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Introduction: Chronic pain is a significant health problem and is particularly prevalent amongst the elderly. Transcranial direct current stimulation (tDCS) is a non-invasive brain stimulation technique that has been proposed to reduce chronic pain. The aim of this study was to evaluate and compare the efficacy of active and sham tDCS in reducing pain in older individuals living with chronic musculoskeletal pain.

Materials and Methods: Twenty-four older individuals (mean age: 68 ± 7 years) suffering from chronic musculoskeletal pain were randomized to receive either anodal tDCS over the contralateral motor cortex (2 mA, 20 min; n = 12) or sham tDCS (20 min; n = 12) for five consecutive days. Pain logbooks were used to measure pain intensity. Questionnaires (McGill Pain Questionnaire, Brief Pain Inventory, Beck Depression Inventory [BDI], Beck Anxiety Inventory, Pain Catastrophizing Scale [PCS], and Margolis Pain Drawing and Scoring System [MPDSS]) were also used to assess pain in its globality.

Results: Analysis of pain logbooks revealed that active tDCS led to a reduction in daily average pain intensity (all p ≤ 0.04), while sham tDCS did not produce any change (p = 0.15). Between-group comparisons for change in pain intensity reduction between active and sham tDCS showed a trend during treatment (p = 0.08) which was significant at the follow-up period (p = 0.02). Active tDCS also improved scores of all questionnaires (all p ≤ 0.02), while sham tDCS only reduced MPDSS scores (p = 0.04). Between-group comparisons for the pain-related outcomes showed significant differences for BDI et PCS after the last tDCS session.

Conclusions: These results suggest that anodal tDCS applied over the primary motor cortex is an effective modality to decrease pain in older individuals. tDCS can also improve other key outcomes, such as physical and emotional functioning, and catastrophic thinking.
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INTRODUCTION

Chronic musculoskeletal pain is the leading cause of disability among older adults, exceeding heart diseases, strokes, respiratory conditions, and injuries (1, 2). It is, therefore, no surprise that pain, mainly musculoskeletal, is the most common reason for seeking medical care (3–5). More than a mere symptom, chronic pain is now recognized worldwide as a significant health problem having a major impact on physical functioning and quality of life (6, 7). In older adults, chronic pain is associated with decreased mobility and cognitive functioning, along with increased anxiety, depression, and loneliness (8–12). These negative effects can lead to a loss of autonomy and precipitate institutionalization (13–15).

Conservative treatments, including the use of pharmacological agents, remain one of the first line of treatment to alleviate chronic pain in late adulthood (16–19). Despite the availability of many pharmacological treatments, they are often not sufficient to relieve pain in this population (20, 21). Besides, polypharmacy remains an important problem in older individuals (19, 22–24), with numbers showing that ~20% of them suffer from undesirable drug interactions or reactions (23). In view of this, recommendations and clinical practical guidelines insist on the importance of multimodal analgesic approaches, combining both pharmacologic and nonpharmacologic treatments (13, 18, 25).

Non-invasive brain stimulation techniques, in particular transcranial direct current stimulation (tDCS), have been extensively studied in the past years as a potential nonpharmacologic approach for reducing chronic pain (26, 27). Although few investigations were conducted in the elderly [mostly patients suffering from osteoarthritis [OA] pain (28–31)], studies looking into the efficacy of tDCS for chronic pain conditions were mainly performed in middle-aged adults suffering from neuropathic pain (32–34), making it difficult to draw conclusions about the utility of such an approach in older populations. The present study aimed to fill this knowledge gap and document the effect of tDCS in older individuals living with chronic musculoskeletal pain. More specifically, we aimed to evaluate the efficacy of active tDCS in reducing pain intensity and other pain-related outcomes including pain quality, the impact of pain on physical and emotional functioning, catastrophic thinking, and body surface covered by pain.



MATERIALS AND METHODS


Participants

Twenty-four elderly individuals were included in the study of whom 14 were part of a previously published pilot study (35). The flowchart of the study is presented in Figure 1. Individuals were regarded as suitable to participate if they fulfilled the following criteria: (1) aged 60 years or over; (2) reported stable musculoskeletal pain in the previous 3 months or more; and (3) had never undergone tDCS before. Participants with tDCS contraindications, such as psychiatric or neurological conditions (e.g., stroke, traumatic brain injury, etc.), history of brain surgery or tumor, metallic implants, epilepsy, or history of substance abuse or dependence, were excluded (36, 37). Participants reported the diagnoses they received from their primary care physician. Participants were asked to keep their medication and life habits stable for the duration of the study, and were also asked not to consume psychostimulants (nicotine and caffeine) at least six hours before testing, to avoid potential effect on pain measures (38). The experiment took place at the Research Center on Aging of the CIUSSS de l'Estrie-CHUS (Sherbrooke, Quebec, Canada). Participants were all French-speaking community-dwelling individuals. The study was approved by the local institutional ethics committee and written informed consent was obtained from all participants.
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FIGURE 1. Flowchart showing recruitment and progress through the study.




Experimental Design

A randomized, parallel-arm, double-blind, sham-controlled design was used. The study lasted 19 days and was divided into 3 phases: a 7-day baseline evaluation (T1); a 1-week treatment period, which consisted of five consecutive daily treatment sessions of sham or active tDCS (T2); and a 7-day follow-up period (T3). Throughout the 19 days of the study, daily measures of pain were recorded with a pain logbook. Randomization to sham or active tDCS was performed using a random numbers table with a ratio of 1:1 based on the order of entry of the participants in the study created by the local institutional statistician. The randomized table design for our previous pilot study was extended to assign a total of 24 individuals (12 in each group); this new sample size was based on the calculations following the results in pain reduction obtained from the pilot study (35).



Pain Measurements

Pain intensity (primary outcome measure) was evaluated with a daily pain logbook containing two numerical rating scales (NRSs) ranging from 0 to 10 (0 = no pain; 10 = maximal pain). These two NRSs were used to evaluate the pain felt by the participant (i) on average in the past 24 h (average pain), and (ii) at its worst during the past 24 h (maximal pain). The pain assessment logbook was filled out by the participant at the end of each day throughout the duration of the study. The NRS have been shown to be reliable and valid to measure pain intensity in elderly patients with persistent pain (39). In addition to its intensity, pain has different sensory and affective qualities that need to be measured to fully describe the experience of the patient (40). This was done using the McGill Pain Questionnaire (MPQ) (41).

Pain intensity and quality measurements are essential, but they only capture a part of the pain experience and should be supplemented by other pain-related measures (39, 42–44). Following the recommendations of others from the IMMPACT group (42, 43), we assessed the impact of pain on physical and emotional functioning with the short form of the Brief Pain Inventory (SF-BPI) (45) and the Beck Depression Inventory (BDI) (46), respectively, anxiety symptoms with the Beck Anxiety Inventory (BAI) (47), catastrophic thinking with the Pain Catatrophizing Scale (PCS), (48) and painful body surface with the Margolis Pain Drawing and Scoring System (MPDSS) (42, 49–52). These questionnaires, in addition to the MPQ, were completed three times during the study: (1) before the tDCS sessions, (2) after the last tDCS session, and (3) 1 week after the end of the intervention. The validity and reliability of all questionnaires have been previously documented (41, 45, 47–49, 53–57).



TDCS Protocol

Participants were seated comfortably in an armchair during the 5 tDCS treatment sessions. The treatments with regards to one given participant were always given by the same investigator who was different from the evaluator. The investigator was responsible for the assignment of participants into the active or sham tDCS group, keeping the evaluator and the participants blinded. During the stimulation, the investigator hid the device from the participant with a towel. For each participant, the stimulations were given at the same time of the day to get as close as possible to a spacing of 24 h between tDCS sessions. Direct current was transferred to the participant by a saline-soaked pair of surface sponge electrodes (5 x 7 cm) and delivered by a constant, battery-driven, portable tDCS device (Model 1300-A; Soterix Medical Inc, New York, NY). Participants received either anodal or sham stimulation of the primary motor cortex (M1). The anode was placed over M1, contralateral to the most painful site (C3 or C4 according to the electroencephalogram 10/20 system), and the cathode was placed on the supraorbital area contralateral to the anode. During active tDCS, a constant anodal current of 2 mA was delivered for 20 min. This anodal tDCS procedure has been shown to increase cortical excitability and reduce various types of chronic pain (58–64). For the sham stimulation, the electrodes were placed following the same montage as the active tDCS; however, current was applied only for the first and final 30 s and turned off for the remaining time. Therefore, the individual felt the ramp up and ramp down itching sensation of the current but received no current for the rest of the stimulation period. Each participant was informed that the sensations are generally and mainly perceived at the beginning and the end of the stimulation. The tDCS device was set by the manufacturer to automatically provide this type of sham stimulation. This placebo procedure has been validated as an effective blinding method for participants, but not for investigators (65–68). For this reason, the evaluator, who was different from the investigator, did not have contact with participants after stimulation except for the last day of stimulation when pain questionnaires were to be completed. Participants were also asked not to discuss or give any information about the intervention sessions to the evaluator. Blinding of the evaluator, as well as blinding of the participants, were assessed on the last day of tDCS sessions by asking the evaluator and participants to guess to which study group participants belonged. Side effects were evaluated after each tDCS session by asking the participant to report verbally if they experienced any symptoms. If applicable, the intensity of the side effects was assessed by asking the participant to classify their symptoms as mild, moderate, or severe.



Data Analysis

Pain intensity, as evaluated by the two NRS of the daily pain logbook (average pain and maximal pain) were averaged into 3 scores, reflecting the three phases of the study (i.e., before[T1], during[T2], and after[T3] tDCS treatments). As mentioned above, T1 represents the 7 days of baseline, T2 corresponds to the 5 days of tDCS treatments, and T3 represents the 7 days of follow-up. The mean values were used for all analyses. Percentages of hypoalgesia were also calculated to directly compare the efficacy of active and sham tDCS on pain, based on the following formula: hypoalgesia ={[pain score before treatment (T1)—pain score during or after treatment (T2 or T3)] / pain score before treatment (T1)} x 100. For pain intensity, a modified intention-to-treat analysis was used to handle missing data in the pain logbook. Specifically, participants with >10% of missing data were excluded from the analyses, whereas an average of the results for each time point was used for the participants who had <10% of missing data. There was no possibility of missing data for all the pain-related outcomes since participants completed the questionnaires in the presence of the evaluator.

The study was designed to detect a clinically important difference of 2 points on an 11-point NRS (69, 70). To detect this difference with 80% power and a 5% significance level, we determined that 24 individuals had to be enrolled in the study [based on the effect size of 0.93 observed in our pilot study (35)]. Due to the low number of participants, and since visual inspection of the histograms did not allow us to assume that the data were normally distributed, nonparametric tests were used for all the statistical analyses. Specifically, U Mann–Whitney tests were used to compare the two groups (between-group analyses). This allowed us to evaluate if the outcome measures were different between the active and sham tDCS groups. Friedman tests and Wilcoxon Signed-Rank tests were also used to compare if the intervention affected the outcome measures in each group (intra-group analyses). All tests were performed using SPSS (version 25 for Windows, Chicago, IL), and the differences were considered significant if p ≤ 0.05 was obtained.




RESULTS


Participants

Twenty-four older individuals aged between 60 and 84 years (mean age 68 ± 7 years; 4 men) were included in the study. Two participants from the active tDCS group dropped out of the study during the pilot study, one because of a family event (death of a loved one–did not receive any tDCS session), and one because of a personal matter (withdrawal of driver's license–received 3 tDCS sessions before dropping out). These 2 dropouts were considered in the new randomized table generated by the statistician to include a total of 24 participants (12 by group). Data from the two participants who dropped out were excluded from all analyses. The demographic and general clinical characteristics of the 24 participants are summarized in Table 1.


Table 1. Clinical and demographic characteristics of the participants.
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Blinding and Side Effects

After the end of the last tDCS session, all participants were asked to guess in which treatment group they thought they belonged to (active or sham tDCS). Of the 24 participants who completed the study, 18 had no clue and 6 had an idea about the treatment they had received. From these six participants, two assumed correctly that they received active tDCS, two assumed correctly that they had sham tDCS, and 2 (1 active and 1 sham) were incorrect. Considering all 24 participants (including the 18 individuals who were forced to decide having no clue), 13 correctly identified their assignment group. The probability of obtaining equivalent or higher success rates is 0.42 under a binomial distribution B (n = 24, p = 0.5). Thus, we cannot conclude from participants' responses that they did better than randomly selecting their assignment group. The performance of the evaluator was similar; for the active and the sham tDCS groups; the evaluator guessed correctly for eight out of 12 participants and for six out of 12 participants, respectively. The probability of obtaining at least 14 correct answers out of 24 is estimated at 0.27 under a binomial distribution B (n = 24, p = 0.5), indicating that the evaluator, like the participants, did not do better than chance.

All participants tolerated the tDCS treatments well without experiencing any serious adverse effects. Fourteen participants out of 24 reported minor and transient side effects during or after the tDCS session. Of the 120 tDCS sessions delivered, 24 sessions (20%) were associated with minor side effects, namely mild tingling under the electrode (79%), mild headache (8%), mild sensation of bruise under the anode (4%), and moderate heat under the electrode (8%). The majority of the side effects (55%) were reported in the first tDCS session, and more than one-third of them occurred in the sham tDCS group.



Pain Intensity Outcomes

Pain intensity measures (primary outcome) were obtained via the pain logbook filled daily by the participants during the 3 phases of the study. Three participants (one in the active tDCS group and two in the sham tDCS group) were excluded because >30% of missing data. For the remaining 21 participants included in the analyses, none had missing data except for one in the sham tDCS group (5% of missing data). For this participant, one of the 7 days of the follow-up period was not completed in the pain logbook; for this participant, pain intensity was calculated by averaging the scores over 6 days, rather than 7.

Pain intensity outcomes are presented in Figure 2. As it can be seen in Figure 2A, the daily average pain ratings decreased among the active tDCS group and remained unchanged among the sham tDCS group. This pattern of results was confirmed by Friedman tests, which revealed a significant effect of time in the active tDCS group (p = 0.006), but not in the sham tDCS group (p = 0.15). Post-hoc Wilcoxon signed-rank tests for the active tDCS group revealed that there was a significant reduction in the daily average pain during (T2; p = 0.003) and after (T3; p = 0.04) tDCS treatments, when compared to baseline (T1). For daily maximal pain scores (Figure 2B), they also tended to decrease in the active tDCS group, but results just failed to reach statistical significance (p = 0.05). No changes were observed for the sham tDCS group (p = 0.93).


[image: Figure 2]
FIGURE 2. The average daily pain for sham and active treatment groups was gathered using the 0–10 NRS from the pain logbooks. T1 represents the 7 days of baseline, T2 corresponds to the 5 days of tDCS treatments, and T3 represents the 7 days of follow-up. Each point represents a group mean ± SEM (standard error of mean). (A) Daily average pain. (B) Daily maximal pain. *Statistically significant with p < 0.05; **Statistically significant with p < 0.005.


To better delineate the effect of active and sham tDCS, percentages of hypoalgesia were calculated and compared between the 2 groups (Figure 3). Active tDCS produced a reduction in daily average pain of 31% at T2 and 33% at T3. On the other hand, sham tDCS reduced daily average pain by 14% at T2 and slightly increased the pain by 1% at T3. U Mann–Whitney tests comparing the active tDCS and sham tDCS groups revealed a statistically significant difference between the two groups at T3 (p = 0.02), but not at T2 (p = 0.08). For daily maximal pain, active tDCS reduced the pain scores by 19% at T2 and 21% at T3, whereas sham tDCS slightly increased daily maximal pain scores by 2% at T2 and 5% at T3. U Mann–Whitney tests comparing daily maximal pain between both groups failed to reach statistical significance, both at T2 (p = 0.09) and T3 (p = 0.06).


[image: Figure 3]
FIGURE 3. Percentages of hypoalgesia are calculated with (A) the daily average pain and (B) the daily maximal pain measured using the pain logbook. For each graph, the first two columns represent hypoalgesia during the week of tDCS treatments (comparing T2 to T1) and the second two columns represent hypoalgesia during the 7 days of follow-up (comparing T3 to T1). Each column represents mean ± SEM. *Indicates statistically significant (p < 0.05).




Pain-Related Outcomes

Results from the questionnaires evaluating pain quality (MPQ) and depicting all other pain-related outcomes are presented in Table 2. There were no missing data for these measures. Active tDCS generated a significant change for all outcomes (all p ≤ 0.02). Post-hoc Wilcoxon signed-rank tests revealed that active tDCS reduced MPQ, SF-BPI, BDI, BAI, PCS, and MPDSS scores at T2 compared to T1 (all p ≤ 0.04), suggesting that tDCS had positive effects on the qualitative aspects of pain, physical functioning, emotional functioning (depressive symptoms and anxiety), catastrophic thinking, and the body surface covered by pain. Post-hoc Wilcoxon signed-rank tests also revealed significant improvements at T3 when compared to T1 (all p ≤ 0.04), except for physical functioning (p = 0.31) and depressive symptoms (p = 0.09), suggesting that active tDCS produced a more persistent effect on the qualitative aspect of pain, anxiety symptoms, catastrophic thinking, and the body surface covered by pain. On the contrary, sham tDCS generated no change overtime for all pain-related outcomes (all p ≥ 0.08), except for the painful body surface that was significantly reduced at T2 and T3 when compared to T1 (both p ≤ 0.02). U Mann–Whitney tests revealed between-group differences for depressive symptoms and catastrophic thinking at T2 (both p ≤ 0.03).


Table 2. Pain-related questionnaires.
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DISCUSSION

The present study aimed to evaluate the efficacy of tDCS on pain in older individuals living with chronic musculoskeletal pain. Overall, the results of this randomized, double-blind, sham-controlled trial indicate that tDCS is an effective approach for reducing chronic musculoskeletal pain and improving pain-related outcomes in elderly individuals. It is important to reiterate that the present study includes and builds on data coming from a previous pilot study (35); the first part of the trial and the outcome data generated hence contribute to the final analyses (71). Eldridge et al. describe pilot studies as a subset of feasibility studies (72). In these types of studies, not only are feasibility issues assessed, but their results also allow researchers to optimize the methods used in the main study to avoid wasting valuable research resources and recruiting participants into a trial that may not succeed (71–73). In the specific case of our pilot study, the methods and objectives were modified to remove all the elements related to sleep measurement, given the negative results observed for this outcome (35).

We observed a significant reduction in the daily average pain ratings among the active tDCS group during treatment (T2) and in the following week (T3) when compared to baseline (T1). Importantly, the percentages of hypoalgesia measured at T2 and T3 were found to be clinically significant, suggesting that patients with chronic pain may actually benefit from pain reduction achieved with tDCS (51, 70). Our observations are consistent with the results of previous work looking into the efficacy of tDCS in older adults suffering from chronic pain, all of which obtained positive results (29, 30, 74–78). Although all these studies point in the same direction, the magnitude of pain reduction and the long-lasting effect vary from one study to another. In our case, daily average pain intensity scores decreased by 1.32 points and 1.41 points on the 0–10 NRS during the week of treatment and in the week after the last tDCS session, respectively. These results are similar to those of Ahn et al. (knee OA pain) (74) who reported reductions of 18.5/100 after tDCS sessions and of 16.4/100 at the 1-week follow-up, but are inferior to those obtained by Concerto et al. (plantar fasciitis) (30) who observed a reduction of approximately 2.6/10 during the week of tDCS sessions and 2.85/10 on the week after the end of tDCS sessions. Most of the tDCS studies conducted so far in the elderly focused on knee OA. Although OA is a prevalent condition in the elderly, it will be important to look at the effects of tDCS on other painful conditions in the future (28, 29, 74–78).

Our results also showed that active tDCS improved all pain-related measures during the week of treatment (T2) when compared to baseline (T1). Physical functioning and pain quality are two of the most studied pain-related outcomes in trials looking into the effect of tDCS in older adults (29, 30, 74, 78). In our study, physical functioning, as measured with the BPI, showed an improvement of 12.9 points at T2. These results differ from those obtained by Tavares et al. (78)—the only other study to evaluate physical functioning with the BPI—who reported a decrease of only 2.27 points after 15 sessions of tDCS. The observations of Tavares et al. are consistent with those of Ahn et al. (74)—who used the Western Ontario and McMaster Universities Index (WOMAC) to evaluate the impact of pain on physical functioning and who failed to observe significant improvement following five sessions of tDCS—but contrasts with the results of four other studies, all of which observed significant improvements in WOMAC scores following tDCS treatments (28, 29, 76, 77).

In the present study, the improvements observed in all pain-related outcomes persisted over time and remained statistically significant 1 week after the last tDCS intervention (T3) when compared to baseline (T1), except for physical functioning and depressive symptoms. This follow-up period, although relatively short, is one of the strengths of this study, as most of the other studies looking into the effect of tDCS in older adults did not plan any follow-up assessments (28, 29, 75–77). From the only 3 studies which included a follow-up period, 1 reported no lasting effect of tDCS (78) and 2 reported a sustained reduction of pain intensity (30, 74). One of these studies also observed an improvement in physical functioning and anxiety symptoms during a 1-week follow-up (30).

All participants included in the analyses completed all 5 tDCS sessions. Only 2 participants dropped out from the study: one before starting the first tDCS intervention (death of a loved one) and the other after attending 3 tDCS sessions (withdrawal of driver's license). Like most studies of non-invasive brain stimulation in depression or chronic pain [> 90%, according to Thibaut et al. (79)], no strategy was initially planned for participants who missed the tDCS sessions (79). Thibaut et al. suggested that a maximum of 20% of missing sessions should be allowed before excluding a participant and that these sessions should be replaced at the end of the stimulation period (79). Following these recommendations, the two participants who dropped out (who had missed 40% and 100% of their tDCS sessions), were excluded from the analyses. Taking into consideration the reasons for dropping out, we decided not to conduct intention-to-treat analyses, so as not to unduly underestimate the effect of the intervention.

Transcranial direct current stimulation was well tolerated in our participants (no important or severe side effects). Of all the tDCS sessions, only 20% were associated with benign side-effect (92% classified as mild and 8% as moderate). These observations correspond to the aggregation of tDCS experiences in humans, presented by Bikson et al., which revealed that tDCS did not produce any serious adverse effect or irreversible injury across over 33,200 sessions on 1,000 participants (36). Tingling was the most common effect observed in our participants, followed by, but far ahead of, headache and sensations of heat under the electrodes, which were both reported twice. Tingling was also reported by Concerto et al. (30), Ahn et al. (74), and Tavares et al. (78). Interestingly, Tavares et al. noted that tingling sensation and headache were significantly higher among their sham tDCS group (78).

Blinding was successful as only 13 out of 24 participants were able to correctly guess the type of stimulation they received, a ratio which is no better than chance or coincidence. Our results also suggest that our evaluator, who correctly guessed 14 times out of 24 in the group to which the participants belonged, was successfully blinded. Other tDCS studies conducted in the elderly also reported successful blinding of the participants, but did not discuss evaluators' blinding (28, 77, 78). O'Connell et al. (80) suggested that the use of a sham tDCS treatment applied at an intensity of 2 mA is hardly attainable, given that evaluators are often able to observe skin redness under the reference electrode following active tDCS (80). In the present study, all participants (including those who received sham tDCS) presented some redness under the reference electrode, an element that probably contributed to the successful blinding of the evaluator. Although blinding of participants and evaluators is not perfect, a publication of Brunoni et al. (81) revealed that there are no important blinding-related biases in tDCS clinical trials when using parallel designs, partly because this type of study design (vs. crossover design) does not allow the participants to compare the procedures and sensations felt during active and sham conditions.

This study had some limitations. First, participants were met by the evaluator on the last day of tDCS treatment to fill the questionnaires. Although the evaluator was not able to distinguish between the active and sham stimulation, some authors report that skin redness can help guess the type of stimulation up to 30 min after the end of stimulation (65, 78, 80, 82). According to these authors' observations, Brunoni et al. (66) suggested that breaking blinding should be avoided by having a backup blinded evaluator available to substitute an evaluator who notices evidence of redness skin of a patient. In the present study, skin redness was similar between the two groups (active and sham). A second limitation is that the short follow-up period does not provide data to draw conclusions regarding the long-term efficacy of tDCS. Some studies conducted on younger populations showed that 5 sessions of tDCS can produce a significant hypoalgesic effect that can last up to 6 months after the end of stimulations (83–85). In older adults, the longest follow-up period for 5 tDCS sessions demonstrated that knee OA pain can be reduced up to 3 weeks after the last tDCS intervention (74). Third, our participants were asked to keep their medication stable for the duration of the study, and no participant was excluded based on their medication consumption. However, observations from a review suggest that multiple classes of medications may impact the effect of tDCS, and that tDCS trials should carefully consider what types of medications are allowed for their participants (86). Nevertheless, there are ethical considerations when conducting a study with the elderly suffering from chronic pain, and our research team was not comfortable asking participants to stop medication consumption. There are also benefits to not exclude these participants (e.g., increased external validity). Fourth, there was no statistical correction applied for the post hoc tests. Given the relatively small number of participants and the fact that sample size calculation was done without considering such analyses, we refrained from applying corrections for the post hoc tests to reduce the risk of Type II errors. Finally, although many changes in pain intensity and pain-related outcomes are statistically significant, these results should be interpreted with caution as their clinical significance varies according to the thresholds set by different studies (69, 70).


Conclusion

The present study provides additional evidence on the efficacy of tDCS for reducing chronic musculoskeletal pain in the elderly. Our intervention (5 sessions of tDCS) reduced pain intensity and quality and improved many pain-related outcomes, such as physical functioning, emotional functioning (symptoms of anxiety and depression), catastrophic thinking, and body surface covered by pain. At this stage, and after the accumulation of evidence from all these small sample studies confirming the beneficial effect of tDCS in elders suffering from chronic musculoskeletal pain, we believe that the field is ready for the implementation of a large pragmatic multicenter study to confirm these promising results and better define the role tDCS could have in the prise en charge of this population.




DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the corresponding author upon request.



ETHICS STATEMENT

This study was reviewed and approved by the Comité d'éthique de la recherche du CIUSSS de l'Estrie-CHUS. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

MPH wrote the research protocol and the present manuscript, collected most of the data, and realized statistical analysis. MM and FH helped in data collection and revised this manuscript. ID helped with recruitment and data collection and revised the manuscript. ER helped to develop the research project and revised the manuscript. GL developed the research project, supervised the trial and the data analysis, and revised the manuscript. All authors contributed to the article and approved the submitted version.



FUNDING

GL is supported by the Fonds de Recherche en Santé (FRQ-S, Québec, Canada). The project was partially supported by the Center d'excellence en neurosciences de l'Université de Sherbrooke (CeNUS, Québec, Canada) and an internal start-up fund from the Research Center on Aging (Initiatives stratégiques du Center de recherche sur le vieillissement, Québec, Canada).



ACKNOWLEDGMENTS

The authors would like to thank Ms. Marie-Claude Girard and Mr. Antoine Guillerand for their help with data collection. They also thank all the participants who took part in this project.



REFERENCES

 1. Molton IR, Terrill AL. Overview of persistent pain in older adults. Am Psychol. (2014) 69:197–207. doi: 10.1037/a0035794

 2. Adamson J, Beswick A, Ebrahim S. Is stroke the most common cause of disability? J Stroke Cerebrovasc Dis. (2004) 13:171–7. doi: 10.1016/j.jstrokecerebrovasdis.2004.06.003

 3. Schappert SM, Burt CW. Ambulatory care visits to physician offices, hospital outpatient departments, and emergency departments: United States, 2001-02. Vital Health Stat. (2006) 13:1–66.

 4. Mäntyselkä P, Kumpusalo E, Ahonen R, Kumpusalo A, Kauhanen J, Viinamäki H, et al. Pain as a reason to visit the doctor: a study in finnish primary health care. Pain. (2001) 89:175–80. doi: 10.1016/S0304-3959(00)00361-4

 5. Calsina-Berna A, Moreno Millán N, González-Barboteo J, Solsona Díaz L, Porta Sales J. Frequency of pain as a reason for visiting a primary care clinic and its influence on sleep. Aten Primaria. (2011) 43:568–75. doi: 10.1016/j.aprim.2010.09.006

 6. Clauw DJ, Essex MN, Pitman V, Jones KD. Reframing chronic pain as a disease, not a symptom: rationale and implications for pain management. Postgrad Med. (2019) 131:185–98. doi: 10.1080/00325481.2019.1574403

 7. Marchand S. Le Phénomène de La Douleur; Les Éditions de la Chenelière inc: Montréal. (2009) 2e.

 8. Gloth FM. Handbook of Pain Relief in Older Adults: An Evidence-Based Approach. Springer Science & Business Media. (2010). doi: 10.1007/978-1-60761-618-4

 9. Smith TO, Dainty JR, Williamson E, Martin KR. Association between musculoskeletal pain with social isolation and loneliness: analysis of the english longitudinal study of ageing. Br J Pain. (2019) 13:82–90. doi: 10.1177/2049463718802868

 10. Bishop MD, Meuleman J, Robinson M, Light KE. Influence of Pain and Depression on Fear of Falling, Mobility, and Balance in Older Male Veterans. J Rehabil Res Dev. (2007) 44:675–83. doi: 10.1682/JRRD.2006.08.0094

 11. van der Leeuw G, Eggermont LHP, Shi L, Milberg WP, Gross AL, Hausdorff J, et al. Pain and Cognitive Function Among Older Adults Living in the Community. J Gerontol. Biol Sci Med Sci. (2016) 71:398–405. doi: 10.1093/gerona/glv166

 12. AGS Panel on Persistent Pain in Older Persons. The management of persistent pain in older persons. J Am Geriatr Soc. (2002) 50:S205–24. doi: 10.1046/j.1532-5415.50.6s.1.x

 13. Bicket MC, Mao J. Chronic pain in older adults. Anesthesiol Clin. (2015) 33:577–90. doi: 10.1016/j.anclin.2015.05.011

 14. Hootman JM, Helmick CG, Brady TJ. A public health approach to addressing arthritis in older adults: the most common cause of disability. Am J Public Health. (2012) 102:426–33. doi: 10.2105/AJPH.2011.300423

 15. Rudy TE, Weiner DK, Lieber SJ, Slaboda J, Boston JR. The impact of chronic low back pain on older adults: a comparative study of patients and controls. Pain. (2007) 131:293–301. doi: 10.1016/j.pain.2007.01.012

 16. Beaulieu P, Lussier D, Porreca F, Dickenson AH. Pharmacology of Pain; Pharmacology of Pain. Seattle: IASP Press. (2010).

 17. Marchand S. Neurophysiologie de La Douleur. In Beaulieu P, editor. Pharmacologie de la douleur; Presses de l'Université de Montréal: Montréal. (2005) p 3–37. doi: 10.2307/j.ctv69sxxc.4

 18. Hylands-White N, Duarte RV, Raphael JH. An overview of treatment approaches for chronic pain management. Rheumatol. Int. (2017) 37:29–42. doi: 10.1007/s00296-016-3481-8

 19. American Geriatrics Society Panel on the Pharmacological Management of Persistent Pain in Older Persons. Pharmacological management of persistent pain in older persons. Pain Med Malden Mass. (2009) 10:1062–83. doi: 10.1111/j.1526-4637.2009.00699.x

 20. Benninger D, Kuntzer T. Treatment of chronic pain: transcranial stimulation of the motor cortex? Rev Med Suisse. (2012) 8:935–6.

 21. Gloth FM. Pain management in older adults: prevention and treatment. J Am Geriatr Soc. (2001) 49:188–99. doi: 10.1046/j.1532-5415.2001.49041.x

 22. Ballentine NH. Polypharmacy in the elderly: maximizing benefit, minimizing harm. Crit Care Nurs. (2008) 31:40–5. doi: 10.1097/01.CNQ.0000306395.86905.8b

 23. Routledge PA, O'Mahony MS, Woodhouse KW. Adverse drug reactions in elderly patients. Br J Clin Pharmacol. (2004) 57:121–6. doi: 10.1046/j.1365-2125.2003.01875.x

 24. Arnstein P. Balancing analgesic efficacy with safety concerns in the older patient. Pain Manag Nurs Off J. Am Soc Pain Manag Nurses. (2010) 11:S11–22. doi: 10.1016/j.pmn.2010.03.003

 25. Makris UE, Abrams RC, Gurland B, Reid MC. Management of persistent pain in the older patient: a clinical review. JAMA. (2014) 312:825–36. doi: 10.1001/jama.2014.9405

 26. Plow EB, Pascual-Leone A, Machado A. Brain stimulation in the treatment of chronic neuropathic and non-cancerous pain. J Pain Off J Am Pain Soc. (2012) 13:411–24. doi: 10.1016/j.jpain.2012.02.001

 27. O'Connell NE, Marston L, Spencer S, DeSouza LH, Wand BM. Non-invasive brain stimulation techniques for chronic pain. Cochrane Database Syst Rev. (2018) 4:CD008208. doi: 10.1002/14651858.CD008208.pub4

 28. Chang WJ, Bennell KL, Hodges PW, Hinman RS, Young CL, Buscemi V, et al. Addition of transcranial direct current stimulation to quadriceps strengthening exercise in knee osteoarthritis: a pilot randomised controlled trial. PloS ONE. (2017) 12:e0180328. doi: 10.1371/journal.pone.0180328

 29. Ahn H, Sorkpor S, Miao H, Zhong C, Jorge R, Park L, et al. Home-based self-administered transcranial direct current stimulation in older adults with knee osteoarthritis pain: an open-label study. J Clin Neurosci Off J Neurosurg Soc Australas. (2019) 66:61–5. doi: 10.1016/j.jocn.2019.05.023

 30. Concerto C, Al Sawah M, Chusid E, Trepal M, Taylor G, Aguglia E, et al. Anodal transcranial direct current stimulation for chronic pain in the elderly: a pilot study. Aging Clin Exp Res. (2016) 28:231–7. doi: 10.1007/s40520-015-0409-1

 31. Tavares DRB, Okazaki JEF, Rocha AP, Santana MVDA, Pinto ACPN, Civile VT, et al. Effects of transcranial direct current stimulation on knee osteoarthritis pain in elderly subjects with defective endogenous pain-inhibitory systems: protocol for a randomized controlled trial. JMIR Res. Protoc. (2018) 7:e11660. doi: 10.2196/11660

 32. Ngernyam N, Jensen MP, Arayawichanon P, Auvichayapat N, Tiamkao S, Janjarasjitt S, et al. The effects of transcranial direct current stimulation in patients with neuropathic pain from spinal cord injury. Clin Neurophysiol Off J Int Fed Clin Neurophysiol. (2015) 126:382–90. doi: 10.1016/j.clinph.2014.05.034

 33. Fregni F, Gimenes R, Valle AC, Ferreira MJ, Rocha RR, Natalle L, et al. A Randomized PS. Sham-controlled, proof of principle study of transcranial direct current stimulation for the treatment of pain in fibromyalgia. Arthritis Rheum. (2006) 54:3988–98. doi: 10.1002/art.22195

 34. Kim YJ, Ku J, Kim HJ, Im DJ, Lee HS, Han KA, et al. Randomized controlled trial of transcranial direct current stimulation for painful diabetic polyneuropathy. Ann Rehabil Med. (2013) 37:766–76. doi: 10.5535/arm.2013.37.6.766

 35. Harvey MP, Lorrain D, Martel M, Bergeron-Vezina K, Houde F, Séguin M, et al. Can we improve pain and sleep in elderly individuals with transcranial direct current stimulation? Results from a randomized controlled pilot study. Clin Interv Aging. (2017) 12:937–47. doi: 10.2147/CIA.S133423

 36. 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) 9:64–661. doi: 10.1016/j.brs.2016.06.004

 37. Klein MM, Treister R, Raij T, Pascual-Leone A, Park L, Nurmikko T, et al. Transcranial magnetic stimulation of the brain: guidelines for pain treatment research. Pain. (2015) 156:1601–14. doi: 10.1097/j.pain.0000000000000210

 38. Dager SR, Friedman SD. Brain imaging and the effects of caffeine and nicotine. Ann Med. (2000) 32:592–9. doi: 10.3109/07853890009002029

 39. Wood BM, Nicholas MK, Blyth F, Asghari A, Gibson S. Assessing pain in older people with persistent pain: the nrs is valid but only provides part of the picture. In J Pain. Crown Published by Elsevier Inc: United States. (2010) p. 1259–66. doi: 10.1016/j.jpain.2010.02.025

 40. Price DD, Harkins SW, Baker C. Sensory-affective relationships among different types of clinical and experimental pain. Pain. (1987) 28:297–307. doi: 10.1016/0304-3959(87)90065-0

 41. Melzack R. The McGill pain questionnaire: major properties and scoring methods. Pain. (1975) 1:277–99. doi: 10.1016/0304-3959(75)90044-5

 42. Dworkin RH, Turk DC, Farrar JT, Haythornthwaite JA, Jensen MP, Katz NP, et al. Core outcome measures for chronic pain clinical trials: IMMPACT recommendations. Pain. (2005) 113:9–19. doi: 10.1016/j.pain.2004.09.012

 43. Turk DC, Dworkin RH, Allen RR, Bellamy N, Brandenburg N, Carr DB, et al. Core outcome domains for chronic pain clinical trials: IMMPACT recommendations. Pain. (2003) 106:337–45. doi: 10.1016/j.pain.2003.08.001

 44. Hadjistavropoulos T, Herr K, Turk DC, Fine PG, Dworkin RH, Helme R, et al. An interdisciplinary expert consensus statement on assessment of pain in older persons. Clin. J Pain. (2007) 23(1 Suppl):S1–43. doi: 10.1097/AJP.0b013e31802be869

 45. Mendoza T, Mayne T, Rublee D, Cleeland C. Reliability validity of a modified brief pain inventory short form in patients with osteoarthritis. Eur J Pain. (2006) 10:353–61. doi: 10.1016/j.ejpain.2005.06.002

 46. Beck AT, Ward CH, Mendelson M. An inventory for measuring depression. Arch Gen Psychiatry. (1961) 4:561–71. doi: 10.1001/archpsyc.1961.01710120031004

 47. Beck AT, Epstein N, Brown G, Steer RA. An inventory for measuring clinical anxiety: psychometric properties. J Consult Clin Psychol. (1988) 56:893–7. doi: 10.1037/0022-006X.56.6.893

 48. Sullivan MJ, Bishop SR, Pivik J. The pain catastrophizing scale: development and validation. Psychol Assess. (1995) 7:524–32. doi: 10.1037/1040-3590.7.4.524

 49. Margolis RB, Tait RC, Krause SJ. A rating system for use with patient pain drawings. Pain. (1986) 24:57–65. doi: 10.1016/0304-3959(86)90026-6

 50. Taylor AM, Phillips K, Patel KV, Turk DC, Dworkin RH, Beaton D, et al. Assessment of physical function and participation in chronic pain clinical trials: IMMPACT/OMERACT recommendations. Pain. (2016) 157:1836–50. doi: 10.1097/j.pain.0000000000000577

 51. Dworkin RH, Turk DC, Wyrwich KW, Beaton D, Cleeland CS, Farrar JT, et al. Interpreting the clinical importance of treatment outcomes in chronic pain clinical trials: IMMPACT recommendations. J Pain Off J Am Pain Soc. (2008) 9:105–21. doi: 10.1016/j.jpain.2007.09.005

 52. Haefeli M, Elfering A. Pain assessment. Eur Spine J Off Publ Eur Spine Soc Eur Spinal Deform Soc Eur Sect Cerv Spine Res Soc. (2006) 15(Suppl 1):S17–24. doi: 10.1007/s00586-005-1044-x

 53. French DJ, Noel M, Vigneau F, French JA, Cyr CP, Evans RT. L'échelle de Dramatisation Face à La Douleur PCS-CF - Adaptation Canadienne En Langue Française de l'échelle Pain Catastrophizing Scale. Rev Can Sci Comport. (2005) 37:181–92. doi: 10.1037/h0087255

 54. Poundja J, Fikretoglu D, Guay S, Brunet A. Validation of the french version of the brief pain inventory in canadian veterans suffering from traumatic stress. J Pain Symptom Manage. (2007) 33:720–6. doi: 10.1016/j.jpainsymman.2006.09.031

 55. Veilleux S, Sicard D, Bohuon A, Le Défi de la Douleur. In Melzack P. D, Wall R, . Troisième édition entièrement refondue. Québec: St-Hyacinthe. (1989).

 56. Freeston MH, Ladouceur R, Thibodeau N, Gagnon F, Rheaume J. The beck anxiety inventory. Psychometric properties of a french translation. L'Encephale. (1994) 20:47–55.

 57. Vézina J, Landreville P, Bourque P, Blanchard L. Questionnaire de Dépression de Beck : Étude Psychométrique Auprès d'une Population Âgée Francophone. In Revue Canadienne du Vieillissement. (1990) 10:29–9. doi: 10.1017/S0714980800007236

 58. Vaseghi B, Zoghi M, Jaberzadeh S. How does anodal transcranial direct current stimulation of the pain neuromatrix affect brain excitability and pain perception? A randomised, double-blind, sham-control study. PloS ONE. (2015) 10:e0118340. doi: 10.1371/journal.pone.0118340

 59. Di Lazzaro V, Ranieri F, Profice P, Pilato F, Mazzone P, Capone F, et al. Transcranial direct current stimulation effects on the excitability of corticospinal axons of the human cerebral cortex. Brain Stimulat. (2013) 6:641–3. doi: 10.1016/j.brs.2012.09.006

 60. Nitsche MA, 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

 61. Zhu CE, Yu B, Zhang W, Chen WH, Qi Q, Miao Y. Effiectiveness and safety of transcranial direct current stimulation in fibromyalgia: a systematic review and meta-analysis. J Rehabil Med. (2017) 49:2–9. doi: 10.2340/16501977-2179

 62. Antal A, Terney D, Kuhnl S, Paulus W. Anodal transcranial direct current stimulation of the motor cortex ameliorates chronic pain and reduces short intracortical inhibition. J Pain Symptom Manage. (2010) 391:890–903. doi: 10.1016/j.jpainsymman.2009.09.023

 63. Auvichayapat P, Janyacharoen T, Rotenberg A, Tiamkao S, Krisanaprakornkit T, Sinawat S, et al. Migraine prophylaxis by anodal transcranial direct current stimulation, a randomized, placebo-controlled trial. J Med Assoc Thail Chotmaihet Thangphaet. (2012) 95:1003–12.

 64. Zaghi S, Heine N, Fregni F. Brain stimulation for the treatment of pain: a review of costs, clinical effects, and mechanisms of treatment for three different central neuromodulatory approaches. J Pain Manag. (2009) 2:339–52.

 65. Ezquerro F, Moffa AH, Bikson M, Khadka N, Aparicio LVM, de Sampaio-Junior B, et al. The influence of skin redness on blinding in transcranial direct current stimulation studies: a crossover trial. Neuromodulation J Int Neuromodulation Soc. (2017) 20:248–255. doi: 10.1111/ner.12527

 66. 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 Stimulat. (2012) 5:175–95. doi: 10.1016/j.brs.2011.03.002

 67. 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 Stimulat. (2013) 6:690–695. doi: 10.1016/j.brs.2013.01.005

 68. Gandiga PC, Hummel FC, Cohen LG. Transcranial DC stimulation (TDCS): a tool for double-blind sham-controlled clinical studies in brain stimulation. Clin Neurophysiol Off J Int Fed Clin Neurophysiol. (2006) 117:845–50. doi: 10.1016/j.clinph.2005.12.003

 69. Farrar JT, Young JP Jr, LaMoreaux L, Werth JL, Poole M. Clinical importance of changes in chronic pain intensity measured on an 11-point numerical pain rating scale. Pain. (2001) 94:149–58. doi: 10.1016/S0304-3959(01)00349-9

 70. Salaffi F, Stancati A, Silvestri CA, Ciapetti A, Grassi W. Minimal clinically important changes in chronic musculoskeletal pain intensity measured on a numerical rating scale. Eur J Pain. (2004) 8:283–91. doi: 10.1016/j.ejpain.2003.09.004

 71. Avery KNL, Williamson PR, Gamble C, O'Connell Francischetto E, Metcalfe C, Davidson P, et al. Informing efficient randomised controlled trials: exploration of challenges in developing progression criteria for internal pilot studies. BMJ Open. (2017) 7:e013537. doi: 10.1136/bmjopen-2016-013537

 72. Eldridge SM, Lancaster GA, Campbell MJ, Thabane L, Hopewell S, Coleman CL, et al. Defining feasibility and pilot studies in preparation for randomised controlled trials: development of a conceptual framework. PloS ONE. (2016) 11:e0150205. doi: 10.1371/journal.pone.0150205

 73. Thabane L, Ma J, Chu R, Cheng J, Ismaila A, Rios LP, et al. Tutorial on pilot studies: the what, why and how. BMC Med Res Methodol. (2010) 10:1. doi: 10.1186/1471-2288-10-1

 74. Ahn H, Woods AJ, Kunik ME, Bhattacharjee A, Chen Z, Choi E, et al. Efficacy of transcranial direct current stimulation over primary motor cortex (anode) and contralateral supraorbital area (cathode) on clinical pain severity and mobility performance in persons with knee osteoarthritis: an experimenter- and participant-blinded, randomized, sham-controlled pilot clinical study. Brain Stimulat. (2017) 10:902–909. doi: 10.1016/j.brs.2017.05.007

 75. Ahn H, Suchting R, Woods AJ, Miao H, Green C, Cho RY, et al. Bayesian analysis of the effect of transcranial direct current stimulation on experimental pain sensitivity in older adults with knee osteoarthritis: randomized sham-controlled pilot clinical study. J Pain Res. (2018) 11:2071–82. doi: 10.2147/JPR.S173080

 76. Ahn H, Zhong C, Miao H, Chaoul A, Park L, Yen IH, et al. Efficacy of combining home-based transcranial direct current stimulation with mindfulness-based meditation for pain in older adults with knee osteoarthritis: a randomized controlled pilot study. J Clin Neurosci. Off J Neurosurg Soc Australas. (2019) 70:140–145. doi: 10.1016/j.jocn.2019.08.047

 77. da Graca-Tarragó M, Lech M, Angoleri LDM, Santos DS, Deitos A, Brietzke AP, et al. Intramuscular electrical stimulus potentiates motor cortex modulation effects on pain and descending inhibitory systems in knee osteoarthritis: a randomized, factorial, sham-controlled study. J Pain Res. (2019) 12:209–21. doi: 10.2147/JPR.S181019

 78. Tavares DRB, Okazaki JEF, de Santana MVA, Pinto ACPN, Tutiya KK, et al. Motor cortex transcranial direct current stimulation effects on knee osteoarthritis pain in elderly subjects with dysfunctional descending pain inhibitory system: a randomized controlled trial. Brain Stimulat. (2021) 14:477–487. doi: 10.1016/j.brs.2021.02.018

 79. Thibaut A, O'Brien AT, Fregni F. Strategies for replacing non-invasive brain stimulation sessions: recommendations for designing neurostimulation clinical trials. Expert Rev. Med. Devices. (2017) 14:633–49 doi: 10.1080/17434440.2017.1352470

 80. O'Connell NE, Cossar J, Marston L, Wand BM, Bunce D, Moseley GL, et al. Rethinking clinical trials of transcranial direct current stimulation: participant and assessor blinding is inadequate at intensities of 2mA. PLoS ONE. (2012) 7:e47514. doi: 10.1371/journal.pone.0047514

 81. Brunoni AR, Schestatsky P, Lotufo PA, Benseñor IM, Fregni F. Comparison of blinding effectiveness between sham tdcs and placebo sertraline in a 6-week major depression randomized clinical trial. Clin Neurophysiol Off J Int Fed Clin Neurophysiol. (2014) 125:298–305. doi: 10.1016/j.clinph.2013.07.020

 82. Sampaio-Junior B, Tortella G, Borrione L, Moffa AH, Machado-Vieira R, Cretaz E, et al. Efficacy safety of transcranial direct current stimulation as an add-on treatment for bipolar depression: a randomized clinical trial. JAMA Psychiatry. (2018) 75:158–66. doi: 10.1001/jamapsychiatry.2017.4040

 83. Young J, Zoghi M, Khan F, Galea MP. The effect of transcranial direct current stimulation on chronic neuropathic pain in patients with multiple sclerosis: randomized controlled trial. Pain Med. Malden Mass. (2020) 21:3451–57. doi: 10.1093/pm/pnaa128

 84. Kang J.-H, Choi S.-E, Park D.-J, Xu H, Lee J.-K, Lee S.-S. Effects of Add-on Transcranial Direct Current Stimulation on Pain in Korean Patients with Fibromyalgia. Sci Rep. (2020) 10:12114. doi: 10.1038/s41598-020-69131-7

 85. De Icco R, Putortì A, De Paoli I, Ferrara E, Cremascoli R, Terzaghi M, et al. Anodal transcranial direct current stimulation in chronic migraine and medication overuse headache: a pilot double-blind randomized sham-controlled trial. Clin Neurophysiol Off J Int Fed Clin Neurophysiol. (2021) 132:126–36. doi: 10.1016/j.clinph.2020.10.014

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

Conflict of Interest: The 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.

Copyright © 2022 Harvey, Martel, Houde, Daguet, Riesco and Léonard. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpain-03-817984-t002.jpg
Questionnaire

MPQ

SF-BPI

BDI

BAI

PCS

MPDSS

DCS group

Active
Sham
P value*
Active
Sham
P value*
Active
Sham
Pvalue®
Active
Sham
Pvalue*
Active
Sham
Pvalue*
Active
Sham
Pvalue*

™

203+ 120
2784148
0.67
287+£122
233£125
0.89
42425
52+34
0.41
1224109
103+7.8
0.93
21.0£ 100
233+£162
0.84
10.1+£56.4
1.4+£89
0.93

Scores

T2

136+£92
227 +£132
0.10
108+ 112
161113
0.24
25+2.1
53+32
0.03*
58+7.0
88+4.1
0.08
6879
145+97
0.01*
56+56.1
61£72
0.84

T1 = before the tDCS sessions, T2 = after the last tDCS session and T3 = 1 week after the end of the intervention.

Mean value = standard deviation.
* Friedman tests were performed to detect intra-group differences.

#Mann-Whitney tests were performed to detect between-group differences.
*Statistically significant with P < 0.05; **Statisticall significant with P < 0.01.
tDCS, transcranial direct current stimulation; MPQ, McGill Pain Questionnaire; SF-BPI, Short Form of the Brief Pain Inventory; BDI, Beck Depression Inventory; BAI, Beck Anxiety

Inventory; PCS, Pain Catastrophizing Scale; MPDSS, Margolis Pain Drawing and Scoring System.

T3

192 £14.4
21.5£104
0.67
176 £16.0
165£125
0.88
32430
46+3.1
0.29
6.4+6.1
68+42
0.59
144 £13.6
132+93
1.00
55+56
8.0£42
051

P valuet

0.00"

0.86

0.01™
0.08

001"
0,15

0.02*
0.17

0.00"
0.70

0.02*
0.04"





OPS/images/fpain-03-817984-g003.gif





OPS/images/fpain-03-817984-t001.jpg
Active tDCS Sham tDCS

Number (n) 12 12
Gender (F/M) 102 1072
Hand dominance (right/left) 12/0 12/0
Age (years)
Mean = standard deviation 69£7 688
Range 60-83 60-84
Side of the most problematic pain (right/left) 93 75
Duration of chronic pain
Mean = standard deviation 22422 12+ 10
<2 years 2 1
Between 2 and 9 years 4 5
10 years and more 6 6
Diagnose ()
Knee osteoarthritis 7 4
Chronic low back pain 3 3
Sciatica 1 1
Chronic neck pain 1

Sprained shoulder
Shoulder tendonitis
Polymyalgia rheumatica
Unspecific leg pain





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Relieving Chronic Musculoskeletal Pain in Older Adults Using Transcranial Direct Current Stimulation: Effects on Pain Intensity, Quality, and Pain-Related Outcomes



		Introduction



		Materials and Methods



		Participants



		Experimental Design



		Pain Measurements



		TDCS Protocol



		Data Analysis







		Results



		Participants



		Blinding and Side Effects



		Pain Intensity Outcomes



		Pain-Related Outcomes







		Discussion



		Conclusion







		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Pain Research

Relieving Chronic Musculoskeletal
Pain in Older Adults Using
Transcranial Direct Current

Stimulation: Effects on Pain Intensity,
Quality, and Pain-Related Outcomes





OPS/images/fpain-03-817984-g001.gif
e b a6 Aot dan 005 -y
{ rammaro ) [ [N |
([ commmommotaw et e bt on et sncrtepisy,___]

R S e a6

[———) ‘
v o enenion

JoT————— I

 Btente ey
( ) [y )

T pe——y
S iy (2 10)
* Piasledoscomes (0= 13

| iy ae
2 Paineaed oicomes 3= 12)

A (1= 126 o e o) ‘






OPS/images/fpain-03-817984-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pain Research





