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Abstract
Objectives—To examine the motor per-
formance of the hand in a sample of
patients with rheumatoid arthritis (RA).
Subjects—The patient group comprised
21 (two men, 19 women) patients with RA.
Twenty one control subjects matched for
age and sex were selected from a larger
reference group, which had been drawn
from the local population.
Methods—The measured motor perform-
ance aspects were simple reaction time,
choice reaction time, speed of movement,
finger tapping speed, and coordination
(that is, speed of movement/accuracy).
Results were compared for age and sex
matched pairs. The measurements
were made with the Human Performance
Measurement/Basic Elements of Perform-
ance system, which is a multifunctional
system designed to measure diVerent
motor aspects of the hands, including
reaction time, movement speed, tapping
speed, and coordination.
Results—A comparison of the results for
the patient and control groups indicated
that the motor functions of patients with
RA were impaired in all the measured
aspects (with the exception of the index
finger tapping test). The diVerence be-
tween the groups varied between 11% and
21% for the reaction time tasks, between
12% and 18% for the speed of movement
tasks, and between 15% and 17% for the
coordination task.
Conclusion—Based on the results of our
research, it seems that RA decreases some
motor performance functions of the hand
expressed as simple reaction time, choice
reaction time, speed of movement, and

coordination. The changes were empha-
sised in movements performed with
several joints.
(Ann Rheum Dis 2000;59:812–816)

Rheumatoid arthritis (RA) causes reduced
functional capacity,1 which leads to diYculties
in activities of daily living. Inflammatory and
destructive changes of the joints may cause
pain and decrease the range of motion in joints,
and inflict periods of immobilisation, resulting
in muscular atrophy.2 Many previous investiga-
tors have studied the muscle strength of
patients with RA, and the impaired muscle
strength and functions of patients with RA
compared with those of healthy controls have
been known for several years.3–5 However, the
authors of the previous studies have given little
attention to the eVects of RA on other compo-
nents of the performance of the hands, such as
coordination and motor performance.

In one of the rare motor performance studies
dealing with patients with RA, Ginsburg et al
studied cognitive functions (including switch-
ing attention and hand-eye coordination tasks)
in patients with systemic lupus erythematosus
(SLE) or RA and noticed that the patients with
SLE had poorer performance in tests measur-
ing attention and visuospatial ability than
patients with RA.6 However, they did not have
healthy controls for comparison.

As RA causes functional limitations in the
joints, we proposed that this might aVect the
movements or the movement patterns of the
damaged and inflamed joints and designed a
study to investigate these possible movement
changes in five diVerent tasks.

The purpose of the study was to examine the
motor performance of the hand in a sample of
patients with RA. The measured motor per-
formance aspects were simple reaction time,
choice reaction time, speed of movement,
finger tapping speed, and coordination (that is,
speed of movement/accuracy).

Subjects and methods
SUBJECTS

Patient group
The patient group comprised 21 patients with
RA (two men, 19 women) admitted to hospital7

for orthopaedic surgery (11 for the hands and
six for the feet) or for conservative treatment of
their RA (four patients). At the time of the
study, 18/21 (86%) patients used some disease
modifying antirheumatic drug (DMARD), five
of them received a combination of drugs. The
patients had no neurological symptoms. Table
1 gives detailed demographic and clinical data
of the patients with RA. All patients were

Table 1 Demographic and clinical data of the patients with rheumatoid arthritis

Variable Mean SD Range Median
95% CI for
median

Age (years) 53.1 12.0 33–75 54 44 to 62
Weight (kg) 60.3 8.5 48–75 62 53 to 65
Height (cm) 161.6 5.4 152–172 162 158 to 165
Disease duration (years) 16.8 11.4 1–33 18 5 to 27
No of DMARDs* to date 4.6 2.1 0–10 4 4 to 5
Inflamed joints (n) 8.9 6 1–26 8 5 to 14
Tender joints (n) 9.3 7.0 1–28 8 4 to 15
Tender joints (hand) (n) 4.7 4.2 0–17 4 1 to 7
Swollen joints (hand) (n) 5.9 4.6 0–21 5 3 to 8
ESR* 39.9 24.3 14–110 31 25 to 48
CRP* 30.5 21.9 5–70 23 13 to 54
Pain VAS* (mm) 35 26 0–80 40 10 to 53
Grip strength (kPa) 26.7 26.6 0–115 18 10 to 40
KFT* hand (score) 21.6 14.1 0–40 26 8 to 35
KFT shoulder (score) 3.7 3.6 0–10 3 0 to 7
KFT total (arm) (score) 25.3 16.7 0–48 30 9 to 41

*DMARDs = disease modifying antirheumatic drugs; ESR = erythrocyte sedimentation rate; CRP
= C reactive protein; VAS = visual analogue scale; KFT = Keitel function test.
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classed as right handed as this was their
preferred hand for writing.

Control group
The control group matched for age and sex was
selected from a larger reference group, which
had been drawn earlier (1992) from a local
population.8 In the earlier reference group
study, the aim was to recruit 200 healthy
subjects. To achieve this target, 500 subjects
(50 in each age decade and sex group) were
randomly selected (an age- and sex-specified
sample was ordered from the Finnish Census
Bureau in February 1992) from among the
population of Oulu (population on 1 January
1992 was 102 280 inhabitants). Then 343 let-
ters were sent in the order of the names on the
list to recruit 200 healthy volunteers of the
required age and sex (response rate 58%). The
main criterion for inclusion was normal motor
function and an ability to perform the tests.
The subjects had diVerent socioeconomic and
educational backgrounds, and preferred hand-
edness was self reported by the subjects. The
sample comprised 100 women and 100 men,
categorised by sex and age decade into 10
groups (for example, 21–30 year old men).
Each group comprised 20 subjects.

Twenty one control subjects matched for age
(mean (SD) 53.1 (12.1) years, range 33–75)
and sex (two men, 19 women) were selected
from the reference study sample. A suitable
control subject was found for each patient with
RA when the age range ±1 year was used. When
two or more aged matched controls were avail-
able (four cases), the control subject was drawn
at random. The mean (SD) height of the con-
trol group was 162.3 (9.3) cm, range 150–192,
and the mean (SD) weight was 64.7 (12.0) kg,
range 53–105. All patients were classed as right
handed as this was their preferred hand for
writing.

TEST PROCEDURE

The study was based on a cross sectional
design, in which the patients with RA and con-
trols were measured once. The same person
measured all subjects, and standardised in-

structions and explanations of the testing pro-
cedure were given to the subjects. Pairs
matched for age and sex were set up, and the
results for the patient and control groups were
compared.

Clinical examination of the patients with RA
included measurements of the number of
tender and swollen joints, and pain (visual ana-
logue scale (VAS)).9 In addition, grip strength
of the dominant hand (Martin vigometer) was
measured. The Keitel function test (KFT),10 a
well known measure of impairment in RA, was
used to assess various functional patterns of the
arms and legs. The original KFT involves a
series of 24 range of motion tasks performed by
the patient, and it was used here with minor
modifications,11 but only the arm tests were
included for the present series. The total arm
KFT (0–52) was divided into two subgroups of
joints, one representing the hands and wrists
(0–42) and the other the shoulders (0–10). The
laboratory tests included measurements of
erythrocyte sedimentation rate and C reactive
protein.

The subjects signed an informed consent
form agreeing to participate voluntarily in the
study, and the study design was accepted by the
Oulu University ethics committee.

The Human Performance Measurement/
Basic Elements of Performance (HPM/BEP)
system (Human Performance Measurement,
Arlington, TX 76004–1996) was used for the
collection of motor performance data. In this
study the module for the hands (BEP 1)
was used. The module for hands (BEP 1)
(fig 1) is a multifunctional system designed to
measure diVerent motor aspects of the hands,
including reaction time, movement speed, tap-
ping speed, and coordination. BEP 1 consists
of eight red lights for visual stimuli and 15
touch-sensitive plates that are divided into
four regions on top of the module. DiVerent
tests are performed on the four regions of the
module, and all the tests are performed in a
sitting position.

The same person measured all the subjects
and controls, and standardised instructions
and explanations of the testing procedures
were given to the subjects. All procedures were
as described in the manual.12 The tests were
demonstrated, and each subject was allowed to
perform some training trials of each test before
the measured trials. The trials with anticipation
errors or obvious delays were considered to
have failed and were repeated. The subjects
performed the tests in the same order, and the
number of trials and the measurement times
were set by the Human Performance Measure-
ment software (HPM/BEP, version 4.2).

The test-retest reliability of HPM/BEP 1
tests has been described in detail by Kauranen
and Vanharanta,8 and is acceptable. The
participants in the reliability study (40 women)
were healthy staV members aged 23–53, mean
(SD) 33.8 (6.6), at the Oulu University Central
Hospital. All the subjects were measured twice
on consecutive days, and they performed the
same tests on both days. All the subjects were
tested for their right side. In the reliability
study, the standard error of measurement

Figure 1 Human Performance Measurement/Basic Elements of Performance device and
the measurement of reaction time of the hand.
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(SEM) and the intraclass correlation coeY-
cient of reliability (ICC)13 values were two
choice reaction time: SEM 17.4, ICC 0.75,
speed of movement: SEM 8.8, ICC 0.91,
tapping speed: SEM 0.2, ICC 0.91, and
coordination: SEM 0.5, ICC 0.81.

The test subjects performed the following
tests during one measurement session:
+ Simple reaction time (five trials)
+ One choice reaction time + speed of move-

ment (five trials)
+ Two choice reaction time + speed of move-

ment (six trials)
+ Index finger tapping speed (two trials)
+ Coordination test (two trials).

Simple reaction time test
The test subject was instructed to place her/his
hand on the plate, which was situated in the
middle of the BEP 1. The test subject then
heard a beep signal, which was the sign to be
ready for response. Two to six seconds after the
acoustic sign all the eight lights were activated
simultaneously and the test subject lifted
her/his hand as quickly as possible from the
plate with a dorsiflexion movement of the wrist
joint. Reaction time was expressed in millisec-
onds, as the time from initiating a light stimu-
lus to the time when the subject lifted her/his
hand from the plate. The subjects performed
five trials.

One choice reaction time and speed of movement
test
The subject heard a beep signal, which was the
indication for her/him to be ready for response.
Two to six seconds after the acoustic signal a
light stimulus appeared, and the subject was
instructed to lift her/his hand immediately after
the predefined light stimulus appeared and to
move it as quickly as possible to the plate
immediately in front of the activated light. Two
diVerent measures were obtained from each
trial: (a) one choice reaction time, expressed in
milliseconds, is the time between the appear-
ance of a light stimulus and the hand lifting
from the centre plate; (b) movement speed,
expressed in cm/s, is determined as the
distance between the centre plate and the
target plate (distance 10 cm) divided by the
time needed for the performance of the move-
ment. The subjects performed five trials.

Two choice reaction time and speed of movement
test
The subject performed the test with the same
method as in the one choice reaction time and
the speed of movement test, but there were two
possible activated lights (measurement system
presented stimuli in a pseudo-random order).
The subjects performed six trials.

Index finger tapping test
The subject tapped the touch plate with the
maximum rate of her/his index finger for 10
seconds. The results were expressed as taps/s.
The subjects performed two trials.

Coordination test
The coordination test was a modified Fitts’
task,14 where the movement amplitude and tar-

get width were constants. The subject was
instructed to tap two narrow plates alternately
(the width of the plates was 17 mm and the
distance between them 40 cm) as rapidly as
possible and to avoid errors for a period of 10
seconds. Two diVerent measures were obtained
from each trial: (a) a measure of accuracy
expressed as the percentage of correct hits; and
(b) a measure of the average movement speed
during the task given in units of cm/s. The final
measure was obtained by combining speed and
accuracy, and the result was expressed as
bits/s.14 The subjects performed two trials.

STATISTICAL METHODS

Mean value, SD, and 95% confidence intervals
of the diVerence of each test were calculated
and presented. A non-parametric paired t test
(Wilcoxon test for matched pairs) was used to
determine whether there was a statistically sig-
nificant diVerence between the values of the
matched pairs. We used non-parametric statis-
tics rather than parametric statistics because
the group consisted of 21 subjects. Parametric
statistics require a normal distribution and
with “only” 21 subjects this requirement was
not fulfilled every time. The correlation
between the motor performance tests and the
VAS score, the KFT score, grip strength,
disease duration, and the number of tender and
swollen joints was tested with Spearman’s cor-
relation coeYcient.

For all statistical tests, the 0.05 level of prob-
ability was accepted as the criterion for signifi-
cance. The statistical software used were the
SOLO (version 4.0) (BMDP Statistical Soft-
ware Inc) and the Statistical Package for Social
Sciences (SPSS, version 7.0).

Results
No statistically significant diVerences in the
results by age, sex, weight, and height were
found between the patients with RA and the
controls, and hence the groups were compara-
ble and equal in these respects.

The results indicated that the reaction times
were longer in the group of patients with RA
than in the control group on both sides. In the
speed of movement tests the patients with RA
were slower than the controls on both sides.
There were no statistically significant diVer-
ences in the index finger tapping speed
between the groups, but the coordination
values of the hands were lower in the patients
with RA on both sides. Table 2 presents
detailed results of the motor performance tests.

There was no correlation between the motor
performance tests and the VAS score, the KFT
score, grip strength, disease duration, and the
number of swollen joints. However, the speed
of movement (lateral direction) correlated with
the number of tender joints of the hands
(Spearman’s correlation coeYcient (rs) =
−0.44, p=0.048 for the right hand, and
rs=−0.50, p=0.021 for the left hand). In
addition, speed of movement of the right hand
tended to correlate with the total KFT score of
the arm (rs=−0.41, p=0.06 in the forward
direction test and rs=−0.36, p=0.09 in the
lateral direction test).
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Discussion
The purpose of the study was to examine the
motor performance of the hand in a sample of
patients with RA. The measured motor per-
formance aspects were simple reaction time,
choice reaction time, speed of movement,
finger tapping speed, and coordination. Com-
parison of the results for the patients with RA
and for the healthy controls matched for age
and sex, indicated that the motor functions of
patients with RA were impaired in all the
measured aspects (except the index finger tap-
ping test). The diVerence between the groups
varied between 11% and 21% in the reaction
time tasks, between 12% and 18% in the speed
of movement tasks, and between 15% and 17%
in the coordination task.

The reason for these diVerences may be
explained by the neuromuscular problems of
the patients with RA. Previous studies have
shown an association between RA and nerve
function impairment,15 and it seems that RA
accelerates muscle fibre degeneration, espe-
cially in fast-twitch muscle fibres.16 There is
also a clear diVerence in the shape of the force-
time curve between patients with RA and
healthy subjects at all force levels. Healthy sub-
jects produce higher force levels in rapid
isometric muscle action.17 In addition, one rea-
son for the poorer performance of patients with
RA may be that the destructive and inflamma-
tory changes in joints and pain or fear of pain
prevent the subjects from performing fast
movements as quickly as normal.

All the measured motor performance aspects
are essential and important for various daily
activities, which constitute a substantial part of
human life, and their importance is especially
great in traYc, sports, and unexpected situa-
tions, but we found no previous motor
performance studies on patients with RA with
which to compare our results.

The results indicated that the reaction times
were longer in the RA group than in the control
group for both hands. Reaction time is a com-
mon method to study a person’s central infor-
mation processing speed and fast coordinated
peripheral movement response. Reaction time
tasks load and involve both the central and the
peripheral components and functions. Our
patients were severely impaired (for example,
KFT was rather high), and it may be that the
abovementioned lower motor unit problems

and the destructive and inflammatory changes
(for example, joint stiVness, deformations, and
limitations in range of motion) in joints prevent
patients with RA from performing fast move-
ments as quickly as normal. In addition, the
pain or fear of pain may delay these move-
ments. We performed three reaction time tasks,
and it should be noted that the diVerence
between the groups did not increase when the
number of possible choices increased (for
example, in a two choice reaction time task),
but the patients with RA only were slower.

The patients with RA were slower than the
controls in the speed of movement tests. This
finding might be mainly a consequence of
unpleasant feelings of pain or fear of pain dur-
ing movements (the speed of movement corre-
lated with the number of tender joints of the
hand), which leads to avoidance of fast
movements. The speed of movement indicates
the subject’s ability to perform fast movements,
which are important in diVerent balance and
protection movements and reflexes. Based on
the results, this might even mean that patients
with RA have an increased risk of falling
because of their decreased ability to perform
fast movements. This shortcoming together
with the longer reaction times might be
hazardous for rheumatoid patients, because
osteoporosis is common among them,18 which
would increase the relative risk of fractures in
these patients after a fall.19

The coordination values of both hands were
lower in the RA patient group. The coordina-
tion test (modified Fitts’ task) involves a type of
visually guided motor response, which is an
essential component of a wide variety of skills
needed for daily work and recreation.20 In
coordination tests the final measure was
obtained by combining speed and accuracy.
The measure of accuracy was expressed as the
percentage of correct hits, and the measure of
average movement speed during the task given
in units of cm/s. We analysed our coordination
results in more detail and noticed that the
mean values of speed of movement, in particu-
lar, were lower in the patients with RA. Thus it
seems that the decrease in total coordination is
caused mainly by a decrease in the speed of
movement component. This may be explained
by physical impairment caused by RA and pain
or fear of pain, as discussed earlier for reaction
times and speed of movement.

Table 2 Motor performance results in the patients with rheumatoid arthritis (RA) and control groups (n=21)

Measurement Side Unit
Patients with RA
(mean (SD))

Controls
(mean (SD))

95 % CI for the
diVerence of mean p Value

DiVerence between
groups (%)

Simple reaction time Right (ms) 217 (44) 192 (30) 4 to 45 0.0173 +13
Simple reaction time Left (ms) 208 (30) 187 (27) 4 to 39 0.0129 +11
One choice reaction time Right (ms) 272 (46) 245 (46) 4 to 50 0.0199 +11
One choice reaction time Left (ms) 272 (57) 235 (36) 13 to 62 0.0028 +16
Two choice reaction time Right (ms) 350 (77) 312 (43) 8 to 69 0.0276 +12
Two choice reaction time Left (ms) 354 (77) 293 (46) 23 to 101 0.0037 +21

Speed of movement (forward) Right (cm/s) 83 (24) 96 (27) −26 to 0 0.0458 −14
Speed of movement (forward) Left (cm/s) 78 (21) 95 (31) −31 to 0 0.0355 −18
Speed of movement (lateral) Right (cm/s) 88 (27) 103 (27) −33 to 1 0.0150 −15
Speed of movement (lateral) Left (cm/s) 82 (31) 93 (26) −27 to 5 0.0263 −12

Tapping speed Right (taps/s) 5.01 (0.82) 5.37 (0.98) −0.95 to 0.19 0.1842 −7
Tapping speed Left (taps/s) 4.91 (0.77) 4.90 (0.97) −0.58 to 0.60 0.8563 0
Coordination Right (bits/s) 8.22 (1.49) 9.65 (1.29) −2.17 to −0.69 0.0024 −15
Coordination Left (bits/s) 7.58 (1.52) 9.16 (0.98) −2.40 to −0.78 0.0017 −17
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Results of the finger tapping test were an
exception as there were no statistically signifi-
cant diVerences between the groups in this
task. This was surprising, because the move-
ment is performed with one joint and the per-
formance time is longer (10 s) than in the other
motor performance tests, which were per-
formed with a single fast movement. We
expected that the diVerences between the
groups would have became obvious, especially
in a test of longer duration and with repetition
of joint movements (for example, the tapping
test). However, no such eVect was seen. From
these results it seems that the diVerences
between the groups were emphasised in move-
ments and tasks that were performed with sev-
eral joints, and it might be that the condition of
the larger joints, such as the shoulder and the
elbow joints, have an important role in the fast
movements and the total performance of the
hand in patients with RA. In exercise therapy
special attention should be paid to the
movements of these joints.

There were no correlations between the
motor performance tests and the VAS score,
the KFT score, grip strength, disease duration,
and the number of swollen joints. This finding
was partly expected because the age range of
our group of rheumatoid patients (33–75
years) was so wide, and age explains a consid-
erable portion of the motor performance
values8 and upsets other relations (the eVect of
age was controlled with partial correlation
analysis). However, it should be noted that the
speed of movement (lateral direction) corre-
lated with the number of tender joints of the
hands, and the speed of movement of the right
hand tended to correlate with the total KFT
score of the arm.

STUDY LIMITATIONS

Although we confirmed the hypothesis based
on the abovementioned results and rejected the
null hypothesis, the number of subjects in this
study was quite small and the results might
have been more conclusive if a larger sample of
subjects had been used. Secondly, the selection
of subjects in this study was not random and
they included mainly women, which limits the
generalisation of the results.

It is also to be noted that our series
represented a hospital based population with
advanced RA. Consequently, their median level
of arm KFT was rather high, indicating clearly
impaired function. Overall, our data are
preliminary and should be tested in a large RA
series including early cases.

The control subjects were from various
socioeconomic and educational categories.
This helps somewhat to generalise the results,
and the composition of the sample can be pre-
sumed to represent the normal population of
the area. However, the subjects were invited by

post for the measurements, and this might have
caused some selection. The response rate
(58%) was quite low and this impairs some-
what the generalisation of the results. The pre-
cise reason for the low response rate is not
known, but studying or working in other cities,
shift work, and lack of time in the younger age
groups might be possible explanations.

Conclusion
Based on the results of our research, it seems
that RA decreases some motor performance
functions of the hand expressed as simple reac-
tion time, choice reaction time, speed of move-
ment, and coordination. The changes were
emphasised in movements performed with sev-
eral joints.
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