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| Abstract |

PURPOSE: A visual feedback method was proposed to
induce brain stimulation in a stroke patient, and among them,
there was a treatment using a mirror. On the other hand, mirror
therapy focuses only on the functional changes in body
movements, and analysis of neurophysiological mechanisms
of brain activity is lacking. In addition, studies on evaluating
the activity and response generated in specific brain regions
during visual feedback training using mirrors are insufficient.
METHODS: Fifteen healthy adults (male: 10, female: 5,
Years: 23.33 + 1.23), who were right-handed were recruited.

By attaching the C3, Cz, and C4 channels in the sensorimotor
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cortex using an electroencephalogram, training was
performed under the conditions without mirror-based visual
feedback (No-condition) and with visual feedback
(Tasks-condition). At this time, the immediate activity of the
mu-thythm in response to training was separated and
evaluated.

RESULTS: The tasks-condition of C3, Cz, and C4 channels
activated the relative mu-rhythm rather than the no-condition,
and all showed significant differences (p <.05). In addition,
in all channels at the start time, the tasks-condition was more
active than the no-condition (p < .05). The activity of the
cortical response was higher in the tasks-condition than in the
no-condition (p <.05).

CONCLUSION: The mu-rhythm activity can be evaluated
objectively when visual feedback using a mirror is applied to

healthy subjects, and a basic analysis protocol is proposed.
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2) ]3}=A(Electroencephalogram, EEG)
2E RS EEG(Quick-20 system, Cognionics,
USAYS 2H8519ieh. BE Sl 38 A48 sk,

o] 108 Fo AT F£4) 5 P o FHFo| A%
9 v Zgetglon, 108 740 & 39 Seklch
24 AR 13elm, ol = AAE $15) 01029}
50-60% P74 A ST 1149251 25t

£ QT g2re R 9XE A G, Cz O
2 B33t} AvkE-13 )G Iure LA Lo}
Qo AT F-UEL ALeEUAY FTE
A7k 71Z 0] 7Hs 3t K9jolm, QPR Aol Fst 2
W5 WA A gha EE EE7]8E $Ae A
[16.17]. %, F-25L Aron AAEs 2714
apAjQ] Alzoln, WE B A G-I oA
o] £ EAOE ALAAALDY BA AEZ ol
AHE| 3L Qe8]

B AT 2AA 1020 A3A 28] vet A
& Ba3lh 853 EEG A& MATLAB 2021a

(MathWorks, Inc., Natick, MA, USA)©. 2 ZI3j5}9it}.
HE EEGY 7|2 Aoz AT MEHL 1000 hz,
A= A 5 kQ mgk, 223 o Sk 812 hz=2

A,

FlE oA A2 Hue) F3 A S2Ee B
Hol 7P oz AT QIeHI9). & At
54 T AHEDS Fof AEL AFte] Arfst
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(&) o), Before; &2 A%, Start; 49 ©lF,

o] 715 BAS £AS Aastolth. YALEY
21 C3(eh ] 9ok CATh] L2 o]u], 4
o] olel SAIGS] BA B 4ol 1S
oo] @A whewol TS ojujatth,3]
A2 SEelo] ol T 24 A Age] HHR
H9H1 A Gl FHE AFol st

e I = & 12 Ao

3) AmEA
= B 29l 4L SPSS 25.0 version(IBM, USA)
S Abgstglch AR 2 = (Shapiro-Wilk test) A4S

1. A-RJa2lSW) Hlo

C3 Ao AlZH4 = Qlo]
A = elo] §l= 24 Hop Adi-freEe] &4t
Holom, Fo5HA E3thp < .05). Cz oA =
AZHA Qo] Qe IhA] 2719 Af-FefEe] Al
A e elo] gli= 27 Ky 4317} =gl om, {9
SHA| & SkTHp < .05). AlTt7E, C4 2 9] Ad-wel &
Ao M AZHA EHQlo] Sl A 27do] AlZHE
Qo] gl 27 Ko G437} Hglon, folsH
E=UTHp < .05)(Table 1).

Table 1. Relative mu-rhythm(uV)(N = 15)

Channels (pV) C3 Cz C4
No-condition ~ 0.06 + 0.03* 0.07 + 0.03 0.07 + 0.02
Tasks-condition  0.10 = 0.02 0.11 £ 0.03 0.11 + 0.02
Z -3.480 -3.124 -3.067
p 0.001* 0.002* 0.002*

*Mean =+ standard deviation
*p < .05
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Table 2. Separation of time of relative mu-rhythms(%)(N

Channels (%) Time No-condition Tasks-condition Z p
Before 3.62 £ 1.26° 423 + 1.05 -1.816 .069
C3 Start 7.55 + 2.63 16.05 + 4.00 -3.407 .001*
After 3.93 + 137 476 + 1.19 -2.158 .031*
Before 3.99 + 1.49 431 = 1.09 -.682 496
Cz Start 9.89 + 3.69 15.84 + 4.02 -3.407 .001*
After 425 £ 1.59 5.19 £ 1.32 -2.158 031*
Before 426 + 1.34 455 £ 093 -1.193 223
C4 Start 10.59 + 3.32 17.26 + 3.53 -3.351 .001*
After 4.56 £ 143 539 + 1.10 -2.045 .041*
*Mean + standard deviation
*p < .05
Table 3. Cortex response in visual feedback conditions(uV)(N = 15)
Conditions (V) No-condition Tasks-condition V4 P
Cortex response -0.10 £ 0.09° 0.01 £ 0.07 -2.556 011*
*Mean + standard deviation
*p < .05
2. Hi-RaIS(%)2 37t 72t 22 ANA A& & SA7F A= lom, IpA| ke
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=T (p < .05)(Table 2) go] S Al o e d97F s stk
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A2 = lo] e A o] Az HH Yol (Tasks-condition) 2] == A'd o] +2Jgk &bo]7} itk
gle 24 2o 248 e erh B} Eolon {2 ol&gt olfi= A Yol HaE7] A= w2l
SHAl E3ATHp < .05)(Table 3). A BYE o] R R] kol w2 e &3t
7} o]Fof AA] RS Aol AlrET: Ly, w3
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Yol gle 24 Ho Ae-s24d e 243t &
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2T ORI A EIHY 20| A2ARSERY [-US0l 0IXE 245 Qi | 51

z700] AlZH4 =9 Qlo] gli= 271 Bt F-259 § Acknowledgements
OJgt Zo] 7} lSdch

AR =9 Q] whEofl A = 2 A= = o] ¥z ek wiff Sk Aa| ALt A
5 T3 HA5Ye YHsto 754 &l E & (LS| PO FhiALA ] 2| Hho} =3
Arkar AAISFSEH27,28]. E3F Wang 52912 A7t 5 712 AFAFG(NO. 2021R1A6A3A13045159)D 4tHA)

A
oA AL &3 Al =] £ A, tf] BK21 ARlol| 2l5te] 2|95 21-S(NO.5199990914048).

7rerst References

37t JHE T AA sk [1] Silva SM, Corréa JCF, Pereira GS, et al. Social
2 Aol A= AR A o R A A=) participation following a stroke: an assessment in
EAJEA] ghot AL B s WA Q1A §hEol accordance with the international classification of
st A Eglow, 24 93 EoAE AlZHA functioning. Disabil Rehabil. 2019;41(8):879-86.
Ho] = A 2719 4-Fadq A &5t [2] Lang CE, Bland MD, Bailey RR, et al. Assessment of
Eo] o] d AvEt YA|EIGTH2930]. ol e Ho upper extremity impairment, function, and activity after
T ARke=E 2A Ego] A 7HE 4 ke 9jvlo] stroke: foundations for clinical decision making, J Hand
o, 2 Aol A e F2]0]A] g 919 AR5 E 9 Ther. 2013;26(2):104-15.
ASAAALH 3t H= As glski [3] Wolf SL, Winstein CJ, Miller JP, et al. Effect of
e, Huks o]-83t At AlZHA el A constraint-induced movement therapy on upper extremity
2]sha] A2 7iQle] Fd Aol oJsf gA] Fho] function 3 to 9 months after stroke: The EXCITE
O 4 Sl W2 BiEo] 246k HH19]. &2 A+ randomized clinical trial. JAMA. 2006; 296(17):2095-104.
T iR EAES 1HslelE ul, HAlEo] EAsk= [4] Kopp B, Kunkel A, Miinickel W, et al. Plasticity in
g 2elstich &, Al =H o) THoA A2HA the motor system related to therapy-induced improvement
e EAES Wit wotshs Aol B A of movement after stroke. Neuroreport. 1999;10(4):
A3t VS 7t Balstel S ARl 23e 6l 807-10.
T& A7 o Aotk [5] Wang ZR, Wang P, Xing L, et al. Leap Motion-based
virtual reality training for improving motor functional
vV, zZe recovery of upper limbs and neural reorganization in
subacute stroke patients. Neural Regen Res. 2017;12(11):
2 A9t 54 Y] E4S S8 Al HE Yol 1823-31.
AU A 24o] F-glsol S7HE ST w3, 2HA| [6] Krakauer JW. Motor learning; its relevance to stroke
2718 A&sk= Aol 24 wheE &g} =k o recovery and neurorehabilitation. Curr Opin Neurol.
A, HEF F SRA ALS o8 Al HH 2006;19(1):84-90.
o &9 A8 A, 5 999 S s Bt [7] Demarin V, MOROVIC S. Neuroplasticity. Period Biol.
A2IsH Hlojel= o] e HE Al d2ATIE 2014;116(2):209-11.
2747 A o) WAUS Aol A7 2 Aolw, &4 [8] Lin CW, Kuo LC, Lin YC, et al. Development and testing
H FYE YA wEolaes 5 Bt & of a virtual reality mirror therapy system for the
o] °H 4 g ALE 7|HHch sensorimotor performance of upper extremity: A pilot



52 | J Korean Soc Phys Med Vol. 18, No. 3

randomized controlled trial. IEEE Access. 2021;9:
14725-34.

[9] Gonzalez SJ, Soto CR, Rodriguez FP, et al. Effects of
home-based mirror therapy and cognitive therapeutic
exercise on the improvement of the upper extremity
functions in patients with severe hemiparesis after a stroke:
A protocol for a pilot randomised clinical trial. BMJ
open. 2020;10(9):e035768.

[10] Choi HS, Won SS, Dae HB. Mirror therapy using gesture
recognition for upper limb function, neck discomfort,
and quality of life after chronic stroke: a single-blind
randomized controlled trial. Med Sci Monit. 2019;25:
3271-8.

[11] Broderick P, Horgan F, Blake C, et al. Mirror therapy
and treadmill training for patients with chronic stroke:
a pilot randomized controlled trial. Top Stroke Rehabil.
2019;26(3):163-72.

[12] Madhoun HY, Tan B, Feng Y, et al. Task-based mirror
therapy enhances the upper limb motor function in
subacute stroke patients: a randomized control trial. Eur
J Phys Rehabil Med. 2020;56(3):265-71.

[13] Zhang X, Zhang Y, Liu Y, et al. Effectiveness of mirror
therapy on upper limb function, activities of daily living,
and depression in post-stroke depression patients. Turk
J Phys Med Rehabil. 2021;67(3):365-9.

[14] Hoermann S, dos Santos LF, Morkisch N, et al.
Computerised mirror therapy with augmented reflection
technology for early stroke rehabilitation: clinical
feasibility and integration as an adjunct therapy. Disabil
Rehabil. 2017;39(15):1503-14.

[15] Lee HM, Li PC, Fan SC. Delayed mirror visual feedback
presented using a novel mirror therapy system enhances
cortical activation in healthy adults. J Neuroeng Rehabil.
2015;12:1-11.

[16] Copelli F, Rovetti J, Ammirante P, et al. Human mirror
neuron system responsivity to unimodal and multimodal
presentations of action. Exp Brain Res. 2022;240(2):
537-48.

[17] Kim JC, Lee HM. EEG-based evidence of mirror neuron

Activity from app-mediated stroke patient observation.
Medicina. 2021;57(9):979.

[18] Niedermeyer E, da Silva FHL. Electroencephalography:
basic principles, clinical applications, and related fields.
Lippincott Williams & Wilkins. 2005.

[19] Hervault M, Zanone PG, Buisson JC, et al. Cortical
sensorimotor activity in the execution and suppression
of discrete and rhythmic movements. Sci Rep. 2021;
11(1):22364.

[20] Pfurtscheller G, Berghold A. Pattems of cortical activation
during planning of voluntary movement. Electroencephalogr
Clin Neurophysiol. 1989;72(3):250-8.

[21] Pfurtscheller G, Da Silva FHL. Event-related EEG/MEG
synchronization and desynchronization: basic principles.
Clin Neurophysiol. 1999;110(11):1842-57.

[22] Miller J, Hackley SA. Electrophysiological evidence for
temporal overlap among contingent mental processes.
J Exp Psychol Gen. 1992;121(2):195-209.

[23] Ahern GL, Schwartz GE. Differential lateralization for
positive and negative emotion in the human brain: EEG
spectral analysis. Neuropsychologia. 1985;23(6):745-55.

[24] Fong KNK, Tang YM, Sie K, et al. Task-specific virtual
reality training on hemiparetic upper extremity in patients
with stroke. Virtual Real. 2022;26:453-64.

[25] Buccino G, Vogt S, Ritzl A, et al. Neural circuits underlying
imitation learning of hand actions: an event-related fMRI
study. Neuron. 2004;42(2),323-34.

[26] Oliveira DS, Saltuklaroglu T, Thornton D, et al. Mu
rthythm dynamics suggest automatic activation of motor
and premotor brain regions during speech processing.
J Neurolinguistics. 2021;60:101006.

[27] Urgesi C, Moro V, Candidi M, et al. Mapping implied
body actions in the human motor system. J Neurosci.
2006;26(30):7942-9.

[28] Mikhailova AA, Orekhova LS, Dyagileva YO, et al.
Reactivity of the EEG | rhythm on observing and
performing actions in young children with different levels
of receptive speech development. Neurosci Behav Physiol.



12T ORI A EIHY 230] A2A2SEEY F-dS0 0XlE 245 gt | 53

2021;51(1):85-92. [30] Deconinck FJA, Smorenburg ARP, Benham A, et al.
[29] Wang J, Fritzsch C, Bemarding J, et al. Cerebral activation Reflections on mirror therapy: a systematic review of

evoked by the mirror illusion of the hand in stroke patients the effect of mirror visual feedback on the brain.

compared to normal subjects. NeuroRehabilitation. Neurorehabil Neural Repair. 2015;29(4):349-61.

2013;33(4):593-603.





