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Abstract: Correct blinding is essential for preventing potential biases. The aim of this study was
to assess the blinding of participants and a therapist following treatment with transcranial direct
current stimulation in subjects with fibromyalgia using James’ and Bang’s blinding indexes. Eighty
subjects were randomly allocated either active or sham stimulation groups in an intervention of five
sessions lasting 20 min each. A questionnaire was delivered to both the therapist and patients after
the last session to record their guess of which treatment had been applied. No differences between the
groups were noted at baseline in terms of demographic or clinical data. James’ BI was 0.83 (CI 95%:
0.76–0.90) for the patients and 0.55 (CI 95%: 0.45–0.64) for the therapist. Bang’s BI for subjects was
−0.08 (CI 95%: −0.24–0.09) and −0.8 (CI 95%: −0.26–0.1) for the active and sham transcranial direct
current stimulation groups, respectively. Bang’s BI for the therapist was 0.21 (CI 95%: −0.02–0.43)
and 0.13 (CI 95%: −0.09–0.35) for the active and sham transcranial direct current stimulation groups,
respectively. Protocols of active and sham transcranial direct current stimulation applied in this study
have shown satisfactory blinding of the therapist and subjects with fibromyalgia.

Keywords: transcranial direct current stimulation; fibromyalgia; placebo; blinding; James’ index;
Bang’s index

1. Introduction

Transcranial direct current stimulation (tDCS) is a non-invasive brain stimulation
technique used in humans since the beginning of the twenty-first century. It consists
of low-intensity galvanic currents applied on the cranium via a set of electrodes [1,2],
which modulates the excitability of the brain cortex underneath them [2]. Its effectiveness,
safety, and easy application make it a key therapy [3–5] in the treatment of chronic pain,
whose effects on fibromyalgia have been assessed by several randomized clinical trials
(RCTs) [6–10].

Ensuring correct blinding that conceals the assigned group to patients and researchers
is essential for preventing biases in clinical trials [11,12]. Blinding is less often reported in
RCTs assessing nonpharmacological treatments, possibly due to the difficulty in design
or the lack of knowledge [13,14]. Creating a robust blinding method is one of the main
demands for researchers to validate tDCS as an effective treatment in phase III of clinical
trials [5]. To achieve this, research protocols must include an assessment of the blinding
methods using statistical models that determine their reliability and effectiveness.
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James’ and Bang’s blinding indexes (BIs) are the two statistical methods most widely
employed for quantifying the effectiveness of blinding in clinical trials [15], employing
subjective ad hoc data of subjects and researchers [16,17]. Up until now, no RCT on tDCS
has utilized these methods to conduct a statistical analysis of the blinding of subjects
or researchers.

The aim of this trial was to assess the blinding of both the subjects and therapist in the
tDCS treatment of patients with fibromyalgia.

2. Methods
2.1. Study Design

The study was designed as a randomized, triple-blind (subject, therapist, evaluator),
sham-controlled clinical trial. The study protocol was approved by the Ethics Committee
for clinical trials of the health area Talavera de la Reina in Spain (registration number
13/2019). All the procedures were conducted according to the Declaration of Helsinki. This
study was also registered in the Cliniclatrials.gov database (NCT04050254). The reporting
was conducted in accordance with Consolidated Standards of Reporting Trials (CONSORT)
and the recommendations for randomized trials.

2.2. Participants and Settings

The study subjects were volunteers, treatment-naive for tDCS and diagnosed with
fibromyalgia, who complied with the inclusion criteria and provided written consent prior
to their recruitment for the trial.

The criteria for the inclusion of participants were: (1) age between 18 and 65 years;
(2) diagnosed with fibromyalgia following the criteria by the American College of Rheumatol-
ogy [18]; (3) reported usual pain intensity of ≥4 points on the visual analog scale; (4) capable
of participating in a therapeutic exercising program; (5) properly understood spoken and
written Spanish. Criteria for exclusion were: pregnancy or breastfeeding; metal implants
in the head; moderate-to-severe brain trauma or brain surgery; brain tumor, epilepsy, or
stroke; a history of drug use in the last six months; carbamazepine consumption in the
last six months; severe depression (Beck depression inventory II ≥ 29); diagnosed with
psychiatric disorder; non-controlled rheumatologic pathology; coexisting autoimmune
pathology or chronic inflammatory disease (rheumatoid arthritis, lupus, inflammatory
bowel disease).

Recruitment and inclusion in the study commenced in September of 2019 following
informative sessions that took place in fibromyalgia patients associations. The intervention
and evaluations were conducted in one primary healthcare center up to March of 2020.
Participants were considered as losses to follow-up when they missed the treatment two or
more days [9].

2.3. Sample Size Calculation

Sample size was calculated with reference to a previous study conducted by
Larsson et al. [19] in which pain was measured in fibromyalgia patients using a visual
analog scale in millimeters for general current pain. In this study, a mean difference of
14.8 mm was recorded, with standard deviations of 25.2 mm in the intervention group and
20.0 mm in the control group. Furthermore, a type I error of 5% and a type II error of 20%
were set. This calculation rendered 37 participants per group. Ultimately, three participants
were included in each group to prevent loss of power derived from potential dropouts.
Epidat version 4.0 was used for sample size estimation (Xunta de Galicia, Servizo Galego
de Saúde, Spain).

2.4. Randomization and Blinding

Subjects were randomly allocated into one of three intervention groups (active tDCS,
sham stimulation, and control), although the evaluation of blinding effectiveness was
exclusively conducted for the preliminary outcomes of the active and sham tDCS groups
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since subjects assigned to the control group were aware of their assignment. One researcher
(J.A.-C.) employed software Epidat 4.0 for the correct allocation of subjects into each group
so that the number of participants was equal in all groups and concealed from the research
team. Another researcher, R.V.-V., applied the interventions, while the assessment of the
outcome variables was conducted by R.A.-F. The statistical analysis of the outcomes was
also performed by J.A.-C., the researcher who was not blind to the allocation.

To ensure the blinding of the therapist and subjects, an external researcher previously
programmed the ‘double-blind mode’ available in the software interface of the device,
which allows for the automatic generation of active or sham stimulation after adjusting the
parameters for both options. The system can be run in a special password-protected mode
that minimizes the information presented on the screen.

2.5. Intervention

The intervention lasted two weeks and comprised five sessions of tDCS stimulation
(active or sham), each lasting 20 min, three in the first week and two in the second week,
on alternate days. A STARSTIM® 8 (Neuroelectrics, Barcelona, Spain) stimulator was used
to apply the tDCS. The device was programmed following the FISSFO protocol [20]. To
apply active tDCS, the current intensity was ramped up for 30 s to reach 2 mA, which
was maintained until the end of the session, when a 30-s ramp-down period was set to
reach 0 mA. The sham tDCS group used a 30-s ramp-up to reach 2 mA current intensity
followed immediately by a 30-s ramp-down to 0 mA; this ramp-up and ramp-down activity
was performed at both the beginning and end of the session (Figure 1). Circular sponge
electrodes of 25 cm2 (SPONSTIM, Neuroelectrics, Barcelona, Spain) were applied in both
groups through the headcap the device provides. The anode was placed at the level of M1
(primary motor cortex) of the left hemisphere (C3 position according to the international
10–20 system for placing scalp electrodes), and the cathode was placed at the level of the
right supraorbital area (Fp2 position) [9,10,21–24]. Prior to current delivery, electrodes
were soaked in 15 mL of sterile sodium chloride solution (0.9%).
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Figure 1. Stimulation protocol. Active tDCS (upper) and sham tDCS (lower).

2.6. Outcome Variables

Demographic and clinical data recorded at baseline were age, gender, body mass index,
time since being diagnosed with fibromyalgia, Widespread Pain Index, Symptoms Severity
Scale, pain intensity (measured on a Visual Analogue Scale), quality of life (measured via
the Fibromyalgia Impact Questionnaire), anxiety (as per the State–Trait Anxiety Inven-
tory), pain catastrophism (measured via the Pain Catastrophizing Scale), and depression
(measured according to the Beck Depression Inventory II).

Both the participant and therapist were questioned separately after the last session
to evaluate the blinding success. Following the recommendations by Bang et al. [25] and
Kolahi et al. [26], a close-ended questionnaire was devised to enquire about their treatment
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assignment. First, they were asked, ‘What treatment do you believe you have received?’,
where they could choose from three possible answers: (1) real current; (2) simulated current;
(3) do not know. When the participants or therapist answered, ‘Do not know’, they were
re-asked about their treatment guess one more time with the question ‘If your answer
was ‘Do not know’, would you be willing to provide your best guess about the treatment
you received/applied?’, and could choose from two possible replies: (1) real current;
(2) simulated current.

The researcher who carried out the evaluations remained blinded with respect to the
group allocation. The therapist who applied the intervention, therefore, did not carry out
any of the evaluations.

2.7. Statistical Analysis

A descriptive analysis of demographic and clinical variables and a comparison between
groups (active and sham) was performed at baseline. Student’s t-test and Chi-squared test
were employed in the case of quantitative and qualitative variables, respectively.

To analyze the blinding outcome variable, James’ BI [16] and Bang’s BI [17,25] were
obtained using Stata v15.0 (StataCorp, Texas, USA). James’ BI is used to infer the overall
blinding success in RCTs. It yields a single value that combines blinding data from all arms
and assumes that a response of ‘Do not know’ represents successful blinding. On the other
hand, Bang’s BI is used to characterize and evaluate the blinding situation in each trial
arm independently, estimating the percentage of unblinding beyond chance in each arm.
An additional analysis was performed of both the initial responses and ancillary data that
were collected from the subjects who initially answered ‘Do not know’ [25].

James’ BI ranges from 0 to 1 (0 representing total lack of blinding, 1 representing
complete blinding, and 0.5 representing completely random blinding). To interpret the
results, this study considered a lack of blinding if the upper bound of the confidence
interval (CI) was below 0.5 [16,26]. Bang’s BI can be directly interpreted as the proportion
of the unblinding in each arm. It ranges between −1 and 1, with 0 as a null value indicating
the most desirable situation representing random blinding or complete blinding, 1 rep-
resenting complete unblinding because all participants guess their treatment allocation
correctly, and −1 representing all participants guess their treatment allocation incorrectly.
Therefore, when one-sided CI did not cover the 0 value, the study was regarded as lacking
blinding [25].

3. Results

Seventy-seven subjects with fibromyalgia (74 women and 3 men) completed the trial,
n = 38 in the active tDCS group and n = 39 in the sham stimulation group (Figure 2),
for reasons unrelated to the study. No severe adverse effects were observed during the
intervention. The age of the participants ranged between 34 and 65 years, with an average
of 50.3 years (SD = 7.6). No differences between groups were noted in terms of demographic
or clinical data at baseline (Table 1).

The guesses and ancillary data of the subjects, which were collected from those who
initially answered, ‘Do not know’, are shown in Table 2 in a 23 table format. Table 3
shows James’ BI and Bang’s BI values obtained for the study subjects. According to the
interpretation of data established by James et al. and Bang et al. [16,26], participant blinding
was satisfactory when analyzed globally or as each treatment arm independently.

The guesses of the therapist and ancillary data that were additionally collected when
it was initially answered ‘Do not know’ are shown in Table 2. Table 3 shows the values
of James’ BI and Bang’s BI obtained for the therapist. According to the interpretation of
data established by James et al. and Bang et al. [16,26], the blinding of the therapist was
satisfactory when analyzed globally or as each study group independently.
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Table 1. Demographic and clinical characteristics at baseline and comparison between groups.

Outcome Active tDCS n = 40
Mean (SD)

Sham tDCS n = 40
Mean (SD)

Between-Groups Comparison
p-Value

Age (years) 50.6 (7.0) 49.5 (8.7) 0.55

Gender (women/men) 38/2 39/1 1.0

BMI 27.2 (5.6) 26.6 (5.6) 0.59

Duration of illness (years) 11.9 (7.3) 11.3 (6.6) 0.73

Widespread pain index 13.4 (2.7) 13.6 (2.5) 0.73

Symptoms severity scale 8.7 (2.0) 8.6 (1.9) 0.77

Pain (VAS) 61.1 (14.1) 59.9 (14.4) 0.70

Disease impact (FIQ) 65.2 (14.6) 62.9 (14.8) 0.48

Anxiety (STAI-ES) 33.7 (10.2) 31.8 (11.5) 0.43

Catastrophism (PCS) 24.3 (12.3) 25.0 (11.0) 0.79

Depression (BDI-II) 18.9 (7.2) 18.9 (7.6) 1.0

BMI: Body mass index. FIQ: Fibromyalgia Impact Questionnaire. STAI-ES: State–Trait Anxiety Inventory. PCS: Pain Catastrophizing Scale.
BDI-II: Beck Depression Inventory II.
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Table 2. Guesses of the participants and the therapist, and ancillary data for ‘Do not know’ responses.

Participant’s Guess

Allocation Main Data, n (%)

Active tDCS Sham tDCS Do not know Total

Active tDCS 6 (7.8) 9 (11.7) 24 (31.1) 39 (50.6)

Sham tDCS 10 (13.0) 7 (9.1) 21 (27.3) 38 (49.4)

Total 16 (20.8) 16 (20.8) 45 (58.4) 77 (100.0)

Allocation Ancillary Data, n (%)

Active tDCS Sham tDCS Not answered Total

Active tDCS 8 (17.8) 16 (35.5) 0 (0.0) 24 (53.3)

Sham tDCS 10 (22.2) 11 (24.5) 0 (0.0) 21 (46.7)

Total 18 (40.0) 27 (60.0) 0 (0.0) 45 (100.0)

Therapist’s Guess

Allocation Main Data, n (%)

Active tDCS Sham tDCS Do not know Total

Active tDCS 19 (24.6) 11 (14.3) 9 (11.7) 39 (50.6)

Sham tDCS 11 (14.3) 16 (20.8) 11 (14.3) 38 (49.4)

Total 30 (39.0) 27 (35.0) 20 (26.0) 77 (100.0)

Allocation Ancillary Data, n (%)

Active tDCS Sham tDCS Not answered Total

Active tDCS 4 (20.0) 5 (25.0) 0 (0.0) 9 (45.0)

Sham tDCS 6 (30.0) 5 (25.0) 0 (0.0) 11 (55.0)

Total 10 (50.0) 10 (50.0) 0 (0.0) 20 (100.0)

Table 3. Results of participants and therapist blinding. Data analysis of James’ blinding index and
Bang’s blinding index.

Methods Index p-Value 95% Confidence
Interval Conclusion

Participants

James 0.83 1.0 0.76–0.90 Blinded

Bang—Active/2 × 3 −0.08 0.78 −0.24–0.09 Blinded

Bang—Active/2 × 3 a −0.13 0.90 −0.29–0.04 Blinded

Bang—Placebo/2 × 3 −0.08 0.77 −0.26–0.1 Blinded

Bang—Placebo/2 × 3 a −0.07 0.74 −0.26–0.11 Blinded

Therapist

James 0.55 0.79 0.45–0.64 Blinded

Bang—Active/2 × 3 0.21 0.07 −0.02–0.43 Blinded

Bang—Active/2 × 3 a 0.20 0.08 −0.03–0.43 Blinded

Bang—Placebo/2× 3 0.13 0.17 −0.09–0.35 Blinded

Bang—Placebo/2 × 3 a 0.13 0.18 −0.10–0.35 Blinded
a Showed results with incorporation of ancillary data for ‘Do not know’ responses.
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4. Discussion

The results of this study reveal the successful blinding of both the participants and the
therapist for the protocols used to apply active and sham tDCS to subjects with fibromyalgia.
However, some differences were observed between the blinding of the subjects and the
therapist applying the treatment, especially in the active tDCS group.

Blinding of subjects was found to be successful according to James’ and Bang’s BIs
and similar in both the active and sham stimulation groups. Bang’s BI obtained negative
values close to 0 in both study arms, with an unblinding percentage < 13%. Some trials
have shown that tDCS interventions with a current intensity of 1 mA and an electrode
size of 25 cm2 achieved reliable blinding of subjects [3,27]. Other authors have suggested
that when the intensity of the applied current was > 1 mA (i.e.,: 2 mA), blinding of the
subject was more difficult due to a more intense perception of the current [28,29]. However,
this study followed a protocol that applied a current intensity of 2 mA with a 25 cm2

electrode and showed successful blinding of subjects. The fact that this protocol was
applied to treatment-naive subjects can be a factor that determined the success of the
blinding. Ambrus et al. observed that subjects with previous treatment experience were
more likely to be able to differentiate between stimulation and non-stimulation trials and
to correctly identify sham and verum stimulation conditions [26].

Although the data from both BIs suggest that blinding of the therapist was achieved,
the therapist obtained a Bang’s BI lower than that obtained for the subjects in both the
active and sham tDCS group. Additionally, there were differences in the blinding of the
therapist between the active and sham groups: unblinding was 13% in the sham group,
whereas in the active tDCS group, the therapist guessed the assignment in 21% and 20% of
cases with and without ancillary data, respectively. The presence of skin erythema resulting
from vasodilation caused by tDCS, mainly under the electrode placed at the supraorbital
area, is one of the main factors hindering the blinding success of the therapist [29,30] and
can be the reason why the therapist was capable of guessing the assignment of patients
into the active tDCS group, whereas blinding was complete in the case of sham stimulation.
In future research, complete blinding could be achieved provided a person outside the
research team is responsible for removing the device from the subjects since the reddening
disappears minutes after ending the application. Previous experience of the therapist, in
contrast with treatment-naive subjects, can also explain the better blinding of the latter in
the active tDCS group.

Former trials have assessed blinding using the same protocol for applying sham tDCS
in patients with Alzheimer’s or cognitive disorders [31], healthy participants [28,32], or
depression [33], but not in subjects with fibromyalgia. Their outcomes were contradictory
depending on the pathology, finding successful blinding when assessing the protocol
in Alzheimer’s or cognitive disorders [31], and inadequate blinding in healthy volun-
teers [28,32] or patients with depression [33]. These differences suggest that there may be
factors intrinsic to the pathology, such as their cognitive condition or sensitization, that
can affect the perception of the current and, therefore, the identification of the received
intervention. Additionally, the statistical method for assessing the success of blinding
differed among trials, with studies employing the Chi-squared test [31,34], the binomial
test [34], McNemar’s tests [32], or Kappa measure of agreement [28]. To our knowledge,
this is the first study that calculated James’ and Bang’s BIs for assessing how successful
blinding was in an intervention with tDCS, a method that can show advantages over those
employed in the above-mentioned trials. The Chi-squared, binominal, and McNemar’s
tests provide p-values for statistical analysis but not a numerical value for quantifying
blinding itself. The Cohen’s Kappa statistic coefficient measures agreement rather than
disagreement, which is a more desirable outcome for blinding. Therefore, the interpretation
of the Kappa coefficient was problematic [24]. Additionally, the above-mentioned trials did
not take into consideration the ‘Do not know’ response except for that by Reckow et al. [31].

Our study has some limitations. First, the sample size was calculated based on a
previous study of the effects of tDCS on pain, although the main outcome of this study
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is the assessment of blinding. This is because the analysis presented is secondary to a
primary study analyzing the effects of tDCS on pain. Secondly, the therapist who applied
the intervention was the one who removed the electrodes from the participants, being able
to observe the redness of the skin if this occurred. This could be one of the reasons that
would explain the lower value of the therapist’s BI.

5. Conclusions

In conclusion, the protocols for applying active and sham tDCS in this study have
shown satisfactory blinding of the therapist and subjects with fibromyalgia who are
treatment-naive for tDCS. Extrapolating the outcomes of this trial to patients with other
pathologies or with previous experience in tDCS must be performed with caution. Future
research employing these statistical indexes for assessing the success of blinding must
be conducted in patients suffering from other pathologies where tDCS has shown to be
an effective treatment. This would strengthen the current evidence and prevent biases,
especially in studies where the outcome variable depends on the self-perception of subjects.

Author Contributions: All authors were responsible for the conception and design of this study. R.A.-
F., J.A.-C. and E.B.-E. drafted the manuscript. R.A.-F. collected the clinical data. J.A.-C. performed
statistical analyses. R.P.-C., R.V.-V. and A.F.-M. critically reviewed the manuscript on several occasions.
All authors revised and discussed the results and commented on the final manuscript. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee for clinical trials of the health area
Talavera de la Reina in Spain (protocol code 13/2019, 6 May 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The dataset generated and/or analyzed during the current study is
available in the Zenodo repository (web link: 4fad18e5fd3f9a52f5927d0de809cfee).

Acknowledgments: The authors are pleased to acknowledge Julio Gómez Soriano for his invaluable
collaboration in programming the stimulation device in ‘double-blind mode’ and his continuous
technical support throughout the intervention.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Priori, A.; Berardelli, A.; Rona, S.; Accornero, N.; Manfredi, M. Polarization of the human motor cortex through the scalp.

NeuroReport 1998, 9, 2257–2260. [CrossRef]
2. Nitsche, M.A.; Paulus, W. Excitability changes induced in the human motor cortex by weak transcranial direct current stimulation.

J. Physiol. 2000, 527, 633–639. [CrossRef]
3. Gandiga, P.C.; Hummel, F.C.; Cohen, L.G. Transcranial DC stimulation (tDCS): A tool for double-blind sham-controlled clinical

studies in brain stimulation. Clin. Neurophysiol. 2006, 117, 845–850. [CrossRef]
4. Woods, A.; Antal, A.; Bikson, M.; Boggio, P.; Brunoni, A.R.; Celnik, P.; Cohen, L.; Fregni, F.; Herrmann, C.; Kappenman, E.; et al.

A technical guide to tDCS, and related non-invasive brain stimulation tools. Clin. Neurophysiol. 2015, 127, 1031–1048. [CrossRef]
[PubMed]

5. Brunoni, A.R.; Nitsche, M.A.; Bolognini, N.; Bikson, M.; Wagner, T.; Merabet, L.; Edwards, D.; Valero-Cabré, A.; Rotenberg, A.;
Pascual-Leone, A.; et al. Clinical research with transcranial direct current stimulation (tDCS): Challenges and future directions.
Brain Stimul. 2011, 5, 175–195. [CrossRef] [PubMed]

6. Khedr, E.M.; Omran, E.A.; Ismail, N.M.; El-Hammady, D.H.; Goma, S.H.; Kotb, H.; Galal, H.; Osman, A.M.; Farghaly, H.S.;
Karim, A.A.; et al. Effects of transcranial direct current stimulation on pain, mood and serum endorphin level in the treatment of
fibromyalgia: A double blinded, randomized clinical trial. Brain Stimul. 2017, 10, 893–901. [CrossRef]

7. Silva, A.F.; Zortea, M.; Carvalho, S.; Leite, J.; Torres, I.L.; Fregni, F.; Caumo, W. Anodal transcranial direct current stimulation over
the left dorsolateral prefrontal cortex modulates attention and pain in fibromyalgia: Randomized clinical trial. Sci. Rep. 2017,
7, 135. [CrossRef]

http://doi.org/10.1097/00001756-199807130-00020
http://doi.org/10.1111/j.1469-7793.2000.t01-1-00633.x
http://doi.org/10.1016/j.clinph.2005.12.003
http://doi.org/10.1016/j.clinph.2015.11.012
http://www.ncbi.nlm.nih.gov/pubmed/26652115
http://doi.org/10.1016/j.brs.2011.03.002
http://www.ncbi.nlm.nih.gov/pubmed/22037126
http://doi.org/10.1016/j.brs.2017.06.006
http://doi.org/10.1038/s41598-017-00185-w


Brain Sci. 2021, 11, 1335 9 of 10

8. Roizenblatt, S.; Fregni, F.; Gimenez, R.; Wetzel, T.; Rigonatti, S.P.; Tufik, S.; Boggio, P.; Valle, A.C. Site-specific Effects of Transcranial
Direct Current Stimulation on Sleep and Pain in Fibromyalgia: A Randomized, Sham-controlled Study. Pain Pr. 2007, 7, 297–306.
[CrossRef]

9. Fagerlund, A.J.; Hansen, O.A.; Aslaksen, P.M. Transcranial direct current stimulation as a treatment for patients with fibromyalgia.
Pain 2015, 156, 62–71. [CrossRef] [PubMed]

10. Fregni, F.; Gimenes, R.; Valle, A.C.; Ferreira, M.J.L.; Rocha, R.R.; Natalle, L.; Bravo, R.; Rigonatti, S.P.; Freedman, S.D.;
Nitsche, M.A.; et al. A randomized, sham-controlled, proof of principle study of transcranial direct current stimulation for the
treatment of pain in fibromyalgia. Arthritis Rheum. 2006, 54, 3988–3998. [CrossRef]

11. Page, S.J.; Persch, A.C.; Clark, F.; Park, D.J.; Burke, J.P. Recruitment, Retention, and Blinding in Clinical Trials. Am. J. Occup. Ther.
2013, 67, 154–161. [CrossRef]

12. Karanicolas, P.J.; Farrokhyar, F.; Bhandari, M. Blinding: Who, what, when, why, how? Can. J. Surg. 2010, 53, 345–348.
13. Boutron, I.; Tubach, F.; Giraudeau, B.; Ravaud, P. Blinding was judged more difficult to achieve and maintain in nonpharmacologic

than pharmacologic trials. J. Clin. Epidemiol. 2004, 57, 543–550. [CrossRef]
14. Boutron, I.; Tubach, F.; Giraudeau, B.; Ravaud, P. Methodological Differences in Clinical Trials Evaluating Nonpharmacological

and Pharmacological Treatments of Hip and Knee Osteoarthritis. JAMA 2003, 290, 1062–1070. [CrossRef]
15. Arandjelovic, O. Assessing Blinding in Clinical Trials. Available online: https://proceedings.neurips.cc/paper/2012/file/d6baf6

5e0b240ce177cf70da146c8dc8-Paper.pdf (accessed on 25 September 2021).
16. James, K.E.; Bloch, D.A.; Lee, K.K.; Kraemer, H.C.; Fuller, R.K. An Index for Assessing Blindness in a Multi-Centre Clinical Trial:

Disulfiram for Alcohol Cessation—A VA Cooperative Study. Stat. Med. 1996, 15, 1421–1434. [CrossRef]
17. Bang, H.; Ni, L.; Davis, C.E. Assessment of blinding in clinical trials. Control. Clin. Trials 2004, 25, 143–156. [CrossRef] [PubMed]
18. Wolfe, F.; Clauw, D.J.; Fitzcharles, M.-A.; Goldenberg, D.L.; Katz, R.S.; Mease, P.; Russell, A.S.; Russell, I.J.; Winfield, J.B.;

Yunus, M.B. The American College of Rheumatology Preliminary Diagnostic Criteria for Fibromyalgia and Measurement of
Symptom Severity. Arthritis Rheum. 2010, 62, 600–610. [CrossRef] [PubMed]

19. Larsson, A.; Palstam, A.; Löfgren, M.; Ernberg, M.; Bjersing, J.; Bileviciute-Ljungar, I.; Gerdle, B.; Kosek, E.; Mannerkorpi, K.
Resistance exercise improves muscle strength, health status and pain intensity in fibromyalgia—a randomized controlled trial.
Arthritis Res. Ther. 2015, 17, 161. [CrossRef] [PubMed]

20. Jaberzadeh, S.; Martin, D.; Knotkova, H.; Woods, A.J. Methodological Considerations for Selection of Transcranial Direct Current
Stimulation Approach, Protocols and Devices. In Practical Guide to Transcranial Direct Current Stimulation; Springer: Cham,
Switzerland, 2019; pp. 199–223. [CrossRef]

21. Villamar, M.; Wivatvongvana, P.; Patumanond, J.; Bikson, M.; Truong, D.Q.; Datta, A.; Fregni, F. Focal Modulation of the Primary
Motor Cortex in Fibromyalgia Using 4×1-Ring High-Definition Transcranial Direct Current Stimulation (HD-tDCS): Immediate
and Delayed Analgesic Effects of Cathodal and Anodal Stimulation. J. Pain 2013, 14, 371–383. [CrossRef]

22. Valle, A.; Roizenblatt, S.; Botte, S.; Zaghi, S.; Riberto, M.; Tufik, S.; Boggio, P.; Fregni, F. Efficacy of anodal transcranial direct
current stimulation (tDCS) for the treatment of fibromyalgia: Results of a randomized, sham-controlled longitudinal clinical trial.
J. Pain Manag. 2009, 2, 353–361. [PubMed]

23. Riberto, M.; Alfieri, F.M.; Pacheco, K.M.D.B.; Leite, V.D.; Kaihami, H.N.; Fregni, F.; Battistella, L.R. Efficacy of Transcra-
nial Direct Current Stimulation Coupled with a Multidisciplinary Rehabilitation Program for the Treatment of Fibromyalgia.
Open Rheumatol. J. 2011, 5, 45–50. [CrossRef]

24. Mendonca, M.E.; Santana, M.B.; Baptista, A.F.; Datta, A.; Bikson, M.; Fregni, F.; Araujo, C.P. Transcranial DC Stimulation in
Fibromyalgia: Optimized Cortical Target Supported by High-Resolution Computational Models. J. Pain 2011, 12, 610–617.
[CrossRef]

25. Bang, H.; Flaherty, S.P.; Kolahi, J.; Park, J. Blinding assessment in clinical trials: A review of statistical methods and a proposal of
blinding assessment protocol. Clin. Res. Regul. Aff. 2010, 27, 42–51. [CrossRef]

26. Kolahi, J.; Bang, H.; Park, J. Towards a proposal for assessment of blinding success in clinical trials: Up-to-date review. Community
Dent. Oral Epidemiol. 2009, 37, 477–484. [CrossRef] [PubMed]

27. Ambrus, G.G.; Al-Moyed, H.; Chaieb, L.; Sarp, L.; Antal, A.; Paulus, W. The fade-in–Short stimulation–Fade out approach to
sham tDCS–Reliable at 1 mA for naïve and experienced subjects, but not investigators. Brain Stimul. 2012, 5, 499–504. [CrossRef]
[PubMed]

28. O’Connell, N.E.; Cossar, J.; Marston, L.; Wand, B.M.; Bunce, D.; Moseley, L.; De Souza, L.H. Rethinking Clinical Trials of
Transcranial Direct Current Stimulation: Participant and Assessor Blinding Is Inadequate at Intensities of 2 mA. PLoS ONE 2012,
7, e47514. [CrossRef]

29. Palm, U.; Reisinger, E.; Keeser, D.; Kuo, M.-F.; Pogarell, O.; Leicht, G.; Mulert, C.; Nitsche, M.A.; Padberg, F. Evaluation of
Sham Transcranial Direct Current Stimulation for Randomized, Placebo-Controlled Clinical Trials. Brain Stimul. 2013, 6, 690–695.
[CrossRef] [PubMed]

30. Durand, S.; Fromy, B.; Bouyé, P.; Saumet, J.L.; Abraham, P. Vasodilatation in response to repeated anodal current application in
the human skin relies on aspirin-sensitive mechanisms. J. Physiol. 2002, 540, 261–269. [CrossRef]

31. Reckow, J.; Rahman-Filipiak, A.; Garcia, S.; Schlaefflin, S.; Calhoun, O.; DaSilva, A.F.; Bikson, M.; Hampstead, B.M. Tolerability
and blinding of 4 × 1 high-definition transcranial direct current stimulation (HD-tDCS) at two and three milliamps. Brain Stimul.
2018, 11, 991–997. [CrossRef]

http://doi.org/10.1111/j.1533-2500.2007.00152.x
http://doi.org/10.1016/j.pain.0000000000000006
http://www.ncbi.nlm.nih.gov/pubmed/25599302
http://doi.org/10.1002/art.22195
http://doi.org/10.5014/ajot.2013.006197
http://doi.org/10.1016/j.jclinepi.2003.12.010
http://doi.org/10.1001/jama.290.8.1062
https://proceedings.neurips.cc/paper/2012/file/d6baf65e0b240ce177cf70da146c8dc8-Paper.pdf
https://proceedings.neurips.cc/paper/2012/file/d6baf65e0b240ce177cf70da146c8dc8-Paper.pdf
http://doi.org/10.1002/(SICI)1097-0258(19960715)15:13&lt;1421::AID-SIM266&gt;3.0.CO;2-H
http://doi.org/10.1016/j.cct.2003.10.016
http://www.ncbi.nlm.nih.gov/pubmed/15020033
http://doi.org/10.1002/acr.20140
http://www.ncbi.nlm.nih.gov/pubmed/20461783
http://doi.org/10.1186/s13075-015-0679-1
http://www.ncbi.nlm.nih.gov/pubmed/26084281
http://doi.org/10.1007/978-3-319-95948-1_7
http://doi.org/10.1016/j.jpain.2012.12.007
http://www.ncbi.nlm.nih.gov/pubmed/21170277
http://doi.org/10.2174/1874312901105010045
http://doi.org/10.1016/j.jpain.2010.12.015
http://doi.org/10.3109/10601331003777444
http://doi.org/10.1111/j.1600-0528.2009.00494.x
http://www.ncbi.nlm.nih.gov/pubmed/19758415
http://doi.org/10.1016/j.brs.2011.12.001
http://www.ncbi.nlm.nih.gov/pubmed/22405745
http://doi.org/10.1371/journal.pone.0047514
http://doi.org/10.1016/j.brs.2013.01.005
http://www.ncbi.nlm.nih.gov/pubmed/23415938
http://doi.org/10.1113/jphysiol.2001.013364
http://doi.org/10.1016/j.brs.2018.04.022


Brain Sci. 2021, 11, 1335 10 of 10

32. Wallace, D.; Cooper, N.R.; Paulmann, S.; Fitzgerald, P.; Russo, R. Perceived Comfort and Blinding Efficacy in Randomised
Sham-Controlled Transcranial Direct Current Stimulation (tDCS) Trials at 2 mA in Young and Older Healthy Adults. PLoS ONE
2016, 11, e0149703. [CrossRef] [PubMed]

33. Brunoni, A.R.; Schestatsky, P.; Lotufo, P.A.; Benseñor, I.M.; Fregni, F. Comparison of blinding effectiveness between sham tDCS
and placebo sertraline in a 6-week major depression randomized clinical trial. Clin. Neurophysiol. 2014, 125, 298–305. [CrossRef]
[PubMed]

34. Gbadeyan, O.; Steinhauser, M.; McMahon, K.; Meinzer, M. Safety, Tolerability, Blinding Efficacy and Behavioural Effects of a
Novel MRI-Compatible, High-Definition tDCS Set-Up. Brain Stimul. 2016, 9, 545–552. [CrossRef] [PubMed]

http://doi.org/10.1371/journal.pone.0149703
http://www.ncbi.nlm.nih.gov/pubmed/26900961
http://doi.org/10.1016/j.clinph.2013.07.020
http://www.ncbi.nlm.nih.gov/pubmed/23994192
http://doi.org/10.1016/j.brs.2016.03.018
http://www.ncbi.nlm.nih.gov/pubmed/27108392

	Introduction 
	Methods 
	Study Design 
	Participants and Settings 
	Sample Size Calculation 
	Randomization and Blinding 
	Intervention 
	Outcome Variables 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

