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Purpose: This retrospective study evaluated the analgesic effects of low-dose radiation therapy (LDRT) for painful
osteoarthritis.
Methods and Materials: We analyzed 69 patients who underwent LDRT for osteoarthritis between January and December
2023, treating 168 joints. Pain intensity was measured using a numeric rating scale for the total score (0-100) and the relevant
score (0-10). Each phase of treatment was delivered as 3 Gy in 6 fractions (0.5 Gy per fraction) over 2 to 3 weeks. Assessments
were conducted pretreatment (“pre-RT”), at the end of treatment (EOT), and at a 10-week follow-up (FU). The von Pannewitz
score measured patient-assessed improvement.
Results: The mean pre-RT total pain score was 40.4, with a relevant pain score of 6.3. At EOT, scores decreased significantly to
26.0 and 4.0, respectively (p < .05 and p < .01). At FU, scores remained significantly low at 25.8 and 4.0, respectively (p < .05
and p < 0.1 compared with pre-RT). Eighty percent of joints showed significant pain improvement (von Pannewitz score 0-2)
at EOT, with 72% maintaining this at FU. Thirty-three percent of joints received a second LDRT phase, demonstrating further
pain reduction. Pain score improvements did not significantly differ across joint types (p = .29).
Conclusions: This modern American case series demonstrates significant and sustained pain relief with LDRT for osteoarthri-
tis across various joint types. The findings suggest that LDRT is a promising noninvasive treatment option, with potential ben-
efits of repeated courses in select patients. Further randomized controlled trials are needed to validate these observations. �
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Introduction
Table 1 Distribution of joints treated with low-dose radia-
tion therapy (for painful osteoarthritis)
Osteoarthritis (OA) is a degenerative joint disease affecting
millions worldwide, with a significant impact on the quality of
life and economic burden. In the United States (US), approxi-
mately 32.5 million adults have OA, contributing to substan-
tial health care costs estimated at $303.5 billion annually.1 The
American patient population differs significantly from Euro-
pean populations in terms of obesity prevalence, dietary pat-
terns, and lifestyle factors. By 2005, obesity rates in the US
exceeded 30%, whereas the European average remained
around 12%.2 American diets tend to be more proinflamma-
tory, with higher consumption of processed foods and larger
portion sizes, contributing to elevated levels of inflammatory
markers like C-reactive protein and interleukin-6.3 Addition-
ally, Americans lead more sedentary lifestyles compared with
Europeans. These factors may influence treatment outcomes
and overall health status differently in American patients com-
pared with European populations.4

Traditional management of OA and other musculoskele-
tal conditions in the US has historically favored invasive
methods, including orthopedic surgery, as evidenced by the
establishment of specialized hospitals and training pro-
grams. However, this approach can be associated with sig-
nificant morbidity and costs.5 Conservative treatments such
as analgesics and physical therapy are commonly used but
frequently have limited efficacy and significant side effects.6

Given these limitations, there is a pressing need for alterna-
tive, noninvasive treatment options that can provide effec-
tive pain relief with minimal side effects and lower health
care costs.

Low-dose radiation therapy (LDRT) has emerged as a
promising noninvasive treatment for OA, with encouraging
results reported in European studies.7 However, its adoption
in the US has been limited due to historical, cultural, and
scientific factors.8

To our knowledge, this study is the first modern Ameri-
can case series to evaluate the efficacy of LDRT in alleviating
pain associated with OA in a single-institution setting, pro-
viding valuable data on its role as a noninvasive treatment
option for American patients. Our primary hypothesis is
that LDRT will significantly reduce pain scores in patients
with OA, with improvements maintained at follow-up (FU).
We also aimed to assess the distribution of patient-assessed
treatment responses, contributing to the growing body of
evidence on LDRT for OA in the American context.
Joint name
No. of joints

treated

Hand 63
Methods and Materials

Knee 58

Hip 22

Shoulder 13

Foot/ankle 11

Elbow 1

Total 168
Study design and ethical considerations

This retrospective study was conducted with the approval of
the institutional review board. In accordance with institu-
tional guidelines for retrospective data analysis, the institu-
tional review board determined that individual patient
consent was not required for this study. The review was con-
ducted using existing medical records and data, without any
direct patient involvement or intervention.

Despite the waiver of consent, the research team adhered
to strict protocols to protect patient privacy and maintain
data confidentiality throughout the study.
Patient characteristics

This retrospective study included 69 patients treated with
LDRT for painful OA between January and December 2023.
The cohort had a mean age of 74.1 years (range, 59-94
years), reflecting a predominantly elderly population.
Patients were evenly distributed by sex, with 35 women
(50.7%) and 34 men (49.3%). Of the 69 patients, only those
with complete FU data were included in the analysis of out-
comes; 4 patients (5.8% of the cohort) who did not return
for FU assessments were excluded. Pain and von Pannewitz
scores (VPS) were calculated based on the remaining 65
patients with complete data.

Specific arthritis severity metrics, such as radiographic
grading or biomarkers, were not systematically collected in
this retrospective analysis.

A total of 168 joints were treated, with the distribution of
treated sites shown in Table 1.

Inclusion criteria were as follows: (1) diagnosis of OA
confirmed either clinically and/or with imaging, (2) signifi-
cant pain refractory to conservative treatments, and (3) no
contraindications to radiation therapy (RT). Exclusion crite-
ria included the following: (1) active malignancy in the
treatment area, (2) pregnancy, (3) age <50 years, (4) OA of
the axial skeleton (spine) or pelvis, and (5) any nonosteoar-
thritic joint conditions.

This study specifically excluded OA of the axial skeleton
(cervical, thoracic, and lumbar spine) and pelvis to focus on
the efficacy of LDRT for peripheral joint OA.
Treatment protocol

Prior to receiving LDRT, all patients in this study had
undergone conservative management for their OA, which
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had failed to provide adequate symptom relief. Although
specific data on individual prior treatments were not sys-
tematically collected in this retrospective analysis, it is stan-
dard practice at our institution that patients referred for
LDRT have exhausted conventional noninvasive therapies.
These include, but are not limited to, nonsteroidal anti-
inflammatory drugs (NSAIDs), physical therapy, and intra-
articular injections. Specific arthritis severity metrics, such
as radiographic grading or biomarkers, were not systemati-
cally collected in this retrospective analysis.

LDRT was administered using an Elekta Infinity linear
accelerator (Elekta AB). Treatment planning employed a 3-
dimensional conformal technique, primarily using anterior-
posterior/posterior-anterior parallel opposed fields. Patient
positioning and immobilization were tailored for each
treated joint to ensure reproducibility and optimize patient
comfort. For lower extremity treatments, patients were typi-
cally positioned supine on the treatment couch with individ-
ualized support devices for joint alignment. Upper extremity
treatments used specialized positioning aids to maintain a
consistent setup. When necessary, custom immobilization
devices were fabricated to enhance setup accuracy and
patient comfort during treatment delivery.

Treatment fields were designed in accordance with the
German Society for Radiation Oncology guidelines.9 For
large joint OA, such as in the knees and hips, the target vol-
ume encompassed the joint and its surrounding structures.
This included adjacent bony and muscular components,
areas of capsular thickening, effusion formation, and soft
tissue swelling. Care was taken to shield normal tissue from
radiation exposure, as illustrated in Figure 1A, B. Treatment
was delivered using 6 to 10 MV photons, depending on
patient thickness.
Fig. 1. Sample treatment fields illustrating the typical setup an
tion: CT = computed tomography.
For small joints, such as those in the hands, the extent
of the target volume was determined by the number and
pattern of affected joints. Individual joints could be
treated focally, whereas in cases of multiple affected joints,
the entire hand was included in the treatment field. Treat-
ment was delivered using 6 MV photons, with a 1 cm
bolus applied to ensure an adequate dose to the joint sac.
Special attention was given to protecting radiosensitive
structures, such as fingernails, which were carefully
blocked out of the radiation field. Quality assurance pro-
cedures adhered to standard institutional protocols, ensur-
ing consistent and accurate treatment delivery across all
sessions.

Each phase of treatment consisted of 3 Gy in 6 fractions
over 2 to 3 weeks. Most joints (67%, 112/168) received 1
phase of treatment, while 33% (56/168) underwent 9 phases.
The decision to administer a second phase of treatment was
based on a comprehensive evaluation of the patient’s
response to the initial therapy. This assessment was con-
ducted at the 10-week FU appointment after the completion
of the first treatment phase. The primary criteria for consid-
ering a second phase were 2-fold: either a relevant pain score
exceeding 2 or a total pain score surpassing 20. These
thresholds were established to identify patients who might
benefit from additional treatment. However, the final deter-
mination was not solely based on these numerical scores.
Patient preference and individual circumstances were also
considered, ensuring a patient-centered approach to treat-
ment planning. This strategy allowed for a tailored thera-
peutic regimen that balanced objective pain measures with
subjective patient experiences and desires, optimizing the
potential for successful outcomes in managing OA-related
pain.
d field arrangements for various joint treatments. Abbrevia-
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Pain assessment

Pain intensity and treatment response were evaluated using
2 primary measures: the numeric rating scale (NRS) and the
VPS.

NRS
The NRS is a validated tool for pain assessment that consists
of 2 components:

1. Total score (0-100): this comprehensive score evaluates
pain across multiple domains, including pain intensity,
functional impairment, and impact on daily activities.

2. Relevant score (0-10): this score focuses on the patient’s
primary pain complaint, identified as the most relevant
or bothersome aspect of their pain.

Assessments were conducted at 3 time points:

� Before RT treatment (pre-RT)
� End of treatment (EOT) − at the last fraction of RT
� FU, on average, 10 weeks after the final fraction

For illustrative purposes, a typical example of NRS scor-
ing for a patient treated for knee OA might include assess-
ments of activities such as walking, standing, sitting,
sleeping, hobbies, exercise, cleaning, yardwork, cooking/
dishes, and dressing/showering. These assessments help
quantify the impact of pain on daily activities and provide a
comprehensive view of the patient’s condition before, dur-
ing, and after treatment.

VPS
The VPS, a patient-assessed measure of overall improve-
ment in OA symptoms, was used to evaluate treatment
response. The VPS was chosen for its simplicity and direct
assessment of patient-perceived improvement. The VPS has
been widely used in German-speaking countries to evaluate
LDRT outcomes in benign conditions. Although less com-
prehensive than international standards such as the Western
Ontario and McMaster Universities OA Index or Knee
Injury and OA Outcome Score, the VPS offers a quick,
global assessment suitable for routine clinical practice.

VPS categories include:

� 0: complete response
� 1: excellent response
� 2: moderate response
� 3: no response
� 4: worsening pain

VPS assessments were conducted at 2 time points:

� EOT
� FU, on average, 10 weeks after the final fraction
FU procedures

FU assessments were scheduled approximately 10 weeks
posttreatment. Data collection primarily occurred during
in-person visits, with telephone interviews used when neces-
sary.
Statistical analysis

Statistical analysis was performed using the QI Macros SPC
Software (www.qimacros.com). A paired t test was con-
ducted to compare EOT final scores for both total scores
and relevant scores. One-way analysis of variance
(ANOVA) assessed differences in pain score improvements
by joint location. Statistical significance was set at p < .05
and p < .01.
Results
This study analyzed 69 patients with OA who underwent
LDRT between January and December 2023, treating a total
of 168 joints.

Paired t test results

First course of treatment

Total pain score. The mean pre-RT total pain score was 40.4
(SD, 15.2), which decreased significantly to 26.0 (SD, 12.1)
at EOT (p < .001) and remained low at FU with a mean of
25.8 (SD, 11.9; p < .001 compared with pre-RT).

Relevant pain score. The mean pre-RT relevant pain score was
6.3 (SD, 2.1), decreasing to 4.0 (SD, 1.8) at EOT (p < .01)
and remaining at 4.0 (SD, 1.7) at FU (p < .01 compared
with pre-RT).

Second course of treatment

Total pain score. For patients receiving a second course of
treatment (56 joints), the mean presecond course total pain
score was 28.3 (SD, 12.4), which decreased to 19.1 (SD, 8.9)
at EOT (p < .01) and further to 16.8 (SD, 7.5) at FU (p < .01
compared with the presecond course).

Relevant pain score. The mean presecond course relevant pain
score was 5.2 (SD, 1.9), decreasing to 3.8 (SD, 1.6) at EOT
(p < .01) and remaining at 3.7 (SD, 1.5) at FU (p < .01 com-
pared with the presecond course).
Additional analyses

One-way ANOVA
To assess whether pain score improvements varied by joint
location, a one-way ANOVA was conducted. The results
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showed no statistically significant difference between joint
locations (F [5,162] = 1.24; p = .29), indicating that LDRT
may be similarly effective across various joint types.
VPS distribution
The distribution of VPS at EOT and FU provided further
insight into patient-assessed treatment responses. At EOT,
80% of joints showed significant pain improvement (VPS 0-
2), with 72% maintaining this improvement at FU.
Pain scores and treatment response

Pain intensity was measured using the NRS for the total
score (0-100) and the relevant score (0-10). Table 2 presents
the comprehensive pain scores for both the first and second
courses of LDRT treatment, along with their statistical sig-
nificance.

For the first course of treatment, paired t tests revealed
statistically significant differences between pre-RT and EOT
scores for both total and relevant pain scores (p < .05 and p
< .01, respectively). The differences between pre-RT and FU
scores were also statistically significant (p < .05 for the total
score, p < .01 for the relevant score). However, the differen-
ces between EOT and FU scores were not statistically signifi-
cant, indicating sustained pain relief over the FU period.

A subset of patients (56/168 joints) received a second
phase of LDRT. For these patients, further pain reduction
was observed. Statistical analysis revealed significant differ-
ences in both total and relevant pain scores between pre-
treatment and second course FU (p < .05 and p < .01,
respectively), as well as between second course EOT and FU
(p < .05 for total score, p < .01 for relevant score).

Treatment response was evaluated using the VPS. At the
EOT of the first course, 80% of joints showed significant
pain improvement (VPS 0-2), with 72% of patients main-
taining this improvement at the 10-week FU.
VPS distribution

The distribution of VPS at the EOT and FU for the first
course of LDRT (168 joints) was as follows:
Table 2 Mean pain scores for the first and second courses of low

Course Time point
Total pain

score (0-100)

First Pre-RT 40.4

First EOT 26.0

First FU 25.8

Second Pre-RT 28.3

Second EOT 19.1

Second FU 16.8

Abbreviations: EOT = end of treatment; FU = follow-up; Pre-RT = preradiatio
* pvalues: comparison with the Pre-RT scores of the respective course.
� Complete response (0): 7% (12 joints) at EOT, 9% (15
joints) at FU

� Excellent response (1): 21% (35 joints) at EOT, 25%
(42 joints) at FU

� Moderate response (2): 53% (89 joints) at EOT, 39%
(65 joints) at FU

� No response (3): 17% (29 joints) at EOT, 26% (44
joints) at FU

� Worsening pain (4): 2% (3 joints) at EOT, 1% (2
joints) at FU

These results indicate that the majority of patients expe-
rienced significant pain improvement (VPS 0−2), with
some decline in response rates observed at FU. Notably, the
proportion of joints showing a complete or excellent
response increased from 28% (44 joints) at EOT to 34% (49
joints) at FU.

Figure 2 demonstrates the distribution of the VPS for
EOT and FU.
VPS distribution for the second course

The distribution of the VPS at EOT and FU for the second
course of LDRT (56 joints) was as follows:

� Complete response (0): 7% (4 joints) at EOT, 9% (5
joints) at FU

� Excellent response (1): 27% (15 joints) at EOT, 29%
(16 joints) at FU

� Moderate response (2): 39% (22 joints) at EOT, 37%
(21 joints) at FU

� No response (3): 27% (15 joints) at EOT, 25% (14
joints) at FU

� Worsening pain (4): no joints showed worsening pain

These results demonstrate that the majority of patients
experienced significant pain relief following the second
course of LDRT, with sustained improvement observed at
FU.

Figure 3 demonstrates the distribution of the VPS at EOT
and FU after a second course of treatment.
-dose radiation therapy with statistical significance

Pvalue*
Relevant pain
score (0-10) Pvalue*

- 6.3 -

<.05 4.0 <.01

<.05 4.0 <.01

- 5.2 -

<.05 3.8 <.01

<.05 3.7 <.01

n therapy.
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Fig. 2. End of treatment (EOT) response. Abbreviations:
FU = follow-up; VPS = von Pannewitz score.
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Pain score improvements and response rates by
joint location

A one-way ANOVA was conducted to compare the effect of
joint location on pain score improvement. The analysis
revealed no statistically significant difference between joint
locations (F [5,162] = 1.24; p = .29), suggesting that LDRT
may be similarly effective across various joint types.

These comprehensive results demonstrate the efficacy of
LDRT in reducing pain and improving function across
End of Treatment (EOT)

Follow-Up (FU)

60

55

50

45

40

35

30

25

20

Pe
rc

en
ta

ge
 o

f P
at

ie
nt

s 
(%

)

15

10

5

0
Complete

Response (0)
Excellent

Response (1)
Moderate

Response (2)

von Pannewitz Score (VPS)

No
Response (3)

Worsening
Pain (4)

Fig. 3. First follow-up (FU) response. Abbreviations:
EOT = end of treatment; VPS = von Pannewitz score.
various joint types in patients with OA, with sustained bene-
fits observed at the 10-week FU. The additional benefit
observed in patients receiving a second course of treatment
suggests that some individuals may benefit from repeated
LDRT sessions. The analysis by joint location indicates that
LDRT may be effective for multiple joint types, although
caution should be exercised when interpreting results for
joint locations with small sample sizes (eg, the elbow).
Discussion
This study represents the first modern American case series
examining the effectiveness of LDRT for painful OA, dem-
onstrating significant and sustained pain relief in most
patients. Our analysis revealed statistically significant reduc-
tions in both total and relevant pain scores from pretreat-
ment to EOT and FU, highlighting LDRT’s potential as an
effective intervention for managing OA pain.

The subjective patient-assessed improvement, measured
by the VPS, further supports LDRT’s efficacy. At the EOT,
80% of joints showed significant pain improvement (VPS 0-
2), with 72% maintaining this improvement at the 10-week
FU. Notably, there was an increase in joints showing com-
plete or excellent response from 28% at EOT to 34% at FU,
suggesting potential continued improvement over time.

Our data also indicate that some patients may benefit
from an additional course of treatment, with 33% of joints
receiving 2 phases and demonstrating further pain reduc-
tion. This finding provides valuable insights into the poten-
tial benefits of repeated LDRT courses for managing
persistent OA pain.

Table 3.
Interest in LDRT has increased recently in the US, as

reflected by a recent review by Dove et al.10 This renewed
focus is driven by the growing economic burden of OA and
the need for noninvasive treatment alternatives. The current
body of evidence for RT in OA primarily consists of case
series, with at least 65 studies covering this area, as demon-
strated in Table 4.9

Recent randomized controlled trials (RCTs) evaluating
LDRT for OA have demonstrated mixed outcomes,
Table 3 Pain score improvements and response rates by
joint location

Joint location
No. of
joints

Mean pain score
improvement

Response rate,
% (VPS 0-2)

Hand 63 15.8 84.1

Knee 58 13.4 75.0

Hip 22 10.2 78.6

Shoulder 13 19.7 83.3

Foot/ankle 11 21.0 80.0

Elbow 1 16.0 100

Abbreviation: VPS = von Pannewitz score.



Table 4 Summary of pain scores for low-dose radiation
therapy in osteoarthritis, based on published studies (2022
German Society for Radiation Oncology guidelines)

Site
Response rate, %
(weighted average) Studies Patients

Hands 68 7 994

Foot and ankle 75 2 262

Knee 79 33 5116

Hip 64 23 914

Total 75 65 7286

This table summarizes pain score data from the 2022 English trans-
lation of the German Society for Radiation Oncology (DEGRO) guide-
lines, which provide evidence-based recommendations for the use of
low-dose radiation therapy in osteoarthritis management. “Pain
Response” is defined as a significant reduction in pain intensity, typi-
cally a decrease of at least 30% in pain scores from baseline to follow-
up. This definition is consistent with common practices in clinical trials
for osteoarthritis, as the DEGRO guidelines do not provide a specific
definition for this term.
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influenced by study design and patient selection. The dou-
ble-blind, sham-controlled RCT by Fazilat-Panah et al11

reported significant pain relief and functional improvement
in patients with knee OA.11 Similarly, Niewald et al’s12

ArthroRad trial tested 2 LDRT doses (3.0 Gy vs 0.3 Gy) for
knee/hand OA and found that both regimens provided
comparable pain relief over 12 months, though baseline
pain severity was the strongest predictor of response.

There are 2 small Dutch RCTs that have been used to
assert that RT is not more effective than sham RT for pain-
ful knee and hand OA.13,14 However, these trials have been
criticized for poor design, including a very small sample
size, a high proportion of patients with advanced disease
stages (who are unlikely to respond to RT), unbalanced
groups, the use of a suboptimal RT dose, and not allowing
for a second course of treatment (which may be required in
up to 70% of patients).15 A rebuttal from a German group
highlighted these issues, arguing that the trials did not ade-
quately represent LDRT’s potential benefits due to these
design flaws.16

Long-term outcomes are supported by Makarova et al’s17

decade-long RCT, which combined LDRT with standard
care in early-stage knee OA patients. This study demon-
strated a 50% reduction in disability risk compared with
standard care alone, with only 9.5% of LDRT-treated
patients progressing to disability versus 17.8% in controls.
These findings suggest that LDRT efficacy depends on
appropriate patient selection, adequate dosing, and allow-
ance for retreatment. While Fazilat-Panah et al,11 Niewald
et al,12 and Makarova et al17 highlight therapeutic potential
in optimized settings, the Dutch results underscore the
impact of design limitations. Further large-scale RCTs are
needed to standardize protocols and clarify LDRT’s role
across OA subtypes and disease stages.
LDRT has been widely used in Europe, particularly in
German-speaking countries, but has not been extensively
adopted in Anglo-American regions. This can be attributed
to a combination of historical, cultural, and scientific factors.
In Germany, LDRT has been used to treat OA for decades,
with training in this area forming part of standard radiation
oncology residency programs. There is also acceptance of
large case series as a sufficient evidence base for these treat-
ments.16 Conversely, the adoption of LDRT for OA in the
US has been limited due to several factors, including histori-
cal, cultural, and scientific considerations. Historically, there
has been resistance to the widespread use of LDRT due to
concerns about potential risks associated with radiation
exposure, despite its recognized clinical effectiveness for
pain relief and improvement of joint functionality in other
regions.8 Culturally, the preference for more conventional
treatments such as analgesics, NSAIDs, and surgical inter-
ventions has overshadowed the consideration of LDRT as a
viable option.10 The lack of high-quality evidence in the past
regarding the substantial benefits of LDRT in OA treat-
ment has limited its widespread adoption. Despite prom-
ising results from observational studies and smaller
trials, inconsistent methodologies, small sample sizes,
and the absence of long-term FU data have contributed
to skepticism about its efficacy. Recent RCTs like Fazi-
lat-Panah et al11 and long-term studies like Makarova et
al’s17 cohort analysis are beginning to provide more
robust evidence supporting LDRT’s role in pain relief
and functional improvement, as well as its potential to
reduce disability risk. These findings may pave the way
for broader acceptance and integration of LDRT into
OA treatment guidelines.

Conventional treatments such as lifestyle modifications,
NSAIDs, and steroid injections are not always effective and
often have risks, including gastrointestinal, cardiac, and
renal complications.6 Corticosteroid injections can cause
local side effects such as postinjection flare, skin hypopig-
mentation, tendon rupture, and accelerated progression of
OA. Additionally, there is a risk of infection and osseous
injury.18 Surgical interventions, while widely used and effec-
tive for many patients in the late stages of OA, are invasive,
costly, and associated with significant morbidity5. In con-
trast, LDRT offers a promising noninvasive alternative with
few, if any, immediate side effects.

The choice of 0.5 Gy per fraction is supported by preclin-
ical and clinical data indicating effective anti-inflammatory
effects. This dosage has been shown to effectively reduce
inflammation and alleviate pain in patients with OA, as
demonstrated in a comprehensive study by Weissmann et
al.19 Their research, combining clinical observations of 196
OA patients with preclinical studies using the K/BxN serum
transfer mouse model, revealed that LDRT at 0.5 Gy per
fraction leads to a systemic alteration in immune cells, par-
ticularly a shift from CD8+ to CD4+ T cells, and a reduction
in inflammatory cytokines. These mechanisms contribute to
the observed clinical improvements and long-lasting pain-
relieving effects.
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LDRT is typically dosed at a total of 3 Gy in 6 fractions
per series. A second series may be given after 6 to 12 weeks
if clinically indicated. The lifetime maximum cumulative
dose to a particular anatomical site should not exceed 25
Gy, about half of the oncologic tolerance dose to the skin.
This limit applies to the sum of all irradiation series and
ensures a conservative dose limit while allowing continuing
therapeutic benefit.9 The risk of radiation-induced malig-
nancy is an important consideration in patient eligibility cri-
teria and depends on many factors, including age, radiation
dose and volume, and anatomical site treated. For this rea-
son, this study excluded patients aged <50 years.

Treatment of the axial skeleton was disallowed. The con-
cern about treating the axial skeleton with RT for benign
conditions is related to the potential risk of inducing hema-
tologic malignancies due to radiation exposure to red bone
marrow. This risk warrants careful consideration, especially
given the relatively short latency period of 5 to 10 years for
radiation-induced hematologic cancers. The German Soci-
ety for Radiation Oncology guidelines provide important
insights on this topic based on their own data. They recom-
mend avoiding RT to areas containing significant amounts
of red bone marrow when treating benign conditions.9 This
precautionary approach aims to minimize the risk of sec-
ondary hematologic malignancies.

Jansen et al20 conducted Monte Carlo calculations to
assess the radiation dose to various organs, including bone
marrow, during RT for benign diseases. Their simulations
showed that even with modern RT techniques, there can be
nonnegligible doses delivered to bone marrow outside the
primary treatment area.

This highlights the importance of careful treatment plan-
ning and consideration of potential risks. A comprehensive
review by McKeown et al21 examined the risk of radiation-
induced cancer following exposure to intermediate-dose
radiation used for benign conditions. They found that while
the overall risk is generally low, especially in older patients,
there is still a need for caution. For hematologic malignan-
cies specifically, McKeown et al21 noted that the dose-
response relationship is more complex than for solid
tumors. Most leukemias showed a nonlinear dose response,
with effects highly dependent on time and age at exposure.
The excess risks of leukemia, especially acute myeloid leuke-
mia, can persist even after 55 years of FU.

Given these findings, the decision to use RT for benign
conditions, especially when treating areas near the axial
skeleton, should involve careful consideration of the poten-
tial long-term risks versus the expected benefits.

Pain response rates correlate with various factors, includ-
ing the grade of OA as measured on a Kellgren-Lawrence
scale,22 with grades ≤3 showing a good response to treat-
ment, but patients who have grade 4 changes with deformity
and a complete lack of joint space tend to have much
poorer responses to LDRT. Similarly, the duration of
symptoms inversely correlates with response rates.16 Nei-
ther of these factors was routinely recorded in our
patient cohort.
There are 2 RCTs currently recruiting that are investigat-
ing the efficacy of LDRT. The Low-dose RaDiation therapy
for patients with KNee osteoArthritis trial is a prospective,
multicenter, randomized study conducted in the Republic of
Korea.23 It aims to evaluate the efficacy and safety of LDRT
for patients with knee OA, randomizing 114 participants to
receive either sham irradiation (0 Gy/6 fractions), 0.3 Gy/6
fractions, or 3 Gy/6 fractions. The primary endpoint is the
rate of responders at 4 months according to OARSI-OMER-
ACT criteria. The German IMMO-LDRT02 study is a pro-
spective, placebo-controlled, double-blind, randomized trial
investigating the clinical efficacy of LDRT (6 £ 0.5 Gy vs
placebo) in the treatment of OA at various sites.24

This study has several important limitations that should
be considered. The average FU period of 10 weeks is rela-
tively short for assessing long-term outcomes of LDRT for

OA. Our study excluded 4 patients (5.8% of the cohort)
who did not return for FU assessments, which may intro-
duce a small degree of selection bias if these individuals had
different treatment responses compared with those who
completed FU. However, given the small proportion of
missing data and the consistency of pain relief observed in
the analyzed cohort, it is unlikely that this exclusion signifi-
cantly impacted the overall conclusions.

As a retrospective, single-arm study without a control
group, the analysis is susceptible to bias and cannot defini-
tively establish causality between LDRT and observed out-
comes.

This study relied on institution-specific pain scores and
the VPS rather than widely used international scoring sys-
tems. Although this allowed for consistency within our
patient population, it limits comparability with other stud-
ies. Future research should incorporate validated, interna-
tionally recognized outcome measures, such as the Western
Ontario and McMaster Universities OA Index or Knee
Injury and OA Outcome Score, to facilitate comparison
across studies.

Our analysis focused primarily on clinician-assessed pain
scores rather than comprehensive patient-reported out-
comes. Future studies should incorporate validated patient-
reported outcome measures to more holistically assess the
impact of LDRT on patients’ experiences. The possibility of
a placebo effect in this study cannot be overlooked. In our
nonblinded study design, distinguishing between true treat-
ment effects and placebo effects posed a considerable chal-
lenge.
Conclusions
LDRT demonstrates promising potential as a noninvasive
and effective treatment option for managing pain associated
with OA in American patients. This modern American case
series reveals substantial and sustained pain relief, supported
by statistically significant reductions in NRS pain scores and
patient-assessed improvements reflected in the VPS. A nota-
ble proportion of patients experienced further pain
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reduction with a second course of LDRT, suggesting that
repeated treatments can provide additional benefit in select
cases. Although these findings are encouraging and align
with a resurgence of interest in LDRT, large, well-designed
RCTs are crucial to validate these observations and to
address the inherent limitations of case series data, particu-
larly regarding placebo effects.
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