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What is already known on this Abstract

topic?

To investigate the effects of photobiomodulation (PBM) at two wavelengths, 850 nm and 660 nm, on the maximum 1
strength and local muscular endurance of the flexor and extensor muscles of the wrist and forearm. This was a ran-
domized, single-blind clinical trial with 75 healthy participants (18-30 years old), divided into five groups: placebo,
exercise, exercise + placebo, isolated photobiomodulation, and photobiomodulation +exercise. The interventions
took place over 12 sessions, with assessments on days 1, 7, and 12. Maximum strength was measured by dynamom-
What this study adds on this etry and endurance by sustained time in isometry. There was no significant effect of the intervention on maximum
topic strength (p =.058), but there was an effect of the moment (p <.001) and the intervention * moment interaction (p =
.014). For muscular endurance, there was only an effect of time (p <.001). Photobiomodulation alone seems to have
optimized muscle strength, but none of the forms tested had an effect on endurance.

« Photobiomodulation (PBM) has
been used as an ergogenic resource,
despite controversies about it.

+ The use of PBM alone showed gains
in maximum strength.

« There were no improvements in Keywords: Infrared light, low-intensity light therapy, muscle strength, photobiomodulation, resistance
strength or endurance when PBM
was combined with isometric exer-
cise. Introduction

Photobiomodulation (PBM) using red (660 nm) and near-infrared (850 nm) radiation has demonstrated
therapeutic potential, including beneficial physiological effects on muscle cells and connective tis-
sue. This modality acts by delivering specific wavelengths of light that stimulate mitochondrial activ-
ity, enhance adenosine triphosphate (ATP) synthesis, and potentially improve muscle performance
(Beltrame et al., 2018). These mechanisms may contribute to gains in both strength and endurance
(Leal Junior et al.,, 2010). Additionally, PBM increases local hemoglobin concentration, thereby improv-
ing oxygen delivery to muscle tissue and significantly elevating oxyhemoglobin levels (Linares et al.,
2020). These effects can delay the onset of muscle fatigue, preserve contractile strength, and enhance
recovery, ultimately supporting greater torque-generating capacity (De Almeida et al., 2012).

The forearm muscles play a critical role in fine motor control and force generation, making them essen-
tial for both daily activities and athletic performance. Comprising a complex arrangement of flexor and
extensor muscles, these structures govern wrist and finger movements. The flexor group—including
the flexor carpi radialis, flexor carpi ulnaris, and flexor digitorum superficialis—facilitates wrist and finger
flexion. Conversely, the extensor group (e.g., extensor carpi radialis longus, extensor carpi ulnaris, and
extensor digitorum) enables opposing actions, such as object release and hand repositioning for new
grips (Chaudhry et al., 2025; Lung et al., 2025).

Given the functional significance of these muscles—whether in cases of paresis (Karp et al., 2025;
Marigi et al., 2023), or for strength development in sports and daily tasks (Abe et al., 2023; Farber et al.,
2009; Kim et al., 2022; Trybulski et al., 2024), this study investigated the short-term effects of PBM. It
was hypothesized that PBM irradiation would optimize both strength and endurance in the wrist flexor
and extensor muscles. Specifically, the study aimed to evaluate the impact of cluster PBM (660 nm and
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850 nm) on maximal strength and local muscular endurance in these
muscle groups.

Material and Methods

Study Design

This study is a quantitative, randomized, single-blind experiment con-
ducted at the Universidade Estadual do Oeste do Parana. The study
protocol was approved by UNIOESTE Research Ethics Committee
(Approval No.: 6679894, Date: March 1, 2024.)

Participants

A total of 74 healthy participants (41 female, 33 male, and 1 transgen-
der), aged between 18 and 30 years, were recruited. The group had
a mean height of 1.71 £ 0.10 m, a body mass of 70.8 + 14.9 kg, and
a mean age of 20.6 + 3.0 years. Exclusion criteria included: a history
of limiting or chronic injuries to the upper limb joints; the presence
of metallic implants; hemorrhagic areas; tumors; malignant tissues;
and/or active infections.

Participants were recruited from the university population through
targeted social media advertisements. Interested individuals com-
pleted an online screening form that collected demographic infor-
mation (age, height, weight), injury history, hand dominance, and
physical activity levels. Eligible volunteers received detailed informa-
tion about the study’s objectives and experimental procedures prior
to participation. Qualified candidates were then scheduled for an
initial laboratory visit to complete the Informed Consent Form and
undergo baseline assessments.

Sample Calculation and Randomization

The sample size was determined using G*Power 3.1.9.7 software, con-
sidering an effect size (ES) of 0.25, a statistical power of 95%, and a
significance level of a=0.05, for five groups with three repeated mea-
sures. The calculation indicated a required sample of 65 participants.
To account for potential dropouts, the sample was increased to 75
participants. Random allocation was performed using online soft-
ware (https://www.graphpad.com/quickcalcs/randomize1/), assign-
ing 15 participants to each of the five intervention groups.

Interventions

During the initial assessment session, all participants completed
maximal grip strength testing of the dominant limb using a digital
hand dynamometer (Handeful—Electronic Hand Dynamometer).
Testing was conducted with participants seated on a flat surface, with
the elbow flexed at 90° and the wrist in a neutral position. Following
standardized procedures, participants performed three maximal
voluntary contractions, each separated by a 2-minute rest interval.
The highest value recorded across the trials was used for analysis.
A trained evaluator provided standardized verbal encouragement
(“Squeeze as hard as possible!”) during each attempt to ensure maxi-
mal effort.

Muscle endurance assessment: Participants performed an isometric
hold test using an elastic band under tension in their dominant limb.
While seated in a standardized position with relaxed shoulders and
elbows, they maintained their hand and wrist suspended beyond
the edge of the table. The padded ulnar styloid process served as
the anatomical contact point with the table to prevent injury. The
elastic band, anchored to the floor and attached to a handle, was
positioned in the participant’s hand by the evaluator. Timing began
once a firm grip was established, and participants were instructed

to “resist the tension for as long as possible!” The total duration of
sustained resistance was recorded as the measure of muscular
endurance.

The elastic band was connected to a FITPULLEY digital dynamom-
eter, which measured and displayed the generated force in real time.
Throughout the assessment, participants were able to monitor both
their sustained force output and the elapsed time via the device’s dis-
play. Upon test completion, the system automatically calculated the
mean sustained force over the total duration of the isometric hold.

A total of 12 sessions were held. The interventions took place from
days 2 to 11. The first evaluation (EV1) took place on day 1, and the
reevaluations on days 7 (EV2) and 12 (EV3) (Figure 1). The interven-
tions were carried out as follows:

«  PL (Placebo): PBM application turned off for 5 minutes;

- EX(Exercise): isometric resistance exercise with elastic band;

«  EX+4PL (Exercise+Placebo): isometric resistance exercise with
elastic band +application of PBM switched off for 5 minutes;

. PBM: Application of PBM for 5 minutes;

«  PBM+EX: Isometric resistance exercise with elastic band +appli-
cation of PBM for 5 minutes.

The PBM was positioned in the muscle belly of the forearm muscles,
just below the olecranon and the cubital fossa (Figure 2).

The identical isometric resistance protocol served dual purposes:
as both the endurance assessment and the daily training stimulus.
Following the exercise, participants provided subjective ratings of
perceived exertion using standardized procedures (Laurent et al.,
2011).

This study employed a single-blind methodology, with blinding
applied exclusively to participants to prevent conscious or subcon-
scious performance bias. To ensure effective masking, all PBM equip-
ment was concealed beneath an opaque protective covering during
both active and sham interventions. This standardization of visual
cues prevented participants from distinguishing between treatment
conditions.

Outcomes

The primary outcomes were maximal strength and local muscular
endurance. Maximal strength was measured using a dynamometer,
considering the highest recorded value. Muscular endurance was
assessed by the duration (in seconds) that the participant was able
to sustain the elastic band pull isometrically. The secondary out-
come was the impact of PBM on perceived exertion throughout the
sessions.

Device Specifications

The equipment used was an Astarexin cluster containing 60 emitters,
each equipped with LEDs emitting near-infrared radiation (850 nm)
and red light (660 nm). The device measures 27 cm in length and 13
c¢m in width and features an attached control panel for setting time
and power. The back of the device is covered with Velcro and includes
an adjustable strap to secure it in the desired position on the body.

The device was operated at a maximum power output of 585 mil-
liwatts (0.585 watts) for a duration of 300 seconds (5 minutes). Power
output was verified using a COHERENT Laser Check portable meter.
The total energy delivered by the cluster was 175.5 joules.
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Figure 1.
Schematic Presentation of Assessment and Therapy Moments Over Time.
Statistical Analysis Results

Statistical analysis was performed using the free software Jamovi
version 2.4.11. An «a level of 0.05 was adopted. The generalized esti-
mating equation was used as the statistical test, followed by the stan-
dardized mean difference post-hoc test. Effect size was calculated
using Cohen’s d via the website https://www.socscistatistics.com/.
The ES was interpreted according to the following criteria (20, 21): nil
(<0.10); very small (0.10 to 0.19); moderate (0.20 to 0.79); large (0.80
to 1.19); very large (1.20 to 1.99); and huge (>2.0).

Figure 2.
PBM Positioning in Forearm Muscle Ventral Region.

With regard to the characterization of the groups, Table 1 shows the
data found.

For the maximal strength endpoint, there was no significant main
effect of the intervention (p=.058); however, there were significant
effects of time (p < .001) and the intervention X time interaction
(p=.014). Post-hoc analyses revealed significant differences for the
PBM group between the first and last evaluations. The ES was null
or very small for the PL, EX, PL+EX, and PBM +EX groups, whereas it
was moderate for the PBM group when comparing the first evalua-
tion (AV1) with subsequent evaluations (Table 2).

There was no significant effect of the intervention (p=.916) or the
intervention x time interaction (p=.440) on local muscular endur-
ance. However, a significant effect of time was observed (p < .001).
Pairwise comparisons showed no significant difference between the
first and second assessments (p=.185), but significant differences
were found when comparing the first and last assessments (p < .001
and p=.003). Effect sizes were nil or very small across all groups
(Table 2).

Similar to endurance, perceived effort assessed by the Borg scale
showed no significant effects of the intervention (p=.938) or the

Table 1.

Characteristics of the Different Groups According to Gender, Height, Body Mass,
and Age

Age (Years)

Gender Height (m) Body Mass (Kg)
PL 62 98 1.71+£0.10 69.8+15.3 21.8+3.78
EX 896318  1.71+0.12 705+153 20.4+3.09
EX+PL 10Q@ 58 1.72+0.10 69.2+11.8 209+ 3.42
PBM 9963 1.73£0.11 77.7+126 19.8+1.57
PBM-+EX 8973 1.68 £0.10 66.8+18.5 20.3 £ 2.66
p .680 297 416
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Table 2.
Presentation of the Mean Values and Standard Deviation for the Different

Evaluations (EV1-EV3), of the Five Groups (PL, EX, PL+EX, PBM, PBM +EX), for
Maximum Strength, Endurance, and Effort Scale

EV1 EV2 EV3
Maximum strength PL 38.1+10.2 382+9.58 398+11.0
(Kgf) ES 0.001 0.160
EX 432+128 46.0+158 454+ 14.8
ES 0.194 0.159
PL+EX 387+115 39.1+13.1 393+ 14.2
ES 0.032 0.046
PBM 41.1+£109 434+102ab 455+108
a b
ES 0.218 0.405
PBM+EX 396+140 387%139 394+ 144
ES 0.064 0.014
EV1A EV2 A EV3 B
RessiEnee PL 1424524 1524543  160+61.7
) ES 0.019 0.031
EX 148 £87.0 162 +£84.4 206 + 127.0
ES 0.016 0.053
PL+EX 132+556 150 £57 187 £ 125
ES 0.045 0.136
PBM 148 +53.2 168 + 91 167 £ 72
ES 0.052 0.050
PBM+EX 152+85.2 163 +88.9 207 +134
ES 0.013 0.090
EV1 A EV2B EV3 C
Borg PL  773+153 833+129 893+080
ES 0.423 0.982
EX 733+£140 8.40+0.99 853+ 1.25
ES 0.882 0.904
PL+EX 7.79+£1.40 8.40+0.99 853+ 1.25
ES 0.882 0.904
PBM 793+128 8.07+1.22 8.80 +1.37
ES 0.112 0.656
PBM+EX 7.33+209 820+1.21 8.73+1.39
ES 0.509 0.789

intervention x time interaction (p=.923), but a significant effect of
time was observed (p < .001). Pairwise comparisons revealed signifi-
cant increases in effort across all time points in a progressive manner
(EV1-EV2, p=.004; EV1-EV3, p < .001; EV2-EV3, p=.048). Regarding
ES, the PL group showed moderate to large increases in perceived
effort; the EX group demonstrated moderate to very large ESs; the
PL+EX group exhibited large ESs at both evaluations; the PBM group
presented very small to moderate ESs; and the PBM+EX group
showed moderate ESs at both evaluations (Table 2).

For the “Resistance” and “Borg” outcomes, there was no interaction
of factors, so the presentation of equal capital letters shows statis-
tical similarities between the moments; when the letters are differ-
ent, this indicates statistical differences between the moments. For

the outcome “Maximum strength,” there was an interaction of fac-
tors; thus, different letters show statistical differences between the
moments for the PBM group.

Discussion

This study aimed to investigate the effects of combined-wavelength
PBM therapy (660 nm red and 850 nm near-infrared light) on maxi-
mum strength, muscular endurance, and perceived exertion in
forearm muscles. The results indicated that PBM therapy produced
significant improvements in specific outcome measures, suggesting
its potential benefits for enhancing neuromuscular performance.
Maximum strength assessments revealed significant improvements
in the PBM group between the first and last evaluations. While
ESs were generally null to very small, moderate effects emerged
in the PBM group during the second and third assessments, sug-
gesting an ergogenic benefit for these participants. The ergogenic
potential of PBM remains debated in the literature (Li et al., 2024).
Supporting evidence includes the study by da Cunha et al. (2020),
who reported strength gains in volleyball athletes after six weeks of
850 nm PBM (36 J per session, 3x/week). Similarly, Rodrigues et al.
(2022) observed enhanced hypertrophy in elderly women follow-
ing a 10-week training program supplemented with 808 nm PBM
(42 J, 2x/week). Notably, these studies applied lower total energy
and single wavelengths compared to the protocol. Conversely, Tsuk
et al. (2020), found no strength improvements in healthy volunteers
using 808 nm PBM (150 J), consistent with Serighelli et al. (2024),
who reported null effects after four consecutive days of PBM (com-
bined infrared laser and red LEDs, 170 mW) on lower-limb muscles
in healthy adults.

The potential ergogenic effects of PBM may relate to enhanced mito-
chondrial function, with increased ATP production, improved respira-
tory chain activity, and reduced oxidative stress and reactive oxygen
species; however, these outcomes are dose-dependent (Hamblin,
2018; Li et al., 2024; Silveira et al., 2019). In this study, PBM combined
with exercise showed no significant additional benefits, consistent
with Li et al. (2024) in trained individuals. This supports reports that
concurrent exercise and PBM may attenuate therapeutic effects,
particularly under high exercise-induced oxidative stress (De Marchi
etal, 2022; Toma et al.,, 2018). Moreover, null findings may reflect sub-
optimal dosing, as the protocol applied only one dosimetric configu-
ration, limiting the dose-response relationship.

Muscular endurance improved across all groups in the final assess-
ment, suggesting that PBM, under the parameters applied, did not
provide additional effects, as ESs were comparable. This uniform
enhancement likely reflects a learning effect or neuromuscular adap-
tation, commonly reported in resistance training. Repeated isomet-
ric testing can increase load tolerance through neural mechanisms,
particularly involving corticospinal and reticulospinal tracts, rather
than structural muscle changes. Such adaptations enhance motor
unit recruitment and firing rates, improving force production, fatigue
resistance, and tolerance to sustained exertion (Mettler & Griffin,
2016).

The physiological response to PBM must be interpreted in light of
both the targeted musculature and the exercise modality. The wrist
flexor-extensor group comprises relatively small muscles with rapid
fatigability, particularly during sustained contractions. Protocol
adherence required participants to maintain slight wrist extension—
a position that preferentially fatigues extensor muscles over flexors
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during isometric efforts (Forman et al., 2020). This anatomical consid-
eration likely exacerbated fatigue development in the study.

Isometric exercise induces distinct metabolic and neural responses,
with transient metabolic spikes followed by prolonged recovery (Liu &
Tong, 2025). Sustained contractions reduce corticospinal excitability
but increase cortical facilitation and decrease intracortical inhibition,
adaptations that help maintain force despite fatigue (Sharples et al.,
2016). Evidence also suggests that PBM timing influences outcomes:
application 3-6 hours pre-exercise may enhance performance and
delay fatigue, whereas post-exercise doses of 1-10 J/cm? promote
recovery (Ferraresi et al., 2015; Raouf et al., 2021). Nevertheless, the
intense physiological stress from isometric exercise may counteract
PBM'’s benefits (Thiriot 2018).

The findings align with this observation—while perceived exertion
increased progressively across assessments, no significant intergroup
differences were observed. This suggests that despite PBM’s docu-
mented capacity to improve oxygen delivery and attenuate oxidative
stress when applied pre-exercise (Ferraresi et al., 2016), along with its
putative anti-fatigue effects (Toma et al.,, 2018), these benefits were
not detectable under the experimental conditions involving isomet-
ric protocols.

This study has several important limitations that should be consid-
ered when interpreting the results. First, the single-blind design may
have introduced potential bias because the evaluator was familiar
with the groups to which the volunteers belonged. Second, the use
of a single dosimetric parameter limits the understanding of optimal
PBM dosing. Third, it should be noted that the sample consisted of
healthy young individuals, making it inappropriate to extrapolate the
results to other populations.

Future research should explore broader dose-response relationships
and application timings to define optimal PBM protocols for wrist
and forearm performance. Despite these limitations, the findings
suggest that combined-wavelength PBM may serve as a promis-
ing non-invasive tool in sports, with potential applications in reha-
bilitation and performance enhancement. The observed strength
gains and reduced perceived exertion highlight benefits for athletes
recovering from upper-limb injuries and for improving neuromuscu-
lar efficiency in sports demanding strength and fine motor control.
Although endurance effects were not significant, PBM may aid recov-
ery during high training loads by reducing fatigue and enhancing
effort tolerance.

Conclusion and Recommendations

Photobiomodulation using combined 850 nm (infrared) and 660
nm (red) wavelengths elicited significant gains in maximal muscle
strength when applied alone. Muscular endurance showed a time-
dependent improvement across all groups; however, no significant
interaction between intervention and time was observed, suggest-
ing that PBM did not enhance endurance adaptations. Notably, the
concurrent application of PBM and exercise failed to provide addi-
tional strength benefits compared to exercise alone. Interestingly, ES
analyses indicated reduced perceived exertion during contractions
in the PBM groups, potentially reflecting improved neuromuscular
efficiency. These results underscore PBM's efficacy as a standalone
intervention for strength enhancement, while its utility in combina-
tion with exercise or for improving endurance remains less clear.
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