Hindawi
Rehabilitation Research and Practice
Volume 2018, Article ID 8438350, 8 pages
https://doi.org/10.1155/2018/8438350

Research Article
Reproducibility of Static and Dynamic Postural Control
Measurement in Adolescent Athletes with Back Pain
Edem Korkor Appiah-Dwomoh

,1 Steffen Müller,2,3 and Frank Mayer

2

1

Department of Sports and Health Sciences, Clinical Exercise Science, University Outpatient Clinic,
University of Potsdam, 14469 Potsdam, Brandenburg, Germany
2
University Outpatient Clinic Potsdam, University of Potsdam, 14469 Potsdam, Brandenburg, Germany
3
Trier University of Applied Science, Department of Computer Science/Therapy Science, 54293 Trier, Germany
Correspondence should be addressed to Edem Korkor Appiah-Dwomoh; appiahdw@uni-potsdam.de
Received 1 March 2018; Accepted 5 June 2018; Published 2 July 2018
Academic Editor: Maria Gabriella Ceravolo
Copyright © 2018 Edem Korkor Appiah-Dwomoh et al. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.
Static (one-legged stance) and dynamic (star excursion balance) postural control tests were performed by 14 adolescent athletes with
and 17 without back pain to determine reproducibility. The total displacement, mediolateral and anterior-posterior displacements of
the centre of pressure in mm for the static, and the normalized and composite reach distances for the dynamic tests were analysed.
Intraclass correlation coefficients, 95% confidence intervals, and a Bland-Altman analysis were calculated for reproducibility.
Intraclass correlation coefficients for subjects with (0.54 to 0.65), (0.61 to 0.69) and without (0.45 to 0.49), (0.52 to 0.60) back
pain were obtained on the static test for right and left legs, respectively. Likewise, (0.79 to 0.88), (0.75 to 0.93) for subjects with and
(0.61 to 0.82), (0.60 to 0.85) for those without back pain were obtained on the dynamic test for the right and left legs, respectively.
Systematic bias was not observed between test and retest of subjects on both static and dynamic tests. The one-legged stance and
star excursion balance tests have fair to excellent reliabilities on measures of postural control in adolescent athletes with and without
back pain. They can be used as measures of postural control in adolescent athletes with and without back pain.

1. Background
Studies suggest that back pain (BP) is a problem in the
general and athletic populations [1–5]. It causes disruption
of postural control (PC) [6] and alteration in trunk muscle
activity [7–9]. Hence, there is a need for periodic assessment
and monitoring to identify and appropriately rehabilitate the
altered or impaired trunk and postural control. This can be
done statically by assessing deviations in the location of the
centre of pressure (COP) through measures derived from
force plate data using the one-legged stance test [9, 10].
Dynamically, the assessment can be made by completing a
movement task whilst maintaining a stable base of support
using the star excursion balance test (SEBT) [11].
In typically developing children, the reliability of sway
parameters on a force platform using the one-legged stance
test are generally moderate to excellent [12]. Healthy young
adults also show excellent intra- and intersession reliability

[13, 14]. In the only published literature on the reliability of
static postural control in athletes, Harringe et al. [15] used a
double-leg stance test. However, superior balance is reported
in athletes due to repetitive training [16], and a one-legged
stance is often required to switch from two legs to one during
the performance of sports. Hence, a more challenging task
like the one-legged stance test would be appropriate as a
static measure for this group of individuals. In the dynamic
test, SEBT, Kinzey and Armstrong [11] were the ïňĄrst to
examine the reliability, conducting their study in a healthy
general population of adults. They reported moderate to
high reliability with intraclass correlation coefficients (ICC)
ranging from 0.67 in the right anterior direction to 0.87 in
the left anterior and left posterior directions [11]. In adult
recreational athletes, Munro & Herrington [17] also reported
excellent reliability (ICC; 0.84 to 0.92) for all directions
on the test. ICC ranging from 0.84 to 0.87 and 0.51 to
0.93 for the 3 reach directions of the SEBT has also been
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reported for high school basketball players [18] and primary
school children [19], respectively. The SEBT has been used to
assess postural control in individuals with back pain, athletes
[20] and nonathletes alike [21] without first establishing the
reliability of the test in these groups. Also, in published
literature, measurement of the reliabilities of both the onelegged stance test and the SEBT took place in healthy subjects;
therefore it cannot be assumed that this will remain the
same in injured individuals and athletes and different age
groups. In addition to this, athletes have superior balance
abilities due to training [16], and this needs to be taken
into consideration. Furthermore, BP damages the sensory
tissues and pain inhibition in the lumbar spine and trunk is
believed to affect the PC mechanism [7, 22]. This might lead
to the adoption of alternative PC strategies to cope with the
new demands introduced by pain [10]. Also, individuals with
BP show changes in the position of their centre of pressure
compared to pain-free subjects [23, 24], and differences in
PC exist between injured and noninjured individuals [15].
Therefore, the aim of the study was to determine the testretest reproducibility of static and dynamic PC measurements
in adolescent athletes with and without BP using the onelegged stance for the former and the SEBT for the latter.
A second aim was to determine whether reproducibility of
these tests was different between adolescent athletes with and
without BP.

2. Methods
2.1. Participants. A total of 35 adolescent athletes were
recruited for the study. 4 subjects (1 BP and 3 NBP) were
excluded due to the report of chest pains and knee and shin
injuries prior to retest as well as data acquisition challenges.
Therefore, 14 BP athletes (14.6 ± 1.4 years, 66.0 ± 8.3 kg,
173.8 ± 5.3 cm, 4.7 ±2.5 training years, 8.9 ± 3.9 training
sessions/week, 96.1 ± 18.0 training minutes/session) and 17
NBP athletes (13.8 ±1.5 years, 58.8 ± 13.2 kg, 170.3 ± 12.2
cm, 3.9 ± 2.5 training years, 7.1 ± 3.3 training sessions/week,
98.8 ± 23.2 training minutes/session) were included in the
final data analysis. The athletes were from 7 different sport
disciplines: athletics (n = 6), rowing (n =7), canoeing (n =
4), swimming (n = 1), football (n = 8), handball (n = 3),
and volleyball (n = 2). A pain questionnaire consisting of a
numeric rating scale of 1 (no pain) to 5 (severest pain) in
the form of smiley faces was used to determine participants
with BP [25]. BP was not confined to a specific region of
the back and was defined as pain rating from 2 to 5 on the
pain questionnaire. The mean BP score at initial testing was
3 ± 0.8 and 2.8 ± 1.0 at retest. Subjects with lower and upper
limb injuries, head injuries, vision problems, and any other
complaints that could have affected the balance measurement
were excluded. The institution’s ethics committee gave ethical
approval and participants and their parents or guardians gave
written informed consent before data collection.
2.2. Procedure. Age, gender, weight, height, number of training years, training days per week, training minutes per
session, and type of sports engaged in by the subjects were
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recorded. All subjects performed the one-legged stance test
first, followed by the SEBT. Participants performed two test
sessions 7 days apart. The first test was conducted by instructing participants to stand on one leg on a force plate (Advanced
Mechanical Technology Inc. (AMTI, OR6-6, Massachusetts,
USA)) and slightly flex the free leg at the hip and knee.
The standing leg was slightly flexed at the knee with eyes
open. Maintaining their hands on their waist, they focused
on an imaginary object straight ahead. The testing protocol
included 3 repetitions of 15 seconds for each leg. The starting
limb was chosen randomly. After the examiner instructed
and demonstrated the testing situation, participants were
given one practice trial before the main test. Practice and test
trials were considered invalid if the participant removed their
hands from the waist, dropped down, or touched the force
plate with the nonstanding limb, or moved the standing limb.
Displacements of the COP in the mediolateral and anteriorposterior directions were recorded with Netforce (AMTI).
The sampling frequency was 1000Hz and data was acquired
for 15s. Time series signals were filtered using a Butterworth
filter with a cut-off frequency of 12 Hz after which the
following COP parameters were calculated for 10-second
time interval: mean total COP displacement (COP tot), mean
displacement of the COP in anterior-posterior (COP ap), and
mediolateral (COP ml) directions.
The SEBT was carried out after the one-legged stance test
was completed. The shortened version includes the anterior,
posteromedial, and posterolateral directions. 3 tape measures
with a centimetre scale were affixed onto the laboratory floor.
The first reach direction was aligned anterior to the apex; the
other two were oriented 135 degrees to the first in the posteromedial and posterolateral directions [26]. Maintaining a
single-leg stance, participants were instructed to reach out
as far as possible with the nonstance limb along the marked
tape, point to the most distal portion with their big toe, and
return the limb back to the starting position [18]. Subjects
practiced each direction 4 times before the actual testing to
minimize learning effects [27, 28]. This was followed by the
recording of 3 successful trials in each direction for both legs,
always with a 10-s rest between each test [28]. The order of
the starting limb was randomized, and the chronology of the
directions was defined ((1) Anterior, (2) Posteromedial, and
(3) Posterolateral). The subject’s starting foot was placed on
the convergence of the reach directional lines of the SEBT
[26]. In this way, the lateral malleolus was positioned at
the intersection point of the 3 directions, with the foot’s
longitudinal axis oriented towards the anterior direction.
The starting position was a bilateral limb stance. Subjects
performed the test with socks on and kept their hands on
their hips throughout the testing period. The limb length of
the subjects was then taken with a measuring tape. This was
defined as the distance from the anterosuperior iliac spine
to the medial malleolus [29]. Maximum reach distance was
visually read by the same examiner for all subjects. A trial was
considered invalid if the reaching foot did not return to the
starting position, if it touched down whilst reaching out, if the
support limb shifted, if the heel of the support foot did not
stay in contact with the ground or if the hands were removed
from the hips.
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Table 1

(a) Mean ± SD (mm), 95% CI, and effect size for the outcome measures of the one-legged stance test for subjects with back pain during test and retest sessions.

Test

BP

Rt
COP ap
COP ml
COP total
Lt
COP ap
COP ml
COP total

Mean ± SD (mm)
295.8 ± 94.8
263.6 ± 58.8
434.6 ± 113.9

95% CI
241.0 – 350.5
229.6 – 297.5
368.8 – 500.4

276.3 ± 100.2
253.9 ± 51.4
416.4 ± 113.5

218.4 – 334.2
224.2 – 283.6
350.9 - 481.9

Retest
Mean ± SD (mm)
253.0 ± 64.5
274.2 ± 75.6
413.9 ± 104.1
268.7 ± 79.3
266.1 ± 75.1
424.7 ± 114.8

95%CI
215.8 – 290.3
230.6 – 317.9
353.8 – 474.0

Effect size
0.527
-0.157
0.190

222.9 – 314.5
222.7 – 309.5
358.4 - 491.0

0.084
-0.190
-0.059

left/right: Lt/Rt.
(b) Mean ± SD (mm), 95% CI, and effect size for the outcome measures of the one-legged stance test for subjects without back pain during test and retest
sessions.

NBP

Rt
COP ap
COP ml
COP total
Lt
COP ap
COP ml
COP total

Test
Mean ± SD (mm)
288.1 ± 72.1
292.5 ± 82.4
462.5 ± 122.0
288.8 ± 69.9
296.6 ± 61.9
459.0 ± 101.1

95% CI
251.0 – 325.1
250.1 – 334.8
399.8 – 525.3
252.9 – 324.8
264.8 – 328.5
407.0 – 511.0

Retest
Mean ± SD (mm)
315.1 ± 123.8
307.5 ± 130.1
498.0 ± 211.3
292.7 ± 80.5
274.1 ± 67.9
446.1 ± 112.3

95%CI
251.5 – 378.7
240.6 – 374.4
389.3 – 606.7

Effect size
-0.238
-0.121
-0.184

251.3 – 334.1
239.1 – 309.0
388.3 – 503.8

-0.043
0.287
0.100

left/right: Lt/Rt.

2.3. Outcome Measures and Statistical Analysis. Outcome
measures of interest included the mean of the total COP
displacement (COP tot) and the mean displacement of the
COP in the anterior-posterior (COP ap) and mediolateral
directions (COP ml), all in millimetres. Mean normalized
reach distance in anterior, posteriomedial, and posterolateral
directions was expressed as the percentage of limb length and
composite reach distance score (CRDS) for the SEBT [30].
The composite reach distance was calculated as the sum of
the 3 normalized SEBT scores [30].
The relevant (nondigital) data for analysis was handwritten into a case report form, after which the computation
was performed. Mean and standard deviations followed by
paired t-tests and a Wilcoxon signed rank test for normally
and nonnormally distributed data, respectively, were carried
out. The intraclass correlation coefficient ICC (2, 1) for both
limbs for each outcome measure was then calculated. Criteria
ranges for ICC reliability were as follows: < 0.40, poor; 0.40
to 0.75, fair to good and > 0.75, excellent reliability [31]. Also,
a Bland-Altman analysis [32] was used as an indicator of
absolute reliability. The difference of the test-retest scores was
plotted against their average as well as the limits of agreement.
In addition to these, a post hoc power analysis was carried out
using G Power 3.1.9.2 [33] to determine whether the research
was adequately powered. The effect size (f) was calculated
using the formula (mean of test —mean of retest)/pooled
standard deviation of both tests. Bonferroni corrections were
carried out to correct for any type-one error that might occur
due to multiple analyses on the same dependent variable;

hence the level of significance was set at 𝛼 = (0.05/4) = 0.0125.
Statistical analysis was carried out using SPSS version 24
(SPSS Inc., Chicago, IL, USA).

3. Results
The scores from the two testing sessions did not reveal any
significant difference (P > 0.0125) in the outcome measures
of the one-legged stance test for subjects with and without
back pain as shown in Tables 1(a) and 1(b).
BP and NBP subjects recorded the ICCs of 0.54 to 0.69
and 0.45 to 0.60, respectively, for all the outcome measures of
the one-legged stance test (Table 2).
There was no significant difference (p > 0.0125) in any of
the directions for the SEBT between test-retest scores for both
limbs of BP and NBP subjects, as reported in Tables 3(a) and
3(b).
ICCs of (0.75 to 0.93) and (0.60 to 0.85) were recorded
for subjects with and without back pain, respectively, for the
outcome measures of the SEBT as shown in Table 4.
Test-retest values did not reveal any significant difference
(P > 0.0125) between the right and left lower limbs of athletes
with and without back pain for all outcome measures of both
the one-legged stance test and the SEBT when the 95% CIs
are observed. Only results of COP tot and CRDS of the right
lower limb are reported for the Bland-Altman, as there was
no significant difference or systematic bias between test and
retest for subjects with and without back pain (Figure 1).
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Table 2: Intraclass correlation coefficients with 95% confidence interval for the one-legged stance test calculated for testretest reliability for
BP and NBP.
ICC
0.69
0.61
0.63
0.49
0.47
0.45

COP ap
COP ml
COP tot
COP ap
COP ml
COP tot

BP

NBP

Rt
95% CI
0.3 – 0.9
0.1 – 0.9
0.2 – 0.9
0.0 – 0.8
0.0 – 0.8
-0.2 – 0.8

Lt
95%CI
0.2 – 0.9
0.0 – 0.8
0.2 – 0.9
0.1 – 0.8
0.2 – 0.8
0.1 – 0.8

ICC
0.65
0.54
0.64
0.52
0.60
0.57

left/right: Lt/Rt.

Table 3
(a) Mean ± SD (% of limb length), 95% CI, and effect size for the different directions on the SEBT during test and retest for back pain subjects.

BP

Rt (reach distance)
Anterior
Posteromedial
Posterolateral
CRDS
Lt
Anterior
Posteromedial
Posterolateral
CRDS

Test
Mean ± SD (% of limb length)
89.3 ± 8.2
83.4 ± 10.0
79.6 ± 9.4
84.1 ± 8.8

95% CI
84.5 - 94.0
77.7 – 89.2
74.2 – 85.0
79.0 – 89.2

Retest
Mean ± SD (% of limb length)
88.4 ± 6.2
84.5 ± 8.4
81.9 ± 9.5
84.9 ± 7.6

95%CI
84.8 – 91.9
79.7 – 89.3
76.4 – 87.4
80.5 – 89.3

Effect size
0.097
-0.095
-0.199
-0.078

89.3 ± 7.4
85.1 ± 10.1
79.4 ± 10.0
84.6 ± 8.8

85.0 – 93.6
79.2 – 90.9
73.6 – 85.2
79.5 – 89.6

89.0 ± 5.8
84.7 ± 9.9
81.8 ± 10.4
85.2 ± 8.4

85.6 – 92.3
79.0 – 90.4
75.8 – 87.8
80.3 – 90.0

0.354
0.033
-0.193
-0.057

left/right: Lt/Rt.
(b) Mean ± SD (% of limb length) 95% CI, and effect size for the different directions on the SEBT during test and retest for subjects without back pain.

NBP

Rt (reach distance)
Anterior
Posteromedial
Posterolateral
CRDS
Lt
Anterior
Posteromedial
Posterolateral
CRDS

Test
Mean ± SD (% of limb length)
88.4 ± 8.2
79.9 ± 9.2
79.8 ± 9.3
82.7 ± 7.9

95% CI
84.2 – 92.6
75.2 – 84.6
75.0 – 84.6
78.6 – 86.6

Retest
Mean ± SD (% of limb length)
87.8 ± 7.8
81.0 ± 9.3
78.9 ± 9.8
82.6 ± 8.0

95%CI
83.8 – 91.8
76.3 – 85.8
73.9 – 84.0
78.5 – 86.7

Effect size
0.061
-0.097
0.078
0.010

88.9 ± 8.6
80.6 ± 10.4
78.1 ± 12.6
82.6 ± 9.7

84.5 – 93.4
75.3 – 86.0
71.6 – 84.6
77.6 – 87.6

89.2 ± 7.5
81.2 ± 10.0
78.6 ± 10.0
83.0 ± 8.3

85.4 – 93.1
76.1 – 86.4
73.5 – 83.7
78.7 – 87.3

-0.030
-0.048
-0.035
-0.035

left/right: Lt/Rt.

4. Discussion
The study aimed to determine the test-retest reproducibility
of static and dynamic PC in adolescent athletes with and
without back pain using the one-legged stance test and
the SEBT. It also aimed to determine whether there was a
difference in the reliabilities of the dynamic and static PC
tests. The present results show that, in adolescent athletes
with and without back pain, the reliability of the one-legged
stance test is fair to good on all outcome measures. Also, the
reliability of the SEBT is good to excellent for subjects with
and without back pain. In addition to these, there was no

statistically significant difference in the reliabilities of either
the static or dynamic test for adolescent athletes with and
without back pain.
The fair-to-good reliability of the outcome measures of
the one-legged stance test for adolescents both with and
without back pain adds to the various COP parameters
reported to be reliable in literature [12–15, 34]. The results,
however, cannot be directly compared without caution to
those reported in the literature due to differences in the
study population, testing duration, COP parameters used,
type of stance employed, and testing surface used. The most
reliable test-retest reliability was detected in female gymnasts
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Table 4: Intraclass correlation coefficients with 95% confidence interval for test-retest reliability of subjects with and without back pain on
the SEBT.
Test-retest reliability
Reach distance (% of limb length)
Anterior
Posteromedial
Posterolateral
CRDS
Anterior
Posteromedial
Posterolateral
CRDS

BP

NBP

Rt
95% CI
0.4 – 0.9
0.7 – 1.0
0.6 – 0.9
0.6 – 1.0
0.6 – 0.9
0.5 – 0.9
0.2 – 0.8
0.4 – 0.9

ICC
0.79
0.88
0.85
0.86
0.82
0.79
0.61
0.74

Lt
95% CI
0.4 – 0.9
0.7 – 1.0
0.8 – 1.0
0.7 – 1.0
0.6 – 0.9
0.2 – 0.8
0.3 – 0.9
0.3 – 0.9

ICC
0.75
0.89
0.93
0.91
0.85
0.60
0.65
0.69

left/right: Lt/Rt.

BP (N = 14) Test-retest comparison of the right lower limb
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Figure 1: Bland-Altman plot for the right lower limb of adolescent athletes with and without back pain on the one-legged stance test and
the star excursion balance test. Blue diamond: single values; mean – (bias); lower limit (bias – 1.96∗standard deviation); upper limit (bias +
1.96∗standard deviation).
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whilst standing on a foam surface during 60s-test durations
performing bipedal task [15]. This observation differs from
the fair-to-good reliability observed in the current study
using a test duration of 15s, a firm surface, and the one-legged
stance test. This could be because postural control deficits
become more evident during the execution of challenging
tasks, as well as the need to challenge the postural control
system in order to obtain useful information from the COP
measurements [15] due of the study population. Thus, the
one-legged stance test might have provided the needed
challenge.
The total mean displacement of the COP in the present
study was almost 3 times lower for both test and retest in back
pain subjects compared to that obtained by Muehlbauer et
al. [34] (test: 1,223.2 mm and 1,133.1 mm and retest: 1,099.3
mm and 1,013.3 mm for men and women, respectively). This
difference could be due to the younger study population in
the present study. Greater postural sway is reported in older
compared to younger adults when the base of support is
narrowed [35], and even more so with athletes who generally
have superior balance ability due to participation in sports
[36]. Also, the test-retest values recorded for back pain
athletes were lower compared to those without back pain
(Table 1) in the present study. This, however, did not reach
a significant level, as observed in the 95% CIs. Harringe et al.
[15] reported a nonsignificant difference between their back
pain and healthy subjects, supporting the current results. This
could be due to the adoption of alternative postural control
strategies by the athletes with back pain to cope with the new
demands introduced by the pain [7].
The reliability of the SEBT in adolescent athletes with
back pain was excellent (ICC: 0.75 to 0.93), whilst that for
those without pain was good to excellent (ICC: 0.60 to
0.85). These results are in the range of ICC values previously
reported for healthy adults (0.67 to 0.87 [11], 0.78 to 0.96
[27]), basketball athletes (0.84 to 0.87) [19], and primary
school children (0.51 to 0.93) [22]. The current investigation
supports the reliability of the SEBT in adolescent athletes with
and without back pain. The body relies on rapid, continuous
feedback from three integrated but independent sensory
sources to execute smooth and coordinated neuromuscular
actions [37]. As back pain influences the trunk as well
as lower limb movement [38], there is the possibility of
detecting deficits in dynamic postural control using the
measure of reach distance. This is because the feedback
from the reach leg to the sensory sources of the postural
control might be interrupted during performance of the
SEBT [26]. Therefore, application of this tool in adolescent
athletes may prove a more challenging task that could help
further assess and monitor deficits resulting from back pain.
A Bland-Altman plot for COP tot showed little suggestion
of a bias, as the mean differences between the test and
retest of all the outcome measures for the one-legged stance
test for athletes with and without back pain were close to
zero. Muehlbauer et al. [34] also reported similar results
for COP tot in their investigation involving healthy adults
on the one-legged stance test, supporting the current result.
The good-to-excellent reliability reported for the SEBT was
confirmed in the Bland-Altman analysis. Based on the plot,
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the conclusion can be drawn that there is no statistically
significant difference between the test-retest scores of the
outcome measures of the SEBT reported in this investigation.
Bland-Altman analyses have not been reported in published
investigations of reproducibility involving the SEBT; hence
a direct comparison cannot be made with the published
literature.
The confidence intervals of the reliabilities of the static
and dynamic tests overlapped for subjects both with and
without back pain. Also, within each test, there was an
overlap of the confidence intervals between subjects with and
without back pain. Therefore, one can conclude that there is
no statistically significant difference between the static and
dynamic tests, as well as between subjects with and without
back pain, in our study population. A power analysis showed
that, based on the lowest (f = 0.010) and highest (f = 0.527)
effect sizes observed in the present study, approximately
95053 and 37 subjects would be needed respectively in both
BP and NBP groups to obtain a statistical power at a 0.80 level
[39].
4.1. Limitations of the Study. The pain questionnaire may be
considered a limitation of this study, as it only assessed pain
within 7 days prior to participation in the study. Hence, the
possibility of varying phases and locations of BP and its effect
on the current results cannot be ruled out. In addition to
this, a mean pain score of 3.0 ± 0.8 for our cohort might
be too low to show previously reported impact of back
pain on postural control. Another limitation might be the
varying sports disciplines considered together in the study,
as the SEBT might be sensitive to sport-related adaptations
[40], and the distinct skill requirements and environmental
demands of different sports likely pose different challenges to
the sensorimotor systems [41]. In addition to these, further
investigation is required to ascertain the effect of gender on
the current results, as there is a lack of agreement on the
effect of gender on the SEBT, with the literature reporting
both no effects [16, 31, 42] and significant effects [43, 44] after
normalization. Another limitation could be the sample size
since to produce studies that can detect clinically relevant
differences the appropriate sample size has to be determined.
However, based on the smallest and largest effect sizes, the
sample size can be said to be within an appropriate range
for the current study. All the same this should be taken into
consideration when interpreting the results. Finally, many
COP parameters are reported in the literature; therefore
the choice of COP tot, COP ml, and COP ap might not be
enough to allow for a generalization of the results on the
reproducibility of the one-legged stance test in adolescents
with and without back pain.

5. Conclusion
Static and dynamic postural control test like the one-leg
stance test and star excursion balance test show fair to
excellent reliabilities in adolescent athletes with and without
back pain. Based on the current study population there was
no difference in the reliabilities between the healthy athletes
and those with back pain.

Rehabilitation Research and Practice

Data Availability
The data for the current study are available from the authors
on reasonable request.

Conflicts of Interest
The authors declare no conflicts of interest.

Authors’ Contributions
Edem Korkor Appiah-Dwomoh conceived and designed the
experiments, collected and analysed data, carried out the
statistics, and wrote and corrected the manuscript. Steffen
Müller supervised the design of the experiment, made major
statistics corrections, and corrected the manuscript. Frank
Mayer supervised the design of the experiment and corrected
the manuscript.

Acknowledgments
The authors thank the athletes, their parents, and staff
of the outpatient clinic at the University of Potsdam for
the great help during data collection. They acknowledge
the support of Deutsche Forschungsgemeinschaft (German
Research Foundation) and Open Access Publication Fund of
Potsdam University.

References
[1] S. Mueller, J. Mueller, J. Stoll, O. Prieske, M. Cassel, and F. Mayer,
“Incidence of back pain in adolescent athletes: a prospective
study,” BMC Sports Science, Medicine and Rehabilitation, vol. 8,
no. 1, 2016.
[2] S. Z. George and A. Delitto, “Management of the athlete with
low back pain,” Clinics in Sports Medicine, vol. 21, no. 1, article
no. 120, pp. 105–120, 2002.
[3] G. Sassmannshausen and B. G. Smith, “Back pain in the young
athlete,” Clinics in Sports Medicine, vol. 21, no. 1, pp. 121–132,
2002.
[4] B. M. Haus and L. J. Micheli, “Back Pain in the Pediatric and
Adolescent Athlete,” Clinics in Sports Medicine, vol. 31, no. 3, pp.
423–440, 2012.
[5] C. P. Schmidt, S. Zwingenberger, A. Walther et al., “Prevalence
of low back pain in adolescent athletes - An epidemiological
investigation,” International Journal of Sports Medicine, vol. 35,
no. 8, pp. 684–689, 2014.
[6] G. L. Moseley and P. W. Hodges, “Are the changes in postural
control associated with low back pain caused by pain interference?” The Clinical Journal of Pain, vol. 21, no. 4, pp. 323–329,
2005.
[7] A. Radebold, J. Cholewicki, G. K. Polzhofer, and H. S. Greene,
“Impaired postural control of the lumbar spine is associated
with delayed muscle response times in patients with chronic
idiopathic low back pain,” The Spine Journal, vol. 26, no. 7, pp.
724–730, 2001.
[8] P. W. Hodges and C. A. Richardson, “Inefficient muscular
stabilization of the lumbar spine associated with low back pain:
a motor control evaluation of transversus abdominis,” The Spine
Journal, vol. 21, no. 22, pp. 2640–2650, 1996.

7
[9] P. W. Hodges, G. L. Moseley, A. Gabrielsson, and S. C. Gandevia, “Experimental muscle pain changes feedforward postural
responses of the trunk muscles,” Experimental Brain Research,
vol. 151, no. 2, pp. 262–271, 2003.
[10] L. Baratto, P. G. Morasso, C. Re, and G. Spada, “A new look
at posturographic analysis in the clinical context: sway-density
versus other parameterization techniques.,” Motor Control, vol.
6, no. 3, pp. 246–270, 2002.
[11] S. J. Kinzey and C. W. Armstrong, “The reliability of the
star-excursion test in assessing dynamic balance,” Journal of
Orthopaedic & Sports Physical Therapy, vol. 27, no. 5, pp. 356–
360, 1998.
[12] A. De Kegel, I. Dhooge, D. Cambier, T. Baetens, T. Palmans, and
H. Van Waelvelde, “Test-retest reliability of the assessment of
postural stability in typically developing children and in hearing
impaired children,” Gait & Posture, vol. 33, no. 4, pp. 679–685,
2011.
[13] A. Ruhe, R. Fejer, and B. Walker, “Center of pressure excursion
as a measure of balance performance in patients with nonspecific low back pain compared to healthy controls: A systematic review of the literature,” European Spine Journal, vol. 20, no.
3, pp. 358–368, 2011.
[14] P. A. Goldie, O. M. Evans, and T. M. Bach, “Steadiness in onelegged stance: Development of a reliable force-platform testing
procedure,” Archives of Physical Medicine and Rehabilitation,
vol. 73, no. 4, pp. 348–354, 1992.
[15] M. L. Harringe, K. Halvorsen, P. Renström, and S. Werner, “Postural control measured as the center of pressure excursion in
young female gymnasts with low back pain or lower extremity
injury,” Gait & Posture, vol. 28, no. 1, pp. 38–45, 2008.
[16] E. Bressel, J. C. Yonker, J. Kras, and E. M. Heath, “Comparison
of static and dynamic balance in female collegiate soccer,
basketball, and gymnastics athletes,” Journal of Athletic Training,
vol. 42, no. 1, pp. 42–46, 2007.
[17] A. G. Munro and L. C. Herrington, “Between-session reliability
of the star excursion balance test,” Physical Therapy in Sport, vol.
11, no. 4, pp. 128–132, 2010.
[18] P. J. Plisky, M. J. Rauh, T. W. Kaminski, and F. B. Underwood,
“Star excursion balance test as a predictor of lower extremity
injury in high school basketball players,” Journal of Orthopaedic
& Sports Physical Therapy, vol. 36, no. 12, pp. 911–919, 2006.
[19] J. Calatayud, S. Borreani, J. C. Colado, F. Martin, and J. Flandez,
“Test-retest reliability of the star excursion balance test in
primary school children,” The Physician and Sportsmedicine, vol.
42, no. 4, pp. 120–124, 2014.
[20] E. Appiah-Dwomoh, S. Müller, M. Hadzic, and F. Mayer, “Star
Excursion Balance Test in Young Athletes with Back Pain,”
Sports, vol. 4, no. 3, p. 44, 2016.
[21] G. S. Ganesh, D. Chhabra, and K. Mrityunjay, “Efficacy of
the star excursion balance test in detecting reach deficits in
subjects with chronic low back pain,” Physiotherapy Research
International, vol. 20, no. 1, pp. 9–15, 2015.
[22] S. Brumagne, P. Cordo, R. Lysens, S. Verschueren, and S. Swinnen, “The role of paraspinal muscle spindles in lumbosacral
position sense in individuals with and without low back pain,”
The Spine Journal, vol. 25, no. 8, pp. 989–994, 2000.
[23] N. N. Byl and P. L. Sinnott, “Variations in balance and body sway
in middle-aged adults: subjects with healthy backs compared
with subjects with low-back dysfunction,” Spine, vol. 16, no. 3,
pp. 325–330, 1991.
[24] M. I. V. Mientjes and J. S. Frank, “Balance in chronic low
back pain patients compared to healthy people under various

8

[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]

[33]

[34]

[35]

[36]
[37]

[38]

[39]

[40]

[41]

Rehabilitation Research and Practice
conditions in upright standing,” Clinical Biomechanics, vol. 14,
no. 10, pp. 710–716, 1999.
U. Ellert, H. Neuhauser, and A. Roth-Isigkeit, “Pain in children
and adolescents in Germany: the prevalence and usage of
medical services. Results of the German Health Interview and
Examination Survey for Children and Adolescents (KiGGS),”
Bundesgesundheitsblatt - Gesundheitsforschung - Gesundheitsschutz, vol. 50, no. 5, pp. 711–715, 2007.
G. F. Coughlan, K. Fullam, E. Delahunt, C. Gissane, and B.
M. Caulfield, “A comparison between performance on selected
directions of the star excursion balance test and the Y balance
test,” Journal of Athletic Training, vol. 47, no. 4, pp. 366–371, 2012.
J. Hertel, S. J. Miller, and C. R. Denegar, “Intratester and
intertester reliability during the star excursion balance tests,”
Journal of Sport Rehabilitation , vol. 9, no. 2, pp. 104–116, 2000.
R. Robinson and P. Gribble, “Kinematic predictors of performance on the star excursion balance test,” Journal of Sport
Rehabilitation , vol. 17, no. 4, pp. 347–357, 2008.
M. A. Terry, J. J. Winell, D. W. Green et al., “Measurement
variance in limb length discrepancy: Clinical and radiographic
assessment of interobserver and intraobserver variability,” Journal of Pediatric Orthopaedics, vol. 25, no. 2, pp. 197–201, 2005.
S. Holden, C. Boreham, C. Doherty, D. Wang, and E. Delahunt,
“Dynamic postural stability in young adolescent male and
female athletes,” Pediatric Physical Therapy, vol. 26, no. 4, pp.
447–452, 2014.
J. L. Fleiss, The Design and Analysis of Clinical Experiments, John
Wiley & Sons, Inc., Hoboken, NJ, USA, 1999.
J. Martin Bland and D. Altman, “Statistical methods for assessing agreement between two methods of clinical measurement,”
The Lancet, vol. 327, no. 8476, pp. 307–310, 1986.
F. Faul, E. Erdfelder, A. Buchner, and A.-G. Lang, “Statistical
power analyses using G*Power 3.1: tests for correlation and
regression analyses,” Behavior Research Methods, vol. 41, no. 4,
pp. 1149–1160, 2009.
T. Muehlbauer, R. Roth, S. Mueller, and U. Granacher, “Intra
and intersession reliability of balance measures during oneleg standing in young adults,” The Journal of Strength and
Conditioning Research, vol. 25, no. 8, pp. 2228–2234, 2011.
I. Amiridis, V. Hatzitaki, and F. Arabatzi, “Age-induced modifications of static postural control in humans,” Neuroscience
Letters, vol. 350, no. 3, pp. 137–140, 2003.
C. Hrysomallis, “Balance ability and athletic performance,”
Sports Medicine, vol. 41, no. 3, pp. 221–232, 2011.
L. M. Nashner, F. O. Black, and C. Wall III, “Adaptation to
altered support and visual conditions during stance: patients
with vestibular deficits,” The Journal of Neuroscience, vol. 2, no.
5, pp. 536–544, 1982.
R. Müller, T. Ertelt, and R. Blickhan, “Low back pain affects
trunk as well as lower limb movements during walking and
running,” Journal of Biomechanics, vol. 48, no. 6, pp. 1009–1014,
2015.
J. Cohen, Statistical Power Analysis for Behavioural Sciences,
Lawerence Earlbaum Associates: Hilldale, NJ, USA, 2 edition,
1988.
J. L. Thorpe and K. T. Ebersole, “Unilateral balance performance
in female collegiate soccer athletes,” The Journal of Strength and
Conditioning Research, vol. 22, no. 5, pp. 1429–1433, 2008.
LG. Portney, Watkins MP: Foundations of clinical research:
Application to practice. th edition, Prentice Hall Health, Upper
Saddle River, NJ, 3 edition, 2008.

[42] P. A. Gribble and J. Hertel, “Considerations for normalizing
measures of the Star Excursion Balance Test,” Measurement in
Physical Education and Exercise Science, vol. 7, no. 2, pp. 89–100,
2003.
[43] P. A. Gribble, R. H. Robinson, J. Hertel, and C. R. Denegar,
“The effects of gender and fatigue on dynamic postural control,”
Journal of Sport Rehabilitation , vol. 18, no. 2, pp. 240–257, 2009.
[44] M. J. Sabin, K. T. Ebersole, A. R. Martindale, J. W. Price, and S.
P. Broglio, “Balance performance in male and female collegiate
basketball athletes: Influence of testing surface,” The Journal of
Strength and Conditioning Research, vol. 24, no. 8, pp. 2073–
2078, 2010.

MEDIATORS
of

INFLAMMATION

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com
www.hindawi.com

Volume 2018
2013

Gastroenterology
Research and Practice
Hindawi
www.hindawi.com

Volume 2018

Journal of

Hindawi
www.hindawi.com

Diabetes Research
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

International Journal of

Journal of

Endocrinology

Immunology Research
Hindawi
www.hindawi.com

Disease Markers

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Submit your manuscripts at
www.hindawi.com
BioMed
Research International

PPAR Research
Hindawi
www.hindawi.com

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Journal of

Obesity

Journal of

Ophthalmology
Hindawi
www.hindawi.com

Volume 2018

Evidence-Based
Complementary and
Alternative Medicine

Stem Cells
International
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Journal of

Oncology
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2013

Parkinson’s
Disease

Computational and
Mathematical Methods
in Medicine
Hindawi
www.hindawi.com

Volume 2018

AIDS

Behavioural
Neurology
Hindawi
www.hindawi.com

Research and Treatment
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Oxidative Medicine and
Cellular Longevity
Hindawi
www.hindawi.com

Volume 2018

