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Case report

Transcranial direct current stimulation over the 
primary motor cortex and dorsolateral prefrontal 
cortex for Achilles’ tendon pain modulation: a case 
report of an elite soccer player

ABSTRACT | INTRODUCTION: Managing partial Achilles’ tendon tears in elite soccer players during a competitive season requires 
a balance between structural healing and performance maintenance. Transcranial direct current stimulation (tDCS) has emerged 
as a potential neuromodulatory adjunct to manage pain and optimize motor efficiency through top-down regulation. OBJECTIVES: 
This case report evaluates the effects of a 17-session dual-site tDCS protocol on pain modulation, competitive performance, and 
structural tendon repair in a professional top-level soccer player. MATERIALS AND METHODS: The intervention consisted of 17 
tDCS sessions (2mA) using a dual-target montage: anodal stimulation over the left primary motor cortex (M1) and left dorsolateral 
prefrontal cortex (DLPFC), with cathodal electrodes over the supraorbital and contralateral frontal midline areas. Assessments 
included the Visual Analog Scale (VAS) for pain and the Rating of Perceived Exertion (RPE) for recovery training and competitive 
matches. Structural evolution was monitored via serial ultrasonography (US) and confirmed by multi-sequence magnetic resonance 
imaging (MRI). RESULTS: The athlete exhibited a positive pain-exertion dissociation: a consistent progressive reduction in VAS pain 
scores occurred simultaneously with an increasing trend in match-play RPE, indicating a higher capacity for physical exertion despite 
the injury. Training RPE remained stable and low (1–3), reflecting controlled recovery workloads. Serial axial US initially identified 
a partial tear in the lateral and deep fibers with laminar fluid. A 30-day follow-up US and MRI (T1, T2-weighted with fat saturation) 
confirmed successful tissue repair, with intermediate-signal intensity tissue filling the defect, indicating organized scar formation 
without transfixing lesions. Serial axial ultrasonography initially identified a partial tear within the lateral and deep fibers of the 
tendon midbody, accompanied by localized laminar fluid. A 30-day follow-up, utilizing US and multi-sequence MRI (T1; T2-weighted 
with fat saturation), confirmed structural restoration. The previous defect was replaced by tissue of intermediate-signal intensity, 
consistent with organized fibroblastic repair and scar formation, in the absence of residual transfixing lesions. CONCLUSION: The 
dual-site tDCS intervention was associated with significant pain modulation and improved motor efficiency, allowing the athlete to 
increase competitive output during the structural healing phase. The correlation between reduced pain (VAS), increased match effort 
(RPE), and confirmed biological repair suggests that tDCS facilitated an optimal environment for recovery. This suggests that tDCS is 
a promising adjunct for maintaining elite performance during injury rehabilitation, though further controlled research is needed to 
elucidate the specific mechanisms of tDCS-mediated tissue repair.
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Luciane Aparecida Moscaleski1 
Pedro Augusto Pontin2 

André Fukunishi Yamada3 
Gisele Maria da Silva4 

Daniel Soares Gonçalves5 

Lucas Filgueiras Freitas6 
Gilberto Amado Rodrigues da Cunha Filho7 

Victor Broglio Soraggi8 
Vinicius Felice Ponzio9 

Alexandre Moreira10 

https://doi.org/10.17267/2965-3738bis.2026.e6696
https://orcid.org/0000-0002-3746-5691
https://orcid.org/0000-0001-9667-0006
https://orcid.org/0000-0001-7546-8757
https://orcid.org/0000-0002-3008-1062
https://orcid.org/0009-0001-7708-7437
https://orcid.org/0009-0003-2570-7467
https://orcid.org/0000-0001-5538-0176
https://orcid.org/0009-0009-2749-3355
https://orcid.org/0009-0004-7137-2589
https://orcid.org/0000-0002-4609-1839


2

Brain Imaging Stimul., Salvador, 2026;5:e6696
https://doi.org/10.17267/2965-3738bis.2026.e6696 | ISSN: 2965-3738

1. Introduction

Transcranial direct current stimulation (tDCS) is 
a non-invasive neuromodulatory technique that 
utilizes a weak direct current passed through the 
cerebral cortex via scalp electrodes to induce polarity-
dependent modulation of cortical excitability1. tDCS is 
typically applied via two surface electrodes, one acting 
as the anode and the other as the cathode. Anodal 
tDCS (a-tDCS) (involving applying an anode over the 
target area) typically has an excitatory effect on the 
underlying cerebral cortex by depolarizing neurons, 
while cathodal tDCS (c-tDCS) (involving applying a 
cathode over the target area) decreases cortical 
excitability by inducing hyperpolarization2.

In healthy subjects, tDCS effects have been 
demonstrated on motor evoked potentials2, cerebral 
blood oxygen levels measured with functional 
magnetic resonance imaging3, and cerebral blood 
flow4. Additionally, substantial evidence highlights 
the potential of tDCS not only to modulate 
neuronal components but also to significantly 
influence adjacent non-neuronal structures5. This 
evidence indicates that beyond classical neuronal 
polarization, the tDCS’s capacity to influence the 
neurovascular unit, including astrocytes, perivascular 
nerves, and endothelial lining. Animal models 
have demonstrated that tDCS can enhance cortical 
microvasculature blood flow and microglial activity, 
suggesting a complex influence on the neurovascular 
microenvironment that extends far beyond simple 
electrical shifts6. These findings reveal the functional 
role of various neurovascular unit cells in response 
to electrical stimulation, contributing to a more 
comprehensive explanation of tDCS effects beyond 
classical neuronal polarization. Furthermore, they 
expand the understanding of the biological impacts 
of tDCS, suggesting a broader and more complex 
influence on the neurovascular microenvironment 
than previously considered. 

The effects of tDCS as a neuromodulatory 
intervention in elite sports have been investigated, 
and its potential has been demonstrated across 
different sports modalities and distinct purposes7-17. 
Furthermore, other effects include enhanced 
conditioned pain modulation, modulation of the 
mechanical pain threshold18, and pain perception 
to electrical stimulation19. Studies have shown its 
efficacy in enhancing conditioned pain modulation 

and increasing mechanical pain thresholds, primarily 
through stimulation of the primary motor cortex 
(M1) and the dorsolateral prefrontal cortex (DLPFC). 
While M1 is central to modulating overall cerebral 
excitability and sensory processing, the DLPFC plays a 
critical role in the cognitive and emotional dimensions 
of pain and pain tolerance.

Regarding the use of tDCS to modulate pain, 
several studies have applied tDCS over the primary 
motor cortex (M1)4,19,20, which modulates various 
different types of cortical pain processing19,20. 
Other tDCS studies have examined the effect of the 
dorsolateral prefrontal cortex (DLPFC)19,21,22 due to 
its role in the cognitive and emotional aspects of 
pain19. However, M1 stimulation has been proposed 
to be the main region for modulating cerebral 
excitability23. Indeed, the DLPFC plays a central role 
in pain processing24. DLPFC stimulation can play 
a role in regulating pain tolerance25 and also in 
increasing the mechanical sensitivity threshold and 
the pain pressure threshold23. 

Despite the growing body of literature supporting 
tDCS in controlled settings, a significant gap remains 
regarding its longitudinal application in "real-world" 
elite sports environments. Most existing research is 
limited to isolated laboratory sessions or short-term 
rehabilitation protocols, leaving the cumulative effects 
and feasibility of tDCS during an active competitive 
season largely unexplored. Furthermore, while 
simultaneous stimulation of M1 and DLPFC has shown 
potential in clinical pain management, its integration 
into the daily routine of a professional athlete facing 
the physiological and psychological demands of high-
level competition is not yet documented.

Therefore, this report aims to address this knowledge 
gap by evaluating the effects of a multi-session tDCS 
intervention (17 sessions) applied simultaneously over 
both M1 and DLPFC, following an adapted protocol 
used by Vaseghi et al.23. Specifically, the study aims 
to assess the impact of this intervention, combined 
with standard rehabilitation procedures, on the pain 
modulation of a professional top-level soccer player 
during an official competitive season. By documenting 
its use during active participation in high-level games 
rather than in an isolated setting, this report provides 
unique insights into the practical utility and efficacy of 
tDCS in the elite sports landscape.

https://doi.org/10.17267/2965-3738bis.2026.e6696
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2. Methods

2.1 Participant

One elite male professional soccer player participated 
in this tDCS intervention protocol. The analyzed 
player belonged to a team ranked 1st in the Brazilian 
Championship and qualified for the CONMEBOL 
Libertadores Semifinal and Final (2025) during the 
intervention period. The player is classified as an "elite 
athlete" due to a training volume of >10 hours per 
week and participation in national and international 
competitions26. The player is a 32-year-old male 
professional soccer player (height: 1.75 m; mass: 70 
kg) currently competing in the Brazilian Série A. With 
a professional career spanning 15 years, the subject 
has competed at the highest international tiers, 
including the Italian Serie A, English Premier League, 
and Portuguese Primeira Liga. His professional honors 
include an Olympic Gold Medal, a Copa Libertadores 
title, and a Supercoppa Italiana. 

The athlete was a midfielder presenting with chronic 
bilateral Achilles tendinopathy resulting from 
mechanical overload, with no history of local acute 
trauma. At the time of the intervention, the athlete 
exhibited localized pain and a sensation of stiffness 
associated with bilateral thickening of the Achilles 
tendon substance. Despite these symptoms, there 
was no clinical evidence of joint instability, loss of 
muscle strength, or reduced range of motion. Notably, 
the athlete did not cease his professional activities; 
he maintained full participation in the team’s 
high-performance training program and official 
competitions throughout the treatment period.

Marking a novel approach within the institution, tDCS 
was introduced for the first time at this club specifically 
for the treatment of Achilles tendinopathy. This 
protocol was integrated into the habitual multimodal 
rehabilitation program adopted by the medical staff. 
Before the initiation of the tDCS protocol, the athlete 
underwent a preparatory phase consisting of Focused 
Shockwave Therapy (BTL 6000), involving 2 sessions 
(2000 impulses per session, energy flux density of 
0.30 mJ/mm², frequency of 10 Hz) applied directly 
posterior to the Achilles tendon. 

During the experimental period, the tDCS 
intervention comprised 17 application sessions. 

Throughout this timeframe, the athlete continued a 
daily comprehensive and multimodal rehabilitation 
program managed by the club's medical staff, 
which included: Physical Agents (electrotherapy, 
thermotherapy, and phototherapy); Exercise-
Based Therapy (kinesiotherapy, hydrotherapy, 
and analytical/functional strengthening); and 
Performance Integration (biomechanical adjustments 
and controlled transition phases to field-specific 
demands). The player received detailed instructions 
regarding the intervention protocol.

2.2 Experimental design

Upon reporting to the training center for his daily 
routine, the athlete was taken to the evaluation 
room for the imaging examination (ultrasound), 
aimed at analyzing the Achilles’ tendon. Achilles’ 
tendon assessments were performed using the Aplio 
i800 ultrasonography equipment (Canon Medical 
Systems, Japan). This is a high-resolution imaging 
system featuring beamforming technology and 
multifrequency transducers, allowing for defined 
edges, tissue contrast, and detailed analysis of 
the muscle-tendon architecture. The athlete was 
evaluated after all match sessions in a controlled 
environment, utilizing the same operator and 
anatomical positioning protocol. Images were 
obtained with the i24LX8 linear transducer, operating 
at a frequency between 7 and 18 MHz, ensuring the 
standardization and precision of the measurements. 

Subsequently, the athlete completed the subjective 
scales: the 10-point Visual Analog Scale (VAS) 
for Pain, where 0 represented absence of pain 
and 10 represented unbearable pain27; and the 
Subjective Rating of Perceived Exertion (RPE) 
Scale, based on the adapted Borg CR-10 version 
by Foster et al.28, referring to the training and the 
match from the previous day. After completing the 
scales, the athlete was positioned in a reclining 
chair to ensure physical comfort and postural 
stability during the tDCS session. The stimulation 
was administered in strict accordance with the 
established experimental protocol parameters. 
The intervention was approved by the club and the 
Research Ethics Committee of the University (CAAE: 
67915323.4.0000.5391). All procedures involving 
human participants were conducted in accordance 
with the 1964 Declaration of Helsinki.

https://doi.org/10.17267/2965-3738bis.2026.e6696
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Figure 1. Study Flow Diagram

 

The flowchart details the intervention sequence, starting from the baseline diagnosis, followed by the preparatory 
focused shockwave therapy and the subsequent experimental phase consisting of 17 tDCS sessions integrated 
with the club's multimodal rehabilitation program.

2.3 Transcranial direct current stimulation (tDCS)

Electrode placement followed the international 10/10 EEG system model, an extended version of the 
international 10–20 EEG system, which provides a more specific scalp distribution29,30. The athlete's head 
circumference measurement was used to determine the correct size and positioning of the cap. The tDCS 
protocol was administered using a total constant current of 2mA for 20 minutes, including a 30-second ramp-
up and ramp-down period. The stimulation was delivered via a battery-driven constant electric stimulator 
(MicroEstim – Genius, NKL®, Brusque, SC, Brazil). The total current was distributed through a 'Y' splitter cable 
to two active anodal electrodes (1mA per electrode). The anodes were positioned over the left dorsolateral 
prefrontal cortex (DLPFC) and the left primary motor cortex (M1), while two cathodal electrodes were placed 
over the supraorbital area and the contralateral frontal midline (Figure 2). The electrodes consisted of circular 
conductive silicone (42 mm diameter, surface area, approximately 13.85cm2) inserted into saline-soaked sponge 
pads (30cm2) resulting in a current density of 0.033mA/cm2 per stimulation site. To ensure the highest level of 
safety and procedural consistency, all sessions were conducted by a trained professional with over nine years 
of experience in tDCS application.

https://doi.org/10.17267/2965-3738bis.2026.e6696
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Figure 2. Electrode positioning and cortical mapping

A) Schematic representation of the international 10/10 system for EEG electrode placement in the present report (red = anodal; blue = cathodal).  
Cap for 128 channels. B) Cortical projection of selected electrodes (F3, C3, AFz, and Fp2). (red = anodal; black = cathodal).

3. Results 

3.1 Description of changes associated with the athlete's behavior

The player underwent two sessions of focused shockwave therapy on the Achilles tendon before the start of 
the tDCS sessions, aiming to reduce pain and promote local tissue recovery. Prior to the tDCS intervention, the 
athlete’s pharmacological management for pain consisted of the regular oral intake of a fixed-dose combination 
(50mg Diclofenac Sodium, 300mg Paracetamol, 125mg Carisoprodol, and 30mg Caffeine; commercially known 
as Tandrilax®), consuming three tablets before each match. Additionally, the athlete frequently required pre-
game analgesia via intramuscular injection of Ketoprofen (100 mg in a 2 mL solution, single dose; commercially 
known as Profenid®) to manage acute pain episodes. Following the initiation of the experimental tDCS protocol, 
the athlete spontaneously reduced the oral intake to a single tablet per match and completely ceased the use of 
injectable Ketoprofen, reporting significant clinical improvement and the ability to compete without the need for 
systemic anti-inflammatory injections. 

Regarding functional capacity, the athlete was consistently available for selection and capable of completing the 
full 90 minutes of play throughout the intervention period. Any instances where the athlete did not complete a 
full match were exclusively due to technical or tactical substitutions by the coaching staff, rather than physical 
limitations or pain-related impairment in the Achilles’ tendon. 

https://doi.org/10.17267/2965-3738bis.2026.e6696
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Importantly, throughout the tDCS sessions, the athlete reported a complete absence of pain in the Achilles tendon 
region during the first 25 minutes of the matches, a period in which he previously experienced intense discomfort. 
Prior to the intervention (adding tDCS to the habitual rehabilitation program), the pain typically intensified after 
this initial period, reaching a peak that limited him to maintain performance. However, following the introduction 
of tDCS, the athlete reported that when pain did emerge in the later stages of the match, it was of significantly lower 
intensity and did not limit his functional capacity. The player noted that his running became more fluid and less 
restricted, feeling able to 'give more' on the field. During this same period, the athlete scored his first three goals 
in the competition, attributing this performance to the absence of acute pain and improved movement fluidity. It 
is noteworthy that the athlete maintained his usual physiotherapy treatment and regular training routine without 
changes in volume or intensity.

3.2 Pain perception and effort perception

Figure 3 illustrates the progression of the player's subjective measures during the tDCS intervention. A notable 
trend was observed in the match Rate of Perceived Exertion (RPE). This suggests that the athlete was able to sustain 
higher physical demands and greater involvement in official matches as the protocol progressed. Crucially, despite 
this increase in match intensity, the Visual Analog Scale (VAS) for pain did not follow the same upward trend; 
instead, it remained stable or decreased compared to the initial sessions. This decoupling between exertion and 
pain intensity indicates improved functional tolerance. Regarding training RPE, values remained predominantly 
low (between 1 and 3), reflecting the recovery-focused nature of mid-week sessions, with a single high-intensity 
field session that was well-tolerated by the athlete.

Figure 3. Evolution of Pain Perception (VAS), Rating of Perceived Exertion (RPE), and training

This time-series plot shows the progression of the player's subjective measures over 17 sessions (October 3rd to 
November 5th); PAIN (VAS) (Black Line): Tracks the visual analog scale score (0-10); Training RPE (Green Line): Tracks 
the subjective perceived exertion for training (CR-10 scale); Match RPE (Green Triangles): Tracks the subjective 
perceived exertion for matches (CR-10 scale); Goal (Soccer Ball Icon): Indicates when the athlete scored a goal. 

Throughout the tDCS sessions, Achilles’ tendon ultrasonography was performed, as shown in figure 4, in the 
axial plane. It revealed a partial tear involving the lateral and deep fibers in the tendon body, with the presence 
of interposed laminar fluid, and no evidence of a transfixing lesion. The control examination, performed after 30 
days, showed the partial tear area filled by scar tissue, indicating evolution of the tissue repair process.

https://doi.org/10.17267/2965-3738bis.2026.e6696
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Figure 4. Serial Axial Ultrasonography of the Achilles’ Tendon

 

Initial Assessment (A): Axial view of the mid-portion of the Achilles tendon showing a focal area of hypoechogenicity 
involving the lateral and deep fibers, consistent with a partial-thickness tear. Note the presence of thin, anechoic 
laminar fluid (arrow) within the defect, with no evidence of complete fiber discontinuity. 30-Day Follow-up (B): 
The follow-up scan demonstrates significant structural remodeling. The previously identified hypoechoic defect 
is now filled with more organized, echogenic tissue, representing the formation of organized scar tissue and the 
resolution of the peritendinous fluid.

In the Achilles’ tendon magnetic resonance imaging (MRI) (Figure 5), axial T2-weighted sequences with fat saturation, 
axial T1-weighted sequences, and sagittal T2-weighted sequences with fat saturation identified intermediate 
signal tissue filling the area corresponding to the partial tear in the tendon body, confirming the structural finding 
previously observed.

Figure 5. Magnetic resonance imaging of the Achilles’ tendon
 

Axial T2-weighted sequence with fat saturation (A); axial T1-weighted sequence (B), and sagittal T2-weighted sequence with fat saturation (C).  
Note the intermediate signal tissue filling the partial tear area in the Achilles tendon body (white arrows).

https://doi.org/10.17267/2965-3738bis.2026.e6696
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4. Discussion

The primary objective of this case report was to 
evaluate the clinical and structural effects of a dual-
site tDCS protocol in an elite professional soccer 
player managing a partial Achilles tendon tear 
during a competitive season. The main findings of 
this intervention demonstrate a successful clinical 
trajectory, characterized by a positive Pain-Exertion 
dissociation, as a consistent reduction in VAS pain 
scores occurred simultaneously with an increasing 
trend in match-play RPE, indicating that the athlete 
was able to elevate competitive physical output while 
experiencing diminishing pain levels. The athlete 
reported improved movement fluidity and the 
absence of pain during the initial phases of matches. 
Indeed, serial axial ultrasonography and multi-
sequence MRI (T1 and T2-weighted fat saturation) 
confirmed that symptomatic improvement was 
matched by biological healing. The initial partial 
tear and laminar fluid were replaced by organized, 
intermediate-signal intensity scar tissue, indicating 
successful tissue repair without the development of 
transfixing lesions.

Regarding the modulation of pain perception, it is 
important to highlight that the sensory and emotional 
processing of pain involves parallel brain structures31. 
Lateral thalamic nuclei and the somatosensory cortex 
(S1) are considered responsible for the sensory-
discriminative aspects of pain, such as threshold, 
quality, location, and intensity assessment, while 
medial thalamic nuclei, the prefrontal cortex, and 
the limbic system are considered responsible for the 
affective-emotional dimension of pain. The overlap 
between these areas and the brain regions involved 
in emotional processing may explain the subjective 
qualities of pain in humans32 and may aid in the 
explanation of the reduction of the perceived pain by 
the assessed player.  

In the sports setting, Gonçalves et al.9 recently 
demonstrated a reduction in perceived muscle pain 
on the second day following official soccer match 
when tDCS over the DLPFC was applied as a recovery 
strategy. The findings suggest that tDCS can modulate 
the perception of recovery and sleep quality, while 
also influencing physiological markers like creatine 
kinase (CK). While Gonçalves et al. focused on 
acute post-match recovery, Nascimento et al.33 

demonstrated that combining tDCS with peripheral 
stimulation is superior to using either intervention 
alone for pain reduction in chronic conditions. This 
synergistic effect likely explains why the integration 
of tDCS into the club’s habitual multimodal program 
resulted in such significant clinical and functional 
gains. Moreover, the functional improvement 
observed in the investigated athlete, reporting 
more 'fluid' movement, might also be linked to the 
cognitive benefits of tDCS. Beyond pain modulation, 
for example, earlier, Vitor-Costa et al.34 demonstrated 
that tDCS can improve the perception of effort and 
performance by modulating the activity of brain areas 
related to exercise tolerance. This is consistent with 
our findings, where the athlete's match RPE increased 
significantly without a proportional increase in pain, 
suggesting a higher threshold for both physical and 
cognitive demands. 

Furthermore, the reduction in discomfort in the 
initial 25 minutes of play likely reduced the 'cognitive 
load' associated with pain monitoring, allowing the 
athlete to dedicate more attentional resources to 
tactical decision-making and technical execution, 
which might explain the improved clinical and 
competitive outcomes. Brain mapping studies have 
consistently identified the brain areas that are 
activated when someone feels pain35. These areas 
are mostly multimodal and respond to relevant non-
noxious (non-nociceptive) stimuli, as well as noxious 
(nociceptive) stimuli36. The brain areas involved in the 
processing of pain signals that are also superficial 
to the skull include the primary sensory cortex (S1), 
the primary motor cortex (M1), and the dorsolateral 
prefrontal cortex (DLPFC)37. The S1 area, with its 
topographical organization, was long considered a key 
site of pain-related brain activity. However, evidence 
supporting this notion remains controversial. Some 
studies clearly show that S1 activity is related to pain 
intensity38,39, while others do not demonstrate such 
a relationship40,41. Indeed, activation of the M1 may 
affect pain reduction not only due to existing neural 
connections between the primary somatosensory 
cortex (S1) and M1 but also due to the functional 
relationship between M1 and the thalamus42. 
Thalamus activation leads to the activation of other 
pain-related structures, such as the anterior cingulate 
cortex and the periaqueductal gray matter, which 
play an important role in pain control43. 

https://doi.org/10.17267/2965-3738bis.2026.e6696
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Moreover, the DLPFC is one of the most commonly 
activated brain areas during pain44. Changes in 
connectivity between the DLPFC and deeper pain-
related areas45, as well as a reduction in gray matter 
density and DLPFC volume, have been implicated 
in chronic pain, presenting an alternative outcome. 
DLPFC activation appears to be related to the cognitive 
and attentional processing of noxious stimuli32 and 
likely plays a role in modulating pain expectation46 and 
pain-induced anxiety47. In tandem, these mechanisms 
may explain the observed results in the present case 
study and could be considered to interpret the results 
of the treatment based on the application of the 
present tDCS montage (M1 and DLPFC). 

tDCS is a common NIBS method for modulating the 
cortical activity of superficial areas relevant to pain; it 
has been used to treat a variety of clinical conditions and 
is a painless technique with minimal side effects48. The 
proposed mechanism behind the immediate effects of 
tDCS is the polarity-dependent alteration of the resting 
membrane potential and the consequent change in 
corticospinal excitability at the stimulation site. The 
idea is that this alteration leads to the facilitation or 
inhibition of superficial structures and deeper, remote 
brain areas related to pain modulation4. Additionally, 
the long-lasting effects of tDCS depend on changes 
in N-methyl-D-aspartate (NMDA) receptor efficacy49. 
NMDA receptor involvement induces neuroplasticity, 
in which the transformation of synaptic strength 
occurs through long-term potentiation and depression 
(LTP and LTD) mechanisms2. 

Thus, the effects of tDCS in the present case study 
might be at least in part attributed to changes in 
top-down regulatory mechanism, related to cortical 
inhibitory control and dependent on the projection of 
fibers from the motor cortex to structures involved 
in pain processing. The changes of the player’s pain 
perception in parallel with improved performance, 
match involvement, and consequently increased effort 
in official matches, might be explained, at least in part 
by the modulation based on the above-mentioned 
mechanisms. Additionally, considering the M1-DLPFC 
montage, the issue of pain perception and the pain 

matrix appear to be fundamental for explaining the 
effects. Pain perception is controlled by a complex 
network of brain regions and circuits, known as the 
pain matrix (neuromatrix), which involves cognitive, 
emotional, and affective components. The DLPFC and 
the medial prefrontal cortex (mPFC) are important 
areas involved in pain perception. These regions 
also contribute to the cognitive processing of the 
painful experience, especially in aspects related to 
pain prediction, evaluation, and reinterpretation. 
Neuroimaging studies suggest that the reduction in 
pain levels after DLPFC stimulation may be related to 
the connectivity between this region and other pain 
perception areas, such as the cingulate cortex, insula, 
amygdala, and thalamus41. 

There is evidence that painful stimuli produce an 
activation pattern in the DLPFC, suggesting an essential 
role for this region in the interpretation of the painful 
stimulus. In chronic pain conditions, neuroplasticity 
appears to produce an imbalance in the allocation 
of attentional and cognitive resources, leading to a 
distorted perception of pain23. The DLPFC, therefore, 
seems to play a central role in this imbalance. Thus, 
excitatory stimulation of the DLPFC could inhibit this 
dysfunctional cognitive and attentional allocation, 
leading to pain reduction. This rebalancing as a 
response to tDCS treatment mediated by the DLPFC 
involves a central issue regarding pain: because 
pain is subjective and has an emotional element, it 
will not always be directly related to the magnitude 
of the nociceptive signal31,50. Therefore, with tissue 
damage and chronic pain perception, neural plasticity 
mechanisms—the focus of tDCS intervention in pain 
treatment—may lead the athlete to develop greater 
pain perception than the actual damage, due to 
neuroplasticity-related adaptations. 

A critical concern in sports medicine is whether 
neuromodulatory analgesia might "mask" pain, 
leading the athlete to overload a compromised 
structure and risk a complete rupture. However, 
our findings suggest that the tDCS-mediated pain 
reduction occurred in parallel with, and perhaps 
facilitated, structural tissue repair. 

https://doi.org/10.17267/2965-3738bis.2026.e6696
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The multi-sequence MRI identified intermediate-
signal intensity tissue filling the previous defect. 
This radiological finding is significant; it indicates 
the transition from an acute, fluid-filled tear 
to organized fibroblastic scar formation. The 
mechanism behind this might be explained by the 
emerging understanding of tDCS-mediated neuro-
immune crosstalk. Studies have demonstrated 
that tDCS can promote a local anti-inflammatory 
environment by reducing lymphocyte infiltration 
and neovascularization while modulating systemic 
cytokine levels51. Specifically, the suppression of 
pro-inflammatory mediators such as TNF-alpha, 
IL-1beta, and IL-6, combined with an increase in 
the anti-inflammatory cytokine IL-10, likely creates 
a biological milieu conducive to tissue repair. 
Furthermore, it could be hypothesized that in the 
current reported case study, the restructuring 
evoked by tDCS in conjunction with the described 
multimodal rehabilitation program might induce 
modification of the dysfunctional cognitive allocation 
of attention, bringing the perception of pain closer 
to the reality of the healing damage. Rather than 
a dangerous "masking" effect, the intervention 
appears to have facilitated optimal loading, the 
controlled mechanical stress necessary for tendon 
remodeling, without exceeding the structural limits 
of the healing fibers.

5. Study limitations

While the results of this case report are promising, 
several limitations must be acknowledged to 
provide a balanced interpretation of the findings: 
as a single-case study (n=1), the results cannot be 
statistically generalized to the broader population 
of professional soccer players or different types of 
tendon injuries. The specific physiological profile 
and baseline physical conditioning of an elite athlete 
may influence the efficacy of tDCS differently than 
in a sedentary or recreational population.  The 
athlete underwent a multifaceted rehabilitation 
program, including physical therapy and controlled 
workload management. Although the dual-site 
tDCS was the primary neuromodulatory addition, 
it is difficult to isolate its specific contribution to 
structural healing versus the natural history of 
tendon repair and standard-of-care physiotherapy. 

Indeed, without a sham-tDCS control, the "placebo 
effect" or "Hawthorne effect", common in high-
performance environments where athletes are 
highly motivated to return to play, cannot be entirely 
ruled out. The athlete’s belief in the technology may 
have contributed to the observed reduction in VAS 
scores. While we hypothesize that the M1-DLPFC 
montage improved motor efficiency and activated 
the descending pain modulatory system (DPMS), we 
did not utilize functional MRI (fMRI) or Transcranial 
Magnetic Stimulation (TMS) to measure actual 
changes in cortical excitability or connectivity during 
the protocol. Despite these limitations, this case 
provides a unique 'proof-of-concept' for the safe 
integration of tDCS in elite sports, demonstrating 
that neuromodulation can coexist with structural 
tissue repair without masking symptoms to the 
point of reinjury.

6. Final considerations and conclusion

The longitudinal data from this case study demonstrates 
a positive clinical trajectory characterized by a significant 
reduction in Achilles’ tendon pain, stable perceived 
exertion during recovery, and a heightened capacity for 
competitive output. This "pain-performance paradox", 
where the athlete increased match intensity (RPE) while 
experiencing declining pain (VAS) suggests that the dual-
site tDCS (M1-DLPFC) protocol effectively optimized the 
athlete’s performance. Critically, the objective structural 
recovery confirmed via serial ultrasonography and 
multi-sequence MRI indicates that this neuromodulatory 
intervention did not merely "mask" nociceptive signaling. 
Instead, it likely facilitated an optimal environment for 
tissue repair by modulating the top-down inhibitory 
pathways and potentially dampening systemic pro-
inflammatory markers. The current findings suggest 
that tDCS is a promising, non-invasive adjunct for the 
management of tendon-related pain in elite athletes. 
When integrated into a multidisciplinary sports 
medicine framework, it may allow for the maintenance 
of high-level performance during the structural healing 
phase of an injury. However, while these results are 
encouraging, future research involving larger cohorts 
and sham-controlled designs is essential to further 
elucidate the specific mechanisms of tDCS on tendon-
tissue remodeling and to standardize protocols for the 
professional athletic population.
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