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High Frequency Repetitive Transcranial Magnetic Stimulation for

Freezing of Gait and Nonmotor Symptoms in Parkinson’s Disease

Eungseok Oh, MD, PhD*®, Sangmin Park, MD?, Junggeol Lim, MD?, Ae Young Lee, MD, PhD?",
Soo-Kyung Bok, MD, PhD®, Hee-Jung Song, MD, PhD*"

Departments of Neurology”, Geriatric Health Care Center”, Rehabilitation Center, Chungnam National University

Hospital, Chungnam National University School of Medicine, Daejeon, Korea

Background: To investigate the effect of high frequency repetitive transcranial magnetic stimulation (rTMS) on motor

symptoms especially freezing of gait (FoG), and nonmotor symptoms in Parkinson disease (PD).
Methods: In this randomized, double-blind, sham-controlled study, fifteen PD patients were enrolled. For 10 days, 5 Hz,

both motor cortices and dorsolateral prefrontal cortex (DLPFC) were stimulated. The motor symptoms and FoG were
evaluated by the Unified Parkinson’s Disease Rating Scale (UPDRS) part IlI, FoG questionnaire (FoG-Q), variable
parameters of FoG, and kinematic gait analysis. Nonmotor symptoms were evaluated by the Korean version of
non-Motor Symptoms Scale (K-NMSS), 39-item Parkinson disease questionnaire (K-PDQB39), Mini-Mental Status
examination (K-MMSE), Montreal Cognitive Assessment (K-MoCA), and Frontal assessment battery (FAB).

Results: Finally, 12 patients (real:8, sham:4) data were analyzed. FoG-Q and UPDRS part III were improved (p=0.002,
0.022) and variable parameters of FoG was improved after 10 days stimulation in real treatment group. In addition, their

effects maintained until 6 weeks from the baseline. In nonmotor symptoms, K-NMSS and K-PDQ 39 were improved until

6 weeks in real treatment group (p=0.002, 0.002), however no changes were shown in cognitive function test.

Conclusions: The high frequency rTMS was effective for FoG, in addition to motor and a few nonmotor symptoms in PD.

J Korean Neurol Assoc 33(4):297-305, 2015

Key Words: Repetitive transcranial magnetic stimulation (rTMS), Freezing of gait (FoG), Parkinson’s disease

M E

B35 H(freezing of gait, FoG)> Al5%, Al B, H4
d ZAERY S = SAIe R Sl oIS wollA St 71
EHsfete +eodolth IIEY e BATER Qs

Received September 18,2015 Revised September 24, 2015
Accepted September 24, 2015

Address for correspondence: Hee-Jung Song, MD, PhD

Department of Neurology, Geriatric Health Care Center, Chungnam
National University Hospital, Chungnam National University School of
Medicine, 282 Munhwa-ro, Jung-gu, Daejeon 35015, Korea

Tel: +82-42-280-8102 Fax: +82-42-280-8654

E-mail: nrsono@naver.com

A% golla o= qlsf B 9ol F71 4 )
o, HAFAL e QTN 4] Aol JFS Tk
20102 ATt WAYEAY ehyelt o7k st
A Ss1A1A) QL 71 ol R TRt A% W ofe] Aol

s
St OFAZE G T HABACR state FoG)& Mol H$-
oA

@} oFa 7} 9l uof= H 345 Z(on state FoG)S Hol= 74

J Korean Neurol Assoc Volume 33 No. 4, 2015 297



7h glow, Arje] ¢ okmAmol thgt whso] glony, F4t
o] A9 ok A|mof BS3AL 2518 o olEhEL 97t
WL o] 17 shrleolx] e Ul Ao} qlpe BASL
ofg % mo] WHEo] Qi A9t Bow, WA T ofs
M= Bo] of7] uho] M HA= o] ojs) e
S 4 Tk WA ARAGIARE aHGHoR UE
AL Wols, A ASEe Hend Fe 2 %
o} A Tl Aol A= AlALE WBHE G 4 glek™
RFIIATeR ujulde] BEAL 2dsl] T
oA Tl uheale] 7 olo] o S5l T 7]
i 4 ok o) AFBoNA, 5 Hzo] ¥k A5 27
e A7 &5 3o Fo] Ae WAL
sANReH 25 Hrol A2g $Eu I 571% Ad%
Au) ol Fo] 10 m Baol Zelis AHE Fole kS 2l
SPITh? 212 Tl ekt Weje] FA1E A=) E‘Q
B3 glon, whA A% A7 AHle] A o
Tho] X440l Tjgt t=gto] of#] Hololrk Mt o] eire] %a
e 1 i 2}74 fq 25 W o4 BB AT} )
SEFA Rt L} AR

[

{1
|

o3

i

i

2]
==
=9°

H

[e}Ke)

rulo

i

L g
20134 6YHE 20149 79712 2EE g oA SR
3l Qe S WS wlrlsy Bk} F AlSh HasAS Hol= g

=S A4 A7 22 1) Queen Square brain bank
Oﬂ/ﬂ AR 1w Ak7] )] st 2) 6711 o4 1t
ol theh ofe A2E T A F 2419 ofEA| e B
Bﬁ%éol WA o= AL 3) ey} 57 (levodopa
equivalent dose)®] Z|= 45 Ujof] M3}t QISIE 2EAL, 4) 204
ojAto|] G allofchA|(Hoehn and Yahr stage) 2-42] 34}, 5) X
o]l JE Fi THE oFEE0] Baol gl WSS Ee
th Ar|Eo = 1) =g Zho|AAE A (Korean version of
Mini-Mental Status Examination score, K-MMSE) %<4~7} 183
olglz At Q1A A o7} Q= FHA}, 2) HFEANA A X 79
ol Aok B4 BACITATAT, HEUR 2, 4

g wpef 277z el el o= A9 HAS, s, A
d

27 5o Gl 3h, 3) ool AFA AT AR WL 7]
efo] Gl 3k 4) WA EHGANA wAY TRIey &
© Fey TIEES AT 4 Uk B, 5) AFTeA,

298 CHSHMEMOIRIN| NI337 NI4%2, 2015

T oo R HAolE Kol Bk 6) WA oFavt ®

oA, oY SFoIYFI ol A LEFAFHS B
ot 79, 7) A 45 o|tho] ThE YAAIHe] Holdh 719
o] gl BAL mE A2k

2. 7o) 59, ¥4 5

on] W7 A
ofol] FISH BN A FOIA AIS W A S
Wit

3.9+ 24

o] = A, 7, olsHA, ABld(1:2) A=
7Yk s 2hbs TR RS o] gron ghake] A
HE Bes 27| A5A7E At 7 AR ASS 5

Aok B IASS R TS 583 & 1247 Afelo]|
k&7t Q1= AHi(on state)oll A 3o, 1047 ALHo0=
ARG RE S ‘?JOJﬁPOE] of & 2 TR Wsbt
s AAE BEskglal, WA AR AEAw &
HERZ 304 52t B} gl 7hylat oA HagAeks e X
ot e2gich A3t Blals A7 A=A 7 Z(TOD)2 1007_}94
A7\ A= A& SHTI0D), 223 A7|A=SA = HA7E 65 3
(T6W)oll 22} Al3¥s3itt.

4. RS AAAZ AY

AN
[Ho

o, tejof sigsh= &

/\
Ae g x}%ﬁ}fﬁl %7}% AHEY e‘% 3]
fe) [e]

ok
2]
fn)

*E%M% A8}
© X #x19] 3D
Tl HA7| eI ods A2 TJIOMI TEAIA 3AFEARL
P 2E THE 5, dHAlo]A AlAES Bl Bxtel AL &, b
ZF Afol(nasion), F= o]F(tragus)E AEsto] st el 9]
€ A& gk ASstast she RS AT o Zy el
A FRAE 32U H FE BHA 21U YRS 2o,
ARZEO R W= X, Y, ZZ9] F3E, 7| (trajectory)S- Talairach
Fhee} vlaste] 24 HRE Jsto] A=A A= W
=5 Hze A20) s F4597]9) 110%2 285191,



ZRIEHOIAN HYEA U HIZESH0 st nFe} BEEE ZRR (R ol

= AATIFoNA A5 1039 57
3 Al 108]9] A2 % 53] o]l 50

WV MES ofui= Hazte] A4 Ara Hojalolr) mE
sxjolA oo} LEfUEsle] FE WalE A4l Sl
Al =2 AL oAbl HEHA gkl Sl AEjollA it Hit
AAE AR Fth SEREHNE S8 A= S
SABAAL, A=7IEE 10%, A=3} A= Afe]9] 7HA L 5
2 I3k F skl 12003, Al F-91E A=381aL, 10Y 5
A&ER o7 FAZE Aol A=sk3ich AR A= 2EellA
= 59 Y-S ARSIk gt 7ol Y2 A= Adst
o= FHof YIAA7|AL, YR YL A ZY

Qlofl 1805 7= Fe A XA webs $l= ARl &
o] A7l Zot A= Aol A=717F 5t 59 &
2 55 4 99tk A7) Magstim stimulator (Magstim
Rapid 2 V11.0; The Magstim Co. Ltd., Dyfed, UK)E A3}

B AL oY ARE BE 4 9 84 1AL ARgAct

B

2

o

A WEAOR 63 AW F B Heshr. W
BRE 27 Wl ol FAY P A% 7 g A

u)
o

o
o
o)
1o
iy
o
ol
o

o . =
dele A0S 3 69 Hhy 23 Jd gt
- 10 m Zed AME 23 (N10 m): 10 mE P

E4 HAEA] (FoG questionnaire, FoG-Q)S A&sto] 312 0]
HsA AL, 5 & 1 s)E X (kinematic gait analysis)S AR
alo] 21Ul HAE Aol2 vlTATh FHRARAS 9]
SiAl 15719 =g mpAS ERE % FEa e 2olal 12
o] MX-T20 7}eehe wepes] ot ujzle] 91712 32415
o2 wyYE Uk FARYPEH O T HZ(cadence), HEATE
(stride time), Z2-2-A|7HKstep time), A|ZHA|7K(initiation time), 23

Zo](step length), HEZo]|(stride length), <-=(velocity), double

support time, single support time, limp index, T-&8-2-51H$)(range
of articular motion) 52 A1 IcH(Vicon MX-GIGANET, Vicon
motion system Ltd. UK). FAlo] Q1X]7]5S E335 H| 55
e S =Tt YAVSEIHANK-MMSE), Mini-Mental
state (3MS) test, Montreal Cognitive Assessment (K-MoCA),

Frontal assessment battery (FAB), 39-item Parkinson disease
questionnaire (K-PDQ39) %! Non-Motor Symptom Scale (K-NMSS)
= ARG HIR-55 ol tigt Al ol ASH T
o] g AR

6. 4 &4

HE w4 9 FoG-Q, UPDRS, F2H3 HAxE, H]-S-
EZARS. AR A7|A = AZ(TOD-T10D) 2 Wilcoxon’s signed
rank test2 H| W3} T TOD-ToW7FR| 2] A& o] okl HE
9] H3}= repeated measure ANOVAZ 2451t 15 ol
A 2R3 EA2E, UPDRS part 1T %422] ¥3}= Mann-
Whitney testS AHsto] 243l Lol Badwe] wak
UPDRS part Il 4>, PDQ-39+= Spearman’s testS ARg-d}o] &
A5kt BAEA o= SPSS Ver 20.0 (SPSS Inc., Chicago,
IL, USA)S ARE3I3AL, p-values= 0.05 w|ihe A4 F2o4
o] gheom Rofshick

E=| at

¥ 1599 Bt SR WAGIIFO F o) 3

| Randomized (N=15) |

| Real stimulation (N=10)| | Sham stimulation (N=5) |

Declined participation
after randomization (N=1)

Protocol violation (N=2)
Last follow up loss (N=1)

| Completed study (N=7) | | Completed study (N=4) |

| Analyzed (N=8) | | Analyzed(N=4) |

Figure 1. Flowchart of patient group. rTMS, repetitive transcranial
magnetic stimulation.
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off the2] Foba] 10 A= 9] At ARGl ARA =
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(Fig. 1). A5 A7|1A= (7S sPAA =2 22 =2AL 7|7
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ol giglom,  FollA] THE 71 EAEL FUcH (Table 1),

Table 1. Clinical characteristics of participants

Variables Patients (n=12) p value
Group Real (n=8) Sham (n=4)

Age (year) 69.8 (8.2) 73.3(1.9) 0.282

Sex (M/F) 71 1/3

H & Y Stage

2 0 0

2.5 0 0

3 8 3

4 0 1

UPDRS part I 11.6 (4.7) 21.8(7.9) 0.021°
UPDRS part I1 15.4 (7.4) 25.3(7.9) 0.059

UPDRS part 111 36.1(9.8) 39.5(8.7) 0.575

UPDRS total 63.1(16.8) 86.5 (21.1) 0.062

Duration (month) 76.1 (37.1) 64.3 (19.0) 0.567

LED 1134.4 (556.0) 1082 (328.1) 0.514

MMSE 24.4 (4.1) 23.0 (4.5) 0.610

RMT 81.9(9.2) 77.5(22.2) 0.933

H-Y; Hoehn and Yahr, UPDRS; Unified Parkinson’s Disease Rating
Scale, LED; Levodopa equivalent dosage, MMSE; Mini-mental state
examination, RMT; Resting motor threshold.

1 2953, 295 HEA, £33N 24

AARA=T2E o)A T10m, velocity, N10m, NT, FoG-Q %
UPDRS-part 11 4= 109171 WH8] 4|2 2S A2
3t & F-o8lAl EAE A tHp=0.030, 0.004, 0.027, 0.005, 0.002,
0.022). &3} velocity, NT, FoG-Q % UPDRS-part Ill A4~ 6
Z7kx) SAE AMER 925 Tp=0.001, 0.046, 0.000, 0.002).
ARAFIFOINE A7 A T2 5AH W Qe F 1
E7F Aol A T10m, velocity, N10m, NT, FoG-Q X UPDRS-part
I F4roll A g-2)8t 2fol& EAth(p=0.039, 0.007, 0.015, <0.001,
0.034, 0.004) (Table 2). T3t 1027ko] A}=o] T A|Z(T10D)
of|A] UPDRS-part III % AFX|(upper limb), 2-5-5-5(akinesia)
A7t FY8A A A p=0.004, 0.016). 12|11 AF=A], 314
(lower limb), Z4(axial), 7 Z(rigidity) 12]7. SEESH2 &
o 65 5 21 A AYTOW)IHE BAR G848 1

THp=0.008, 0.008, 0.048, 0.016, 0.016) (Table 5).

2. vieB3gel 24

H]- 5572 K-NMSS€} K-PDQ39 =2 7431311, AAIA=
Igold A= 2 10 = AR(TID)A f-2fskA] =7 =3l
3(p=0.025, 0.017), 65 & FZZA} AI-(T6W) ol A = (p=0.002,
0.002) 348 BYch 184 K-MoCA, FAB F4=oj| A= x}=
A T2 Aol7h itk ARAZIEANNE AT A Tz )
&5l Aol QISiek + & 7hollA K-NMSS£}EK-PDQ39
S HluFS o FAH Fogo] BT UTHp=0.006, 0.010)
(Table 3).

Table 2. Changes of FoG parameters, FoG-Q, and UPDRS part III score from baseline to 6 weeks

Real stimulation group

Sham stimulation group

Parameters - - - — p value’
TOD T10D T6W p value® p value TOD T10D T6W p value” p value
T10m 195(9.6) 10.1(1.9) 122(4.7) 0.030" 0.124 21.3(7.8) 21.2(7.6) 31.0(19.6) 1 0.491  0.039"
TT 5.8 (4.6) 1.9(004) 24(1.3) 0056 0.179 5.0 (2.4) 5.7(2.1) 8.2(6.1) 0465 0.115 0.194
Velocity 0.63 (0.25) 1.03 (0.14) 0.91(0.28) 0.004" 0.001° 0.52 (0.18) 0.52(0.17) 0.42(0.21) 1 0264  0.007"
N10m 343(13.0) 20.6(3.9) 227(7.1) 0027 0.173 38.8(12.4) 39.8(12.5) 54.5(28.2) 0.414 0323  0.015
NT 8.1(2.6) 4.0(1.1) 3.6(1.5 0005 0.046° 8.5(3.8) 8.8(42) 11.0(56) 0564 0137 <0.001"
FoG-Q 19.6 (5.0) 9.8(2.5) 10.6(47) 0.002" <0.001" 18.5(2.1) 18(3.7) 17.8(40) 0.854 0983  0.034"
UPDRS-part Il 36.1 (9.8) 22.9(6.4) 20.7(7.7) 0.022° 0.002" 39.5(8.7) 40.0(10.2) 43.3(12.3) 0.854 0242  0.004"

p value <0.05°,<0.001"".
p value®: Wilcoxon’s signed rank test between TOD and T10D.
p value”: Repetitive measure ANOVA from TOD to T6W.

p value’: Repetitive measure ANOVA between real and sham group (Inter-group analysis).
TOD, baseline; T10D, after 10 days of stimulation; T6W, 6 weeks from the baseline; Total time in 10 m-gait; TT, Total time in turning; N10m, Number
of steps in 10 m-gait; NT, Number of steps in turning; FoG-Q, Freezing of gait questionnaire; UPDRS, Unified Parkinson’s Disease Rating Scale.
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Table 3. Changes of various nonmotor symptoms including cognitive functions

Real stimulation group Sham stimulation group .
Parameters - - - — p value®
TOD T10D T6W  pvalue" p value TOD T10D T6oW p value” p value

K-MMSE 244(4.1) 255(3.0) 267(1.9) 0572 039 23.0(4.5) 238(3.8) 22.8(33) 0854 0935 0232

3MS 79.5(12.9) 84.1 (9.0) 85.4(3.8) 0206 0.293 68.3(18.5) 71.5(11.6) 74.0(15.8) 0465 0431  0.462

K-MoCA 17.8(44) 17.5(3.7) 204(4.0) 0730 0.123 133(4.1) 12.0(55) 14.0(4.5) 0257 0485  0.264

FAB 11.9(22) 10.8(2.3) 12.0(2.8) 0.056 0.382 7.8 (1.7) 7.5(1.7) 8.0(1.4) 0.317 0.681 0.764

K-NMSS 67.6 (42.3) 36.1 (23.7) 24.9 (18.5) 0.025° 0.002°  141.8(51.7) 161.5(39.4) 191.5(47.9) 0465 0.158  0.006

K-PDQ39 61.9 (22.8) 31.5(26.9) 27.7(13.8) 0.017° 0.002°  100.0(25.9) 101.8(17.9) 102.3(13.3) 0465 0.687  0.010°

p value < 0.05",<0.001"".
p value”: Wilcoxon’s signed rank test between TOD and T10D.
P value”: Repetitive measure ANOVA from TOD to T6W.

p value”: Repetitive measure ANOVA between real and sham group (Inter-group analysis).
K-MMSE; Korean version of Mini-mental status examination, 3MS; Modified mini-mental state test, K-MoCA; Korean version of Montreal cognitive
assessment, FAB; Frontal assessment battery, K-PDQ39; Korean version of 39-item Parkinson disease questionnaire, K-NMSS; Korean version of

Non-motor symptoms scale.

Table 4. Changes of FoG using kinematic gait analysis

Real stimulation group

Sham stimulation group

Parameters - - p value”
TOD T10D p value® TOD T10D p value®

Initiation (sec) 0.88 (0.87) 0.24 (0.14) 0.012" 1.16 (1.34) 0.33 (0.22) 0.068 1
Cadence (steps/min) 105.6 (16.6) 125.5 (29.1) 0.093 131.5(47.2) 116.6 (45.7) 0.144 0.028"
Step length (m) 0.30 (0.06) 0.37 (0.15) 0.293 0.23 (0.09) 0.28 (0.14) 0.068 0.933
Step time (sec) 0.58 (0.09) 0.50 (0.09) 0.123 0.48 (0.13) 0.55(0.15) 0.465 0.048"
Stride length (m) 0.58 (0.13) 0.71 (0.30) 0.446 0.41 (0.19) 0.55(0.27) 0.068 0.933
Stride time (sec) 1.16 (0.18) 1.00 (0.20) 0.483 0.99 (0.27) 1.13 (0.31) 0.068 0.028"
Walking speed (m/s) 0.51 (0.16) 0.72 (0.31) 0.093 0.40 (0.13) 0.46 (0.15) 0.465 0.683
Double support time (%) 34.3 (6.4) 30.3(9.2) 0.208 30.2(7.7) 31.6 (4.9) 0.068 0.154

p value <0.05",<0.001"".
p value®: Wilcoxon’s signed rank test between TOD and T10D.
p value”: Mann-Whitney test between real and sham group.
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Table 5. Changes of UPDRS motor subscore from baseline to 6 weeks

Real stimulation group

Sham stimulation group

UPDRS motor subscore
TOD T10D

T6W  Change® Change’

value® p value®
TOD TIOD  T6W Change® Changebp P

Upper limb score
(item 20-25)

Lower limb score
(item 20,22,26,29)

Axial score (item 27-30)  5.8(0.9) 43 (2.1) 3.7(2.1) 1.5(1.9) 2.1 2.4)

Tremor (item 20,21) 2.8(2.0) 1.6(0.9) 1.4(1.0) 1.1(2.1) 1.5(1.8)

Rigidity (item 22) 54(3.6) 4.0(2.6) 3.7(3.1) 1.4(3.0) 1.7(3.7)

Postural instability 1.6(0.5) 1.1(0.6) 1.1(0.7) 0.5(0.5) 0.6 (0.7)
(item 30)

Akinesia (item 23-26) 13.0(4.9) 8.0(3.6) 6.4(3.0) 5.0(5.0) 6.7 (3.9)

Bradykinesia 1.4(0.5) 1.0(0) 1.0(0.6) 0.4 (0.5) 0.5(0.9)
(item 31)

143(53) 9.3(4.3) 7.6(3.3) 5.0 (4.2) 6.7 (4.6)

74(3.8) 43(1.8) 3.9(2.3)3.1(4.9) 3.6 (4.1)

14.8 (4.7) 15.8 (4.3) 15.0 (4.8) 1.0(1.2) 0.3 (2.6) 0.004° 0.008"
83(3.8) 85(2.6) 9.8(3.9) 0.3(1.5) 1.5(0.6) 0.368 0.008"

6.8(1.7) 5.8(0.5) 8.0(2.6) 1.0(1.6) 1.3(3.2) 0.808 0.048"
40(2.8) 45(1.3) 33(22) 0.5(2.1) 0.8(1.9) .0.283 0.933
6.5(4.0) 63(2.9) 8.5(3.8) 0.3(2.4)2.0(0.8) 0.683 0.016"
1.8(0.5) 2.0(0) 2.0(0) 0.3(0.5) 0.3(0.5) 0.109 0.109

12.5(4.2) 13.5(5.0) 12.8 (4.0) 1.0 (1.4) 0.3(1.9) 0.016" 0.016"
2.5(0.6) 2.0(0.8) 2.0(0.8) 0.5(0.6) 0.5(0.6) 0.808 1

p value <0.05", <0.001"".
Change": Difference between TOD and T10D.
Changeb: Difference between TOD and T6W.

p value’: Mann-Whitney test between real and shamgroup (difference TOD with T10D).
p value”: Mann-Whitney test between real and shamgroup (difference TOD with T6OW).

UPDRS; Unified Parkinson’s Disease Rating Scale.
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Figure 2. Changes of joint motion (hip, knee, ankle) between pre-rTMS
(TOD) and post-r'TMS (T10D). Significant difference was not shown
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302 CHSHMEMOIRIN| NI337 NI4%2, 2015

o] BaEAZAo] 100 AT F, 65 F 24 24} Al
oA §oJ51A EAEE BB Atz UPDRS part IIIok
AN A HEEFA ASE TADES BASYCE

oldl Aol i#OﬂHJ JJerétEOﬂ digt Wk A

7|42 270 HaE ol

WS ] e ol OE?LOM% RS AT} dakel

=

SIS R4S S FANIR BUOE LIRS
] cadence, stride length, walking speed, ratio of single support/
double support= AFelo] wla| FTAEQI, HHHoO| double
support time¥} stride time2 Z7}E]|Qict" EaF vk=al mybA
o g0l Zime] W9l hamgirkn gk of

A= AL A A EHBPEA oA nIEy, 12 9
5. §21510] 715 WSH Aelo] HIa) BElo] ol A7
o} Bt ANE WLk Arias F2| A7) S5, 109 F3b
| et Al ASE BE AR ARSI AN A5

374 cadence, velocity 2! stride timeo]|+= 1l
" 9] A7 Al A A9 Aol Mol ol
A maeze] Aolo] ek of Aol AT T}
(SHp) A4S AFTIHSR: 2] o] 780 SRS 5
7718 -85, 82 2 HA] fF ZAo Hlsf A= F
912 o eto] AT 4 Q= Ao] AT ERID TI ¥



TZIEBOIA S U HISESM0I et nFv} B 2R (RS ol

T I I I I I
55 60 (] 70 75 80

Age(years)

T T T T T T
10 20 30 40 50
AUPDRS motor-subscore

=

B
<
Qo
c
=
<
o]
0
T T T T T T
0 0.2 0.4 0.6 0.8 1.0
AVelocity
D

T T T T
0 20 40 60
AK-PDQ39

Figure 3. AFoG-Q is inversely correlated with (A) Age (R=-0.716) and correlated with (B) AVelocity (R=0.683),
(C) AUPDRS-motor subscale (R=0.603), D) AK-PDQ39 (R=0.462). A; Variation between TOD and T10D,
FoG-Q; Freezing of gait questionnaire, UPDRS; Unified Parkinson’s Disease Rating Scale, K-PDQ39; Korean

version of 39-item Parkinson’s disease questionnaire.

A7) 2GS AT/d5te] Brainsight™ AZEo]& njal
o] Felt A=79E AEtt A A=590 Fees & 4 Y
Y ol&g AztE}l A A2 10 AFE 3, 1
2|11 65= w7HA] AAAEIFo AR BYEE M55 FoG-Q,
UPDRS part 117} 34 A& ¥H22] 27|2=7<] 9joF avtet
7|HtH= 21420l GlE AASHY, F2] EYE 2R o
2> gt} AN AL 0194=0] ISR 21l T I1E71o)
A7} sj4ol| )2 sfoF 3 oz AzhETh HT ATE
A, B wEZ SRS giAte R o vk AR 2
242 ALoA 5 Hz® 5U7F A28 5 10 m Raol| A=
A|7}o] TEO} TAES HuFH oI FAlA] 25 He
2 83)7], 4352k A= 5 10 m B3| Aeli= Agto] T
E9LaL” 5 Hz2 1047 =3t 5 & 97 Bajser) 54
He Buslek” o At rReEd J&E* RSt

FoG-Q, UPDRS Part Il H47} 65714 34 AEIS 9AH

<l ol B A7IA=2] 7] 74 Fl(long term potentia-
tion, LTP)} #Hld 7hs/do] ok 2ol F=dd d+-ollA]
HHE 2] A7) A2 2 Q18] N-methyl-D-aspartate <=8
(N]\/[DA—R) g /\1—81:
(BDNF) 4137} 5718k Wagck ™ o]l A4 Jolase
H71 7 e 2dsk=t S8t 2HEsh, vd 24
AL AAd A A SlSol HAlElrk wetbA

%7 4 brain-derived neurotrophic factor

1&1 ATolN HYEA WA W0 ALHoR SHH 4

SAWE ol glot vl wgklx] gzie) & 2 9l

X% 740]E}. EG g AR A7 F ukE BYPAGS
AR e AT WMot 3o 5 oksS B3 A 2
oA BSAE fUSkS 5y oteh 8 ATk o] Ao
*1 A= oFEol tiet At 7P 2 AdEiElEes) 58

3 1:2407F Aolell A Alagick 1 olf mabele] 8% 9
oA M2 TS F7hI 1 HEslaze) SRA g

J Korean Neurol Assoc Volume 33 No. 4, 2015 303



& &0 golsHA Wolso|ws wha7] tltolth E3, vt
9] 7-2-%51) 2 (premotor cortex)o]| 4] -&FT] AR 7|54 &
Zo| muhilof| oJaf FAtE o] 7% 3ES PS4 Yok
RPsde 2 23 AE A, BxAH o= 771E o, B

me
=T
>
o
>
>
rJ
i)
El
=
dr
T
ol
K=
rr
poy
©
ofy
fo
9‘15
e 2
off
iy
f
0%
Mo
T

=
2 o grom, nyFAel 7
314 eRerhs o] olck Bl
R A ek SAUSEL 9)

S} Zoia it BAL wde

AF Te)3 67 wlasto] of Aol el uEa
HsSate] ofe] AREAS AESoch B9 Han Qe
SEFYE U IANT BES BAFAT Ul

A A=) vl 55l gt aus
=0, Hls5de] Hefyelel disf 012 1
A ¢47] wjEelt}. o] AHES T2 WA
AEAE0] e 299 A= AR &+ 5
oh ol A AThE FEo] WA o
AtAl 24=11 9o, HAALE rebdFd & A

14814 dZ=lo] ok webA AEA Ar|A=oE
A galg o B9
n) AR 3AS PALS 4 ek
5ol 348t vl A= 255
Eo] Qlt}. o] AtolNE FFEN AA= &
= H-9-5(akinesia) ¥ AFX] Z4(upper limb
=

=
a1l A

T o

ot
e
ey
rr
Y
yo 1o
0
n

i or;l
=%
N
39, 1
%2

E]
=)

NN ]
ﬂ?irﬂ
[T
rgéﬁﬂ
o
o o gz
2]
}011
N
rE
re
S

flio
¢

Holo 2 40 lo 2 oo
2
i)
mﬂ
X,
SL

¢
ool

ot of

9

oz
ﬂJIl'[
)
52
S
e
e

=)
&
Ho
O

2
+

score) 7} FAZ L8 oA SE oM, vleEs T 7

i

£} e o] Sxdo] PAH I wetq wIEYo] &
SEAT N eERA Atolo] AT 71He] 241 4= 9l

AN A7) A=l Q3f sl FFE U=

d

o

O.
o o 39
o o

dn o ®
e o>

—10{' ol -b’

z

=2
>
o & & & &2

X
2
o
fu
Jo
1o
&
}01[
)
T
R

e
Lo
r>~l
> r_lﬂ
rE
P
il
(o]
L ox
Nl
N
I
filo
i
flo
-
&
i)
o K
et
oN £ o kI
ol ol
o
=)

2
2
o 0
o
-1)4
rr
W
Z
1o
vl
oflt
oX,
m
rlo
Jo
r>4
ox,
¢

o
i
A
rr
(ol
2

304 CHSHMEMOIRIN NI337 NI42, 2015

2 Al2jst oke ol

o] QoA Pelt MAYFAS Holl TRIE Tl
Foke ol §a WHE AR IATARE QP

F o ul el e ATHE BAster o duks st
oA eRmxzel W HEEA el B A4
o AE7t 7K TE BolEgith 25 ARAE HYE
Wl izl BjolA] AIAEH el A B A
& BAjs] Slof 2A 2ol LRI dhfw Gt B
28 Zow Az

=

fr w8
[Ho
O

4
Y

o

mio
< flo Kl oR o

I

{

Acknowledgements

This work was supported by the research grant from the
research fund of 2013 Geriatric Health Care Center of Chungnam
National University Hospital.

REFERENCES

1. Bloem BR, Hausdorff JM, Visser JE, Giladi N. Falls and freezing of
gait in Parkinson’s disease: a review of two interconnected, episodic
phenomena. Mov Disord 2004;19:871-884.

2. Fahn S. The freezing phenomenon in parkinsonism. Adv Neurol 1995;
67:53-63.

3. Giladi N, Kao R, Fahn S. Freezing phenomenon in patients with par-
kinsonian syndromes. Mov Disord 1997;12:302-305.

4. Ambani LM, Van Woert MH. Start hesitation: a side effect of long-term
levodopa therapy. N Engl ] Med 1973;288:1113-1115.

5. Espay AJ, Fasano A, van Nuenen BE Payne MM, Snijders AH, Bloem
BR. “On” state freezing of gait in Parkinson’s disease: a paradoxical
levodopa-induced complication. Neurology 2012;78:454-457.

6. Okuma Y. Freezing of gait in Parkinson’s disease. J Neurol 2006;253:
27-32.

7. Wassermann EM, Lisanby SH. Therapeutic application of repetitive
transcranial magnetic stimulation: a review. Clin Neurophysiol 2001;
112:1367-1377.

8. George MS, Nahas Z, Kozel FA, Li X, Denslow S, Yamanaka K, et al.
Mechanisms and state of the art of transcranial magnetic stimulation.
J ECT 2002;18:170-181.

9. Ellaway PH, Davey NJ, Maskill DW, Dick JP. The relation between bra-
dykinesia and excitability of the motor cortex assessed using trans-
cranial magnetic stimulation in normal and parkinsonian subjects.
Electroencephalogr Clin Neurophysiol 1995;97:169-178.

10. Khedr EM, Farweez HM, Islam H. Therapeutic effect of repetitive
transcranial magnetic stimulation on motor function in Parkinson’s
disease patients. Eur ] Neurol 2003;10:567-572.

11. Pascual-Leone A, Valls-Sole J, Brasil-Neto JP, Cammarota A, Grafman
J, Hallet M. Akinesia in Parkinson’s diseases. II. Effects of subthres-
hold repetitive transcranial motor cortex stimulation. Neurology 1994;
44:892-898.

12. Khedr EM, Rothwell JC, Shawky OA, Ahmed MA, Hamdy A. Effect of
daily repetitive transcranial magnetic stimulation on motor perform-



20.

21.

22.

23.

24.

HZIEHA HAlSH

ance in Parkinson’s disease. Mov Disord 2006;21:2201-2205.

. Benninger DH, Iseki K, Kranick S, Luckenbaugh DA, Houdayer E,

Hallet M. Controlled study of 50-Hz repetitive transcranial magnetic
stimulation for the treatment of Parkinson disease. Neurorehabil
Neural Repair 2012;26:1096-1105.

. Rektorova I, Sedlackova S, Telecka S, Hlubocky A, Rektor I. Repetitive

transcranial stimulation for freezing of gait in Parkinson’s disease.
Mov Disord 2007;22:1518-1519.

. Koh SB, Kim JW, Ma HI, Ahn TB, Cho JW, Lee PH, et al. Validation of

the Korean-version of the nonmotor symptoms scale for Parkinson’s
disease. J Clin Neurol 2012;8:276-283.

. Cole MH, Silburn PA, Wood JM, Worringham CJ, Kerr GK. Falls in

Parkinson’s disease: kinematic evidence for impaired head and trunk
control. Mov Disord 2010;25:2369-2378.

. Delval A, Salleron ], Bourriez JL, Bleuse S, Moreau C, Krystkowiak P, et

al. Kinematic angular parameters in PD: reliability of joint angle curves
and comparison with healthy subjects. Gait Posture 2008;28:495-501.

. Roiz Rde M, Cacho EW, Pazinatto MM, Reis JG, Cliquet A Jr,

Barasnevicius-Quagliato EM. Gait analysis comparing Parkinson’s
disease with healthy elderly subjects. Arq Neuropsiquiatr 2010;68:81-86.

. Arias P, Vivas J, Grieve KL, Cudeiro J. Controlled trial on the effect of

10 days low-frequency repetitive transcranial magnetic stimulation
(rTMS) on motor signs in Parkinson’s disease. Mov Disord 2010;25:
1830-1838.

Pascual-Leone A, Amedi A, Fregni F, Merabet LB. The plastic human
brain cortex. Annu Rev Neurosci 2005;28:377-401.

Yip CW, Cheong PW, Green A, Prakash PK, Fook-Cheong SK, Tan
EK. A prospective pilot study of repetitive transcranial magnetic stim-
ulation for gait dysfunction in vascular parkinsonism. Clin Neurol
Neurosurg 2013;115:887-891.

Lomarev MP, Kanchana S, Bara-Jimenez W, Iyer M, Wassermann EM,
Hallett M. Placebo-controlled study of rTMS for the treatment of
Parkinson’s disease. Mov Disord 2006;21:325-331.

Huang YZ, Rothwell JC, Edwards MJ, Chen RS. Effect of physiological
activity on an NMDA-dependent form of cortical plasticity in human.
Cereb Cortex 2008;18:563-570.

Wang HY, Crupi D, Liu J, Stucky A, Cruciata G, Di Rocco A, et al.
Repetitive transcranial magnetic stimulation enhances BDNF-TrkB

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

91 HISS S0l et DFET HeEs AR RS o7

signaling in both brain and lymphocyte. J Neurosci 2011;31:11044-
11054.

Fisher BE, Wu AD, Salem GJ, Song J, Lin CH, Yip J, et al. The effect of
exercise training in improving motor performance and corticomotor
excitability in people with early Parkinson’s disease. Arch Phys Med
Rehabil 2008;89:1221-1229.

Yang YR, Tseng CY, Chiou SY, Liao KK, Cheng SJ, Lai KL et al. Combi-
nation of rTMS and treadmill training modulates corticomotor in-
hibition and improves walking in Parkinson disease: a randomized
trial. Neurorehabil Neural Repair 2013;27:79-86.

Marié RM, Barré L, Dupuy B, Viader E Defer G, Baron JC. Relationships
between striatal dopamine denervation and frontal executive tests in
Parkinson’s disease. Neurosci Lett 1999;260: 77-80.

Mattay VS, Tessitore A, Callicott JH, Bertolino A, Goldberg TE, Chase
TN et al. Dopaminergic modulation of cortical function in patients
with Parkinson’s disease. Ann Neurol 2002;51:156-164.

Suppa A, Iezzi E, Conte A, Belvisi D, Marsili L, Modugno N, et al.
Dopamine influences primary motor cortex plasticity and dorsal pre-
motor-to-motor connectivity in Parkinson’s disease. Cereb Cortex
2010;20:2224-2233.

Giladi N, Shabtai H, Simon ES, Biran S, Tal J, Korczyn AD. Construction
of freezing of gait questionnaire for patients with Parkinsonism.
Parkinsonism Relat Disord 2000;6:165-170.

Lefaucheur JP, Drouot X, Menard-Lefaucheur I, Zerah F, Bendib B,
Cesaro P, et al. Neurogenic pain relief by repetitive transcranial mag-
netic cortical stimulation depends on the origin and the site of pain. J
Neurol Neurosurg Psychiatry 2004;75:612-616.

Lima MC, Fregni F. Motor cortex stimulation for chronic pain: sys-
tematic review and meta-analysis of the literature. Neurology 2008;70:
2329-2337.

Koski L, Paus T. Functional connectivity of the anterior cingulate cor-
tex within the human frontal lobe: a brain-mapping meta-analysis.
Exp Brain Res 2000;133:55-65.

Cheeran B, Talelli P, Mori E Koch G, Suppa A, Edwards M, et al. A
common polymorphism in the brain-derived neurotrophic factor
gene (BDNF) modulates human cortical plasticity and the response to
r'TMS. ] Physiol 2008;586:5717-5725.

J Korean Neurol Assoc Volume 33 No. 4, 2015 305



