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Abstract. Transcranial Magnetic Stimulation (TMS) for post-stroke patients has been
shown to improve motor function in a short period, but no one has yet investigated
how post-stroke rehabilitation will provide an optimal effect after additional patient
Home Rehabilitation Programs (HRP) is applied. The objective of this study was
to determine the efficacy of an additional HRP following TMS application in in-
fluencing plasticity and upper motor function post-stroke. RCT’s study involved 10
post-ischemic strokes divided into two groups, 5 as a treatment group who received
an HRP after TMS 1 Hz and 5 as a control group who received only TMS 1 Hz.
Investigate plasticity using BDNF human marker and upper motor function using
the Action Research Arm Test (ARAT) and the Wolf Motor Function Test (WMFT)
before and after the program was run for 7 days in a row. An independent t-test result
showed that there was a significant difference in the effect of upper motor function
(ARAT and WMFT) between the treatment compared to the control group with a p-
value <0.05. Increased levels average of BDNF also occurred in the treatment group.
The combination of HRP after the TMS indicates a plasticity process that was in
line with improved finger motor skills and hand motor function. A strong correlation
between increased levels of BDNF with ARAT and WMFT. A HRP after TMS 1
Hz application was more effective in improving the level of BDNF and motor
function post- ischemic stroke.

Keywords: Home Rehabilitation Program, Transcranial Magnetic Stimulation, Post-
Stroke

1 Introduction

The impact of rising ischemic stroke incidence leads to an increase in health issues, one of
which is motor function limitation. It may cause upper extremity weakness, making it
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difficult for a person to carry out daily activities [1]. Transcranial Magnetic Stimulation
(TMS) at 1 Hz has been shown to increase brain plasticity and intracortical inhibition in
non-lesional brains, as well as improve finger motor skills and hand function [2]. The post-
stroke rehabilitation process, which is gradual and takes a long time, necessitates addi-
tional rehabilitation efforts from the patient, which can be done at home. A home reha-
bilitation program (HRP) is a type of home self-training with some specific exercises based
on activity principles, focusing on distractions, specific tasks, intense, interesting, collab-
orative, self-directed, and patient-centered [3]. Exercising for 7 days continuously and on a
regular basis can increase the blood supply that carries oxygen to the brain, activating neu-
ronal cells in the brain [4].

The human cerebral cortex contains several highly specialized motor regions that control
specific motor functions. There is an area important for hand skills in the pre-motor area
(M1) just above the Broca area, which is anterior to the primary motor cortex, which is
used for hand and finger movements. Hand movements will become uncoordinated and
uncontrolled if this area is damaged by the lesion [5]. Neuronal plasticity in this area can
be modulated by a variety of stimuli.

TMS is a treatment that improves neuronal plasticity and motor function by sending
electromagnetic waves from the brain to the injured body part and stimulating the cortical
part [6]. While the HRP works to increase the stimulation of motor areas in the brain via
a patient-performed activity, this then stimulates the restoration of motor control [7]. HRP
seeks to identify the best functional movement control strategy to improve efficiency and
effectiveness in the rehabilitation of stroke patients. HRP also has a function to optimize
learning and encourage daily activities [8]. HRP exercises designed to practice eating skills
and three upper extremity motor functions (writing exercises, manipulating cards, and
handyman) after application of TMS 1 Hz will optimize plasticity by increasing the level
of BDNF and rehabilitation of upper extremity motor functions, as observed with the action.
Research Arm Test (ARAT) for motor function and the Wolf Motor Function Test (WMFT)
for upper extremity functional ability.

2 Methods

The feasibility of a randomized controlled trial in two groups was assessed using the human
marker BDNF and the ARAT for upper extremity motor function, which consists of four
elements: grasp, grip, pinch, and gross motor [9] and the WMFT for upper extremity func-
tional ability on 10 respondents who were recruited based on the inclusion criteria. Re-
spondents who signed informed consent in accordance with the ethics committee's require-
ments. The convenience sampling method was used in this study to randomly divide re-
spondents into two groups: the treatment group (which received HRP for 60 minutes after
receiving TMS 1 Hz for 20 minutes in the hospital) and the control group (which received
only TMS) for 7 consecutive days (Table 1).
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Table 1. The Application of treatment and control groups after ischemic stroke

Group Intervention Focus

Treatment group HRP for 60 minutes after ~ Stimulation of movement strategies and stimulation in
TMS 1 Hz for 20 minutes  the M1 motor area, interhemispheric balance,

triggering MEP to increase upper extremity mo-
tor function
Stimulation in the M1 motor area, interhemispheric
balance, triggers MEP to increase upper extrem-
ity motor function

Control group  TMS 1 Hz for 20 minutes

An independent t-test using SPSS 23 version software was used to compare the differ-
ences in upper extremity motor function between the control and treatment groups. In this
study, the statistical significance was set at 5%. Fig. 1 shows the flow chart of participants.
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Fig. 1. Participant Flow Chart

2.1  Eligibility Criteria

Post-ischemic stroke patients with upper extremity motor function disorders participated
in this study. The Mini-Mental State Examination (MMSE) screening test was tested to
respondents with normal vision and hearing, muscle strength of 3 or higher, and the ability
to understand commands easily.
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2.2  Home Rehabilitation Program (HRP)

The program is based on principles: distraction-focused, task-specific, intense, engaging,
collaborative, self- directed, and patient-centered. Patient-centered HRP that include ele-
ments of skills, capacities, and motivation that support in motor learning and are consistent
with new knowledge [3]. Activities include eating skills, writing exercises, card manipu-
lation, and handyman.

23 TMS1Hz

TMS at a low frequency of 1 Hz was applied to the contralesionally side's M1 area (1 Hz,
90 percent [rMT], 1,200 pulses). In the motor cortex, a figure-eight coil with a rapid 2
magnetic stimulator delivered the TMS stimulatory signal.

2.4  Research Tools

ELISA (enzyme-linked immunosorbent assay) kit to measure the concentration of BDNF
in blood serum, washing buffer (PBS or TBS). The examination uses Human BDNF
Immunoassay with DBNT 00 catalog number packaged and distributed by R&D System,
Inc. 680 Minneapolis, P253762 United States America.

The ARAT is a valid and reliable measuring tool for assessing upper extremity motor
function, which consists of four elements (grasp, grip, pinch, and gross motor) used to
measure motor function [9]. A score of zero (0) indicated no movement, while a score of
three (3) indicated normal movement. The sum of one item score resulted in four subscale
scores: grasp (18 points), grip (12 points), pinch (18 points), and gross motor (9 points). A
total scale score of 57, indicates normal performance [10].

The WMFT is a measuring tool that has an excellent ICC (Intraclass Correlation Co-
efficients) value for evaluating extremity functional activity after an ischemic stroke [11].
The WMEFT consists of 15 tasks, and the time spent on each task was measured and added
up to determine upper extremity disorders and activity limitations [10]. Average execution
time expressed in seconds, calculated by adding the execution times of each task (with
amaximum of 120 seconds each) and dividing by the number of tasks. The total score,
expressed as a functional ability score (WMFT), is the sum of the 15 items' scores (with
an ordinal score of 6 points from 0 to 5). The highest possible total score is 75, with lower
scores indicating lower functional levels [12].

2.5 Data Evaluation

All respondents completed a pre-test prior to the treatment and a post-test was conducted
with the human marker BDNF, ARAT and WMFT measuring instruments after the treat-
ment was completed for 7 days. To investigate plasticity using observe pre and post-test
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level of BDNF, while to describe motor function variables, univariate analysis was used.
SPSS 23 was used to analyze all of the collected data. The normality test was measured
using the Shapiro Wilk test. The parametric independent t-test was used to compare the
influence differences between the control and treatment groups.

2.6 Research Ethical Dimension

The study was carried out in accordance with scientific and ethical principles using no.
3080/b.1/KEPK- FKUMS/X1/2020. Before beginning the research, the researcher ex-
plained the research objectives to the respondents and obtained their approval, as evidenced
by a signed informed consent form as a participant without coercion.

3 Results

This study was conducted at Pura Raharja Kulon Progo Yogyakarta Hospital, Indonesia
with 10 participants who met the inclusion criteria, 5 of whom were assigned to the treat-
ment group and 5 to the control group. Overview of characteristics of respondents as shown
in Table 2.

Table 2. Characteristics of the subjects

Treatment group Control group

Characteristics =5 % =5 % p-value
Age
45 — 60 years 3 60.0% 1 20%
60 —70 years 2 40.0 % 4 80% 0.516
Mean + SD 56.20 + 6.419 65.00 + 4,583
Gender
Male 3 60.0 % 3 60% 1.000
Female 2 40.0% 2 40%
Lesion point
Right 5 100 % 2 40%
Left - 3 60%
Characteristics Mean + SD p-value Mean+ SD  p-value
Motor function 17.80 +1.924 0.928 17.00+4.183  0.167

(Pre-ARAT value)

Upper extremity functional 21.00+2.550 0.692 18.00+3.391  0.564
ability

Plasticity 48468.20 + 0.856 54537.80 + 0.534
(pre-BDNF) 21379.120 20438.093
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The effectiveness of the home rehabilitation program after the application of Transcra-
nial Magnetic Stimulation post stroke to determine BDNF levels as an indicator of plastic-
ity, motor function and upper extremity functional ability showed significant influences as
shown in Table 3. While the strong correlation between increasing levels of BDNF and
improving motor function and upper extremity functional ability is indicated by the increase
in ARAT and WMFT values can be seen in Table 4.

Table 3. Effectivity treatment in plasticity, motor function, and functional ability upper extremity
post-stroke between the control group and the treatment group

Groups Pre-post mean Mean difference £ SD  p-value
BDNF (mg/dl)*
Treatment group 48468.20 — 65730.20  17262.00 £10418.808 0.005
Control group 54537.80 —51179.80  -3358.00 + 5781.060
Upper extremity motor function
(ARAT)
Treatment group 17.50 — 39.33 21.83 +1.906 0.0001
Control group 17.00 —20.20 3.2+0.619
Upper extremity functional ability
(WMFT)
Treatment group 20.83 -41.50 20.67 £ 6.947 0.001
Control group 18.00 -22.00 4.00 + 1.581

*BDNF in healthy people of 9042 — 57830 pg/ml.

Table 4. Correlation between plasticity and motor function and functional ability upper extremity
post-stroke

Correlation between variables p-value Correlation
Correlation between plasticity and motor function 0.042 0.650
Correlation between plasticity and upper extremity functional ability 0.006 0.792

4 Discussion

Many studies showed the importance of home rehabilitation programs (HRP) after hospital
treatment as an effort to optimize the restoration of function. In addition, various post-
stroke interventions in hospitals are widely carried out, including the application of TMS.
TMS uses electromagnetic induction to create small electrical currents in the brain [13].
TMS at 1 Hz was used to stimulate ipsilesional M1 and inhibit M1 contralesions. It has
been demonstrated that both approaches improve motor function. The contralesional area
of M1 plays a compensatory role in motor recovery, particularly in the early post-stroke
period [14]. The combination of HRP after TMS showed good effects, not only improving
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the plasticity process but also being shown to improve motor function and upper extremity
functional ability.

Home rehabilitation to optimize the post-stroke restoration process have been shown to
be effective in influencing plasticity and clinical outcomes in the function abilities. The
analysis showed that the effect of motor function and upper extremity motor function ob-
tained a value of 0.0001 and 0.001, respectively. That are indicating that there was a dif-
ferent effect on the average value of motor function and upper extremity motor function
in post- ischemic stroke patients. The difference in the effect test was calculated using
the average difference between the pre and post-test data, the difference means in the motor
function and upper extremity functional ability of the treatment and control groups was
21.83 points/57 points and 20.67 points/75 points, respectively (the MCID value was ob-
tained 3 points). There is a different effect on the average value of motor function in the
treatment group (added by HPR after applied TMS 1 Hz) that is significantly more effective
than in the control group (TMS 1 Hz only), both statistically and clinically.

The home rehabilitation program's repetitive and focused movements are capable of
forming new connections between motor systems and activating spinal motor neurons,
which are the foundation of stroke recovery. Exercises that use specific movements and are
repeated can activate the peri-infarct cortex, which can improve upper extremity motor
function in patients who have had a stroke. A simple motor task training in M1 excitability
changes caused the MEP amplitude to increase in focus (specifically for the trained
muscle) demonstrating that motor training can affect direction coding at the M1 level
[15]. HRP has an effect on the level of daily activity [16]. The addition of HRP has also
been shown to significant effects on the study. Rehabilitation programs are able to increase
the stimulation of motor areas in the brain that can stimulate motor control recovery [7],
integrate the motivational component with skill and capacity through impairment improve-
ment, and confidence through the liveliness involved in task selection, problem solving,
and decision making [17]. Patients adapt in a variety of activities thus giving to try to
solve problems during functional tasks more effective in improving upper extremity func-
tion and performance of daily activities [18].

According to the theory of interhemispheric competition, some of the motor function
deficits in post-stroke patients are caused by a loss of inhibition to the contralateral cortex
as aresult of injury. TMS at 1 Hz can aid in the reorganization of regional cortical functions
by regulating cortical excitability, which affects neural function. In general, TMS 1 Hz can
inhibit cortical hemisphere excitability stimulation, facilitate interhemispheric excitability
balance, increase contralateral hemisphere excitability, or decrease contralateral hemi-
sphere excitability to promote motor function restoration [19]. TMS 1 Hz can improve brain
plasticity and inhibition intracortical in a brain that does not have lesions, also having a
positive effect on finger motor skills and hand function [2]. The results of these studies also
showed an increase in BNDF levels as one of the markers of the plasticity process. The
statistical tests showed a significant influence (p-value < 0.05) with an average increase in
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BDNEF levels of 17262.00 mg/dl in the treatment group compared to the control group which
tended to remain even lower in BDNF levels.

The combination of HRP after the TMS indicates a plasticity process that was in line
with improved motor function and upper extremity functional ability. The correlation test
showed significant and a strong correlation between increased levels of BDNF with ARAT
(motor function) values by 0.650 and WMFT (upper extremity functional ability) by 0.792.
The plasticity process has optimized motoric performance. TMS 1 Hz can improve brain
plasticity and intracortical inhibition in non-lesion brains, also having a positive effect on
finger motor skills and hand function [2]. Stimulation through exercises to do daily activ-
ities at home (writing exercises, manipulating cards, and handyman) becomes a learning
to improve their functional abilities easily. Increased activity in the lesioned hemisphere's
primary sensorimotor and motor areas is important for increasing functional activity. Task-
oriented training causes cortical reorganization based on motor control and motor learn-
ing, which contributes to improved upper extremity motor function in patients with post-
ischemic stroke [20].

Related to the correlation between the value of BDNF as an indicator of plasticity was
also strongly related to the value of ARAT which indicates an increased in motor function
and WMFT which indicates an increased in upper extremity functional ability. One marker
is BDNF, a protein that has a central role in cortical plasticity that influences post-stroke
behavioral improvements. BDNF has important functions in neurodevelopmental differen-
tiation, axon growth, synapse plasticity and nerve repair [21], decreased infarct volume,
improvement of motor function, and increased levels of MK and BDNF, increased prolif-
eration of astrocytes, increased angiogenesis and reduction of nerve apoptosis and oxidative
stress [22]. BDNF acts by binding to the tropomiosin kinase receptors (TrkB) in the MAPK
and PI3K-Akt pathways, which have positive effects for neuronal proliferation, differenti-
ation, development of synapses of nerve cells, inhibiting inflammation, neurotoxicity as
well as neural apoptosis [18],[23] and further contribute to promoting synaptic plasticity in
learning and memory [24].

Following an evaluation that included a combination a home rehabilitation program and
transcranial magnetic stimulation at 1 Hz for 7 consecutive days, the results revealed an
increase in plasticity and upper extremity motor function from the patient's initial difficulty
carrying out activities independently that required HRP to train voluntary movements so
that they could in still synergistic patterns in the brain. Grasping and raising the hand
necessitates strength and cooperation between the flexor and extensor muscle components
obtained from the HRP so that they can carry out activities independently.

Meanwhile, patients who received only TMS 1 Hz intervention saw an improvement in
upper extremity motor function. However, because the patient's motor skills were not
trained to produce movement, the patient still has difficulty performing activities inde-
pendently, where neuroplasticity should be stimulated through HRP to improve motor
function abilities in post-ischemic stroke patients.
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Practical Implications. Stroke risk can be influenced by age and gender. An imbalance in
the interhemisphere occurred during a stroke, impairing motor function. The combination
of home rehabilitation programs (eating skills, writing exercises, card manipulation, and
handyman) and TMS has been shown to have a good effect in improving post-stroke func-
tion. Both statistically and clinically that the addition of 1 Hz TMS and HRP can signifi-
cantly improve plasticity, upper extremity motor function and functional ability in post-
ischemic stroke patients (the effect will be felt by the patient directly). TMS at 1 Hz pro-
vided stimulation to improve motor function by facilitating interhemispheric balance.

The use of HRP as a task or exercise involving holding, grasping, pinching, and gross
motor skills caused movement in the fingers and hands (stimulating the M1 area). The
resulting movement may have increased muscle contraction and strength, resulting in im-
proved upper extremity motor activities.

Research Limitations. Even though the time intensity had been determined and decided,
the researchers could not control the respondent's compliance, whether all the respondents
did the exercise for the same duration of time at the time HRP was used.

5 Conclusion

Combination of home rehabilitation program and TMS 1 Hz was a significant difference
in the effect of plasticity, motor function and upper extremity functional ability post
ischemic stroke compared to the control group with p-value < 0.05. Increased levels of
BDNF also have a strong correlation in motor function and upper extremity functional abil-

1ty.

Acknowledgments. This research was conducted by the authors from the University of
Muhammadiyah Surakarta, Indonesia. The author expresses their deepest gratitude to Pura
Raharja Kulon Progo Hospital and to all post-stroke participants who have participated as
volunteers in this study.



670

U. B. Rahayu et al.

References

11.

12.

13.

14.

. Bae, J.H.; Kang, S.H.; Seo, K.M.; Kim, D.K.; Shin, H.L.; Shin, H.E. Relationship Be-

tween Grip and Pinch Strength and Activities of Daily Living in Stroke Patients. Annals
of Rehabilitation Medicine. 2015, 39 (5):752-762, doi: 10.5535/arm.2015.39.5.752.

. Fisicaro, F.; Lanza, G.; Grasso, A.A.; Pennisi, G.; Bella, R.; Paulus., et al. Repetitive tran-

scranial magnetic stimulation in stroke rehabilitation: review of the current evidence and
pitfalls. Sage. 2019, 12: 1-22. doi: 10.1177/1756286419878317.

Winstein, C.J.; Wolf, S.L.; Dromerick, A.W.; Lane,C.J.; Nelsen, M. A.; Lewthwaite, R.; Cen,
S.Y.; Azen, S. P. Effect of a Task-Oriented Rehabilitation Program on Upper Extremity Re-
covery Following Motor Stroke. HHS Public Access. 2016, 315 (6): 571-581. doi:
10.1001/jama.2016.0276.

NICE cilinical guideline. Stroke and transient ansient ischaemic attack in o ver 16s: diagno-
sis and initial management. UK: National Institute for Health and Care Excellence. 2017.
Guyton, A.C.; Hall, J.E. Textbook of Medical Physiology. 12th. Ed. Pennsylvania: Elsevier
Saunders. 2011, P, 667-694

Janicac, P.G.; Dokucu. M.E. Transcranial magnetic stimulation for the treatment of major
depression. Neuropsychiatric Disease and Treatment. 2015, 11: 1549-1560. doi:
10.2147/NDT.S67477

. Alashram, A.R.; Annino, G.; Padua, E.; Romagnoli, C.; Mercuri, N.B. Cognitive rehabili-

tation post traumatic brain injury: A systematic review for emerging use of virtual reality
technology. J Clin Neurosci. 2019, Aug;66:209-219. doi: 10.1016/j.jocn.2019.04.026. Epub
2019 May 10. PMID: 31085075.

. Da Silva, PB.; Antunes, F.N.; Graef, P.; Cechetti, F.; Pagnussat, A.S. Strength training

associated with task- oriented training to enhance upper-limb motor function in elderly
patients with mild impairment after stroke: a randomized  controlled trial. Am J
Phys Med Rehabil. 2015 Jan: 94(1): 11-9. doi: 10.1097/PHM.0000000000000135.
PMID: 25122097.

Grattan, E.S.; Velozo, C.A.; Skidmore, E.R.; Page, S.J.; Woodbury, M.L. Interpreting Ac-
tion Research Arm Test Assessment Scores to Plan Treatment. 2018.

. Lang, C.E.; Bland, M.D.; Bailey, R.R.; Schaefer, S.Y.; Birkenmeier, R.L. Assessment of

upper extremity impairment, function, and activity after stroke: foundations for clinical de-
cision making. Journal of hand therapy: official journal of the American Society of Hand
Therapists. 2013, 26(2), 104—115. doi: 10.1016/j.jht.2012.06.005.

Ohura, T.; Hase, K.; Nakajima, Y.; Nakayama, T. Validity and reliability of a perfor-
mance evaluation tool based on the modified Barthel Index for stroke patients. Journal
of BMC Medical Research Methodology. 2017, 17: 131. doi: 10.1186/s12874-017-0409-2.
Longhi, M.; Merlo, A.; Prati, P.; Giacobbi, M.; Mazzoli, D. Instrumental indices for upper
limb function assessment in stroke patients: a validation study. Journal of neuroengineering
and rehabilitation. 2016, 13(1): 52. doi: 10.1186/s12984-016-0163-4.

Hamada, M.; Rothwell, J.C. Neurophysiology of rTMS: Important Caveats When Inter-
preting the Result of Therapeutic Interventions. Springer, Cham. 2015. doi: 10.1007/978-3-
319-25721-1_1.

Di Pino, G.; Pellegrino, G.; Assenza, G.; Capone, F.; Ferreri, F.; Formica, D.; et al,,
Modulation of brain plasticity in stroke: a novel model for neurorehabilitation. Nat
Rev Neuronal. 2014, 10: 597-608. doi: 10.1038/nrneurol.2014.162.



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

The Effectiveness of the Home Rehabilitation Program (HRP)

Reis, J.; Swayne, O.B.; Vandermeeren, Y.; Camus, M.; Dimyan, M.A.; Harris-Love, M.;
Perez, M. A.; Ragert, P.; Rothwell, J.C.; Cohen, L.G. Contribution of transcranial magnetic
stimulation to the understanding of cortical mechanisms involved in motor control.
J  Physiol. 2008, Jan 15;586(2):325-51. doi: 10.1113/jphysiol.2007.144824. Epub
2007 Nov 1. PMID: 17974592; PMCID: PM(C2375593.

Wu, C.; Chuang, L.; Lin, K.; Horng, Y. Responsiveness and validity of two outcome
measures of instrumental activities of daily living in stroke survivors receiving rehabil-
itative therapies. Clin Rehabil, 2011. 25 (2),175-183. Doi: 10.1177/0269215510385482.
Adhikari, S.P.; Tretriluxana, J.; Chaiyawat, P.; Jalayondeja, C. Enhanced Upper Extremity
Functions with a Single Session of Action-Observation-Execution and Accelerated Skill
Acquisition Program in Subacute Stroke. Stroke Research and Treatment. 2018, 14. doi:
10.1155/2018/1490692.

Park, J.K.; Hong, Y.P.; Lee, S.J. Effects of exercise on mature or precursor brain-derived
neurotrophic factor pathways in ovariectomized rats. Mol Med Reports. 2017, 5, 435-440.
h ttps://doi.org/10.3892/mmr.2017.6614.

Meng, Z.Y.; Song, W.Q. Low frequency repetitive transcranial magnetic stimulation im-
proves motor dysfunction after cerebral infarction. Neural regeneration research.
2017, 12(4), 61 0-613. https://doi.org/10.4103/1673-5374.205100.

Thant, A.A.; Wanpen, S.; Nualnetr, N.; Puntumetakul, R.; Chatchawan, U.; Hla, K.M.;
Khin, M.T. Pengaruh pelatihan berorientasi tugas pada kinerja fungsional ekstremitas atas
pada pasien dengan stroke sub-akut: uji coba terkontrol secara acak. Jurnal ilmu terapi fisik.
2019, 37 (1), 82-87. https://doi.org/10.1589/jpts.31.82.

Luft, A.R.; Macko, C.H.; Schallert, T. Physiological Basic of Rehabilitation Therapeutics
in Stroke dalam Stroke Recovery & Rehabilitation. demosMedical. New York. 2009.
Otsuko, S.; Sakakima, H.; Sumizono, M.; Takada, S.; Terashi, T.; Yoshida, Y. The neuro-
protective effects of preconditioning exercise on brain damage and neurotrophic factors after
focal brain ischemia in rats. Behav Brain Res, 2015, 303, 9-18. Doi:
10.1016/j.bbr.2016.01.049.

Chen, J.; Venkat, P; Zacharek, A.; Chopp, M. Neurorestorative therapy for stroke.
2014, 8(June), 1-12. doi:10.3389/fnhum.2014.00382.

Miranda, M.; Morici, J. F.; Zanoni, M. B.; Bekinschtein, P. Brain-Derived Neurotrophic
Factor: A Key Molecule for Memory in the Healthy and the Pathological Brain. Frontiers
in cellular neuroscience. 2019, 13, 363. https://doi.org/10.3389/fncel.2019.00363

671

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/), which
permits any noncommercial use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link
to the Creative Commons license and indicate if changes were made.
The images or other third party material in this chapter are included in the chapter's Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter's Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


https://doi.org/10.3892/mmr.2017.6614
https://doi.org/10.4103/1673-5374.205100
https://doi.org/10.1589/jpts.31.82
http://creativecommons.org/licenses/by-nc/4.0/

	The Effectiveness of the Home Rehabilitation Program (HRP) after the Application of Transcranial Magnetic Stimulation (TMS) Post-Stroke
	1 Introduction
	2 Methods
	2.1 Eligibility Criteria
	2.2 Home Rehabilitation Program (HRP)
	2.3 TMS 1 Hz
	2.4 Research Tools
	2.5 Data Evaluation
	2.6 Research Ethical Dimension

	3 Results
	4 Discussion
	Practical Implications. Stroke risk can be influenced by age and gender. An imbalance in the interhemisphere occurred during a stroke, impairing motor function. The combination of home rehabilitation programs (eating skills, writing exercises, card ma...
	Research Limitations. Even though the time intensity had been determined and decided, the researchers could not control the respondent's compliance, whether all the respondents did the exercise for the same duration of time at the time HRP was used.

	5 Conclusion
	Acknowledgments. This research was conducted by the authors from the University of Muhammadiyah Surakarta, Indonesia. The author expresses their deepest gratitude to Pura Raharja Kulon Progo Hospital and to all post-stroke participants who have partic...

	References


