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Abstract
Background: The development of an integral and global treatment to improve the quality of life 
in those with fibromyalgia syndrome (FMS) is challenging. The aim of this study is to investigate 
the impact of whole-body photobiomodulation (PBM) on pain perception, functionality, quality of 
soft tissue, central sensitisation and psychological factors in patients suffering with FMS.
Methods: This study is a randomised, placebo-controlled clinical trial. A total of 44 
participants will be recruited in a private care practice and randomised to receive either a 
whole-body PBM therapy programme or placebo in the same care centre. The parameters of 
the PBM programme are as follows: wavelengths of red and near-infrared LEDs 50:50 ratio 
with 660–850 nanometers; fluence of 25.2 J/cm2; treatment time of 1200 s and a total power 
emitted of 967 W. Treatment sessions will be 3 times weekly for a period of 4 weeks, totalling 
12 treatment sessions. Primary outcome will be pain (Numeric Pain Rating Scale; Widespread 
Pain Index; Symptom Severity Score). Secondary outcomes will be functionality (Fibromyalgia 
Impact Questionnaire; the Leisure Time Physical Activity Instrument), quality of soft tissue 
(elastography), central sensitisation (pain pressure threshold and the Autonomic Symptom 
Profile) and psychological factors (Pain Catastrophising scale, Tampa Scale, Self-Efficacy 
questionnaire). Assessments will be at baseline (T1), after session 6 (T2), after treatment (T3) 
and 2 weeks (T4), 3 (T5) and 6 (T6) month follow-up.
Discussion: PBM therapy has been shown to reduce pain and inflammation and to increase 
the rate of tissue repair for a wide range of conditions, but its potential use as a whole-body 
treatment in FM is yet to be explored. This trial will investigate whether whole-body PBM 
therapy is effective at reducing pain intensity, improving functionality, quality of soft tissue, 
central sensitisation symptoms and psychological measurements. Furthermore, 3- and 
6-month follow-up will investigate long-term efficacy of this treatment.
Trial registration: NCT04248972. Registered on January 29, 2020, https://clinicaltrials.gov/
ct2/show/NCT04248972?term=navarro-ledesma+santiago&draw=2&rank=2.
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Introduction
Fibromyalgia syndrome (FMS) is a chronic and 
multicomponent illness with unknown etiology 
and is considered the most frequent cause of dif-
fuse chronic musculoskeletal pain.1 Following the 
American College of Rheumatology (ACR), dif-
ferent criteria have been included in FMS diagno-
sis, such as digital pain pressure sensitivity at a 
pressure of 4 kg and widespread pain, criteria 
which cannot be explained by the presence of 
degenerative or inflammatory disorders, cognitive 
behaviour disorders, restless sleep, fatigue and 
somatic symptoms.2,3 This syndrome can occur 
in all ages, but it is more common in middle-aged 
adults.4 In the general population, the range is 
from 0.5% to 5%, and up to 15.7% in a clinical 
setting. In Spain, the estimated prevalence is 
4.2% in women and 0.2% in men.1

Despite some physical therapy interventions, 
such as exercise and cognitive behaviour therapy 
showing some therapeutic benefit,2,4,5 FMS is a 
complex syndrome and there is little evidence to 
confirm if the condition is fully improved in all 
aspects using these treatment programmes. Thus, 
a multifactorial and definitive treatment is cur-
rently lacking.2,5,6

Photobiomodulation (PBM) therapy, formerly 
known as low-level laser therapy (LLLT), is an 
emerging, noninvasive and promising therapy for 
those suffering from FMS because it has shown 
positive impact on relieving musculoskeletal and 
neuropathic pain, with consequent improvement 
on quality of life.6 Current research has estab-
lished effective wavelengths of light used for 
PBM to range from 600 to 1070 nm, with a flu-
ence (energy density) range of between 1 and 20 
J/cm2. Effective tissue penetration is maximised 
in this range, as the principal tissue chromo-
phores (haemoglobin and melanin) have high 
absorption bands at wavelengths shorter than 
600 nm. Wavelengths in the range 600–700 nm 
are used to treat superficial tissue (skin, subcuta-
neous tissue, superficial fascia and muscles), and 
longer wavelengths in the range 780–950 nm, 
which penetrate further, are used to treat deeper-
seated tissues (deep fascia and muscles, bone, 
brain).7–9

Previous studies have shown positive effects of 
PBM in patients suffering from FMS, such as a 
decrease in pain, sleep disorders, tiredness, mus-
cle spasm, morning stiffness and tender point 

numbers.6,10–12 Recently, the possibility of a 
whole-body PBM has been shown, offering not 
only a local but also a systemic response. In this 
regard, improvements in neuronal bioenergetic 
functions, cerebral blood flow, oxidative stress, 
neuroinflammation, neural apoptosis, neuro-
trophic factors, neurogenesis and effects on 
intrinsic brain networks have been proposed, thus 
including a brain PBM treatment. This is cur-
rently used in a wide range of neurological and 
psychological conditions.7 Thus, a whole-body 
PBM treatment is presented as a new possibility 
of treatment with potential benefits for those with 
FMS and its results are still to be investigated.

Current literature only shows a whole-body PBM 
trial carried out in a sports population, and 
showed short-term effects without conclusive 
changes.13

People suffering from FMS usually present with 
tender points in a number of anatomical areas; in 
fact, 95% of people with chronic pain disorders 
have been shown to present with myofascial 
pain.14 Tender or trigger points are the result of a 
nonspecific response of the central nervous sys-
tem in its interaction with the autonomic nervous 
system.15

Ultrasound elastography (USE) imaging can 
provide an objective and reproducible measure of 
a change in the status of myofascial trigger points 
as determined by physical examination because 
palpably stiff nodules vibrate with lower ampli-
tude than healthy tissue when using ultrasound.14 
The USE was first described in the 1990s, and 
recently developed to assess quantitatively tissue 
stiffness; thus, there has been an increase in the 
use of USE to measure changes in elasticity of 
soft tissues in the study of physiological processes 
and pathology.16,17

In addition to pain, presence of tender points and 
central sensitisation, other postural, balance and 
functional symptoms have also been presented  
in those with FMS5,18–20 affecting psychological 
health, ability to enjoy leisure activities and con-
sequently quality of life.18,21,22 It is therefore 
important to also include outcome measures of 
these symptoms in investigative research.

We hypothesise that a whole-body application of 
PBM will improve pain primary. Secondary, 
functionality, quality of soft tissue, central 
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sensitisation and psychological symptoms are 
expected to improve in patients suffering from 
FMS.

To our knowledge, this is the first study to use 
whole-body PBM in FMS patients.

Methods

Design
This is a triple-blinded, randomised, placebo-
controlled clinical trial with blinding of partici-
pants, therapists, evaluators and statisticians to 
active or placebo whole-body PBM.

Setting
Participants will be recruited in a private care 
practice in Malaga, Spain. Potential referrals  
will be informed of the trial through formal 
meetings and trial information sheets. This study 
is reported in line with the Standard Protocol 
Items: Recommendations for Interventional 
Trials (SPIRIT) Statement (Supplemental infor-
mation).23 This study protocol has received ethi-
cal approval by Ethics Committee of Human 
Research of the University of Granada, Spain 
(1044/CEIH/2020). All the participants will 
accept and sign an informed consent before 
beginning the study.

Patient involvement
Patients will be involved in the design and con-
duct of this research. During the feasibility stage, 
priority of the research question, choice of out-
come measures and methods of recruitment will 
be informed by discussions with patients through 
a focus group session. Once the trial has been 
published, participants will be informed of the 
results through a new session and they could ask 
for the details of the results.

Participants
Participants will be screened by a physiotherapist 
to determine whether they meet the following 
inclusion and exclusion criteria:

Inclusion criteria
1.	 Aged between 34 and 64 years

2.	 FMS diagnosis from a rheumatologist 
according to the ACR classification criteria 
(modified 2010/2011).24 To diagnose fibro-
myalgia in adults, it is necessary for all the 
following criteria to be met: (1) Present 
generalised pain, that is, in at least four of 
the five regions, (2) present symptoms for 
at least 3 months at similar levels, (3) symp-
tom severity scale (SSS) score ⩾5 and 
Widespread Pain Index (WPI) ⩾7, or SSS 
score ⩾9 and WPI between 4 and 6, and 
(4) a diagnosis of fibromyalgia does not 
exclude the presence of other illnesses and 
is valid irrespective of other diagnoses.

Exclusion criteria
Presenting any inflammatory, neurological or 
orthopaedic disease which can alter balance, 
hearing and vision, or cognitive impairment, 
which might impact the ability to answer ques-
tions. Furthermore, fascial muscle disorders such 
as trigger points, myofascial syndrome pain and 
neck pain.

Participants will be randomised to receive either a 
whole-body PBM therapy or placebo.

Patients will be required to not receive or partici-
pate in any other FMS study or treatment during 
the study period. Any change in medication type 
or dosage during the study period will be recorded, 
and prescribed medication from medical doctors 
will be kept. Therefore, the placebo will be related 
only to the use of PBM. Patients who have already 
undergone previous treatments will be accepted 
because FMS patients need continuous care. In 
addition, the accepted treatments previously 
received before the start of the trial would be 
those related to manual therapy and physical 
activity.

The interventions are described following Temp
late for Intervention Description and Replication 
(TIDieR) Checklist recommendations.25

PBM therapy programme
Participants randomised to this treatment will 
receive a whole-body PBM treatment using a 
NovoTHOR® whole body light bed (Figure 1). 
For each treatment session, participants will lie 
supine in the treatment bed for 20 min, with no or 
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minimal attire (underwear). Treatment sessions 
will be 3 times weekly for a period of 4 weeks, 
totalling 12 treatment sessions. The parameters 
of the equipment are shown in Table 1.

Placebo feature
The placebo feature of the whole-body PBM bed 
provides controls that select active or placebo 
(sham) treatments in a way undetectable by par-
ticipant, operator or observers, such that no one 
is aware whether the participant is receiving an 
active or placebo treatment. There is a switch 
box (see Figure 2) that randomises participants 
to active or placebo; no other randomisation is 
necessary. With this system, if the operator 
becomes unblinded, they will only discover which 
treatment that particular participant is getting, 

and hence, only that particular participant would 
be excluded from the trial and not the operator. 
A blocked randomisation system (randomly var-
ying the block size) to ensure that comparison 
groups will be generated in a ratio of 1:1 of 
approximately the same size will be used. For 
every block of 10 participants, five would be allo-
cated to each arm of the trial. In the worst sce-
nario, the allocation could be unbalanced by as 
much as two.

Furthermore, special goggles that block the PBM 
light are worn by the participant, operator and 
observers. These emit LED light inside (behind 
the lenses, so that the wearer sees some red light) 
to make it harder for participants, operator or 
observers to detect if the PBM bed is active or 
placebo. The goggles are designed to accommo-
date spectacles.

Heating elements also come on in the NovoTHOR 
bed when the PBM bed is in placebo mode, so 
that participants feel like they are in the real 
treatment.

PBM is safe, and easy to administer, is noninva-
sive and has no known side effects, with few 
reported contraindications.26

For each treatment session, participants will lie 
supine in the treatment bed for 20 min, with no or 
minimal attire (underwear). Treatment sessions Figure 1.  NovoTHOR bed.

Table 1.  NovoTHOR parameters.

NovoTHOR XL parameters Unit

Wavelengths of red and near-infrared (NIR) LEDs 50:50 ratio 660
850

nm
nm

Number of LEDs 2880  

Power emitted per LED 0.336 W

Beam area per LED (at the lens/skin contact surface) 12.0 cm2

Total power emitted 967 W

Total area of NovoTHOR emitting surfaces 34,544 cm2

Treatment time 1200 s

Continuous wave (CW) (not pulsed) CW  

Irradiance 0.028 W/cm2

Fluence 25.2 J/cm2
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will be 3 times weekly for a period of 4 weeks, 
totalling 12 treatment sessions.

Data collection
Assessment of primary and secondary outcome 
measures will be at baseline, after treatment 6, 
immediately following the last treatment (4 weeks) 
and then 2 weeks and at 3 monthly follow-up 
intervals to 6 months after completion of treat-
ment. A flow diagram illustrates these assessment 
times (Figure 3). Figure 2.  NovoTHOR randomising switch box.

Screening of participants

Eligible

n = 44

Randomization

Follow-up

After session 6 (T2)

Immediate post-intervention (T3), 2 weeks after final treatment (T4),
and 3 (T5) and 6 (T6) month follow-ups

Data pool from each group for analysis

Drop out

Sham group
Sham PBM therapy

n=22

Experimental group
PBM therapy

n=22

Baseline measurements (T1)

Demographic data: age, gender, height and weight

Outcome measures: NPRS, WPIS, SSS,FIQ, LTPAI,

elastography, PPT, ASP,PCS, TSC,SE

Figure 3.  Flow diagram illustrating the assessment times.
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Outcome measures
Primary outcome measures

1.	 The Numeric Pain Rating Scale (NPRS), 
where 0 indicates ‘no pain’, and 10 indi-
cates ‘worst possible pain’. At each meas-
urement point of the study, patients of both 
groups will be asked to rate the average 
intensity of their pain over the past 7 days. 
This procedure has demonstrated a high 
degree of validity and reliability.27

2.	 The revised Fibromyalgia Impact 
Questionnaire (FIQR), a self-administered 
questionnaire comprising 21 individual 
questions, with a rating scale of 0–10. The 
questions compose three different domains: 
function, overall impact and symptoms 
score (range: 0–30, 0–20 and 0–50, respec-
tively).3,28 The FIQR total score ranges 
from 0 to 100, with a higher score indicat-
ing a greater impact of the condition on the 
person’s life.

3.	 WPI, a questionnaire which shows appro-
priate distribution and a sufficient number 
of body quadrants and axial skeleton pain 
representation. It is part of the FMS 
diagnosis.29

4.	 Symptom Severity Score (SSS), a question-
naire which is part of the FMS diagnosis.29

Secondary outcome measures

1.	 The Leisure Time Physical Activity 
Instrument (LTPAI), used to measure the 
physical activity. This has four components, 
each with three levels of activity: light, 
medium and vigorous. Scores indicate the 
number of hours which these activity levels 
had been carried out each week in the last  
4 weeks summing as the total number of 
hours of physical activity.30 This tool has 
shown satisfactory test–retest reliability for 
the total score, that is, intraclass correlation 
coefficient (ICC) = 0.86 [confidence inter-
val (CI): 0.79–0.93], and for the PAHWI 
(ICC = 0.91, CI: 0.82–9.96).30

2.	 Pain pressure threshold (PPT): 12 tender 
points will be assessed according to the ACR 
criteria using a standard pressure algometer 
of 1 cm2 (FPK 20; Wagner Instruments, 
Greenwich, CT, USA), exerting a pressure 
of up to 4 kg. The algometer will be posi-
tioned perpendicular to the tender point, 

and the pressure continuously increased 
until the patient expressed a sensation of 
pain. The points assessed will be occiput at 
the suboccipital muscle insertions, low cervi-
cal at the anterior aspects of the intertrans-
verse spaces at C5–C7, trapezius at the 
midpoint of the upper border, supraspinatus 
at origins, above the scapula spine near the 
medial border, paraspinous 3 cm lateral to 
the midline at the level of the mid-scapula, 
second rib at the second costochondral junc-
tions, just lateral to the junctions on the 
upper surfaces, lateral pectoral at the level of 
the fourth rib at the anterior axillary line, 
lateral epicondyle 2 cm distal to the epicon-
dyles, medial epicondyle at the epicondyles, 
gluteal at the upper outer quadrants of but-
tocks in the anterior fold of muscle, greater 
trochanter just posterior to the trochanteric 
prominence and knees at the medial fat pad 
proximal to the joint line, forearm at the dis-
tal dorsal third of the forearm, thumbnail 
and midfoot at the midpoint of the dorsal 
third metatarsal.3 The mean of two meas-
urements at each tender point will be used 
for the analysis. The total count of positive 
tender points will be recorded for each par-
ticipant (Figure 4).3

3.	 The Autonomic Symptom Profile (ASP) is 
a validated self-report questionnaire that 
comprehensively assesses autonomic symp-
toms across 11 subscales and yields a com-
posite autonomic symptom score.31

4.	 Quantified USE in tender points. Changes in 
the status of myofascial trigger points can be 
demonstrated with an objective and repro-
ducible USE measure.8 Methodology used 
in previous studies will be followed.32 All 
measurements will be performed with the 
Logiq S7 using a 15-MHz linear probe (GE 
Healthcare, Milwaukee, WI) by a physio-
therapist expert in musculoskeletal ultra-
sound imaging with 10 years of experience in 
ultrasound imaging. The strain elastography 
(SEL) will be obtained in the same position 
that the PPT assessment was carried out. A 
transverse glide will then be performed at the 
exact position that the PPT assessment was 
developed and SEL measurements will be 
taken. At this point, the tissue will be com-
pressed approximately 2–5 mm, and a soft-
ware-incorporated quality control (expressed 
as one to five green bars being displayed, 
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with five bars being the most acceptable) will 
be used to evaluate the recommended com-
pression size. The exact raw strain value (0–6; 
with 0 being softest and 6 being the hardest 
tissue) will be calculated using a 5-mm circu-
lar region in a soft part of the area of interest, 
as indicated by the manufacturer’s instruc-
tions and shown in previous studies.33 A 
mean of three measurements at each point 
will be calculated to minimise intraobserver 
variation. Only sequences with the highest 
image quality (with green bars on the quality 
assessment) were used as recommended by 
the manufacturer.

5.	 The Pain Catastrophising Scale, a vali-
dated questionnaire to assess the mecha-
nism by which catastrophising impacts 
pain experience.34

6.	 The Spanish version of the Tampa Scale of 
Kinesophobia, a valid and reliable measure 
of fear of movement.35

7.	 The self-efficacy questionnaire, which 
assesses personal confidence to carry out 
an activity with the aim of successfully 
achieving a desired outcome.36

Recruitment procedures
Participants will be recruited from a private clinic 
and rehabilitation service of Malaga (Spain). In 
addition, advertisements on social media will be 
placed to increase the potential number of partici-
pants in the study. The physiotherapist in contact 
with the participants for recruitment will provide 
information about the study, including details of 
eligibility criteria. Following informed consent, 
participants will be randomised to an active or 
placebo whole-body treatment.

To improve the adherence to the treatment, the 
physiotherapist administering the treatment will 
be in regular contact with the participants in 
reminding of the time schedule and follow-up 
sessions to them.

Statistical analysis
SPSS® Statistics version 21.0 (IBM, Chicago, 
IL, USA) will be used for all analyses. The 
Shapiro–Wilk test will be used to verify data dis-
tribution normality. To study intragroup mean 
differences for all the outcomes between the six 
assessment times [baseline (T1), after session 6 
(T2), immediate postintervention (T3), 2 weeks 
after the final treatment (T4) and 3 (T5) and  
6 (T6) month follow-up], repeated-measures 
analysis of variance (ANOVA) will be used. To 
compare the two groups (PBM intervention and 
placebo groups) at baseline and follow-ups 
regarding clinical characteristics, a six-way 
repeated-measures ANOVA will be conducted, 
with six levels corresponding to every time of 
assessment (T1, T2, T3, T4, T5 and T6), and 
the two intervention groups as independent fac-
tors. A value of p < 0.05 will be considered to be 
statistically significant.

Between- and within-group effect sizes for all 
quantitative variables will be measured with the 
Cohen d coefficient. An effect size greater than 
0.8 will be considered large, around 0.5 moder-
ate, and less than 0.2 small.37

Sample size calculation
Sample size for this trial is based on an expected 
mean difference between groups of 2 points of the 
NPRS, which is the minimum clinically impor-
tant difference.38 Based on results of other ran-
domised clinical trials32,39 and previous reviews,40 

Figure 4.  Location of tender points established as 
criteria for fibromyalgia syndrome (FMS) diagnosis 
by the American College of Rheumatology (ACR).3 
Image based on the original ‘The Three Graces’ by the 
French 154 painter Jean-Baptiste Regnault (1793).
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assuming the standard deviation of the NPRS of 
2.0 units to detect this difference between the 
intervention and placebo groups, with a value of 
α = 0.05 and a statistical power of 90%, a mini-
mum of 22 patients per group is needed.

Data management
Data from the study will be only accessible to the 
research team and will be stored on password-
protected computers at the University of Granada. 
Paper-form data will be stored in locked cabinets 
located at the Department of Physiotherapy of 
that same university. To preserve data confidenti-
ality, study participants will be assigned an identi-
fication number which will be kept for the 
duration of the study. A list of participant identi-
fication numbers will be created and separated 
from the deidentified data.

Statistical analyses will be performed keeping par-
ticipant anonymity by using patient identification 
numbers and the statistician will be blinded to 
group allocation. Confidentiality will also be pre-
served when disseminating results by using group 
data.

Trial status
This trial is recruiting participants from 30 January 
2021, and will be completed on 30 December 
2021. The protocol version number is PBMFM-3 
with date 22 January 2020.

Discussion
The aim of this study is to investigate the impact of 
whole-body PBM on pain perception, functionality, 
quality of soft tissue, central sensitisation and psy-
chological factors in patients suffering from FMS.

We hypothesise that the use of a whole-body 
PBM application will improve the FMS condi-
tion, in terms of pain, functionality, quality of soft 
tissue, central sensitisation and consequently psy-
chological factors and quality of life.

Moreover, we will investigate the long-term 
impact of the PBM programme and will further 
investigate with the follow-up of outcome meas-
ures after treatment 6, immediately following the 
last treatment (4 weeks) and then 2 weeks and at 3 
monthly follow-up intervals to 6 months after 
completion of treatment.

To our knowledge, this is the first study developed 
in participants with FMS using a whole-body 
PBM approach. PBM acts on the mitochondria, 
specifically photoreceptors within the mitochon-
drial respiratory chain. Those suffering from FMS 
may present compromised mitochondrial respira-
tion and decreased ATP synthesis. Therefore, 
they may show a lack of energy in response to any 
physical activity.14,41,42 This allows an increase in 
sensitisation of the whole body over time, leading 
to chronicity of pain and tenderness of soft tissue 
in those with FMS.6,14,15 Similarly, chronic pain is 
associated with fatigue as well as having psycho-
logical impact.42

Against this background, a PBM treatment is 
proposed to stimulate an upregulation of mito-
chondrial activity through acting on the mito-
chondrial respiratory chain, which consequently 
increases ATP production into muscle cells and 
decreases oxidative stress and reactive oxygen 
species production. Furthermore, a single irradia-
tion with PBM has been demonstrated to increase 
cytochrome c-oxidase activity in intact skeletal 
muscle tissue 24 h after irradiation. Importantly, 
immune cells (mast cells in particular) appear to 
be strongly affected by PBM, and there is consid-
ered to be a crucial role of the movement of leu-
kocytes in inflammation. PBM causes an increase 
not only in ATP but also in NADH, protein and 
RNA, as well as a reciprocal augmentation in 
oxygen consumption.43

Mechanistic actions of PBM at the cellular level, 
with resultant changes in downstream signalling 
pathways, may lead to improvements in pain, 
function, quality of soft tissue, central/peripheral 
sensitisation and consequently psychological 
impact in FMS patients. Furthermore, the pro-
posed whole-body PBM treatment will offer the 
possibility of both central and peripheral effects, 
resulting in a systemic response.

The strength of the presented study will be to 
show changes in pain intensity, functionality, 
quality of soft tissue, central sensitisation symp-
toms and psychological aspects after a whole-
body PBM treatment, being the first in this line. 
Furthermore, 3- and 6-month follow-up will 
investigate the long-term efficacy of this treat-
ment. On the other hand, some limitations may 
be recognised. Given the expected systematic 
response after the treatment, outcome measures 
related to neuroendocrine and immunological 
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responses may be added. Sample size calculation 
was based on NPRS changes; nevertheless, FMS 
presents with not only localised pain but wide-
spread pain as well; thus, adding another primary 
outcome for sample size calculation may be indi-
cated. In this regard, the FIQR may be used. 
Based on previous studies, the minimally clini-
cally important difference in patients with fibro-
myalgia is reported to be 27 points44; therefore, to 
detect an effect size of 0.67 between groups, with 
a two-sided 0.05 level test and to achieve a statis-
tical power of 80%, a group of 36 participants in 
each group would be necessary for this study.45

The results of this study will elucidate the thera-
peutic benefits of a whole-body PBM approach as 
a novel treatment for patients with FMS, for 
which there is little evidence of positive impact of 
other treatments.

Authors’ note
The trial has been registered at Clinicaltrials.gov 
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