protection policies and regulations [27]. 

3. Genetic risk estimate 
The ICRP in 1991 estimated the probability of severe genetic dam-

age in future generations to be 1%/Sv. The first and second gener-

ations risk are estimated at 0.15%/Sv, while the risk of the third 

and subsequent generations is 0.7%/Sv [27,53]. However, the 2007 

estimates for genetic risks are much lower [27,54]. 
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Table 1. Review of studies showing anti-inflammatory effect of low dose radiotherapy

Author Study design  
(sample size) Disease condition Target site(s) Dose per fraction/ 

total dose
Results

Efficacy Toxicity
Niewald et al.  
[17]

Retrospective obser-
vational (n=141)

Periarthritis Shoulder 1 Gy/6 Gy • Outcome: % Pannewitz 
class

Mild hyperemia in 1 
patient

Cobalt 60, 4 MV and 6 
MV LINAC, electrons, 
orthovoltage

• Painless: 19%
• Markedly improved: 39%
• Improved: 11%

Micke et al.  
[22]

Prospective obser-
vational (n=703)

Calcaneodynia, 
achillodynia, pain-
ful gonarthrosis, 
painful bursitis 
trochanterica, and 
painful shoulder 
syndrome

Various 0.5 Gy/6 Gy or 1 Gy/ 
6 Gy

• Outcome: VAS and VPS
• All patients: median VAS 

before RT-7.0, after RT-
4.5, p<0.001

No side effects ob-
served

LINAC and orthovoltage

• % good response by VPS 
on completion of RT-
37.6%, on follow-up 
58.4%, p<0.001

Hautmann et al. 
[24]

Prospective obser-
vational (n=20)

Baker’s cyst Knee 0.5 Gy /3 Gy or 1 Gy/  
6 Gy

• Outcome: NRS, KSS, cyst 
volume

No acute or long-
term side effects

6 MV or 15 MV LINAC • Median NRS at base-
line-6.5, on short-term 
follow-up-3, on long-
term follow-up-2; gen-
eral response (NRS) on 
short-term follow-up 
72% (p<0.005) on 
long-term follow-up 
60% (p=0.05)

• Median KSS at base-
line-49, on short-term 
follow-up-65, on long-
term follow-up-70; 
general response (KSS) 
on short-term fol-
low-up 67% (p<0.008), 
on long-term follow-up 
67% (p=0.068)

• Mean cyst volume (mL) 
at baseline-22.3, on 
short-term follow-up 
–10.7, on long-term 
follow-up –3.1; general 
response (cyst volume) 
on short-term fol-
low-up 75% 
(p=0.0020, on long-
term follow-up 79% 
(p=0.003)

• Other outcomes tested 
was WOMAC score

Kaltenborn et al. 
[38]

Retrospective obser-
vational (n=84)

Osteoarthritis Thumb (car-
pometacar-
pal joint)

1 Gy/6 Gy 6 MV LINAC • Outcome: subjective, 
patient reported re-
sponse; response =  
complete response + 
partial response

Unknown

• % response at the end 
of therapy, 70%

• % response at 3 months 
post therapy, 60%

• % response at 1-year 
post-therapy, 70%

(Continued to next page)
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Author Study design  
(sample size) Disease condition Target site(s) Dose per fraction/ 

total dose
Results

Efficacy Toxicity
Graninger et al.  
[39]

Randomised con-
trolled double 
blind stud (n=6)

Rheumatoid arthri-
tis

Varying joints 2 Gy/20 Gy

20 MeV LINAC

• Outcome: joint tender-
ness and swelling ex-
pressed on a 0 to 3 or-
dinal scale.

Unknown

• No therapeutic effect 
noted when irradiation 
was compared to sham 
(placebo).

Ott et al.  
[43]

Prospective ran-
domized trial 
(n=199)

Benign painful el-
bow syndrome

Elbow 0.5 Gy/3 Gy or 1 Gy/ 
6 Gy orthovoltage

• Outcome: VAS and com-
prehensive pain score

• Overall response rate di-
rectly after radiothera-
py –80%, 6 weeks after 
–91%, 3 years after 
–94%.

No side effects ob-
served

• No significant difference 
in outcomes between 
the 0.5 Gy and 1 Gy per 
fraction regimens.

Gross et al.  
[64]

Prospective ran-
domized study 
(n=30; 14 RT vs. 
16 ESWT)

Supraspinatus ten-
don syndrome

Shoulder RT: 0.5 Gy/3 Gy Cobalt 
-60

vs. ESWT 2000 pulse 3X 
at 1-week interval

• Outcome: Age corrected 
constant score and side 
effects were compared 
between RT and ESWT.

No acute side ef-
fects occurred due 
to RT

• In average RT group age 
corrected constant score 
improved from 47.6 
points before treatment 
through 79.5 points af-
ter 12 weeks to 87.4 
points after 52 weeks.

• In ESWT average age 
corrected constant score 
improved from 50.1 
points before treatment 
through 91.4 points af-
ter 12 weeks to 97.8 
points after 52 weeks.

• No acute side effects 
due to RT were observed. 
One patient had pain 
and one had moderate 
skin irritation after 
ESWT.

Keinert et al.  
[66]

Retrospective obser-
vational; no con-
trol group 
(n=290)

Osteoarthritis Knee 0.5 Gy/3–4 Gy or  
1 Gy/6–8 Gy

• Outcome: pain Unreported
• 64% were free of pain 

or had improved pain 
immediately after 
treatment, and 81% 6 
weeks after treatment.

Keller et al.  
[67]

Retrospective obser-
vational; no con-
trol group 
(n=1,037)

Osteoarthritis Knee 0.5–1 Gy/4–6 Gy • Outcome: pain Unreported
• Immediately or up to 2 

months post treatment 
79.3% of patients ex-
perienced a slight, 
marked or complete 
pain relief.

• 2–14 years after thera-
py, 49.1 still experi-
enced a slight, marked 
or complete pain relief.

VAS, visual analogue score; VPS, four-scale pain score according to von Pannewitz; RT, radiotherapy; LINAC, linear accelerator; NRS, numeric rating 
score; KSS, Knee Society Score; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; ESWT, extracorporeal shock wave therapy.

Table 1. Continued
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4. Cancer risk estimate 
It is established that ionizing radiation exposure can result in sec-

ondary malignancy. However, the controversy is in the mathemati-

cal models to estimate this risk. The ICRP estimates the incidence 

of cancer from exposure to ionizing radiation to be 5.5%/Sv [54]. 

The ICRP’s model for radiation safety utilizes the effective dose, 

doses and dose rate effectiveness factor (DDREF) which obtains a 

value of 2 in doses utilized in LDRT, and the proportion of the irra-

diated region to the total body weight [27]. From this a mid-

dle-aged man irradiated with 6 Gy in 6 fractions at 1 Gy per frac-

tion to the knee is estimated to have received an effective dose of 

0.038 Sv (38 mSv) [54]. The effective dose of a computed tomogra-

phy (CT) scan to the abdomen ranges up to 20 mSv [27]. Going by 

the ICRP estimate, this irradiation thus increases the lifetime can-

cer risk by about 0.038 Sv ×  5.5 Sv-1 =  0.2% [27]. 

In spite of this low risk as estimated by the ICRP, certain re-

searchers, groups and bodies claim the ICRP’s model, which is 

mainly for whole body exposures to members of the public and oc-

cupational exposures, overestimates the true risk of radiation in-

duced cancer for therapeutic radiation. 

According to Trott and Kamprad [21], the effective dose method 

employed by the ICRP to estimate the risk of ionizing radiation ex-

posure to the general population was not adequate when applied 

to estimating the risk of therapeutic radiation for benign or malig-

nant conditions [55]. This is based on the fact that the types of 

cancer induced by therapeutic radiation differ from those induced 

by low dose total body irradiation to the population as in the case 

of Japanese atomic bombs survivors [31]. They also claim that ra-

diotherapy induced malignancies do not follow the same linear 

non-threshold (LNT) model used in radiation protection risk assess-

ment. They further state that the LNT model overestimates the true 

risk of therapeutic radiation induced cancer by one order of magni-

tude. In addition, these researchers note that the risk of cancer in-

duction from LDRT should rather be based on epidemiologic data of 

patients who have received such treatment in the past [31].  

According to Ottolenghi et al. [56], the most significant factor 

regarding cancer risk is the anatomical site of treatment. They not-

ed that treatment of conditions in the appendages of the human 

body such as Dupuytren’s contracture, tennis elbow or heel spur 

result in a very low cancer risk estimated to be similar to that due 

to a common diagnostic radiologic procedure. However, the major 

risk in radiotherapy for benign conditions involving the axial skele-

ton, which has significant amount of red bone marrow, is leukemia. 

As such the treatment of these locations should take account of 

and reduce the mean bone marrow dose [56]. In spite of this leuke-

mia risk, a paper by Cuttler [57] suggests a relatively high threshold 

dose of 500 mSv for ionizing radiation induced leukemia in hu-

mans. Sautter-Bihl et al. [58] used the LNT model to provide a 

quantitative estimate of cancer risk based on LDRT for treatment of 

inflammatory joint conditions. To arrive at their estimation, they 

accounted for factors such as the expected average exposures (as-

sumed to be 6 Gy in 6 fractions at 1 dose per fraction) and differ-

ential distance to irradiated areas. They also extrapolated the dose 

to a whole body dose using an established whole body conversion 

formula. They thus estimated LDRT for benign inflammatory mus-

culoskeletal conditions to result in additional 20–40 malignancies 

per million people over a lifetime. They went further to note that 

the average age of patients receiving LDRT for inflammatory joint 

disorders was 54 years. They thus argued that the cancer risk for 

this procedure is of no practical relevance. 

In another study into radiation carcinogenesis, a mathematical 

model estimated at total dose of 6 Gy for OA of the knee relates to 

an effective dose of 13 mSv, which compares to the effective doses 

from an abdominopelvic CT scan [59]. The authors of the study fur-

ther estimated the average attributable life time risk for an induced 

fatal tumor to be about 0.7 in a thousand patients treated at the 

age of 50 years. However, the risk further reduces to 0.3 in a thou-

sand patients once treated at the age of 70 years [60]. 

It should be noted that in less peripheral lesions the risk of radi-

ation induced cancers increases. This is due to the exposure to 

more sensitive organs such as the red bone marrow and the gas-

trointestinal tract [16]. 

Table 2. Tissue weighting factors according to ICRP 103 (ICRP 2007)

Tissue (T) Tissue weighting factor (WT) ∑ WT

Bone marrow (red), colon, lung, stomach, breast 0.12 0.72
Gonads 0.08 0.08
Bladder, esophagus, liver, thyroid 0.04 0.16
Bone surface, brain, salivary glands, skin 0.01 0.04
Remaining tissues (n =  13)a) 0.0092 0.12
Total - 1.00

ICRP, International Commission on Radiological Protection.
a)Remaining tissues: adrenals, extrathoracic region, gall bladder, heart, kidneys, lymphatic nodes, muscle, oral mucosa, pancreas, prostate (male), small 
intestine, spleen, thymus, uterus/cervix (female).
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In Germany, in spite of these known low estimates of radiation 

induced cancer, there are established protocols to further reduce 

the risk. LDRT for inflammatory/degenerative musculoskeletal dis-

orders is only done when standard non-radiation treatments have 

failed. In addition, patients under the age of 40 years are only 

treated in exceptional circumstances and even then not until all 

the possible risk and benefits of the procedures have been deter-

mined [23]. 

Having addressed the risk of LDRT for inflammatory/degenerative 

musculoskeletal disorders it should be noted that the other modal-

ities of treatment are not without side effects or complications. The 

complications of surgery and anesthesia are known. Intrathecal 

steroid injection could result in infections, necrosis, tendon rupture 

and side effects due to the systemic effects of steroids [17,61]. One 

widely accepted modality for treating these conditions is stem cell 

transplantation. The side effects of this include graft versus host 

disease, susceptibility to infection and non-malignant organ or tis-

sue dysfunction [62]. Extracorporeal shock wave therapy (ESWT) is 

associated with effects which are not limited to transitory redden-

ing of the skin, pain, small hematomas, migraine and syncope [63]. 

Moreover, a randomized trial comparing ESWT to LDRT found both 

to be of equal efficacy [64,65]. 

Conclusion 

Literature showed that many countries in Europe, especially Ger-

many use radiation routinely for the treatment of many degenera-

tive disorders including osteoarthritis with good results and few 

side effects. With LDRT for OA of the knee resulting in an effective 

dose equivalent to an abdominopelvic CT scan. Considering how 

recalcitrant to treatment degenerative skeletal conditions can be, 

LDRT is proven to be a reasonable and acceptable treatment option. 

A pilot study is therefore recommended with a view to establish 

the effectiveness or otherwise of this treatment method in regions 

of the world that have not adopted it.  
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