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A Simple and Objective Method for Evaluating Wrist and

Hand Movement’s Accuracy

Bassem G, El Nahass, Sc. D., RPT.

Department of Traumatology and Orthopaedic Physical Therapy, Faculty of Physical Therapy. Cairo Universiry.

Restoration of wrist and hand function after neuro-musculo-skeletal injuries is a problem facing
the rehabilitation team. In this study wrist and hand performance was studied using graphical
computer |interface used in personal computers for two groups of subjects. The two groups included
a group of normal subjects, and a group of putients after successful completion of rehabilitation
program following lower cervical roots involvement. Subjects tracked targets at one. and pwo-
dimensional motions at various frequencies. The results showed that the patients group
perj’ormaqce was  significantly inaccurate. The system proved to be simple, accurate, and practicul

in evaluation of the hand rehabilitation program.
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hysical  therapists see patients
presenting with a variety of cervical
spine symptoms. Treatment of the
symptoms could be achieved by
acknowledging the dysfunction of the
cervical, and/or the upper extermity. The
individual| experience of symptoms involve a
variaty of excitatory and inhibitory reflexes
occuring |at spinal, and supra spinal levels.
Dysfunction, in fact, can exist in the absence
of any subjective complaints®®,

After rehabilitation the individuals go back
to  work, ‘Ln the work place, productivity is
essential, that means they have to be both
accurate and fast. Graphical user interfaces
such as | Microsoft Windows (Microsoft,
Redmond, WA) are now the standard in

personal computer™. A mouse {pointing
device) is used for traget tracking tasks in
order to investigate the effectiveness of the
subjects in the use of the pointing device, that
is, how fast can he move while maintaining
accuracym”. The purpose of this study was to
use a commercially available computer
interface as an objective method for evaluating
wrist and hand movement accuracy; and to
investigate the possibility that, some ievels of
sensori-motor integration dysfunction can siill
exist after successful completion of a
rehabilitation program for lower cervical roots
involvement, even in the absence of any
subjective complaints.
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Subjects :

Two  groups of volunteer subjects
participated in|the study. The patients group
consisted of twenty subjects (8 females and 12
males), aged 29 to 58 years (Mean age, 42.25
years, standard deviation, 8.16 years) with

\ . .
confirmed lo]jver cervical roots involvement

following s
rehabilitation

coessful completion of a
program. The normals group

consisted of twenty healthy subjects (9 females
and 11 males), aged 25 to 55 years (Mean 37
years, standard deviation, 9.45 years). All

subjects gave
experiment.

their written consent to the

Instrumentation :

An IBM-¢

equipped  with

Microsoft Mo

ompatible personal computer,
Microsoft serial mouse and
use Driver 9.0, was used for this

study. A program was written to get a constant

sampling at 19

Procedure :
The compu
spatial dimens;

Hz.

ler mouse sense motion in two
ions; horizontal (x) and vertical

(y). To evaluate the performance a target

moving in one,

and two dimensions were used.

One-dimension (1-D) tracking :

A vertical
computer moj
pixels, corresy
displacement.
the right sidg
subject (racke
cursor on the
(horizontal) cc¢
was disregarde
tracking experl
Two dimensior

line was displayed on the
itor, its length was 50 VGA
ponding to 2.6 cm of mouse
A small target oscilated along
> of the line sinusocidally. The
d the target with the mouse
other side of the line. The x
mponent of the mouse motion
d by the program during the 1-D
ments.

1al (2-D) tracking :
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A circle was displayed on the computer
monitor;, it’s diameter was 50 VGA pixels,
corresponding  to 2.6 cm of mouse
displacement. A small target moved around the
circle and the subject tracked it with the mouse
cursor. The x and y (borizontal and vertical)
velocity components of the target were both
sinusoidal, and both components were allowed
by the program for the mouse cursor signal.

For both i-D, and 2-D testing a sample
cycle was displayed at the start of cach test'.
Subjects were tested at 8 frequencies (0.4 Hz
o 4.6 Hz) for the 1-D testing, and 4
frequencies (0.4 Hz to 2.6 Hz) for the 2-D
testing. Data were recorded from four cycles at
each frequency for each subject at a
randomized order.

Data analysis :

During tracking smusoidal tlargets human
subjects exhibited a transient response lasting
between 0.5 sec. to 1 sec., before reaching a
steady state™. For all testing cycles the intial 1
sec. of the data was not included in the
analysis. Student t-test was used to determine
significance of differences between the two
groups, differences were considered significant
at P <.05.

Accuracy Index (Al) was calculated as follow:

g=t-0

where tis target motion {input}, o is the cursor
location (output), and e is the error vector. The
root-mean-square (RMS) values of the error
vector ¢ and the target signal t are € and a,
respectively™. The over all accuracy of the
subject 1s represented by:

Al-1-5

a,
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Table I, and Figure 1, show the Al results
for the 1-D experiment. The normal’s group
performance was more accurate than that of
the patient’s group atall frequencies and was
significantly accurate P < .05 at 1.7 Hz, and
2.0 Hz.

The normal’s group Al was significantly
greater than zero p < .05 at frequencies up
through 1.7 Hz. The patients groups Al was
significantly greater than zero p <.05at0.4
Hz, and 1.0 Hz.

Table (1); The accuracy index (Al) for the I-D
experiment:

Frequency Accuracy Index
Hz
Normals Patients

0.4 0.68 0.60
1.0 0.52 .32
1.7 0.42% -0.18
2.0 0.03* -0.48
2.7 -0.08 -0.41
3.0 -0.09 -0.18
3.7 -0.20 -0.40
4.6 -0.12 -0.40

* significant
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Fig. (I): Accuracy index of both groups, 1-D
performance.

Table 2 and figure 2 show the Al results for
the 2-D experiment. The normal’s group
performed significantly better p <.05 than the
patients group at 0.4 Hz, and 1.7 Hz. The
normals group Al was significantly greater
than zero p <.05at 0.4 Hz, and 0.8 Hz while
the patients group was not significantly
positive at any point.

Table (2): The accuracy index for the 2-D
experiment;

Frequency Accuracy Index
Hz
Normals Patients
0.4 0.64* .05
0.8 0.50 0.03
1.7 0.15* -0.36
2.6 -0.28 -0.48

* signiticant

0.8

0.4

02

0.2

04

16

Frequency Hz

i —8—- Normal ~~— Patient ‘
Fig. (2): Accuracy index of both groips, 2-D
performance.

The Al greater than zero was considered the
lower limit of the band width where the
subject can perform the task with an
acceptable degree of accuracy.
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The study |investigated the wrist and hand

movement’
cxecuting

possible control

movements
were  studi

both accuracy, and speed in
fast, targeted movements. The
strategies used in fast
to unpredicatable changing-ta:rg,ets
ed by many investigators 2568

These studies have not completely clarified

this issue.

The study presented here has

addressed the subject under new methodology
to study the peripheral control of fast hand

movements.
movements
patients

and to qualitatively compare
produced by normal subjects and
with  lower cervical  roots

involvements after successful completion of

rehabilitation  programs.

Two-dimensional

tracking was used in addition to one-
dimensional tracking to allow for time interval

analysis at ¢
The data o

, more complex level'',
btained showed that 1.7 Hz is the

maximum bandwidth for tracking targets using

a computer

mouse.

The bandwidth could be increased with longer

- 2
urammgl‘
limits of n

to a maximum of 2.0 Hz (upper
ormals group). The patients group

results showed a decreased bandwidth than the
normals which in turn indicated motor disorder

which may
they might
wrist and

limit the subject’s performance and
have difficulty working with the
hand. The motor disability could be

due to changes in brain response'®, or to distal
Sensori-motor dysﬁmctionl.

The

system has been proven objective,

practical, accurate, and valuable in evaluation

of hand

and  wrist movements.

There are

different levels of sensori-motor integration
dysfunction existing in patients with lower
cervical roots involvements after successful
rehabilitation even in the absence of subjective

complaints.

83

11-

12-

Britton T.C., Thompson P.D., Day B.L., Rothwell
J.C., Findly L.J., and Marsden C.D.: Rapid wrist
movements in patients with essential tremor: the
critical role of the second agonist burst. Brain, 117:
39-47, 1994,

Edin B.B., and Abbs JH.: Finger movement
responses of cutaneous mechanoreceptors in the
dorsal skin of the human hand. I. Neurophysiol.,
56: 657-670, 1991.

Elvey R.L.: The investigation of arm pain. In
Grieve G.P. (ed): Modern manual therapy of the

‘vertebral column, pp. 530, Edinburgh: Churchill

Livingstone, 1986.

Flawers K.. Some frequency  response
Characteristics of parkinsonism on pursuit tracking.
Brain, 101: 19-34, 1978,

Gandevia S.C., and Burke D.: Does the nervous
system depend on kinesthetic mnformation to
controt natral limb movement. In Corde P., and
Harnad S. {eds) Movement Control, pp. 12-30,
Cambridge: Cambridge University Press, 1994.
Gottlelb G.L., and Agarwal G.C.: Response lo
sudden torques about ankle in man. [II. Supression
of stretch-evoked responses during phasic
contraction. J. Neurophysiol., 44: 233-246, 1980.
Halaney M.E., and Carey J.R.: Tracking ability of
hemiparetic and healthy subjects. Phys. Ther. 69:
342-348, 1989.

Hannaford B., Cheron G., and Stark L.: Effects of
applied vibration on the triphasic EMG pattern in
neurologically  ballistic ~ head  movements.
Experimental Neurology, 88: 447-460, 1985.
Magarey M.E.: Examination of the cervical spine.
In Grieve G.P. (ed): Modern manual therapy of the
vertebral column, pp. 503, Edinburgh: Churchill
Livingstone, 1986.

Mann KA., Werner F.W., and Palmer AK.:
Frequency spectrum analysis of wrist motion for
activities of daily living. J. Orthop. Res.7: 304-
306, 1989.

Mates J., and Radil T.: Two-dimensional manual
tracking of periodic movements: event and time
interval analysis. Int. J. Psychophysiol. 12; 123~
132, 1992.

Pew R.W. Duffendack J.C., and Fensch L.K.
Sine-wave tracking revisited. IEEE Trans. Hum.
Factors Electron. 8: 130-134, 1967.

Bull, Fac. Ph, Th. Cairo Univ.,:
Vol 2. No (1) Jan. 1997



84

13- Riley P.O., and Rosen M.J.: Evaluating manual I5- Swarck L., lida M., and Willis P.A.: Dynamic
control devices for those with tremor disabihy. J. characteristics of the motor coordination system in
Rehabil. Res. Dev. 24 (2): 99-110, 1987. man. Biophys. I. 1: 279-300, 196].

14- Shem F., Galvin R., Hamann G., and Treviranus J.: 16- Thakor N., Kong X., and Hanley D.F.: Nonlincar
Scanning the windows desktop without mouse changes in brain’s response in the event of injury as
emulation. In proceedings of the 17th Annual detected by adaptive coherence |estimation of
RESNA conference, Nashville, TN. pp. 391-393, evoked potentials. IEEE Trans. Biomed. Eng, 42:
Washington, DC: RESNA press, 1994, 42-51, 1995.

aally puanoll GG ya dis oaadiil dsc gingog dhasuy 34,5k

e_mullz\..s_);e_gsﬁuéﬁ_ﬁ.mﬁlt.'_:Lq_p...m))..‘.__jl\K}&@@ﬁj};&\i)&ém@M@\_}ﬂud\\.\ﬁ&J.)&.:g

oo 5SS A ¢ e plial (alal (e e gene Bl B 8 L 480 A 8 i ChaeY) 00

Llal ae ad

Ao sl (b5 ST (o Anly 5 S e e (saad agie ¢ Lele 09 ¢ YO Ly el 2 g Cpmaidad Gali e g ke
o oralh Sl 73y Galad Jaalall mdls g play Ve (f day ol (30 (s pdie (e Al Ae panall S ¢ sl
G I LR agie JS (3 L GV e Bpildy S e ydie G5 age ¢ Lale A ¢ Y4 U P e B PR E SR
osbfia phadily A8 A o5 AT e g (g (A CLAAN (Gl a5 5 saaSH 508 Alatiiuly sl Al Al JIC3Y

. AR s

#4306 g LS 26 H3 i AN (im el B sana 13 5 (ot panal el B siee (B8 apms LY Cand e
M;id{e—:ﬁ@@é@‘é}@‘ws@ﬁy@ﬁL@i@x#\nM dﬁﬂ‘b&.@\;d&&@&ah‘a}l&:ﬁ&\\
c Omsladl b ki ;mi‘sicj;au:\i\@sﬂj—ul@l—uw\ gl ddlal GVl (8 Leal il ey WL 2l 5 avcanall

Bull. Fac. Ph. Th. Caire Univ..:
Vol 2. No (1) Jan. 1997






