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ABSTRACT

Radiotherapy is widely used in the treatment of head and neck cancers but often causes
oral complications such as mucositis, xerostomia, and osteoradionecrosis, which impair
quality of life and treatment adherence. Photobiomodulation (PBM), also known as low-
level laser therapy, has emerged as a non-invasive alternative for the prevention and
management of these lesions. This integrative review analyzed 20 studies published
between 2015 and 2025 in PubMed and SciELO, including randomized clinical trials,
systematic reviews, and meta-analyses. Findings demonstrate that PBM reduces
mucositis severity, accelerates healing, and provides analgesia, proving effective in both
preventive and therapeutic protocols. In xerostomia, partial improvement of salivary
function and reduction of dry mouth sensation were observed, while in
osteoradionecrosis PBM showed adjuvant potential in angiogenesis and bone
regeneration. Despite its proven efficacy, heterogeneity in application parameters and
limited sample diversity hinder clinical standardization. In conclusion, PBM is a safe and
promising intervention that should be integrated into supportive oncology protocols,
with future research needed to establish standardized guidelines and personalized
therapeutic approaches.

Keywords: Photobiomodulation; Laser Therapy; Oral mucositis; Xerostomia;
Osteoradionecrosis; Radiotherapy Adjuvant; Head and neck cancer.
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Fotobiomodula¢cao no Manejo das Complica¢goes Orais
Induzidas pela Radioterapia: Uma Revisao Integrativa.

RESUMO

A radioterapia é amplamente utilizada no tratamento dos canceres de cabeca e pescoco,
mas frequentemente causa complicacdes bucais, como mucosite, xerostomia e
osteorradionecrose, que comprometem a qualidade de vida e a adesdo ao tratamento.
A fotobiomodulacdo (FBM), também conhecida como terapia a laser de baixa
intensidade, surgiu como uma alternativa ndo invasiva para a prevencao e o manejo
dessas lesdes. Esta revisao integrativa analisou 20 estudos publicados entre 2015 e 2025
nas bases PubMed e SciELO, incluindo ensaios clinicos randomizados, revisoes
sistematicas e meta-andlises. Os achados demonstram que a FBM reduz a gravidade da
mucosite, acelera a cicatrizacdo e proporciona analgesia, mostrando-se eficaz tanto em
protocolos preventivos quanto terapéuticos. Na xerostomia, foram observadas
melhorias parciais na funcdo salivar e reducao da sensac¢do de boca seca, enquanto na
osteorradionecrose a FBM apresentou potencial adjuvante na angiogénese e
regeneracdo dssea. Apesar da eficacia comprovada, a heterogeneidade nos parametros
de aplicagdo e a diversidade limitada das amostras dificultam a padronizagado clinica. Em
conclusdo, a FBM é uma intervengao segura e promissora, que deve ser integrada aos
protocolos de oncologia de suporte, sendo necessaria pesquisa futura para estabelecer
diretrizes padronizadas e abordagens terapéuticas personalizadas.

Palavras-chave: Fotobiomodulacdo; Terapia a Laser; Mucosite oral; Xerostomia;
Osteorradionecrose; Adjuvante da Radioterapia, Cancer de cabega e pescogo.
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INTRODUCTION

Radiotherapy is one of the main therapeutic resources employed in the
treatment of head and neck neoplasms. Its effectiveness in controlling and eradicating
tumor cells is widely recognized, but the adverse effects on oral cavity tissues represent
a significant clinical challenge in patient management. Among the most prevalent
complications are oral mucositis, xerostomia, and osteoradionecrosis, which
compromise not only the patients’ quality of life but also adherence to oncologic
treatment, potentially leading even to interruption of radiotherapy sessions (Sonis,

2017; Lalla et al., 2015).

Oral mucositis is characterized by an inflammatory and ulcerative process of the
mucosa, triggered by direct damage to the epithelial cell DNA and the activation of
inflammatory mediators. This clinical condition results in intense pain, difficulty in eating
and speaking, as well as an increased risk of secondary infections. Clinical studies show
that mucositis can affect up to 80% of patients undergoing head and neck radiotherapy
and is considered the most debilitating complication with the greatest impact on quality
of life (Carvalho et al., 2019; Zadik et al., 2019). Xerostomia, in turn, results from the
destruction of the salivary glands by radiation, leading to persistent hyposalivation, dry
mouth, dysphagia, taste alteration, and a predisposition to caries and opportunistic
infections (Campos et al.,, 2020; Chen et al., 2019). Osteoradionecrosis is a late and
severe complication, characterized by progressive bone necrosis due to hypoxia,
fibrosis, and vascular impairment, often associated with chronic pain, bone exposure,

and a high risk of infection (Elad et al., 2019; Vissink et al., 2018).

In this context, photobiomodulation (PBM), also known as low-level laser
therapy, emerges as a promising non-invasive therapeutic alternative. PBM uses
wavelengths in the red and infrared range (600—-1000 nm), applied at low power, aiming
to stimulate biological repair processes and modulate inflammation. The mechanism of
action involves photon absorption by intracellular chromophores, mainly cytochrome c

oxidase located in the mitochondria. This interaction leads to increased ATP production,
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modulation of reactive oxygen species, and activation of cell signaling pathways,
triggering physiological responses such as increased cell proliferation, stimulation of
angiogenesis, modulation of inflammation, and analgesia (Hamblin, 2018; Kazemi et al.,

2020).

These biochemical effects explain the clinical benefits observed in patients
undergoing radiotherapy for head and neck neoplasms. In oral mucositis, PBM
accelerates healing and reduces pain, as demonstrated in randomized clinical trials and
systematic reviews (Carvalho et al., 2019; Zadik et al., 2019; Bjordal et al., 2016; Parra-
Rojas et al., 2025; Bensadoun et al., 2024). In xerostomia, although results are more
modest, there is evidence of partial improvement in salivary function and reduction of
dry mouth sensation (Campos et al., 2020; Chen et al., 2019; Carvalho and Silva et al.,
2023). In cases of osteoradionecrosis, PBM promotes angiogenesis and bone repair,
although protocols lack standardization (Elad et al., 2019; Vissink et al., 2018; Antunes
et al.,, 2024). Additionally, the integrity of the oral mucosa is restored, reducing

susceptibility to opportunistic infections such as candidiasis (Zecha et al., 2016).

Recent literature reinforces that photobiomodulation not only acts to reduce
symptoms but also plays a preventive role. Multicenter trials and systematic reviews
confirm that preventive PBM application reduces the incidence and severity of mucositis
in patients undergoing chemotherapy and radiotherapy (Bensadoun et al., 2024;
Martins et al., 2025). This evidence supports the hypothesis that PBM should be
incorporated as part of the cancer treatment support protocol, especially in patients at

high risk for oral complications.

The objective of this study was to investigate the efficacy of photobiomodulation
in the treatment of oral complications caused by radiotherapy through an integrative

literature review.
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METHODOLOGY

This integrative review aims to gather, critically analyze, and synthesize the
scientific evidence available over the last ten years regarding the application of
photobiomodulation (PBM) in the treatment of oral lesions induced by radiotherapy. To
ensure methodological rigor, classic recommendations for integrative reviews were
followed, which include a clear definition of the research question, careful selection of
data sources, application of well-established inclusion and exclusion criteria, and

systematic analysis of the selected studies (Whittemore; Knafl, 2005).

The guiding question of this review was: “What are the effects of
photobiomodulation on the biological tissues of the oral cavity, focusing on the
management of complications resulting from radiotherapy in patients with head and
neck cancer?” Based on this question, the bibliographic search strategy was designed.
According to Souza, Silva, and Carvalho (2010), this literature review is structured into

six main stages (Figurel).

Figure 1: Review is structured into six main stages.

Formulation of the guiding question

| ,
Literature search or sampling
Data collection
Critical analysis of the selected studies

Discussion of the results

Presentation of the integrative review

Source: own, 2026.

Data collection was performed in the PubMed and SciELO databases, selected for
their relevance and comprehensive indexing of high-quality scientific articles. Articles
published from January 2015 to December 2025 were considered, available in English or

Brazilian Portuguese, to include only recent studies aligned with current clinical practice.
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The keywords used were: photobiomodulation, low-level laser therapy, oral mucositis,
xerostomia, osteoradionecrosis, radiotherapy, and head and neck cancer. These
keywords were combined with Boolean operators ("AND" and "OR") to broaden or

narrow the search results as necessary.

Inclusion criteria were: original articles, randomized clinical trials, systematic
reviews, and meta-analyses published in peer-reviewed journals; studies specifically
addressing the application of photobiomodulation in oral complications due to
radiotherapy or chemotherapy in patients with head and neck cancer; articles available

in English and Brazilian Portuguese; and papers published between 2015 and 2025.

Exclusion criteria comprised: isolated case reports, grey literature (such as theses,
dissertations, and conference abstracts), articles without full-text access, and
publications in languages other than English or Brazilian Portuguese. This delimitation
aimed to ensure the methodological quality of the included studies and comparability

of results.

The selection process occurred in three stages. First, 215 articles were identified
from the initial search. Second, titles and abstracts were screened, excluding studies
that did not meet the established criteria, reducing the number to 58 potentially eligible
articles. Third, full-text reading of these articles was conducted, resulting in the inclusion

of 20 studies fully meeting the inclusion criteria.

To ensure the reliability of the selection, two independent reviewers participated in
the screening and reading of articles. In cases of disagreement regarding inclusion or
exclusion of a study, a third reviewer was consulted, ensuring consensus and minimizing

bias.

For data analysis and interpretation, Content Analysis with a thematic approach was
used, as proposed by Bardin (2009). Extracted data were organized into comparative
tables containing information such as authors, year of publication, study type,
photobiomodulation parameters (wavelength, power, energy density, application time),
oral complication addressed, and main findings. This systematization enabled critical

analysis and comparison of different studies, highlighting convergences, divergences,
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and gaps in the literature.

Additionally, qualitative analysis sought to identify patterns in results,
methodological limitations, and clinical implications of photobiomodulation. The
discussion was developed to integrate findings from different studies, contextualizing
them within the current oral oncology landscape and pointing directions for future

research.

RESULTS

Analysis of the 20 selected articles allowed organizing findings into three major
groups of oral complications resulting from radiotherapy: oral mucositis, xerostomia,
and osteoradionecrosis. Most studies focused on mucositis, reflecting the prevalence
and severity of this clinical condition. Randomized clinical trials, systematic reviews, and
meta-analyses consistently demonstrated that photobiomodulation reduces pain
intensity, accelerates healing, and decreases the severity of ulcerative lesions,
confirming its role as an effective and safe intervention (Carvalho et al., 2019; Zadik et
al., 2019; Bjordal et al., 2016; Elad et al., 2020; Parra-Rojas et al., 2025; Bensadoun et
al., 2024).

Table 1 illustrates these findings, presenting major studies on oral mucositis,

highlighting PBM parameters and outcomes obtained.
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Table 1 - Studies on Oral Mucositis and Photobiomodulation.

Author/Year Study Type ~ PBM Parameters Main Findings
Carvalhoetal,  Randomized 660 nm, 40 mW,  Significant reduction in pain and
2019 clinical trial 4 Jlem? mucositis severity

; s PBM effective in prevention and
Zadik etal., 2019  Systematic review 630-830 nm oelirmnt oPrrisasis

632-810 nm
810 nm

Bjordal et al., 2016 Meta-analysis
Chenetal.,, 2019 Clinical trial

Parra-Rojas etal., gy stomatic review 630-850 nm

Robust evidence of clinical efficacy
Pain reduction and improved healing
Confirms preventive efficacy in

2025 chemotherapy patients
Bensadoun et al., ’ PBM reduces incidence of severe
2004 Multicenter study 660-810 nm sl
Source: own, 2026.
The results indicate that, regardless of parameter variations,

photobiomodulation demonstrated consistent clinical benefits. Pain reduction and
mucositis severity improvement were observed across different contexts, in both
isolated clinical trials and systematic analyses. However, methodological heterogeneity
remains a challenge, as wavelength and energy density vary among studies,

complicating protocol standardization.

Regarding xerostomia, clinical studies showed partial improvement of salivary
function and decreased dry mouth sensation, although results remain limited and

heterogeneous. Table 2 summarizes key findings related to xerostomia.

Table 2 — Studies on Xerostomia and Photobiomodulation

Author/Year  Study Type PBM Main Findings
Parameters

Campos et Clinical 808 nm, Partial improvement of

al., 2020 study 100 mW salivary function

Chen et al., Clinieal 45l B10:H ReducFion of dry mouth

2019 sensation

Qawalho S Aonized _Signiﬁcant i.mprovement

Silva et al., 660-810 nm in xerostomia and

2023 clinical trial

Source: own, 2026

mucositis simultaneously
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These findings suggest photobiomodulation as a complementary intervention for
patients with radiotherapy-induced xerostomia. Though complete glandular function
restoration is not evidenced, reported symptomatic improvement is clinically relevant,

especially concerning quality of life.

For osteoradionecrosis and other complications, studies suggest benefits of
photobiomodulation as an adjuvant therapy, promoting angiogenesis and bone repair.

Table 3 presents main results.

Table 3 - Studies on Osteoradionecrosis and Other Complications

PBM .
Author/Year  Study Type Parameters  Main Findings
Elad et al., Narrative 810 nm PBM as adjuvant in bone
2019 review repair
Vissink etal., Systematic =~ 630-850nm  Promising but
2018 review heterogeneous results
Zecha et al., International 630-850 nm PBM recommended as
2016 review adjuvant therapy
Antunes etal,, Clinical trial 660-810nm PBM improves quality of
2024 life in irradiated patients

Source: own, 2026

Data reinforce that although evidence is promising, lack of standardized
protocols limits generalizability of results. Methodological heterogeneity is notable;

studies vary in design, application parameters, and evaluated outcomes.

In summary, this integrative review confirms photobiomodulation’s proven
efficacy in oral mucositis, partial benefits for xerostomia, and therapeutic potential in
osteoradionecrosis. The consistency of findings across study types, including
randomized clinical trials and systematic reviews, strengthens the scientific evidence

supporting PBM as an adjuvant therapy in oral oncology.
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DISCUSSION

This integrative review shows that photobiomodulation (PBM) has been
established as an important therapeutic intervention in managing oral complications
resulting from radiotherapy in patients with head and neck cancer. The strength of
evidence, supported by randomized clinical trials, systematic reviews, and meta-
analyses, grants PBM the status of an evidence-based intervention, particularly for the
treatment and prevention of oral mucositis. This condition affects up to 80% of patients
undergoing radiotherapy and is a major limiting factor in oncologic treatment, causing

severe pain, infection risk, malnutrition, and therapy interruptions.

The efficacy of PBM in oral mucositis is directly linked to its ability to modulate
inflammatory responses and promote tissue regeneration. Photon absorption by
mitochondrial chromophores such as cytochrome ¢ oxidase triggers biochemical
cascades that increase ATP production, release nitric oxide, and modulate reactive
oxygen species. These effects stimulate keratinocyte and fibroblast proliferation,
angiogenesis, and collagen synthesis, accelerating mucosal reepithelialization.
Additionally, PBM provides analgesia by modulating neuronal excitability and endorphin

release, significantly contributing to pain relief in mucositis.

Preventive use of PBM has proven especially effective. Studies (e.g., Bensadoun
et al., 2024; Parra-Rojas et al., 2025) demonstrate that applying PBM before and during
oncologic treatment reduces severe mucositis incidence, lessens opioid analgesic
needs, and improves treatment adherence. International guidelines, such as those from
the Multinational Association of Supportive Care in Cancer (MASCC), recommend PBM

as the gold standard for mucositis prevention in high-risk patients.

However, heterogeneity in PBM protocols poses challenges for clinical
standardization. Parameters vary widely across studies, including wavelength (630-850
nm), power (30-200 mW), energy density (2-6 J/cm?), exposure time, and session
numbers. This methodological variability complicates direct comparisons and replication,
restricting the establishment of universal clinical guidelines and limiting broader PBM

adoption.

Moreover, most studies focus on homogeneous patient populations with
restrictive inclusion criteria that exclude those with comorbidities, elderly individuals, or

advanced disease stages. This limits applicability in real-world settings, where clinical
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profiles are diverse. Future research should consider more representative samples and
examine PBM efficacy in specific subgroups, such as diabetic, immunosuppressed
patients or those with smoking and alcohol histories, all known to affect tissue response
to radiation.

Regarding xerostomia, results are more heterogeneous. While some studies
report significant symptomatic improvement (e.g., Campos et al., 2020; Chen et al.,
2019), underlying physiological mechanisms for salivary function recovery remain
incompletely understood. Acinar cell destruction, glandular stroma fibrosis, and reduced
vascularization are complex pathological changes that may limit PBM response.
Nevertheless, subjective relief of dry mouth, even without full functional recovery,
represents a clinically meaningful benefit by improving eating, speaking, and quality of

life.

Osteoradionecrosis remains one of radiotherapy’s most challenging
complications. The reviewed literature suggests PBM may act as an adjuvant therapy by
promoting angiogenesis, inflammation modulation, and bone regeneration. However,
available studies are limited and methodologically diverse, preventing definitive
conclusions. Experts emphasize integrating PBM with multimodal approaches including
hyperbaric oxygen therapy, antibiotics, and surgery, especially for advanced cases.

Investigating PBM’s role in combined protocols is a significant gap for future studies.

Importantly, no significant adverse effects associated with PBM were reported in
any reviewed studies, even with repeated or prolonged use. This favorable safety profile
makes PBM especially suitable for oncologic patients who often have systemic fragility
and comorbidities. Its ease of application, low operational cost, and outpatient feasibility

make PBM an accessible and viable intervention across various healthcare settings.

From a translational perspective, advances in understanding PBM’s molecular
mechanisms have refined clinical indications. Experimental studies show that
cytochrome c oxidase activation modulates intracellular pathways linked to cell survival,
proliferation, and antioxidant responses. These findings support the biological plausibility
of observed clinical effects and open prospects for biomarker development to predict

therapy response and personalize treatment protocols.

Finally, it is crucial to view PBM not as a standalone solution but as part of an
integrated care approach for oncologic patients. Combining PBM with oral hygiene

measures, nutritional support, pain control, and multidisciplinary follow-up enhances
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outcomes and helps maintain patient functionality and dignity throughout treatment.
Incorporation of PBM into clinical protocols should be accompanied by professional
training, appropriate equipment acquisition, and rigorous outcome monitoring to ensure

safe and effective intervention.

CONCLUSION

The findings consistently demonstrate that photobiomodulation (PBM) is an
effective, safe, and promising intervention, especially in the management of oral
mucositis, where the clinical benefits are best documented. Although results concerning
xerostomia and osteoradionecrosis remain more preliminary and heterogeneous, there
is clear evidence that PBM can exert trophic and regenerative effects on glandular and
bone tissues, particularly when applied early or combined with other therapeutic

strategies.

However, a critical analysis of the literature also highlights important challenges.
The heterogeneity of application protocols, the scarcity of studies with representative
samples, and the lack of standardization in outcome measures limit the comparability

between studies and the generalization of results.
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