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Abstract
Purpose Osteoarthritis is a common disease with a prevalence of approximately 8.9% among the average population.
One treatment option is low-dose radiotherapy. Some authors mention that they apply a second or third course of radiation
for recurrent pain or partial or no response to the initial course. As the results of re-irradiation have not been analysed
systematically, the aim of this study was to document the results of repeated radiation treatment and to identify those
patients who will benefit.
Methods and materials The analysis was performed on patients of three German radiotherapy institutions and included
217 re-irradiated joints. Pain was documented with the numeric rating scale (NRS). Evaluation of the NRS was done before
and directly after each radiation therapy as well as at the follow-up of 24 months.
The median age of the patients was 67 years, with 40% male and 60% female patients. Re-irradiation was indicated because
the initial radiotherapy resulted in no response in 21.2%, in partial response in 41.5%, and in recurrent pain in 37.3%.
Results We found a significant response to re-irradiation. For the whole sample, the median pain was 6 before re-irradiation,
4 after 6 weeks, and 3 after 12 weeks, 6 months, 12 months, and 24 months. The percentage of patients being free of
pain or with very little pain was approximately 25% 12 months after re-irradiation. All subgroups, notably those with no
response to the first course versus partial response to the first course versus recurrent pain, had significant reduction of
pain.
Conclusion Re-irradiation of osteoarthritis is an effective and safe treatment. All subgroups showed a good response to
re-irradiation for at least 24 months.
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Rebestrahlung bei Arthrose – retrospektive Analyse von 217 Gelenken

Zusammenfassung
Hintergrund Die Arthrose ist mit einer Prävalenz von 8,9% unter der erwachsenen Bevölkerung eine häufige Erkrankung.
Die Strahlentherapie stellt eine wichtige Therapieoption dar. Dabei beschreiben einige Autoren die Durchführung einer
Rebestrahlung bei rezidivierten Schmerzen bzw. unzureichendem oder keinem Ansprechen auf die initiale Bestrahlungs-
serie. Eine strukturierte Auswertung der Rebestrahlung existiert allerdings nicht. Ziel dieser Arbeit ist die strukturierte
Auswertung der Rebestrahlung bei Arthrose.
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Material und Methode Ausgewertet wurden Patienten aus drei strahlentherapeutischen Institutionen. Insgesamt konnten
217 rebestrahlte Gelenke analysiert werden. Die Schmerzintensität wurde mit Hilfe der numerischen Rating-Skala (NRS)
quantifiziert und zu den Zeitpunkten vor Bestrahlungsbeginn, direkt nach Radiatio, 6 und 12 Wochen, 6, 12 und 24 Monate
nach Bestrahlung erfasst. Die Patienten waren im Median 67 Jahre alt, 40% davon waren männlich und 60% weiblich.
Grund der Rebestrahlung war bei 21,2% der Patienten kein Ansprechen und bei 41,5% ein unzureichendes Ansprechen
auf die erste Bestrahlungsserie sowie bei 37,3% rezidivierte Schmerzen.
Ergebnisse Für das Gesamtkollektiv zeigte sich eine signifikante Schmerzreduktion. Die mediane Schmerzintensität war 6
vor der Rebestrahlung, 4 nach 6 Wochen und 3 nach 12 Wochen, 6, 12 und 24 Monaten. Nach 12 Monaten waren ungefähr
25% der Patienten schmerzfrei oder nahezu schmerzfrei. Alle Subgruppen, insbesondere Patienten ohne Ansprechen und
Patienten mit unzureichendem Ansprechen auf die initiale Bestrahlung bzw. Patienten mit rezidivierten Schmerzen zeigten
eine signifikante Schmerzreduktion.
Schlussfolgerung Zusammenfassend zeigt diese Arbeit, dass die Rebestrahlung bei der Arthrose eine effektive Therapie
darstellt und dass alle analysierten Subgruppen von der Therapie profitieren.

Schlüsselwörter Osteoarthrose · Arthrose · Arthrosis deformans · Strahlentherapie · Rebestrahlung

Introduction

Osteoarthritis is a common disease, especially in elderly
people. The prevalence of symptomatic osteoarthritis is ap-
proximately 8.9% and that of asymptomatic osteoarthritis
approximately 20.3% among the adult population [1–3].
Most frequently the knee is affected, with about 6% symp-
tomatic knee arthritis [1, 4]. For the population older than
70 years, the prevalence of knee arthritis is about 40% [2,
4]. The prevalence of rhizarthritis is approximately 7% for
men and 15% for women among a population over 30 years
[5]. As life expectancy and the prevalence of risk factors for
osteoarthritis, such as overweight and inactivity, are rising,
an increasing prevalence of osteoarthritis can be expected
in the future [2].

Several therapeutic options for treatment of osteoarthri-
tis are in use [2, 4]. There is good evidence for arthroplasty
for advanced osteoarthritis [2, 3, 6, 7]. For joint-conserving
therapies, there is not a high level of evidence [2]. Besides
ice, heat, ultrasound treatment, splinting, and physiother-
apy, many patients get drug therapy. The drug therapy can
be systemic, for example with nonsteroidal anti-inflamma-
tory drugs, or can consist of local injections of anaesthetics
or steroids [8–11].

One noninvasive treatment for osteoarthritis is low-dose
radiotherapy [12–33]. As for several other bone and joint
disorders, low-dose radiation has shown an anti-inflamma-
tory effect [12, 15, 34–45]. There are several retrospective
studies and some prospective nonrandomised trials with
about 2100 published patients in total that strongly sug-
gest its effectiveness [17, 24, 46]. For example, in Germany
about 4500 patients receive low-dose radiation therapy for
knee arthritis per year [16].

Some authors mention that they apply a second or third
course of radiotherapy [16, 23, 24, 47]. A second or third
radiation course was usually given because of recurrent pain

or partial or no response after the initial radiation course
[16, 23, 24, 34, 47]. In some institutions, two courses of
radiation are included in the primary treatment concept [37].

To our best knowledge, there is no study existing that
analyses the results of re-irradiation systematically. The aim
of this survey is to document the results of re-irradiation for
osteoarthritis and to help identify those patients who will
benefit from re-irradiation.

Patients andmethods

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

The retrospective analysis was performed on data from
patients at three German radiotherapy institutions. All pa-
tients who underwent more than one course of low-dose
radiotherapy for osteoarthritis on the same joint or joint
region were identified.

For diagnosis of osteoarthritis, appropriate findings on
radiological imaging and distinct clinical findings were
mandatory. The patients’ data from the regular follow-up
visits were analysed. Additionally, the patients were ques-
tioned about their current status and were clinically exam-
ined. The aetiology of their pain was identified, the reason
for re-irradiation was assessed, and the time between initial
radiotherapy and re-irradiation was documented. Possible
risk factors for the result of radiation were registered and
correlated with the response.

Pain was documented using the numeric rating scale
(NRS). Evaluation of the NRS was done before and directly
after each radiation therapy course as well as for the fol-
low up. Follow-up was done 6 weeks, 12 weeks, 6 months,
12 months, and 24 months after treatment.

Descriptive statistics were done. For NRS and all time
periods, the median, range, and interquartile range (IQR)
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were calculated. To analyse significant differences in the
chronological sequence of NRS, the paired Wilcoxon test
for dependent variables was used. The Mann–Whitney
U test for independent variables was used for subgroup
analyses, and the Fisher–Yates test was used for binomial
variables. It was postulated that p< 0.05 was significant.
Statistics were done with SPSS Statistics 23.0 (IBM Cor-
poration, Armonk, NY, USA).

For some small joints such as osteoarthritis of the finger,
the finger joints of each hand were subsumed to one joint
region, as patients were not able to score the pain for each
single joint.

Finger and toes were categorised as small joints, while
the hip, knee, shoulder, and ankle were classified as large
joints.

Results

A total of 140 patients could be identified, questioned, and
clinically examined, and 217 joint or joint regions were
treated since some patients were irradiated on more than
one joint.

The median age of the patients was 67 years, with a range
of 38–88 years and an IQR of 59–73 years. Eighty-four
patients were female, and 56 were male. The right limb
was treated 115 times and the left limb 99 times. Most
often, an arthritis of the knee (78 joints), rhizarthritis [38],
a Heberden or Bouchard arthritis [24], or an arthritis of the
hip [22] was treated. The median follow-up was 25 months,
with an IQR from 13 months to 37 months (Table 1).

Low-dose radiotherapy was performed with a linear ac-
celerator using 6 MV or 15 MV photons in opposing fields
or as a single field. Dose calculation was done to the isocen-
tre or middle of the joint. Re-irradiation was given a me-
dian of 14 weeks after the initial radiation (range 6 weeks
to 133 months, IQR 11–26 weeks). The reason for re-irra-
diation was no response after the initial radiation in 21.2%,
partial response in 41.5%, and recurrent pain in 37.3%.

One hundred twenty-three (56.7%) joints were re-irradi-
ated with a fractionated dose of 0.5Gy to a total dose of
3.0Gy (120 joints) or 1.5 or 2.0Gy (three joints), and 94
(43.3%) joints were re-irradiated with a fractionated dose
of 1.0Gy to a total dose of 6.0Gy. Treatment time was usu-
ally 2 or 3 weeks (two or three times per week). Seventy
joints (33.7%) were re-irradiated over 2 weeks, and 138
joints (66.3%) were re-irradiated over 3 weeks.

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

The median pain before the initial irradiation was 7 on
the NRS (IQR 6–8). Before the re-irradiation, the median
was 6 (IQR 4–8), and on the last day of the re-irradiation
the median was 5 (IQR 3–7). Six weeks after re-irradiation,

Table 1 Demographic data

Criteria

Patients [n] 140 –

Joints [n] 217 –

Gender [n]

Male 56 40.0%

Female 84 60.0%

Age [years]

Median 67 –

First quartile 59 –

Third quartile 73 –

Sites [n]

Right 115 53.7%

Left 99 46.3%

Localisation [n]

Knee 78 35.9%

Hip 22 10.1%

Shoulder 12 5.5%

Base of the thumb 38 17.5%

Finger 24 11.1%

Ankle 15 6.9%

Hand 3 1.4%

Other 25 11.5%

History of pain

Median [months] 49 –

Duration >5 years – 47.8%

Pretreatment

Pretreatment besides radiotherapy 96.7%

Modalities (median) [n] 2 –

Modalities (mode) [n] 2 –

Radiation details [n]

Fractionated dose

0.5Gy 123 56.7%

1.0Gy 94 43.3%

Total dose

3.0Gy 120 55.3%

6.0Gy 94 43.3%

Interval to re-irradiation [weeks]

Median 14 –

First quartile 11 –

Third quartile 26 –

it was 4 (IQR 2–5). After 12 weeks and after 6 months it
was 3 (IQR 1–5 respectively 6), and after 12 months and
24 months it was also 3 (IQR 2–6 respectively 7) (Fig. 1).
At the last follow-up, the median pain was 4 (IQR 2–7).

Pain reduction compared to the pain level before re-ir-
radiation was significant (p< 0.0001) for the entire follow-
up.

The percentage of patients being free of pain (NRS 0) or
scoring pain as 1 on the NRS increased with time (Fig. 2).
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Fig. 1 Median pain on the
numeric rating scale (NRS)
during the follow-up

Fig. 2 Percentage of patients
being free of pain (0 on the
numeric rating scale [NRS]),
scoring pain as 1, or scoring
pain> 3
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Six weeks after the re-irradiation, 22.3% of the joints
had pain reduction of three grades or more on the NRS.
After 12 weeks it was 30.3%, after 6 months 30.8%, after
12 months 30.6%, and after 24 months 29.1%. The general
response rate (reduction of one grade or more on the NRS)
was 53.0% after 6 weeks, 58.7% after 12 weeks, 57.6%
after 6 months, 50.6% after 12 months, and 47.0% after
24 months.

Male and female patients older or younger than 67 years
had a significant reduction of pain (p< 0.0001 for all cate-
gories and the entire follow-up). There was no significant
difference in the remaining pain level for gender or age (pa-
tients older or younger than 67 years) for the entire follow-
up.
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Fig. 3 Median pain on the
numeric rating scale (NRS)
depending on the reason for
re-irradiation. Patients with no
response after the initial series
are represented by blue bars,
patients with partial response
by yellow, and patients with
recurrent pain by green
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There was no significant difference between the right
and the left limbs. Both groups had a significant reduction
of pain.

There was no significant difference in pain reduction or
absence of pain whether large joints or small joints were
re-irradiated. Both subgroups had a significant reduction of
pain (p< 0.0001).

Patients with knee arthritis (p< 0.01 for the entire fol-
low-up), rhizarthritis (p< 0.001 for the entire follow-up),
finger arthritis (p< 0.01 for the entire follow-up except at
24 months), and hip arthritis (p< 0.05 for the entire follow-
up) had a significant reduction of pain.

Patients were analysed separately based on the reason
for re-irradiation. For the joints with no response after the
initial radiation, the median NRS score was 7 (IQR 5.75–8)
pre-re-irradiation, 3 (IQR 1–4) 6 weeks after re-irradiation,
3 (IQR 1–3) for the 12-week follow-up, 2 (IQR 2–4) for the
6-month follow-up, and 3 (IQR 2–5 and 2–6, respectively)
for the 12-month and 24-month follow-ups.

There was a significant response for the entire follow-up
(p< 0.0001).

Nonresponders after the initial radiation had a signifi-
cantly better response to re-irradiation than patients with
partial response or recurrent pain for the entire follow-up
(p< 0.0001). Nonresponders had a significant lower remain-
ing NRS pain level at 6 weeks and 12 weeks after re-irra-
diation than the other patients mentioned above (p< 0.02).

The joints with partial response after the initial radiation
had a median NRS pain score of 7 (IQR 5–8) before the re-
irradiation, 5.5 (IQR 4–8) after 6 weeks, and 5 (IQR 3–8)
after 12 weeks. After 6 months and 12 months it was 5.5
(IQR 2.75–8), and after 24 months it was 6 (IQR 2–8).

There was a significant response (p< 0.0001) for the en-
tire follow-up.

Response was significantly worse for the patients with
partial response after the initial radiation compared with
patients with no response or recurrent pain (p< 0.0001 for
the entire follow-up). Patients with partial response also
had a significantly higher remaining pain level compared
to the other patients for the entire follow-up (p< 0.0001
for 6 weeks and 12 weeks as well as for 6 months and
12 months, and p< 0.001 for 24 months).

For those joints with recurrent pain, the median NRS
score was 5 (IQR 4–6) before re-irradiation and 3 (IQR 2–4)
6 weeks after re-irradiation. After 12 weeks it was 2
(IQR 1–3), after 6 months and 12 months it was 2
(IQR 1–4), and after 24 months it was 3 (IQR 1–4).

Pain reduction was significant (p< 0.0001) for the entire
follow-up (Fig. 3).

Except for 24 months after re-irradiation, there was no
significant difference for patients with recurrent pain com-
pared to the other patients. Twenty-four months after re-
irradiation, response was worse for patients with recurrent
pain (p= 0.021). There was a significantly lower NRS level
for the entire follow up (p< 0.001) but also for the baseline
before re-irradiation.

There was no significant difference in pain reduction
whether joints were irradiated twice or three times weekly,
as well as whether re-irradiation took place 6–9 weeks or
10–16 weeks after the initial course. Joints in all those cat-
egories had a significant reduction of pain for the entire
follow-up (p< 0.01).

Patients re-irradiated with 0.5Gy single dose to a total
dose of 3.0Gy as well as those re-irradiated with 1.0Gy
single dose to a total dose of 6.0Gy had a significant re-
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sponse from treatment (p< 0.0001) for the entire follow-up.
There was a significantly better reduction in pain using six
times 0.5Gy compared with six times 1.0Gy (p< 0.01 for
the 6-week, 12-week, 6-month, and 12-month follow-ups).
The rate of patients being free of pain or scoring pain as
1 on the NRS was not significantly different between these
subgroups.

Seventeen joints were re-irradiated a second time (third
radiation course). In most cases it was because of no re-
sponse to the initial radiotherapy or to the first re-irradia-
tion. The median pain on the NRS was 8 before re-irradi-
ation, 4 after 6 weeks, 3 after 12 weeks, 2 after 6 months,
3 after 12 months. There was a significant reduction of pain
for the entire follow-up (p< 0.01).

Discussion

Although some recently published randomised trials did not
show a significant benefit for radiotherapy of osteoarthritis
of the knee and fingers, radiotherapy for osteoarthritis is
well established [48, 49]. The weakness of these trials was
discussed by Ott et al. in detail [50]. There are several retro-
spective studies and some nonrandomised prospective trials
that strongly suggest the effectiveness of low-dose radio-
therapy for osteoarthritis [17, 46]. In addition, prospective
nonrandomised trials with objective response criteria have
shown a beneficial effect of low-dose radiotherapy [45, 51].

Our sample is the first one examining re-irradiation of
osteoarthritis systematically. Other authors did note re-irra-
diation, and some presented information such as descriptive
statistics, but most authors simply stated that patients were
re-irradiated. No specific major subgroup analysis had been
done until now. The mentioned samples are small or mostly
unstructured [17, 24, 32, 34, 37, 47]. For some manuscripts
with mixed collectives of patients suffering from different
diseases, data on re-irradiation of osteoarthritis have been
mentioned [32].

Our sample of only re-irradiated patients seems to be
comparable to samples of primary radiated patients. For
example, the median age of 67 years seems to be compara-
ble to that of the samples of Kaltenborn et al. (median age
61 years) [47], Ruppert et al. (average age 62 years) [37],
Valtonen et al. (average age 59 years) [13], and Schertel and
Roos (mean age 65 years) [17, 34] The proportion of male
to female patients varies, but the percentage of male patients
for radiotherapy of osteoarthritis is mostly between 19.5%
and 36.9% [13, 17, 34, 47]. The ratio of 2:3 in our study
seems at least to be comparable. Knee arthritis and finger
arthritis belong to the most common types of osteoarthritis
[2, 3].

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
recently published samples were treated in that way [52].
Re-irradiation has proven beneficial to our sample. Most of
the patients had a response to re-irradiation, and approxi-
mately 25% of the patients were free of pain or scored low
pain (NRS 1) for the long-term follow-up of at least 2 years.

For the collectives receiving low-dose radiotherapy for
osteoarthritis, the overall response rate varies between 19%
and 76% [17, 37, 47]. The long-term response rate of ap-
proximately 50% in our re-irradiated sample is at least com-
parable to those data.

Looking at the few and unstructured data for re-irradi-
ation published so far, some information may be derived
from the German patterns-of-care study [16] and Keller
et al. [23]. They mention re-irradiation in approximately
30% of the collective. Detailed information concerning the
results is missing.

Kaltenborn et al., for example, presented data of nine
patients re-irradiated because of rhizarthritis [47]. Five out
of eight patients had a partial response after re-irradiation.
Schertel et al. presented data of 14 re-irradiated patients,
with a slight further improvement in six of the patients
[34].

For samples in which two courses of radiation separated
by 6 weeks were generally used for osteoarthritis, most of
them with a total dose of two times 3.0Gy, no separate
analysis of the second course had been described [37].

For reasons of radiation protection, a general application
of two series of radiotherapy for osteoarthritis has to be
carefully evaluated as to its risk. In most of the published
samples, the majority of patients can be treated with suffi-
cient results using just one course of low-dose radiotherapy
[34, 47]. In summary, a general application of two series of
radiotherapy should not be recommended.

As is recommended for the initial series of radiation,
a single dose of 0.5–1.0Gy and a total dose of 3.0–6.0Gy,
twice or three times weekly, should be used for re-irradi-
ation of osteoarthritis [52]. Because we performed no ran-
domised trial, a definitive suggestion for the exact dose
concept cannot be made based on our analysis. A single
dose of 0.5Gy and a total dose of 3.0Gy over 2–3 weeks
seems to be recommendable for reasons of radiation pro-
tection, based on the data of Ott et al. for radiotherapy of
other benign diseases [53–55]. Above all, we found a better
response of patients in favour of a single dose of 0.5Gy and
a total dose of 3.0Gy.

No relevant risk factors for treatment failure of re-ir-
radiated patients could be found in our sample. All pa-
tients—male and female in all age categories; left and right
limb; patients with knee, hip, and finger arthritis—showed
positive responses to re-irradiation, mainly without signifi-
cant differences among these subgroups. There was also no
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significant difference for the patients re-irradiated over a 2-
or 3-week period.

Independent of the reason for re-irradiation (no response,
partial response to initial radiation, or recurrent pain), pa-
tients had significant pain reduction. The patients with par-
tial response to the initial radiation retained a higher level
of pain during the entire follow-up. In addition, they had
a worse response to re-irradiation. Nevertheless, these pa-
tients also had significant pain reduction with re-irradiation.

The reasons for this worse response can only be assumed.
One reason might be that inflammation causes just part of
the pain. There might be pain simply due to degeneration.
Maybe just the part of the pain related to intraarticular in-
flammation can be successfully treated with irradiation, and
for the patients with partial response after the initial radio-
therapy, most of the remaining pain is not related to inflam-
mation [56, 57].

Some authors mention a third or even fourth radiation
series for osteoarthritis [47]. A separate analysis of this
subgroup has not been performed so far. We found a signif-
icant reduction in pain even with a third radiation course in
our survey. Regarding these results, further re-irradiation (at
least a third course of radiotherapy) seems to be an option
for patients with osteoarthritis.

Conclusion

Re-irradiation of osteoarthritis is an effective and safe treat-
ment. All subgroups, notably those with no response, partial
response, or recurrent pain, showed a good response to re-
irradiation for at least 24 months.
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