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Abstract 

Athletes require effective recovery strategies to sustain performance, particularly in high-demand 

sports. Photobiomodulation (PBM) has emerged as a non-invasive approach capable of supporting 

muscle function without reported adverse effects. Wearable nanotechnology-based devices, such as 

Taopatch®, allow continuous and localized PBM delivery, representing a potential tool for sports 

applications. This pilot study investigated the acute effects of Taopatch® on neuromuscular 

performance in 28 young tennis players (11 females, 17 males; age 14.41 ± 2.60 years). Participants 

completed Squat Jump (SJ), Counter Movement Jump (CMJ), stiffness, and reaction time assessments 

before (T1) and after a 15-minute application period (T2). Taopatch® application was associated with 

pre–post increases in SJ flight time (unadjusted p = 0.042) and maximal pre-take-off velocity (Vmax; 

unadjusted p = 0.012), while CMJ concentric work also increased (unadjusted p = 0.014). Several 

effects remained significant after Benjamini–Hochberg false discovery rate correction, whereas none 
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remained significant after the more conservative Holm–Bonferroni correction. Stiffness responses 

varied among subgroups, while reaction time remained unchanged. These preliminary findings suggest 

a potential association between Taopatch® application and acute changes neuromuscular performance. 

However, the statistical evidence was sensitive to the multiple-comparison correction applied, and 

controlled studies are required to confirm these exploratory observations. 

 

Key words: photobiomodulation; tennis; youth athletes; explosive performance. 

 

 

 

Athletic performance is strongly influenced by the ability to recover efficiently from exercise-induced 

fatigue and muscle damage. In high-performance sport, where training loads and competition frequency 

are continuously increasing, optimizing recovery strategies represents a critical determinant of both 

performance outcomes and injury prevention. Traditional recovery modalities, including Non-Steroidal 

Anti-Inflammatory Drugs (NSAIDs), massage therapy, and cold-water immersion, are widely adopted 

in athletic populations.1,2 However, these approaches present several limitations. The chronic use of 

NSAIDs, for instance, has been associated with gastrointestinal, renal, and musculoskeletal side effects, 

as well as potential interference with muscle adaptation processes.3 Similarly, other recovery strategies 

may require substantial time investment, specialized personnel, or may not be suitable for repeated use 

in dense, competitive schedules.4,5  

With the advent of the modern era, growing attention has been directed toward wearable medical 

devices that enable personalized, topographically targeted treatment strategies.6 In parallel, increasing 

attention has been directed toward non-invasive physical modalities capable of modulating 

physiological responses without pharmacological intervention. Different forms of externally applied 

physical stimulation have been investigated in clinical and rehabilitative settings, supporting growing 

interest in non-invasive technology-based approaches to physiological modulation.7 Among these, 

Photobiomodulation (PBM) has emerged as a promising therapeutic approach. PBM is based on the 

absorption of light at specific wavelengths by intracellular chromophores, particularly cytochrome c 
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oxidase, leading to increased mitochondrial activity, enhanced Adenosine Triphosphate (ATP) 

production, modulation of reactive oxygen species, and regulation of inflammatory pathways.8,9  

Over the past decade, PBM has been increasingly investigated for its potential to enhance 

neuromuscular performance and accelerate post-exercise recovery. Evidence from systematic reviews 

and meta-analyses indicates that PBM can improve muscular endurance, delay fatigue, and reduce 

biochemical markers of muscle damage, such as Creatine Kinase (CK).10 The most analyzed 

performance outcomes include the number of repetitions and time to exhaustion, which quantitatively 

increased by 5.47 (CI= 2.35–8.59; p < 0.0006) and 4.12 s (CI= 1.21–7.02; p < 0.005), in subjects 

treated with phototherapy, without significant heterogeneity (I²= 0%).11 Furthermore, PBM has 

demonstrated efficacy in managing sport-related musculoskeletal disorders,12 particularly 

tendinopathies such as lateral epicondylitis (tennis elbow), with consistent short-term reductions in pain 

and improvements in functional outcomes reported.13-16 Nevertheless, these benefits tend to diminish 

over longer follow-up periods, suggesting that PBM effects may be more pronounced during the acute 

or subacute phases of the condition.17 

From a performance perspective, PBM has been shown to modulate electromyographic activity and 

enhance explosive strength, particularly when applied to large lower-limb muscle groups such as the 

rectus femoris, vastus lateralis, and vastus medialis.18 Both pre- and post-exercise applications have 

been reported to accelerate the recovery of functional capacity without inducing adverse effects.19 More 

recently, combined approaches such as PBM therapy associated with static magnetic fields (PBMT-

sMF) have demonstrated additional benefits in preserving muscle strength and structural integrity, 

particularly in conditions of reduced training or detraining.20 

Despite the growing body of evidence, responses to PBM appear to be influenced by several individual 

factors, including sex, age, training status, and neurophysiological conditions, highlighting the 

importance of personalized treatment approaches.21-23 In parallel, technological advancements have 

facilitated the development of wearable medical devices designed to deliver continuous, low-intensity 

photobiomodulation in a targeted, user-friendly manner. These devices, often based on 

nanotechnology, enable localized stimulation without the need for external power sources, thereby 

expanding the practical applicability of PBM in real-world sports environments.24  
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Among these innovations, wearable phototherapeutic patches such as Taopatch® have been proposed as 

tools capable of delivering multi-wavelength light stimulation across a broad spectrum (UV–NIR: 200–

1200 nm). This emission range encompasses the wavelengths most associated with PBM efficacy 

(approximately 640–850 nm), which have been extensively used in experimental protocols aimed at 

improving muscular performance.25 The reported spectral characteristics of the device derive from 

manufacturer-provided technical information and previous descriptions of the device rather than from 

an independent experimental characterization performed within the present study. Specifically, 

irradiance, power output, fluence, and spectral emission were not independently measured as part of the 

present experimental protocol. Therefore, the proposed PBM-related mechanism should be interpreted 

as a mechanistic hypothesis rather than as a directly demonstrated mechanism of action. Previous 

preliminary research involving Taopatch® during High-Intensity Interval Training (HIIT) has reported 

potential effects on metabolic responses, including reduced lactate accumulation and improved post-

exercise glycaemic regulation.26 However, these findings were obtained in a small pilot sample and 

were interpreted as hypothesis-generating evidence rather than definitive evidence of a specific 

mechanism of action. Accordingly, the present study does not assume a direct relationship between the 

reported optical characteristics of the device and potential physiological effects. The broader spectral 

output may also introduce complex tissue interactions that are not yet fully understood, underscoring 

the need for targeted experimental investigations. 

Considering the available evidence and the growing interest in wearable photobiomodulation-based 

devices, there is a clear need for further experimental studies aimed at exploring the acute effects of 

this therapy on neuromuscular performance in sport-specific contexts. 

Therefore, the present pilot study aimed to investigate pre–post changes in neuromuscular performance 

following the application of a photobiomodulation device (Taopatch®) in young tennis athletes, using a 

topographically targeted application. It was hypothesized that the application of this device may be 

associated with changes in neuromuscular efficiency and short-term performance outcomes, providing 

preliminary evidence for its potential role within sport-specific training and recovery protocols. 
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Materials and Methods 

Study design 

Twenty-eight young tennis players (11 females and 17 males; age: 14.41 ± 2.60 years; body weight: 

50.54 ± 13.44 kg; height: 164.1 ± 13.27 cm; body mass index [BMI]: 18.45 ± 2.58) with different 

levels of competitive experience (U12 = 4; U14 = 9; U16 = 5; U18 = 8; Senior = 2), were recruited for 

the study. Athletes trained 4 ± 1 times per week, with an average session duration of approximately 2 

hours. All participants underwent the same neuromuscular assessment protocol based on jump tests 

(Optojump, Microgate, Italy) at two evaluation time points (T1 and T2). The protocol included an 

initial standardized warm-up consisting of 5 minutes of running, followed by three familiarization trials 

for each test. Familiarization trials were not included in the statistical analysis. 

 

Experimental procedure 

At baseline (T1), athletes completed four specific tests: Squat Jump (SJ), Counter Movement Jump 

(CMJ), Stiffness, and Reaction Time. 

For the SJ and CMJ assessments, participants performed three recorded maximal trials, with 

approximately 60 s of recovery between consecutive attempts. The best performance was retained for 

subsequent analysis. Standardized verbal instructions were provided before each test, and participants 

were instructed to perform each jump with maximal effort. Hands were maintained on the hips 

throughout the execution to minimize the contribution of the upper limbs. 

For the Squat Jump (SJ), participants started from a stationary semi-squat position, with the knees 

flexed to approximately 90°, and were instructed to perform a maximal vertical jump without any 

preliminary countermovement. For the Counter Movement Jump (CMJ), participants started from an 

upright standing position and performed a rapid self-selected countermovement immediately followed 

by a maximal vertical jump. 

For the stiffness assessment, participants performed repeated vertical jumps according to the 

standardized Optojump testing protocol, with particular emphasis on maintaining consistent execution 

across T1 and T2. The repeated-jump assessment consisted of seven consecutive jumps performed with 

the legs extended and the arms maintained alongside the trunk. Participants were instructed to “jump as 

high and as quickly as possible.” The recorded variables were automatically calculated by the 

Optojump software, and the values reported for each participant represent the mean of the seven 
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recorded trials. The test allowed the assessment of variables related to reactive and stretch-shortening 

cycle performance, including Reactive Strength Index (RSI), maximum power (Pmax), loading rate, 

time to maximum force (Time2Fmax), and time to maximum landing force (Time2FmaxLand). 

The reaction-time assessment was performed using the Optojump system according to the same 

standardized procedure at T1 and T2. A predefined protocol consisting of three stimuli, visual and/or 

auditory, was administered by the software. During the assessment, participants maintained their gaze 

at eye level toward a screen displaying a red circle. For the visual condition, the stimulus consisted of a 

change in the circle color from red to green, which served as the cue to initiate the motor response. To 

increase ecological validity and approximate the demands of sport-specific performance, participants 

were instructed to perform a movement resembling a split step, i.e., a preparatory double-leg jump 

characterized by short ground-contact and flight times, similar to the preparatory action performed in 

response to an opponent's shot. Because the movement was used as the motor response to the external 

stimulus, jump height and the other mechanical variables obtained during this task were not considered 

as outcome measures. The analysis was therefore restricted to the response time to the presented 

stimulus. The same testing conditions and standardized instructions were maintained across both 

assessment sessions to minimize procedural variability. 

Participants were eligible for inclusion if they were actively engaged in regular tennis training and 

competitive activity and were able to complete the entire neuromuscular testing protocol. Participants 

were excluded in the presence of acute musculoskeletal injury, pain, or any other condition that could 

interfere with the safe and correct execution of maximal jumping tasks, as well as if they were unable 

to complete both assessment sessions. 

 

Taopatch® application  

Two Taopatch® devices (Taotechnologies S.R.L., Italy) were applied to the skin of each participant 

using a hypoallergenic adhesive patch, positioned posteriorly over the seventh cervical vertebra (C7) 

and anteriorly over the xiphoid process (diameter: 1.7 cm; area irradiated: 2.27 cm2 for each device). 

These anatomical sites were selected according to the standardized application protocol adopted for the 

device and were maintained consistently across all participants and both assessment sessions. The C7 

and xiphoid placements provided standardized posterior and anterior application sites. This placement 

was also selected in consideration of previous observations by Carbonari et al. (2021), who reported 

improvements in squat-jump height following application of the devices at the same anatomical sites.27 
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In the present study, this configuration was maintained consistently across participants to ensure 

standardized device placement. No independent measurements of irradiance, power output, fluence, or 

spectral emission were performed within the present study. After the 15-minute treatment period, 

conducted without additional cognitive or motor tasks, participants underwent a second assessment 

session (T2) using the same testing protocol. Participants were monitored throughout the experimental 

session for any adverse events, discomfort, or local skin reactions potentially associated with device 

application. No adverse events, discomfort, or skin reactions were observed or reported during the 

testing sessions. A sham- or placebo-controlled condition was not included, as the study was designed 

as an exploratory pilot investigation conducted within the athletes’ regular training schedule, primarily 

to assess feasibility and generate preliminary hypotheses.  No blinding procedures were implemented. 

To minimize potential expectancy effects, participants were not informed about the expected benefits 

of the device prior to testing.  

 

Statistical analysis 

The assumption of normality of data distribution was assessed using the Shapiro–Wilk test. Results are 

reported as mean ± standard deviation. Comparisons between the two assessment phases were 

performed using paired-sample t-tests. For variables that did not meet the normality assumption, the 

non-parametric Wilcoxon signed-rank test was applied, and results are reported as median and 

Interquartile Range (IQR). Subgroup analyses according to competitive category were considered 

exploratory. Inferential subgroup analyses were restricted to categories including at least four 

participants (U12, U14, U16, and U18), whereas the Senior category (n = 2) was excluded from 

inferential analyses because of the insufficient sample size. Given the small sample sizes within 

individual categories, subgroup effect estimates should be interpreted as exploratory and hypothesis-

generating rather than confirmatory. Analysis Of Variance (ANOVA) was performed to verify whether 

the observed changes were dependent on playing category. In addition, multiple linear regression 

analysis was conducted to identify models explaining variability in significant performance changes. 

Given the exploratory nature of this pilot study, individual variables were not prospectively designated 

as formal primary outcomes. Whole-sample pre–post comparisons constituted the principal analyses, 

whereas subgroup analyses, analyses according to competitive category, and regression models were 

considered exploratory and hypothesis-generating All statistical analyses were performed using JASP 
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version 3.0 (JASP Team, Amsterdam, Netherlands). Multiple-comparison corrections were performed 

using RStudio (version 4.5). 

Results 

Squat jump 

Exploratory pre–post differences were observed in selected Squat Jump (SJ) test variables following 

device application. At the nominal unadjusted significance level, flight time increased by 0.009 s (raw 

p = 0.042; d = 0.403), while maximum velocity before take-off (Vmax) increased by 0.11 m/s (raw p = 

0.012; d = 0.509). Jump height showed a borderline pre–post difference (raw p = 0.050; d = 0.376). 

These findings should be interpreted in conjunction with the multiple-comparison-adjusted analyses 

reported below (Table 1 and Figure 1). 

Exploratory subgroup analyses suggested potential differences across training categories. Among 

Under-12 athletes, a significant increase in concentric work (WorkConc: p= 0.003; d= 4.35) was 

observed. In Under-18 athletes, significant positive changes were detected in both flight time (p= 

0.007; d= 1.34) and jump height (p= 0.011; d= 1.22). In Under-16 athletes, these parameters showed 

only a trend toward statistical significance (p= 0.057 and p= 0.056, respectively). Confidence intervals 

indicated a general tendency toward higher post-intervention values. However, these findings should be 

interpreted with caution and do not allow confirmation of a systematic effect of the intervention. 

 

Counter movement jump 

Exploratory analysis of the CMJ showed a nominal pre–post difference in concentric work 

(WorkConc), with the median increasing from 7.85 J/kg at T1 (IQR = 2.11) to 8.36 J/kg at T2 (IQR = 

1.64; median difference = +0.51 J/kg; raw p = 0.014; r = 0.532; Wilcoxon signed-rank test) (Table 1, 

Figure 1). 

Subgroup analysis suggested heterogeneous patterns within specific categories, although these were not 

always statistically significant. In the Under-12 category, device application showed a tendency toward 

reductions in both the rate of force development (RFD) and eccentric work (WorkEcc), although these 

changes did not reach statistical significance (p= 0.073; d= −1.353 for both). In Under-14 athletes, a 

significant increase was observed in maximum velocity (Vmax: p= 0.036; d= 0.836). No significant 
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changes were detected in the Under-16 category. Finally, in the Under-18 category, a statistically 

significant reduction in RFD was observed (p= 0.003; d= −1.539). 

 

Stiffness test 

Stiffness analysis did not show statistically significant differences for the entire team. However, 

subgroup analysis revealed potentially relevant variations within individual categories. In Under-12 

athletes, a significant reduction was observed in the time to reach peak strength from the start of the 

concentric phase (Time2Fmax: p= 0.041; d= −1.725), whereas in Under-14 athletes, a significant 

increase was detected in the time to reach maximum force from initial ground contact after the jump 

(Time2FmaxLand: p= 0.009; r= 1.00; Wilcoxon). In the Under-16 category, significant increases were 

observed in maximum velocity (Vmax: p= 0.048, d= 1.256) and maximum power before take-off 

(Pmax: p= 0.006, d= 2.426). In addition, loading rate during the landing phase increased significantly 

(p= 0.034, d= 1.420), while time to maximum landing force (Time2FmaxLand) was reduced (p= 0.036, 

d= −1.391). In Under-18 athletes, significant increases were observed in Pmax (p= 0.013; d=1.177), 

Reactive Strength Index (RSI) (p= 0.018; d= 1.084), and Time2Fmax (p= 0.021; d=1.046). 

 

Reaction time test 

The reaction time test did not show significant changes in the variable studied, either in the team-level 

analysis or in the subgroup analyses.  

 

Associations between baseline characteristics and changes in neuromuscular performance in jump 

tests 

To further explore predictive factors for the observed changes, a multiple linear regression model was 

constructed that included anthropometric parameters, sex, age, Body Mass Index (BMI), and pre-test 

motor performance values. The analysis revealed that, for the change in maximum velocity in the SJ 

test (Vmax), the overall model was not significant (F=0.70; p=0.669; R²=0.20; adjusted R²= −0.08). 

None of the included predictors showed significant associations (all p > 0.05). Conversely, for the 

change in flight time, the regression model was significant (F= 2.62; p= 0.043), explaining 47.8% of 
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the variance (R²=0.48; adjusted R²=0.30). Among the predictors, only the baseline flight time was 

significantly associated with the observed changes (β= −0.54; p= 0.015). Similarly, for changes in 

concentric work (WorkConc) in the CMJ test, the model was significant (F= 3.17; p= 0.020), 

explaining 52.6% of the variance (R²= 0.53; adjusted R²= 0.36). Baseline WorkConc (β=0.71; p=0.002) 

and age (β= 0.44; p= 0.036) were significant predictors. Finally, ANOVA analysis for the dependent 

variables Vmax and Flight Time in the SJ test, and WorkConc in the CMJ test, did not reveal 

significant differences in relation to the training category (Vmax: F=0.574; p= 0.684; Flight Time: F= 

2.292; p= 0.090; WorkConc: F= 1.682; p= 0.188). 

 

Multiple-comparison corrections 

To control for inflation of the Type I error rate due to multiple comparisons, p-values were post-hoc 

adjusted using both the Benjamini–Hochberg (BH) procedure and the Holm–Bonferroni correction. At 

the nominal significance level (p < 0.05), several variables were statistically significant before 

adjustment. However, the application of multiple-comparison corrections substantially altered the 

overall interpretation of the results (Table 2). The Benjamini–Hochberg procedure identified a subset of 

variables that remained statistically significant after correction for multiple comparisons under False 

Discovery Rate (FDR) control. In contrast, the more conservative Holm–Bonferroni correction resulted 

in no statistically significant comparisons, with no effects remaining significant under Family-Wise 

Error Rate (FWER) control (Figure 2). Overall, the findings suggest a coherent pattern of differences 

across neuromuscular variables, assessment constructs, and subgroups. The strength of the evidence 

depends on the correction method applied. The FDR-based approach supports the interpretation of 

potentially relevant effects, whereas the Holm–Bonferroni adjustment does not confirm any differences 

at the individual test level. Therefore, the results should be interpreted as indicative rather than 

conclusive. 

 

Performance changes 

Considering the sample as a whole, post-treatment improvements of 2,23 % in flight time and 4,6% in 

maximum velocity (Vmax) in the Squat Jump test, as well as a 9,7% increase in concentric work 
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(WorkConc) in the Counter Movement Jump test, were observed (Table 3 and Figure 3). However, the 

wide confidence intervals and high coefficients of variation indicate marked inter-individual variability. 

 

Discussion 

The present study investigated pre–post changes in neuromuscular performance in young tennis 

athletes following the use of a wearable PBM device.  

The main findings of this study suggest that PBM was associated with selective changes in explosive 

performance variables, particularly in SJ kinetics and concentric work during the CMJ, whereas no 

generalized effects were observed across all neuromuscular domains. At the same time, responses 

appeared highly variable across individuals and performance domains. 

These results are partially consistent with previous literature indicating that PBM does not uniformly 

enhance performance outcomes but rather induces task-specific, variable responses depending on the 

neuromuscular demands of the movement and the characteristics of the athletes.25,28,29 In the present 

study, the most evident changes were observed in flight time and maximal velocity during the SJ, 

suggesting modifications in movement efficiency and force-application dynamics rather than in 

maximal output. This interpretation aligns with findings reported by Ferraresi et al., who demonstrated 

that PBM enhances muscle performance primarily through improvements in contractile efficiency and 

metabolic support rather than peak strength.30 

The selective change in concentric work observed in the CMJ further supports the hypothesis that PBM 

may be associated with adaptations in contractile and metabolic components of muscle function. 

Indeed, systematic reviews and meta-analyses have shown that PBM is particularly effective in 

supporting muscular endurance and delaying fatigue, rather than directly enhancing explosive or elastic 

performance components.24 This may explain why, in the present study, parameters associated with the 

stretch–shortening cycle did not show consistent improvements. 

Another relevant point concerns the temporal dynamics of PBM effects. The relatively modest 

improvements observed immediately after application may reflect only the initial phase of a time-

dependent physiological response. Previous studies have reported that PBM-induced performance 



Neuromuscular performance after application of a wearable photobiomodulation device in young 

tennis athletes 

changes may become more evident several hours or days after treatment. For instance, De Marchi et al. 

observed time-dependent improvements in jump performance following LED therapy, with significant 

effects emerging at 24–72 hours post-intervention.31 This suggests that PBM may act through 

photochemical and metabolic pathways, including increased mitochondrial activity and modulation of 

oxidative stress, which require time to translate into measurable functional outcomes.32,33 

The present findings are also consistent with studies by Leal-Junior and colleagues, who demonstrated 

that PBM administered before exercise can enhance performance and reduce fatigue, particularly when 

combined with repeated training sessions.2,18 In these studies, more pronounced effects were observed 

under conditions of high metabolic demand or muscle fatigue, supporting the idea that PBM is more 

effective when the physiological system is sufficiently stressed. 

Interestingly, the magnitude of post-intervention increases observed in this study falls within the lower 

range reported in the literature. Previous studies have documented performance enhancements ranging 

from approximately 2% to over 50%, depending on the protocol, population, and outcome measures.11  

In the study by Zagatto et al.34 involving water polo athletes, no significant differences were observed 

between the laser and placebo groups in 200-m performance before and after the one-week 

intervention. However, small to moderate effects emerged in 30 consecutive jumps (30-CJ), with effect 

sizes progressively increasing over time only in the Low-Level Laser Therapy (LLLT) group. 

Additionally, a meta-analysis by Qiu et al.35 reported that PBM improves muscular endurance, delays 

the onset of fatigue, and reduces post-exercise muscle damage in ball-sport athletes. Notably, 

performance adaptations appeared sport-specific, with increased repetitions observed in volleyball 

players and significant reductions in CK levels in soccer players. These findings are further supported 

by Leal-Junior et al.,36 the first study comparing LEDT with another active treatment (Cold Water 

Immersion Therapy, CWIT), in young futsal player.  

From a mechanistic perspective, PBM is known to stimulate mitochondrial respiration by activating 

cytochrome c oxidase, thereby increasing ATP production and improving cellular metabolism.30 

Additionally, PBM may reduce muscle damage and inflammation, thereby facilitating recovery and 

preserving neuromuscular function.18,37 However, translating these cellular effects into performance 

outcomes appears to depend on multiple interacting factors, including exercise type, timing of 

application, and individual responsiveness. 
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From a practical standpoint, the present findings suggest that the application of wearable PBM devices 

may be associated with changes in neuromuscular performance and may represent a potential adjunct 

strategy in sports characterized by repeated explosive actions such as tennis. However, the variability in 

responses and the lack of a controlled design indicate that these observations should be interpreted with 

caution, and no causal inference regarding the device’s efficacy can be drawn. Taken together, these 

findings should be interpreted as early exploratory observations associated with device application 

rather than evidence of a causal treatment effect. The uncontrolled pre–post design does not allow the 

observed changes to be distinguished from potential learning, familiarization, expectancy, or other 

time-related effects. Further controlled studies are required to clarify optimal application parameters 

and support the development of individualized protocols tailored to athlete-specific responses. 

Limitations 

A full physical characterization of the device, including irradiance, power output, fluence, and an 

independently verified emission spectrum, was not available within the present study protocol. 

Therefore, a quantitative comparison with standard PBM dosimetry reported in the literature was not 

possible, and mechanistic interpretations should be considered with appropriate caution. In addition, 

subgroup analyses were based on relatively small and heterogeneous samples, which may have limited 

the statistical power to detect subgroup-specific effects. Accordingly, inferential statistics, including 

hypothesis tests and effect size estimates, should be interpreted in consideration of the sample size and 

exploratory nature of these analyses. 

Another limitation is the absence of a sham- or placebo-controlled condition, which limits the extent to 

which the observed pre–post changes can be attributed specifically to the intervention. Furthermore, no 

blinding procedures were implemented. Although participants were not informed about the expected 

benefits of the device to minimize potential expectancy-related bias, the influence of nonspecific 

effects cannot be completely excluded. After Holm correction, none of the variables remained 

statistically significant, whereas some retained significance after Benjamini–Hochberg adjustment, 

warranting cautious interpretation of the findings. 

Nevertheless, the present study contributes an initial characterization of acute changes in 

neuromuscular performance following the intervention under standardized, real-world conditions. 

These findings provide preliminary insights into the potential acute effects of the intervention and 
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highlight the need for future sham-controlled, blinded studies to further investigate its efficacy and 

underlying mechanisms. 

 

Future directions 

To confirm the feasibility of sport-specific protocols, future research should prioritize randomized, 

controlled crossover designs with sham or placebo conditions implemented under double-blind 

procedures. In addition, a rigorous characterization of dosimetry and, consequently, of the dose–

response relationship is required through two distinct experimental phases: i) bench-top 

characterization of emission parameters to define delivered dose, and ii) repeated outcome assessments 

across short- and long-term time windows to evaluate acute and chronic adaptations (time-dependent 

dose–response relationships). Furthermore, the inclusion of repeated testing sessions across phases 

would help to disentangle potential learning and fatigue effects associated with performance 

assessments. Mechanistic interpretation may also benefit from integrating muscle damage and fatigue-

related biomarkers, providing complementary evidence alongside biomechanical performance 

outcomes. Similarly, the inclusion of subjective measures of perceived exertion, such as the Borg 

Rating of Perceived Exertion (RPE), could further enrich the interpretation of changes in performance. 

Finally, methodological considerations such as dropout rates (0% in the present study), adverse event 

reporting, and the definition of intra- and inter-measurement variability thresholds should be 

incorporated in future designs. However, the use of arbitrary dichotomization of continuous 

performance variables (e.g., fixed percentage thresholds for “responders” vs. “non-responders”) should 

be approached with caution and justified a priori when applied.  

 

Conclusions 

The present study provides preliminary evidence that the acute application of a wearable PBM device 

may be associated with selective improvements in neuromuscular performance in young tennis athletes. 

Changes were observed in kinetic variables associated with explosive performance, such as flight time 

and maximal velocity in the Squat Jump, as well as concentric work in the Counter Movement Jump. 
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The relatively modest magnitude of the observed changes, together with evidence from previous 

literature, indicates that PBM effects may follow a time-dependent trajectory, with early responses 

potentially representing only the initial phase of a broader physiological adaptation. Therefore, the 

exploratory findings of this study should be interpreted within the context of short-term exposure and 

warrant further investigation. 

Overall, wearable PBM devices such as Taopatch® may represent a potential complementary tool for 

supporting neuromuscular performance. However, the present findings do not support causal inference 

regarding their efficacy. 

Future research should prioritize randomized controlled trials, larger sample sizes, standardized 

reporting of PBM dosimetry, and the inclusion of time-course analyses and biochemical markers of 

muscle damage and recovery. Such approaches would provide a more comprehensive understanding of 

PBM mechanisms and its potential role in sports performance optimization. 
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Table 1. Descriptive statistics of jump height, flight time, and Vmax in SJ test and concentric work in 

the counter movement jump test.   

Outcome Time Mean 
95% CI 

Lower 

95% CI 

Upper 
SD CV Median IQR Min Max 

SJ – Jump 

Height [cm] 

Pre 23.4 21.2 25.1 5.70 0.24 – – 14.1 36.3 

Post 24.3 22.2 26.4 5.44 0.22 – – 15.3 36.0 

SJ – Flight 

Time [s] 

Pre 0.43 0.41 0.46 0.05 0.12 – – 0.34 0.54 

Post 0.44 0.42 0.46 0.05 0.11 – – 0.35 0.54 

SJ – Vmax 

[m/s] 

Pre 2.40 2.30 2.50 0.26 0.11 – – 1.78 2.89 

Post 2.51 2.38 2.65 0.34 0.14 – – 1.89 3.38 

Pre 7.68 7.03 8.34 1.69 0.22 7.85 2.11 4.29 10.7 
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CMJ – 

WorkConc 

[J/kg] 

Post 8.19 7.67 8.72 1.35 0.17 8.36 1.64 5.58 11.7 

 

 

 

 

 

 

Table 2. Raw and adjusted p-values (Benjamini–Hochberg and Holm-Bonferroni corrections for 

multiple comparisons). 

Outcomes p_value BH Holm signBH signHolm 

Vmax - SJ 0.012 0.034 0.192 * Ns 

WorkConc - CMJ 0.014 0.034 0.196 * Ns 

WorkConc_U12 - SJ 0.003 0.029 0.066 * Ns 

Time2FmaxLand_U14 -STIFF 0.009 0.034 0.162 * Ns 

Pmax_U16 - STIFF 0.006 0.031 0.114 * Ns 

Flight Time_U18 - SJ 0.007 0.031 0.126 * Ns 

JumpHeigh_U18 - SJ 0.011 0.034 0.187 * Ns 

RFD_U18 -CMJ 0.003 0.029 0.066 * Ns 

Pmax_U18 - STIFF 0.013 0.034 0.195 * Ns 
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RSI_U18 - STIFF 0.018 0.040 0.234 * Ns 

Time2Fmax_U18 - STIFF 0.021 0.042 0.252 * Ns 

 

 

 

 

 

Table 3. Descriptive statistics of mean percentage differences for the parameters showing significant 

changes in SJ and CMJ tests. 

Outcomes Mean 
95% CI  

Lower 

95% CI 

Upper 
SD CV 

% Difference mean_ Flight Time [s] 2.23 0.27 4.19 5.06 2.27 

% Difference mean_Vmax [m/s] 4.60 1.28 7.92 8.57 1.86 

% Difference mean_ WorkConc [J/Kg] 9.65 0.73 18.6 23.0 2.38 
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Figure 1. Pre–post comparison of performance variables in SJ and CMJ tests. a-d- g) mean values ± 

standard error. b–c) Flight Time pre and post. e–f) Vmax pre and post. h-i) WorkConc pre and post. 

Boxplots show median, quartiles, and individual data points. 
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Figure 2. Comparison of statistical significance before and after Benjamini–Hochberg (BH) correction. 

The x-axis shows unadjusted −log10(p-values), and the y-axis shows BH-adjusted −log10(p-values). 

The red dashed line indicates the significance threshold corresponding to p = 0.05. Variables above the 

threshold line remain significant after correction, whereas those below the threshold are not significant 

after correction and are not labeled in the figure.  
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Figure 3. Post-pre differences in significant parameters in SJ and CMJ tests: a) Flight Time; b) 

Maximum Velocity; c) Concentric Work. Positive values indicate an increase after the intervention, 

while negative values indicate a decrease. The plot displays individual data points, the distribution of 

changes, and boxplots to provide a complete and transparent representation of the results.  

 


