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Objectives: Deterioration in postural control mechanisms is termed postural instability and results
increased postural sway and many laboratory techniques and instruments are characterized by a wide
range of neurological signs and symptoms to the medical management. Thus the current study designed to
assess the reliability of commonly used clinical measures of balance and determined normal values. Also,
the second purpose was scrutiny of effect age, length; weight and body mass index (BMI) on perform
clinical balance tests.
Method: One hundred and thirty three participants (18- 59 years), that have at least three time sports
activity in one week, performed three timed tests: Time- up and Go (TUG), Tandem Gait (TG), and
Walking on Balance Beam (WOBB) on firm surface.
Results: Reliability data were produced for each tests of motor performance. We found that the first
performance of three trials was slower, and the relationship between some factors and these battery tests
were examined. Means (± SD) for each measure were averaged across three trials. Time to complete TG
was 13.6 ± 1.1s. TUG value was 6.9 ± 1.03 and WOBB was 6.9 ± 1.03s. Conclusions: our results
revealed that three clinical balance test batteries - TUG, TG and WOBB tests are the stability measures to
assess of sports related concussion. Also, the results of current study appeared that the time to perform
these tests was slower than the other studies.
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Introduction
Decadence in postural control mechanisms is termed
postural instability and results increased postural
sway (1). Stabilitization of the whole body
orientation with respect to the gravity, the support
surface, visual surround, muscles and central
nervous is a critical component of postural control
(2-5). Motor co-ordination (6) and standing balance
(3) are essential for many activities of daily living
and adequate upper extremity performance. The
ability to walk is a quick and inexpensive measure of
physical function and an important component of
quality of life (7).
Many laboratory techniques that including sports
concussion as a common injury in sport (8-10) are
characterized by a wide range of neurological signs
and symptoms and especially in mild traumatic
concussion (11-13). Variety of clinical instruments
and symptom checklists used to assess for a sport

concussion with return- to- play decisions to the
medical management (14, 15). Several standardized
assessment (i.e. standard assessment of concussion
(SAC)) or computerized test batteries are commonly
used as a measure of impaired cognitive
performance post injury. The computer administered
test batteries designed for concussion management
and return- to- play decisions in athletics are COG
sport and immediate post- concussion assessment
and cognitive testing (IMPACT). These tasks are
described as measuring psycho-motor speed and
offered to administration and scoring of test
protocols. But these tests have not yet been validated
for use in the follow up of sports related concussion
(10, 16-18). Recently from combine some validated
tools into a single sideline, the sport concussion
assessment tool (SCAT) tool were developed by the
1ST and 2ND International Symposiums were held in
Vienna, Austria and Prague respectively. This
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document is developed for use by health professionals,
coaches and other people involved in the care of
injured athlete (17). Shuttelworth (2008) proposed
that neuro-cognitive evaluation is warranted for any
concussive injury to increase diagnostic senility and
provide prognostic indications (18).
Some clinical measurement tools have been
developed in an attempt to measure dynamic and
static balance. These tools were developed to assess
balance during a functional performance task in
normal participants. Whereas these tests are
commonly used as evaluation of neuro-motor
function, they have the potential to act as valuable
screening items in the assessment of sports related
concussion (18). Quantitative gait analysis has been
used to illustrate of neurological characteristic
features of neurological gait disturbances (19).
Number of studies compared gait parameters in wide
variety of neurological diseases impair gait and in
healthy elderly individuals (19 – 24). Making
disequilibrium in patients with few or any
neurological signs accounted for gait disturbances
(22), and some studies examined the chronic effects
of concussion on gait (25).Thus assessment these
screening tools are necessary for a sport concussion.
In this study, these evaluation tools are Time up and
GO (TUG) test (26), Tandem Gait (TG) test and
Walking on Balance Beam (WOBB). The last test
was new and examined in our study.
Schneiders et al (2010) determined normative values
for TG test and demonstrated that TG had excellent
reliability in the neurological assessment of sport
concussion. Time to complete this test was 11.2 ±
1.2 s in healthy subjects 16-37 years old (27). In
another study the reliability coefficients for TG was
examined and suggested that further study should be
directed toward improving the validity of this test
for use with older people (28). In the bischoff et al
investigation, it is recorded that 92% of communitydwelling elderly performed the TUG test in less than
12 second. They recommended the TUG test as a
screening tool and noted that it is a necessary tool
assessment in elderly women (29). Iesles et al stated
that normal values for TUG test in subject 20-29 and
30-39 years old were 5.31 ± 0.25, and 5.39 ± 0.23,
respectively (30).
Therefore, the purpose of this study was to screening
of three timed tests of motor performance for used in
evaluation of sports concussion and to verify
normative values for these tests. The second purpose
of this study was to determine the influence of age,
sex, leg dominance and body mass index.
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Materials and Methods
Convenience samples of individual aged 18-59 years
were recruited for this study and one hundred thirty
three participants, 50 women (X=22.1 ± 1.97) and 83
men (X=27.9±9.45) were, enrolled. As Schneider’s
(2010) referrers, according to methods used in
povlov et al (2010) and linnet (2000) studies, 120
participants were the enough sample size for
calculation of 90% confidence interval and 95%
central interval in parametric and non-parametric
researches (cited by Schneiders et al., 2010) (27,
31,32).The subjects were chosen from Shahid
Chamran university of Ahvaz that had at least three
athletic activity sessions in every week. After giving
their written informed consent, subjects participated
in a structured interview and filled questionnaire and
the persons with identified muscle skeletal or
neurological disorder, use of drugs that might affect
motor tasks and diabetes mellitus were screened
from the study. The order effects were randomly
identified. 36% of subjects performed TUG test, and
33% executed TG test at first and another one did
WOBB test early. Tests performed without shoes
and were given rests between repetitions of tests
almost 10 seconds and between tests 15 seconds, so
that fatigue was not a problem. Also between the
second repetitions of the tests in the same day, gave
15 minute rests. In beginning the tests, the subjects
were given one untimed trait to insure they
understood the tests and then performed three timed
trails.
Measurements
The assessment procedure started with measured
variables such as height, weight and BMI in the
quiet clinic of university. The clinical balance tests
used were the TUG test, the TG test and WOBB test
that were performed using the protocols described
by the original authors excepted of the WOBB test.
In the TUG test, the subjects were seated correctly in
a chair with arms, while back of them resting on the
back of the chair. There was a marker on the floor 3
meters away from the chair. So that it was easily
seen by the subject. On the word GO the subjects
standing up from a seated position without using the
armchair, walked to the line on the floor, turned
around and walked back to the chair and seated
down and the stopwatch was stopped. The time
interval between starting and stopping the watch
provided the time for the test (26).
TG test performed as the same as the time-up-and go
test without the subject seating in a chair. The
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starting position was standing with foot together
behind a starting line with eyes open, and then the
participant walked along a 3 m line in an alternate
heel-to-toe fashion, turned and returned to the start
point and registered the time of the correct
performance.
WOBB test was the new test that examined in the
study and used to developed balance and coordination. The subjects began the task standing
with their feet together behind the Balance Beam
and then with preferential foot. Subjects walked
along a 5 cm wide, 2.48 m line with short steps and
while their hands are free. Subjects failed the test if
they deviated from the track. Three trials were
recorded.
Data analysis
The testing protocol was performed by two trained
and harmonic examiners –examiner 1 and examiner

2. Intra – rater reliability of the motor performance
measures are based on the same examiner –
examiner 1 – during the same test session and 1
week following the start testing. And inter- rater
reliability was assessed by the two examiners both
during one performance, simultaneously. We used t
tests and general liner model to investigate the
influence of several factors -leg dominance, hand
dominance, order of testing, age, sex and body max
index. The level of significance was set at P < 0.05
and P < 0.01.
Results
One hundred and thirty three subjects aged 18- 39
years with demographics (50 women, 83 men,
weigh: 63.84 ± 10.25, height: 168.21 ± 5.5, BMI:
22.55 ± 3.53) participated in the current study. The
intra- rater and inter -rater reliability results are
summarized in table 1.

Table 1. Intra- class correlation coefficients
Measure
Time-up-and GO
Tandem Gait
Walking on
balance beam

Intrarater-same session(N=133)
ICC (single)
ICC (average)
.764
.895
.961
.687
.999

.999

Intrarater-between session (N=64)
ICC (single)
ICC (average)
.764
.855
.905
.946
.782

The results revealed absolute reliability for TG test
and TUG test and WOBB test that suggesting they

.874

Inter rater- two examiner(N=57)
ICC (single)
ICC (average)
.992
.996
.685
.697
.335

.353

are clinically possible outcome of balance and coordination.

Table 2. Individual trial means ± SD of trials 1-3. Time in seconds (n = 133)
Measure

Trial 1

Trial 2

Trial 3

Mean of 3 Trials

Time- up- and Go

7.2 ± 1.2

6.9 ± 1.0

6.8 ± .9

6.9 ± 1.03

Tandem Gait

13.5 ± 1.2

13.8 ± 1.1

13.5 ± 1.1

13.6 ± 1.1

Walking on balance beam

7.2 ± 1.2

6.9 ± 1.0

6.8 ± .9

6.9 ± 1.03

Also, there was a significant different (P <0.001)
between first trial compared to trial 2 and trial 3 in
the three test. Also, there was an apparent age and
length influence in TG. For Gait Equilibrium test
just determined age effect. About TUG also the
results shown the significant age, weight and BMI
effects were associated with the time to perform
TUG. This study noted no order effect for any motor
performance measure.
Discussion
In this study TG, WOBB, and TUG proved to be
reliable tests and to be used to neurologically screen
for sports-related concussion. Using similar
protocol, schneiders et al (2010) reported that the
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TG was precise and reliable test when administered
by the same evaluator. Also, this study supported the
results of Schneiders et al (2010) study findings, that
the first trial was considerably slower than
subsequent trials. But the current study reports
values slower for motor performance measured
especially in TG. Widespread participant in age
range and different between their indexes including
age, height, weight, mass and sexes in the two
studies might be the elements of these different
results.
In The TUG test performance of subjects
independent on effects of organ impairments, such
as low muscle strength and decreased balance (29)
then these tests have enough reliability in different
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environments. This clinical measure assess is useful
in screening, transition phases associated with
balance, such as stand, turn, and sit, as well as gait
and can be examined (33). In this test sensorymotor abilities combine and the person with sway in
balance have lower constancy in movements. Also
there isn’t any reported about reliability of WOBB
in the past investigation and this study is the first to
report normative values for timed versions of this
tool.
Non important differences were found in this study
between sexes in these tests. In due to significant
effect of age in studies (34), it was considered
important to utilization age different in performance
tests batteries and should be apply in assessments
sport concussion. Additionally, in clinical evaluation
techniques, repeated trials (35) and learning effects
(36) are an important aspect too.
Though sport can play a key role in the lives people,
injury incidence is widespread in sport locations.
Unfortunately, there are not injury reports in our
country -Iran- especially in mild injuries. In one
investigation in Taekwondo, as the most popular
martial art among Iranian sportsmen, the most
frequent injuries were mild (68.8%) and critical
injuries (24.7%).and the head and neck also
sustained moderate injury (37). Our study is the first
tests reliability research in concussion in Iran, and
further investigation is necessary to evaluate these

motor performance measures to other health subjects
and functional status parameters.
A limitation of our study was the small sample size
and left hand and left food which were investigated
in this study. In order to improve the results, further
studies with wide and different type’s subjects is
recommended. Another limitation of this study was
that in inter- rater reliability two tester records
simultaneously, and the results can influence with
this case and these results should be used with
caution.
Conclusion
These conclusions provided reliability levels for TG,
TUG and WOBB suggesting they are clinically
feasible outcome measures of balance in
neurological of sports related concussion, and more
investigations recommended with using these three
tools. Further studies should include a population of
subjects with impairment of motor function.
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