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Abstract 

Background: Osteoarthritis is a highly prevalent musculoskeletal condition. A huge variety of treatment 
interventions are available but have shown success to limited extent. Treatment intervention managing the 
symptoms both at the periphery and at the central pain processing can be a better approach to the treat this condition. 
Objective: The present study aimed to see the time effect of the combination of Transcranial direct current 
stimulation (tDCS) and Transcutaneous electrical nerve stimulation (TENS) in knee OA patients. Study design: 
Pre- post experimental study design. Methodology: Seventeen patients with chronic knee osteoarthritis as per 
American College of Rheumatology criteria were recruited in the study. The combination of tDCS and TENS was 
applied for 5 consecutive days over the most painful knee. The outcome measures were pain (VAS), function (six 
minute walk test), disability and quality of life (Knee injury and osteoarthritis outcome score) measured at the 
baseline, one week, two weeks and six weeks after the interventions. Data was analyzed using SPSS (version 21.0) 
software. Result: The result of the study showed significant improvement in pain, function and quality of life at the 
short term (week 1) as well as in long term (6 weeks) after the interventions. Conclusion: The combination of tDCS 
and TENS is a potential intervention in reducing pain and improving function both at short and long term in knee 
OA patients. 
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Introduction 

Osteoarthritis (OA) is amongst the most common rheumatic musculoskeletal disorders which is highly prevalent and 
is imposing an enormous financial burden to the society along with the physical and psychological outcomes [1]. 
According to Global burden of disease study 2017, it is estimated that 303 million people are affected by 
osteoarthritis globally [2]. A huge variety of pharmacological and non pharmacological treatments are available to 
treat this condition [3, 4]. However, these treatment approaches have shown benefit to a limited extent in these 
patients. Earlier, the pain in osteoarthritis was considered as peripheral model of pain generated by the structural 
damage at the joint. However, various studies have shown inconsistencies in the extent of damage in the radiographs 
with the pain and have shown inter individual variability in the severity of pain with the structural damage depicting 
some other mechanism to be responsible for pain in OA patients [5, 6, 7, 8]. The recent studies have proposed two 
mechanisms for pain in OA patients which are peripheral sensitization and central sensitization [9, 10, 11] 
Substantial scientific evidences indicate the role for central sensitization in OA [10, 11, 12, 13, 14]. Various studies 
supporting the phenomenon of central sensitization in OA have displayed that the repetitive nociceptive inputs 
generated from peripheral joint receptors are transmitted to dorsal horn neurons in the spinal cord and this repetitive 
and intense nociceptive inputs is responsible for central sensitization in OA patients [15]. Therefore, interventions 
that can modulate these nociceptive inputs at the central level can be seen as a potential approach to treat this 
condition. The non invasive brain stimulation techniques have gained popularity in treating various conditions which 
involves central sensitization by altering the central pain processing systems in the body. Transcranial direct current 
stimulation (tDCS) is a potent noninvasive brain stimulation intervention that has gained significant attention in 
treating chronic pain conditions because of its neuromodulatory effect [16, 17, 18, 19]. The application of tDCS 
involves applying low amplitude direct current stimulation on the scalp via surface electrodes. The application of 
these currents causes change in the polarity of the membrane underneath the electrodes and to the area distant to the 
electrode bringing the changes in the excitability of the cerebral cortex. The effect of the tDCS is dependent on the 
area of stimulation, polarity, intensity and number of sessions. The anodal stimulation increases the cortical 
excitability whereas, the cathodal stimulation is seen to decrease the cortical excitability. Nowadays the effects of 
tDCS have been explored in variety of conditions such as fibromyalgia, chronic low back pain, stroke, multiple 
sclerosis, phantom limb pain and traumatic spinal cord injury. Lefaucheur et al. 2017 compiled the use of tDCS in 
chronic pain conditions such as spinal cord injury, peripheral neuropathy, chronic low back pain, fibromyalgia, 
myofascial pain, plantar fasciitis, migraine, trigeminal neuralgia, low back pain, abdominal or pelvic pain, 
postoperative pain, phantom limb pain, multiple sclerosis and arthralgia and have suggested that anodal stimulation 
over primary motor cortex (M1) may reduce pain by modulating the neural circuits in the precentral gyrus involving 
the sensory component of the pain processing system or by facilitating descending pain inhibitory controls [20,21]. 
The pain management by the application of transcutaneous electrical nerve stimulation (TENS) in knee OA patients 
is a conventional approach. 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 gray 
matter [22,23]. Application of high-frequency TENS, manages pain by segmental inhibition in the pain gate along 
with descending pain suppression via the opioid mechanisms. Thus, the cortical effects produced by tDCS and the 
spinal and peripheral effects obtained by TENS can be a competent approach to manage this condition appropriately. 
Various studies have suggested that the effect of tDCS is dependent on the site, polarity, number of sessions and 
duration of stimulation [24, 25]. Thus, the time dependent effect of tDCS in KOA patients can also be explored. A 
study has explored the longitudinal effect of tDCS in knee OA patients via functional infrared spectroscopy and 
showed significant increase in the levels of oxyhemoglobin- and deoxyhemoglobin-related functional activations 
with the application of tDCS suggesting increase in cortical excitability along with the decrease in pain with its 
neuromodulatory effect on the cortical pain processing [26]. Keeping in view of the potential neuromodulatory 
effect of tDCS, the present study aims to find out the time dependent effect of the combination of tDCS with TENS 
in knee OA patients hypothesizing that the combination of the interventions may produce better treatment outcomes 
and can improve the clinical and mechanistic effects in knee OA patients. 

Methodology 

For this study 17 patients were recruited ( 6 male, 12 female, with the mean age 54.88 ± 6.78, height 128.92 ± 6.47, 
weight 72.75 ± 9.13 and BMI 28.87 ± 3.74) with uni/ bilateral knee affected from the community. The patients were 
selected on the basis of inclusion and exclusion criteria. The inclusion criteria for the study was based on the criteria 
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laid by the American College of Rheumatology (ACR) that includes the presence of knee pain and any three of the 
following symptoms i) Age over 45 years ii) Morning stiffness lasting less than 30 min iii) Crepitus iv) Bony 
tenderness v) Bony enlargement vi) No palpable warmth [27]. The exclusion criteria for the study includes i) Any 
knee surgery in the past 6 months ii) Knee joint replacement or high tibial osteotomy on the affected side iii) Other 
muscular, joint or neurological conditions affecting the functions of the lower limb iv) Unable to walk unaided v) 
Currently undertaking any exercise program for knee OA vi) Contraindications to tDCS (eg, epilepsy).  

Procedure 
The participants were screened and selected based on the inclusion and exclusion criteria. The selected participants 
were given the combination of tDCS and TENS for 5 consecutive days. The application of tDCS involves applying 
low amplitude direct current over the scalp via the surface electrodes. For application of tDCS the anode was placed 
on C3-C4 areas of the cerebral cortex (as per EEG electroencephalogram system) contralateral to the affected knee 
and cathode over the supraorbital area ipsilateral to the affected knee. For tDCS stimulation current intensity of 2 
mA for 20 min was given. TENS was applied over the medial and lateral side of the most painful knee and a 
frequency of 100 Hz for 20 min was applied. Both the equipments were turned on and off simultaneously. All the 
participants were given hot packs and isometrics of quadriceps and hamstrings of 10 repetitions for 3 sets and 
supervised exercise sessions after the interventions for next 5 weeks. The intake of any medication was noted at the 
baseline. The subjects were asked to continue medication, if any during the participation in the trial.  

Ethical consideration 
The present study was approved by the Institutional Ethics Committee (IEC) and followed ethical standards for 
human participants declared in Helsinki, 2013. The study is prospectively registered under clinical trial registry with 
number CTRI/2018/02/012027 in February 2018. 

Data Analysis 
The data was reported in mean and standard deviation. The data was analyzed using repeated measure ANOVA at 
significance level 5 %, multiple corrections using bonferroni correction was used to evaluate the effect of 
combination of tDCS and TENS on outcome measures in knee OA patients. 

Outcome measures 
Pain: Clinical pain was assessed by using visual analogue scale (VAS) which is a subjective scale for pain on a 10 
cm scale. Left end indicates 0 means ‘no pain’ and right end indicates 10 means ‘extreme pain’. The patient was 
asked to mark a point to indicate the pain. Minimal clinically important difference (MCID) ranged from 1.2-2.0 on 
10-point scale [28, 29].

Function: The function was measured using six minute walk test (6MWT) for assessment of function. Six minute 
walk test involves walking in a corridor of 30 min with cones placed at the start and end of the distance. The 
participant was asked to walk at own pace and the time was noted in a stop watch and the total distance covered in 
six minute was measured at the end of six minute. Six-minute walk test is a reliable tool for objective measurement 
of function in knee osteoarthritis [30]. MCID ranged from 14.0-30.5m [31] with 24.5m after exercise training [32, 
33]. 

Disability: 

The disability was measured using Knee osteoarthritis outcome score (KOOS) questionnaire which is an extension 
of WOMAC and contains symptoms, pain, function, sports and recreation, quality of life components. The score 
ranges from 0 to 100 where 100 indicate minimum problem. KOOS is a reliable assessment tool in Indian knee OA 
patients [34]. MCID for pain, symptom, function, sports and quality of life (QoL) component of KOOS were 7.9, 
1.2, 8.1, 21.7 and 27.3 respectively [35]. The assessment of the outcome variables was done on baseline (i.e day 0, 
prior to the first session of tDCS and TENS), week 1, 2 and at week 6. To estimate the immediate effect of the 
intervention on pain the value for pain was also assessed immediately after the application of intervention.  

Result 
A total of 28 patients were screened for participation in the study. Out of these 20 were recruited for the study. 8 
participants were excluded following the inclusion and exclusion criteria. 5 participants declined to participate,2 
participant  were involved in other structured program for knee OA and 1 participant was contraindicated to 
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application of tDCS. Out of 20 participants, data obtained from 17 patients were used to analyze the result. 3 
participants dropped out from the study and 1 showed mild symptom of dizziness after the application of the 
interventions and 1 participant had history of fall at home so, was unable to continue the treatment. 
The result of the study showed a significant reduction in pain just after the application of intervention showing the 
immediate effect of the intervention. The reduction in pain was significant at the week 1 and at week 2. The effect of 
the interventions remained consistent at week 6. The effect size for pain was found to be large. The reduction in pain 
was clinically significant and was higher than the MCID value for pain [28, 29]. 
Functional improvement measured by six minute walk test showed significant improvement at week 2 and was 
maintained at week 6. The effect size for functional improvement measured by six minute walk test was 0.73. The 
improvement was also found to be clinically significant [35, 36]. The other disability and quality of life measured by 
KOOS showed significant improvement in KOOS symptom, pain, function, sports function and quality of life sub 
variables at week 1, 2 and at week 6 showing the short and long term effect of the interventions in patients with knee 
OA. The effect size for KOOS symptom subvariable was 0.90, pain 0.77, function 0.86, sports function 0.73 and 
quality of life 0.89.  The KOOS symptom, pain and function sub variable were found to be clinically significant 
[35]. Table 1 showing within and between subject differences for the participants of the study.  

Discussion 
This study aimed to see the short and long term effect of tDCS and TENS in knee OA patients and the result of the 
study showed that the combination of tDCS and TENS is effective in pain reduction at immediate, short and long 
term after the treatment. However, the functional improvement measured by six minute walk test was significant at 
week 2. The functional improvement was also found to be significant at week 6 following the interventions. The 
disability and quality of life measured by KOOS showed significant improvement in all the KOOS subvariables of 
symptoms, pain, function, sports function and quality of life at week 1, 2 and 6 showing the short and long term 
effect of the interventions. The reduction in pain can be because of the modulation of pain via “top down bottom up 
mechanism” i.e top down is modulating pain at the cortex and bottom up is modulating the pain gate mechanism 
through segmental inhibition at the periphery, or can be because of the priming effect of the intervention. The 
priming effect is increasing the effect of the subsequent intervention. Schabrun et al. 2014 used tDCS along with the 
peripheral electrical stimulation and showed significant reduction in pain chronic low back pain in patients of 
patients via “Top down botton up” mechanism [36]. The priming effect of tDCS on pain is explored by various 
researchers in a variety of conditions such as chronic neurogenic pain, chronic low back pain and stroke .Boggio et 
al. 2009 used anodal tDCS in combination with TENS and has shown 36% reduction in pain with the combined 
application of tDCS and TENS as compared to the isolated application in chronic neurogenic pain patients [37]. 
Hazime et al. 2015 used tDCS in combination with peripheral electrical stimulation and showed significant 
reduction in pain in chronic low back pain patients [38]. Jafarzadeh et al. 2017 used tDCS in combination with the 
postural training in chronic low back pain patients and showed significant reduction in pain and improvements in the 
balance and stability [39]. Luedtke et al. 2015 used anodal tDCS along with the cognitive behavioural therapy and 
has shown no significant reduction in pain and disability in patients of chronic low back pain patients [40]. Whereas, 
Straudi et al.2018 used tDCS along with the group exercises in chronic low back pain patients and has shown 
significant reduction in pain [41]. To our knowledge, only three studies have explored the effect of tDCS in knee 
OA till date and have reported significant improvement in pain and function [42-44]. Therefore, it can be suggested 
from the finding of the study that the combination of tDCS and TENS is an effective intervention to improve the 
pain and function both, at the short and long term in knee OA patients. Thus, can be seen as an potential approach 
for treating knee OA patients. Randomized controlled trials with large number of patients with long follow up can be 
undertaken to further explore the findings of the study in order to generalize the result in knee OA patients. 

Conclusion 
The combination of tDCS and TENS is a potential approach to manage pain and improve function in knee OA 
patients. 
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Table 1 showing the value of mean and SD, within group and between group comparison of the subjects 
S. No Outcome Variables Mean and SD Within subjects effects 

F, P value and Effect 
size 

Between subjects 
effects 
F, P value and 
Effect size 

1. VAS_Baseline 6.06 ± .82 268.206, p=.000*, ES= 
.944 

733.194, p=.000*, 
ES=.979 2. VAS_Day 1 _Pre 5.21 ± .73 

3. VAS_Week 1 2.91 ± .95 
4. VAS_Week 2 2.55 ± .84 
5. VAS_Week 6 1.98 ± .67 
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6. 6 MWT_Baseline 338.65 ± 59.20 44.611, p=.000*, 
ES=.736 

666.81, p=.000*, 
ES=.977 7. 6 MWT_Week 1 352.82 ± 58.32 

8. 6 MWT_Week 2 360.41 ± 56.98 
9. 6 MWT_Week 6 366.59 ± 54.83 
10. KOOS_Sym_Baseline 40.88 ± 6.48 160.67, p=.000*, 

ES=.909 
2033.55, p=.000*, ES 
.992 11. KOOS_Sym_W1 52.00 ± 8.46 

12. KOOS_Sym_W 2 61.59 ± 6.09 
13. KOOS_Sym_W6 70.59 ± 7.97 
14. KOOS_Pain_Baseline 44.76 ± 8.48 54.26, p=.000*, 

ES=.772 
1364.229, p=.000*, 
ES=.988 15. KOOS_Pain_Week 1 53.59 ± 7.78 

16. KOOS_Pain_Week 2 61.82 ± 10.78 
17. KOOS_Pain_Week 6 68.41 ± 9.53 
18. KOOS_Func_Baseline 40.59 ± 8.00 105.48, p=.000*, 

ES=.868 
1986.43, p=.000*, 
ES=.992 19. KOOS_Func_Week1 52.00 ± 7.02 

20. KOOS_Func_Week 2 61.06 ± 5.90 
21. KOOS_Func_Week 6 70.29 ± 8.96 
22. KOOS_SF_Baseline 17.94 ± 7.81 43.32, p=.000*, 

ES=.730 
169.747, p=.000*, 
ES=.914 23. KOOS_SF_Week 1 24.00 ± 8.54 

24. KOOS_SF_Week 2 29.24 ± 10.65 
25. KOOS_SF_Week 6 35.59 ± 11.30 
26. KOOS_QoL_Baseline 33.88 ± 5.56 137.998, p=.000*, 

ES=.896 
2068.08, p= .000*, 
ES= .992 27. KOOS_QoL_Week 1 39.24 ± 5.49 

28. KOOS_QoL_Week 2 46.24 ± 4.32 
29. KOOS_QoL_Week 6 53.66 ± 5.11 

Significance at p<0.001* 

Table 2 showing the pairwise comparison and the value of mean difference and 95% CI and P value for the 
outcome variables 

S. No Outcome Variables MD 95 % CI P value 
1. VAS_Immediate .847* .431,1.264 .000 
2. VAS_Week 1 3.14* 2.16, 4.12 .000 
3. VAS_Week 2 3.51* 2.64, 4.38 .000 
4. VAS_Week 6 4.08* 3.30, 4.86 .000 
5. 6 MWT_Week 1 -14.17 -28.80, .451 .061(NS) 
6. 6 MWT_Week 2 -21.76* -36.21, -7.31 .002 
7. 6 MWT_Week 6 -27.94 -41.11, -14.76 .000 
8. KOOS_Sym_W1 -11.11* -13.72, -8.50 .000 
9. KOOS_Sym_W 2 -20.70 -24.33, -17.07 .000 
10. KOOS_Sym_W6 -29.70 -34.62, -24.79 .000 
11. KOOS_Pain_Week 1 -8.82* -13.74, -3.89 .002 
12. KOOS_Pain_Week 2 -17.02* -23.02, -11.09 .000 
13. KOOS_Pain_Week 6 -23.64* -31.05, -16.23 .000 
14. KOOS_Func_Week1 -11.41* -14.75, -8.06 .000 
15. KOOS_Func_Week 2 -20.47* -24.86, -16.08 .000 
16. KOOS_Func_Week 6 -29.70* -35.64, -23.76 .000 
17. KOOS_SF_Week1 -6.05* -8.73, -3.38 .000 
18. KOOS_SF_Week 2 -11.29* -15.87, -6.71 .000 
19. KOOS_SF_Week 6 -17.64* -23.19, -12.10 .000 
20. KOOS_QoL_Week 1 -5.35* -7.29, -3.41 .000 
21. KOOS_QoL_Week 2 -12.35* -15.54, -9.16 .000 
22. KOOS_QoL_Week 6 -23.41* -23.41, -16.58 .000 

Significance level P< 0.001* 
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