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Background: Currently, there are no FDA approved therapies for persistent post-traumatic headache (PPTH) secondary to traumatic brain injury (TBI). As such neither headache nor TBI specialists have an effective means to manage PPTH. Thus, the objective of the present pilot trial was to evaluate the feasibility and preliminary efficacy of a four-week at-home remotely supervised transcranial direct current stimulation (RS-tDCS) intervention for veterans with PPTH.

Methods: Twenty-five (m = 46.6 ± 8.7 years) veterans with PPTH were randomized into two groups and received either active (n = 12) or sham (n = 13) RS-tDCS, with anodal stimulation over left dlPFC and cathodal over occipital pole. Following a four-week baseline, participants completed 20–sessions of active or sham RS-tDCS with real-time video monitoring over a period of four-weeks. Participants were assessed again at the end of the intervention and at four-weeks post-intervention. Primary outcomes were overall adherence rate (feasibility) and change in moderate-to-severe headache days per month (efficacy). Secondary outcomes were changes in total number of headache days, and PPTH-related functional outcomes.

Results: Adherence rate was high with 88% of participants (active = 10/12; sham = 12/13) fully completing tDCS interventions. Importantly, there was no significant difference in adherence between active and sham groups (p = 0.59). Moderate-to-severe headache days were significantly reduced within the active RS-tDCS group (p = 0.004), compared to sham during treatment (−2.5 ± 3.5 vs. 2.3 ± 3.4), and 4-week follow-up (−3.9 ± 6.4 vs. 1.2 ± 6.5). Total number of headache days was significantly reduced within the active RS-tDCS (p = 0.03), compared to sham during-treatment (−4.0 ± 5.2 vs. 1.5 ± 3.8), and 4-week follow-up (−2.1 ± 7.2 vs. −0.2 ± 4.4).

Conclusion: The current results indicate our RS-tDCS paradigm provides a safe and effective means for reducing the severity and number of headache days in veterans with PPTH. High treatment adherence rate and the remote nature of our paradigm indicate RS-tDCS may be a feasible means to reduce PPTH, especially for veterans with limited access to medical facilities.

Clinical Trial Registration: ClinicalTrials.gov, identifier [NCT04012853].

KEYWORDS
 veterans, tDCS, mTBI, post-traumatic headache, brain injury


1. Introduction

Persistent post-traumatic headache (PPTH) is one of the most common types of chronic pain conditions experienced among veterans with traumatic brain injury (TBI) (1, 2). PPTH is characterized as a chronic headache disorder lasting more than three months and is 1) a secondary headache disorder that develops or 2) a worsening primary headache disorder, in close temporal relation to a TBI (3). The prevalence and incidence of TBI and PPTH have increased dramatically in veterans, especially in those returning from Operation Enduring Freedom and Operation Iraqi Freedom (4). Although PPTH frequently manifests as migraine or chronic migraine, many patients fail to respond to conventional migraine therapies (5). Currently there is no FDA approved treatment for PPTH and the escalating opioid crisis raises concerns about medication overuse and abuse in this population. Co-existing PPTH with polytrauma triad (TBI, chronic pain, and PTSD) further complicates functional recovery and overall quality of life. Our research demonstrates veterans with comorbid TBI and persistent headaches is associated with a greater risk of suicide attempts than other types of chronic pain (6). Therefore, there is a critical need to identify and provide effective treatment for veterans with PPTH.

Transcranial direct current stimulation (tDCS), a safe and well-tolerated non-invasive brain stimulation technique, utilizes continuous, low-intensity direct electrical current to modulate resting membrane potential (7, 8). Although the exact effect of tDCS on neuronal behavior is largely unknown, it is believed to facilitate or inhibit neuronal firing rate by generating sub-threshold depolarization or hyperpolarization, depending on direction of current flow (7). In addition to the direct impact on the neuronal resting membrane potential, tDCS is also believed to elicit changes in neurotransmitter release, neuroinflammatory processes, as well as cerebrovascular behavior (9–11). Although the acute effects of tDCS only last approximately 1 hour, repeated sessions can produce cumulative and long-lasting modulations of neural activity and neuroplasticity (12, 13). Unsurprisingly, tDCS has gained attention as a potential therapeutic tool for use in a range of various neuropsychiatric conditions (14–20). Our systematic review and meta-analysis of tDCS for migraine found that repeated tDCS sessions can significantly reduce headache intensity and duration (21). However, to our knowledge, there are no randomized, sham-controlled, double-blind clinical trials published on the feasibility and efficacy of at-home remotely supervised tDCS (RS-tDCS) for with PPTH.

Until recently the clinical implementation of tDCS has been limited by logistical factors, however, modern tDCS devices are portable, programmable, and easy to operate. Furthermore, tDCS can be delivered to patients at home via telehealth applications with real-time clinical monitoring (22). Previous research has demonstrated that RS-tDCS interventions are feasible and effective in a number of clinical populations such as Parkinson’s Disease, Multiple Sclerosis, Alzheimer’s Disease, Stroke, and TBI (17, 23–26). At-home delivery of RS-tDCS offers an accessible and appealing option for veterans who may not be able to travel to clinics for regular treatments. Accordingly, our primary objectives were to evaluate the feasibility and preliminary efficacy of a four-week RS-tDCS intervention using real-time video monitoring in veterans with PPTH.

We conducted a randomized, double-blinded, sham-controlled pilot clinical trial comparing active RS-tDCS with anodal stimulation over left dlPFC and cathodal stimulation over occipital pole vs. sham RS-tDCS. More specifically, we compared the efficacy of 20-sessions of 20-min active, 2 mA anodal vs. sham RS-tDCS. Our primary outcome measures were adherence rate, and reduction in number of moderate-to-severe headache days during the intervention as well as four-weeks post-intervention. Our secondary and tertiary outcome variables were changes in total number of headache days, and headache-related disability during the intervention as well as four-week post-intervention. We hypothesized that our RS-tDCS intervention would have high adherence rates (greater than 80%) (23), and that individuals receiving active RS-tDCS at would report significant reductions in number of moderate-to-severe headache days, total number of headache days and headache related disability during treatment and at four-week follow-up compared to sham RS-tDCS.



2. Methods

The study procedures for this pilot randomized sham-controlled clinical trial (ClinicalTrials.gov Identifier: NCT04012853) were approved by Department of Veterans Affairs (VA) institutional review board in Columbia, South Carolina. All participants provided written informed consent prior to enrollment and were eligible for financial compensation. This study followed the Consolidated Standards of Reporting Trials (CONSORT) guidelines (27).


2.1. Study population

Participants were recruited through the Columbia VA Medical Center. Identified patients were contacted and pre-screened by members of the research team. Figure 1 illustrates recruitment and enrollment of included participants. All participants were active or retired military service members between the ages of 20–60 years (m = 46.6 ± 8.7 years) with a verified mTBI, and who met the International Classification of Headache Disorders (ICHD III) diagnostic criteria for “persistent headache attributed to traumatic head injury” (28). Prior to randomization, enrolled participants were asked to complete a 28-day baseline headache diary to confirm headache characteristics/inclusion criteria.
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FIGURE 1
 CONSORT flow diagram.




2.2. Study design

This randomized, double-blind, sham-controlled, pilot clinical trial consisted of an initial screening and recruitment phase, baseline observation phase (four-weeks), treatment phase (four-weeks), and post-treatment follow-up (four-weeks; Figure 2). During the baseline phase, participants who met inclusion and exclusion criteria (Supplementary material) were invited to complete a four-week headache diary. This was followed by an in-person introductory RS-tDCS training session and a tDCS stimulation tolerability test. A member of the study team provided initial training and ensured that each participant would be able to operate the equipment at home. Participants then completed the tDCS tolerability test to ensure that they could comfortably tolerate the tDCS stimulation. For the tolerability test, tDCS intensity was gradually ramped up to the target intensity of 2 mA. Participants were asked whether the intensity was tolerable and were prompted to report any adverse reactions. Participants were excluded if they did not tolerate the target stimulation intensity. Participants completed the first tDCS session in-person immediately following their tolerability test and the remaining 19-sessions were completed at home with remote supervision via VA Telehealth Video Connect (VVC).

[image: Figure 2]

FIGURE 2
 RS-tDCS intervention and treatment timeline.


Prior to the in-person tDCS session participants were randomized into either active or sham RS-tDCS conditions and completed a series of questionnaires (Figure 2). These questionnaires encompassed headache-related disability (Headache Impact Test; HIT-6), depression (Patient Health Questionnaire; PHQ-9), PTSD-related symptoms (DSM-5 PTSD Checklist; PCL-5), anxiety (Beck’s Anxiety Inventory; BAI), sleep disturbances (Insomnia Severity Index; ISI), and post-concussive symptoms (Rivermead Post-Concussive Symptoms Questionnaire; RPQ). Participants repeated these questionnaires at the end of their respective intervention and at 4-week post-treatment follow-up.


2.2.1. Randomization and RS-tDCS stimulation protocol

Participants were randomized (1:1) using a random number generator (R Studio v3.4.1, Boston, MA). To maintain double blinding, a clinic nurse who is not part of the study team pre-programmed each device according to their group randomization assignment.

To ensure consistent electrode placement, each head strap was configured according to the international 10–20 system (29). We used our novel stimulation montage, based on computational modeling (see Figure 3) with the anodal electrode placed over the left dlPFC (F3) and the cathode placed over the occipital pole (Oz). Stimulation was delivered via the FDA approved for investigational use Mini-CT (Soterix Medical, Woodbridge, NJ); and patients were given a study kit consisting of customized headgear with electrodes, sponges, rechargeable batteries, and battery charger. The unique electrodes (SNAPpad) allow loading onto headgear (SNAPstrap) at fixed locations preventing incorrect electrode placement (see Figure 4).

[image: Figure 3]

FIGURE 3
 Computational simulation of electric field distribution. (A) Model geometry considered. Red electrode indicates placement of the anode (F3). Black electrode indicates placement of the cathode (Oz). Cortical surface (3D) plots are included in (B–D). Cortical cross-sectional (2D) plots that highlight depth focality/flow in deeper subcortical regions are included in (E,F). (B) Left lateral view. (C) Posterior view. (D) Right lateral view. The corresponding cross-sectional slices from the left dorsolateral prefrontal cortex and the occipital cortex (dashed line in B) are shown in (E,F), respectively. Slices at +/−3 mm from the selected 2D slice are also plotted to further highlight induced current flow patterns.


[image: Figure 4]

FIGURE 4
 RS-tDCS montage.


We developed this novel electrode montage as both mTBI and migraine are linked to abnormal functional connectivity within frontal brain regions such as the left dlPFC (30–33). Previous research demonstrates that anodal stimulation over the left dlPFC is more effective than M1 for migraine (34). However, most studies utilize a reference (cathode) electrode placed over the supraorbital region. Because emotional reactivity and mood disturbance are common in mTBI and PPTH patients (35–38), we wanted to avoid inadvertently modulating cortical regions involved in behavioral and mood regulation (e.g., right PFC, inferior frontal gyrus) located near SO. Finally, migraine patients often demonstrate greater neuronal excitability within the occipital lobe (39), and cathodal stimulation over the lower occipital pole has shown to be effective in pain reduction in migraine (40).

Each at-home session was monitored by a member of the study team via HIPAA compliant VVC. At the beginning of each session, participants were given a code by the supervising researcher to unlock the tDCS device. Each tDCS device’s stimulation parameters were uniquely programmed and could only be unlocked with a one-time code. For active tDCS, stimulation was gradually increased during the first 30-s to the target intensity (2 mA) and maintained for the remainder of the session (19-min) and then ramped down gradually during the last 30-s. For sham tDCS, the device was programmed to gradually ramp up to 2 mA and back down to zero in both the first and last minute of the session, with no current being delivered in between (41). All RS-tDCS sessions were paired with mindfulness meditation to serve as an attentional control consistent across participants and sessions. The meditation sessions were identical each day and consisted of voice-guided mindfulness exercises designed to promote awareness of body and breathing via the VA Mindfulness Coach app (US Department of Veterans Affairs). If participants missed treatment sessions during the week, they were allowed to “make up” the session on weekend or by extending the intervention timeline to a 5th week.



2.2.2. Headache diary

A headache diary was used to capture individual headache characteristics throughout the duration of each four-week (28-days) phase of the intervention (baseline, treatment, and post-treatment). The headache diary was adapted from the VA Cognitive Behavioral Therapy for Headache manual (42). Due to variability in how individuals describe pain we adopted the following scale: mild (nagging, annoying headache with little to no interference with daily activity), moderate (headache that is bothersome, interferes significantly with daily activity, and usually requires medication), and severe (disabling or intolerable pain that causes inability to perform routine daily activity).




2.3. Clinical outcomes


2.3.1. Primary outcomes

Feasibility was defined by the participant’s completion of ≥16 sessions (80% adherence) (43). Adherence rate and participant discontinuations were characterized and compared between the active and sham RS-tDCS conditions.

Efficacy was evaluated by comparing changes in number of moderate-to-severe headache days from the baseline to the end of treatment and at their four-week follow-up evaluation.



2.3.2. Secondary outcomes

Change in total number of headache days, headache disability (HIT-6), and days of acute pain medication use from the baseline to the end of treatment and at their four-week follow-up evaluation.



2.3.3. Tertiary outcomes

Change in depressive symptoms (PHQ-9), anxiety symptoms (BAI), PTSD-related symptoms (PCL-5), sleep disturbance (ISI), and post-concussive symptoms (RPQ) from the baseline phase to the intervention phase and follow-up phase.



2.3.4. Intervention related side effects/tolerability

Participants were asked to report any perceived treatment related side-effects at the end of each RS-tDCS session.




2.4. Statistical analyses

Independent two-tailed t-tests and Fisher Exact tests were used to compare continuous and categorical (respectively) group level demographics, TBI characteristics, and baseline headache features. To investigate measures of safety and tolerability, as well as feasibility and compliance, we compared group differences in self-reported treatment side-effects and intervention attrition using a series of Fisher Exact tests. To assess the efficacy of our RS-tDCS intervention change scores relative to baseline (Evaluation – Baseline) were computed for as well as tertiary outcomes and secondary outcome measures collected at each post-intervention evaluation. Normality was assessed using Shapiro–Wilk’s test of normality and homogeneity of variance was assessed by Levene’s test. Group outliers were identified as individual values that exceeded ±2.5 standard deviations at each evaluation timepoint for both primary and secondary outcome measures. Participants were one participant was excluded as he was consistently identified as an outlier across primary and secondary outcomes from further analyses if they were consistently identified as an outlier across primary and secondary outcomes. Next, a series of group (SHAM, ACTIVE) × time (Post-Treatment, Follow-up) univariate analysis of variance (ANOVA) were computed for each outcome measure. All statistical analyses were conducted with an a priori alpha = 0.05. For significant interactions and main effects, Bonferroni corrections for multiple comparisons were applied.




3. Results


3.1. Participants

From December 2019 to March 2022, 154 patients were screened for eligibility. Forty-one participants who met inclusion and exclusion criteria were consented and enrolled in the study (Figure 1). Thirty-three participants completed baseline headache diaries, and 26 eligible participants were randomly assigned to either active (n = 13) or sham (n = 13) RS-tDCS treatment. One participant was unable to tolerate the target intensity and never began treatment. Twenty-two participants completed the full intervention (active n = 10; sham n = 12). One participant was determined to be an outlier and was removed leaving a total of 21 participants (active n = 10; sham n = 11) in the final analysis (see Supplementary Figure S1). There were no significant differences in demographics, or baseline TBI and clinical characteristic between groups (p’s ≥ 0.08; Table 1). Participants were predominantly white (12/21), and male (18/21), adults and 10 of the 21 participants had at least some college or technical school education. There was no significant difference in the number of days to complete needed to complete the RS-tDCS treatment among SHAM (m = 29.3 ± 2.5 days) or active (m = 28.9 ± 1.7 days) groups (p = 0.7). Medication use was similar between groups and no participant was taking opioids or benzodiazepines (Supplementary Table S3).



TABLE 1 Baseline demographics and headache characteristics.
[image: Table1]



3.2. Safety and tolerability

Supplementary Figure S2 shows the reported side-effects by treatment group. As expected, most side-effects reported were related to mild sensations at the electrode site. The three most common side-effects were: 1) tingling (active 70%/sham 91.7%), 2) warm sensation (active 30%/sham 58.3%), and 3) itching (active 20%/sham 25%). There were no significant differences in side-effect reporting between the active vs. sham RS-tDCS groups (p’s > 0.08). Side-effects diminished shortly after the end of each training session, with no lasting side-effects reported by any participant. Importantly, no participant reported any side-effects or adverse events that required discontinuation of the treatment session or withdrawal from the intervention.



3.3. Primary outcomes


3.3.1. Feasibility

Eighty-eight percent (22/25) completed the intervention (active 10/12 vs. sham 12/13, Figure 1), and there was no significant difference in adherence rate between groups (p = 0.59).



3.3.2. Moderate-to-severe headache days

Figure 5A illustrates individual and group changes in moderate-to-severe headache days over the course of the RS-tDCS intervention. Omnibus analysis of changes in moderate-to-severe headache days revealed an effect for group (F[1,38] = 9.2, p = 0.004, η2 = 0.19), with the active RS-tDCS group reporting a greater reduction in moderate-to-severe headache days during the intervention and at 4-week follow-up (est. mean = −3.2 ± 1.2) compared to sham (est. mean = 1.7 ± 1.1). No other significant differences were observed (Table 2).
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FIGURE 5
 (A) Mean [SE] changes in moderate-to-severe headache days (Mod/Sev HA days) during treatment phase and follow-up among active RS-tDCS (red square) and sham (black circle) groups. (B) Mean [SE] changes in total headache days (HA days) during treatment phase and follow-up among active RS-tDCS (red square) and sham (black circle) groups. * Indicates a group difference at p<0.05.




TABLE 2 Change in primary and secondary outcomes among active vs. sham RS-tDCS groups.
[image: Table2]




3.4. Secondary outcomes


3.4.1. Secondary headache outcomes

Figure 5B omnibus analysis of reduction in headache days revealed an effect for group (F[1,38] = 5.3, p = 0.03, η2 = 0.12), indicating that irrespective of timepoint, the active RS-tDCS group reported a greater reduction in total headache days (est. mean = −3.0 ± 1.2) compared to sham (est. mean = 0.7 ± 1.1). No significant reductions were observed for headache-related disability or acute pain medication usage (p’s ≥ 0.57). No other significant differences were observed (Table 2).




3.5. Tertiary outcomes


3.5.1. PPTH-related functional outcomes

Omnibus analyses failed to detect any significant group or time differences in non-headache-related outcome measures (p’s ≥ 0.06) among active or sham RS-tDCS groups (see Table 2). However, it should be noted that the active group exhibited a statistical trend towards reduced anxiety across timepoints (p = 0.06, η2 = 0.10).





4. Discussion

Veterans with PPTH frequently present with migraine or chronic migraine phenotypes (82% in our cohort) (44). However, typical migraine therapies are often ineffective for managing headaches or reducing PPTH-related disability (45). Furthermore, traditional therapeutic approaches for TBI are minimally effective for managing chronic pain in veterans with PPTH (24). Unsurprisingly, veterans with PPTH have disproportionately poor outcomes relative to their peers, including increased rates of joblessness, homelessness, and suicidality (6). This double-blind, randomized, sham-controlled, pilot clinical trial provides preliminary evidence for the feasibility and efficacy of a novel at-home RS-tDCS with real-time monitoring protocol for veterans with PPTH.

In our first of its kind clinical trial, we demonstrated that a four-week RS-tDCS intervention was feasible (high adherence rate), and well tolerated by veterans with PPTH. Specifically, 88% of veterans that began treatment completed the intervention in its entirety, and there was no significant difference between groups. This further validates findings from broader tDCS literature, demonstrating tDCS is well tolerated by a wide-range of clinical populations (19, 46–48). Most importantly, compared to sham stimulation, veterans receiving active stimulation reported decreases in moderate-to-severe headache days and total number of headache days both during the intervention and at four-week follow-up; providing the first evidence that RS-tDCS is an effective treatment for veterans with PPTH.

The exact mechanisms by which tDCS reduces pain is not fully understood. However, tDCS is believed to modulate excitatory neurotransmitter release, post-synaptic N-methyl-D-aspartate (NMDA) receptor over binding, neuroinflammation, and the synchronous activity of neurons, all of which are key pathophysiological factors underlying both chronic mTBI, migraine, and PPTH (11, 49–51). Prior research demonstrates tDCS improves neuronal synchronization and reduces hyper-excitability in veterans with chronic TBI (45, 46) and reduces spectral perturbations in those with migraine (47, 48). However, whether the changes occur in those with PPTH is unknown. Future research employing biological and psychophysiological measures will help elucidate tDCS mechanisms of change in those with PPTH and help guide future interventions.

It should be noted that although we observed significant changes in our primary and secondary outcomes, common comorbidities associated with mTBI and chronic headache such as depression, anxiety, post-traumatic stress, and insomnia were not significantly different. Although perplexing, this could be due to several factors including our novel montage, which was purposefully selected to target and related functional outcome (headache severity associated disability). Thus, our targeted montage configuration may have resulted, as intended, in pain specific neuromodulations.

However, it is also possible that the small sample size could account for current null results in tertiary outcomes. Changes in anxiety were nearly significant (p = 0.06) across timepoints and the observed effect sizes were moderate (η2 = 0.10). Given the extant literature on the efficacy of tDCS for modulating anxiety and its neural progenitors (44), it is possible with a larger sample size changes in anxiety would have been significant. However, research including more participants and longer duration interventions are necessary to gain a better understanding of the influence of our RS-tDCS protocol on anxiety in veterans with PPTH.

Together, our results indicate that a relatively short term (1 month) RS-tDCS intervention can result in significant changes in moderate-to-severe headache days and total number of headache days. Furthermore, these benefits were maintained one-month post-intervention, suggesting the benefit extend beyond the intervention. Therefore, patients may be able to cycle RS-tDCS therapies while maintaining efficacy. This is an important point as many patients undergoing tDCS find the prospect of long-term daily/regular stimulation as burdensome. Indeed, one of the current limitations of self-administrated neuromodulation therapy (e.g., Cefaly, Gammacore VNS) for headache is decreasing adherence rates over time (23) and being able to cycle neuromodulation therapies makes them a more realistic option from a patient and provider perspective. Additional research comparing various intervention lengths, stimulation intensities and duration are needed to create a standardized platform.


4.1. Limitations

Although our study is characterized by several strengths, there are limitations to consider. First, our final sample was relatively small and comprised of predominantly white, male military veterans. As such, our findings should not be generalized to female veterans, or non-military PPTH patients, and larger phase II clinical trials are necessary to confirm our findings. Second, tDCS is not FDA approved to treat PPTH or any other neurological condition. Accordingly, there are no guidelines for optimal parameter selection. Results of previous studies have been highly variable and direct comparisons are difficult due to these methodological differences. Also, parameters such as stimulation intensity and number of sessions are directly correlated to the duration of effects. While the parameters of our trial are consistent with existing literature, it is possible that more training sessions and/or higher stimulation intensities could result in greater benefits. Medication use is a key issue in clinical trials (52) and common preventative migraine medications (anticonvulsant, anti-depressants) are known to impact tDCS effects (53). Restricting medication use in veterans with mTBI with numerous comorbidities is often not clinically feasible. Consequently, we could not control for medication use in such a small trial. Fortunately, medication use was equally distributed between groups (Supplementary Table S3), and no participants were taking opioids or benzodiazepines. Future, more controlled research is necessary to determine the benefit of RS-tDCS independent of medication use. Finally, we had no true control group as all participants completed mindfulness meditation as an attentional control during their tDCS sessions. Although long-duration mindfulness meditation has shown to be an effective therapy for chronic migraine, the short durations have not (54). Furthermore, significant changes were only observed for active stimulation in both within and between groups analyses, suggesting mindfulness meditation did not significantly influence primary or secondary outcomes.




5. Conclusion

Our results indicate the combined feasibility and efficacy of RS-tDCS may provide a promising non-pharmacological alternative for veterans suffering from PPTH. Furthermore, having the option to conduct neuromodulation sessions remotely will greatly facilitate caring for veterans in more rural communities, where daily visits to medical facilities are impractical. Based on these promising preliminary results, larger clinical trials should be conducted to optimize the therapeutic benefit of RS-tDCS for veterans with PPTH secondary to mTBI. Furthermore, identifying the biological and psychophysiological changes that occur from RS-tDCS in this population is warranted.



Data availability statement

The datasets presented in this article are not readily available because, due to VA regulations and Veterans Health Administration ethics agreements, the analytical datasets used for this study are not permitted to leave the VA firewall without data-use agreement. Requests to access the datasets should be directed to XA, xiao.androulakis@va.gov.



Ethics statement

The studies involving human participants were reviewed and approved by U.S. Department of Veterans Affairs Institutional Review Board in Columbia, South Carolina. The patients/participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual for the publication of any potentially identifiable images or data included in this article.



Author contributions

LC conceived the project, assisted in device training and protocol development, participated in the manuscript writing process read, and approved the final manuscript. AH, KM, SG, and JZ participated in data analysis and interpretation of results, participated in the manuscript writing process read, and approved the final manuscript. RM participated in data analysis and interpretation of results. AD assisted in device training and protocol development, participated in the manuscript writing process, read and approved the final manuscript. XA conceived the project, obtained IRB approval, participated in data analysis and interpretation of results, participated in the manuscript writing process, read and approved the final manuscript. All authors contributed to the article and approved the submitted version.



Funding

Grant support for the trial was received from the US Department of Veterans Affairs Research and Development, Award number RX-003194-01A1. The funding agency played no part in the execution of the trial or the interpretation/reporting of results. XA received funding from the VA Headache Centers of Excellence.



Acknowledgments

The contents of this paper do not represent the views of the US Department of Veterans Affairs or the United States Government.



Conflict of interest

AD was employed by Soterix Medical, Inc.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2023.1184056/full#supplementary-material



References

 1. Lucas, S, Hoffman, JM, Bell, KR, and Dikmen, S. A prospective study of prevalence and characterization of headache following mild traumatic brain injury. Cephalalgia. (2014) 34:93–102. doi: 10.1177/0333102413499645 

 2. Pugh, MJ, Finley, EP, Copeland, LA, Noel, PH, Amuan, ME, Parsons, HM , et al. Complex comorbidity clusters in OEF/OIF veterans. Med Care. (2014) 52:172–81. doi: 10.1097/MLR.0000000000000059 

 3. Ashina, H, Porreca, F, Anderson, T, Amin, FM, Ashina, M, Schytz, HW , et al. Post-traumatic headache: epidemiology and pathophysiological insights. Nat Rev Neurol. (2019) 15:607–17. doi: 10.1038/s41582-019-0243-8 

 4. Lew, HL, Otis, JD, Tun, C, Kerns, RD, Clark, ME, and Cifu, DX. Prevalence of chronic pain, posttraumatic stress disorder, and persistent postconcussive symptoms in OIF/OEF veterans: polytrauma clinical triad. J Rehabil Res Dev. (2009) 46:697–702. doi: 10.1682/JRRD.2009.01.0006

 5. Ashina, H, Iljazi, A, Al-Khazali, HM, Ashina, S, Jensen, RH, Amin, FM , et al. Persistent post-traumatic headache attributed to mild traumatic brain injury: deep phenotyping and treatment patterns. Cephalalgia. (2020) 40:554–64. doi: 10.1177/0333102420909865

 6. Androulakis, XM, Guo, S, Zhang, J, Sico, J, Warren, P, Giakas, A , et al. Suicide attempts in US veterans with chronic headache disorders: a 10-year retrospective cohort study. J Pain Res. (2021) 14:2629–39. doi: 10.2147/jpr.s322432 

 7. Nitsche, MA, and Paulus, W. Excitability changes induced in the human motor cortex by weak transcranial direct current stimulation. J Physiol. (2000) 527:633–9. doi: 10.1111/j.1469-7793.2000.t01-1-00633.x 

 8. Bikson, M, Name, A, and Rahman, A. Origins of specificity during tDCS: anatomical, activity-selective, and input-bias mechanisms. Front Hum Neurosci. (2013) 7:688. doi: 10.3389/fnhum.2013.00688 

 9. Woods, AJ, Antal, A, Bikson, M, Boggio, PS, Brunoni, AR, Celnik, P , et al. A technical guide to tDCS, and related non-invasive brain stimulation tools. Clin Neurophysiol. (2016) 127:1031–48. doi: 10.1016/j.clinph.2015.11.012 

 10. Dutta, A, Jacob, A, Chowdhury, SR, Das, A, and Nitsche, MA. EEG-NIRS based assessment of neurovascular coupling during anodal transcranial direct current stimulation – a stroke case series. J Med Syst. (2015) 39:205. doi: 10.1007/s10916-015-0205-7 

 11. Monai, H, and Hirase, H. Astrocytes as a target of transcranial direct current stimulation (tDCS) to treat depression. Neurosci Res. (2018) 126:15–21. doi: 10.1016/j.neures.2017.08.012 

 12. Monte-Silva, K, Kuo, MF, Hessenthaler, S, Fresnoza, S, Liebetanz, D, Paulus, W , et al. Induction of late LTP-like plasticity in the human motor cortex by repeated non-invasive brain stimulation. Brain Stimul. (2013) 6:424–32. doi: 10.1016/j.brs.2012.04.011 

 13. Peña-Gómez, C, Sala-Lonch, R, Junqué, C, Clemente, IC, Vidal, D, Bargalló, N , et al. Modulation of large-scale brain networks by transcranial direct current stimulation evidenced by resting-state functional MRI. Brain Stimul. (2012) 5:252–63. doi: 10.1016/j.brs.2011.08.006 

 14. Parlikar, R, Vanteemar, SS, Shivakumar, V, Narayanaswamy, CJ, Rao, PN, and Ganesan, V. High definition transcranial direct current stimulation (HD-tDCS): a systematic review on the treatment of neuropsychiatric disorders. Asian J Psychiatr. (2021) 56:102542. doi: 10.1016/j.ajp.2020.102542 

 15. Zhang, R, Lam, CLM, Peng, X, Zhang, D, Zhang, C, Huang, R , et al. Efficacy and acceptability of transcranial direct current stimulation for treating depression: a meta-analysis of randomized controlled trials. Neurosci Biobehav Rev. (2021) 126:481–90. doi: 10.1016/j.neubiorev.2021.03.026 

 16. Workman, CD, Kamholz, J, and Rudroff, T. Transcranial direct current stimulation (tDCS) for the treatment of a multiple sclerosis symptom cluster. Brain Stimul. (2020) 13:263–4. doi: 10.1016/j.brs.2019.09.012 

 17. Pilloni, G, Charvet, LE, Bikson, M, Palekar, N, and Kim, MJ. Potential of transcranial direct current stimulation in Alzheimer's disease: optimizing trials toward clinical use. J Clin Neurol. (2022) 18:391–400. doi: 10.3988/jcn.2022.18.4.391 

 18. Angelakis, E, Evangelia, L, Andreadis, N, Korfias, S, Ktonas, P, Stranjali, G , et al. Transcranial direct current stimulation effects in disorders of consciousness. Arch Phys Med Rehabil. (2014) 95:283–9. doi: 10.1016/j.apmr.2013.09.002

 19. Bikson, M, Grossman, P, Thomas, C, Zannou, AL, Jiang, J, Adnan, T , et al. Safety of transcranial direct current stimulation: evidence based update 2016. Brain Stimul. (2016) 9:641–61. doi: 10.1016/j.brs.2016.06.004 

 20. Fregni, F, El-Hagrassy, MM, Pacheco-Barrios, K, Carvalho, S, Leite, J, Simis, M , et al. Evidence-based guidelines and secondary Meta-analysis for the use of transcranial direct current stimulation in neurological and psychiatric disorders. Int J Neuropsychopharmacol. (2021) 24:256–313. doi: 10.1093/ijnp/pyaa051 

 21. Cai, G, Xia, Z, Charvet, L, Xiao, F, Datta, A, and Androulakis, XM. A systematic review and Meta-analysis on the efficacy of repeated transcranial direct current stimulation for migraine. J Pain Res. (2021) 14:1171–83. doi: 10.2147/jpr.s295704 

 22. Charvet, LE, Kasschau, M, Datta, A, Knotkova, H, Stevens, MC, Alonzo, A , et al. Remotely-supervised transcranial direct current stimulation (tDCS) for clinical trials: guidelines for technology and protocols. Front Syst Neurosci. (2015) 9:26. doi: 10.3389/fnsys.2015.00026 

 23. Dobbs, B, Pawlak, N, Biagioni, M, Agarwal, S, Shaw, M, Pilloni, G , et al. Generalizing remotely supervised transcranial direct current stimulation (tDCS): feasibility and benefit in Parkinson’s disease. J Neuroeng Rehabil. (2018) 15:114. doi: 10.1186/s12984-018-0457-9

 24. Charvet, L, Shaw, M, Dobbs, B, Frontario, A, Sherman, K, Bikson, M , et al. Remotely supervised transcranial direct current stimulation increases the benefit of at-home cognitive training in multiple sclerosis. Neuromodulation: Technology at the Neural. Interface. (2018) 21:383–9. doi: 10.1111/ner.12583 

 25. Charvet, LE, Dobbs, B, Shaw, MT, Bikson, M, Datta, A, and Krupp, LB. Remotely supervised transcranial direct current stimulation for the treatment of fatigue in multiple sclerosis: results from a randomized, sham-controlled trial. Mult Scler J. (2018) 24:1760–9. doi: 10.1177/1352458517732842 

 26. Eilam-Stock, T, George, A, and Charvet, LE. Cognitive Telerehabilitation with transcranial direct current stimulation improves cognitive and emotional functioning following a traumatic brain injury: a case study. Arch Clin Neuropsychol. (2021) 36:442–53. doi: 10.1093/arclin/acaa059 

 27. Schulz, KF, Altman, DG, and Moher, D, Group C. CONSORT 2010 statement: updated guidelines for reporting parallel group randomised trials. BMJ. (2010) 340:c332. doi: 10.1136/bmj.c332 

 28. Headache Classification Committee of the International Headache Society. Headache Classification Committee of the International Headache Society (IHS) The International Classification of Headache Disorders, 3rd edition. Cephalalgia. (2018) 38:1–211. doi: 10.1177/0333102417738202

 29. Jurcak, V, Tsuzuki, D, and Dan, I. 10/20, 10/10, and 10/5 systems revisited: their validity as relative head-surface-based positioning systems. NeuroImage. (2007) 34:1600–11. doi: 10.1016/j.neuroimage.2006.09.024 

 30. Androulakis, XM, Md, KKA, Jenkins, C, Maleki, N, Finkel, AG , et al. Central executive and default mode network intra-network functional connectivity patterns in chronic migraine. J Neurol Disord. (2018) 06:393. doi: 10.4172/2329-6895.1000393

 31. Androulakis, XM, Krebs, K, Peterlin, BL, Zhang, T, Maleki, N, Sen, S , et al. Modulation of intrinsic resting-state fMRI networks in women with chronic migraine. Neurology. (2017) 89:163–9. doi: 10.1212/wnl.0000000000004089 

 32. Sours, C, Zhuo, J, Janowich, J, Aarabi, B, Shanmuganathan, K, and Gullapalli, RP. Default mode network interference in mild traumatic brain injury – a pilot resting state study. Brain Res. (2013) 1537:201–15. doi: 10.1016/j.brainres.2013.08.034 

 33. Han, K, Mac Donald, CL, Johnson, AM, Barnes, Y, Wierzechowski, L, Zonies, D , et al. Disrupted modular organization of resting-state cortical functional connectivity in U.S. military personnel following concussive ‘mild’ blast-related traumatic brain injury. NeuroImage. (2014) 84:76–96. doi: 10.1016/j.neuroimage.2013.08.017 

 34. Andrade, S, de Brito, AR, de Oliveria, E, de Mendonça, CTPL, Martins, WKN, Alves, NT , et al. Transcranial direct current stimulation over the primary motor vs prefrontal cortex in refractory chronic migraine: a pilot randomized control trial. J Neurol Sci. (2017) 378:225–32. doi: 10.1016/j.jns.2017.05.007 

 35. Moore, RD, Sauve, W, and Ellemberg, D. Neurophysiological correlates of persistent psycho-affective alterations in athletes with a history of concussion. Brain Imaging Behav. (2016) 10:1108–16. doi: 10.1007/s11682-015-9473-6 

 36. Sicard, V, Harrison, AT, and Moore, RD. Psycho-affective health, cognition, and neurophysiological functioning following sports-related concussion in symptomatic and asymptomatic athletes, and control athletes. Sci Rep. (2021) 11:11. doi: 10.1038/s41598-021-93218-4 

 37. Pena, A, Dumkrieger, G, Berisha, V, Ross, K, Chong, CD, and Schwedt, TJ. Headache characteristics and psychological factors associated with functional impairment in individuals with persistent posttraumatic headache. Pain Med. (2021) 22:670–6. doi: 10.1093/pm/pnaa405

 38. Laughter, S, Khan, M, Banaag, A, Madsen, C, and Koehlmoos, TP. Prevalence of Polytrauma clinical triad among active duty service members. Mil Med. (2021) 187:e856–61. doi: 10.1093/milmed/usab199 

 39. Aurora, SK, and Wilkinson, F. The brain is hyperexcitable in migraine. Cephalagia. (2007) 27:1442–53. doi: 10.1111/j.1468-2982.2007.01502.x

 40. Antal, A, Kriener, N, Lang, N, Boros, K, and Paulus, W. Cathodal transcranial direct current stimulation of the visual cortex in the prophylactic treatment of migraine. Cephalalgia. (2011) 31:820–8. doi: 10.1177/0333102411399349 

 41. Palm, U, Reisinger, E, Keeser, D, Kuo, MF, Pogarell, O, Leicht, G , et al. Evaluation of sham transcranial direct current stimulation for randomized, placebo-controlled clinical trials. Brain Stimul. (2013) 6:690–5. doi: 10.1016/j.brs.2013.01.005

 42. Grinberg, AS, Marth, LA, Manning, M, and Seng, EK. Cognitive Behavioral Therapy for Headache Dseases: Therapist Manual. Washington, DC: U.S Department of Veterans Affairs (2021).

 43. Karve, S, Cleves, MA, Helm, M, Hudson, TJ, West, DS, and Martin, BC. Good and poor adherence: optimal cut-point for adherence measures using administrative claims data. Curr Med Res Opin. (2009) 25:2303–10. doi: 10.1185/03007990903126833 

 44. Theeler, BJ, Flynn, FG, and Erickson, JC. Headaches after concussion in US soldiers returning from Iraq or Afghanistan. Headache: the journal of head and face. Pain. (2010) 50:1262–72. doi: 10.1111/j.1526-4610.2010.01700.x 

 45. Lambru, G, Benemei, S, Andreou, AP, Luciani, M, Serafini, G, van den Brink, AM , et al. Position paper on post-traumatic headache: the relationship between head trauma, stress disorder, and migraine. Pain Ther. (2021) 10:1–13. doi: 10.1007/s40122-020-00220-1 

 46. Pilloni, G, Woods, AJ, and Charvet, L. No risk of skin lesion or burn with transcranial direct current stimulation (tDCS) using standardized protocols. Brain Stimul. (2021) 14:511–2. doi: 10.1016/j.brs.2021.03.006

 47. Pinto, CB, Teixeira Costa, B, Duarte, D, and Fregni, F. Transcranial direct current stimulation as a therapeutic tool for chronic pain. J ECT. (2018) 34:e36–50. doi: 10.1097/yct.0000000000000518 

 48. Pilloni, G, Vogel-Eyny, A, Lustberg, M, Best, P, Malik, M, Walton-Masters, L , et al. Tolerability and feasibility of at-home remotely supervised transcranial direct current stimulation (RS-tDCS): single-center evidence from 6,779 sessions. Brain Stimul. (2022) 15:707–16. doi: 10.1016/j.brs.2022.04.014 

 49. Nitsche, MA, Fricke, K, Henschke, U, Schlitterlau, A, Liebetanz, D, Lang, N , et al. Pharmacological modulation of cortical excitability shifts induced by transcranial direct current stimulation in humans. J Physiol. (2003) 553:293–301. doi: 10.1113/jphysiol.2003.049916 

 50. Fritsch, B, Reis, J, Martinowich, K, Schambra, HM, Ji, Y, Cohen, LG , et al. Direct current stimulation promotes BDNF-dependent synaptic plasticity: potential implications for motor learning. Neuron. (2010) 66:198–204. doi: 10.1016/j.neuron.2010.03.035 

 51. Workman, CD, Fietsam, AC, Ponto, LLB, Kamholz, J, and Rudroff, T. Individual cerebral blood flow responses to transcranial direct current stimulation at various intensities. Brain Sci. (2020) 10:855. doi: 10.3390/brainsci10110855

 52. Brunoni, AR, Nitsche, MA, Bolognini, N, Bikson, M, Wagner, T, Merabet, L , et al. Clinical research with transcranial direct current stimulation (tDCS): challenges and future directions. Brain Stimul. (2012) 5:175–95. doi: 10.1016/j.brs.2011.03.002 

 53. Mclaren, ME, Nissim, NR, and Woods, AJ. The effects of medication use in transcranial direct current stimulation: a brief review. Brain Stimul. (2018) 11:52–8. doi: 10.1016/j.brs.2017.10.006 

 54. Seng, EK, Singer, AB, Metts, C, Grinberg, AS, Patel, ZS, Marzouk, M , et al. Does mindfulness-based cognitive therapy for migraine reduce migraine-related disability in people with episodic and chronic migraine? A phase 2b pilot randomized clinical trial. Headache. (2019) 59:1448–67. doi: 10.1111/head.13657 

OPS/images/fneur-14-1184056-g005.jpg
Change in Total Number of Headache Days

Change in Number of Mod/Sev Headache Days

%

-@- sham 100S

o ——————0

20

15

(skep) a100g sbueUD

- Actve 0CS

~@-sram s

\ S IN7

Ir
1 47,
\vy\\ﬁ/ il \\ “

1

LY

20

o0

(skep) 21008 oBuByD

20

Follow-up

Treatment

Baseline

Treatment Follow-up

Baseline





OPS/images/fneur-14-1184056-t001.jpg
Active RS- Sham RS- p-value

tDCS tDCS
(n=10) (GES ]
Age (years) 493185 426+80 0.08
Sex (# men) 9(90%) 9(81.8%) 1.00
Body mass tndex (kg/
289£49 209449 064
mA2)
Race (n) 0.67
White 5 (50%) 7(63.6%)
Black or African
5 (50%) 4(36.4%)
American
Marital Status () 082
Married 7(70%) 8(72.7%)
Divorced 2(20%) 2(18.2%)
Never married/
1(10%) 1(9.1%)
domestic partnership
Education Level () 061
High School graduate
2(20%) 1(9.1%)
or GED
Some college or.
4(40%) 7(63.6%)
technical school
Bachelor’s degree or
4(40%) 3(27.3%)
higher
Employment Status () 024
Employed (full or part
i = 4(40%) 7 (66.6%)
time)
Unemployed 3(30%) 0
Disabled 1(10%) 2(18.2%)
Retired 2(20%) 2(18.2%)
TBI characteristics
Number of injuries 24£10 23211 054
Years since first injury 166£9.2 153498 075
TBI mechanism ()"
Blast 5 6 100
Mortar 3 2 0.62
Motor vehicle accident 4 3 065
Other 5 6 100
Headache characteristics
Age at headache onset
307492 306£93 0.96
(years)
Number of headache
2356438 241450 045
days (out of 28 days)
Number of moderate
to severe headache 156488 15771 097
days (out of 28 days)
Headache phenotype 100
Migraine-like 9(90%) 9(81.8%)
Tension-type 1(10%) 2(18.2%)
Acute pain medication
152113 95181 064
use (days out of 28)
"Medication overuse
4(40%) 4(36.4%) 100
(n)
Quality of life
PHQ9 143268 141250 094
HIT-6 645467 653261 079
BAI 306£150 265+154 054
PCL-S 4764216 446£193 074
ISt 181487 186259 087
RPQ 4472146 435291 082

‘Not mutually exclusive. Values reported as mean:+standard deviation unless otherwise indicated. GED, General Educational Development Test; TBI, Traumatic brain injury; PHQ-9, Patient
Health Questionnaire; HIT-6, Headache Impact Test; BAL, Beck Anxiety Inventory; PCL-5, DSM-5 PTSD ChecKlist;ISI, Insomnia Severity Index; RPQ, Rivermead Post-Concussion Symptoms
Questionnaire.

Medication overuse is defined as taking one acute pain medication more than 15days/month or 2+ acute pain medications more than 10 days/month,






OPS/images/fneur-14-1184056-g003.jpg





OPS/images/fneur-14-1184056-g004.jpg





OPS/images/fneur-14-1184056-t002.jpg
Effect size () [p-value]

Treatment Follow-up Interaction Group
Primary Outcome
Mod/Sev HA sham 23134 12565
b <001 [0.92] 0.19 [<0.01] 0.01(045]
ays () active -25135 ~39564
Secondary Outcomes
HA Days () sham 15438 ~02244
0.03[0.27] 0.12[0.03] <0.01[0.96]
active ~40252 ~21272
Tertiary Outcomes
PHQ9 sham 01844 ~10256
001 (0.54] <0.01{0.96] <0.01[089]
active ~06+4.1 01242
HIT6 sham 08254 —542184
0.03(0.33] 0.01[0.57] 0.02(041]
active ~45265 -40273
BAI sham 19274 352108
<001{0.84] 0.10 0.06] <0.01{0.73]
active ~32:86 ~28296
PCL5 sham 194105 -142172
<001[0.89] <0.01(0.91] 0.03(035]
active 29493 ~152124
RVMD sham —42:117 —402148
0.01[0.57] 0.01 [046] 0.01(0.54]
active ~102£19.1 ~482106
18t sham 02451 09184
<001[0.85) 0.01[0.58] <0.01{0.85]
active ~05+55 —05:42

Mod/Sev HA Days, Moderate-to-Severe Headache days; HA Days, Headache Days; PHQ-9, Patent Health Questionnaire; HIT-6, Headache Impact Test; BAI, Beck Ansiety Inventory; PCL
DSM-5 PTSD Checklist; I, Insomnia Severity Index; RPQ, Rivermead Post-Concussion Symptoms Questionnaire. Bold values indicate statistical significance at p<0.05.






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Remotely supervised at-home tDCS for veterans with persistent post-traumatic headache: a double-blind, sham-controlled randomized pilot clinical trial



		1. Introduction



		2. Methods



		2.1. Study population



		2.2. Study design



		2.2.1. Randomization and RS-tDCS stimulation protocol



		2.2.2. Headache diary









		2.3. Clinical outcomes



		2.3.1. Primary outcomes



		2.3.2. Secondary outcomes



		2.3.3. Tertiary outcomes



		2.3.4. Intervention related side effects/tolerability









		2.4. Statistical analyses









		3. Results



		3.1. Participants



		3.2. Safety and tolerability



		3.3. Primary outcomes



		3.3.1. Feasibility



		3.3.2. Moderate-to-severe headache days









		3.4. Secondary outcomes



		3.4.1. Secondary headache outcomes









		3.5. Tertiary outcomes



		3.5.1. PPTH-related functional outcomes















		4. Discussion



		4.1. Limitations









		5. Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References



















OPS/images/fneur-14-1184056-g001.jpg
154 Pre-screened & Contacted

v

» 39 Not eligible

41 Consented & Enrolled

f———p 6 Lost contact

113 Not enrolled

39 No response
35 Not interested

8 Declined to participate after enrolling

2 Started other treatments

33 Entered Baseline

A 4

7 Discontinued

4 Not eligible (minimal headache pain
> igible ( pain)

2 Withdrew due to schedule conflicts
1 Received orders for deployment

26 Randomized

e e

1 Could not tolerate
tDCS

13 Assigned to active RS-tDCS

13 Assigned to sham RS-tDCS

2 Discontinued

emergency

headache diary

1 Withdrew due to family

1 Non-compliant with

A 4

> 1 Withdrew due to personal
reasons (stress)
1 Excluded (Outlier)

A 4

10 Completed treatment
& 4-week follow-up

11 Completed Treatment
& 4-week follow-up






OPS/images/fneur-14-1184056-g002.jpg
Active tDCS

. Baseline Phase -
Screening [ (s.weeks)  [P| Randomization
Phone « Daily Headache Clinical
Screening for Diary Questionnaires
Eligibility

(Prior to first
1DCS session)

Sham tDCS

+ Daily Headache

Treatment Phase| _ [Follow-up Phase
(4-weeks) > (dweeks)

- 20Rs-DCS - Ciiical
Sessions Questionnaires

+  Clinical

Questionnaires

Diary

- Daily Headache

Diary






OPS/images/cover.jpg
, frontiers | Frontiers in Neurology

Remotely supervised at-home
tDCS for veterans with persistent
post-traumatic headache: a
double-blind, sham-controlled
randomized pilot clinical trial












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
¥ frontiers = Frontiers in Neurology






