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Abstract
Background: To assess balance in single-limb stance, center of pressure movements can be
registered by stabilometry with force platforms. This can be used for evaluation of injuries to the
lower extremities. It is important to ensure that the assessment tools we use in the clinical setting
and in research have minimal measurement error. Previous studies have shown that the ability to
maintain standing balance is decreased by fatiguing exercise. There is, however, a need for further
studies regarding possible effects of general exercise on balance in single-limb stance. The aims of
this study were: 1) to assess the test-retest reliability of balance variables measured in single-limb
stance on a force platform, and 2) to study the effect of exercise on balance in single-limb stance,
in healthy subjects.

Methods: Forty-two individuals were examined for test-retest reliability, and 24 individuals were
tested before (pre-exercise) and after (post-exercise) short-duration, sub-maximal cycling.
Amplitude and average speed of center of pressure movements were registered in the frontal and
sagittal planes. Mean difference between test and retest with 95% confidence interval, the intraclass
correlation coefficient, and the Bland and Altman graphs with limits of agreement, were used as
statistical methods for assessing test-retest reliability. The paired t-test was used for comparisons
between pre- and post-exercise measurements.

Results: No difference was found between test and retest. The intraclass correlation coefficients
ranged from 0.79 to 0.95 in all stabilometric variables except one. The limits of agreement revealed
that small changes in an individual's performance cannot be detected. Higher values were found
after cycling in three of the eight stabilometric variables.

Conclusions: The absence of systematic variation and the high ICC values, indicate that the test
is reliable for distinguishing among groups of subjects. However, relatively large differences in an
individual's balance performance would be required to confidently state that a change is real. The
higher values found after cycling, indicate compensatory mechanisms intended to maintain balance,
or a decreased ability to maintain balance. It is recommended that average speed and DEV 10; the
variables showing the best reliability and effects of exercise, be used in future studies.
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Background
Fatigue is caused by a combination of different physiolog-
ical mechanisms occurring at both the central and periph-
eral levels, leading to decreased motor control [1]. It is
therefore reasonable to hypothesize that fatiguing exercise
will have an effect on postural control. The maintenance
and control of posture and balance in a particular posi-
tion, or during movement, are fundamental for physical
activity. The somatosensory, visual and vestibular sys-
tems, as well as the muscle activity, contribute to the
maintenance of postural control. This is a person's ability
to maintain an appropriate relationship between the body
segments and between the body and the environment,
and to keep the body's center of mass over the base of sup-
port when performing a task [2]. To evaluate postural con-
trol in stance, center of pressure (CP) movements can be
registered by stabilometry with force platforms [3].

Some authors have reported a decrease in ability to main-
tain balance in bilateral stance [4–6], and single-limb
stance [6–8] after fatiguing exercise, and it has been sug-
gested that individuals are therefore at increased risk of
injury when fatigued [6–8]. However, others have found
no effect of fatiguing exercise on postural control in sin-
gle-limb stance [9–11]. In the above-mentioned studies,
fatigue was induced by exercise of the lower extremities
[6–8,10,11], or by general fatigue [4,5,9]. Fatigue induced
by general exercise, such as cycling, running or walking,
better resembles conditions in daily life and physical
activities than fatigue induced by exercising the lower
extremities isolated in an isokinetic device. Studies of bal-
ance in single-limb stance are of importance since move-
ment patterns of postural control are similar during the
stance phase, and many injuries to the lower extremities
occur during weight-bearing on one leg [12]. The effect of
general fatigue on balance in single-limb stance in healthy
subjects has, to our knowledge, only been investigated in
one study [9]. Therefore, there is a need for further studies
regarding possible effects of fatigue induced by general
exercise on postural control, measured by balance in sin-
gle-limb stance.

It is important to ensure that the assessment tools we use
in the clinical setting and in research have measurement
error small enough (i.e. high reliability) to detect actual
changes in what is being measured. The two components
of measurement error are systematic bias, e.g., learning or
fatigue effects on the test, and random error due to inher-
ent subject or instrument variation [13]. There is a lack of
consensus regarding which statistical tests are the most
appropriate for use in reliability studies [13]. Several stud-
ies have used the intraclass correlation coefficient (ICC) as
a statistical method for assessing test-retest reliability on
force platforms [14–16]. However, the ICC has disadvan-
tages; e.g., large variation between subjects results in high

ICC values [13], and the ICC provides a value between 0
and 1 ("relative reliability"), which is difficult to interpret
clinically. Therefore, it has been recommended that the
ICC be complemented by calculations expressing the
actual units of measurement ("absolute reliability"), such
as the Bland and Altman graphs with limits of agreement
(LOA), and the paired t-test or mean difference between
test and retest with a 95% confidence interval (CI), to
assess whether there is a statistically significant bias
between the tests (systematic change in the mean) [13]. If
several reliability statistics are used; i.e., relative reliability,
absolute reliability and analysis of systematic change in
the mean, this may provide us with sufficient information
about the reliability of the assessment tool.

The purposes of the present study were: 1) to assess the
test-retest reliability of balance in single-limb stance
measured by stabilometry on a force platform as used in
previous studies [3,16–19], and 2) to study the effect of
short-duration, sub-maximal cycle ergometry, a standard-
ized method of inducing fatigue [20], on balance in sin-
gle-limb stance in healthy subjects.

Methods
Subjects
Two groups of healthy volunteers (group 1 and group 2),
with no history of neurological disease, major orthopedic
lesions, vestibular or visual disturbance were included in
the study. Group 1: Forty-two subjects (22 men and 20
women) were included in the test-retest reliability part of
the study. Their mean age was 24 years (SD 3 years), mean
height 176 cm (SD 8 cm), mean weight 69 kg (SD 10 kg),
and median activity level 5 (range 2 to 7) according to the
Tegner activity level scale, equal to heavy work or recrea-
tional jogging on uneven ground twice or more per week
[21]. Group 2: Twenty-four subjects (11 men and 13
women) were included in the part of the study regarding
the effect of general exercise. Their mean age was 24 years
(SD 3 years), mean height 176 cm (SD 8 cm), and mean
weight 71 kg (SD 13 kg), and median activity level 5
(range 2 to 9) according to the Tegner activity level scale.
The physical activity and age distribution of the subjects in
this study were chosen in order to match patients with lig-
ament injuries in the knee. The Research Ethics Commit-
tee at Lund University approved the study. All subjects
gave their written informed consent to participate in the
study.

Assessment
Stabilometry (group 1 and group 2)
Balance in single-limb stance was tested by means of a
strain gauge force plate (33 × 38 cm) with the subject bare-
foot in a standardized position [3,16–19] (Figure 1). One
foot was placed pointing straight forward in relation to
reference lines in the frontal and sagittal planes. The other
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Stabilometry in single-limb stance, tested by means of a strain gauge force plateFigure 1
Stabilometry in single-limb stance, tested by means of a strain gauge force plate. A standardized position was used. 
The subject is a model who did not participate in the study.
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leg was flexed 90° at the hip and knee joints with both
arms hanging relaxed at the sides. The subjects were
instructed to stand as motionless as possible, looking
straight ahead at a point on the wall 65 cm away; they
were allowed to practice maintaining this position for
about 20 s before three measurements were made on each
leg, with the subjects standing alternately on their right
and left leg. The test order between legs was randomized.
Accordingly, the assessment included three measurements
taken on the right leg and three on the left leg, giving a
total of six measurements on each test occasion. These six
measurements lasted for approximately 3.5 minutes. If
single-limb balance was not maintained for 25 seconds,
the trial was not recorded and the measurement was
repeated. However, all subjects in the present study suc-
cessfully completed the measurements. Movements of the
center of pressure (CP) in the frontal plane (FP) and sag-
ittal plane (SP) were recorded for 25 s at a sampling fre-
quency of 20 Hz. In bilateral stance, a frequency of CP
below 1–3 Hz has been found in healthy subjects [22]. A
center frequency value of CP below 2 Hz has been
observed in single-limb stance in the frontal plane in
uninjured subjects and in individuals with functional
instability of the ankle [23]. We have found no reports on
the frequency of CP in single-limb stance in the sagittal
plane. However, according Winter [22] the frequency of
CP is lower in the sagittal plane than in the frontal plane.
Thus, it is reasonable to assume that a sampling frequency
of 20 Hz is appropriate for measuring CP movements in
single-limb stance. It cannot, however, be excluded that
CP movements at higher frequencies than those that can
be recorded at a sampling rate of 20 Hz may exist. A com-
puter program (Viewdac 2.1, Keithley Instruments, Inc.,
Cleveland, Ohio, USA), was used to analyze the following
variables: 1) standard deviation of the mean value of CP
movements in mm, reflecting the amplitude of CP movements
(amplitude); 2) average speed of CP movements in mm·s-1; 3)
number of movements exceeding 5 mm from the mean value of
CP (DEV 5); and 4) number of movements exceeding 10 mm
from the mean value of CP (DEV 10), giving a total of eight
variables (four variables in each plane). The mean value of
CP is the distance (mm) between the CP and the reference
lines, and the amplitude (mm) is its standard deviation.
The average speed (mm·s-1) reflects the amplitude and
frequency of CP movements, and is calculated as the total
length of the path of CP divided by the test trial time. DEV
5 is the number of movements exceeding 5 mm but less
than or equal to 10 mm from the mean value of CP, and
DEV 10 is the number of movements exceeding 10 mm
from the mean value of CP. DEV 5 and DEV 10 reflect the
amplitude of CP (i.e., displacement of CP).

The subjects in group 1 were tested twice (test 1 and test
2), at about the same time of day with an interval of
approximately one week, median value 7 days (range 4–7

days). As previously mentioned, three measurements were
made on each leg. The median value of these three meas-
urements was used in the test-retest reliability analyses.
The subjects in group 2 were tested before (pre-exercise)
and immediately after completion of short-duration, sub-
maximal cycling (post-exercise). The median value of the
three measurements and the first and third of the three
post-exercise measurements were used in the analyses.

Short-duration sub-maximal exercise (group 2 only)
Short-duration, sub-maximal exercise was performed on a
cycle ergometer. The subjects wore a heart-rate meter dur-
ing the entire duration of the assessment. Borg's scale for
Rating of Perceived Exertion (RPE) [24] was used to assess
the subjective effort level during exercise. On this scale,
numbers ranging from 6 to 20 are matched with descrip-
tors (e.g., 6 = No exertion at all, 13 = Somewhat hard, 15 =
Hard, 17 = Very hard, 19 = Extremely hard, and 20 = Maxi-
mal exertion). The RPE scale was designed to increase line-
arly with exercise intensity and heart rate while exercising
on a bicycle ergometer, and correlates closely with several
physiological variables, including heart rate and blood
lactate concentration [24]. A linear relationship exists
between heart rate and oxygen consumption with increas-
ing rates of work. A given percentage of maximum oxygen
consumption (VO2max) results in a higher percentage of
maximum heart rate (HRmax); e.g., 75% of VO2max repre-
sents an intensity of 86% of the HRmax [25]. HRmax can be
predicted from the following equation:

Maximum heart rate (beats/min) = 220 - age (years) [25].

Reductions in concentrations of adenosine triphosphate
(ATP) and creatine phosphate (CP) in muscle, and large
increases in muscle and blood lactate concentrations have
been observed after a 4-min period of exercise on a cycle
ergometer above 60% of VO2max [20].

The rate of pedaling was kept constant at 60 revs/min. The
level of exercise was calculated to be similar to that per-
ceived during a general exercise session. Depending on
the sex and physical condition of each subject, the work-
load (W) was set individually aiming at reaching a heart
rate above 60% of the predicted HRmax in all subjects. The
cycling was stopped when the subjects had reached a heart
rate exceeding 60% of the predicted HRmax, perceived the
exercise as hard or very hard (values of 14–17 on the RPE
scale), and had reached steady-state heart rate; i.e., after
approximately 5 min. The exercise on the stationary bicy-
cle took place beside the force platform, so that the test
after exercise could be commenced within 10 s.

Statistical analysis
Since no statistically significant difference was found
between the right and left legs in the stabilometric
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variables, the average of the right and left legs; i.e.,
(right+left)/2, for each stabilometric variable was used for
statistical analyses. The use of the mean value of both legs
when performing parametric statistics can be questioned,
since this may affect the data variability. It cannot, how-
ever, be excluded that a dominance of one or the other
side exists, which is difficult to define [17], and therefore
it is hard to determine which leg to use in comparison
with patients. For this reason we used the average of the
right and left legs. However, the results were confirmed
using the right and left legs separately in the analyses.

Test-retest reliability (group 1)
A number of statistical methods of assessing test-retest
reliability were used: 1) mean difference and 95% confi-
dence interval (CI), 2) the two-way random effect model
(absolute agreement definition), average measure ICC
and 95% CI (ICC2,2 according to Shrout & Fleiss [26]),
and 3) the Bland and Altman method of assessing agree-
ment, which includes a scatter plot of the differences
between test 1 and test 2 against their mean with 95% lim-
its of agreement (LOA) (i.e., mean difference ± 2 SD of the
difference) [27].

Effects of exercise (group 2)
The paired t-test was used for the intra-group compari-
sons. The median value of the three measurements was
used to compare pre- and post-exercise values. In addi-
tion, the first and third of the post-exercise measurements
were compared, to evaluate the instantaneous value of the
ability to maintain postural control in single-limb stance
(first measurement) and the possible recovery (third
measurement).

A level of P < 0.05 was chosen to indicate statistical signif-
icance. Since the present study has an exploratory charac-
ter, no correction for multiple comparisons was made.
The statistical analyses were performed using the program
package SPSS 11.0 (SPSS Inc., Chicago, Ill, USA).

Results
Test-retest reliability
The mean (SD) for test sessions 1 and 2, mean difference
with 95% CI, ICC values, and 95% LOA between test 1
and test 2, are given in Table 1. ICC values between 0.79
and 0.95 were found in the stabilometric variables, except
for the amplitude in the SP (ICC 0.47). The mean differ-
ence and 95% CI revealed no statistically significant dif-
ference between test 1 and test 2 (zero is included in each
interval). Figures 2, 3, 4, 5, 6, 7, 8 and 9 show the differ-
ences between test sessions 1 and 2 (test 2 minus test 1)
plotted against their mean for each subject with 95% CI
and 95% LOA (see also Table 1). The variables in the FP
tended to have smaller mean differences between the test

sessions, higher ICC values, and narrower LOAs than the
variables in the SP (Table 1).

Effects of exercise
Short-duration sub-maximal cycling
All subjects exceeded the 60% value of the predicted
HRmax; the mean value being 81% (SD 7%, range 68 to
99%). The median power output produced by the subjects
at the end of cycling was 150 W (range 100 to 200 W), and
the mean value of perceived exertion, rated according to
the RPE scale, was 15.4 (SD 0.9). The final heart rate
attained was 159 beats/min (SD 14 beats/min), and the
heart rate after the stabilometric assessment, approxi-
mately 3.5 minutes after the exercise, was 117 beats/min
(SD 16 beats/min).

Amplitude of CP movements
No difference was found in the amplitude in the frontal
plane (FP) between pre- and post-exercise values. In the
sagittal plane (SP) the amplitude was higher post- than
pre-exercise (P = 0.02). The mean (SD) for pre- and post-
exercise values, mean difference with 95% CI (post-exer-
cise minus pre-exercise), and P-values are given in Table 2.
Five (21%) subjects had a difference between pre- and
post-exercise measurements in the FP outside the LOA,
and in the SP, 2 (8%) subjects had a difference between
the measurements outside the LOA. Analysis of the first
and third of the post-exercise measurements showed no
difference in the FP or SP (Table 3).

Average speed of CP movements
Higher values were observed post- than pre-exercise in
average speed in the FP (P = 0.01), although not in the SP
(Table 2). One (4%) subject and 3 (12.5%) subjects had a
difference between pre- and post-exercise measurements
outside the LOA in the FP and SP, respectively. No differ-
ence was observed between the first and third of the post-
exercise measurements in the FP or SP (Table 3).

Number of movements exceeding 5 mm from the mean value of CP
No difference was noted between pre- and post-exercise
values in DEV 5 in the FP or SP (Table 2). One (4%) sub-
ject and 2 (8%) subjects had a difference between pre- and
post-exercise measurements outside the LOA in the FP
and SP, respectively. No difference was observed between
the first and third of the post-exercise measurements in
the FP or SP (Table 3).

Number of movements exceeding 10 mm from the mean value of CP
Higher values were found in DEV 10 post- than pre-exer-
cise in the FP (p = 0.03), however, not in the SP (Table 2).
One (4%) subject had a difference between pre- and post-
exercise measurements in the FP outside the LOA. In the
SP, none of the subjects had a difference between the
Page 5 of 16
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measurements outside the LOA. No difference was
observed between the first and third of the post-exercise
measurements in the FP or SP (Table 3).

Discussion
We have previously reported high reproducibility in
healthy subjects for the platform described [16]. However,
in that study only the ICC, which is difficult to interpret
clinically, was used to assess test-retest reliability. In addi-
tion, a systematic error was observed after previous stud-

ies, and the platform has therefore been calibrated. For
these reasons, a new, extended test-retest reliability study
was conducted.

According to the recommendations of Fleiss [28], ICC val-
ues above 0.75 represent excellent reliability, while values
between 0.4 and 0.75 represent good reliability. All
variables, except the amplitude in the SP, showed ICC val-
ues above 0.75, which is in accordance with our previous
study [16] and those of others [14,15]. Visual analysis of

Bland and Altman graph with limits of agreement (LOA)Figure 2
Bland and Altman graph with limits of agreement (LOA). The differences between test sessions 1 and 2 (test 2 minus 
test 1) plotted against their mean for each subject for the amplitude in mm in the frontal plane (FP) in 42 healthy subjects, 
together with the 95% confidence interval (CI) and the 95% LOA.
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the Bland and Altman graphs and interpretation of the
mean difference and 95% CI between the two test ses-
sions, showed that the values tended to be lower in test
session 2, which may be interpreted as a learning process.
This tendency was, however, not significant as zero was
included in the 95% CI (Table 1 and Figures 2, 3, 4, 5, 6,
7, 8 and 9).

To evaluate changes over time in an individual, the mag-
nitude of the change must exceed the inherent variability
of the outcome. The LOA can be used to assess a "real"
change in an individual's performance as a result of inter-

vention; i.e., if the difference between two measurements
is outside the LOA, there is a true change in performance
[13]. Since the LOAs were rather wide, the test of balance
in single-limb stance we used cannot detect small changes
in an individual's performance. In the second part of the
study, few subjects (0 – 5) had a difference between the
pre- and post-exercise measurements outside the LOAs,
i.e., a "real" change in their individual performance. Most
subjects had a difference between the measurements
within the LOAs, which does not represent a "real" change
in their individual performance. This result confirms that
small changes in an individual's performance cannot be

Bland and Altman graph with limits of agreement (LOA)Figure 3
Bland and Altman graph with limits of agreement (LOA). The differences between test sessions 1 and 2 (test 2 minus 
test 1) plotted against their mean for each subject for the amplitude in mm in the sagittal plane (SP) in 42 healthy subjects, 
together with the 95% confidence interval (CI) and the 95% LOA.
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detected. Relatively large individual measurement errors
for balance in single-limb stance measured on a force
platform have also been reported by Birmingham [14]. In
that study, SEMs and 95% CIs were used as measures of
absolute reliability, and the results showed that large
changes could be detected, but not small changes, in an
individual's score [14]. The test of balance in single-limb
stance we used may be more useful and appropriate when
distinguishing between groups of subjects, such as
between patients and controls. To evaluate an individual's
change in balance performance, a "true" change would be
outside the LOAs. The tendency towards smaller mean dif-

ferences between the two test sessions, higher ICC values,
and narrower LOAs for the variables in the FP than in the
SP, indicates that the variables in the FP may be more
reliable.

The second aim of our study was to study the effect of
short-duration, sub-maximal general exercise on balance
in single-limb stance in healthy subjects. The results
revealed higher values post- than pre-exercise in three of
the eight measured variables; i.e., the amplitude in the SP,
and the average speed and DEV 10 in the FP, whereas the
other five variables were unaffected by exercise. In

Bland and Altman graph with limits of agreement (LOA)Figure 4
Bland and Altman graph with limits of agreement (LOA). The differences between test sessions 1 and 2 (test 2 minus 
test 1) plotted against their mean for each subject for the average speed in mm·s-1 in the frontal plane (FP) in 42 healthy sub-
jects, together with the 95% confidence interval (CI) and the 95% LOA.
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contrast to these higher values found after cycling, all var-
iables tended to have lower values in test session two in
the test-retest reliability part of the study. The results of
higher values after exercise are supported by the findings
of other studies [6–8]. The findings of these studies and
our results seem, however, to contradict those of three
studies, showing no effect of fatiguing exercise on balance
standing on one leg [9–11]. Adlerton & Moritz [10] used
the same force platform as that used in our study. How-
ever, their fatiguing protocol was different from ours; a
local fatiguing protocol involving requesting the subjects
to rise on tiptoe repeatedly, which may explain the diver-

gent results. Rozzi et al. [11] suggested that the platform
they used had sensitivity too low to detect the effects of
muscular fatigue. In the third study mentioned [9], the
extent or level of fatigue was not described, which makes
it difficult to compare the results with those of other
studies.

To evaluate the possible recovery period, the first and
third of the post-exercise measurements were compared.
It was assumed that the first measurement could provide
us with the instantaneous value of the ability to maintain
postural control in single-limb stance. No difference was

Bland and Altman graph with limits of agreement (LOA).Figure 5
Bland and Altman graph with limits of agreement (LOA). The differences between test sessions 1 and 2 (test 2 minus 
test 1) plotted against their mean for each subject for the average speed in mm·s-1 in the sagittal plane (SP) in 42 healthy sub-
jects, together with the 95% confidence interval (CI) and the 95% LOA.
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found between the first and third of the measurements,
which indicates that the initial ability to maintain balance
was not more affected by exercise than the final
measurement.

We used general exercise on an ergometer cycle, in order
to resemble physical activity, with the aim of fatiguing the
subjects to the same extent as that perceived during a gen-
eral exercise session. All subjects in our study exceeded
60% of the predicted HRmax value; the values ranging from
68% to 99%. Since a given percentage of VO2max results in
a higher percentage of HRmax [25], and since the mean

value of the predicted HRmax was 81%, it may be assumed
that the subjects had reached a value above 60% of the
predicted VO2max; the level above which effects of fatigue
have been observed after cycling for a period of four min-
utes [20]. A short recovery time could be assumed in
people with good physical condition, and to avoid recov-
ery, the exercise on the stationary bicycle therefore took
place beside the force platform, so that the test after exer-
cise could be commenced within 10 s. Walking or running
on a treadmill could not take place beside the force plat-
form, and was therefore impractical. In addition, we plan
to study the effect of general exercise in individuals with

Bland and Altman graph with limits of agreement (LOA)Figure 6
Bland and Altman graph with limits of agreement (LOA). The differences between test sessions 1 and 2 (test 2 minus 
test 1) plotted against their mean for each subject for the number of movements exceeding 5 mm (DEV 5) in the frontal plane 
(FP) in 42 healthy subjects, together with the 95% confidence interval (CI) and the 95% LOA.
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knee injuries at different times after injury, and since the
knee is loaded considerably more while running/walking
than cycling, cycling was selected due to ethical reasons.
We found that short-term, sub-maximal cycling had an
effect on balance in single-limb stance. It is, however, pos-
sible that larger effects may be seen after running or walk-
ing than after cycling. This has been reported in studies
assessing postural control while standing on both feet
[4,5], indicating that increased loading on the lower
extremities affects standing balance to a greater extent.
Different methods of inducing fatigue by loading the
lower extremities, as well as the effect of general exercise

on balancing on one leg after longer durations of exercise
than in the present study, need to be further investigated.

To our knowledge, no data is available as to which varia-
bles provide the best measure of postural control in sin-
gle-limb stance. In a previous study on healthy subjects,
we reported differences due to age in average speed in the
FP and between men and women in both the FP and SP
[17]. Amplitude and DEV 10 have been found to be
higher among patients with anterior cruciate ligament
(ACL) injury compared to a control group of healthy sub-
jects [18]. In that study, CP movements in the FP only

Bland and Altman graph with limits of agreement (LOA)Figure 7
Bland and Altman graph with limits of agreement (LOA). The differences between test sessions 1 and 2 (test 2 minus 
test 1) plotted against their mean for each subject for the number of movements exceeding 5 mm (DEV 5) in the sagittal plane 
(SP) in 42 healthy subjects, together with the 95% confidence interval (CI) and the 95% LOA.
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were recorded [18]. In the present study, effects of exercise
were observed for two variables in the FP (average speed
and DEV 10) and one (amplitude) in the SP. Although the
amplitude in the SP was able to detect hypothesized
changes after the exercise, we recommend that the ampli-
tude variable not be used in future studies, since DEV 10
and amplitude both measure the amplitude of CP
movements, and since the amplitude had poorer reliabil-
ity in the SP than DEV 10 and was unaffected by exercise
in the FP. DEV 5 did not add any information in the
present study or in a previous one [18], and can therefore
also be excluded in future studies. The results of our pre-

vious studies and the present one indicate that measure-
ments in the FP may be more sensitive and revealing than
those in the SP. Furthermore, measurements in the FP
may be more useful since it is more difficult to maintain
the center of mass within the narrow width of the base of
support in this plane [29] than in the SP.

The changes in balance in single-limb stance found after
exercise in the present study may be explained by several
factors. Motor control encompasses the control of pos-
ture, balance, and movement. It is dependent on afferent
information from muscle spindles, receptors located in

Bland and Altman graph with limits of agreement (LOA)Figure 8
Bland and Altman graph with limits of agreement (LOA). The differences between test sessions 1 and 2 (test 2 minus 
test 1) plotted against their mean for each subject for the number of movements exceeding 10 mm (DEV 10) in the frontal 
plane (FP) in 42 healthy subjects, together with the 95% confidence interval (CI) and the 95% LOA.
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joint structures, muscles, tendons, and skin, visual and
vestibular information, as well as voluntary and reflexive
muscular response [30]. The activity of joint receptors,
muscle spindles and Golgi tendon organs may be reduced
by fatigue, resulting in proprioceptive deficit in muscle
receptors and loss of muscular reflexes responsible for
dynamic joint stability [31]. Since this afferent informa-
tion is also important for the maintenance of postural
control [30], the decreased muscle response may lead to a
poorer ability to maintain balance. Besides the effects of
fatigue on standing balance, some studies have also
reported increased knee joint laxity [9,32,33], decreased

knee proprioception [11,34], and a delay in muscle
response [33] following fatiguing exercise. The increased
amplitude of CP movements observed after cycling in the
present study may be explained by a decrease in muscle
response and a delay in muscle reaction, and this larger
sway may also explain the increased average speed. These
increased values in stabilometry following exercise indi-
cate compensatory mechanisms intended to maintain bal-
ance in single-limb stance, or a decreased ability to
maintain balance.

Bland and Altman graph with limits of agreement (LOA)Figure 9
Bland and Altman graph with limits of agreement (LOA). The differences between test sessions 1 and 2 (test 2 minus 
test 1) plotted against their mean for each subject for the number of movements exceeding 10 mm (DEV 10) in the sagittal 
plane (SP) in 42 healthy subjects, together with the 95% confidence interval (CI) and the 95% LOA.
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Table 1: Test-retest reliability in the stabilometric variables, in 42 healthy subjects.

Test session 1 Mean (SD) Test session 2 Mean (SD) Mean difference (95% CI) ICC (95% CI) 95% LOA

Frontal plane
Amplitude (mm) 4.57 (0.55) 4.51 (0.59) -0.06 (-0.21 – 0.09) 0.79 (0.61 – 0.89) -1.00 – 0.88
Average speed (mm·s-1) 23.68 (5.38) 23.23 (5.51) -0.45 (-1.16 – 0.26) 0.95 (0.92 – 0.98) -4.99 – 4.09
DEV 5 (n) 19.94 (5.71) 19.57 (6.16) -0.37 (-1.40 – 0.67) 0.92 (0.84 – 0.95) -6.99 – 6.25
DEV 10 (n) 3.55 (2.14) 3.38 (1.96) -0.17 (-0.58 – 0.25) 0.88 (0.78 – 0.94) -2.83 – 2.49
Sagittal plane
Amplitude (mm) 6.70 (1.44) 6.51 (1.02) -0.19 (-0.65 – 0.27) 0.47 (0.01 – 0.71) -3.13 – 2.75
Average speed (mm·s-1) 22.84 (5.25) 22.21 (5.47) -0.63 (-1.39 – 0.13) 0.94 (0.89 – 0.97) -5.49 – 4.23
DEV 5 (n) 14.10 (4.41) 13.49 (4.40) -0.61 (-1.60 – 0.39) 0.85 (0.72 – 0.92) -7.01 – 5.79
DEV 10 (n) 5.63 (2.44) 5.38 (2.39) -0.25 (-0.81 – 0.31) 0.84 (0.70 – 0.91) -3.87 – 3.37

Mean (SD) for test sessions 1 and 2, mean difference (95% confidence interval) (test 2 minus test 1), intraclass correlation coefficient (ICC) (95% 
confidence interval), and 95% limits of agreement (LOA) between test sessions 1 and 2 (test 2 minus test 1) in the stabilometric variables (amplitude 
in mm, average speed in mm·s-1, and number of movements exceeding 5 mm (DEV 5) and 10 mm (DEV 10)) in the frontal and sagittal planes.

Table 2: Effects of exercise in the stabilometric variables, in 24 healthy subjects.

Pre-exercise Mean (SD) Post-exercise Mean (SD) Mean difference (95% CI) P-value

Frontal plane
Amplitude (mm) 4.71 (0.66) 4.88 (0.59) 0.17 (-0.88 – 0.42) 0.19
Average speed (mm·s-1) 23.19 (5.19) 24.42 (5.20) 1.23 (0.29 – 2.17) 0.01
DEV 5 (n) 19.13 (5.87) 19.90 (5.37) 0.77 (-0.69 – 2.23) 0.29
DEV 10 (n) 3.48 (1.84) 4.38 (2.35) 0.90 (0.11 – 1.68) 0.03
Sagittal plane
Amplitude (mm) 7.08 (1.12) 7.77 (1.10) 0.69 (0.13 – 1.24) 0.02
Average speed (mm·s-1) 24.02 (5.01) 25.19 (6.17) 1.17 (-0.19 – 2.53) 0.09
DEV 5 (n) 15.98 (4.53) 14.96 (4.39) -1.02 (-2.43 – 0.39) 0.15
DEV 10 (n) 6.50 (2.47) 6.58 (2.53) 0.08 (-0.52 – 0.68) 0.78

Numbers in bold face represent P-values that are statistically significant.   Mean (SD), mean difference (95% confidence interval) (post-exercise 
minus pre-exercise) and P-value (paired t-test) before (pre-exercise) and after (post-exercise) exercise, in the stabilometric variables (amplitude in 
mm, average speed in mm·s-1, and number of movements exceeding 5 mm (DEV 5) and 10 mm (DEV 10)) in the frontal and sagittal planes.

Table 3: Instantaneous ability to maintain balance and possible recovery after exercise, in 24 healthy subjects.

Measurement 1 Mean (SD) Measurement 3 Mean (SD) Mean difference (95% CI) P-value

Frontal plane
Amplitude (mm) 5.02 (0.77) 5.15 (0.88) 0.13 (-0.21 – 0.46) 0.45
Average speed (mm·s-1) 24.83 (6.22) 24.25 (5.54) -0.58 (-1.60 – 0.44) 0.25
DEV 5 (n) 20.94 (5.67) 19.39 (5.97) -1.54 (-3.32 – 0.23) 0.09
DEV 10 (n) 4.83 (2.55) 4.46 (2.70) -0.38 (-1.02 – 0.27) 0.24
Sagittal plane
Amplitude (mm) 7.81 (1.44) 7.52 (1.34) -0.29 (-1.01 – 0.43) 0.41
Average speed (mm·s-1) 25.29 (6.35) 25.02 (6.20) -0.27 (-1.13 – 0.59) 0.52
DEV 5 (n) 14.65 (4.66) 14.73 (5.45) 0.08 (-1.37 – 1.53) 0.90
DEV 10 (n) 6.77 (2.71) 6.94 (3.23) 0.17 (-0.91 – 1.24) 0.75

Mean (SD), mean difference (95% confidence interval) (measurement 3 minus measurement 1) and P-value (paired t-test) for post-exercise meas-
urements 1 and 3, in the stabilometric variables (amplitude in mm, average speed in mm·s-1, and number of movements exceeding 5 mm (DEV 5) 
and 10 mm (DEV 10)) in the frontal and sagittal planes.
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Conclusions
No statistically significant bias between the two test ses-
sions was found. The ICCs ranged from 0.79 to 0.95 in all
stabilometric variables except one. The Bland and Altman
plots with LOA revealed that small changes in an individ-
ual's performance cannot be detected. A relatively large
difference in an individual's balance performance would
be required to confidently state that the change is real. The
stabilometric test may thus be more useful and
appropriate for distinguishing between groups of subjects.
The increased values of average speed and DEV 10 in the
FP, and of the amplitude in the SP following cycling for a
short period of time at a sub-maximal level, indicate com-
pensatory mechanisms aimed at maintaining balance in
single-limb stance, or a decreased ability to maintain
balance, in young healthy subjects. Since the amplitude in
the SP had poor reliability, and DEV 5 in both planes and
amplitude in the FP were unaffected by exercise, these
variables can be excluded in future studies. We recom-
mend that average speed and DEV 10; the variables show-
ing the best reliability and effects of exercise, be used in
future studies. Our results indicate that measurements in
the FP may be more reliable and sensitive than those in
the SP.
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