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Osteoarthritis (OA) 1s the most common degenerative arthropathy, impacting the
quality of life for millions worldwide. It typically presents with chronic pain, stiffness,
and reduced mobility in the affected joints. Nonsurgical treatments like physiotherapy
or pharmacotherapy may provide limited relief and may have adverse effects and
complications. Recently, low-dose radiation therapy (LDRT) has emerged as a potential
alternative for managing OA, utilizing its anti-inflammatory effects. LDRT's anti-
inflammatory effects involve modulating immune responses, reducing pro-
inflammatory cytokines, and inducing apoptosis in inflammatory cells. Clinical studies
show varying degrees of symptom reliet, with some patients experiencing pain
reduction and improved joint mobility while others show minimal response. The
variability in LDRT treatment designs, radiation dosages, and patient populations
comphcates standardized treatment protocols and raises concerns about potential
carcinogenic risks. Despite these i1ssues, LDRT shows promise as an alternative to other
OA treatments, especially for patients who don't respond to other treatments. This
review aims to provide updated information on the effectiveness, mechanisms, and
safety of LDRT in treating OA. We reviewed the literature of studies on the safety and
efficacy of LDRT on affected joints by OA, its biological effects, potential therapeutic
and adverse effects, application and contraindications, clinical outcomes, and clinical
evidence 1n subjects with OA.






Method

A comprehensive literature search was conducted using MeSH terms and query terms
including “Low-dose Radiation Therapy” OR “LDRT” OR “Radiation Therapy” OR
“Radiotherapy” AND “Osteoarthritis” OR “degenerative joint diseases” OR “Arthrosis”, across
PubMed and ISI Web of Science databases. Additionally, a manual search was performed
using Google Scholar to identify relevant studies published within the last 10 years, focusing
on the most recent and updated articles related to the use of LDRT for managing
osteoarthritis. The search was restricted to studies that provided evidence of the safety,
efficacy, and mechanisms of LDRT in OA treatment. Articles that did not meet the inclusion
criteria, such as those unrelated to OA or not focusing on LDRT, were excluded. Relevant
studies were selected based on their methodological quality and clinical relevance to provide

a comprehensive overview of LDRT's role in managing osteoarthritis.



Low-Dose Radiation Therapy (LDRT)

LDRT has been investigated as a treatment for various MSDs, including OA. For decades, it
has primarily been used to treat benign inflammatory and degenerative disorders, such as
epicondylitis and plantar fasciitis. By employing low doses of radiation, LDRT aims to achieve
anti-inflammatory effects and pain relief, positioning it as a potential noninvasive option for

managing conditions like OA.E-E

It is unclear how LDRT alleviates OA symptoms. However, it is thought to include the
regulation of inflammatory processes. LDRT may inhibit the generation of pro-inflammatory

cytokines and other inflammatory mediators, reducing pain and inflammation in afflicted
28

joints.

LDRT presents an alternative for patients who may not respond adequately to conventional
treatments, such as NSAIDs or corticosteroid injections, offering pain relief without the
systemic side effects associated with these medications. While conventional therapies
primarily focus on symptom management, LDRT targets the underlying inflammatory
processes, potentially providing more sustained relief.>2? Additionally, LDRT is generally
well-tolerated and carries a lower risk of adverse effects compared to higher-dose radiation

therapies used in oncology; however, further long-term safety data are still needed to fully
30

assess its risk profile.



Biological Effects of LDRT

According to current literature, the exact radiobiological mechanisms of LDRT are not yet
well understood. The mechanism of action of LDRT is primarily based on
immunomodulatory processes, which results in anti-inflammatory effects. LDRT can

potentially regulate anti- and proinflammatory cytokine production and inflammation
31,32

—

mediator cells’ function.

Application and Contraindications of LDRT

LDRT is not currently recommended as first-line treatment, but it is a viable choice for OA
patients who did not respond to earlier medical therapies. Additionally, some cases requiring
surgical intervention may preoperatively benefit from the radiotherapy, depending on the
physician’'s discretion. According to the latest update of the German Society of Radiation
Therapy and Oncology (DEGRO) guideline, LDRT is suggested as a higher level of
recommendation for treating knee OA (category B) than hip, hand, and shoulder (category
C).”2 Ccategory B is defined as “Should be carried out” and was proposed based on evidence
level 11 or 111. On the other hand, category C is described as “Can be carried out” and is
supported by evidence level I1V. DEGRO guidelines have not recommmended any indication of
LDRT for ankle OA. However, it has been recently indicated that LDRT can potentially
alleviate the pain and improve joint mobility.”* More studies are needed to establish the

effectiveness of LDRT on ankle OA.



There might be some concerns about RT exposure in OA patients. For instance, due to the
low exposure, there is low concern about fetus radiation during pregnancy. Applying ionizing
radiation for shoulder may subject the patients to a risk for cardiovascular problems, due to
its nearby irradiation. Patients with breast cancer had an excess risk of cardiovascular

diseases, exposure to 20 fractions of 2 Gy,75 confirmed the risk of cardiovascular diseases

following LDRT by other studies.”® However, there is no evidence denoting any cardiac risk
after LDRT for OA patients. In addition to the shoulder, radiotherapy targeting the hip joint
may raise concerns about the potential risk of cancer in nearby sensitive organs, such as the
prostate, uterus, or ovaries. However;, to date, no definite contraindication was documented,
including pregnancy, underlying conditions (eg, diabetes), active infection (eg, septic
arthritis), cardiovascular diseases, and previous radiation therapy (especially high doses) or
ongoing radiotherapy

Discussion and Clinical Evidence

So far, 25 studies evaluated the effects of LDRT in OA patients. According to Table 1, twelve
retrospective studies with a level of evidence of IIlI validated the pain relief and positive
influence on joint function by LDRT. Furthermore, six prospective studies with level 11
evidence found that LDRT reduced the numerical rating scale (NRS), visual analog scale
(VAS), and Von Pannwitz Score (VPS) in OA patients. However, five randomized clinical trial
studies with a level of evidence of I questioned the efficacy of LDRT on OA. Two
observational studies with a level of evidence IIl revealed a decrease in VAS score following
LDRT. The lowest radiation dose was 0.05 Gy per fraction for a total dose of 0.3 Gy, while the
highest dose was 1 Gy per fraction for a total of 6 Gy. Follow-ups range from 8 to 52 weeks.
The total number of samples ranged from 16 to 4544. All research was carried out in Europe,
including 19 in Germany-
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Maryland first state to consider BAC notification after
mammogram
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Mar 13, 2026



* Legislation introduced 1n the state of Maryland would require women to be informed
if their mammogram results show breast arterial calcification (BAC).

* House Bill (HB) 1364 includes provisions that model breast density notification by
letter after a mammography exam. It was introduced on February 13.

 "The bill would require notification to women in their mammogram results letter 1f
breast arterial calcification, known as BAC, 1s present in their mammogram,"
Joseline Pena-Melnyk, speaker of the Maryland House of Delegates, told the House
Health Committee on February 24. "Although BAC frequently appears on routine
mammograms, there 1s currently no standardized protocol for reporting this
information to a patient. Even when the presence 1s documented, reporting practices
lack uniformity. This bill will provide that needed uniformity."

* The language included in HB 1364 1s intended to raise nonalarming awareness that
BAC is a common finding and that 1t may be an indicator of increased risk of
cardiovascular disease. As written currently, the bill asks recipients to discuss the
finding with their physician to assess cardiovascular risks and determine if additional
testing 1s appropriate.



CLINICAL NEWS | WOMENS IMAGING

Al-calculated BAC on mammograms predicts
cardiovascular disease in women
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* Breast imaging features analyzed by Al could help predict cardiovascular events in women,
suggest findings published March 9 in the European Heart Journal.

* Breast arterial calcifications (BACs) that are automatically quantified by Al are an
independent predictor of major adverse cardiovascular events (MACE) and mortality, wrote a
team led by Theodorus Dapamede, MD, PhD, from Emory University in Atlanta, GA. The
researchers highlighted that this a %roach adds prognostic value to the Predicting Risk of
cardiovascular disecase EVENTs (PREVENT) score.

 “This approach may provide an opportunistic cardiovascular risk assessment during routine
mammography screening without additional radiation exHosure to guide earlier and more
effective preventive care for women,” Dapamede and colleagues wrote.

* Prior research has established connections between BAC found on mammograms and
cardiovascular disease risk. While the PREVENT calculator measures risk for cardiovascular
disease, it relies on clinical and laboratory data and doesn't involve an anatomic assessment
of cardiac vasculature.

* The group developed its transformer-based se%mentation model to maintain high sensitivitﬁ
while reducing false-positive detections related to artifacts or nonvascular calcifications. The
model makes way for a standardized, automated quantification of BAC as an absolute
physical metric (in mm?), it highlighted.

* Dapamede and colleagues studied whether Al-based automatic quantification of BAC from
screening mammograms predicts cardiovascular disease and mortality beyond PREVENT
scores.




* The retrospective cohort study included 123,762 women from two healthcare sl}l/stems -- Emory
Healthcare and Mayo Clinic nter;tgrlse -~ who had screening mammograms. The team used a
transformer-based neural network for segmentation to calculate BAC severity by the following: zero
(0 mm?), mild (>0-10 mm?), moderate (>10 mm? to 25 mm?), and severe (>25 mm?).

* Dapamede and colleagues found BACs in 16.1% of the Emory cohort and 20.6% of the Mayo Clinic

cohort. Compared with zero BAC, mild, moderate, and severe BAC all proved to be prognostic for
any MACE.

Comparison of BAC categories by hazard ratio

1 (reference) 1 (reference)
1.32 1.28
1.75 1.79
3.29 2.8

The researchers also found a pronounced dose-response relationship in both cohorts, where increasing BAC severity
corresponded to increases in event rates.

In the Emory cohort, the incidence of MACE increased more than eightfold, from 5.96 per 1,000 person-years in women with
zero BAC to 48.89 per 1,000 person-years in those with severe BAC. The team found that event rates were consistently higher
in the Mayo Clinic cohort compared with the Emory cohort across all levels of BAC severity.



* Finally, each 1 mmZ2 increase in BAC conferred an additional 2% to 3% risk for MACE (p < 0.001).

Mild BAC (>0 - 10mm?)
BAC=5.58mm?

f

Moderate BAC (>10 - 25mm?)
BAC=18.30mm?

Severe BAC (>25mm?)
BAC=115.29mm?

Examples of mammograms with mild, moderate, and
severe breast arterial calcification quantified by an Al
model developed by researchers from Emory University
and Mayo Clinic Enterprise. (Left) Original image. (Right)
Al model heat map with breast arterial calcification score
shown above.



* This approach could prove to be an opportunistic and effective
cardiovascular risk assessment method in women, without added
radiation exposure, the study authors highlighted.

* “Its predictive value 1s independent of traditional risk factors and
PREVENT scores suggesting that BAC screening could enhance early
cardiovascular risk detection in women undergoing routine
mammography,” they wrote.

* The results of the implementation of BAC as an independent predictor of
cardiovascular disease risk and mortality in women, wrote Lor1 Daniels,
MD, from the University of California, San Diego, in an accompanying
editorial.

 "Regardless of the reporting metric ultimately adopted, it is time to shift
BAC from observation to implementation, leveraging a touchpoint
women already trust, to advance prevention for what remains the leading
cause of death among women," Daniels wrote.
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Al-mammography leads to no significant benefits in
single-reader study
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* An Al mammography tool did not lead to significant benefits in a real-world single-
reader study published March 18 in the American Journal of Roentgenology.

* Researchers led by Emily Ambinder, MD, from Johns Hopkins Medicine in Baltimore,
MD, found that a federally approved Al interpretation tool for mammograms did not
lead to significant changes in breast cancer detection and recall.

* “The present study failed to identify such benefits from Al assistance,” Ambinder and
colleagues wrote.

* Recent studies have shown the potential benefits of using Al-assisted mammography
in breast cancer screening. One study published in January analyzed results from
the Mammography Screening with Artificial Intelligence (MASAI) trial, which found
that Al-assisted mammography led to more interval cancers being found and reduced
radiologist workload. Another prospective study published in March found that Al-
supported breast cancer screening that excludes low-risk mammograms from
radiologist reading may be safe and effective.

* However, these European studies took place in double-reading settings, while U.S.
practices employ single reading. The researchers called for more assessments 1n the
U.S. with this in mind.




Ambinder and colleagues studied the performance of radiologists when using a U.S. Food and Drug
Administration-approved Al interpretation tool (Transpara Version 1.7.4-A, ScreenPoint Medical) in a real-
world single-reading setting.

The study included all screening mammograms performed using digital breast tomosynthesis (DBT) in 2024 and
2025. The team also formed a comparison group from DBT exams performed in 2022 and 2023.

Final analysis included 24,520 screening mammograms from the same number of women after the Al tool was
implemented. The comparison group consisted of 21,630 screening mammograms from the same number of
women.

The team found no significant differences between the two groups in terms of recall rate or cancer detection
rate.

Comparison between pre-, post-Al implementation in breast cancer screening

12.3% 12.8% 0.13

6.7 7 0.69



Al categorized 61.3% of exams as low risk, 34.9% as intermediate risk, and 3.8% as
clevated risk. For the low-, intermediate-, and elevated-risk categories, the recall rate
was 8.5%,17.9%, and 35.7%, respectively (p < 0.001). And the cancer detection rate
per 1,000 women was 0.5, 8.4, and 98, respectively (p <0.001).

All 91 cancers diagnosed in women classified by Al as elevated risk corresponded to
Al-marked findings. The same went for 65 of 72 cancers diagnosed in women
classified by Al as intermediate risk.

The Al tool missed 15 of the 171 diagnosed cancers. These included all eight cancers
deemed low-risk and the seven cancers for intermediate-risk exams that did not
correspond with Al-marked findings. The missed cancers in the low-risk group
included six invasive ductal carcinomas (IDCs) and two cases of ductal carcinoma in
situ (DCIS). The intermediate-risk group included four IDCs and three cases of
DCIS.

With the slight increases seen in the study, the authors suggested that the results may
support the use of Al for patient stratification.

Still, they noted that breast cancer measures “did not significantly change after
implementation of Al for mammography interpretation.”
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Al will further improve BI-RADS 1n later editions in measuring breast cancer risk,
according to a presentation given March 6 at ECR 2026.

In her talk, Linda Moy, MD, from NYU Langone Health in New York City, shared her
thoughts on how radiologists should become Al literate as well as the need for more data
and audits to validate the latest version of BI-RADS.

“Wdhere we’re going is what I’m calling Al-driven BI-RADS as a future workflow,” Moy
said.

The American College of Radjologg SACR) in late 2025 published its latest edition of BI-
RADS, the first such update since 2013. Some additions to this version include new
descriptors for elasticity assessment on breast ultrasound, MR 1mag1n]% for breast implants,
and nonmass lesions on ultrasound and digital breast tomosynthesis (DBT), among others.
It also includes 900 clinical images that breast radiologists can use as a reference point.

Radiologists continue to explore ways to integrate Al algorithms into clinical workflows,
with research suggesting that Al assistance could lead to better patient outcomes.

“We really need h@(lip from Al to decrease the number of follow-up exams and benign
biopsies,” Moy said.

She added that BI-RADS “has not fully adapted to”” complexities in real-world settings for
common benign findings and new modalities such as contrast-enhanced mammograp 3'4

fCEM). Prior studies also suggest moderate inter-reader variability for BI-RADS 3 an
esions.



Moy also said the data used to update BI-RADS is largely qualitative and has weak integration
across imaging modalities and over time.

“That makes it hard for us to really apsply large-scale data capture to help improve this,” Moy
said. “The update cycles for BI-RADS lag behind imaging and Al innovation.”

She cited recent studies showing how standalone Al can be on par with radiologists
1nterpr_et1n%mammography images and how Al can detect interval cancers missed on initial
screenlné. he also highlighted the MASAI trial, which showed that AI assistance leads to
improved cancer detection rates and positive predictive values, and also found that Al led to a
44% workload reduction.

Moy emphasized the imfportance of Al literacy among radiologists. This includes having .
radiologists be aware of the advantages and challenges of Al use, so they don’t over-trust Al in
breast cancer screening.

Finally, she outlined how shifting from qualitative to %uantitative data could help improve BI-
RADS by standardizing data points to be machine-readable.

“BI-RADS [currently] undenjccaipresents quantitative and prognostic information that modern
imaging can provide,” she said.

She proposed that the future BI-RADS pipeline will include Al-calibrated risk estimates. This
includes havmﬁ Al provide continuous malignancy scores, refine and harmonize lexicon
descriptors, and improve cross-modality consistency. This shift in data will help create the
machine-readable framework needed for Al to perform, she added.

“I would say that the long-term vision 1s a computable, adaptive BI-RADS that integrates Al
outputs with patient-level risk to support personalized management,” Moy said.



! So sanh BI-RADS 2013 vs 2025 (nhi anh 2D)

6i dung

au tric bao céo

han loai mat dé tuyén vi
16 ta khéi (mass)

| vOi hda (calcifications)
at d6i xiing (asymmetry)
istortion (bién dang c&u tric)
han loai BI-RADS (0-6)
gbn ngir bao cao

ch hgp Al / CAD

inh huéng 1dm sang

> sanh v&i phuong tién khac

BI-RADS 2013

Chuén héa gom: chi dinh, ky thuat, mé ta, két luan

4 loai (A-D)

Hinh dang, b, dam dé

Phan loai hinh thai va phan bé

4 loai (asymmetry, focal, developing, global)

Cé mé ta

Khéng déi

Cho phép linh hoat
Khéng dé cap ro

Chu y&u md ta hinh anh

C6 nhung han ché

BI-RADS 2025 @

Gilr cdu trdc ci, nhdn manh ré "assessment + management” tach biét hon

Khéng ddi, nhung nhan manh vai tré nguy co va anh hudng dén phat hién ung th
Khéng déi co ban, nhung chuan héa thuat ngir chat hon, giam mao ho

Gitr nguyén, nhung lam ré hon céc pattern nguy ¢o cao

Nh&n manh “developing asymmetry” la dau hiéu dang chi y hon

Nh&n manh hon vai tré canh béo ac tinh, dac biét khi khéng thay khaéi

Khoéng déi, nhung tang lién két véi khuyén cao xir tri cu thé hon

Chuan héa manh hon, han ché tir mo hé (vi du: “probably benign” phai ré tiéu ch
Bat dau dé cap vai tro Al hé trg, nhung khéng thay thé dénh gia bac si

Tang tinh “hudng dan quyét dinh” (decision support)

Khuyén khich lién két vgi DBT, MRI, siéu am khi can

I-RADS 6th Edition: What's New, What's Not - Sampletps://www.youtube.com/watch?v=2L0jYl sD00




