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Abstract It has been found that one session of intense
muscle strength training decreases muscle strength tem-
porarily and causes neuromuscular fatigue in the trained
muscles, but little attention has been given to the e�ects
of neuromuscular fatigue on the other components of
motor performance. The purpose of this study was to
examine in normal healthy volunteers the e�ects of a 1-h
strength training session on the motor performance of
the upper extremity, including reaction time, speed of
movement, tapping speed and coordination. Group of
30 healthy female volunteers, aged 29±47 years, were
randomly divided into sub-groups, (A and B, n = 15
per group). Both groups ®rst completed a set of motor
performance tests on 3 consecutive days. On the 4th day,
group A carried out a 1-h muscle strength training ses-
sion of the upper extremities. Isometric muscle strengths
and electromyogram (EMG) data were recorded before
the training session. Immediately after the training ses-
sion the same recordings were repeated, and additional
motor performance tests were also performed. Group B
carried out only the motor performance tests. The
groups exchanged programmes the following week. The
1-h strength training session decreased the isometric
muscle strength of wrist ¯exion by 18% (P < 0.001) and
extension by 18% (P < 0.001) in group A, while in
group B ¯exion strength decreased by 19% (P < 0.001)
and extension strength by 17% (P < 0.001). All the
measured EMG activations also decreased in both
groups. There were no statistically signi®cant di�erences
in the results of the motor performance tests between the
mean values of the three baseline measurements and the
values recorded after the training session. The result was
surprising, but straightforward; neuromuscular fatigue

induced by a 1-h strength training session of the upper
extremities had no e�ect on the motor performance
functions of the hand, as indicated by reaction times,
speed of movement, tapping speed and coordination, in
these normal healthy female volunteers.
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Introduction

Prolonged muscle strength training increases muscle
strength in the trained muscles. This e�ect has been
found among children (Sewall and Michelli 1986), adults
(MacDougall et al. 1980) and elderly people (SipilaÈ et al.
1996). However, after a heavy strength training session
the situation has been found to be temporarily reversed.
Heavy muscular work performed with continuous iso-
metric (HaÈ kkinen and Komi 1986), intense intermittent
isometric (Viitasalo and Komi 1980) or dynamic (Komi
and Tesch 1979) resistance has been demonstrated to
decrease muscle strength temporarily in the trained
muscles. In addition, it has been found that one strength
training session decreases electromyograph (EMG) ac-
tivity and shifts the shape of the force-time curve of the
trained muscles (HaÈ kkinen 1994). Previous investigators
have suggested that these changes may be consequences
of neuromuscular fatigue (HaÈ kkinen 1993, 1994, 1995).

However, most of these muscle fatigue studies have
addressed the e�ect of one training session on muscle
force and EMG changes (Komi and Tesch 1979; Vi-
itasalo and Komi 1980; HaÈ kkinen and Komi 1986;
HaÈ kkinen 1995). The authors of the previous studies
have given very little attention to the e�ects of a single
training session on the other components of the per-
formance of the extremities, such as co-ordination and
motor performance.

Prolonged longitudinal intervention studies have
shown that training improves some aspects of psycho-
motor speed (Dustman et al. 1984; Rikli and Edwards
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1991), but there are also contradictory results (Panton
et al. 1990; Paas et al. 1994). Only a few studies have
examined the immediate e�ects of neuromuscular fa-
tigue on psychomotor performance.

Morris (1977) has shown that neuromuscular fatigue
did not a�ect the components of unresisted fractionated
reaction time (premotor timed+motor time=total re-
action time), but increased all resisted total reaction
times. Because the changes were manifested in the motor
time component, he has suggested that neuromuscular
fatigue takes place in the peripheral muscle component.

Jaric et al. (1997) have investigated the e�ects of
agonist and antagonist muscle fatigue on the perfor-
mance of rapid, self-terminating arm movements. They
have found agonist muscle fatigue to be associated
with a decrease in peak velocity and peak declaration
and antagonist muscle fatigue to be associated with a
decrease in peak deceleration. They have suggested
that agonist muscle fatigue a�ects movement velocity
more than antagonist muscle fatigue.

Since a muscle strength training session has been
shown to cause acute fatigue in the trained muscles,
we thought that this may a�ect the movements or the
movement patterns made by the trained muscles, and
designed a study to investigate these possible move-
ment changes in ®ve di�erent tasks.

The purpose of the study was to fatigue the mus-
cles of the upper extremities by a 1-h session of muscle
strength training and to study the e�ects of neuro-
muscular fatigue on the motor performance of the
upper extremity, including simple reaction time, choice
reaction time, speed of movement, tapping speed and
coordination in normal healthy female volunteers.

Method

Subjects

The participants were 30 healthy female sta� members at the
Oulu University Central Hospital, who were randomly divided
into two groups (A and B), each consisting of 15 subjects. Their
characteristics are shown in Table 1. Handedness was reported
by the subjects, and all were right-hand dominant by the crite-
rion of the preferred hand for writing. To be included in the
study, the subjects had to have had no history of previous in-
juries of the upper extremities, heart disease, hypertension or
neurological disease.

Test procedure

The aim of the study was to fatigue the muscles of the upper ex-
tremities by a 1-h session of muscle strength training and to study

the e�ects of neuromuscular fatigue on the motor performance of
the upper extremity. We used muscle strength measurements and
EMG records to show and quantify muscle fatigue and the Human
Performance Measurements/Basic Elements Performance (HPM/
BEP) system (Basic Elements Performance, Human Performance
Measurement, Inc., Arlington, Tex. USA) to assess the e�ects of
muscle fatigue on the motor performance of the upper extremity.

The two groups ®rst did the motor performance tests of the
right hand (simple reaction time, choice reaction time, speed of
movement, tapping speed and coordination) on 3 consecutive days
(= 1±3 baseline measurements), performing each test at the same
time of day on each day.

On the 4th day, the subjects of group A carried out a 1-h
muscle strength training session of the upper extremities. The
isometric muscle strengths of wrist ¯exion/extension were mea-
sured immediately before the training session, and EMG data
were recorded during the isometric tests. After the session muscle
strength, EMG and motor performance were measured immedi-
ately. Group B did only the motor performance tests as a con-
trol group.

The programmes of the groups were exchanged 1 week later and
each group performed the tests as the other had done previously.
The results were then compared.

Instrumentation

Motor control of upper extremity

The HPM/BEP system was used for the collection of data. In this
study, the module for hands (BEP 1) was used. This is a multi-
functional system designed to measure di�erent aspects of the up-
per extremity, including reaction times, movement speed, tapping
speed and coordination for upper extremity motor control. The
BEP 1 (Fig. 1) consisted of eight red lights for visual stimuli and 15
touch-sensitive plates that were divided into four regions on the top
of the module. Di�erent tests were performed on the four regions
of the module.

The reliabilities of HPM/BEP tests have been described in
detail by Kauranen and Vanharanta (1996). The participants
(n = 40 women) in the reliability study were healthy sta�
members aged 23±53 years, mean: 33.8 (SD 6.6) at the Oulu
University Central Hospital. In the reliability study, the standard

Table 1 Characteristics of the groups

Group A (n = 15) Group B (n = 15) All (n = 30)

Mean SD Range Mean SD Range Mean SD Range

Age (year) 37.1 4.8 30±47 39.9 5.5 29±47 38.5 5.2 29±47
Height (cm) 165.7 4.8 158±173 162.9 4.4 155±172 164.3 4.7 155±173
Body mass (kg) 60.0 7.0 45±71 61.1 6.4 54±78 60.6 6.6 45±78

Fig. 1 Human Performance Measurement/Basic Elements of Per-
formance device and the measurement of reaction time of upper
extremity
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error of measurement (SEM) and the interclass correlation co-
e�cient of reliability (ICC) values were as follows: choice reac-
tion 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 subjects performed the following tests during one mea-
surement session:

1. Simple reaction time (®ve trials)

2. Two-choice reaction time + speed of movement (six trials)

3. Index ®nger tapping (two trials)

4. Coordination test (two trials). The number of trials was set by

the Human Performance Measurement software.

Simple reaction time test. The subject was instructed to place her
hand on the plate, in the middle of the BEP 1 apparatus (Fig. 1).
The subject heard a beep which was the signal to be ready to
respond. From 2 to 6 s after this, all the eight lights were activated
simultaneously and the subject lifted her hand as quickly as pos-
sible from the plate by dorsi¯exion of her wrist joint. Reaction time
was expressed in milliseconds and was the time from the initiation
of the light stimulus to the time when the subject lifted her hand
from the plate.

Two-choice reaction time and speed of movement test. The subject
heard a beep, which was the indication for her to be ready to
respond. From 2 to 6 s after the acoustic signal, a light stimulus
appeared and the subject was instructed to lift her hand immedi-
ately after the prede®ned light stimulus came on and then to move
it as quickly as possible to the plate immediately in front of the
activated light. Two di�erent measurements were obtained from a
given trial:

1. Choice reaction time, which was expressed in milliseconds being

the time between the appearance of a light stimulus and the

hand lifting from the centre plate.

2. Movement speed, which was expressed in centimetres per second

being 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 movement.

Index ®nger tapping test. The subject tapped the touch plate with
the maximal rate of her index ®nger for a period of 10 s. The results
were expressed in taps per second.

Coordination test. The subject was instructed to tap two narrow
plates alternately (the width of the plates was 17 mm and the dis-
tance between them 40 cm) as rapidly as possible and to avoid
errors for a period of 10 s. Two di�erent measurements were ob-
tained from a given trial: one was a measurement of accuracy in
units of percentage of correct hits, and the other an average
movement speed during the task in units of centimetres per second.
The ®nal measurement was obtained by combining speed and ac-
curacy, which result was expressed as bits per second (Fitts 1954).

Muscle strength of wrist

The isokinetic/isometric Lido Active Multi-joint System (Loredan
Biomedical, Inc., Davis, Calif.; Fig. 2) was used to measure the
isometric muscle strength of wrist ¯exion/extension. In the muscle
strength test of the wrist joint, the subject performed three maximal
e�orts of ¯exion/extension of the wrist joint, each tension lasting
for 5 s. The rest between the tensions was 30 s. The manufacturer's

recommendations for stabilization and joint axis alignment were
followed. The subject sat on the Lido table with her right hand in a
pronated position (in the extension test) or in a supinated position
(in the ¯exion test) on the armrest. The subject was stabilized with
forearm straps. The mean of the three e�orts was calculated and
expressed in newton metre (=N á m).

EMG of upper extremity musculature

A microcomputer and an eight-channel telemetric Noraxon Tel-
emyo System (Noraxon U.S.A., Inc., Scottsdale, Aziz.; Fig. 2) were
used to record EMG data during the isometric muscle contraction
of wrist ¯exion/extension. Skin preparation at the electrode sites
included shaving of hair, skin abrading and cleaning of skin with
alcohol. Two pairs of pregelled surface disk electrodes (Blue Sen-
sor, type M-00-S: silver chloride, radius 15 mm, interelectrode
distance between centres 35 mm) were placed parallel to the muscle
®bres of the ¯exors and extensors of the wrist joint. The pream-
pli®er electrodes were located over the greatest muscle bulk of these
muscles, and a ground electrode was placed on the breastbone. The
signals were transmitted via a battery-operated transmitter pack
(type M16-TTFB-0024, Glonner Electronics, GmbH, Germany)
and a receiver (type M16-RTFB-0024, Glonner Electronics,
GmbH) to the ampli®er (type: di�erential, input impedance
16 Mohm, common mode rejection ratio 85 dB, input noise <1lV
rms, gain 1000, bandwidth 16±500 Hz, type 6-pol Butterworth) and
from the ampli®er to the computer via an interface cable and an A-
D card (DT2801, Data Translation, Inc., Marboro, Ma., USA) and
analysed with software version 1.0. After ampli®cation, the raw
bipolar EMG signals were recorded and processed by using
smoothing (smoothing factor 30) and full-wave recti®cation. Three
e�orts, each lasting for 5 s, were recorded, but the EMG data
values were analysed and calculated for a period of 2 s (from 2 to
4 s).

The recordings were unilateral, and the right hand was used.
The mean EMG �EMG� and the integrated EMG (iEMG) of the
muscles were calculated, because these are the two central param-
eters used for amplitude quanti®cation. The EMG represented the
mean level of excitation over the observation period, expressed in
volts. The iEMG was the area under the amplitude curve for a
de®ned period, expressed in volts ´ second.

Training session

Both groups carried out a 1-h muscle strength training session of
the upper extremities. The aim of the training was to fatigue the
muscles of upper extremities. Group A did the training on the 4th
day and group B 1 week later. The subjects trained using free
weights as resistance, the training being applied to the muscles of
the upper extremities. The training consisted of circuit strength
training with 12 exercises, the subjects performing three sets with 15
repetitions at each training point with a pause of 30 s between the

Fig. 2 Lido Active Multi-joint System and the measurement of
isometric muscle strength of wrist joint
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sets. The speed of performance was 6 repetitions per 10 s. The rest
between the training points was 1 min (after three training points
the rest was 2 min). The intensity of training (=mass of resistance)
was chosen individually, to allow the subjects to perform 15 repe-
titions at each training point but no more. The exercises of the
muscle strength training session are given in detail in Table 2.

Data analysis

A two-sample t-test (MANN-WHITNEY TWO SAMPLE TEST)
was used to calculate whether there was a statistically signi®cant
di�erence between the baseline values of the groups A and B and to
show and verify the equality of the groups.

A nonparametric paired t-test (Wilcoxon test for matched pairs)
was used to determine whether there was a statistically signi®cant
di�erence between the mean values of the motor performance tests
obtained by baseline measurements and the measurement after the
training session. Statistically signi®cant di�erences in the muscle
strength results and the EMG measurements were also shown by
this test. We used non-parametric rather than parametric statistics
because parametric statistics require normal distributions, and with
15 subjects this was not achieved every time.

We analysed each variable separately, because we performed
many di�erent tests, which re¯ected di�erent aspects of motor
performance, and we wanted to know in more detail where the
possible changes were located. For all statistical tests, the 0.05 level
of probability was accepted as the criterion for statistical signi®-
cance.

Results

The results of the muscle strength tests indicated that the
mean values of group B were consistently higher than
the mean values of group A, but these di�erences were
not statistically signi®cant, so the groups were equal in

this respect. The two measured isometric muscle
strengths were lower after the training session in both
groups. In group A, strength training of the upper ex-
tremity decreased wrist ¯exion strength by 18%
(P < 0.001) and wrist extension strength by 18%
(P < 0.001). In group B, ¯exion strength decreased by
19% (P < 0.001) and extension strength by 17%
(P < 0.001). Detailed results of the muscle strength tests
are given in Table 3.

The results of the EMG tests showed that both EMG
and iEMG decreased in the measured muscles during
maximal isometric contraction. In group A, the mean
amplitude of the ¯exor group decreased by 18%
(P < 0.001) and that of the extensor group by 15%
(P < 0.001). The iEMG of the ¯exor group decreased
by 18% (P < 0.001) and that of the extensor group by
14% (P < 0.001). In group B, the EMG of the ¯exion
group decreased by 26% (P < 0.001) and the extension
group by 22% (P < 0.001). The iEMG of the ¯exor
group decreased by 26% (P < 0.001) and that of the
extensor group by 21% (P < 0.001). The absolute
EMG values are given in Table 4.

The results of the motor control tests at the 1±3
baseline measurements indicated that there were no
statistically signi®cant di�erences in the results of the
right upper extremity between these consecutive mea-
surement sessions (=days) in either group. The di�er-
ences between groups were not statistically signi®cant,
so the groups were equal in this respect. There were no
statistically signi®cant changes in the results among the
mean values of the three baseline measurements and the

Table 2 Strength training session of 1-h duration. The training
consisted of circuit strength training (12 exercises), the subjects
performing three sets with 15 repetitions at each training point

with a pause of 30 s between the sets. The rest between the training
points was 1 min (after three training points the rest was 2 min)

Exercise Set Training position

Warm-up 5 min
1. Biceps curls 3 Standing, ¯exion of elbow joints with a long bar
2. Bench presses 3 Lying, back on bench, extension of elbow joints
3. Wrist curls 3 Sitting, forearms on bench, ¯exion of wrist joints with a long bar
4. Reverse wrist curls 3 Sitting, forearms on bench, extension of wrist joints with a long bar
5. Frontal arm raises 3 Standing, abduction of shoulders with hand weights
6. Push-up 3 In horizontal plane, extension of elbow joints
7. Biceps curls 3 Standing, ¯exion of elbow joints with hand weights
8. Wrist curls 3 Sitting, forearms on bench, ¯exion of wrist joints with a long bar
9. Reverse wrist curls 3 Sitting, forearms on bench, extension of wrist joints with a long bar
10. Triceps extensions 3 Standing, extension of elbow joints
11. Bent arm pullovers 3 Lying, back on bench, adduction of shoulders with hand weight
12. Push-up 3 In horizontal plane, extension of elbow joints

Table 3 Results of isometric muscle strength tests before and after the muscle strength training period

Group A Group B

Before After P Before After P

mean SD mean SD mean SD mean SD

Wrist extension (N á m) 8.00 1.61 6.58 1.46 <0.001 8.58 1.38 7.11 1.20 <0.001
Wrist ¯exion (N á m) 11.58 1.92 9.44 1.38 <0.001 12.40 2.14 10.04 1.61 <0.001
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values obtained after the training session. The detailed
results of the motor control tests are given in Table 5.

Discussion

The procedure of the study was to fatigue acutely the
muscles of the upper extremities by a 1-h session of
muscle strength training and to study the e�ects of
neuromuscular fatigue on the motor performance of the
upper extremity in ®ve di�erent motor tests. The ex-
pected systematic and clear decrease in muscle strength
and EMG activity was achieved, but otherwise the re-
sults were surprising, at least to us.

Muscle strength and EMG tests

The results of the present study showed that a 1-h
session of muscle strength training of the upper ex-

tremities decrease acutely muscle strength and EMG
activation in the trained muscles. This ®nding is con-
sistent with the previous studies. HaÈ kkinen et al.
(1988) have shown that intensive maximal muscle
strength training of the lower extremities decreased
acutely both muscle strength and EMG activity in the
vastus lateralis and vastus medialis muscles.

It has been shown that the fatigue of trained
muscles may take place at either a central or a pe-
ripheral level (Bigland-Ritchie et al. 1978). In this
study, the training session was of hypertrophy type,
where the weights were relatively light and the number
of repetitions quite high. With such training, fatigue
has been found obviously to take place both at the
neural level (Bigland-Ritchie et al. 1978) and within
muscles (Tesch et al. 1986). However, it has been as-
sumed that fatigue within muscles dominates in the
hypertrophy type of training (Tesch et al. 1986).

The intensity (=mass) of the training session could
have been higher, and at a higher intensity of training

Table 4 Results of electromyogram (EMG) tests before and after the strength training period. Mean EMG, EMG iEMG integrated EMG

Group A Group B

Before After P Before After P

mean SD mean SD mean SD mean SD

Flexors of the wrist
(EMG)(lV)

299 100 245 92 <0.001 245 78 182 60 <0.001

Flexors of the wrist
(iEMG)(lV á s)

597 200 489 184 <0.001 490 159 364 120 <0.001

Extensors of the wrist
(EMG)(lV)

292 60 249 44 <0.001 278 126 218 87 <0.001

Extensors of the wrist
(iEMG)(lV á s)

579 124 499 88 <0.001 552 243 435 172 <0.001

Table 5 Motor performance of the upper extremity before and
after the muscle strength training period. X1 Baseline measurement
1; X2 baseline measurement 2; X3 base line measurements 3; X4

group Ameasurement after training, group B baseline measurement
4; X5 group A baseline measurement 4, group B measurement after
training

Measurement X1 X2 X3 X4 X5 P

mean SD mean SD mean SD mean SD mean SD

Simple reaction time (ms)
Group A 170 24 167 22 167 19 177 20 169 17 <0.0717
Group B 173 16 172 17 172 22 171 20 187 22 <0.0551

Choice reaction time (ms)
Group A 256 32 249 29 252 30 249 31 245 31 <0.4424
Group B 261 47 256 37 256 38 256 34 252 30 <0.9074

Speed of movement (cm á s)1)
Group A 101 22 99 22 103 26 105 29 103 25 <0.4237
Group B 102 17 98 16 100 20 98 22 96 20 <0.2261

Tapping speed (taps á s)1)
Group A 5.93 0.61 5.91 0.60 5.93 0.59 6.03 0.49 5.88 0.45 <0.2700
Group B 5.70 0.56 5.68 0.61 5.69 0.57 5.71 0.54 5.74 0.54 <0.6191

Coordination (bits á s)1)
Group A 10.47 1.07 10.47 0.91 10.36 0.90 10.34 1.28 10.49 0.97 <0.6921
Group B 10.50 0.78 10.58 0.89 10.52 0.87 10.53 1.07 10.52 1.24 <0.9450

Paired t-test (Wilcoxon test for matched pairs) compared between mean of X1±3 and measurement after training (group A = X4, group
B = X5)
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the fatigue would have been greater, but generally the
results of the muscle strength measurements satis®ed us,
because the expected and desired systematic and distinct
decrease in muscle strength and EMG activity was
achieved.

Motor performance tests

A 1-h session of strength training of the upper extremi-
ties had no e�ect on the motor performance tests of the
hand. At the planning phase of the study, the pre-
sumption was that the results of the motor performance
tests would be lower (reaction times higher) in the fourth
measurement of group A and the ®fth measurement of
group B. However, no such e�ect was observed. With
regard to the simple reaction time results, this hypothesis
was almost con®rmed, but the results did not reach the
level of statistical signi®cance. However, we are cautious
in drawing any de®nite conclusions on the basis of this
result, because the changes in simple reaction times were
quite clear after the training session and the P values
were 0.0717 for group A and 0.0551 for group B. In a
larger sample of subjects, this change might have
reached the level of statistical signi®cance. In the simple
reaction time test the subjects performed the response
with a dorsi¯exion movement of the wrist joint, while in
the choice reaction time test rotation of the shoulder
played a major role in the motion. The training session
was applied especially to the extensor and ¯exor muscles
of the wrist joint, but did not include any exercises for
the rotator muscles of the shoulder, so the fatigue was
probably greater in the extensor muscles of the wrist
joint than in the rotator muscles of the shoulder. It
seems that the speci®city of movement patterns plays an
important role, and the di�erences were most notable in
the tasks and movements performed with most trained
and fatigued muscles. In the speed of movement test the
reason for no statistically signi®cant di�erences may be
explained by the same e�ect as reported above for choice
reaction time.

Many of the subjects reported that the tapping speed
test was easier to perform after the training session. One
possible explanation for this might be the warm-up of
the muscles during the training session as has been
suggested by Shellock and Prentice (1985). The alertness
of the muscles could hence be expected to be higher after
training, which e�ect would partly compensate for the
fatigue of the muscles.

The coordination test is a ®ne motor test with fast
and precise back-and-forth movement of the whole up-
per extremity between target points and we anticipated
that the accuracy of movement would be decreased.
However, no such e�ect was observed. We attributed
this ®nding to the same set of facts as reported above for
the tapping speed test and choice reaction time test.

Because the results indicated that the training session
of the upper extremities had no e�ect on the motor
performance tests of the hand, we therefore considered

the possibility that the intensity of the training session
was too low to cause changes in the aspects measured.
However, there were some factors to counteract this
argument:

1. A distinct decrease in muscle strength was achieved.
2. A distinct decrease in EMG activity was achieved
3. Many of the subjects performed the motor perfor-

mance tests with shaking hands and reported a feeling
of muscle fatigue after the training session.

4. All the subjects su�ered some level of muscle soreness
for a few days after the training session.

After discussion of these facts we believe that the in-
tensity of the training was su�ciently high.

In addition, there were no cases where the subject
would have demonstrated increased torque on each of
the trials and it seems that maximal e�ort was achieved
quite well by the subjects. We had only a few previous
motor performance studies to compare with our results,
but concerning the reaction time measurement, our
®nding was consistent with one previous study (Morris
1977), which has not shown reaction time changes after
muscle fatigue. Morris (1977) has given some possible
explanations for this ®nding. He has suggested that the
central nervous system may have some compensatory
mechanism which prevents changes in reaction times
when working with fatigued muscles. It has also been
suggested that there may exist di�erent motor systems to
control movements, one may control the velocity of
movements, while another may control force (Stein
1974). There have also been some other studies sug-
gesting that simple reaction time may not be a feasible
criterion for measuring muscle fatigue (Kroll 1974;
Hayes 1975). The learning e�ect may disturb the results
of motor performance tests of this kind. However, we
made separate reliability tests (=1±3 baseline measure-
ments) in this study, and they indicated no learning ef-
fect.

It is noteworthy that many of the subjects reported
that the motor performance tests were more di�cult to
perform after the training session (expect the ®nger
tapping test), because of the feeling of muscle fatigue
and sti�ness, but no statistically signi®cant di�erences
were observed in these results after objective measure-
ments. Based on these results, it would seem that the
feeling of incompetence to perform speed and accurate
movements with fatigued muscles was mainly a subjec-
tive feeling, and the real e�ect of muscle fatigue on
motor performance was less than would generally have
been expected.

Limitations and biases of the study

Subjects

The study was limited to women. The main reason for
this was that we wanted to keep the group homoge-
neous, because there are some sex di�erences in the tests
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performed in this study and the participants in the pre-
vious reliability study had also been women. As regards
age and sex, our sample was comparable to the sample
in which reliability had been established. The number of
subjects in the study was quite small, and the results
might have been more conclusive if a larger sample had
been used. This point was especially pertinent in the
assessment of the results of the simple reaction time
tests. The study was carried out with healthy volunteers,
and the results could have been di�erent in a population
with musculoskeletal disorders in which, for example,
pain after training may have decreased motor perfor-
mance. Further research is necessary to clarify this.

Methods

The EMG measurements would have required intra-
muscular needle electrodes on the forearm, where many
narrow muscles are tightly gathered, but we did not have
the necessary equipment. It is therefore impossible for us
to de®ne exactly the muscles under the electrodes, and in
the study we used the terms ¯exor and extensor muscle
groups of the wrist joint. However, because there was no
variation in the placement of the electrodes between
measurements (the electrodes were kept on the skin
during the training session and the sites were the same
before and after the training session), and the numbers
of motor units between the electrodes were mainly the
same in the two sets of measurements, we believe that
the EMG values were comparable, although the partic-
ular muscles were not identi®ed exactly.

There was a time interval of about 6 min between the
end of the training session and the beginning of the
motor performance tests, because we had to make the
muscle strength and EMG measurements immediately
after the training. It is possible that the muscles recov-
ered somewhat during this time. We consider however,
that any recovery would have been slight, because the
subjects performed maximal e�orts in the muscle
strength tests during this time and these tests fatigued
the muscles also.

Conclusions

Based on the results of our research, a 1-h session of
strength training of the upper extremity decreases
acutely muscle strength and EMG activity measured
immediately after the training. However, muscle fatigue
had no e�ects on the motor performance functions of
the upper extremity expressed as simple reaction time,
choice reaction time, speed of movement, tapping speed
and coordination. It seems that the feeling of incompe-
tence to perform speed and accurate movements with
fatigued muscles was mainly a subjective feeling, and no
statistically signi®cant objective changes were observed.

It may be that the real e�ect of muscle fatigue on motor
performance is less than generally expected.
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