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Abstract
Purpose Osteoarthritis is a common disease, with a prevalence of symptomatic disease of 8.9%. One treatment option
is radiotherapy. Most published samples were treated with an orthovoltage technique or with a telecobalt device. A lot of
radiotherapy institutions are nowadays using linear accelerators for treatment of osteoarthritis. There is a discussion on
whether the treatment results achieved with a linear accelerator are comparable to those with the orthovoltage technique.
The aim of this study is to analyze the results of radiotherapy for osteoarthritis with a linear accelerator and compare the
results with reference to different joints.
Materials andMethods The analysis was performed in patients of two German radiotherapy institutions and included 295
irradiated joints. Pain was documented with the numeric rating scale (NRS). Evaluation of the NRS was done before and
directly after each radiation therapy course as well as for the follow-up of 24 months.
The median age of the patients was 65 years, with 39.0% male and 61.0% female patients. Most frequently, osteoarthritis
of the knee (34.6%) or the finger (15.9%) was treated.
Results We could find a significant response to radiotherapy. Median pain for the whole sample was 7 on the NRS before
radiotherapy, 4 after 6 weeks, and 3 after 12 and 24 months. The percentage of patients with 0 or 1 on the NRS was 33.8%
12 months after radiotherapy. All investigated subgroups had a significant reduction of pain.
Conclusion Radiotherapy of osteoarthritis with a linear accelerator is an effective treatment which is very well tolerated.
All analyzed subgroups show a good response to radiotherapy for at least 24 months. Orthovoltage therapy seems to be
superior to treatment with a linear accelerator in a case-related analysis of the published samples. Further investigations
should be performed for a definitive answer to this question.
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Introduction

Osteoarthritis is a common disease, especially in elderly
people. The prevalence of symptomatic osteoarthritis is
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about 8.9% among the adult population [1]. Most frequently
the knee is affected, with about 6% symptomatic knee
arthritis among the adult population [1, 2]. For example,
for the population older than 70 years, the prevalence of
knee arthritis is about 40% [2, 3]. As life expectancy is ris-
ing and the prevalence of risk factors for osteoarthritis like
overweight or inactivity is growing, an increasing preva-
lence of osteoarthritis can be expected in the future [3].

Several therapeutic options for treatment of osteoarthri-
tis are in use [2]. There is good evidence for arthroplasty
for advanced osteoarthritis [4, 5]. For joint-conserving ther-
apies there is not a high level of evidence [3]. Beside
ice, heat, ultrasound treatment, splinting, and physiother-
apy, many patients get a drug therapy. The drug therapy
can be systemic, for example with NSAIDs (non-steroidal
anti-inflammatory drugs), or can consist of local injections
of anesthetics or steroids [6–9].
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One effective non-invasive treatment for osteoarthritis is
radiotherapy [10–31]. Like for several other bone and joint
disorders, low-dose radiation has shown an anti-inflamma-
tory effect [10, 13, 32–40].

Most of the published samples were treated with ortho-
voltage therapy [35, 41–43]. Some others were irradiated
with telecobalt devices or cesium devices [18, 28, 30, 44].
Only a few relatively small samples exist where patients
were treated with a linear accelerator [21, 40, 45, 46]. De-
tailed information is missing in some of these manuscripts
and the objective was different than that of our survey.

There is one retrospective trial comparing the results of
orthovoltage therapy versus radiotherapy with a linear ac-
celerator just for osteoarthritis of the knee [47]. This trial is
only available in German language and has not been pub-
lished in a magazine so far.

Many radiotherapy institutions do not use orthovoltage
therapy anymore [48–50]. The therapy with telecobalt de-
vices is obsolete in developed countries.

The objective of this survey is to document and analyze
the results of radiotherapy for osteoarthritis with a linear
accelerator and to compare these results with those of or-
thovoltage therapy.

A second ongoing discussion is whether small or large
joints respond better to radiotherapy. The risk factors and
etiology seem to be somewhat different [1, 51]. For this
reason, the other objective of this analysis was to compare
the results upon treating different joints or joint regions
with radiotherapy, with the main focus on the comparison
of small and large joints.

Patients andmethods

The study was approved by the Ethics Committee of the
University of Regensburg.

The retrospective analysis was performed on patients of
two German radiotherapy institutions. We identified all pa-
tients receiving one or more courses of radiotherapy for
osteoarthritis.

Radiotherapy to different joints was separated in the
analysis. Some joints were cumulated to certain regions,
like Heberden or Bouchard arthrosis, upper and lower an-
kle joint, or omarthritis and acromioclavicular arthritis.

The patients’ data from the regular follow-up were ana-
lyzed. Additionally, the patients were questioned about their
current status and constantly clinically examined. We iden-
tified the etiology of the pain and registered possible risk
factors for a lack of response to radiation.

Pain was documented with the numeric rating scale
(NRS). Evaluation of the NRS was done before and di-
rectly after each radiation treatment as well as for the
follow-up. Follow-up was done 6 weeks, 12 weeks, 6, 12,

Table 1 Demographic data

Criteria

Patients [n] 159

Joints or joint regions [n] 295

Gender [n]

Male 62

Female 97

Age [years]

Median 65

First quartile 56

Third quartile 73

Joints or joint regions [n]

Hip 13 4.4%

Knee 102 34.6%

Ankle 29 9.8%

Shoulder 36 12.2%

Wrist 8 2.7%

Thumb (rhizarthritis) 35 11.8%

Finger (Heberden/Bouchard arthri-
tis)

47 15.9%

Other 25 8.5%

Single dose [n]

0.5Gy 62 21.0%

1.0Gy 233 79.0%

Total dose

3.0Gy 56 19.0%

6.0Gy 229 77.6%

Time of pain onset [n]

Median 48

First quartile 20

Third quartile 96

Pretreatment beside radiation [n] – 94.2%

Number of modalities [n]

Median 2

Mode 2

Number of radiation courses [n]

One course 229 77.6%

Two or more courses 66 22.4%

and 24 months after treatment. An arthroplasty was defined
as end of follow-up.

We performed descriptive statistics, calculating median,
range, and interquartile range (IQR) of NRS for all time
periods. To analyze significant differences in the chrono-
logical sequence of NRS, the paired Wilcoxon test for de-
pendent variables was used. The Mann–Whitney U test for
independent variables was used for subgroup analyses and
the Fisher–Yates test or chi2 test for testing of binomial vari-
ables. We postulated that p< 0.05 was significant. Statisti-
cal analyses were performed with IBM SPSS Statistics 23.0
(IBM, Armonk, NY, USA).
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Fig. 1 Median pain on the
numeric rating scale (NRS)
during the follow-up

We defined several subgroups by gender, age (separated
by the median age of 65 years), etiology, and the other
parameters listed in Table 1.

Hip, knee, ankle, and shoulder were classified as large
joints, whereas the finger, thumb, and big toe were catego-
rized as small joints.

Results

In total, 159 patients could be identified, questioned, and
clinically examined. 295 joints or joint regions were treated
due to the fact that some patients were irradiated on more
than one joint or region.

The median age of the patients was 65 years with
a range from 21 to 91 years and an IQR from 56 to
73 years. 97 of the patients were female and 62 male.
Most frequently patients suffered from arthritis of the knee
(102 courses, 34.6%), followed by Bouchard and Heberden
arthritis (47 courses, 15.9%) and arthritis of the shoulder
(36 courses, 12.2%; Table 1).

94.2% of the joints were pretreated before radiother-
apy. Most of the time patients had taken non-steroidal
drugs for a long time, had had intraarticular injections with
hyaluronidase, or had used orthoses.

The median follow-up was 19 months.
Radiotherapy was performed with a linear accelerator

(Siemens Primus and Elekta Synergy) using 6- or 15-MV
photons. Dose calculation was done to the isocentrer or
middle of the joint. Joints or regions were either treated
with a fractionated dose of 0.5Gy (62 joints, 21.0%) to a
total dose of 3.0Gy (56 joints, 19.0%) or 5.0Gy (4 joints,
1.4%) or 1.5Gy (2 joints, 0.7%) or with a fractionated dose
of 1.0Gy (233 joints, 79.0%) to a total dose of 6.0Gy

(229 joints, 77.6%) or 5.0Gy (3 joints, 1.0%) or 1.0Gy
(1 joint, 0.3%). In the majority of cases the treatment time
was 2 weeks (median 13 days, IQR 12 to 15 days). 66
(22.4%) of the joints received a second or even third course
of radiotherapy, most of the time within a 6–12-week inter-
val after the initial radiation course.

Acute or long-term side effects did not occur in our sam-
ple.

The median pain before irradiation was 7 on the NRS
(IQR 5 to 8). On the last day of radiation, the median was 5
(IQR 3 to 7) and 6 weeks after radiotherapy it was 4 (IQR 2
to 5). After 12 weeks it was 3 (IQR 1 to 5), after 6 months
3 (IQR 1 to 5.75), and after 12 and 24 months 3 (IQR 1
to 6). At the time of the last follow-up (median 19 months),
NRS was 4 (IQR 2 to 7; Fig. 1).

Pain reduction compared to the pain level before irra-
diation was significant, with p< 0.0001 during the entire
follow-up.

The pain improved continuously up to 6 months after
radiotherapy (p< 0.0001).

The percentage of patients being free of pain (NRS 0) or
scoring pain 1 on the NRS increases with time (Fig. 2).

6 weeks after radiotherapy, 47 joints out of 288 (16.3%)
scored 0 or 1 on the NRS. After 12 weeks it was 72 out
of 271 joints (26.6%), after 6 months 81 out of 256 joints
(31.6%), after 12 months 73 out of 216 (33.8%), and after
24 months it was 41 out of 142 joints (28.9%). Compared
with the level before radiotherapy, there was a significant
increase (p< 0.001 during the entire follow-up period) in
the percentage of joints with no pain (NRS 0) or very little
pain (NRS 1).

The general response rate was 45.7% directly after ra-
diotherapy, 63.2% after 6 weeks, and 65.7% after 12 weeks.
6 months after radiotherapy it was 64.8%, 12 months af-
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Fig. 2 Percentage of joints
being free of pain (numeric
rating scale, NRS, 0), scoring
pain 1, or more than 3
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Fig. 3 Comparison of small and
large joints (median pain on the
numeric rating scale)

0

1

2

3

4

5

6

7

8

9

10

before
radiotherapy

(n = 108
respec�vely

176)

directly a�er
radiotherapy
(n = 108/176)

6 weeks
(n = 108/173)

12 weeks
(n = 103/162)

6 months
(n = 101/149)

12 months
(n = 81/130)

24 months
(n = 52/86)

small joints

large joints

ter radiotherapy 63.4%, and 24 months after radiotherapy
64.8%, respectively.

In 32.5% of the patients no improvement of joint mo-
bility could be detected. A distinct improvement could be
achieved in 32.9% and a slight improvement of joint mo-
bility could be achieved in 31.3% of the patients.

There was no significant difference in the remaining pain
level and absence of pain for gender and age (patients older
or younger than 65 years) during the entire follow-up. Male
as well as female patients older and younger than 65 years
(median age of our sample) had a significant reduction in
pain (p< 0.0001 for all categories and the entire follow-up).

Patients were analyzed separately for different joints af-
fected by osteoarthritis. Patients with osteoarthritis of the
knee as well as patients with osteoarthritis of the shoulder
or acromioclavicular joint showed positive responses to ra-
diotherapy during the entire follow-up (p< 0.001). Patients
with osteoarthritis of the hip had significant reduction of
pain for the entire follow-up except at 24 months (p< 0.05).

Patients with osteoarthritis of the finger (Bouchard arthri-
tis or Heberden arthritis) as well as patients with osteoarthri-
tis of the base of the thumb (rhizarthritis) showed significant
reduction of pain during the entire follow-up (p< 0.001).
There was no significant difference for absence of pain and
remaining NRS level.

Both idiopathic and secondary osteoarthritis had a signif-
icant reduction of pain (p< 0.0001 for the entire follow-up).
Twelve weeks and 6 months after radiotherapy there was
a significantly better pain reduction in favor of idiopathic
osteoarthritis (p< 0.05).

Both large Joints and small joints had a significant re-
duction in pain for the entire follow-up (p< 0.0001). There
was no significant difference in pain reduction for the en-
tire follow-up. The remaining NRS level was significantly
lower for small joints 12 and 24 months after radiotherapy
(p< 0.05). There was no significant difference for the other
times (Fig. 3).
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Patients irradiated with 0.5Gy fractionated dose to a to-
tal dose of 3Gy had a significant response from treatment
with p< 0.005 for the entire follow-up. Patients irradiated
with 1.0Gy fractionated dose to a total dose of 6Gy also
had a significant response with p< 0.0001 during the entire
follow-up.

There is no significant difference in pain reduction
between 3.0Gy in 6 fractions compared to 6.0Gy in 6 frac-
tions. The remaining NRS level 12 weeks and 6 and
12 months after radiotherapy was worse for 6 times 1.0Gy
compared to 6 times 0.5Gy (p< 0.05).

There was no significant difference in the long-term re-
sponse (6, 12, and 24 months after completion of radio-
therapy) between patients treated with one course of radio-
therapy or those patients with the need for two courses of
radiotherapy.

Discussion

The role of radiotherapy for osteoarthritis is under discus-
sion [52]. Recently, two randomized trials for osteoarthritis
of the knee and hand were published, both showing no sig-
nificant benefit from radiotherapy [53, 54]. Despite this,
there are data about measurable shrinkage of Baker’s cyst
after RT for osteoarthritis of the knee, which represents
a surrogate marker for the effect of RT in this indication
[55].

With less than 60 patients in each study, the statistical
power is somewhat limited. Furthermore, details about radi-
ation technique, especially the machine used for treatment,
are lacking and could not be inquired about.

There are many retrospective studies and some prospec-
tive studies strongly assuming radiotherapy to be an ef-
fective treatment for osteoarthritis. Beside this, there are
prospective trials showing the effectiveness of low-dose ra-
diotherapy by means of objective response criteria [55, 56].
There are many presently unanswered questions. It might
be that there is a difference in response due to the use of or-
thovoltage therapy or a linear accelerator. Maybe just some
subgroups, like for example those with activated arthrosis,
have a benefit from radiotherapy. All in all, there is need
for further investigation.

To our knowledge, this sample is one of the first and
largest in which radiotherapy of osteoarthritis with a linear
accelerator has been systematically examined. We could
identify only the verifiable data of 149 patients treated with
a linear accelerator, published by Kaltenborn et al., Keilholz
et al., and Bartmann [40, 45, 47]. Only Bartmann investi-
gated the problem of orthovoltage therapy versus radiother-
apy with a linear accelerator. But he included only patients
with knee arthritis in his survey. Besides that, the study has
not yet been fully published and is available only in Ger-

man language. Kaltenborn focused on rhizarthritis, and in
the survey of Keilholz, only seven patients with hip arthritis
had been treated with a linear accelerator.

Summarizing the patients of all published samples of
radiotherapy of osteoarthritis with linear accelerators we
could identify, our sample seems to be larger than the sum
of all other samples.

Among other parameters, the dose rate, depth dose, and
energy are different between orthovoltage devices and linear
accelerator. There is a discussion on whether the published
results can be transferred for treatment of osteoarthritis with
a linear accelerator [57].

Nevertheless, many German radiotherapy institutions use
linear accelerators for treatment of osteoarthritis. In the pat-
terns of care analysis of 2016, only 27 institutions in Ger-
many (23%) stated that they have the opportunity to use
orthovoltage therapy. Beside this, most of the orthovoltage
devices were quite old, with a median age of 17 years [58].

A retrospective comparison between orthovoltage ther-
apy and treatment with a linear accelerator has already been
done for heel spur syndrome and humeral epicondylitis. For
heel spur syndrome, it was published only in German lan-
guage and showed no significant difference between the
groups [59]. For humeral epicondylitis, it was mainly a re-
view of the literature, the results seeming to be superior for
orthovoltage therapy [60]. Nevertheless, these results can’t
easily be transferred to radiotherapy of osteoarthritis, be-
cause it is a different disease with different target volumes
and target structures.

Our sample seems to be comparable to other published
samples with respect to patients’ parameters. For exam-
ple, the median age of 65 years is nearly equal to that of
the samples of Micke et al., a clinical quality assessment
(average age 63.3 years) [46]. In addition, the samples of
Keilholz et al. (median age 64 years), Mahler et al. (median
age 62 years), and Minten et al. (mean age 65 years) show
a similar age distribution [40, 53, 54]. Also, the proportion
of male to female patients with a ratio of approximately 1:2
is representative [46, 53].

The radiation technique and dose concept are equivalent
to the recommended concept of the German Cooperative
Group on Radiotherapy for Benign Diseases. Most of the
published samples, especially the published samples of re-
cent decades, were treated that way [61].

Radiotherapy of osteoarthritis with linear accelerators
has proven beneficial to our sample. The median pain level
on the NRS decreases with time and seems to reach a sta-
ble low level 6 months after the end of radiotherapy. The
median follow-up of 19 months allows a statement of long-
term results.

Most of the patients have a response to radiation and
about one quarter of the patients are free of pain or score
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Table 2 Summary of the published manuscripts concerning low-dose radiotherapy for osteoarthritis and case-related analysis

Author and year Joint
region

Device Joints Response
rate (%)

Complete or very
good response (%)

Partial re-
sponse (%)

Heidenhein (1923) [66] Mixed Orthovoltage 18 83.3 16.7 66.7

Kreuzwald (1926) [67] Mixed Orthovoltage 100 80.0 – –

Kahlmeter (1930) [68] Mixed Orthovoltage 323 88.0 – –

Fried (1934) [69] Mixed Orthovoltage 226 92.5 34.5 58.0

Balike (1939) [70] Mixed Orthovoltage 555 88.3 38.4 49.9

Toschke (1941) [71] Mixed Orthovoltage 232 71.0 4.7 66.3

Cocchi (1943) [72] Mixed Orthovoltage 582 70.5 25.3 45.2

Reichel (1949) [73] Mixed Orthovoltage 133 73.0 51.9 21.1

Glauner (1951) [74] Mixed Orthovoltage 800 85.0 15.0 70.0

Fuchs (1951) [27] Mixed Orthovoltage 40 90.0 40.0 50.0

Pape et al. (1954) [75] Mixed Orthovoltage 533 76.0 25.0 51.0

Hess et al. (1955) [76] Mixed Orthovoltage 664 56.5 12.7 43.8

Geyer (1955) [77] Knee Orthovoltage 800 78.0 52.0 26.0

Pizon (1957) [78] Knee Orthovoltage 201 87.4 43.7 43.7

Murley (1957) [79] Hip Orthovoltage 59 22.0 5.0 16.9

Barth et al. (1961) [80] Mixed Orthovoltage 473 86.0 9.0 77.0

Keim (1965) [28] Mixed Cobalt device 25 48.0 – –

Thurmayr et al. (1966) [81] Mixed Orthovoltage 50 44.0 22.0 22.0

Wieland (1966) [65] Knee Orthovoltage, cesium de-
vice, cobalt device

500 96.0 60.6 35.4

Mitrov et al. (1967) [82] Mixed Orthovoltage 1120 87.8 50.3 37.5

Schertel et al. (1968) [83] Hip,
knee

Orthovoltage 77 59.8 22.1 37.7

Goldie et al. (1969) [84] Mixed Orthovoltage 83 67.5 – –

Von Pannewitz (1970) [39] Knee Orthovoltage Not
known

85.0 46.0 39.0

Grasshoff (1971) [85] Hip,
knee

Orthovoltage 106 65.1 10.4 54.7

Gibson et al. (1972) [26] Knee Orthovoltage 29 Not known – –

Zschache (1972) [86] Hip,
knee

Orthovoltage 534 81.6 17.0 64.6

Hartweg et al. (1973) [87] Knee Orthovoltage 124 87.0 29.0 58.0

Hassenstein (1974) [88] Hip Orthovoltage 120 69.2 35.9 33.3

Valtonen et al. (1975) [11] Hip,
knee

Orthovoltage 18 77.8 27.8 50.0

Hassenstein et al. (1976) [89] Knee Orthovoltage 124 85.5 29.0 56.5

Keiner et al. (1982) [43] Knee Orthovoltage 290 81.0 38.0 43.0

Lindner et al. (1982) [90] Mixed Cesium device 207 57.5 9.7 47.8

Yaneva et al. (1986) [42] Hip,
knee

Orthovoltage 363 91.8 4.7 87.1

Gaertner et al. (1988) [91] Mixed Orthovoltage 9 22.2 – –

Gaertner et al. (1988) [91] Mixed Cobalt device 27 12.5 – –

Sautter-Bihl et al. (1993) [44] Knee Cobalt device 21 81.0 14.0 57.0

Merte et al. (1995) [92] Hip,
knee

Orthovoltage 134 59.7 35.1 24.6

Keilholz et al. (1998) [40] Mixed Orthovoltage 96 60.4 21.9 38.6

Keilholz et al. (1998) [40] Hip Linear accelerator 7 85.7 28.6 57.2

Schultze (2000) [41] Mixed Orthovoltage 462 57.0 – –

Glatzel et al. (2004) [93] Knee Orthovoltage 214 68.2 9.3 58.9

Ruppert et al. (2004) [35] Knee Orthovoltage 73 63.0 41.0 22.0
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Table 2 (Continued)

Author and year Joint
region

Device Joints Response
rate (%)

Complete or very
good response (%)

Partial re-
sponse (%)

Keller et al. (2013) [21] Knee Orthovoltage, cesium de-
vice, Linear accelerator

1039 79.3 10.5 68.8

Bartmann (2016) [47] Knee Orthovoltage 37 40.5 21.6 18.9

Bartmann (2016) [47] Knee Linear accelerator 77 55.9 33.8 22.1

Kaltenborn et al. (2016) [45] Thumb Linear accelerator 65 63.0 13.8 49.2

Micke et al. (2018) [46] Knee Orthovoltage, linear accel-
erator

139 – 29.3 –

Minten et al. (2018) [53] Finger Data missing 28 25.0 – –

Mahler et al. (2019) [54] Knee Data missing 27 44.0 – –

Case-related average – All 11,909 78.0 27.9 51.3

Case-related average – Orthovoltage 9802 77.7 28.5 50.1

Case-related average – Cobalt and cesium device,
linear accelerator

429 56.2 15.9 44.0

Present study 2019 Mixed Linear accelerator 295 64.8 26.6 38.2

Case-related average
(including present study)

– All 12,204 77.7 27.9 51.0

Case-related average
(including present study)

– Cobalt and cesium device,
linear accelerator

724 60.0 20.5 42.0

very low pain with NRS 1 during the long-term follow-up
period. This effect lasts for at least 2 years.

The overall response rate of our sample (approximately
65%) is within the range or slightly lower than that of most
other published studies (case-related average 77.7%) and
seems to be comparable with the results of orthovoltage
therapy.

Because of the different anatomical regions, it is difficult
to give a universal recommendation for target volumes and
radiation dose or technique. We used 6- or 15-MV photons
in opposing fields or with a single field. Initially, patients
were treated with 6 times 1.0Gy in both institutions. In
analogy to the data presented by Ott et al. for the radiother-
apy of other non-malignant disorders, the dose concept was
changed to 6× 0.5Gy [62–64]. There was a higher remain-
ing NRS level for patients treated with 6.0Gy in 6 fractions.
Anyhow, a general recommendation cannot be given. Re-
garding the results of Ott et al. for other non-malignant
diseases, we would rather recommend applying a fraction-
ated dose of 0.5Gy to a total dose of 3.0Gy for reasons of
radiation protection [62–64].

Whether orthovoltage therapy is superior to treatment
with a linear accelerator is an interesting question. We could
identify just one direct comparison of both modalities for
osteoarthritis of the knee [47]. This study found no signif-
icantly different results for treatment with a linear acceler-
ator compared to orthovoltage therapy. A slight tendency
toward radiotherapy with a linear accelerator is speculated
by the author. He states that it was a small sample and there-
fore does not have enough power to detect a difference.

For that reason, we did a case-related analysis of the
published samples irradiated because of osteoarthritis. Alto-
gether, 11,909 published patients could be identified. 9802
patients were verifiably treated with orthovoltage therapy,
429 patients (excluding our sample) were treated with pho-
tons or gamma rays (Table 2).

Most of the 429 patients were irradiated with a telecobalt
or cesium device. We could identify only 149 cases, pub-
lished in three samples, for which it is clearly stated that
they were treated with a linear accelerator [40, 45, 47]. De-
tailed information is missing in some other samples [21, 46,
53, 54, 65]. We found data of complete response and partial
response for 89% of all published patients. We performed
statistical comparison with the chi2 test.

For all published samples in the literature the average
response rate was 78%, for the joints treated with orthovolt-
age therapy it was 77.7%, for all other (photons and gamma
ray), including our sample, it was 60%. There was a sig-
nificant difference between these groups in favor of treat-
ment with orthovoltage therapy (chi2= 144.9). We could
find a significant benefit for orthovoltage for complete re-
sponse (chi2= 56.4) and for partial response (chi2= 30.5).

Just comparing the response rate of patients treated with
orthovoltage therapy and a linear accelerator, a significant
difference in favor of treatment with orthovoltage therapy
can be identified for the entire time period (chi2= 57.9).

If one just compares the newer studies since 1995 and
just include patients with quite a similar dose concept to that
recommended in the German guideline (fractionated dose
0.5 to 1.0Gy and total dose 3.0 to 6.0Gy), a significant
difference (59.6% versus 64%; chi2= 3.2) could no longer
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be found in the response rate between patients treated with
orthovoltage (n= 1016) and photons/gamma rays (n= 444).

There are limitations to comparing all the published sam-
ples receiving radiotherapy for osteoarthritis. Beside differ-
ent dose concepts, inclusion criteria, and radiation tech-
niques, the response criteria were also different, as are the
follow-up periods and the timepoints at which the response
was evaluated.

Over all published samples, excluding our sample, a sig-
nificant difference between the samples treated with or-
thovoltage therapy compared to those treated with photons
or gamma rays in favor of orthovoltage therapy could be
found. But less than 10% of the joints had been treated
with photons or gamma rays, and it was a heterogenous
group by itself. The lack of a significant difference upon
comparing the newer studies since 1995 might be due to
the relatively small number of cases with sufficient infor-
mation in this period.

It might be interesting to conduct a prospective trial com-
paring orthovoltage therapy and radiotherapy with photons
by a linear accelerator.

Differences between orthovoltage therapy and photon
therapy are the different peak energies, dose distributions
(mostly due to different absorption), and dose rates, among
others. One reason for the possible superiority of ortho-
voltage therapy might for example be the higher absorp-
tion of X-rays within the tissue—in particular the bone tis-
sue—compared to photons.

Another reason might be the higher absorption in the
soft tissues, with a better anti-inflammatory effect of the
surrounding organs. Also, the dose rate might be one pos-
sible explanation.

Further investigations of the finding that orthovoltage
therapy might be superior to photons in the radiotherapy of
osteoarthritis seem to be reasonable. A prospective study to
clarify a possible different effect of these modalities should
be performed.

A significant difference in the response between small
and large joints could not be detected. The remaining lower
NRS level for small joints 12 and 24 months after radio-
therapy might be random. A certain joint or joint region
with clear better or worse response to radiotherapy could
not be detected in our survey. It appears, that radiotherapy
of osteoarthritis can be offered to patients independently of
the localization of the degenerative affected joint or joint
region.

Conclusion

Radiotherapy of osteoarthritis with a linear accelerator is
widely used and is an effective treatment which is very well
tolerated. A clear difference in the response rate between

small and large joints could not be detected. All analyzed
subgroups show a good response to radiation for at least
24 months. A fractionated dose of 0.5Gy and a total dose
of 3.0Gy seem to be recommendable. Comparing treatment
with a linear accelerator and orthovoltage therapy in a case-
related analysis, orthovoltage therapy seems to be benefi-
cial. Upon just comparing recent literature (since 1995), no
significant difference can be detected.
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