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Introduction

In recent decades, the global landscape of radiation oncology has shifted dramatically, with major advances
in cancer prevention, early detection, and targeted systemic therapies contributing to a decline in the overall
volume of traditional radiotherapeutic indications. As curative and palliative cancer cases have decreased in
relative proportion, radiation departments, particularly in developed healthcare systems, have increasingly
explored the re-emergent role of low-dose radiation therapy (LDRT) for benign inflammatory and
degenerative disorders." Modern evidence has reaffirmed its potent anti-inflammatory effects at sub-
cytotoxic doses, spurring renewed interest in its use for osteoarthritis, enthesopathies, and chronic pain
syndromes.” This resurgence is partly driven by radiation oncologists seeking to optimize departmental
resources, maintain procedural expertise, and expand clinical relevance while addressing the unmet needs of
patients with refractory musculoskeletal pain who are poor surgical candidates. The integration of LDRT into
multidisciplinary pain and orthopedic care pathways thus represents both a scientific rediscovery and a
pragmatic adaptation to contemporary oncology practice.’

The therapeutic effects of low-dose radiation therapy (LDRT) in benign musculoskeletal disorders such as
osteoarthritis and plantar fasciitis derive primarily from anti-inflammatory and immunomodulatory
mechanisms rather than cytotoxic effects.” At sub-cytotoxic doses (typically 0.3-1.0 Gy per fraction), LDRT
influences the inflammatory microenvironment by altering cellular signaling pathways within endothelial
cells, macrophages, and fibroblasts.” Experimental studies demonstrate down-regulation of pro-
inflammatory cytokines including tumour necrosis factor-a (TNF-a), interleukin-18 (IL- 1), and interleukin-6
(IL-6), alongside up-regulation of anti-inflammatory mediators such as transforming growth factor- (TGF-
B).° The therapy also promotes a macrophage phenotype shift from M1 to M2, reduces leukocyte adhesion
to vascular endothelium, and attenuates nitric oxide and reactive oxygen species production, collectively
dampening chronic inflammatory cascades.” In articular and enthesopathic tissues, these effects reduce
synovial hyperplasia, fibroblast proliferation, and local edema, leading to pain relief, improved tissue
elasticity, and restoration of function.” The net result is modulation of inflammation and pain transmission
without structural damage, mechanistically distinct from ablative radiotherapy vyet highly relevant for
chronic degenerative conditions of the foot.”

Osteoarthritis and plantar fasciitis represent two of the most challenging and prevalent sources of chronic
foot and ankle pain encountered in podiatric clinical practice. Both conditions are multifactorial, progressive,
and often resistant to monotherapy.” In osteoarthritis, degenerative cartilage loss, subchondral sclerosis,
and peri-articular inflammation lead to persistent stiffness and pain that can significantly impair ambulation
and weight-bearing tolerance.” Plantar fasciitis, conversely, arises from repetitive microtrauma and chronic
overload at the calcaneal enthesis, resulting in debilitating heel pain that is frequently most severe upon first
steps after rest.” Despite a broad armamentarium of conservative interventions, orthotic support,
pharmacologic therapy, physical rehabilitation, and injections, a substantial subset of patients experiences
refractory or recurrent pain.” The chronic nature of these conditions exacts a considerable toll on quality of
life, often limiting occupational function, physical activity, and sleep, and contributing to emotional distress
or reduced social engagement.’ For individuals in physically demanding professions, such as healthcare or
manufacturing, persistent pain can threaten employment sustainability and independence.” The combination
of high prevalence, therapeutic recalcitrance, and cumulative functional burden underscores the need for
safe, durable, and minimally invasive alternatives such as low-dose radiation therapy within
multidisciplinary foot and ankle care.*

The application of low-dose radiation therapy (LDRT) to benign musculoskeletal disorders has gained
renewed attention in recent years, particularly within European radiation oncology literature.” The strongest
evidence comes from Germany, where randomized controlled trials and retrospective analyses have
demonstrated pain relief rates of 70-90% in conditions such as plantar fasciitis and degenerative
osteoarthritis of major joints.” These studies, conducted primarily by radiation oncologists, established
LDRT's role as a safe, well-tolerated, and biologically active therapy at total doses of 3—-6 Gy delivered in
0.5-1.0 Gy fractions.” Despite this robust body of evidence, nearly all publications originate from radiation-
oncology settings rather than podiatric or orthopedic practices, resulting in a notable gap in specialty-
specific evidence.”

For plantar fasciitis, German cooperative group studies and multiple randomized trials have confirmed
significant and durable reductions in heel pain and functional disability following LDRT compared with very-
low-dose regimens or standard injection therapy.’ Pain reduction typically occurs several weeks after
therapy completion and persists for months to years in most responders.” However, these studies rarely
incorporate podiatric functional metrics and they seldom involve podiatrists as investigators or co-authors.
Consequently, the translation of these findings into podiatric clinical protocols remains incomplete.™

In contrast, data for foot and ankle osteoarthritis are exceedingly sparse.” Most osteoarthritis trials
evaluating LDRT focus on knee, hand, or shoulder joints; the few that include the foot or ankle do not report
separate subgroup outcomes." No English-language studies to date have systematically analyzed first
metatarsophalangeal, midfoot, subtalar, or ankle joint osteoarthritis treated with LDRT." Similarly, there are
no prospective, podiatry-led registries or controlled series assessing radiotherapy’s role as a limb-preserving
or surgery-delaying intervention in degenerative foot disease.” This absence of targeted data represents a
significant opportunity for podiatric research, particularly in integrating imaging biomarkers (ultrasound
fascia thickness, MRI marrow edema) and gait-related endpoints to quantify therapeutic response.”
Collectively, the existing literature demonstrates that while LDRT is scientifically validated for its anti-
inflammatory effects and has proven efficacy in plantar fasciitis and osteoarthritis of larger joints, its
application within podiatric medicine remains largely unexplored.
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