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ABSTRACT

Introduction: Knee osteoarthritis (OA) is a prevalent chronic condition characterized by progressive
damage to the articular cartilage, resulting in chronic pain, swelling, and reduced range of motion
with a range of prevalence of 10-40%. This study aims to investigate the efficacy of low-dose
radiation as a local treatment option for knee OA symptoms.

Methods: In this prospective study, patients with confirmed OA and older than 65years were
randomly assigned to treatment and control groups. The protocol plan IRCT20160706028815N6 was
registered in Iranian registry of clinical trials system. The treatment group received 3Gy radiation
over six fractions, while the control group continued routine treatment without radiation. The pain
intensity and functional levels were assessed at pretreatment and each month following completion
of therapy for six consecutive months by Visual Analog Scale (VAS) and the Lysholm 100-point
Scale, respectively. Analgesic medication usage and performance status (PS) were also assessed.
Results: The mean age of the patients was 77 years (range 72-89). All variables including VAS pain
score, Lysholm scale, PS and analgesic consumption were improved following radiation from first
month to the end of assessments (p value <0.01).

Conclusion: Results showed significant pain score improvements and enhanced joint function with
no adverse effects. Findings were compared with previous studies, revealing mixed conclusions on
low dose radiation therapy (LDRT) efficacy. Mechanistic hypotheses suggest LDRT may modulate
inflammatory pathways. The study suggests LDRT at 3Gy could benefit knee osteoarthritis patients
and calls for further research on mechanisms of action in early-stage osteoarthritis.
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Introduction mass index, lower socioeconomic status and traumatic
lesions of the joint (Moss et al. 2016; Callahan et al. 2021;

Knee osteoarthritis (OA) is a chronic condition that affects  Ajjep et al. 2022).

one or both knee joints, primarily causing progressive
damage to the articular cartilage resulting in chronic pain,
joint swelling and reduced range of knee joint motion, start-
ing and worsening with aging process (Hunter and
Bierma-Zeinstra 2019). Its prevalence is estimated to be a
broad range of 10-40% in different parts of the world among
different age groups (Losina et al. 2013; Driban et al. 2020;
Hong et al. 2020; Li et al. 2020). Due to the increasing prev-
alence of its risk factors, the increase in the prevalence of
knee OA has become a great trouble for the society. The
primary risk factors include aging, obesity and higher body

The primary treatment options of knee OA include life-
style modification, systemic treatments as well as local treat-
ments. Patients are usually advised to strengthen particular
group of muscles by definite exercises and to minimize total
and semi-total bending of the joint (Young et al. 2023).
Systemic treatments typically consist of oral medication such
nonsteroidal anti-inflammatory drugs (NSAIDs) which have
been longtime recognized to have side effects specially
among geriatric patients with probable comorbidities such as
cardiac and gastric complications (Richard et al. 2023). OA
is routinely treated locally by direct intra articular injection
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of anti-inflammatory drugs, surgical manipulation and joint
replacement (Postler et al. 2023; Richard et al. 2023).

One of local treatments that has received attention in
recent decades for OA is radiotherapy. Overall, studies have
shown that LDRT for OA can be an effective treatment to
improve quality of life and reduce pain particularly in
patients who are not surgical candidates or cannot tolerate
pharmacologic therapies due to side effects. Using this treat-
ment modality is cost effective and noninvasive tool with
minimal side effects which can lead to a reduction of pain
and improvement of the quality of life for the patient (Dove
et al. 2022). In this trial, we assessed the effect of low dose
radiation therapy on symptoms of knee OA.

Methods

This survey was a double-blind sham-controlled randomized
clinical trial which have been approved by the ethics com-
mittees of Babol University of Medical Sciences and Sabzevar
University of Medical Sciences (IR.MEDSAB.REC.1399.121
and IRMUBABOL.REC.1399.453). The protocol plan with
code TRCT20160706028815N6 has been registered in the
Iranian Registry of Clinical Trials (IRCT) system (https://
irct.behdasht.gov.ir/). Patients in academic centers of Vasei
Hospital and Shahid Rajace Hospitals affiliated to Sabzevar
University of Medical Sciences and Babol University of
Medical Sciences, respectively, with knee OA were assessed.
Inclusion criteria included patients age 65years or older with
OA confirmed by rheumatologist using history, physical
examination and proper imaging older than 65years old.
While written consent was obtained from each patient sepa-
rately, patients with history of lower limb radiation therapy
due to any reason and with radiation interruption of at least
two fractions, were excluded from the study.

After obtaining demographic data from patients, they
were randomly assigned to treatment and control arm. The
two groups were stratified by sex, age group and comorbid-
ities including diabetes mellitus, cardiovascular disease and
hypertension. In the treatment arm, patients performed CT
scan of involved knee joint as CT sim, then images were
delineated and planned by single radiation oncologist and
dosimetrist using Lina Tech treatment planning system
v.1.0.8.545. Treatment volume was both surfaces of involved
knee joint. Afterwards, patients received exposure to total of
3 Gy photon beam by 6mv Elekta linear accelerator during 6
consecutive daily fractions, 0.5Gy each day. Patients in con-
trol arm were simulated to undergo both CT scan and radi-
ation therapy but none were exposed to X-ray.

Both groups were visited and examined by a single rheu-
matologist who was blind to the group; during multi visits
before treatment, and monthly after completion of treatment
for 6 consecutive months. OA severity was classified by
Kellgren-Lawrence classification method, in which grading is
as follows: grade 0: No joint space narrowing (JSN) or reac-
tive changes, grade 1: Doubtful JSN, possible osteophyte lip-
ping, grade 2: Definite osteophytes, possible JSN, grade 3:
Moderate osteophytes, definite JSN, some sclerosis, possible
bone-end deformity and grade 4: Large osteophytes, marked

JSN, severe sclerosis, definite bone ends deformity (Kohn
et al. 2016). Pain intensity was assessed using the Visual
Analog Scale (VAS) [0 for no pain to 10 for the most severe
pain] (Delgado et al. 2018). Functional level based on the
Lysholm 100-point Scale [91 to 100 points is considered
excellent; 84 to 90, good; 65 to 83, fair; and 64 or less, unsat-
isfactory] were also assessed (E Albuquerque et al. 2011; RP
et al. 2011). Consumption and dosage of medications for knee
OA including steroids and NSAIDs, as well as performance
status (PS) of patients were also recorded during these visits.

All data was analyzed by SPSS 24 software using mainly
Chi-Square and Fisher Exact tests to compare differences in
periodic patient assessments between treatment and con-
trol arms.

Results

In this randomized clinical trial, 60 patients with knee OA
were enrolled. The mean age of the patients was
76.77 £3.86 years with a range from 72 to 89years. All par-
ticipants were randomly allocated to intervention and pla-
cebo groups. The characteristics of the two study groups
were compared in Table 1. The explicit result of Table 1
shows that the two groups were exactly comparable
(Intervening variables were similar p > .05).

Table 2 shows that prior to the commencement of the
trial, the pain score, the Lysholm score, and the number of
daily medications in the RT and placebo groups did not
have a statistically significant difference (p>0.05). Since the
distribution of pain score, Lysholm index, number of daily
medications, and functional level was not normal between
the two groups (p < .05), we used non-parametric tests to
compare these two groups.

Table 3 shows a significant decrease in the mean rank
VAS pain scores in the intervention group compared to the
placebo. Notably, the median pain score significantly
decreased over the 6-month period within intervention
group (9 to 6, p < .001), while not seen any change in
median pain score in placebo group during time (9 to 9,
p =.99). The mean rank of VAS pain scores in the RT group
decreased every month after radiation, and there is a statis-
tically significant difference in the RT treatment group com-
pared to the placebo (p<0.001), while the difference of the
total pain scores before RT intervention were not statistically
significant between two groups (p=0.25). The same hap-
pened to Lysholm score, in which an insignificant difference
in the score between two study groups before intervention
(p = .06) and become significant change in every monthly
assessment (p < .001). Also an increase in mean rank
Lysholm score was observed in intervention group (6 related
sample) during the study (2.52 to 4.74, p < .001), while
there wasn’t any mean rank change in the placebo group
during time (4.12 to 3.88, p = .35).

Figure 1 shows the changes in the mean rank VAS pain
scores over the course of the study. The mean rank pain
score in the radiotherapy treatment group decreased gradu-
ally during six months, while the mean rank of pain score
during the placebo treatment did not show any significant
changes (p<0.001).
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Table 1. Distribution of background variables and intervening factors were similar in both treatment groups of radiotherapy and
placebo (P>0.05).

Variable category n Intervention group n (%) Placebo group n (%) p value
Gender Female 47 27 (90.0) 20 (66.7) 0.06*
Male 13 3 (10.0) 10 (33.3)
Age (years) 76> 38 19 (63.3) 19 (63.3) 0.50%
>76 22 11 (36.7) 11 (36.7)
Wight (kg) 78> 32 18 (60.0) 14 (46.7) 0.30%
78< 28 12 (40.0) 16 (53.3)
Height (cm) 166 > 27 13 (43.3) 14 (46.7) 0.79%
166< 33 17 (56.7) 16 (53.3)
Diabetes mellitus Yes 20 10 (33.3) 10 (33.3) 0.99
No 40 20 (66.7) 20 (66.7)
Hypertension Yes 34 18 (60.0) 16 (53.3) 0.60*
No 26 12 (40.0) 14 (46.7)
Cardiovascular disease Yes 1 4 (13.3) 7 (23.3) 0.31*
No 49 26 (86.7) 23 (76.7)
duration of osteoarthritis 6= month 38 21 (70.0) 17 (56.7) 0.28*
6< month 22 9 (30.0) 13 (43.3)
Kellgren-Lawrence score Grade 1 13 9 (30.0) 4 (13.3) 0.23**
Grade 2 43 20 (66.7) 23 (76.7)
Grade 3 4 1(3.3) 3 (10.0)
Hip 2 0 2(6.7)

*Chi Square Test, **Fisher Exact Test.

Table 2. Baseline clinical characteristics of participated in intervention and placebo groups.

Variable Score/ number n Intervention group n (%) Placebo group n (%) p value*
VAS pain score 8 19 11 (36.7) 8 (26.7) 0.42
9 39 19 (63.3) 20 (66.7)
10 2 0(0) 2 (6.7)
Lysholm score 1= <65 2 2 (6.7) 0 (0) 0.06
2=65-83 46 18 (60.0) 28 (93.3)
3=84-90 12 10 (33.3) 2 (6.7)
4=90-100 0 0 (0) 0 (0)
Daily number use of drug 3 7 4 (13.3) 3 (10.0) 0.25
4 23 13 (43.3) 10 (33.3)
5 25 11 (36.7) 14 (46.7)
6 3 0 (0) 3 (10.0)
8 2 2 (6.7) 0 (0)

*Fisher Exact Test.

Table 3. Comparison of VAS pain and lysholm score assessed prior and during 6 months intervention treatment in participant.

Sum of Mean Mean rank of Sum of Mean
Time of Mean rank of rank VAS pain Lysholm rank Lysholm
assessment Group N VAS pain score score P value* scores scores p value*
Prior to radiation  placebo 30 32.63 979.00 0.25 27.43 823.00 0.06
intervention 30 28.37 851.00 33.57 1007.00
Total 60
1month later placebo 30 40.33 1210.00 <0.001 23.00 690.00 <0.001
intervention 30 20.67 620.00 38.00 1140.00
Total 60
2months later placebo 30 41.23 1237.00 <0.001 19.50 585.00 <0.001
intervention 30 19.77 593.00 41.50 1245.00
Total 60
3months later placebo 30 41.98 1259.50 <0.001 17.50 525.00 <0.001
intervention 30 19.02 570.50 43.50 1305.00
Total 60
4months later placebo 30 4297 1289.00 <0.001 17.93 538.00 <0.001
intervention 30 18.03 541.00 43.07 1292.00
Total 60
5months later placebo 30 41.93 1258.00 <0.001 18.50 555.00 <0.001
intervention 30 19.07 572.00 42.50 1275.00
Total 60
6months later placebo 30 4222 1266.50 <0.001 17.50 525.00 <0.001
intervention 30 18.78 563.50 43.50 1305.00
Total 60

*Mann-Whitney Test.

Figure 2 illustrates an increase in the mean rank Lysholm score also increased in consequent monthly
Lysholm score, monthly after treatment with RT, while in assessments, while in the placebo group, monthly scores
the placebo group, this score decreased over time, indi- decreased over time, and this difference was statistically
cating a worsening natural history of OA. The total significant (p<0.001).
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Figure 1. Changes of mean rank VAS pain score in two treatment and placebo
groups before intervention (p = .25) during 6months post intervention (p < .001).

Table 4 shows the statistical significance changes in the
mean rank daily consumption of pain-relief medication
between participants in two groups, monthly (p < .001).
This table also shows that in the intervention group receiv-
ing radiotherapy, the mean rank daily intake of pain-relief
medications decreased from 6.18 to less than 3 (p < .001),
while vice versa incremental changes in daily medication
consume occurred in the placebo group (mean rank from
3.84 to 4.84) during same period (p = .02).

The performance status of patients in both groups was
assessed monthly for six months after radiation treatment and
placebo. Table 5 shows the results of changes in the

Figure 2. Changes of mean rank lysholm score in the treatment and placebo groups
before intervention (p = .06) and during 6months after intervention (p < .001).

performance status during treatment compared to placebo.
This table shows statistically significant changes in perfor-
mance status after treatment in the two groups receiving
radiotherapy and placebo. After one month, 53.3% and 46.7%
of the RT treatment group experienced relative improvement
and stable PS, respectively; while in the placebo treatment
group, 13.3% and 86.6% had relative PS improvement and
stable PS, respectively. Assessment of the treatment effect in
the two groups after six months post radiotherapy and pla-
cebo showed that in the RT intervention group, 23.3% of
individuals showed improvement after treatment, 63.4% had
relative improvement in the functional level, and 13.3%
reported no effect, whereas in the placebo treatment group,
no change in the functional level was observed (p<0.001).
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Table 4. Changes of mean rank daily consumption of pain-relief medication within intervention groups during 6 months (p < .05) and between intervention

groups before (p = .34) and during 6 months intervention (p < .05).

Mean rank: k related sample

Mean rank: 2 independent sample

Variable Placebo N=30 Intervention N=30 Placebo N=30 Intervention N=30  p value**
use of pain-relief medication before RT. n=60 3.83 6.18 32.50 28.50 0.34
Use of pain-relief medication /RT1. n=60 337 5.45 34.87 26.13 0.04
Use of pain-relief medication /RT2. n=60 3.83 4.62 38.50 22,50 <0.001
Use of pain-relief medication /RT3. n=60 4.07 3.52 40.20 20.80 <0.001
Use of pain-relief medication /RT4. n=60 3.83 3.17 41.25 19.75 <0.001
Use of pain-relief medication /RT5. n=60 4.53 2.80 41.30 19.70 <0.001
Use of pain-relief medication /RT6. n=60 4.53 227 41.20 19.0 <0.001
p value* 0.02 <0.001

*Friedman Test: k related sample.
**Mann-Whitney Test.

Table 5. Changes the performance status during 6 months intervention treat-
ment in participant.

Time of Intervention Placebo

assessment Status group n (%) group n (%)  p value*

1month later  Improve 0 0 0.02
Improve Slightly 16 (53.3) 4 (13.3)
stable 14 (46.7) 25 (83.3)
deterioration 0 1(3.3)

2months later  Improve 0 0 <0.001
Improve Slightly 26 (86.7) 6 (20.0)
stable 4 (13.3) 23 (76.7)
deterioration 0 1(3.3)

3months later Improve 4 (13.3) 0 <0.001
Improve Slightly 22 (73.3) 3 (10.0)
stable 4 (13.3) 27 (90.0)
deterioration 0 0

4months later Improve 6 (20.0) 0 <0.001
Improve Slightly 22 (73.3) 5(16.7)
stable 2 (6.7) 25 (83.3)
deterioration 0 0

5months later Improve 7 (23.3) 0 <0.001
Improve Slightly 19 (63.3) 2 (6.7)
stable 4 (13.3) 28 (93.3)
deterioration 0 0

6months later Improve 7 (23.3) 0 <0.001
Improve Slightly 19 (63.4) 0
stable 4 (13.3) 30 (100.0)
deterioration 0 0

*Fisher Exact Test.

Discussion

This study enrolled 60 patients with knee osteoarthritis (OA)
and demonstrated significant improvements in pain relief
and functional status following low-dose radiotherapy
(LDRT), as evidenced by the reduction in Visual Analog
Scale (VAS) pain scores and the improvement in Lysholm
scores (p < .001).

As depicted in figures 1 and 2, the average VAS pain
score as well as the Lysholm score have improved in all of
the monthly assessments, significantly (p < .001). Koc et al.
in 2019, in a small volume non-randomized study, assessed
the effect of 6 Gy radiation on 16 osteoarthritic hip and
knee joints in 12 patients and reported significant improve-
ment in half of the joints after 6weeks regarding pain
score (Koc et al. 2019). Another non-randomized retro-
spective trial issued by Riihle et al. in 2021, demonstrated
that 6 Gy radiation could reduce pain significantly, assessed
by a numeric rating scale (NRS) and the Pannewitz scoring
system (Rithle et al. 2021). Our study was a prospective
single blind randomized trial which included only knee
joints. A similar result was seen in the report of Hautmann

et al. trial in which radiation of 295 patients mostly
included knee osteoarthritis, resulted in pain score improve-
ment in 33.8% of patients after 12months (Hautmann
et al. 2020).

In contrast, some other randomized trials have concluded
that low dose radiation therapy (LDRT) in OA does not
have a beneficial effect. Mahler et al. in their randomized,
double-blinded, sham-controlled trial in 2018, concluded
that 6 Gy radiation to osteoarthritic knee join have no effect
on pain symptom nor inflammation (Mahler et al. 2019). In
a quit similar trial on hand OA in 2018, Minten et al. con-
cluded that LDRT has no significant effect on symptoms
and inflammation of the joint (Minten et al. 2018). Both
trials finally advised against the use of LDRT as a treatment
for knee OA. Small sample size is the common specificity of
these trials, which could be one reason for this conclusion.

Osteoarthritic joints other than knee joints were also the
target of radiation in some trials and, surprisingly, the results
were promising. In 2019, Hautman et al. released the report
of a multi-center single arm trial in which they radiated tar-
sal and ankle joints of 66 patients diagnosed with OA. In
56.7% of them, improvement in joint mobility occurred, the
response which lasted at least for 24months (Hautmann
et al. 2020). Niewald et al. in 2024, following a randomized
clinical trial, concluded that patients with OA of hand, fin-
ger and knee joints could tolerate radiation and had a good
improvement regarding pain, function and quality of life
(Niewald et al. 2024).

Regarding the mechanism through which LDRT could
improve joint function and pain, there are several hypothe-
ses. Hildebrandt et al. in 2009 introduced the nitric oxide
pathway as an inflammation induction pathway. They found
that LDRT inhibits this pathway, whereas high-dose conven-
tional radiation therapy does not (Hildebrandt et al. 1998).
The same pathway as well as modulation of cytokine and
adhesion molecule expression on activated endothelial cells
and leukocytes are introduced by Rédel et al. as the mech-
anism in which LDRT could suppress inflammation and
subsequently improve joint symptoms (Rodel et al. 2007).
Other trials and review articles during recent years have
identified the reduction of inflammatory markers such as
IL4 and IL17, a shift from CD8+ to CD4+ T cells, and the
activation of Nrf2 as significant factors contributing to the
anti-inflammatory and analgesic effects of LDRT (Weitmann
and Niewald 2013; Javadinia et al. 2021; Weissmann et al.
2021, 2023).
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The results of the present study show the potential use of
LDRT in mitigating the burden of symptoms in patients
with OA. These interventions, along with newly introduced
integrated therapies in malignant conditions such as crocin
and melatonin, can significantly improve the quality of life
in patients (Ebrahimi et al. 2024; Sedighi Pashaki et al. 2023;
Sedighi Pashaki et al. 2021; Salek et al. 2021).

Despite these promising findings, there are several limita-
tions and considerations regarding the interpretation of these
results and the application of LDRT in clinical practice.
First, the sample size in this trial is relatively small (n=60),
which could limit the generalizability of the findings. Larger
multicenter trials would be necessary to validate these results
and to establish the long-term effects of LDRT in a broader
population. Additionally, our study was limited to knee OA;
thus, extrapolating these results to other joint types or to
OA patients with comorbidities may require further investi-
gation. Given that the participants were predominantly
elderly (mean age 76.77 years), the results may not be appli-
cable to younger individuals or those with less severe OA.
Another limitation is the lack of long-term follow-up.
Although the six-month follow-up period revealed signifi-
cant improvements, the durability of these benefits over time
remains unclear. Longer follow-up is required to assess
whether the improvements in pain relief and functional sta-
tus are sustained, and if any long-term adverse effects arise.

Regarding the potential risks of LDRT, while this treat-
ment was well-tolerated in our study, it is important to
acknowledge that radiation, even at low doses, carries inher-
ent risks. The potential long-term risks include
radiation-induced malignancies, particularly in older patients
with a history of cancer or those with prolonged exposure
to radiotherapy. The cumulative radiation dose over time,
particularly in patients requiring multiple treatments, could
increase the risk of carcinogenesis. Although our study
found no significant adverse effects, further research is
needed to monitor for any delayed radiation-related side
effects, such as tissue fibrosis, bone necrosis, or joint defor-
mities, especially in high-risk populations. Additionally, radi-
ation therapy has known side effects, including fatigue, skin
irritation, and potential exacerbation of comorbidities such
as cardiovascular disease in elderly patients. It is crucial to
carefully weigh these risks against the potential benefits, par-
ticularly in patients with advanced OA or those with multi-
ple underlying health conditions.

While our study demonstrates promising results, the
potential for side effects must be considered, and further
research is necessary to determine the optimal dosage and
frequency of LDRT to minimize risks while maximizing
therapeutic benefits.

Conclusion

In this randomized study, we demonstrated that LDRT at
3Gy can provide significant analgesic effects, as evidenced
by improvements in pain scores, reduced daily pain medica-
tion consumption, and enhanced performance status among
patients with knee osteoarthritis (OA). This dose appeared

to have no adverse effects, aligning with findings from pre-
vious trials (Koc et al. 2019; Mabhler et al. 2019). While the
results are promising, it is important to consider the poten-
tial long-term risks of LDRT, such as radiation-induced
complications, which were not observed in this study but
should be closely monitored in future trials. Future research
should explore whether lower doses of LDRT could also be
effective and continue to investigate the precise analgesic
and anti-inflammatory mechanisms underlying its therapeu-
tic effects. Furthermore, studies evaluating the efficacy of
LDRT in the earlier stages of OA could help expand its
potential applications beyond advanced disease, providing
new avenues for patient care and management.
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