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bP3 METO/l 3A OTKPUBAKBGE MOTOPHNMX BJIOKOBA ¥ TOKY
BOJ/BHMX TTOKPETA PYKOM KO/ OCOBA C ITAPKMHCOHOBOM
BOJIEITRY

Mupjana b. [TOTTOBU'R!'?, Bragumup KOCTIR?, Eneonopa [IOJbUR?,
Mapxko EPLIETOBAILI?

1. Lenrap 3a MyITHOUCHMIUIHHAPHE CTyAuje YHuUBep3urera y beorpany; 2. MucturyT 3a Heyponorwjy Kimxird-

kor uentpa Cpbuje, beorpaz; 3. Llentap 3a ceH30pHO MOTOpPHY MHTepaKkiyjy YHuBep3urera y Anbypry, Jancka

KPATAK CAAPXAJ: MojeanHn 6onecHuum ¢ MNapkmHcoHoBOM Honeluky AoXMBI/baBajy NoBpeMeHe HeBosbHe 6rokaae
NpWIMKOM nokpeTa ekctpemuTeTa. OBa MnojaBa je y nMTepaTypu onucaHa Hajvelwhe 3a xon, roBop, Nucake 1 Kylarbe
no TacTaTypu v No3HaTa je nof HasnmeoM ,,bpu3nHr” (eHrn: freezing = 3aMp3aBarbe) UM MOTOPHK oK. KnuHnyka esa-
nyaumja MOTOPHMX 6N1OKOBa KOMMIMKOBAHA je 360r HMX0BE BapujabunHOCTM, Kako Ko nojeduHua, Tako 1 namehy noje-
OvHaua. pyru dakTop Koju oTexaBa HUX0BY eBaslyalujy jecTe KOPEeMcaHoCT ¢ BDEMEHOM YyHoOLLEeHa nekora. Mu cmo
pasBUAN KOMIM)yTEPCKU METOA 3a aHanm3y NokpeTa pyke ,,0dh najH” kojoM ce bonecHuum og lNapknMHCoHN3Ma knacudu-
Kyjy y OBe rpyne. Kog jenoHe rpyne ce nojaBsbyjy MOTOPHM BAIOKOBK, a KOf, Apyre — KaAa cy NokpeTn 6e3 MOTopHMX 6510-
koBa. KnacudwukaTtop je gedvHUcaH KMHEMATMYKMM NoKasaTesbMa MOTOPHOr Bnoka: TpajakemM, 6pojemM 1 BpeMEHOM
(TpeHyTKOM) HacTajarba MoTOpHOr 6rioka. Knacudukatop je ogpeheH ynopehnBarem ¢ ofnnkaMa UCTe BPCTE MOKPETa
pYKe KoL KOHTPONHE rpyrne UCNuTaHuKka, Koja ce cacTojana of ocam 34paBux ocoba, cnuyHe Aobu 1 6e3 HeypooLLIKMNX
1N MOTOPHMX Npobnema. MeTog je 3aTM NpuMerseH Ko ocam ocoba ¢ NapknMHcoHoBOM Boneluhy, kog Kojux je Beh k-
HUYKN MAEHTUDUKOBAH ,, DPUBUHT " Npu Xo4y U/vnmn MHAMKOBAH Npu NOKpeTy pyky. PeayntaTt komnjyTepcke aHanmae 350
(60 X 7 maHa) nokpeTa pykom Mo AUrnTanHoj naodv namehy ase tadke jecte aa cy Tpu 60necHWka cBpCcTaHa y rpyny ¢
MOTOPHMM 6/10KOBMMa a NeT y rpyny 6e3 MoTopHuUx 6nokoBa. NMpeanaxemo fa ce 0Baj jeHOCTaBHW 1 enKacHU METOL,
KOPWCTUM Kao [oAaTHW UCTPYMEHT Y KIMHWYKO] eBanyaumjvu 6onecHuka ¢ NapknHcoHosom 6onelwhy. [NogelwaBarem pac-
nopeaa Mepera v Tepanuvje nekoBuma npemMa BpeMeHyY MpeasiokeHn anroputaMm omoryhaBa AMPEKTHY NOBPaTHY WH-
dopmaunjy 0 HUXOBO] KOPENNCAHOCTU.

KrbyyHe peun: MNapknHcoHoBa 601ecT, ,, dPU3NHT ", MOTOPHK BM10K, MOKPEeT pykom, kuHemaTuka. (CPIT APX LIESTOK JTEK).

UDC: 616.858-07

YBO/],

MortopHu 6710KOBU Ce OJHOCE HA IPOJIA3HE IEPUOAEL Y
KOjUMa HaMepaBaHa BOJbHA MOTOpPHA AETATHOCT OWBa
KkpaTtkoTpajuo maysupauna [1-3]. To je TpenyTHO, Heruia-
HUPAHO CTalbe UMOOUIM3AlIMje KOja BEPOBATHO HACTAje
ycren gedbunura y MHALM]AU] U AT CUMYJITAHOM, OJIHO-
CHO CEKBEHI[H]CKOM Hu3BpuIaBamy mokpera. [Iunagu (Iu-
nagy) ¥ capagHuny [3] ¢y mpeyIoKIIN 1a ce KOPUCTH
OIIIITH U3Pa3 ,MOTOPHU GJIOK™ a 6 ce UCTakie (TUIH-
3upalie) CBe M3HEHAJHE enu3oje ,,dpusunra®, npexuga
y TIOKPETY WK OKJIEBARKE y CrieNu(pUIHIM CHTyauujama.
Y nurepaTypu ce u3pasu ,,(ppuUsKHr“, MOTOPHU GIOKOBH
WIN MOTOPHH ,,ppusunr® Hajuenthe xopucre 3a nedu-
HHUCAbe UCTe BPCTe HemocTaTka. KimHuvka eBamyarmja
MOTOpPHHUX GIOKOBA OTEKaHA je BEIMKOM BapujaOUIHO-
why BUXOBE MojaBe KO UCTOT GoecHuKa, u3mehy Gose-
CHHKA, KA0 ¥ U3PA’KEHOM KODEJALMjOM IbUXOBE MOjaBe
C BpeMEHOM IpuMeHe Tepanuje [4].

MortopHu 610KOBH ce jaB/bajy y BEIUKOM GpOjy 060-
Jberba, anu ¢y Hajuemrhe nmosesanu ¢ [TapkurcoHOBOM 60O-
neuthy. Kao taksu, oHu npoumpyjy kinacuuse 3aake [Tap-
KHHCOHOBE 60/IeCTH, Kao IITO Cy aKWHe3uja, OpajnKuHe-
3uja, PUTHIMTET, TpeMop U mopemehaj mocrypanHux Me-
xanu3zama [1]. Mcromasa ce xox 32 nocro [3] go 60 mo-
cro [5] ocoba c IMapkunconnosom Gosemnthy. ¥ mouerky
jaBbama MOTOpPHU GJIOKOBM Hajuenthe ce He youaBajy
eBaJIyallyjoM X0a Y KIMHUYKIAM YCJIOBUMA, ai GOJIeCHH-
M yKa3yjy HAa BUXOBY M0jaBy y KyhHum ycrmosuma (HIIp.,
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48 mocTo npu nounmamy MOKpera u 23 IMOCTO y TOKY XO-
na [6]). MoTopHE 6/IOKOBH THITMYHO HACTAjJy KacHHUje IO-
CJle TovYeTKa GOMECTH, AT UCTOBPEMEHO HUCY Y 3HAYAJHO]
KOpeJTaluju ca SKUBOTHOM 106u GonecHuka [2]. ITon Hu-
je daxrop pusuka [7], Mako ce MOTOPHU GIOKOBU BHIIIE
youaBajy Koj sxeHckux oco6a [5]. [Tojasimyjy ce y dasa-
Ma ,,oH“ u ,,0h“ y TOKy Tepanuje en-gornom [8] u Bepo-
BaTHO Cy KOPEIUCAHU C TPajabeM Tepamnuje e-f10moMm [3,
9]. Crynuja koja je yxmwyunna 800 ocoba ¢ [Tapkuncono-
BoM Gosenrthy mokasaia je JUPEKTHY KOpENalyjy mojase
MOTOpHUX 610KO0Ba ¢ TpajambeM Gomectu [10]. Vicrospe-
MEHO je TIOKa3aHO [ia je HUXOBA I0jaBa y JUPEKTHO] KO-
penanuju ¢ pasBojeM TemKkoha y roBopy u paBHOTEXH, a
Mame ¢ HOropliameM OpajuKuHe3Hje M HAIIPe[OBambEM
puruanTera. OBaKBU Pe3y/ATATH TOJPIKABA]Y KOHIIENT 1A
ce MOTOPHU OJIOKOBU PAa3JIUKYjy of OpasukuHesuje. Y He-
KHM CTyJ#jaMa je MOKA3aHO Jja HeMa KOH3UCTEHTHE Kope-
Janyje ¢ TpajameM GOIeCTH M TPeTMaHa efl-JomoM (2).

MortopHu 6I0KOBU Y TOKY HHTEPHO BPEMEHCKH Ofipe-
henux purmuukux mokpera (HIp., X0, TOBOP, MUCAE,
KyLiaibe 110 TAaCTaTypHu) y HOBHjE BPeMe Ce JeTa/bHO HC-
tpaxyje [7-12]. Ilpu xony ce mpernosHaje Kao OKJIEBambe
y cTapry, GIOKHpabe IPY OKPETY WK OIOKHpAhe y y3a-
HuM npoctopuma [3, 7]. Kog m3BpmaBama 3ajaTka Ma-
HYJTHOT KyI[aha M0 TACTATYPH TaKohe je youeHa mnojasa
MOTOPHHUX GJIOKOBA U KOja je KBAaHTH(PHUKOBAHA KAO MO-
ce6an 3uak [lapkunconose Gomectu [13].
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Youeno je na ocobe ¢ [Taprkunconosom Goremrhy mo-
Iy /a caBiajajy GIoKupame HoKpera y3 moMoh crosb-
HUX/YHYTPAIIBUX CTUMY/Iyca — CEH30PHUX, BepOATHUX
Wi KOTHUTUBHEX [14-16], Mako OHM y HEKMM Cily4aje-
BMMa MOTY ¥ Ja Y3pOKyjy moTtopae 6moxose [17]. Kog
sehune ocoba c IlapkunconosBom 6Gornemhy, momohuu
arapary, moceGHO OHHU 3ACHOBAHH HA BU3YEITHUM CTHMY-
JIyCUMa, HUCY YBEK e(DUKACHH y CIIPEYaBary MOTOPHUX
6aokoBa y ¢asu ,ou“ [15]. Y HekuM cirydajeBuma Mo-
JKe 9aK W [1a Ce WHHUIMpA WIK Mojaya HUXOBa TOjaBa
(HIp., TOBOPHM 3aJaTaK yTWYe HA II0jJaBy MOTOPHHUX
6nokoBa nipu xoay [14]). Yayrpamsu dakropu (mera-
THBHE €MOLIMje, MEHTAIHN NPUTHCIM WM Ca3HAmba) MO-
Ty [la 13a30By HACTaHAK MOTOPHUX O10KOBa [7].

¥ ckopuje BpeMe Cy pa3BujeHe CyGjeKTHBHE CTPATETH-
je Koje MOTy /a IIOMOTHY Yy IIpeBasWIa’kemy I0jaBe MO-
TOPHUX GJIOKOBA (HIIP., BEXKOAme PeTakCUpama i KOTHHU-
THUBHH IMOCTYIIIM, KA0 IUTO je miacHo Opojame [14]). To
uMa (QYHKIMOHW 3HAYA] y KIMHUYKOM TPETMAHYy, aJIH,
IITO je MHOTO BakHuje, 06e36ehyje u 60/b1 KBATUTET KU-
BoTa ocoba ¢ [TapkunconoBom Gosnenthy. Cryauja o Mop-
TANUTETy U YYEeCTAHOCTH XOCIIUTAIN3AlIY]e CIIPOBEACHA Y
HeT eBPOICKUX 3eMasba yKasasa je Ha BEJMKH [IPOLeHaT
6onecuuka ¢ [Tapkunconosom Gonemrhy [18].

LI1Jb PAIA

Y KIVHUYKUM yCIOBUMAa C€ YOOH4YajeHO MOCMATPajy
KJIACHYHY 3HAIW Topemehene Motopuke Kox ocoba ¢
[Tapkunconosom Gonmemhy. 3a ®BUXOBY 06jeKTHUBHY
KBaHTHU(UKALH]Y Y HOBHje BpeMe Cy MPEATIOKEHH HOBU
metomu Mepewma [12,19-21] 3acHOoBaHe Ha HNpUMEHH
kommjytepa. OHu He yribydyjy u npaheme mojase Kao
LITO Cy MOTOPHHU OJIOKOBH. Mu mpeiiakeMo jefHOCTa-
BaH U ePUKACAH KOMITYyTEPCKH METOJ 33 MOHUTOPHUHT
MOTOPHHX OJIOKOBA IPU BOJBHUM ITOKPETHMA PYKOM.
OcuMm craHpapgHOr padyHapa ,,HA-CH“, y KOjH Ce
MHCTAIMpa Hai nporpam (codtep), moTpedHa je joIn
camMo JuUrhTajgHa Tabima. AHanmm3a MoKpera ce o0aBiba
»O TajH®, a pe3y/Tar Cy MoAaLH KOju TOBOPE O ydecTa-
HOCTH II0jaBe MOTOPHHX OJIOKOBA, HUXOBOM Tpajamy,
KAa0 M O TPEHYTKYy HACTaHKA y OAHOCY Ha YKYyIIHO Tpaja-
b€ MIOKPETa.

METO/] PAIA
Ocam 6onecuuka ¢ [TapkunconoBom Gonewrhy u ocam 3apaBux
ocoba cimyne kuBoTHe 106w (Tabena 1) mpuxsaTumnu cy na 6y-
ny tectupanu. CTemeH M3pakeHOCTH CHMIITOMA
[MapkuHCcOHOBe GosleCTH NPUKA3UBAH je IMpeMa
ckaym Xen u Japa (Hoebn and Yahra), y3 ykynau

(Cmuka 1). Pezonmyrmmja tabne je 1000 muumja/cm, a TauHOCT
0,25 mm y XOpU30HTAIHOM M BepTHKAIHOM mpasiy. [loByue-
Ha JIMHUjA je ,,ceMmuioBaHa“ ¢ yuecranowhy ox 100 Hz, a no-
ALY Cy IPEHeTH y padyHap. 3a Ty CBPXY je CacTaB/beH MPO-
rpam (y KOMI[JyTePCKOM je3UKY Lie-ITyC).

OcHoBHa 06paja u ieTa/bHa aHam3a ypaheHu cy y nmporpa-
My MatLab 5.3 (MatWorks Co). AHanu3oBanu cy KHHEMATHY-
KM [apaMeTpH TPajeKTopuja IIaKe, a Pe3yJaTaTd IPHKAa3aHU
rpauuky u Hymepuuku. CaunbeHa je onuuja qa ce U3BeIeHU
MTOKPETH MOTY [TOCMATPATH ,,0() JIajH” pajy BU3yesHE IPOLeHEe
KBaJIUTETA MMOKpeTa.

M3 Hu3a KuHEMAaTWYKHX Mapamerapa HM3ABOJUINM CMO 3a
aHaIM3y TPU [apaMeTpa, Kao KUHEMATHYKe II0Ka3aTe/be MO-
TOpHUX OIOKOBA: Tpajame MoTopHOr Gioka (MBT), 6poj mo-
TOpPHHX GIOKOBA Y TOKY jeqHOr mokpera (N) u TpeHyTak mo4u-
Haja MOTOPHOT 6JI0Ka (1).

Tpajawe motopuor 6roka (MBT) je medunucano kao Bpe-
Me 3a KOje Ce He MeIbajy KOOPJAHHATE (X, V) U U3PasKeHO je Y Ofi-
HOCy Ha YKYIHO Tpajambe nokpera (1) y npouentuma: MBT,, =
MBT/T (%). YKOIUKO y TOKy jeHOr moKpera (iuHuja usmehy

CJTINKA 1. TecTtuparbe. CybjekT Koju ceam 3a CTONIOM Ha KOMe je
ouruTanHa Tabna uMa 3afiaTak Aa noByYe NIMHW)y Of MOYETHE Tay-
ke | po kpajie Tauke T. CHUMIbEHN Nogauy ce NpeHoce y pady-
Hap.

Figure 1 Testing: A subject seated in front of the digitizing board
has to draw the line from initial point | to target point T. Recor-
ded data are loaded in the computer.

TABEJIA 1. Onnuke 6onecHuka 1 30paBUx KOHTPONHUX cybjekaTa.
TABLE 1. Characteristics of patients and healthy controls.

pesynrar tectoBa UPDRS (Unified Parkinson’s

: ; lpyna Mapxuncomy- 3apasu KOHTPOSIHN

Disease Rating Scale). 3a Bpeme yKymnHor TecTu- Py yapu AP P
. Group PD ; Healthy controls

pama OosnecHUIM Cy OWIM Ha ONTHUMAJHO] aHTHU- . patients
NapKMHCOHCKO] Tepanuju. Tectnpame je Tpajano | bPoj/non 8/ 5x+3m 8/ 5x+3m
7 y3aCTONHUX JaHA U YBEK je OWIo y UCTO 106a Number / gender 8/5f+3m 8/5f+3m

y ¥y y CrapocT (Cpearba BpeHOCT, ofcer y rogvHama) 53.4 6.25
Aasa. . . Age (Mean, range in years) (43-75) (2-12)

Ypehaju Koju ce KOpHUCTE 3a TECTHPAE CACTO- Tpajarbe 6onectun (Cpearba Bp, Oncer y roguHama) 52.8 Huje npumersnBo
je ce on jemue mururanue tabne (Drawing board Duration of disease (Mean, range in years) (41-73) NA
111, 305 X 457 mm, GTCO CalComp Inc), c mar- Tpajaybe Tepanuje n (Cpearba Bp, orcer y rogmHama) 4.3 Huje npumersneo
HETCKIM ,, METIIEM® 1 NepCOHATHIM PauyHAPOM, Duration of therapy (Mean, range in years) (3-10) . NA

6 0 Cpeaton H&Y' ctagmjym on/off, oncer 2.5/3 Huje npumerbnBo

TNOCTaB/beHUX HMCTpes Gonechuka Ha crony. On Mean H&Y' stage on/off, range (1-3/15.5-5) NA
UCTITAHAKA CE TPAKM /1d TIOByde HHH_H]Y usmehy Cpenrbn UPDRS?II on/off, oncer 27.3/38.2 Huje npumersnBo
NBe Ha3HA4YeHe TauKe Ha AWTUTANHOj Tabmm Ha | Mean UPDRS? Il on/off range (12-45/25-72) NA

HAjIPUPOAHUJU U IHEMY HAjJIIOTOAHUJH HAYUH

1) H&Y, Hoehn & Yahr Clinical [22] stage of PD; 2) UPDRS, Unified Parkinson’s Disease Scale [23]
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20 4 #4
200 -
€
S
— 150 -
= |
100 |
|
50 |
T T T T 1
100 150 200 250 300 350
X [mm]

CIWIKA 2. TpajekTopuje (XY) wake. HenpouecupaHu nogaum 3a
6GonecHunke o napkuHcoHmama: #1 (4-or gaHa, 26-v nokpeT) n #3
(2-or paHa, 23-1 nokpeT); 1 3apaBy ocoby #4 (5-or naHa, 48-u no-
KpeT);.

FIGURE 2. Hand drawings (XY plots). Row data of PD patient #1
(on 4t day, 26™ trial), PD patient #3 (on 2% day, 23" trial), and he-
althy control #4 (on 5" day, 48™ trial).

JiBe 3a/iaTe TadKe) HACTAHE BUIIE Of jeJHOT MOTOPHOT OIOKa
(N > 1), oHIa je TIOKpeT pa3joXKeH Ha JeJoBe C GJIOKOBHUMA U
6e3 1 wuX. YKynaH MOTOpHU G0k (mbt) je Tama nedunucan
K40 CyMma MOjefltHaYHNX MOTOpHuX 6rokosa (MBT,): mbt =
MBT,+ MBT,+ MBT, +...n u3pakeH y OJHOCY Ha Tpajame Iie-
JIOKYITHOT TIOKpeTa y npouentnma: mbt, = mbt/T (%). Tode-
TaK MOTOPHOT 6710Ka () je oxpehen MoMeHTOM MoOYUBbaba MO-
TOPHOT GJI0KA ¥ M3PAXKEH je y OHOCY Ha YKYIIHO Tpajarbe I10-
Kpera y mpouentuma: t, = t/T (%).

Asropuram 3atuM yKibydyje KnacuukaTtop nokpera, ogpe-
ben momohy mpoceune BeMUMHE KUHEMATHYKMX [OKA3aTelba
MOTOPHHUX GIOKOBA UCTe BPCTE TIOKPETa, U3MEPEHNUX KO, 3[pa-
BUX 0coba. 3a cBakor GosecHuKa of [TapkuHcoHOBe GosecTn
3aTUM ce Mepe ucTu mapamerpu u ynopebyjy ¢ mpoceunom Be-
JIMYUHOM MCTe cTapocHe rpyie. [IpuMeHOM cTaTUCTHYKOr ma-
keta (ANOVA), a Ha OCHOBY CTATUCTHYKE 3HAYAJHOCTH PA3IH-
ke (p < 0,01), KUHEMAaTHYKHX [TOKa3aTe/ba MOTOPHUX OIOKOBA
usmehy oco6a ¢ ITapkunconoBoM Gosenthy U 31paBux 0coba,
CBaKU GOJIECHUK CE CBPACTABA Y je/iHy Of [BE IpyIie: C 0jaBOM
MOTOPHHUX OJIOKOBA U Ge3 MojaBe MOTOPHHX OJIOKOBA.

PE3VYJITATU
Tpajexropwuje (xy) cBux MoOKpeTa KO, CBUX GOJIECHUKA U
3[paBuX ococha rpoliiecupane cy u ananusupasne. Cru-
Ka 2 1OKasyje THIIMYHE TPajeKTOpUje CHUMJbECHE KOJ

3004 T=T,+MBT+T, -
MBT,,=MBT/T[%]
2504 t,=t/T[%], N=1
—. 200+
€
£
% 150
100 1l 153
Mpe MB MBI, Mocne MB
50 { Before MB After MB
¢ 4 - >
| A
T T T T T T
0 200 400 600 800 1000 1200 1400
Bpewme [ms]
Time [ms]

CNUKA 4. JeTarbHu Npukas XopuaoHTanHe (x) KOOMMOHeHTe no-
kpeTa 6onecHuka #3 ca cnuke 3 (oecHo). Bpeme je panoxeHo y
TpW y3acTonHa nepuoja: npe MoTopHor 6510ka, MoTopHu 610k (N
= 1) n nocne moTopHor 6oka. [NovyeTak MoTopHOT 6510Ka je 03Ha-
YeH ¢ t. Tpajarbe moTopHor 651oka (MBT), Kao 1 HEeroB noyeTak,
MOry Aa ce n3pase y NpoLeHTUMa Yy OAHOCY Ha YKYMHO Tpajarbe
nokpeta: MBT,, n t,. Y npukazaHom npumepy je MBT,, = 9 no-
cTo u t,, = 40 nocTo. lNpukasaHy cy npouecupaHn nogauy.

FIGURE 4. Detailed presentation of the horizontal (x) component
of hand drawing in PD patient #3 from Fig. 3 (right). Time is de-
composed into three consecutive periods: before motor block,
motor block, and after motor block. Motor block onset is denot-
ed with: t. Motor block duration (MBT) and start (t) can be ex-
pressed in percentage of movement duration as MBT,,, and t.,.
In the example presented, MBT,, _ 9% and t,, = 40%. Processed
data are shown.

ocob6a c [Tapkunconosom 6omemrhy (#1 u #3), kao u Kop,
3npase ocobe (#4) y koopauHaTHOM cuctemy (xy). Huje
yowbHBa pasiuka usmehy oBux Tpajekropwuja.

Axo ce KOMITOHEHTe (X, y) TPajeKTOPHja MPUKAXKY Y
3aBucHocTu of Bpemena (Cnuka 3), MOKe ce KOf HEKUX
YOUMTH TOjaBa jeJHOr wiu Buire ,Iwatoa“ (Cnuka 3,
JIeCHO). YOoubHBa je pasnuka usMehy mapa KoopiuHaTa
(x,y) TpajexkTopmja cybjexta #3 (mecHo) u cybjekara #4
(y cpepuuu) u #1 (neBo), Kao u ciuuHOCT U3Mehy cy-
6jexra #3 u cybjexra #1. YBHIOM Yy mojaTKe O MCHHTA-
HULMMA, 3aK/by4yjeMO JAa OBAaKaB IPadpuyK¥ MPUKA3
oKasyje Aa je camo jegaH G6poj moKpeTa Koz ocoba 060-
JICJIUX O[] HapKI/IHCOHOBe 6OHCCTI/I C/IM9aH MOKpeTuMa
3apasux ocoba. Ha cimmmm 3, To je mokper GonmecHuKa
#3, IITO HUje CIy4aj C MPUKA3aHUM IIOKPETOM Obostere
ocobe #4.

Cnuka 4 pera/bHO NpUKa3syje K-
HEMAaTHYKe TOKA3aTe/he MOTOPHHUX

™| 3ppasa ocoba #4 MapknHcoHndap # I Napkurconmuap #3 6ioxosa (MBT, N, ).

*| Healthy control #4 PD patient #1 - ‘ - AHanM30M KUHEMATUYKUX TOKA-
£ g "// : : 3aTe/ba MOTOPHUX OJIOKOBA, Tj.,
E ™ '/’ ‘ Tpajama MoTopuux 6nokosa (MBT),
& ” et ‘ 6poja MOTOPHHX OJIOKOBA Y TOKY

1 ! / ‘ jemuor mokpera (N), Kao u moveTka

“ Y P I s o HACTaHKAa MOTOPHHX OJIOKOBA (1)

o Bpewe [ms] Bpewe [ms] Bpewe [ms] CBUX CHMMJbCHUX TPajeKTOpHja 1a-
Time [ms] Time [ms] Time [ms] ke, yrBpheHo je ma cy oHmM KOJ He-

CJTNKA 3. XopusoHTanHa (x) n BepTukanHa (y) KoMnoHeHTa TpajekTopwje Lwake ca Civke 2.
JleBo: 6onecHuk #4; cpeanHa: 6onecHuk (#1); necHo: 6bonecHuk (#3). MB o3Ha4aBa MOTOp-

HK BNOK.

FIGURE 3. Horizontal (x) and vertical (y) components of hand trajectories shown in Fig.2.
Left: healthy control #4; Middle: PD patient #1; Right: Patient #3. MB is a motor block.
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KUX TOKPeTa BeJIMYUHE HYJIa; Y
OCTaNINM, TJie Cy BEIMYUHE Pa3IHIu-
Te Of1 HyJle, OHH Cy BPJIO IPOMEHJbU-
BH, KaKO KO/, jeIHOT GONeCHHUKA, Ta-
ko u usmehy wux. Cmuke 5, 6 u 7
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CIMIKA 5. NHTepBapujabunHocT 6poja MoTopHUx 6nokosa (N) 3a
GonecHuka #3 y Toky 7 gaHa TecTuparba (350 n3segeHux nokpe-
Ta). Hajsekn 6poj moTopHMx 6nokoBa je 6uo N = 8.

FIGURE 5. Inter-variability of a number of motor blocks (N) of

patient #3 during 7 testing days (350 trials). The highest number
of motor blocks was N = 8.
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CJ/WKA 6. ViHTepBapunjabunHOCT MOMEHTa MoveTka MOTOPHMX
6nokoBa (t,) Kon 6onecHuka #3 y Toky 7 faHa TecTuparba (350
N3BEAEHNX MOKPETA).

FIGURE 6. Inter-variability of MB appearance (t,,) of the patient
#3 during 7 testing days (350 trials).
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CIMUKA 7. NnTepsapunjabunHocT Tpajatsa MoTopHor 6noka (MBT,,)
ko 6onecHuka #3 y Toky 7 gaHa TecTuparsa (350 naseneHux no-
kpeTa). Hajekn 6poj moTopHux 6nokosa je Tpajao 5-10 nocTo of
Tpajarba nokpeTa.

FIGURE 7. Inter-variability of the duration of motor blocks (MBT,,)
of patient #3 during 7 testing days (350 trials). The majority of mo-
tor blocks lasted between 5 and 10 % of the movement duration.

[IPHUKa3yjy KaKo ce Mebajy OBU apaMeTpH 3a jeHOr 6o-
JIECHHKA TOKOM 7 JaHa Tectupama (50 mokpera X 7 nma-
Ha = 350 nokpera).

Anamu3om mogaraka ca ciaMke 5 mobujamo cienehe
pesynTare 0 IPOMEH/BUBOCTH GpOja MOTOPHHUX GJIOKOBA
(N) TokoM cesmMOmHEBHOI TeCTUpamwa, KoL OOJIEeCHUKA
#3 je 6una cnegeha pacnomena 6poja MOTOPHUX GIIOKO-
Ba y TOKy moKpeta: 45 mocTo mokpera je 6€3 MOTOPHUX
6nokoBa (N = 0); 20 mocro (N = 1); 15 mocro (N = 2);
11,5 nocro (N = 3); 5,7 mocto (N = 4); 0,3 mocto (N =
5); 0,7 mocto (N = 6); 0,3 nocro (N =7) u 1 nocro (N
= 8). To 3Haum ma je ckopo mosnoBuHA MOKpeTa (45 mo-
cro wmu 157 op 350 Tectupanux) 6mia 6€3 MOTOPHHUX
6JIOKOBA, a /a je y LPYyroj ITOJOBUHU MOKPETa GHIO Off
jelHOT IO 0CaM MOTOPHUX OJIOKOBA.

Pacnogena mponeHTtyanmHOr Tpajamba MOTOPHUX OJIO-
koBa (MBT,,) y omaOCY Ha yKymHO Tpajame nokpera (1)
npu ToMme je 6una cneneha: y 14,5 mocro mokpera mpo-
LIEHTYAaJHO TPajarbe MOTOMEX GJIOKOBA y OIICETY je GHIIO
on 0 go 5 mocro (MBT,, = 0-5 nocro); 56 nmocro (MBT,,
= 5-10 mocro); 22 nocro (MBT,, = 10-15 nocro) ; 5,5
nocro (MBT,, =15 20 nocto) u 2 nocro (MBT,, = 20-
25 nocro). Huje 6uno 6;10k0Ba KOju Cy Tpajaiu LyKe of,
25 mocrto op yKymHOr Tpajama rnokpera. OBaj pesysrar
nokasyje 1a je Hajsehu 6poj MotopHux 6;10K0Ba (56 MO-
cro) 6uo y panry 5-10 mocro og Tpajama mokpera T.
ITouerak HacTanKa MOTOpHHUX 6I0KOBA (t,,) TIOKA3a0 je
cnenehy pacriozeny: 3 mocto GJIOKOBA je MOYesO Y MPBO)
yeTBpTHHH, 17 mOCTO y ApyroOj, 36 mocto y tpehoj u 44
MOCTO y MOC/IEAR0j] YeTBPTUHU Tpajama mokpera. Oa-
KaB pe3ysTar mokasyje fa 6poj MOTOMHUX GIIOKOBA pacTe
KaKO Ce IMOKPET MPUBOH LIUIbY.

TaGena 2 npukasyje mpocedHe BelIndnHe: Gpoja Mo-
TopHUX G10KOBa (N), YyKyIHOT Tpajama CBUX MOTOPHUX
GJIOKOBA y IIPOLIeHTHMA (b, ) 1 TPEHYTKA [OYETKA MO-
TOPHHX 6JIOKOBA y TIPOIEHTHMA (f,,) 32 UCTOT GOIECHH-
Ka y TOKy 7 JaHa TeCTUpama. ¥ MOC/IeiHh0] KOJIOHH Ta-
Gene 2 mpuKasaHa Cy IPOCEYHA BPEMEHA Tpajama Io-
kpera (T) y ogrOCy Ha koje cy uspauyHatu mbt, ut,,.

Kama ce cymupajy pesynaratu 3a ocaM TEeCTHPaHHUX
ocob6a c [TapkunconoBom 6onemnthy, Buau ce na ce KuHe-
MaTHYKH TI0Ka3aTe/bl MOTOPHUX OJOKOBA CTATHCTHYKH
3HAYajHO Pas3nuKyjy 3a Tpu 6omecHuka (p < 0,01), a 3a
IIeT Ce He Pas3/IMKyjy CTATUCTUYKU 3HAYAJHO y OJHOCY Ha
onromapajyhe mpocedyHe BenmuMHE 3a OCaM 3[PaBHX
oco6a. Ha taj mauun cy Tpu 6onecauka knacupuroBaHa
y rpyny [lapkuHcoHOBUX GO/eCHHUKA KOJ KOJUX MPH/IH-

TABEJTIA 2. OncTtpubyumja KnHemMaTuykmx mnokasaTerba MOTop-
H1x 6nokoBa TOKOM 7 AaHa TecTuparka 3a 6onecHuka #3. MNpuka-
3aHe Cy NpoceyHe BeNMYMHe ca cTaHAapAHOM AeBWjaLmnjoM.
TABLE 2. Distribution of kinematic indicators of motor blocks
(mean + SD) during 7 days of testing of patient #3.

gz; N mb,,[%] t,[%] TIms]
1 0.7+1.1 11.8 = 3.1 89.2 + 25 424.4 + 231
2 06 +0.9 147 + 3.9 51.8 + 32 297.6 + 78
3 08 +1 6.2+18 32.3+18 307.6 + 122
4 06+0.8 128 +2.3 71.8 £ 21 543.4 + 290
5 16+15 159+44 64.6 + 37 293 £ 92.8
6 22+21 16.3 +4.8 49.8 + 42 386.7 + 182
7 22+19 16.7 £ 6.1 59.7 + 30 438.6 + 249
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INTRODUCTION

An algorithm to study hand movements in patients with
Parkinson's disease (PD) who experience temporary, invol-
untary inability to move a hand have been developed. In lit-
erature, this rather enigmatic phenomenon has been descri-
bed in gait, speech, handwriting and tapping, and noted as
motor blocks (MB) or freezing episodes. Freezing refers to
transient periods in which the voluntary motor activity being
attempted by an individual is paused. It is a sudden, un-
planned state of immobility that appears to arise from defi-
cits in initiating or simultaneously and sequentially executing
movements, in correcting inappropriate movements or in
planning movements. The clinical evaluation of motor blocks
is difficult because of a variability both within and between
individuals and relationship of blocks to time of drug inges-
tion.

In literature the terms freezing, motor block or motor freez-
ing are used in parallel.

AIM

In clinical settings classical manifestations of Parkinson’s
Disease (akinesia, bradykinesia, rigidity, tremor, axial motor
performance and postural instability) are typically evaluated.
Recently, in literature, new computerized methods are sug-
gested for their objective assessment. We propose monitor-
ing of motor blocks during hand movements to be integrat-
ed. For this purpose we have developed a simple method
that comprises PC computer, digitizing board and custom
made software. Movement analysis is ,off line”, and the
result is the data that describe the number, duration and
onset of motor blocks.

METHOD

Hand trajectories are assessed during simple volitional self
paced point-to-point planar hand movement by cordless
magnetic mouse on a digitizing board (Drawing board Ill, 305
x 457 mm, GTCO Cal Comp Inc), Fig. 1. Testing included 8
Parkinsonian patients and 8 normal healthy controls, age
matched, with unknown neurologic motor or sensory disor-
ders, Table 1. Three kinematic indicators of motor blocks: 1)
duration (MBT,,); 2) onset (t,); and 3) number (N) of MB
episodes, allow identification and quantification of motor
blocks. Duration of motor blocks (MBT) is defined as the
time sequence when (x,y) coordinates do not change their
values and is expressed in percentage from the whole
movement duration MBT,, = MBT/T (%). If during some
movements more than one motor block occurs (N > 1) then
this movement is decomposed. The whole movement
motor block (mbt) is the sum of all motor blocks MBT,; dur-
ing the same movement and expressed in percentage from
the whole movement duration mbt,, = mbt/T (%). The onset
of motor block (t) is determined with the beginning of motor
block and expressed in percentage from the whole move-

ment duration: t,, = t/T (%). After the determination of kine-
matic indicators of motor blocks (MBT, N, t) for healthy con-
trols, their mean values are calculated. Statistical package
ANOVA is applied to determine statistical significance of the
difference between PD patients and mean values from age
matched control healthy group. PD patients are then classi-
fied into two groups: one group consisting of PD patients
with motor blocks and the other without motor blocks, sim-
ilar to healthy controls.

RESULTS

Acquired movements are processed and analyzed. Fig. 2 is
an example of hand trajectories. Time course of (x, y) coor-
dinates indicates motor block appearance, Fig.3. Detailed
presentation of kinematic indicators of motor block (MBT, N,
1) is in Fig. 4.

Intra-subject variability of these parameters is presented in
Figs b, 6 and 7 for patient #3. The results for N show that
45% of all patients #3 movements had none motor blocks (N
=0); 20% had N = 1; 15% had N = 2; 11.5% had N = 3;
5.7% had N = 4; 0.3 % had N = 5; 0.7% had N = 6; 0.3 %
had N = 7 and 1% had N = 8 motor blocks. The results for
t,, show that 3% of all patients’ #3 blocks started at first
quarter, 17% started in the second, 36% in the third, and
44% in the last quarter of movement. The results for MBT,,
show that 14.5% of all movements had MBT,, in the range
0-56%; 56% had MBT,, 5-10%; 22% had MBT,, 10-15%;
5.6% had MBT,, 15-20% and 2% had MBT,, 20-256%. No
block lasted more than 25% from the whole movement
duration.

Table 2 is the summary of mean variability for kinematic indi-
cators of motor block (N, mbt,, t,) and for the movement
duration T during a 7 day-testing of patients #3.

The analysis of calculated data for eight tested PD patients
revealed a significant difference (p < 0.01) between healthy
controls and three PD patients; data on five PD patients
were not significantly different (ns). This method clustered 3
PD patients in the group that experience motor blocks, while
the rest were in the group without their significant occur-
rence.

DISCUSSION

This algorithm is an additional instrument in classical evalua-
tion of PD patients during their clinical evaluation and treat-
ment. It provides to clinician a rapid feedback on the chan-
ges of voluntary hand movements in everyday progress of
illness. Furthermore, this method could be of assistance for
developing strategies to overcome motor blocks in arm mo-
vements at their beginning, as well as for the feedback of
the success of drug therapy.

Key words: Parkinson’s’ disease, ,freezing”, motor block,
hand movement, kinematics. (SRP ARH CELOK LEK).
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KOM IIOKpeTa PyKy HACTajy MOTOPHHU OJIOKOBH, [IOK je
MIPEOCTaNNX IeT GOJEeCHWKA CBPCTAHO Y JPYLy TCPyIIy
[MapkuncoHOBHUX GOMIECHUKA YMje TTOKPETe PYKY HE Of-
JIUKY]y MOTOPHU GJIIOKOBH.

OVICKYCHJA

PasBujeH TeXHUYKH CHCTEM MOJXKE Jia C€ KOPUCTH Y KJIH-
HUYKUM YCJIOBMMA Y UCIUTHBaIby OosiecHuKa ¢ [lapkuH-
coHOBOM Gostenthy 3a pano yrephuBame mojase MOTOp-
HUX OJIOKOBA MPUIUKOM MOKpeTa pykoM. OH UCTOBpe-
MeHO oMoryhaBa M CBAKOZHEBHO HCIIUTHBAMC Bapuja-
OWIHOCTH BHUXOBE [10jaBE Y OQHOCY Ha ClieluuIHy Te-
pamujy. Mnentudukanyja MOTOPHHUX OIOKOBA, KAO H
IBMXOBA KOpEJIAlja C KIACHYHNM 3HAI[MMA, 3HA4YajHa je
y KJIMHUYKOj eBanyauuju GosecHuka, jep omoryhasa 6o-
Jbe pasyMeBame TOKa U nporuose 6onectu. [lojaBa mo-
TOpHHUX O710KOBa Aenu ocobe ¢ ITapkurconoBOM GoOIME-
why y [Be rpylie ¥ BUXOBUM IIOHAB/bAHUM HCIIUTHBA-
BEM W aHAIM3OM Je(PUHUCAHUX MApaAMETApa MOXKE Ce
dbopmuparu 6as3a mogaTraka Koja je mpeaycioB 3a pasy-
MeBame I0jaBe MOTOPHUX 610K0Ba. Beoma je BakHO 1a
ce yK/by4M WM cTaTHcTHuka aHanusa [18, 19] y o6pany
MojiaTaka, MoCeOHO Jja ce UCIUTYje BapHjabuInTeT y Of-
HOCY Ha HIIP. Tepamnujy.

JIMTEPATYPA

. Narabayashi H, Nakamura R. Clinical neurophysiology of freezing in
Parkinsonism. U: Delwaide PJ, Agnoli A (Eds). Clinical Neurophysiolo-
gy in Parkinsonism. Elseviers, Amsterdam 1985;49-57.

. Ringendahl H, Sierla T. Freezing phenomenon in Parkinson’s disease.
Fortschr Neurol Psychiatr 1997;65:435-45.

. Giladi N, McMahon D, Przedborski S, Flaster E, Guillory S, Kostic V
et al. Motor blocks in Parkinson’s disease. Neurology 1992;42:333-9.
4. Carr ], Shepard R. Neurological Rehabilitation — Optimizing Motor

Performance. Butterworth Heinemann 2000.

. Lamberti P, Armenise S, Castaldo V, de Mari M, Iliceto G, Tronci P et
al. Freezing gait in Parkinson’s disease. Eur Neurol 1997;38:297-301.

. Nieuwboer A, De Weerdt W, Dom R, Lesaffre E. A frequency and cor-
relation analysis of motor deficits in Parkinson patients. Disabil Rehabil
1998;20(4):142-50.

. Giladi N, Kao R, Fahn S. Freezing phenomenon in patients with parkin-
sonian syndromes. Mov Disord 1997;12:302-5.

. Quinn NP. Classification of fluctuations in patients with Parkinson’s di-
sease. Neurology 1998;51(2 Suppl 2):25-29.

. Stern GM, Lander CM, Lees AJ. Akinetic freezing and trick movements
in Parkinson’s disease. ] Neural Transm Suppl 1980;16:137-41.

10. Giladi N, McDermott MP, Fahn S, Przedborski S, Jankovic J, Stern M
et al. Feezing of gait in PD: prospective assessment in the DATATOP co-
hort. Neurology 2001 26;56(12):1712-21.

11. Giladi N, Traves TA, Simon ES, Shabatai H, Orlov Y, Kandinov B et al.

Freezing of gait in patient with advanced Parkinson’s disease. ] Neur

Transm 2001;108(1):53-61.

—_

N

W

“

N

~

o«

el

Pyxoiiuc je gociiasmen Ypegnumiuey 6. XII 2001. todune

12. Eichhorn TE, Gasser T, Mai N, Marquardt C, Arnold G, Schwarz et al.
Computational analysis of open loop handwriting movements in Par-
kinson’s disease: a rapid method to detect dopamimetic effects. Mov
Dis 1996;11(3):289-97.

13. Ziv I, Avraham M, Dabby R, Zoldan ], Paldetti R, Melamed E. Early-
occurrence of manual motor blocks in Parkinson’s disease: a quantitati-
ve assessment. Acta Neurol Scand 1999;99:106-11.

14. Camicioli R, Oken BS, Sexton G, Kaye JA, Nutt JG. Verbal fluency task
affects gait in Parkinson’s disease with motor freezing. J Geriatr Psychi-
atry Neurol 1998;11 (4):181-5.

15. Darmon A, Azulay JP, Pouget J, Blin O. Posture and gait modulation us-
ing sensory or attentional cues in Parkinson disease. A possible appro-
ach to the mechanism of episodic freezing. Rev Neurol (Paris) 1999;
155(12):1047-56.

16. Macht M, Ellgring H. Behavioral analysis of the freezing phenomenon
in Parkinson’s disease: a case study. ] Behav Ther Exp Psychiatry 1999;
30(3):241-7.

17. Kompoliti K, Goetz CG, Leurganns S, Morrissey M, Siegel IM. ,,On*
freezing in Parkinson’s disease: resistance to visual cue walking devices.
Mov Disord 2000515(2):309-12.

18. Berger K, Breteler MM, Helmer C, Inzitari D, Fratiglioni L, Trenkwal-
der C et al. Prognosis with Parkinson’s disease in Europe: A collabora-
tive study of population-based cohorts. Neurology 2000;54(11 Supl
5):524-7.

19. Ghika J, Wiegner AW, Fang JJ, Davies L, Young RR, Growdon JH. Por-
table system for quantifying motor abnormalities in Parkinson’s disease.
IEEE Trans BME 1993;40(3):276-83.

20. Hacisalihzade SS, Manour M, Albani C. Optimization of symptomatic
therapy in Parkinson’s disease. IEEE Trans BME 1989;36(2):363-72.

21. Jobbagy A, Furnee EH, Harcos P, Tarczy M. Early detection of Parkin-
son’s disease through automatic movement evaluation. IEEE Trans
EMB 1998;March/April:81-8.

22. Hoehn MM, Yahr MD. Parkinsonism: onset, progression and mortali-
ty, Neurology 1967;55:259-72.

23. Fahn S, Mardsen CD, Calne DB, Goldstein M (Eds). Recent develop-
ments in Parkinson’s disease. Vol 2. Florham Park, NJ: MacMillan He-
alth Care Information, 1987.

Baxasnocm

Munucmapcemey 3a nayxy, mexwonrozujy u pazeoj Cpéuje 3a oeau-
MUHHO PuHaAHcUparbe pada Ha 080M NPojeknty, kKao u npogecopy
Munany Ilpoxuny ¢ Eaexmpomexnuuxoe ¢axysmema y beozpa-
0y 3a 16208 NPOZPAM 3a PAHYHAP KOJU CMO KOPUCTIUAU NPU AKEU-
3uyuju nooamaxa.

MIRJANA POPOVIC

Centar za multidisciplinarne studije
Univerziteta

11 030 Beograd, Kneza Viseslava 1
Tel./faks: 555-258

PO BOX 33

e-mail: mpo@ibbi.ibiss.bg.ac.yu

381



