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TABELA 1.
TABLE 1. Group characteristics.

Odlike / Grupa
Characteristics / Group

IPB
PD

Cerebelarni 
sindrom

Cerebellar syndrome

Kontrola
Control

Number of subjects 8

X±SD
Age (X±SD; range)

Sex (m/f )

Right-handed / Left-handed

School (primary/high/college/university)
X±SD

Duration of disease (X±SD; range)

Drugs (number of patients)

L-dopa

Trihexyphenidyl (1)

Moclobemide (1)

HY
HY stage for PD patients (number of patients)

X SD HY Hoehn & Yahr

X – mean value; SD – standard deviation; m – male; f – female; PD – Parkinson’s disease; HY – Hoehn & Yahr clinical stage [1]

SLIKA 1.

FIGURE 1. Study subject is sitting in front of digitizing table while 
drawing with cordless mouse (left) line (task 1: line end points are 
white on screen) and (right) circle (task 2: black circle on the screen is a 
reference). Subject follows the cursor representing the mouse move-
ment on the screen. Data are obtained and stored for later analysis.



SPSS

ODSTUP

KVODS

kaoAPODS
PLUS

gativno kao MINUS
na kao RAZLIKA

REZULTATI

na slici 2 za sve ispitanike.
SPSS

ANOVA

(F p

šaja (F p

(F( p

nika grupe 1 i grupe 3 (ANOVA
post hoc

p

F p

grupe 2 i grupe 3 (ANOVA
post hoc p
ka grupe 1 i grupe 2 (p

pe 2 i grupe 3 (ANOVA
post hoc p

i grupe 3 (ANOVA post hoc
p

2 i grupe 3 (p

F p

i grupe 3 (ANOVA post hoc
p

F p

ODSTUP
ANOVA post hoc post

hoc test LSD
p

4.2. preciznost za krug

nog kruga (KVODS

(APODS
ispitanika tri grupe.

PLUS, p
MINUS, p RAZLIKA,

p

nika tri grupe (za PLUS p MINUS p
RAZLIKU p

-

SLIKA 2.

FIGURE 2. Representative examples.
Upper trace: task 1 – line; lower trace: task 2 – circle.
Left column: patient with Parkinson’s disease; middle column: patient 
with cerebellar syndrome; right column: control subject.
Each example presents several consecutive trials.



17

1 (post hoc p LSD
LSD

p

puta u odnosu na ispitanike kontrolne grupe.

trolne ispitanike.

Sredwa brzina i vreme trajawa pokreta

Beppu

TABELA 2.
TABLE 2. Statistics summary.

Broj zadatka
Number of task

Promenqiva
Variable

IPB u odnosu na kontrole
PD in respect to control

Cerebelarni sindrom u odnosu
na kontrole

Cerebellar syndrome in respect
to control

Task 1

Time longer longer

Path longer* longer*

Mean velocity smaller* smaller*

Maximum velocity smaller* smaller*

Movement away bigger bigger

Task 2

Time longer* longer

Path longer longer*

Mean velocity smaller* smaller

Movement away bigger bigger

* – statistically significant difference; PD – Parkinson’s disease

SLIKA 3.

FIGURE 3. Velocity profile during drawing a line for representatives 
from all three groups. Common “bell shape” was changed in both 
groups of patients, but in a different way.

Control

IPB
PD

Cerebellar syndrome
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COMPUTERIZED METHOD FOR ARM MOVEMENT ASSESSMENT IN
PARKINSON’S DISEASE AND CEREBELLAR SYNDROME PATIENTS
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BACKGROUND
In clinical setting, the symptoms of the impaired motor 

behavior in patients with different neurological diseases are 
identified by classical tests incorporated in clinical neurological 
examination. New computerized methods for objective motor 
assessment have been recently suggested in the literature.

We developed computerized method for assessment and 
evaluation of arm movement in patients with Parkinson’s dis-
ease (PD) in early phase and in patients with cerebellar syn-
drome. Method is based on automatic acquisition of hand coor-
dinates during drawing of line and circle, and off-line analysis 
of kinematic parameters (time duration, path length, mean and 
maximal velocity, velocity profile, and precision). Clinical appli-
cation is in recognition and follow-up of the impaired kinemat-
ic parameters, specific for these two groups of patients. 

AIM
We propose computerized method that consists of two 

motor tasks: Task 1- drawing a line defined with end points; 
and Task 2 – drawing a circle defined by referential model. The 
first task was rather simple with defined direction, and the sec-
ond included continuous change of the direction that required 
permanent adjustment. The aim was to detect which kinemat-
ic parameters were particularly different in PD and in patients 
with cerebellar syndrome in relation to healthy controls, and 
then to apply this method as an additional instrument in clin-
ical evaluation. 

METHODS
Hand trajectories were assessed during simple self-paced 1) 

point-to-point movement-Task 1; and 2) circle-Task 2, by cord-
less magnetic mouse in a hand on digitizing board (Draw-
ing board III, 305x457 mm, GTCO Cal Comp Inc). The subjects 
were seated in a relaxed manner on the chair adjusted to the 
table height, and instructed not to correct drawn line during 
performance of a task. The first session was for practicing the 
tests only, and in the next session, the subjects repeated 5 
times each task. All sessions were videotaped with CCD cam-
era. Testing included three groups: 10 Parkinsonian patients, 8 
patients with cerebellar syndrome and 10 healthy controls, age 
matched, with not known neurologic motor or sensory disor-
ders. Data were obtained using custom-made software written 
in C++, and stored in computer for further analysis. Data were 

analyzed using the Excel (ver. 9.0) and MatLab (ver. 6.0). The fol-
lowing kinematic parameters were calculated: time duration, 
path length, mean and maximal velocity, velocity profile and 
precision, and then statistically processed. Generalized linear 
model was formed in SPSS 10.0.

RESULTS
The data from all subjects and from all trials for two tasks 

were first visually inspected. In the first task, PD patients signif-
icantly differed in relation to controls in the following parame-
ters: mean and maximal velocity, while in the second task, time 
duration and mean velocity were significantly different. For 
patients with cerebellar syndrome in relation to controls, mean 
and maximal velocity, and path length were significantly differ-
ent for the first task, while in the second task, path length. For 
the task to draw a line, both groups of patients had statistically 
smaller mean and maximal velocities in respect to controls, and 
for the drawing of a circle, none parameter was at the same 
time statistically different for both groups in regard to controls. 
Between the two groups of patients, the only statistically dif-
ferent kinematic parameter was the length of drawn line. The 
velocity profile for the same task was shown as characteristic 
for the three groups.

CONCLUSION
Identifying the abnormal kinetic parameters of hand move-

ment as well as their correlation with classical clinical signs 
could be highly important in the process of patient’s motor 
control status evaluation, and could enable better understand-
ing of the course and prognosis of specific pathological entity.
Key words: idiopathic Parkinson’s disease, cerebellar syn-
drome, kinematics, drawing, line, circle
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