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To Combine or Not to Combine
Physical Therapy With tDCS for
Stroke With Shoulder Pain? Analysis
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Clinical Trial for Rehabilitation of
Painful Shoulder in Stroke
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" Doctorate and Masters Program in Rehabilitation Science of University Nove de Julho, UNINOVE, S&o Paulo, Brazil,
2 Department of Physical Medicine and Rehabilitation, Neuromodulation Center, Harvard Medical School, Spaulding
Rehabilitation Hospital, Boston, MA, United States

Purpose: Transcranial Direct Current Stimulation (tDCS) is an intervention that seems
to be an ideal tool to enhance the effects of rehabilitation therapies given it facilitates
generation of plasticity in the stimulated brain area. In stroke this strategy has been
highly utilized; however, the results have been mixed. In this trial we have evaluated
the analgesic and functional effects of Transcranial Direct Current Stimulation (tDCS)
combined with physiotherapy in stroke survivors with shoulder pain.

Methods: Twenty-six stroke surviving adults with shoulder pain received 10 sessions
of passive mobilization and performed upper limb exercises using a cycle ergometer,
combined with active or sham tDCS. The intensity of pain in the hemiplegic shoulder
was measured using the Visual Analog Scale (VAS); secondary outcomes were the level
of motor impairment, handgrip strength, range of motion, motor function of the upper
limbs, and quality of life (QOL) assessed before and after 10 sessions and 1 month after
the end of the treatment.

Results: A clinically important pain reduction (3 points) was found in both groups and
was maintained at follow-up; there was no significant difference between groups (o =
0.3). Similarly, the shoulder range of motion improved, motor function and quality of life
improved showed no significant differences between groups. One result that needs to
be underscored is that both groups had a significant effect size toward improvement in
all of these outcomes.

Conclusions: We discuss in this study that tDCS is not a useful combination strategy
when the physical therapy has a large effect by itself and we also review other
negative trials of combined therapy under this framework of ceiling effect of the main
physical therapy.
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Trial registry: Trial registration: Brazilian Registry of Clinical Trials, RBR-8FEMNY (http://
www.ensaiosclinicos.gov.br/rg/RBR-8f5mny/). Registered on June 2, 2017.
Beginning of the recruitment of the volunteers: august, 2017.

Keywords: stroke, transcranial direct current stimulation, shoulder pain, physical and rehabilitation medicine,

physical therapy specialty

INTRODUCTION

Transcranial direct current stimulation (tDCS) is a non-invasive,
low-cost therapy that has been widely used in the rehabilitation
field. It is a practical, user-friendly intervention, with minimal,
mild side effects that contributes to cortical function modulation
through the enhancement of neuroplasticity (1, 2).

TDCS modulates neuronal thresholds by increasing the
likelihood of depolarization or hyperpolarization without
inducing action potentials and facilitating spontaneous and
intentional neuronal activity (3). For this reason, combining
tDCS with other therapies, such as exercise, in conditions such
as stroke, is thought to convey a synergistic effect; physical
rehabilitation techniques induce cortical activation by inducing
action potentials (4). Thus, over the years, tDCS use has
been widely investigated as an adjuvant therapy to aid in
the rehabilitation therapy of conditions such as fibromyalgia,
depression, low back pain, and stroke (2).

Stroke rehabilitation encompasses several different fields
including motor capacity, and chronic pain. In stroke, it is
thought that there is an imbalance in cortical modulation
where there is overexcitability of the unaffected hemisphere’s
cortex and a decrease in excitability in the affected hemisphere’s
cortex (2). Several studies have found that tDCS enhances
motor function in post stroke patients either by means of
ipsilesional hemisphere activation, through anodal tDCS, or
inhibition of the contralesional hemisphere, through cathodal
tDCS (5). In addition to motor function, the use of tDCS
has been widely studied for patients with acute, subacute, and
chronic stroke to approach improvement in motor function and
pain (1).

Shoulder pain is a frequent consequence of stroke that leads to
reduced function of the upper limb and limited performance in
activities of the individual’s daily life. The prevalence of shoulder
pain among stroke survivors varies from 30 to 65% (6). This
condition is more common from the 2nd month after stroke on
and may disappear spontaneously in some cases or persist in 65%
of the patients, for 12 months or more (7, 8).

Chronic pain results from permanent and inadequate changes
in the sensorimotor areas of the brain, such as the primary
motor cortex, the extent of the reorganization of the motor
cortex being proportional to the intensity of chronic pain (7-10).
The modulation of the motor cortex likely activates structures
such as the thalamus, responsible for transporting information
about pain to the cortex. This sensation is processed in the
thalamus and cortex through the action of encephalins and p-
endorphins, which have an analgesic effect and influence the
perception of nociceptive stimuli due to its effect on opioid
receptors (11).

In the context of post-stroke pain, tDCS has been studied as
an adjuvant therapy for physical therapy techniques to enhance
its beneficial effects in pain reduction. However, although tDCS
as an adjuvant therapy has been proven to foster the effects
of mainstay rehabilitation techniques, studies evaluating this
combined therapy convey mixed results (4, 12). For instance,
Bolognini et al. (13) showed that tDCS combined with constraint
induced movement therapy improves motor function. On the
other hand, Edwards et al. (14) have investigated the combination
of robot-assisted therapy and tDCS for clinical improvement in
stroke and found that tDCS does not add a synergistic effect to
robot-assisted physical therapy. Accordingly, the use of tDCS as
an ancillary technique in the context of post-stroke pain prompts
further investigation.

Considering the relationship between pain and reduced motor
function and the fact that long periods of cortical stimulation
can have lasting effects on cerebral function (15, 16), we
hypothesize that combining tDCS and physiotherapy could lead
to a reduction in shoulder pain among stroke survivors, with
a consequent improvement in functioning and quality of life.
Therefore, the primary aim of the present study was to determine
whether tDCS can enhance the effects of physiotherapy on
shoulder pain in stroke survivors. The secondary objective was to
correlate the analgesic effects of treatment with motor function,
motor impairment, and quality of life.

METHODS

The study is in accordance with the principles of the Declaration
of Helsinki and with the norms and guidelines for research on
human beings, formulated by the National Health Council of
Brazil, created in October 1996. It received approval from the
Human Research Ethics Committee by Nove de Julho University,
Sao Paulo, Brazil (number 2.038.903), and was registered in the
Brazilian Registry of Clinical Trials (RBR-8F5MNY).

A longitudinal, randomized, controlled and double-blind
clinical trial was carried out, in which 26 stroke, aged >18 years,
victims with chronic shoulder pain (minimum of 6 months) were
selected according to the International Association for the Study
of Pain (IASP) (17).

To be included in the study, subjects should be able to
understand commands (as indexed by a Mini-Mental State Exam
score >11) (18). Individuals were excluded if they have:

e a contraindication for non-invasive brain stimulation, such as
metallic implants close to the application sites,

e a history of seizures and/or epilepsy, pregnancy, and diagnosis
of neoplasia (19),
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FIGURE 1 | Consort diagram illustrating the process from recruitment to data collection.

Analyzed (n=13)
Excluded from analysis (reasons) (n=0)

e muscular inelasticity (spasticity) >3 in the affected upper limb,
assessed by the Modified Ashworth Scale (20);

e progressive neurological disease;

e frozen shoulder diagnosis;

e severe sensory deficit (score >2) on the National Institutes of
Health (NIH) Stroke Scale (21);

e a diagnosis of acute coronary syndrome or severe heart
problem (score >3 on the New York Heart Association
functional rating scale) (22);

e severe aphasia [score >2 (assessed in the patients native
language) indicated by the NIH Stroke Scale] (21);

e suspected or confirmed recent upper limb fracture;

e cancer diagnosis and/or palliative care therapy; and

e severe inattention (score >2 indicated by the NIH Stroke
Scale) study (21).

Concomitant care and interventions prohibited during the trial
included: the recent use of botulinum toxin or injection of
phenol in the affected upper limb (previous 3 months) or a
medical indication for use during the study period; use of
medications that could affect assessments (anti-inflammatory
steroids) and participation in physical or homeopathic therapy
during the study.

According to the International Association for the Study of
Pain (IASP) (17), three consecutive months of complaints of pain
are considered the cutoff point between acute and chronic pain,
however, for research purposes, chronic pain is considered after
six consecutive months.

The elected participants were randomized into two groups
using opaque envelopes, by a researcher not involved in
evaluations or treatment: (1) active tDCS combined with
physiotherapy for the upper limbs; (2) sham tDCS combined with
physiotherapy for the upper limbs.

Procedures

Evaluations were performed on three occasions: pre- and post-
intervention and follow-up (30 days after completion of the
intervention). The details of the study procedure are shown in
Figure 1 and can be seen in the protocol article published by our
group (23).

The primary outcome was shoulder pain intensity measured
using the visual analog scale (VAS) (24). Evaluations were
performed with the patient at rest, as well as during flexion,
abduction, and external rotation active movement (performed
by participant) and flexion, abduction, and external rotation
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passive movement (performed by a researcher qualified to
perform the movement and who was also blind to the allocation
of patients).

The secondary outcomes were the dysfunction and disability
associated with shoulder pain measured by the Shoulder Pain and
Disability Index (SPADI) (25); symptoms and disabilities caused
by upper limb disorders were assessed using the Disabilities
of the Arm, Shoulder and Hand (DASH) questionnaire (26);
upper limb motor impairment was analyzed using the Fugl-
Meyer Assessment of Motor Recovery after Stroke Scale (27, 28)
(for the present study only the upper limbs score was used); the
range of motion of the shoulder (RMS) for external rotation,
abduction and flexion was measured using a goniometer (29);
grip strength was measured in both hands using a dynamometer
(Jamar®), Enterprises Inc., Irvington, New York, USA) (30), and
the Quality of life was measured using the Stroke Specific Quality
of Life Scale (SSQOL) (31).

The confounding factors were evaluated by the depressive
symptoms using the Beck Depression Inventory (BDI) (32, 33),
and by sleep disorders using the Pittsburgh Sleep Quality Index
(PSQI) (34).

Treatment Physiotherapy

The treatment was carried out 5 days a week for two
consecutive weeks, totaling 10 sessions (35, 36). Each session
involved 20min of passive exercises and 20 mi of active
exercises for upper limbs combined with active-anodal tDCS or
sham tDCS.

The physiotherapeutic treatment was always performed by
the same therapist and passive therapy consisted of massage,
stretching, and joint mobilization with the patient in the supine
position, for 20 min (23). Then the participant received the tDCS
combined with active or active-assisted exercises, using a cycle
ergometric (Acte Sports, model E5) for another 20 min. The cycle
ergometer was positioned on a table, in front of the patient (23).
The patient was seated to perform the exercise.

tDCS Treatment
Transcranial direct current stimulation was performed using the
“NeuroConn DC-STIMULATOR PLUS” administered over the
primary motor cortex. The anode (5 x 5cm) was positioned
over the damaged hemisphere (C3 or C4) according to the 10/20
international electroencephalogram system (19) and the cathode
(5 x 7 cm) was positioned in the supraorbital region contralateral
to the anode (19, 35, 37, 38). Both electrodes were enveloped in
sponge soaked in saline solution, 2 mA, 30 s of ramp up and ramp
down. The sham tDCS was performed with the same assembly as
the active therapy, but the current was administered only for 60 s
to give the participant the sensation of stimulation.

The tDCS—Side Effects Questionnaire (39) was administered
after each session to determine the occurrence of possible side
effects stemming from non-invasive brain stimulation.

Blinding

Blinding of the participants and therapist was achieved with the
sham mode of the tDCS device. The device was programmed by
another researcher. Thus, neither the therapist nor the patient

was aware of which mode (active or sham) was selected, as the
external functioning of the device is the same in both modes.

Statistical Analysis

Data analysis involved intention-to-treat analysis. The Shapiro-
Wilk test was used to determine the normality of the data. The
data were parametric and were therefore expressed as mean
and standard deviation values. Two-way analysis of variance
(ANOVA) followed by the Bonferroni test was used for the
inter-group comparisons. Pearson’s correlation coefficients were
calculated to determine the strength of correlations between
pain and the secondary outcomes. A regression analysis was
performed to determine the effect of possible confounding
factors. All analyses were processed using the SPSS program
(IBM SPSS Statistics for Windows, version 22.0, released in 2013,
IBM Corp Armonk, NY, USA) and a p < 0.05 was considered
indicative of statistical significance.

RESULTS

Thirty-one patients were screened and five were excluded (three
declined to participate, one had shoulder luxation and one did
not feel continuous pain for a period of 6 months). Thus,
the sample was composed of 26 patients. Table 1 displays the
demographic data of the participants.

The two groups were similar in terms of pain intensity at rest
and during active and passive movements, sex, age, type of stroke.
Significant differences were found between the two groups in
terms of pain duration and time since stroke (p < 0.05-Anova
two-way), with pain and injury time being greater for the sham
group. The pain time for the sham group was 35.0 &= 22.8 and
injury time 41.6 £ 23.6 and for the active group the pain time
was 29.3 & 19.4 and injury time 35.6 & 21.9. Greater impairment
of the upper limb was also observed, assessed by the Fugl-Meyer
scale, for the sham group (p < 0.05) with an average of 41.5 +
27.2 when compared to the active group 21.9 & 18.7.

Most individuals in both groups used antihypertensive
drugs, acetylsalicylic acid, and cholesterol-lowering drugs. Two
individuals (one in each group) took an analgesic only
once during the study due to unbearable pain (orphenadrine
citrate, metamizole sodium monohydrate, anhydrous caffeine,
paracetamol). All had at least one associated comorbidity, the
most prevalent being hypertension and dyslipidemia.

Table 2 displays the pain levels at rest as well as during active
and passive movement measured using the VAS at the pre-
intervention, post-intervention and 30-day follow-up evaluations
in the two groups.

A clinically important reduction in pain (3 points on the vas)
was found in both groups. the best results were found with the
patients at rest (vs. passive and active movement). However, no
significant inter-group difference was found for pain at rest (p =
0.3) or during active (p = 1.0) or passive (p = 0.46) movement.
The effect size (measured using cohen’s d) was large for both
groups (d = 0.89 at post-intervention evaluation) and (d = 0.87
at follow-up evaluation in active tdcs group); (d = 0.90 at post-
intervention evaluation) and (d = 0.84 at follow-up evaluation in
sham group).
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TABLE 1 | Characteristic of sample at baseline (n = 26).

Active tDCS
combined with
physical therapy

Sham tDCS
combined with
physical therapy

Characteristics

(n=13) (n=13)
Sex (F/M) 13 (4/9) 13 (5/8)
Age (years) 54.6 +10.3 543+ 105
VAS (score)

Rest 54+16 41+1.0
Active 40+24 39+12
Passive 46+24 43+1.7
Type of stroke

Ischemic/hemorrhagic 121 11/2
Hemiparesis

Right/left 7/6 7/6
Duration of pain (months) 29.83 + 19.4* 35.0 + 22.8*
Time elapsed since stroke 35.6 + 21.9* 41.6 + 23.6*
(months)

Fugl-Meyer (upper limbs) 21.9+18.7 41.5 £ 27.2*
ROM of shoulder

Flexion 1312+ 324 1449 + 33.4
Abduction 113.0+ 344 126.6 £ 34.5
External rotation 443 +£18.6 50.0 + 231
Grip strength 59+7.0 12.6 £ 6.8
Motor function

SPADI 84.7 + 8.6 71.2+16.1
DASH 61.8 + 16.6 452 +19.5
SSQOL 1455 £ 26.7 167.7 £ 26.7
BDI 18.3+14.7 13.56+9.6
Pittsburg 76+46 7.3+4.2
Use of antidepressants 04 (30.7%) 02 (15.3%)
Use of acetylsalicylic acid 09 (69.2%) 09 (69.2%)
Use of diuretics 03 (23.0%) 06 (46.1%)
Use of anti-hypertensives 11 (84.6%) 11 (84.6%)
Use of medication for 01 (7.6%) 03 (23.0%)
diabetes

Use of medication for 11 (84.6%) 10 (76.9%)
cholesterol

Use of medication for 01 (7.6%) 02 (15.3%)
anxiety

Associated comorbidities

Hypertension 11 (84.6%) 11 (84.6%)
Diabetes 01 (7.6%) 03 (23.0%)
Dyslipidemia 11 (84.6%) 10 (76.9%)

Data expressed as mean =+ standard deviation and frequency (%), F/M, female/male; VAS,
visual analog scale; tDCS, transcranial direct current stimulation; ROM, range of motion;
SPADI, Shoulder Pain and Disability Index; DASH, Disabilities of the Arm, Shoulder and
Hand; SSQOL, Stroke Specific Quality of Life Scale; BDI, Beck Depression Inventory;
Pittsburg, Pittsburgh Sleep Quality Index. *P < 0005 (Anova two-way).

Table 3 displays the grip strength and range of motion values
at the pre-intervention, post-intervention and 30-day follow-up
evaluations in both groups.

No improvements in grip strength were found after the
intervention in either group. Regarding ROM (flexion, abduction

and external rotation), a statistically significant (p < 0.05)
increase was found in the active tDCS at the post-intervention
and follow-up evaluations compared to the pre-intervention
evaluation. However, no significant inter-groups differences were
found (p > 0.05).

Table 4 displays the results of the motor function, motor
performance and quality of life assessments at the pre-
intervention, post-intervention and 30-day follow-up evaluations
in both groups.

No improvements were found in motor impairment (Fugl-
Meyer scale) in any of the groups. On the other hand,
motor function (DASH scale) improved in both groups, post-
intervention in the active tDCS group and post-intervention and
follow-up in the sham group. Regarding the results of SPADI,
post-intervention and follow-up improvements were found for
both groups. Quality of life (SSQOL) improved post-intervention
and was maintained at follow-up for both groups.

No intergroup analyzes were performed for motor function,
motor impairment or quality of life due to significant differences
between the pre-intervention groups (DASH: p = 0.028; SPADI:
p = 0.014; Fugl-Meyer: p = 0.043; SSQOL: p = 0.045).

Measurement of Potential Side Effects

It was reported in 40% of the individuals itching sensation on
the scalp, 20% headache, 53% tingling sensation, 46% burning
sensation, 20% drowsiness, and 20% neck pain. Most individuals
reported a burning, itchy, and tingling sensation at the beginning
of each stimulation, and headache, neck pain, and drowsiness
were rarely reported at the end of the sessions.

Table 5 displays the results of the regression analysis for the
adjustment of confounding variables.

The confounding variables did not exert an influence on
the pain outcome. Moreover, Pearson’s correlation coeflicients
revealed that pain was not correlated with any of the secondary
outcomes in the active tDCS group (DASH [p = 0.3], SPADI [p =
0.2], Fugl-Meyer [p = 0.1], and SSQOL [p = 0.3]) or sham group
(DASH [p = 0.9], SPADI [p = 0.8], Fugl-Meyer [p = 0.6], and
SSQOL [p = 0.8]).

DISCUSSION

A clinically important reduction in pain at rest (3 points on
VAS) (24) was found in both groups. Concomitantly, large
effect sizes in the post-intervention assessment, as well as in
the follow-up assessment in the active anodic tDCS and sham
tDCS groups, respectively were observed. Pain during passive
and active movement was also reduced in both groups. These
results allow us to infer that the addition of anodic tDCS over
the injured primary motor cortex did not increase the analgesic
effect of physical therapy in stroke survivors with shoulder pain.

A similar result was also observed in a study by Belley et
al. (40), in which they evaluated the effects of adding active
tDCS (a-tDCS) and sham tDCS during a rehabilitation program
focused on sensorimotor training in individuals with rotator cuff
tendinopathy. The results did not demonstrate any improvement
in pain in the treatment with the addition of a-tDCS during
a rehabilitation program for these individuals, finding level 1b
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TABLE 2 | Pain intensity (VAS) at different evaluation times in groups submitted to active and sham tDCS combined with physical therapy (intra-group and

inter-group differences).

Variables (VAS) Active tDCS and physical therapy

Sham tDCS and physical therapy Inter-group difference

Pre-treatment Post-treat 30-day follow-up Pre-treatment Post-treat 30-day follow-up MD (95% CI)
Pain -rest 5.4 4 1.601 0.4 +0.6" 0.5+ 0.9 44 +1.00M1 0.4+ 06" 0.7 + 1.1 0.33 (—0.31 t0 0.98)
Pain—passive 4.6 £ 24011 21 +£2.17F 1.9 + 2.0t 4.3 £ 17011 1.2+1.7F 1.6 + 1.9 0.51 (—0.90 to 1.93)
Pain—active 4.0 + 2.4t 1.0+ 1.67 0.9 + 1.3t 3.9+ 1.20ft 1.0+ 1.41 1.1 +£1.41F 0.00 (—1.06 to 1.06)
Intra-group difference Intra-group difference
Post vs. pre MD (95% CI) Follow-up vs. pre D (95% Post vs. pre MD (95% CI) Follow-up vs. pre MD
Cl) (95% CI)

Pain—rest —5.0 (6.0 to —3.9) —4.8 (—5.8t0 —3.8) —3.87 (4.7 t0 —2.7) —3.4 (—4.410 —2.3)

Pain—passive —2.53 (—3.69 to —1.38)

Pain—active —2.92 (—4.33to —1.51)

—2.69 (—4.18 to —1.19)
—3.03 (—4.37 to —1.69)

~3.03 (—4.19 to —1.88)
~2.92 (—4.33t0 —1.51)

—2.69 (—4.18 to —1.19)
—2.80 (—4.1 to —1.46)

Data expressed as mean + standard deviation; T, difference between post and pre (p < 0.05); 11, difference between follow-up and pre (p < 0.05) (Anova two-way); VAS, visual analog

scale; MD, mean difference; Cl, confidence interval.

TABLE 3 | Grip strength and shoulder range of motion at different evaluation times in groups submitted to active and sham tDCS combined with physical therapy

(intra-group and inter-group differences).

Variables Active tDCS and physical therapy Sham tDCS and physical therapy Inter-group difference
Pre-treatment Post-treat.  30-day follow-up Pre-treatment Post-treat. 30-day follow-up MD (95% CI)

Grip strength (KgF) 59+7.0 83+78 8.0+8.3 12.6+6.8 1834 +£79 143+ 8.4 -

ROM—flexion (degrees) 131.2 + 32,4711 1559 4+ 30.37 154.4 + 30.91t 1449+ 334 1532+ 31.0 147.3 £ 32.0 —1.2(—26.2 t0 23.6)

ROM—abduction (degrees) 113.0 & 34.471T  143.5 + 37.3" 141.3 + 33.91t 126.6 £ 345 1402 +44.4 136.3 £ 38.2 —1.7 (—29.5 t0 26.0)

ROM—ext. rot. (degrees) 44.3 + 18.67 56.8 4 22.0f 53.0 £ 19.2 50.0 + 23.1 53.3+21.2 56.4 £ 23.7 —1.8(—18.0to 14.3)

Intra-group difference

Intra-group difference

Post vs. pre MD (95% Cl)

Follow-up vs. pre MD

Post vs. pre MD (95% CI) Follow-up vs. pre MD

(95% Cl) (95% Cl)
Grip strength (KgF) 2.3 (-0.3t05.0) 2.0(-0.9t05.0) 0.7 (—1.9t0 3.4) 1.6(—1.3t04.6)
ROM—flexion (degrees) 24.6 (15.7-33.6) 23.2 (12.2-34.1) 8.3(—0.6t017.2) 2.3 (—8.5t0 13.30)
ROM —abduction 30.4 (9.4-51.4) 28.3 (9.2-47.3) 13.5 (7.4 t0 34.5) 9.6 (—9.6t028.7)
(degrees)
ROM—ext. rot. 12.4 (2.0-22.8) 8.6 (—0.02t0 17.4) 3.3(-7.0t0 13.8) 6.4 (—2.2t0 15.1)
(degrees)

Data expressed as mean =+ standard deviation; T, difference between post and pre (o < 0.05); 11, difference between follow-up and pre (p < 0.05) (Anova two-way); MD, mean

difference; Cl, confidence interval; ROM, range of motion.

of Evidence of Therapy. The convergence between the present
results and the findings reported by other authors may be related
to the ceiling effect of tDCS.

Ceiling Effect of Non-invasive Brain

Stimulation

The results presented in our study with a clinically important
reduction in VAS pain in both groups reinforce the notion that
the combination of tDCS and physical therapy for post-stroke
shoulder pain created a ceiling effect in which the benefits of
physical therapy overshadowed those of tDCS (41). This is a

common pattern in stroke rehabilitation, as several studies have
conveyed this effect (14, 42).

Edwards et al. (14) evaluated the effectiveness of robot-
assisted therapy with tDCS compared to sham tDCS for clinical
improvement of post-stroke patients. Robot-assisted therapy was
shown to be effective for clinical improvement in both groups,
with no significant differences between them. In fact, both
tDCS and sham tDCS groups had large improvements in motor
function (6.97 and 7.73 in Fugl-Meyer score, respectively). Surely,
in this case, the goal of neuromodulation to enhance the effects
of physical therapy becomes null as therapy alone was able to
maximize its effects.
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TABLE 4 | Motor function, motor impairment and quality of life at different evaluation times in groups submitted to active and sham tDCS combined with physical therapy

(intra-group differences).

Variables Active tDCS and physical therapy Sham tDCS and physical therapy
Pre-treatment Post-treat. 30-day follow-up Pre-treatment Post-treat. 30-day follow-up
DASH (0-100) 61.8 + 16.61" 56.3 + 16.2 49.3 +13.81" 452 + 19,5011 33.2 + 15.41 31.7 + 16911
SPADI (0-100) 84.7 + 8.6711 64.3 £ 13.47 60 4 18.411 71.2 £ 161011 56.3 £ 27.3" 53.4 + 23.411
Fugl-Meyer—upper limbs (0-66) 21.9+18.7 256 £21.1 26.4+21.0 415+£27.2 41.4+£27.0 40.9 £+ 26.0
SSQOL (total: 245 points) 1455 + 26,7711 167 + 32.81 167.6 + 30.3TT 167.7 + 26.7H 1t 184 + 19.87 185.1 & 24.711

Intra-group difference

Intra-group difference

Post vs. pre MD (95% CI) Follow-up vs. pre MD

(95% CI)

Post vs. pre MD (95% CI) Follow-up vs. pre MD

(95% CI)

DASH (0-100)
SPADI (0-100)

—55(—13.6102.5)
~20.3(—33.7t0 -7.0)

—12.5(~22.4t0 —2.6)
—24.6(~38.31t0 —10.8)

~11.9 (=20 to —3.8)
—14.9 (-28.2t0 —1.5)

—13.4 (—23.3 t0 —3.5)
~17.8 (-31.5t0 —4.0)

Fugl-Meye —upper 3.6(-0.1t07.5) 4.5(-0.8109.9) —0.07 (-3.91t0 3.7) —0.6 (-5.9t04.7)
limbs (0-66)

SSQOL (total: 245 21.4(8.2-34.7) 22 (9.1-35) 17 (3.8-30.3) 17.3 (4.4-30.3)
points)

Data expressed as mean + standard deviation; T, difference between post and pre (p < 0.05); ™1, difference between follow-up and pre (p < 0.05) (Anova two-way); MD, mean
difference; Cl, confidence interval; DASH, Disabilities of the Arm, Shoulder and Hand (0-100 points, higher scores indicative of worse condition); SPADI, Shoulder Pain and Disability
Index (0-100 points, higher scores indicative of worse condition); SSQOL, Stroke Specific Quality of Life Scale (245 points, higher scores indicative of better quality of life); Fugl-Meyer
(0-100 points, 34 for lower limbs and 66 for upper limbs).

TABLE 5 | Modeling for adjustment of confounding variables of associations between pain and age, time since stroke, duration of pain, BDI, Pittsburg, and Fugl-Meyer.

Unadjusted 8-coefficient Standard error Adjusted B-coefficient 95% CI P-value

Active-tDCS model

Active tDCS —-10.313 4.134 - —20.430to —0.197 0.047
Age 0.052 0.065 0.288 —0.108 t0 0.213 0.454
Time since stroke 0.062 0.130 0.717 —0.256 t0 0.379 0.652
Time of ongoing pain —-0.019 0.143 —0.196 —0.369 to 0.331 0.899
BDI 0.008 0.078 0.060 —0.184 t0 0.199 0.925
Pittsburg —0.022 0.265 —0.053 —0.671t0 0.627 0.937
Fugl-Meyer Upper Limb 0.038 0.036 0.379 —0.051t0 0.127 0.337
Sham-tDCS model

Sham tDCS —3.861 1.549 - —7.650 to —0.071 0.047
Age —0.022 0.031 -0.332 —0.097 to 0.053 0.503
Time since stroke 0.002 0.055 0.057 —0.132t0 0.135 0.977
Time of ongoing pain 0.005 0.058 0.162 —0.138 t0 0.148 0.935
BDI 0.037 0.042 0.516 —0.066 to 0.140 0.516
Pittsburg 0.011 0.090 0.066 —0.208 to 0.230 0.066
Fugl-Meyer Upper Limb 0.012 0.014 0.466 —0.023 to 0.047 0.438

Dependent variable, Delta of pain at rest; B, beta coefficient; BDI, Beck Depression Inventory; Pittsburg, Pittsburgh Sleep Quality Index; Fugl-Meyer Upper Limb, Fugl-Meyer scale for

upper limbs. Model regression analysis.

Similarly, Harvey et al. (42) assessed the use of goal-
oriented arm and hand therapy with resting transcranial
magnetic stimulation (rTMS) in stroke patients. Once again,
in the sham and active groups, significant motor function
improvement was conveyed. Similarly, to Edwards et al.

(14), results, both groups had a large improvement. Sixty-
seven percent of the active TDCS group and 65% of sham
TDCS group had more than 5 point improvement in their
Fugl-Meyer scores. In this protocol, goal-directed hand and
arm tasks facilitated outcome achievement in both groups,
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leading to a ceiling effect when combining rTMS with these
tasks (42).

This, however, does not suggest that tDCS and other
neuromodulation techniques are not effective for the
improvement of stroke rehabilitation as other studies conveyed
effective results in function and pain improvement when tDCS
and other brain stimulation techniques are used alone. One
important strategy in the future will be to compare tDCS against
physical therapy when physical therapy can induce larger effects
and then leave the combined strategy to the low or no responders
to physical therapy.

In fact, trials with a different design showed the effects of
tDCS to be effective. Bae et al. (36) found improvement in post-
stroke pain in the group that received active tDCS, but not in the
group submitted to tDCS sham. Antal et al. (43) found significant
effects of active tDCS for trigeminal nerve neuralgia, post-stroke
pain syndrome, back pain, and fibromyalgia, and Thibaut et al.
(44) for pain after spinal cord injury. However, the authors did
not combine stimulation with physiotherapy or other therapies.
Only a study by Straudi et al. (4) for chronic back pain combined
tDCS with an exercise program; the other studies used tDCS
only to reduce pain. However, in the study of Straudi et al. (4)
pain improvements were much more modest, suggesting this
group was likely more refractory, thus being a situation in which
combination provided a better outcome.

Mechanisms of Pain Improvement

The participants in the present study had shoulder pain due to
a stroke for more than six consecutive months, which caused
discomfort and difficulty in performing simple tasks of daily
living. Patients reported that such functional limitations were due
to motor impairment, which harmed the quality of life.

A behavior change was observed after the start of treatment,
as the participants from both groups were able to be more
communicative and happier. All data obtained with the treatment
and none were missing from any of the preparations. The
participants reported a gradual reduction in pain, absent or
almost absent at the end of treatment, depending on the type of
activity they performed. An improvement in the perception of
muscle tone of the affected shoulder has also been reported (“now
my shoulder and muscles are looser”). These changes were still
evidence and the pain continued to subside 30 days after the end
of treatment.

Improvements without shoulder range of motion (abduction,
flexion, and external rotation) are believed to have occurred
due to physical therapy. Joint mobilization was performed
on the affected shoulder, along with massage and along with
all the muscles of the upper limbs, which probably contributed
to the release of the hypertonic muscles (flexors, adductors, and
internal rotators of the shoulder).

Although it is recognized that even for chronic pain (CP)
triggered directly by peripheral structures, such as joint and
muscle, there is a wide range of changes in the central nervous
system (CNS) (45, 46). These alterations lead to a series of central
changes that allow the perpetuation and maintenance of chronic
pain state (45, 46). Thus, it is observed that pain is linked to
maladaptive plasticity in the CNS (47-50).

Therefore, the analgesic effect of motor cortex stimulation
for these individuals may occur because this area is correlated
with motor-related cortical and top-down cortico-subcortical
changes. For instance, there a likely top-down modulation of
the descending inhibitory pain control induced by physical
therapy motor activation, leading also to the release of
endogenous opioids in the anterior cingulate cortex, anterior
insula, and periaqueductal gray (PAG) (51). In healthy rats
without neuropathic conditions, stimulation of the motor cortex
reduces the responsiveness of spinal nociceptive neurons, thereby
increasing the nociceptive threshold through endogenous
opioids (52, 53). In neuropathic rats, stimulation of the
motor cortex reverses central and peripheral pain by activating
the limbic system and PAG and inhibiting the thalamic
nuclei and spinal nociceptive neurons (54). Thus, it has been
hypothesized that, in humans and animals, stimulation of the
motor cortex induces analgesia by activating the descending
analgesic pathways and neurocircuits involved in the emotional
component of pain (55, 56). However, it is not clear which
nuclei of the midbrain are modulated after cortical stimulation
or how they act on spinal nociceptive neurons to raise the
nociceptive threshold.

Placebo Effects and Physical Therapy
Another explanation for the pain reduction results surpassing
any expected effect size for the combination of physical therapy
and tDCS may be a placebo effect in the sham group. While
physical therapy alone can facilitate motor cortical excitability,
a 3-point reduction in shoulder pain could be explained by
a biologically assisted effect, caused by a placebo influence.
Moreover, the thought of receiving combined therapy could
have also influenced subjects in both groups to put more effort
in physical therapy and thus better perform, increasing pain
reduction (14, 57).

Neuromodulation techniques are also thought of influencing
cortical areas that interfere with expectations. Brain networks
activated by the anticipation of therapeutic benefit are modulated
by tDCS, strengthening the placebo response even further (58).
This modulatory activation is commonly seen in protocols
evaluating the effects of tDCS in depression; the expectation
of improvement promotes modulated active placebo responses,
increasing the effect of tDCS therapy (59).

The possibility of the placebo effect contributing to the
significant reduction in pain in the sham-tDCS group prompts
performing an analysis of the combined therapy through run-
in trials that can exclude high placebo responders (60). This
also raises an interesting issue: clinical trials may have a greater
effect in subjects’ expectation and conditioning effect leading to a
greater placebo effect than in clinical practice. Because of that,
would effects of physical therapy be smaller in real life? If so,
would then tDCS combination be attractive. This question is
difficult to be answered as only observational studies may help
to address this question.

Some limitations of this study must be considered, the first
was the lack of analysis of the integrity of the motor cortex
through electrophysiological or image evaluations, the second
concerns the possible effect found in the pilot study, which may
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have influenced the sample size. Moreover, a significance in the
duration of post-shoulder pain was found in the sham-tDCS
group. This is a direct result of a small sample size and could
have affected the results presented for the sham group in this
study. However, regression analysis accounting for pain duration
did not show significance of pain duration as a confounder
in either group, conveying low likelihood that the longer pain
duration in the sham group affected the trial’s results. Despite
these limitations, the present findings demonstrate the variability
of tDCS responses to chronic pain. Showing that the effectiveness
of adding tDCS to other therapies will depend on the therapy
applied. In this case, it appears that the therapy alone had a good
effect on shoulder pain from a stroke.

Conclusion

Active tDCS administered over the damaged primary cortex
in stroke survivors did not enhance the analgesic effect of
physiotherapy in the present study. We hypothesized that the
large effect of physical therapy alone and possibly combined
with a placebo effect of tDCS induced a large clinical effect that
prevented the potential additive effects of TDCS. We hope this
discussion on the ceiling effects will help future study designs of
combination therapy.
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