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EFFECTS OF A SINGLE SESSION OF TRANSCRANIAL DIRECT CURRENT STIMULATION ON STATIC BALANCE IN A PATIENT WITH HEMIPARESIS: A CASE STUDY
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ABSTRACT. [Purpose] Cerebrovascular accident (stroke) is characterized by an abrupt onset of focal or global neurological signs and symptoms. Asymmetry between the limbs is common following a stroke due to hemiplegia or hemiparesis. [Subject and Methods] A male patient having suffered an ischemic stroke was initially evaluated using the Timed Up-and-Go Test and the Six-Minute Walk Test. Static balance was evaluated using a force plate (Kistler model 9286BA) for the stabilometric analysis of oscillations in the center of pressure (COP). The data were interpreted using the SWAY software program (BTS Engineering) synchronized with the SMART-D 140® system. Anodal transcranial direct current stimulation (tDCS) (2 mA) was applied over the primary motor for 20 minutes during gait training on a treadmill. [Results]Under the condition of eyes open, reductions were found in longitudinal oscillations in the COP (6.18%), trace length (3.3%) and sway velocity (3.3%) immediately following tDCS. [Conclusion] A single session of anodal tDCS combined with treadmill training had a positive effect on static balance in a subject with chronic hemiparesis stemming from a stroke.
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INTRODUCTION
Cerebrovascular accident (stroke) is categorized as either hemorrhagic or ischemic and is characterized by an abrupt onset of focal or global neurological signs and symptoms1). The main risk factors for a stroke are atherosclerosis, thrombosis, embolism, arterial hypertension, the malformation of a blood vessel and heart disease2). A stroke can occur when blood flow to an area of the central nervous system is interrupted. The consequences of a stroke depend on the anatomic location of the brain lesion2, 3).
Stoke is one of the main causes of death and disability. Annually, approximately 15 million individuals throughout the world suffer a stroke, five million of whom die and 10 million survive. Stroke survivors experience persistent neurological disorders that affect functional capacity4). Asymmetry between the limbs is common following a stroke due to hemiplegia or hemiparesis caused by upper motor neuron syndrome, resulting in reductions in both muscle strength and motor control as well as spasticity, hyperreflexia, co-contraction and spastic dystonia in the affected limbs. These conditions result in an abnormal gait pattern, a loss of balance and inadequate posture5).
The literature describes different forms of therapy to improve balance and posture among stroke survivors. Prado-Medeiroset al. (2011)6) report an improvement in balance among stroke survivors submitted to treadmill training with partial weight support combined with functional electrical stimulation. Min Kyun Sohn et al. (2013)7) report a significant improvement in postural stability among patients submitted to transcranial direct current stimulation (tDCS).
Motor training can be combined with noninvasive brain stimulation techniques to optimize the functional outcome due to the potentiation of neuroplastic changes8). Thus, tDCS has piqued the interest of researchers. This safe, inexpensive form of brain stimulation causes lasting changes in the excitability of the motor cortex in both animals and humans. The method involves the administration of a monophasic, low-intensity, electrical current to the scalp using silicone-sponge surface electrodes moistened with saline solution. The effects of tDCS are achieved by the movement of electrons due to the difference in electrical charge. The anodal electrode has a positive current and the cathode has a negative current. The electrons flow from the negative to the positive pole, causing different effects on biological tissues. While most of the current is dissipated among the overlying tissues, enough reaches the primary motor cortex to alter the membrane potential of local cells9, 10). 
Although most studies on tDCS address upper limb function11), some investigations have addressed the positive effects on the affected lower limb of stroke survivors. Min Kyun Sohn et al. (2013)7) report improved balance in individuals with sub-acute stroke following the administration of tDCS. However, no previous studies have investigated the use of this method on individuals with chronic manifestations of a stroke.

The aim of the present study was to determine the effects of tDCS combined with treadmill training on static balance in an individual with chronic hemiparesis stemming from a stroke. 
SUBJECT AND METHODS
This study was carried out in compliance with the regulating guidelines and norms for research involving human subjects stipulated by the Brazilian National Health Board in October 1996 and received approval from the Human Research Ethics Committee of University Nove de Julho (Brazil) under process number 575.519. The patient signed a statement of informed consent declaring that he was aware that the procedure to which he would be submitted was experimental and free of charge. The study was conducted at the Human Movement Analysis Laboratory of the Postgraduate Program in Rehabilitation Science of the university (address: Av. Dr. Adolfo Pinto 109 Campus Memorial, Barra Funda, São Paulo, SP, Brazil), which has the necessary infrastructure, academic-professional personnel and institutional support to ensure the execution of the study. 

The participant was a male patient aged 66 years (weight: 72 kg, height: 1.68 m) with chronic hemiparesis stemming from an ischemic stroke four years earlier. The patient was given clarifications regarding the procedures. The identification chart was filled out and anthropometric measures (body mass, height and body mass index) were determined. The participant was then submitted to the following two functional tests to determine his eligibility for the study: The Timed Up-and-Go Test is widely used for the assessment of functional mobility and dynamic balance and quantifies the time (in seconds) necessary to stand up from a chair with arm rests, walk three meters, turn around, walk back to the chair and sit down again12, 13); The Six-Minute Walk Test quantifies the distance travelled in six minutes walking at a self-selected pace, which may vary and may include rest intervals, along a 30-meter track twice, with the first test used to familiarize the participant and the result of the second test used for analysis14,15).
Stabilometric analysis was performed for the evaluation of static balance before and after treatment. For such, a force plate (Kistler model 9286BA) measuring 40 x 60 cm was used, which allows the record of oscillations in the center of pressure (COP). The acquisition frequency was 50 Hz, captured by four piezoelectric sensors positioned at the extremities of the force plate. The data were recorded and interpreted using the SWAY software program (BTS 161 Engineering) integrated and synchronized to the SMART-D 140® system. The patient was instructed to remain barefoot in quiet standing on the force plate with an unrestricted foot base, heels aligned and gazed fixed on a point marked at a distance of one meter at the height of the glabellum. Readings (45 seconds) were taken three times with eyes open and eyes closed. The following images illustrate the three-dimensional evaluation:
Fig. 1

tDCS was administered using a transcranial stimulation device (Trans Cranial Technologies, USA) with two sponge (non-metallic) surface electrodes measuring 5 x 5 cm moistened with saline solution. The anode was positioned over the primary motor cortex of the injured brain hemisphere following the international 10-20 electroencephalogram system and the cathode was positioned in the supraorbital region on the contralateral side16). A 2-mA current was run for 20 minutes. The device has a knob that allows the operator to control the intensity of the current, which was gradually increased in the first minute until reaching 2mA so that the patient would not feel uncomfortable and gradually diminished in the last minute to avoid the abrupt interruption of the current.
A treadmill (Imbramed, model Milenium ATL, RS, Brazil) was used for gait training during 20 minutes with tDCS. The training velocity was established based on the result of the Six-Minute Walk Test, during which the patient travelled 218 meters. Training began at 60% of the calculated speed during the test, which corresponded to 1.3 km/h. After five minutes, the velocity was increased to 80% of the speed on the walk test, corresponding to 1.75 km/h, and remained at this speed until the final two minutes, when the velocity was reduced to 60% again to avoid an abrupt interruption of physical effort. At the end of the session, the distance travelled was recorded (826 meters). Heart rate and blood pressure were monitored to avoid an overload of the cardiovascular system.
RESULTS
As shown in Table 1, reductions were found in longitudinal oscillations in the COP (6.18%), trace length (3.3%) and sway velocity (3.3%) immediately following tDCS when the patient was analyzed with eyes open. Increases were in the values of all other variables analyzed both with eyes open and eyes closed.
Table 1:

DISCUSSION

Transcranial direct current stimulation has been widely employed on stroke survivors and patients with Parkinson’s disease, depression and pain. In the present study, the patient had chronic hemiparesis stemming from a stroke with a four-year history and was evaluated after a single session of anodal tDCS combined with treadmill training. According to Park et al. (2013)17), an approximately twofold increase in body sway is found among stroke survivors in comparison to healthy individuals. This occurs due to asymmetry as well as difficulties distributing one’s weight evenly between the lower limbs and the ability to move the center of gravity to the paretic side. In the present study, reductions in longitudinal COP, trace length and sway velocity occurred following tDCS. According to Grecco et al. (2013)18), the effects of tDCS depend on the location and polarity of the electrodes and the use of sufficient current to enhance the excitability of the primary motor cortex. In a pilot study, Tahtis et al. (2014)19) found improvements in the dynamic balance of sub-acute stroke survivors following a single session of bi-cephalic tDCS with the anodal electrode placed on the scalp over the ispilateral lower limb motor cortex and the cathode placed over the contralateral lower limb motor cortex. Duarte et al. (2014)20) performed anodal tDCS on children with cerebral palsy (1 mA) in five weekly sessions and found that stimulation potentiated treadmill training, with improvements in both dynamic and static balance in comparison to a group submitted to placebo tDCS.
Studies addressing the effects of tDCS on individuals with chronic hemiparesis have mainly focused on upper limb function18), but recent investigations have addressed the effects on the lower limbs. Satoshi Tanaka et al. (2013)21) report an improvement in muscle strength of the affected lower limb in individuals with chronic hemiparesis stemming from a stroke immediately following a single session of anodal tDCS over the primary motor cortex on the side of the brain lesion. In another study involving individuals with chronic hemiparesis stemming from a stroke, three sessions of anodal tDCS over the damaged motor cortex using a specific strategy targeting the ankle of the affected limb led to improvements in dorsiflexion and plantar flexion, which are fundamental to postural control and balance8). In the present case study, a single session of anodal tDCS over the motor cortex on the side of the brain lesion combined with treadmill training led to improvements in static balance in a patient with chronic hemiparesis stemming from a stroke. Further studies with larger samples are needed to determine the number of sessions and application time of anodal tDCS to achieve gains in static and dynamic balance among patients with chronic hemiparesis.
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