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Abstract
Aim To assess clinical use and patient outcome of photobiomodulation (PBM) for oral mucositis (OM) prevention and treatment 
among specialized practitioners.
Methods A poll was emailed to the members of the Mucositis Study Group of MASCC/ISOO. The PBM parameters used by 
the respondents were analyzed using exploratory statistical methods to identify combinations of PBM parameters (patterns) 
that characterize the variance in the protocols (principal component analysis).
Results Responses were received from 101 MSG members, with 78 providing analyzable data. Most of the responders 
were dental practitioners or oral medicine specialists. PBM was used by 59% of the responders for OM or targeted therapy 
stomatitis. Technical parameters varied widely. Most responders used wavelengths ∼650 nm intra-orally. The spot-size and 
distance from the tissue were the main factors driving the variation. All PBM users noted that PBM relieved pain, either 
immediately or a delayed effect. High likelihood of pain relief (measured as responder’s report of pain relief in 67–100% of 
patients) was reported by 22% and 19% of PBM users for immediate pain relief and delayed pain relief, respectively. The 
most common reported barriers to using PBM were financial considerations, time constraints, lack of training or experience 
and concern about the potential for malignant transformation or increased risk of cancer recurrence.
Conclusions The use of PBM for OM prevention or treatment is in early phases of adoption in practices, facing some 
obstacles to implement it. A wide variation in technical parameters was found. Nonetheless, responses indicate that PBM 
provided pain relief.
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Introduction

Oral mucositis (OM) is a major complication of cancer ther-
apies including chemotherapy (CT), radiotherapy (RT), and 
hematopoietic cell transplantation (HCT) [1]. More recently, 
the scope of OM was broadened to include targeted ther-
apy-associated oral toxicities and immunotherapy-related 
oral adverse effects [2]. OM is associated with significant 
pain and impaired function, often reported to be the most 
debilitating toxicity of cancer treatment [3, 4]. In addition, 
OM may have systemic sequelae such as infection and in 
the setting of HCT, it is associated with increased mortality 
[5]. OM may cause cancer therapy dose reductions and even 
complete treatment cessation, obviously interfering with 
anti-cancer treatments [5, 6]. Consequently, OM leads to 
significant health care costs due to the increase in supportive 
care measures and extended hospitalizations [5–7]. These 
serious issues have driven much research into prevention 
and/or treatment of OM.

PBM is a form of light therapy that uses non-ionizing 
light sources including lasers, light-emitting diodes, and 
broadband light, in the visible and near infrared spectrum 
[8]. It is a non-thermal process involving endogenous 
chromophores that elicit photophysical and photochemical 
events in various biological pathways [8, 9]. PBM promotes 
wound healing, provides pain relief and has anti-inflamma-
tory effects [8–10].

Evidence-based recommendations for the management 
of OM have been provided by the Clinical Practice 
Guidelines of the Multinational Association of Supportive 
Care in Cancer and International Society of Oral Oncology 
(MASCC/ISOO) [1]. A systematic review assessing the 
use of photobiomodulation (PBM) for prevention and 
treatment of OM was performed and evidence-based 
clinical guidelines were developed for specific cancer 
patient populations [10]. The panel recommended the use 
of intra-oral PBM therapy for the prevention of OM in (1) 
Adult patients treated with HCT conditioned with high-
dose CT, with or without total body irradiation; (2) adults 
treated with RT or RT-CT for head and neck cancer (HNC). 
Specific PBM treatment parameters were recommended for 
each indication.

The PBM protocols used to manage OM reported in the 
literature vary greatly [10, 11], and clinicians may also be 
using unreported protocols successfully. Therefore, the 
objective of this poll was to assess the actual clinical use 
of PBM for the prevention and treatment of OM among 
specialized practitioners who are members of the Mucositis 
Study Group (MSG) of the MASCC/ISOO, and the possible 
challenges and barriers to implementing this treatment 
modality.

Methods

MSG poll process

The poll was sent as an online questionnaire to the 430 MSG 
members using the MASCC/ISOO electronic distribution list, 
out of which 352 are clinicians. Two weeks after the first mes-
sage, a reminder email was sent. The poll was closed 1 month 
after the first message was sent.

Questionnaire

The questionnaire (Appendix 1) included questions regarding 
clinical conditions in which PBM is applied for prevention or 
treatment of OM in adults, technical parameters of PBM used 
for OM prevention and treatment, estimated efficacy based 
on the responder’s experience, and challenges and barriers 
encountered in implementing PBM.

There were also similar questions about PBM therapy in 
pediatric patient population, including questions about the 
acceptance of PBM therapy by the children patients and their 
parents, and the technical parameters used for OM prevention 
and/or treatment.

The questionnaire also included questions about respond-
er’s age, gender, profession, type of institute, main cancer 
patient population treated, years of experience and country 
of practice. In some questions, the respondents were able to 
indicate more than one answer, as can be seen in the question-
naire that is provided as supplementary information (Appendix 
1). The results were calculated as percentage of responders or 
responses, as appropriate in each question. Questions regard-
ing treating children were provided in a separate questionnaire.

The questionnaire was validated before distribution by a 
group of MSG volunteers.

Ethical considerations

The study was approved by the Institute Review Board of the 
Faculty of Medicine, at the Hebrew University, Jerusalem, 
Israel (#25052021). The MSG members were informed that 
the research would not necessarily benefit them, but may pro-
vide information for other health care professionals managing 
patients with OM. Participants could opt-out at any time. The 
anonymity of the responders was maintained. All data was 
stored in a secure manner and only accessible to authorized 
personnel.

Study sample and data cleaning

The dataset was assessed for logical inconsistencies 
based on the following exclusion criteria: responses from 
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non-clinicians, and non-analyzable data (i.e., no response to 
any of the questions). Likewise, spot size units were stand-
ardized to metric dimensions (centimeter square). After 
clearing the inconsistencies, the dataset was locked.

Statistical analysis

Data was tabulated and descriptive analysis performed using 
MS Excel software. The treatment protocols were stratified 
based on wavelength, fluence, duration of treatment and effi-
cacy. Protocols used for prevention were assessed for ‘imme-
diate efficacy’ and ‘delayed efficacy’. Treatment protocols 
were assessed for immediate efficacy only, assuming that 
pain relief is noted immediately.

Principal component analysis (PCA) was conducted using 
Stata Statistical Software (StataCorp. 2017. Stata Statistical 
Software: Release 15. College Station, TX: StataCorp LLC). 
PCA is an exploratory method that is used to identify com-
binations of characteristics of PBM setting that capture the 
largest possible variation across all PBM characteristics in 
the responses. Eigenvectors of eigenvalue >1 were consid-
ered as a strong indication of a repeated pattern.

Results

Response rate

One hundred and one entries were recorded. After removing 
entries with no answers and responses from non-clinicians, 
78 entries with analyzable data remained (78 out of 352; 
22.2% response rate).

Demographics

The average age of the responders was 48.8 ±11.7 years 
(range 27–75). The female-to-male ratio was 65:35. Most 
of the responders were dental practitioners or oral medicine 
professionals (65%), followed by physicians (18%), nurses 
(7%) and clinical researchers (4%). Most of the responders 
were affiliated with a university medical center (51%) or 
with a hospital (29%). Other responders worked in a private 
practice (12%), research institutes (6%), or in community 
clinics (2%).

Most of the responders had extensive clinical experience 
providing care for cancer patients, with 29% having more 
than 25 years of experience, 22% having 16–25 years, 35% 
having 6–15 years, and the remaining 14% with 0–5 years. 
We received responses from almost all continents. Most of 
the responders were from Brazil (27%), followed by USA 
(16%) and Italy (16%), Canada (5%), Australia (5%) and 
Japan (4%). Additional responses were received from India, 
Portugal, the Netherlands, Austria, Belgium, France, Greece, 

Israel, the UK, Spain and Turkey. The main cancer patient 
populations treated by the responders were HNC patients 
(29%), hematologic cancer patients (22%), solid cancer 
patients (20%), HCT patients (18%) and other oncologic 
patients (11%).

The estimated number of patients with cancer ther-
apy–associated OM that the responders encountered during 
the 3 months before the poll was over 15 patients by 43% of 
the responders; 6–15 patients by 32%; 1–5 patients by 17%; 
7% estimated no direct patient care.

Clinical use of PBM and type of OM treated 
with PBM

Fifty-nine percent of the responders reported using PBM for 
OM prevention or treatment while 41% reported that they 
do not use PBM for this purpose. The most common type of 
OM treated with PBM was due to RT to the head and neck 
(29%) as well as due to CT (29%), followed by HSCT (26%) 
and targeted therapy (16%).

Technical PBM parameters for OM prevention

The parameters reported for OM prevention varied greatly 
(Table 1), according to 28 out of the 48 responders whose 
survey included the details of the protocol they used. Two 
responders used an extra-oral approach, 24 used an intra-oral 
approach and 2 responders used both. Among those using 
an intra-oral approach, 17 different protocols using red-
light (including 630, 645, 650, 660, 670 nm wavelengths) 
were reported with wide variation among the parameters 
(Table 1). One responder taking an intra-oral approach used 
near-infra-red (NIR) range (880 nm). The two responders 
using both intra-oral and extra-oral approaches used red-
light. Additional 7 responders included a partial descrip-
tion of their protocol. When broken down according to the 
country of origin, the laser setting parameters varied greatly.

Technical PBM parameters for OM treatment

The technical parameters reported to be used for OM treat-
ment are summarized in Table 1 with 27 responses recorded. 
Three responders reported employing a combined approach, 
and 24 used an intra-oral approach. Fourteen protocols using 
red-light were reported for the intra-oral approach with wide 
variation among the various parameters (Table 1). Three 
responders using an intra-oral approach utilized NIR range 
(880 nm and 970 nm). Of those using a combined approach, 
two used red-light and one used NIR (880 nm). Seven addi-
tional protocols with partially missing data were recorded. 
When broken down according to country of origin, the laser 
setting parameters were extremely variable.
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PBM parameters for OM in pediatric patients

Over 15% of responders reported using PBM for OM pre-
vention and treatment in pediatric patients. The majority 
(68.4% and 79%, respectively) reported a 100% parental 
acceptance rate and an 80–100% patient acceptance rate.

Technical PBM parameters for OM prevention 
in pediatric patients

The technical parameters reported to be used for pediatric 
OM prevention varied greatly (Table 2). Eight responders 
used an intra-oral approach and 4 responders used both an 
extra-oral and intra-oral approach. They used two red-light 
wavelengths (645 and mainly 660 nm), with wide variation 
among the parameters (Table 2). The PBM was performed 
with a steady beam in a single spot by 83.3% of respondents 
and hovering above by 16.7%.

Technical PBM parameters for OM treatment 
in pediatric patients

The technical parameters reported to be used for pediatric 
OM treatment are summarized in Table 2. Nine respond-
ers reported employing an intra-oral approach, 2 responders 
used a combined approach, 1 did not respond. All responders 
used two red-light wavelengths (645 and mainly 660 nm), 
with wide variation among the parameters (Table 2). The 
PBM was performed with a steady beam in a single spot by 
75% of respondents and by hovering above by 16.7%.

Pain reduction efficacy

Total of 37 responses were received from 25 responders 
(more than one answer was possible for this question). All 

responders estimated some level of pain reduction efficacy 
of PBM therapy. Overall, responses indicated there was 
immediate pain relief more commonly than delayed pain 
relief. The immediate effect was estimated in up to 33%, 
34–66% and 67–100% of patients by 16%, 24% and 22% 
of the responses, respectively. Delayed pain relief was esti-
mated in up to 33%, 34–66% and 67–100% of patients by 
3%, 16% and 19% of the responses, respectively.

Table 3 presents all the protocols reporting an immediate 
effect that were fully described by the responders. The pro-
tocols are stratified by the duration of treatment, ordered by 
the wavelength and fluence, alongside their reported efficacy. 
These protocols were used for PCA.

Among the 12 responses regarding short course proto-
cols aimed at OM treatment, immediate efficacy of less than 
33% was reported by 4 participants, of 34–66% by 5 partici-
pants, and of 67–100% by 3 participants. Delayed efficacy 
of 67–100% was reported by one responder for short course 
protocols aimed at OM treatment.

Among 14 responses regarding short courses protocols 
using red-light aimed at OM prevention, an immediate effi-
cacy of up to 33% was reported by 4 participants, 34–66% 
by 5 participants, and 67–100% by 5 participants. Delayed 
efficacy for the prevention protocols was reported as 34–66% 
by 3 participants, and 67–100% by 6 participants.

Due to the variability of the parameters of the treatment 
protocols, Exploratory Principal Component Analysis was 
used to identify combinations of the 12 variables in the PBM 
protocols that explain the immediate efficacy of treatment 
reported by the responders (Table 4). The first 4 principal 
components (PCs) explained 79% of the total variance, and 
had an Eigenvalue >1. The first PC (PC1) explains 34% of 
the variance and the second PC (PC2) explained 22% of the 
variance. Table 5 presents the combination of PBM param-
eters that forms each of the four principal components. The 

Table 1  Overview of PBM protocols for mucositis management (ranges of the reported values are presented)

7 additional protocols had missing data. NIR near infra-red, Both both intra- and extra-oral approaches, s- seconds

Aim Approach Wavelength
(nm)

Number of 
protocols

Irradiance
(mW/cm2)

Fluence
(J/cm2)

Time per site (s) Number of sites Duration (days)

Prevention Intra-oral 630–670 (Red-light) 17 1–3570 1–37 3–35 2–78 3–35
Both 650–660 (Red-light) 1 1 1 60 5 15

2 20 2 60 4 10
Intra-oral 880 (NIR) 1 100 35 10 1 2

Treatment Intra-oral 630–670 (Red-light) 14 1–3570 1–70 3–40 3–107 2–40
Both 660 (Red-light) 1 1 1 60 5 15

2 30 1.8 60 14 6
Intra-oral 880 (NIR) 1 100 35 10 1 2

2 100 1 10 52 15
Both 880 (NIR) 1 25 6 60 8 60
Intra-oral 970 (NIR) 1 38 36.8 35 10 30
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PC1 is characterized by ‘hovering above’ (as opposed to 
‘steady’), combined intra-oral and extra-oral approach, more 
days of PBM treatment, using a non-red-light wavelength 
(800–808, 940–970 nm), more time per spot, and larger spot 
size (Table 5). PC2 is characterized by a combination of 
larger spot size, greater distance from the tissues, and using 
a red-light wavelength (630–670 nm). The third principal 
component (PC3) is characterized by a combination of using 
940 nm wavelength and higher fluence. Finally, the fourth 
principal component (PC4) is characterized by a combina-
tion of higher irradiance and a greater number of sites.

Challenges and barriers to PBM use

The most common reported barrier was ‘financial considera-
tions’, in both users and non-users, 45% and 50%, respec-
tively (Figure 1). Other common hindrances reported by 
users were time, ‘concerns about malignant transformation Bo
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Table 4  Principal component analysis

The first 4 principal components extracted from the 12 PBM vari-
ables from the treatment protocols with immediate efficacy, their 
Eigenvalues, and cumulative proportions of variance (%)

Principal 
component

Eigenvalue Differences Propor-
tion (%)

Cumulative 
proportion 
(%)

1 4.10 1.45 34 34
2 2.65 1.07 22 56
3 1.57 0.44 13 69
4 1.14 0.27 9 79

Table 5  Combination of variables composing each PC, from intra-
oral treatment protocols with immediate efficacy

The parameters with the highest impact on each PC are highlighted. 
A negative value indicates an effect in the opposite direction.
1 — includes protocols with 800, 808 nm
2 — includes protocols with 940, 970 nm
3 — includes protocols with 630, 645, 650, 660, 670 nm

Variable PC1 PC2 PC3 PC4

Irradiance (mW/cm2) −0.13 −0.05 0.01 0.80
Fluence (J/cm2) −0.07 0.17 0.48 0.28
Time per site (s) 0.35 0.28 0.01 0.15
Spot size  (cm2) 0.29 0.43 0.18 0.08
Distance from tissue (cm) 0.18 0.49 0.05 0.13
Number of sites −0.22 −0.13 −0.25 0.43
Duration (days) 0.36 −0.29 −0.05 0.04
Hand motion-steady −0.40 0.27 −0.19 −0.07
Approach-intraoral −0.37 −0.25 0.23 −0.20
Wavelength ‘800’  nm1 0.27 −0.26 −0.50 0.02
Wavelength ‘940’  nm2 0.20 −0.22 0.56 −0.01
Wavelength ‘650’  nm3 −0.36 0.35 0.08 −0.01
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or recurrence’, ‘country-specific regulations’ and ‘patient 
refusal’. Among non-users, additional common barriers were 
‘lack of experience’, ‘time’, and ‘lack of scientific evidence’. 
In respect to the country of origin, among the countries with 
the highest number of responses (Brazil, Italy, USA), ‘finan-
cial considerations’ was the most common barrier among 
responders from Brazil and USA, whereas ‘time constraints’ 
was the most common barrier among responders from Italy.

Discussion

There is strong evidence for PBM therapy use for OM pre-
vention and management of OM related pain [1]. However, 
the literature does not describe how long after treatment pain 
relief is usually experienced and the evidence for an imme-
diate reduction in pain is relatively weak [12]. Although 
there are a lot of publications on PBM therapy, they describe 
many protocols for the prevention of OM, with different 
laser devices; therefore, it is very challenging to formulate 
a universally applicable protocol based on the literature. In 
this study, we gathered information regarding PBM therapy 
protocols for the management of OM in cancer patients from 
a large international group of professionals.

The results of the survey show that PBM is frequently 
used to treat established OM, not only for OM prevention. 
An intra-oral approach was employed more often than a 
combined intra and extra-oral approach. We found great 
variability in PBM protocols, as previously reported [1, 13]. 
Most responders used wavelengths ∼650 nm (range 630–670 
nm), also consistent with the literature [13]. This may reflect 
the wavelengths that are emitted by the commercially avail-
able laser devices, and not necessarily the preferences of 
the clinician.

All users noted that PBM reduced pain to a certain extent 
as expected among professionals choosing this treatment 
modality. Overall, there were more reports of immediate 
pain relief than delayed effects (62% vs. 38%). Interestingly, 
among the long courses (i.e., those used to prevent OM), 
immediate pain relief was reported only in a smaller portion 
of the patients (relief in up to 33% of patients was reported 
by 20% of responders, and relief in 34–66% of patients was 
reported by 40% of the responders). This suggests that many 
of the patients did not experience immediate relief during 
these PBM therapy courses. Delayed pain relief from the 
long courses benefited some, but not all, patients (20% of 
the responders reported delayed pain relief in 67–100% of 
patients). While we do not have a way to predict the response 
to the PBM therapy, it is important to inform patients that 
the treatment may not be effective at all, or that the benefi-
cial effect of treatment is built up over time. Furthermore, 
the low efficacy highlights the need to assess the cost-to-ben-
efit ratio regarding expense, time, and manpower required to 
deliver PBM treatment. For example, if a long duration pro-
tocol leads to a modest immediate pain relief of established 
OM, it may be better to invest the time and manpower in 
other protocols for treatment of established OM with proven 
immediate pain relief.

Our vision was to be able to find a formula that would 
consider and integrate the data regarding each parameter 
of the PBM protocol and be used to predict treatment out-
come. Unfortunately, the data did not lend itself to this type 
of analysis as the sample size did not allow estimation of 
relationships between the parameters and outcomes. There-
fore, due to the complexity and variation in the protocols 
involved, we used exploratory principal component analy-
sis to identify combinations of parameters that identified 
the most prevalent combinations of parameters in proto-
cols reporting immediate pain relief. PCA is a multivariate 

Fig. 1  Barriers for using PBM 
therapy in users and non-users. 
The x-axis represents the per-
centage of responses out of the 
number of clinicians that use 
PBM therapy (‘users’) (n=64) 
and number of clinicians that do 
not use PBM therapy (‘non-
users’) (n=32). The question 
about barriers for implementa-
tion of PBM therapy allowed 
multiple answers per responder
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technique that analyzes data in which observations are 
described by several inter-correlated quantitative depend-
ent variables [14]. It extracts important information and 
represents it as a set of new orthogonal variables called 
principal components. This analysis shows which features 
(i.e., PBM treatment parameters) are most important in 
capturing the variance in the data. Four repeating pat-
terns (4 PCs) explained most of the variance between the 
protocols. For each PC, the analysis identified the main 
parameters that influenced it. The PCA identified that spot-
size and the distance from the tissue were the PBM param-
eters that accounted for most for the variance in protocols 
reporting immediate effect when using a 630–670 nm laser 
(described in PC2). Since the spot-size is determined by 
the laser device, the distance from the tissue seems to be a 
critical factor in treatment success. The PCA identified that 
the driving PBM parameters for the protocols using wave-
lengths ∼800 nm and 940–970 nm were hovering hand-
motion, a combined approach (extra- and intra-oral), longer 
treatment duration per site, and longer treatment courses. 
However, the number of observations was small. Future 
large-scale studies should examine whether these param-
eters explain the superior efficacy of certain protocols.

This survey revealed that a minority of specialists use PBM 
in pediatric patients. As with PBM for adults, there was a high 
variability in the PBM parameters employed. PBM was used 
for both prevention and treatment of established OM, most 
protocols used wavelength of 645 nm and 660 nm, with an 
intra-oral approach. This aligns with the results of this survey 
for adults as well as with those reported in the literature for 
pediatric patients [1, 13, 15]. PBM therapy may be regarded as 
a patient-friendly treatment option for pediatric patients who 
may find it difficult to adhere to other therapeutic interven-
tions. Nonetheless, the challenges to PBM in pediatric patient 
populations are the necessity for cooperation from patients and 
their parents, including the anxiety while wearing protective 
eyewear and issues of access and visibility in smaller mouths.

PBM has been proposed as a therapeutic and prophy-
lactic modality with numerous indications in the field of 
supportive care for cancer patients [16], especially OM 
and other complications in the head and neck area [17, 
18]. Despite the advantages of PBM as a friendly and non-
pharmacological treatment [19], it has not yet been fully 
adopted by clinicians and medical centers. The main bar-
rier to PBM use is financial, reported by both users and 
non-users. For users, this is probably related to chair time 
or manpower, whereas for non-users, it may be due to the 
cost of the laser device. There were also group-specific 
barriers. For users these were time, concerns about malig-
nant transformation or recurrence, country-specific regula-
tion and patient refusal. Among the non-users, the barriers 
were lack of experience, time, and insufficient scientific 
evidence.

The strengths of this study include data collection from 
professionals focusing on the management of OM, many 
with extensive experience in laser treatment. Data was col-
lected internationally enabling analysis of the efficacy of 
different protocols, including quantifying the efficacy of 
protocols which are usually not described in the literature. 
In addition, we piloted the use of PCA and noted the value 
of this type of analysis which may be used in future research. 
The limitation of the study is the low number of responders 
providing all the details of their PBM protocol parameters. 
The global distribution of the poll did not compensate for the 
fact that PBM is an emerging treatment modality, and there 
was insufficient data for a regression analysis. Given that 
PBM is not yet embedded into routine clinical care univer-
sally, it seems that this limitation is inevitable. Finally, the 
nature of survey-type studies is that they rely on the recol-
lections of the responders which may be inaccurate.

In summary, PBM therapy is used worldwide both for 
prevention and treatment of OM. The highly variable proto-
cols yield beneficial effects that are not consistent in terms 
of response timing (immediate or delayed) or response rate. 
The main barrier for using PBM therapy is financial, with 
additional obstacles that are specific to responders who were 
able to use the technology versus those who were not. More 
studies are needed to identify PBM protocols that produce a 
consistent treatment outcome.
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