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Abstract

Introduction. To compare the effectiveness of transcranial direct current stimulation (tDCS) and transcutaneous electrical
nerve stimulation (TENS) when used in combination or in isolation on pain, function, and quality of life in primary knee osteo-
arthritis.

Methods. A 4-arm parallel group, participant-blinded, placebo-controlled randomized trial was performed. Patients with chronic
knee osteoarthritis as per the American College of Rheumatology criteria were eligible. The lottery method was used for ran-
domization and blocked randomization served to ensure an equal number of patients in each group. The participants were
allocated to 4 groups and received tDCS and TENS either in combination or in isolation. Pain, function, and quality of life were
measured with a visual analogue scale, 6-minute walk test, and Knee Injury and Osteoarthritis Outcome Score, respectively.
The subjects were blinded to group allocation. The outcome measures were evaluated at baseline and day 5, 8, and 20 after
the intervention. Data were analysed with the SPSS (version 21.0) software.

Results. On implementing the inclusion and exclusion criteria, 72 participants were enrolled in this trial; 69 of them completed
the protocol. There was a significant reduction in pain in all the 3 experimental groups as compared with the control group.
The maximum reduction in pain was seen in the group receiving active tDCS and active TENS at week 6.

Conclusions. The combination of tDCS and TENS along with strengthening exercises is effective in reducing pain in knee

osteoarthritis.
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Introduction

Osteoarthritis (OA) was found to be the second most
common condition by the Global Burden of Disease study,
with a prevalence of 29% in India and an overall prevalence
of 20-28% [1, 2]. It was earlier conceptualized as a condi-
tion producing symptoms which are driven by the peripheral
pathology resulting from the destruction of joint and the
cartilage but the recent research has shown the role of cen-
tral sensitization in knee OA [3]. It has been reported that the
persistent nociceptive inputs generated by the pathology in
the joint in knee OA can escalate the synaptic excitability and
efficiency in the central pain pathway. This results in central
sensitization, which causes local and widespread hyperal-
gesia, impaired pain and sensory processing in the central
nervous system similar to that observed in other chronic pain
conditions [4-6]. Persistent pain is a common problem asso-
ciated with knee OA. It causes maladaptive changes in the
brain and spinal cord [7, 8]. The persistent inflammatory pro-
cess in the joint and the anatomic lesions lead to significant
atrophy in the grey matter of OA patients [5].

Various pharmacological treatments are available and
have shown effectiveness in retarding the symptoms of OA,
but these are usually associated with side effects. Non-phar-
macological treatments like yoga, exercises, acupuncture are
also known to be effective but to a limited extent. Therefore,
a treatment intervention targeting the central sensitization
and pain processing is a potential approach to treat this con-
dition. Non-invasive brain stimulation techniques are re-
searched extensively for treating various chronic pain disor-
ders. All these findings reinforce the need of using treatment

that has the potential to modulate the central pain process-
ing system.

Transcranial direct current stimulation (tDCS) is a non-
invasive brain stimulation technique that has the potential to
modulate the central sensitization and pain processing. It
involves the application of low current on the scalp through
the electrodes and thereby increases the firing of neurons
underneath the electrodes, producing changes in the local
and distant interconnected areas of the cortex. The method
has recently been used to treat musculoskeletal conditions
like fibromyalgia, low back pain, and knee OA [9-13]. The ap-
plication of anodal stimulation over the primary motor cortex
(M1) has been reported to increase motor learning when
administered along with exercises in normal and stroke pa-
tients, as well as to decrease pain when used in conjunction
with electrical stimulation by the mechanism known as the
priming effect [14, 15]. There are studies which combined
tDCS and exercise therapy and reported a significant reduc-
tion of pain in knee OA and fibromyalgia patients [11, 16].

Pain management with transcutaneous electrical nerve
stimulation (TENS) in knee OA patients is a conventional ap-
proach. The application of low-amplitude currents by tDCS
induces changes in the neuronal membrane potential and
releases endogenous opioids in the mid anterior cingulate
cortex and periaqueductal grey matter [17, 18]. High-frequency
TENS manages pain by segmental inhibition in the pain gate
along with descending pain suppression via the opioid mech-
anisms. Thus, the cortical effects produced by tDCS and the
spinal and peripheral effects obtained by TENS may result
in a superior reduction in pain when both methods are used
in combination. Various studies have investigated the com-
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bined effects of these modalities and have reported a supe-
rior pain reduction in various conditions [19, 20]. Similarly,
exercise following tDCS has also shown to increase the over-
all benefit by the priming and motor learning effect [11, 12].

Taking into account these encouraging results, it was
hypothesized that the combined application of tDCS and
TENS along with strengthening exercises would upsurge
the effect of the interventions and produce a superior result
to overcome the 2 major symptoms of pain and muscle weak-
ness encountered in knee OA, enhancing the clinical and
mechanistic outcomes in knee OA.

Subjects and methods
Study design

The present study was an experimental study, a 4-arm
parallel group, participant-blinded, placebo-controlled, ran-
domized trial.

With regard to sample size determination, data gathered
from the pilot study suggested a minimum of 15 patients per
intervention arm at 90% power and 5% significance level to
find the minimal clinically important difference of our primary
outcome variable (VAS). Assuming a dropout rate of 25%,
18 patients per arm were recruited (a total of 72 patients).

The patients were divided into group 1 (active tDCS/ac-
tive TENS), group 2 (active tDCS/sham TENS), group 3 (sham
tDCS/active TENS), and group 4 (sham tDCS/sham TENS).
A CONSORT flow diagram of the study is presented in Figure 1.

Randomization and allocation concealment

Blocked randomization was used for assigning the pa-
tients in the different arms. After evaluating the eligibility and
collecting the informed consent, the outcome variables were
recorded. The patients were randomly allocated to the groups
by simple random sampling with the use of the lottery method,
applied by a person independent from the study. The allo-
cation was recorded in the central register and remained
concealed from the patients until the end of the study. The
assessment and the treatment were carried out by the prin-
ciple investigator of the study.

Study groups

The patients were divided into 4 equal groups. They were
given a common physiotherapy intervention that included hot
packs and stretching of hamstring and quadriceps, followed
by the interventions as per the respective groups. Group 1
received active tDCS and active TENS, group 2 received
active tDCS and sham TENS, group 3 received sham tDCS
and active TENS, and group 4 received sham tDCS and sham
TENS, followed by strengthening exercises for 5 consecu-
tive days in the first week and hot packs and strengthening
exercises thrice a week for the remaining 5 weeks. The
overall duration of the study was 6 weeks, with a total of 20
sessions. A minimum of 12 sessions of supervised exercise
sessions were kept mandatory for eligible completion of the
study. The details of the procedure are published in the pro-
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Figure 1. CONSORT flow diagram of the study
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tocol paper for the study [21]. The outcomes were measured
before the treatment or at the baseline visit, as well as at
week 1, 2, and 6 after the treatment.

The number of participants screened and recruited in the
study, the percentage of attendance in the treatment ses-
sions, the number of dropouts, and the participants’ safety
determined by the number of reported adverse effects in each
group were noted.

Transcranial direct current stimulation

The tDCS was applied through Medicaid (serial No.: TD
216209, India). Constant current of 2 mA was delivered for
20 minutes, by using a circular sponge soaked in normal sa-
line, on the primary motor cortex once a day for 5 consecutive
days. The anode was placed on the primary motor cortex
(M1, C83, or C4), as per the International 10-20 Electroen-
cephalogram System, contralateral to the more painful knee,
and the cathode on the opposite supraorbital region, ipsilat-
eral to the affected knee. The same electrode placement was
used for the sham applications; the equipment was turned
on for 30 seconds and then turned off. The particular stimu-
lation regime (M1-SO montage) was chosen on the basis of
the proven effectiveness for chronic pain conditions showing
a widespread stimulatory effect on the motor, frontal, and so-
matosensory cortices, modulating pain sensitivity [11-13, 16].

Transcutaneous electrical nerve stimulation

TENS was applied through Enraf Nonius (USA). High-fre-
quency TENS at 100 Hz was administered with a pair of sur-
face electrodes 5 x 5 cm, placed at the medial and lateral side
of the knee joint, for 20 minutes for 5 consecutive days, on
the more painful side. The same electrode placement was
used for sham stimulation, with the stimulator turned on for
30 seconds and then turned off [22].

Patients

Primary knee OA clinical criteria defined by the American
College of Rheumatology were used to recruit the partici-
pants. Patients with the following conditions were excluded:
secondary knee OA, knee flexion deformity, crepitus during
sitting to standing, any surgical intervention in a knee, any
inflammatory arthritis, inability to walk for 6 minutes, use of an
external appliance, already undertaking structured exercise,
intra-articular injection, epilepsy, loss of sensation. The study
was conducted at the Department of Physiotherapy, out-pa-
tient clinic, Guru Jambheshwar University of Science and
Technology, Hisar. The data were collected between March
2018 and September 2019.

Main outcome variables

Pain was assessed with a visual analogue scale (VAS),
which consists of a 10-cm scale. The left end indicates 0,
meaning ‘no pain,” and the right end indicates 10, meaning
‘extreme pain’. The patient was asked to mark a point to in-
dicate the pain.

Function was measured with the 6-minute walk test. The
patient was asked to walk at their own pace in a 20-m corri-
dor marked with cones. No feedback was given. The 6-minute
walk test is a reliable tool for an objective measurement of
function in knee OA [23].

Other variables

Disability was assessed with the Knee Injury and Osteo-
arthritis Outcome Score (KOOS) questionnaire, which is an
extension of the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) and contains the following
components: Symptoms, Pain, Function, Sport and Recre-
ation, Quality of Life. The score ranges from 0 to 100, where
100 indicates a minimum problem.

All the outcome variables were measured before treat-
ment and at weeks 1, 2, and 6 after the treatment.

Statistical analysis

Data were presented as mean and standard deviation.
The normality of the data was checked with the Kolmogorov-
Smirnov test. If there were any missing data, the principle of
intention to treat was followed. One-way ANOVA was used
to estimate between-group differences in the outcome vari-
ables. If significant, the Scheffe correction was applied for
post-hoc analysis. The paired t-test served to estimate the
changes in the outcome variables in each of the individual
groups at each time point. Repeated-measures ANOVA indi-
cated within-group effects and the overall effect of the inter-
ventions. The F value, p value, and effect size for each out-
come variable is presented. The effect size was classified as
small, medium, large, and very large for the values of 0.2-0.5,
0.51-0.8, 0.81-1.2, and > 1.2, respectively. Mean differenc-
es (MD) along with 95% confidence intervals (95% CI) were
reported if the values were found significant. The IBM SPSS
software (version 21.0) was used for statistical analysis.

Ethical approval

The research related to human use has complied with
all the relevant national regulations and institutional poli-
cies, has followed the tenets of the Declaration of Helsinki,
and has been approved by the authors’ institutional ethics
committee in December 2017. The trial was prospectively reg-
istered in the Clinical Trials Registry — India (CTRI/2018/02/
012027) on February 21, 2018.

Informed consent
Informed consent has been obtained from all individuals
included in this study.

Results

A total of 83 patients were screened on the basis of the
inclusion and exclusion criteria and were assessed at the
baseline visit. After the screening, 11 individuals were ex-
cluded: 2 did not meet the inclusion criteria, 1 had a history
of epilepsy (which is a contraindication for the use of tDCS),
4 declined to participate, 2 were undergoing other treatment
interventions (acupuncture, intraarticular injection), 1 had un-
dergone knee arthroscopy within the previous 6 months, and
1 had a diabetic sensory deficit. A total of 72 participants
were then randomized into 4 groups; 69 of them completed
the treatment and assessment. The dropout rate was 4.12%
(n = 2 in the control group, n = 1 in the combined group)
(Figure 1). The baseline characteristics of the participants are
presented in Table 1. The data are freely available in the Men-
deley Data repository [24].

Pain

The between-group analysis showed a statistically sig-
nificant improvement in pain at week 1, 2, and 6. The post-hoc
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Table 1. Baseline characteristics of included participants

Variable Combined group tDCS group TENS group Control group
Age (years) 54.88 £ 6.78 52.78 £ 5.37 54.78 + 5.91 51.75 £ 5.79
Height (cm) 158.92 + 6.47 157.07 £ 7.44 161.28 + 9.01 158.75 £ 5.96
Weight (kg) 72.75+9.13 72.75 £ 10.91 73.66 + 9.55 69.15 + 8.28
BMI (kg - m2) 28.87 £ 3.74 29.57 +4.75 28.43 £ 3.85 27.48 + 3.41
Sex

Male 6 7 6 4

Female 12 11 12 14
Marital status

Single - - - -

Married 18 16 17 16

Widowed 2 2 1 2
Medication

Yes 9 7 8 7

No 9 11 10 11
X-ray Kellgren-Lawrence grade

1 - 3 - -

2 4 6 8 10

3 14 9 10 8

BMI — body mass index, tDCS — transcranial direct current stimulation, TENS — transcutaneous electrical nerve stimulation

analysis revealed a significant reduction in pain only in
group 2 as compared with group 4 at week 1: MD = -1.32,
95% CI (-2.41,-0.22), p = 0.011. At week 2, there was a sig-
nificant reduction in pain in group 1 as compared with
group 4: MD = -1.35, 95% CI (-2.40, -0.31), p = 0.006, as
well as a significant improvement in group 2 as compared
with group 4: MD =-1.42, 95% CI (-2.46, -0.39), p = 0.003.
Group 3 presented a significant reduction in pain as com-
pared with group 4: MD = -1.20, 95% CI (-2.24, -0.17), p =
0.015. At week 6, the improvement in pain was significantly
maintained in group 1, 2, and 3 as compared with group 4:
MD = -2.04, 95% CI (-3.03, -1.04), p = 0.015; MD = -1.64,
95% CI (-2.62, -0.66), p = 0.0001; MD = -1.34, 95% Cl
(-2.32, -0.36), p = 0.003, respectively.

Function

There were no significant between-group differences in
the 6-minute walk test results in any of the 4 groups at any
time point (F=0.973, p=0.411 at week 1; F = 1.45, p = 0.236
at week 2; F = 1.964, p = 0.128 at week 6).

Other variables

As can be seen in Table 2, in the KOOS Symptoms sub-
variable, between-group differences were found to be signifi-
cant at week 1, 2, and 6 (F=3.160, p = 0.030 at week 1; F =
3.11, p = 0.032 at week 2; F=5.512, p = 0.003 at week 6).
The post-hoc comparisons showed a significant improvement
in KOOS Symptoms in group 1 as compared with group 4
at week 2: MD = 10.36, 95% CI (0.63, 20.08), p = 0.032, as
well as at week 6: MD = 10.96, 95% CI (0.14, 21.78), p = 0.046.
At week 2, the improvement was also significant in group 2

as compared with group 4: MD = 13.98, 95% CI (3.31, 24.65),
p =0.005.

The KOOS Pain, Function, and Sport and Recreation sub-
variables indicated no significant between-group differenc-
es at any time points. The KOOS Quality of Life subvariable
showed statistically significant between-group differences
at week 6 (F = 2.94, p = 0.040). However, the post-hoc mul-
tiple comparison determined no significant differences be-
tween the groups.

The paired t-test showed a significant improvement in
all the outcome variables at each time point compared with
the baseline values in each group except for KOOS Sport and
Recreation, Function, and Quality of Life at week 1 in group 2,
as well as KOOS Pain at week 1 and KOOS Sport and Rec-
reation at weeks 1 and 6 in group 4.

Effects and interactions

The result of repeated-measures ANOVA within-subject
analysis showed a significant overall effect of the interven-
tion and a VAS*group interaction. The between-subject effect
for VAS was also found to be significant. In the 6-minute
walk test, the within-subject analysis presented a significant
overall effect and a 6-minute walk test*group interaction.
However, the between-subject analysis result was found to
be insignificant. The within-subject analysis estimating the
overall effect and the variable*group interaction for all the
KOOS subvariables brought about statistically significant
results. However, between-subject comparisons implied no
significant effect in any of the KOOS subvariables. Thus, the
within-subject analysis of the overall effect of the interven-
tions and the variable*group interaction revealed significant
results for all the variables. However, the between-subject
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Table 2. Between-group comparisons with one-way ANOVA and repeated-measures ANOVA

) Combination group tDCS group TENS group Control group | Between-group F | Within-group F
LI [ LEUE (n=17) (n=17) (n=18) (n=16) and p and p
F=1.129
1.1 VAS-BS 6.06 + 0.82 551 +1.13 6.01 +1.39 555+1.12
p=0.344
1.2 VAS-W1 2.91+£0.95 2.63+1.25 2.97 £1.05 3.95+1.14 F= 4'485*
p =0.006 F = 400.645
= =0.0001**
1.3 VAS-W2 2.54 +0.84 247 +1.18 2.70 +£1.00 3.90+1.12 F= 6'728** P
p =0.001
1.4 VAS-W6 1.97 + 0.67 237 +1.21 2.67 £ 0.94 4.01 +£1.04 F= 13'09**
p = 0.0001
F=0.640
2.1 WT6EM-BS 338.65 + 59.20 348.94 + 42.36 340.61 £ 24.96 327.81 + 46.38 p = 0592
F=0.973
2.2 WT6M-W1 352.82 + 58.32 351.39 + 42.87 343.39 + 24.90 329.38 + 45.71
p=0.411 F=60.263
F=1.453 p =0.0001""
2.3 WTBM-W2 360.41 + 56.98 353.89 +43.68 | 346.61 +24.07 | 330.06 +45.78 p=0236
F=1.964
2.4 WT6M-W6 366.69 + 54.83 356.17 + 44.18 351.22 + 24.07 330.81 + 45.76 p=0128
F=1.950
3.1 KS-SYM-BS 40.88 + 6.48 49.61 £ 15.32 46.56 + 11.85 49.06 + 11.57 p=0.130
F=3.160
3.2 | KS-SYM-W1 52.00 + 8.46 60.89 + 12.91 56.72 £ 7.46 51.56 + 11.45 .
p =0.030 F=184.38
F=3.118 p =0.0001""
3.3 | KS-SYM-W2 61.59 + 6.09 66.61 £ 11.64 61.61 £9.17 56.25 + 11.52 p = 0.032*
F=5.15
3.4 | KS-SYM-W6 70.59 + 7.97 73.61 £11.39 69.06 + 12.08 59.63 £ 11.26 p = 0.003"
F=1.435
41 KS-PAIN-BS 44.76 + 8.48 52.61 +£17.64 53.72 £ 17.96 50.38 £ 6.05 p = 0.241
F=1.709
4.2 | KS-PAIN-WA1 53.59 +£7.78 59.39 + 16.04 58.11 £ 15.40 50.94 £ 6.39
p=0.174 F =106.296
F=1.609 p =0.0001"*
4.3 | KS-PAIN-W2 61.82 £ 10.78 66.00 + 14.04 62.89 + 12.78 57.25 +7.86 p=0196
F=1914
4.4 | KS-PAIN-W6 68.41 £ 9.53 71.61 £14.12 68.67 £ 14.05 61.69 £ 10.78 p=0136
F=1.591
5.1 | KS-FUNC-BS 40.59 + 8.00 49.89 + 13.25 47.28 + 16.03 47.69 + 14.07 p = 0.200
F=0.999
5.2 | KS-FUNC-W1 52.00 £7.02 58.22 £ 10.85 53.78 £ 15.11 52.75+£12.15
p = 0.399 F=149.10
F=1.016 p =0.0001"*
5.3 | KS-FUNC-W2 61.06 £ 5.90 63.72 £ 11.59 57.33 + 15.81 59.44 + 9.22 p = 0.394
F=1.700
5.4 | KS-FUNC-W6 70.29 £ 8.94 70.17 £ 12.04 63.67 £ 15.24 63.44 £ 11.78 p=0.176
F=2417
6.1 KS-SR-BS 17.94 + 7.81 22.28 £ 16.90 24.11 £ 1547 30.69 £ 12.91 p=0.074
F=0.995
6.2 KS-SR-W1 24.00 £ 8.54 24.67 £ 15.13 36.56 + 17.84 31.81 £ 14.04
p =0.401 F = 68.81
- =0.0001**
6.3 KS-SR-W2 29.94 + 10.65 3211 £17.73 30.89 £ 18.12 35.31 £12.19 Z_ 8‘71(7)2 P
F=0.214
6.4 KS-SR-W6 35.59 + 11.30 38.56 + 20.72 35.17 £ 16.03 34.75 £ 12.21 p=0.886
F=1.309
7.1 | KS-QOL-BS 33.88 + 5.56 31.28 + 10.43 35.67 £ 6.20 35.94 + 8.20 p=0279
F=1.086
7.2 | KS-QOL-WA1 39.24 £ 549 34.72 £ 12.57 38.61 £ 5.65 39.31 £ 9.42
p =0.361 F=113.15
F=1.883 p =0.0001"*
7.3 | KS-QOL-W2 46.24 + 4.32 43.83 £ 11.75 40.11 £6.20 42.00 £ 7.31 p=0.141
F=2.942
7.4 | KS-QOL-W6 53.88 £ 5.11 4711 £12.79 47.06 £ 7.51 45.13 £ 9.38 p = 0.040*

VAS - visual analogue scale, BS — baseline, W1 — week 1, W2 — week 2, W6 — week 6, WT6M — 6-minute walk test, KS — Knee Injury

and Osteoarthritis Outcome Score, SYM — Symptoms, PAIN — Pain, FUNC - Function, SR — Sport and Recreation, QOL — Quality of Life,
tDCS - transcranial direct current stimulation, TENS — transcutaneous electrical nerve stimulation
* significant at p < 0.05, ** significant at p < 0.0001
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Table 3. Repeated-measures ANOVA F and p values for overall, within-group, and between-group effects

Overall effect Variable*group effect Between-subject interaction
Outcome variable
[F p F p [F p

Visual Analogue Scale 400.64 0.0001* 10.327 0.0001* 4.569 0.006*
6-minute walk test 60.263 0.0001* 12.506 0.0001* 1.111 0.351
KOOS Symptoms 184.387 0.0001* 6.219 0.0001* 2.525 0.065
KOOS Pain 106.296 0.0001* 2.585 0.008* 1.460 0.234
KOOS Function 149.106 0.0001* 3.769 0.0001* 0.825 0.485
KOOS Sport and Recreation 68.81 0.0001* 4.106 0.0001* 0.591 0.623
KOOS Quality of Life 113.150 0.0001* 4.740 0.0001* 0.947 0.423

KOOS - Knee Injury and Osteoarthritis Outcome Score
* significant at p < 0.0001

analysis the overall effect of the intervention demonstrated
a significant outcome only for the pain (VAS) variable. Table
3 presents the F and p values for overall, within-group, and
between-group effects.

Discussion

The objective of this study was to verify whether the com-
bination of tDCS and TENS or the application of these inter-
ventions alone was more effective in the areas of pain, func-
tion, and quality of life in knee OA patients. The study revealed
a significant improvement in pain in group 1 (active tDCS/ac-
tive TENS), group 2 (active tDCS/sham TENS), and group 3
(sham tDCS/active TENS). A reduction in pain was observed
in group 2 at week 1 and the improvement remained consis-
tent up to week 6. The reduction in pain at week 2 was sig-
nificant in all the 3 experimental groups but a greater reduc-
tion in pain was seen in group 2 as compared with groups 1
and 3. At week 6, the reduction in pain was consistently main-
tained in all the 3 experimental groups but the improvement
was maximal in group 1. Therefore, a condescending effect
of the combined application of tDCS and TENS in group 1
over the isolated application of the interventions can be es-
tablished. The superior reduction in pain in the combination
group can be because of the ‘top down bottom up mecha-
nism,’ i.e. the cortical modulation by tDCS (top down) and
the pain modulation via segmental inhibition in the descend-
ing pain system caused by the application of TENS (bottom
up). Moreover, there is a well-documented anti-nociceptive
effect produced by exercises, and the priming effect might
have collectively led to significant improvements in pain in
this group. The pain modulation by the ‘top down bottom up
mechanism’ and the analgesic effect brought about by ex-
ercises are well documented in some studies [25, 26]. The
priming effect of tDCS, i.e. increasing the effect of the sub-
sequent intervention, has also been demonstrated in various
studies [11-13, 19, 20]. In consistence, the present study
also suggests a significant reduction in pain with the com-
bined application of tDCS and TENS.

Function, measured with the 6-minute walk test, exhibited
no significant improvement in any of the groups at any time
point of the assessment.

In KOOS, a significant improvement was observed in the
Symptoms and Quality of Life subvariables. KOOS Symp-
toms showed significant between-group differences for
group 1 at week 2 and 6 and for group 2 at week 6 as com-
pared with the control group.

The effectiveness of tDCS in psychological and neuro-
logical conditions is well explored and now various research-
ers are investigating its use in chronic musculoskeletal pain
disorders. To our knowledge, only 3 studies have focused
on the effect of tDCS in knee OA to date and have reported
a significant improvement in pain [11-13]. Therefore, the re-
sult of the study suggests that the application of tDCS effec-
tively manages pain in knee OA patients. The early analgesic
effect observed in group 2 can be because of the applica-
tion of tDCS for 5 consecutive sessions. The effectiveness
of tDCS for 5 consecutive sessions has also been shown
significant in various conditions. Da Graca-Tarrag¢ et al. [27]
displayed that 5 consecutive tDCS sessions per week at 2
mA significantly reduced pain in knee OA patients. The ap-
plication of 5 consecutive sessions of tDCS was reported
to significantly decrease pain in fibromyalgia and low back
pain patients [16, 28]. Sakrajai et al. [29] determined a signifi-
cant reduction in pain with 5 consecutive sessions of tDCS
in patients with myofascial pain syndrome.

The effect of the combination of tDCS and TENS was
prominent at week 2 and significantly maintained at week 6
at a larger extent as compared with isolated application of the
interventions. As the role of central sensitization is promi-
nent in knee OA, strategies that modulate pain by the ‘top
down bottom up mechanism’ can be of utmost importance.
Therefore, it can be inferred that the combination of tDCS with
TENS along with strengthening exercises is a propitious ap-
proach in treating knee OA patients.

Limitations

The limitation encountered in the study was a lack of
a larger sample size, long-term follow up of the patients, fol-
low-up for medication intake, and double blinding.

Conclusions

It can be concluded that the application of tDCS in com-
bination with TENS is a promising tool for treating knee OA
patients.

Implication in physiotherapy

The combination of tDCS and TENS can be considered
as a potential tool for persuasive management of knee OA.
Although the use of tDCS is not yet approved to be practised
in clinical settings, its easy portability, inexpensiveness, and
few side effects make it a potent future tool.
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