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Stability or balance is an integral component to perform daily activities without incurring
injury or to be dependent on others. Sportsmen tend to have better balance than non-sports

people but less is known about the single-leg balance ability. Furthermore, few studies

analyzed the dynamic phase of single-leg stance that may contribute to better overall
balance. Sports like football tend to have instances where the player’s non-dominant leg
keeps them in an upright position while the dominant leg kicks, passes and stops the ball.

We aim to study the single-leg balance between collegiate footballers and sedentary
students in eyes-closed (EC) and eyes-opened (EO) conditions and their contributing
components to keep a body in an up-right position. Twenty collegiate footballers and 20
sedentary students conducted the unipedal stance test (UPST) on each leg with EO and EC
conditions while standing on a force platform. We captured center of pressure (CoP)

distance travelled, stance duration and using a 3D motion capture system, we assessed
lower limb movement at six different anatomical sites. Results showed that footballers had
better overall balance compared to sedentary students only in the non-dominant leg, EC
condition with 12 footballers versus four sedentary students completing the full 45s stance
(p=0.01) The other three UPST conditions did not show significant differences between
groups. The CoP distance in the initial dynamic state and total UPST were both
significantly shorter in footballers than sedentary students (p<0.05) during the non-
dominant leg, EC stance. Our multivariable linear regression model significantly predicted
time for UPST on non-dominant leg with EC up to 76.8% (p<0.001) with the first 5-s of
greater trochanter movement significantly contributing to total time taken for UPST in
footballers. Overall, playing football may enhance balance control intrinsically especially
for the non-dominant side while being less reliant on visual input to maintain balance.

1. Introduction

In football (considered as soccer in North America), most
players shoot, pass and stop the ball with their dominant leg while

Balance is a crucial motor skill stemming from muscle
synergies that lessens centre of pressure (CoP) displacement to
effectively keep our body upright in a standing position, during
locomotion and body orientation [1]. These muscle synergies are
coordinated by the central nervous system with various inputs from
our visual, vestibular and somatosensory systems [2]. In sports like
gymnastics, balance is key to excel in the sport, however, other
sports like football and basketball, static and dynamic balance are
just as important although less apparent in their movements [3].
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the non-dominant leg supports their body weight [4]. Footballers
often play and train on various turf conditions and wear cleated or
non-cleated shoes. These conditions challenge trained footballers
to develop better balance while mastering their football skills.
Hence, top performing footballers have better posture stability and
use less visual information to maintain their balance [5].

It is important to assess balance ability as it may relate to the
level of sports performance and injury prevention. Single-limb and
two-limb stance tests with eyes opened and with eyes closed are
commonly used to test standing balance [6]. The unipedal stance

1


http://www.astesj.com/
http://www.astesj.com/
https://dx.doi.org/10.25046/aj050101

J.S. Lau et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 5, No. 1, 01-07 (2020)

test (UPST) is a common balance and standing ability assessment
that can be easily performed and does not require additional
equipment [7]. However, UPST lacks normative values for
different age groups and balance ability changes with age [8]. Yet,
UPST could detect changes of postural balance after 12 weeks of
recreational soccer training and running in untrained men [9].
Researchers concluded that soccer training and high-intensity
interval running enhanced the balance ability in their study
participants [9]. As the UPST mainly measures the time taken to
perform the test, we can also assess the center of pressure (CoP)
during UPST using advanced technology to further understand the
mechanisms of balance.

There are various types of force or pressure assessment systems
to quantify CoP. Force platforms detect the ground reaction force
and CoP. CoP can also be assessed from the force distribution
across a sensor grid by other pressure assessment systems [10].

In sports biomechanics, motion data are used to study and
observe human performance. The three-dimensional (3-D) motion
capture system consists of infrared cameras with reflective
markers attached to anatomical bony landmarks [11]. This system
captures and measures motion that was hard to assess previously.
3-D motion capture plays an important role in sports to analyze
physical limitations and for movement optimization [11]. Through
the analyses, details about injury mechanism and movement will
lead to new preventive methods and be used to improve a player’s
technique and performance [12].

There are two distinct phases in UPST based on Jonsson and
colleagues’ research [13]. The first phase is the first 5 s of UPST
and also known as the dynamic phase where a rapid reduction in
force variability can be seen. The better control a person has in the
dynamic phase, the better their balance will be to complete the 45-
s UPST. The second phase is known as the static phase where the
individual maintains a certain level of force variability that enables
balance to be achieved [13]. Jonsson and colleagues concluded that
the dynamic phase was key in assessing UPST [13]. Yet, we know
little about lower limb influence on single-leg stance in young
adults [14].

To our knowledge, studies that compared the balance ability
between collegiate footballers and sedentary students are limited
despite the possibility of recreational football play could enhance
balance ability in previously untrained men [9]. Furthermore,
balance is an important functional fitness component and should
be cultivated to avoid balance-related injuries [15]. Therefore, our
study aims to investigate if indeed simple football play could be
related to better balance in young adults. We will compare the
standing ability between collegiate footballers and sedentary
students. We will also conduct further analysis on the dynamic
phase of UPST to better understand lower limb control during the
single-leg balance test.

2. Methodology
2.1. Participants

We recruited male collegiate students aged between 18 to 25
years old and grouped them as footballers (n= 20) or sedentary
students (n=20) based on our study’s participant criteria.
Footballers need to have a minimum of 2 years of football
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competition experience at collegiate level and/or exercise at least
3 times or more a week. Footballers need not be part of any specific
training other than their recreational football games during non-
competition time. Sedentary students were those who exercised
less than twice a week and do not participate in any sport
competition. We excluded individuals with health conditions that
may affect balance such as diabetes mellitus, musculoskeletal
disorders, vestibular impairments and those with any lower limb
injuries in the past 6 months. All participants provided informed
consent and the Human Research Ethical Committee of Universiti
Sains Malaysia provided ethical approval for this study.

2.2. Study Procedure

We measured participants’ height (cm) and weight (kg) using
a stadiometer and digital weight scale, respectively. Measures
were done in duplicates and a third measure was obtained if
difference between two measures were 0.4 cm in height or 0.2 kg
in weight. We used the averaged value of measures obtained and
calculated body mass index (BMI, kg/m?) of all participants.

Participants conducted the UPST for both dominant and non-
dominant legs with i) eyes-opened (EO) and ii) eyes-closed (EC)
conditions. Participants were instructed to kick a ball and the leg
used was considered the dominant leg. Test was terminated early
if participants i) used arms to balance their body, ii) touched the
floor with the raised foot, iii) moved the standing foot to maintain
their body posture, such as rotating the foot on the force platform
or iv) opened their eyes in the EC condition. [8]. Each participant
conducted three UPST trials and had 30 s of rest between trials.
We recorded the total time taken to maintain the single-leg stance
and stopped the UPST after 45 s.

Participants stood on a force platform (Bertec, USA) and
perform UPST by raising one leg as shown in Figure 1. The
sampling rate of the platform was set at 120 Hz. Participants stood
barefooted on the level platform with the foot positioning marked
on the force platform. This ensures uniformity and standardization
of feet placement on the force platform which minimise variations
between trials [16].

In the attempts to maintain posture in the UPST, body muscles
are constantly adjusting and this creates ‘sway’ or body movement
that can be captured by the force platform [17]. The force platform
captures CoP in the x- and y-axis in a constant flow and
consequently, we assessed the distance travelled by CoP. Lesser
distance and smaller CoP range usually indicates better balance
skills [18].

A 3D motion capture system (Qualysis AB, Gothenburg
Sweden) recorded lower limb movement and time during UPST.
Six motion analysis cameras were placed surrounding the force
platform as shown in Figure 2. In order to record movement of the
limb during UPST, we attached 12 reflective markers to specific
anatomical bony landmarks on the lower extremities. The
reflective markers were attached to the greater trochanter, lateral
side of the knee condyle, ankle and heel, and at the first and fifth
metatarsal of both legs. The motion camera system captured the
movement made during different UPST conditions and CoP from
the force platform. Total distance was calculated from the
movement of COP during performing UPST. The average time of
the three trials and coordinates of CoP were extracted [8].
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The first five seconds of UPST were further analysed to
understand more about the dynamic phase of UPST. We used the
results of the best trial out of the three attempts in this analysis.
The best trial was selected based on the duration of the UPST and
the shortest distance of CoP travelled during the same UPST trial.

2.3. Statistical Analysis

Statistical analyses were conducted using SPSS version 24.0
with significance set at p-value <0.05. Time taken to complete
UPST had a skewed distribution and we used Mann-Whitney to
compare the differences between groups. We used independent t-
test to compare the differences between footballers and sedentary
students for the normally distributed data from different UPST
conditions.

To understand the relation of lower limb movement on UPST,
we conducted Pearson’s correlation tests to identify the related
anatomical sites during the dynamic phase that contributes to the
time taken to complete UPST. Subsequently, we included relevant
variables in a multivariable linear regression analysis.

Figure 2: The field set-up of infrared cameras relative to the force platform

3. Results

Footballers were significantly younger than sedentary students
by about 14 months but were similar in build (height, weight and
BMI) as displayed in Table 1.
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Table 1. Study participant characteristics in mean+standard deviation.

Football Sedentary  p-value
(n=20) (n=20)
Age (yr)f 214+1.1 22.6+1.2 0.002
Height (m) 1.69+0.07 1.66+0.05 0.089
Weight (kg) 66.3£14.0 60.7£14.0  0.056
BMI (kg/m?) 23.244.2 22.345.8 0.099

TLDiﬁ”erences between groups analysed using independent t-test while other

variables were analysed using Mann-Whitney test.
BMI, body mass index.
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Figure 3: Examples of the ‘best’ or smallest range of CoP travel pathway for a)
footballer and b) sedentary student during the non-dominant, eyes-closed
condition.

3.1. Time Taken to Perform UPST

All footballers had no issues completing the UPST at the
maximal 45 s when eyes were opened while standing on their
dominant foot and only one person did not make the 45 s mark
when standing on their non-dominant leg with EO (Table 2).
Sedentary students did not perform any different than footballers
on their dominant leg with EO or EC. However, there were three
times more footballers (n=12) that could complete UPST till 45 s
compared to sedentary students (n=4) when performing on their
non-dominant leg with EC (p=0.01).

As data was not normally distributed in the time taken to
perform UPST in four different conditions, we did not detect any
significant differences (p>0.05) in time between groups as tested
using the Mann-Whitney test.
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3.2. Distance Travelled of CoP

Footballers were no different in their total CoP distance
travelled during UPST than sedentary students using their
dominant leg in both EO and EC conditions. From Table 2, total
CoP distance on non-dominant leg, EO UPST were no different
between groups too (p>0.05). In non-dominant leg, EC UPST,
footballers significantly swayed less compared to sedentary
students (p=0.01).

3.3. Distance Travelled of CoP in Dynamic Phase

Examples of CoP patterns of a footballer versus a sedentary
student are presented in Figure 3 and 4 during the dynamic phase
or the first 5-s portion of UPST. We selected the best (smallest)
and worst (largest) range of CoP for both groups respectively in
the non-dominant leg, EC session. Footballer CoPs showed less
complexity of pattern within the range compared to a sedentary
students’ CoP travel path.

The 5-s CoP distance travelled were thus significantly different
(p=0.021) between footballers and sedentary students when
analysed using Mann-Whitney test (Table 2). The rest of the
conditions were no different in 5-s CoP distance reported between
footballers and sedentary students.
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Figure 4: Example of a “‘worst’ or largest range of CoP travel pathway for a)
footballer and b) sedentary student during the non-dominant, eyes-closed
condition.
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3.4. Non-dominant Leg, EC UPST Time and Lower Limb
Control During Dynamic Phase

In Table 3, we used the best trial to further study the
contribution of lower limb movement to overall time taken to
complete UPST. Footballers could maintain their UPST
significantly longer than sedentary students using the non-
dominant leg in the EC condition.

We analysed the first 5-s of lower limb function on single-leg
balance during the dynamic phase toward overall time taken to
complete UPST. Interestingly, the lower limb movement in all six
anatomical sites were not significantly different between
footballers and sedentary students (Table 3). Yet, we observed
significant negative correlation of all lower limb movement sites
to time taken to complete UPST (Table 4). However, we had to
remove four data sets due to noise in lower limb movement
analysis.

Subsequently, we included the lower limb movements in the
first 5-s of UPST to predict time to complete UPST. We analysed
footballers and sedentary students separately. We found that
different sites of lower limb movement were not predictive of
overall time to complete UPST in sedentary students (p>0.05).
However, our regression model in footballers (Table 5) showed
that the overall model significantly predicted up to 76.1%
(»<0.001) of total time to complete UPST. In that regression
model, although we have ankle, knee and greater trochanter as
predictor variable, the movement from the greater trochanter was
the significant variable to predict time to complete UPST. The first
and fifth metatarsal and heel sites were removed due to high
correlation within the regression model (variance inflation factor
>5).

4. Discussion

The objective of the study is to compare the standing balance
ability between male collegiate football players and sedentary
students and to understand the influence in the dynamic phase
toward overall single-leg standing. We found that footballers on
non-dominant leg with eyes-closed (EC) could significantly
balance better than sedentary students as they completed more
trials, had a longer balance time and CoP distance was shorter in
the dynamic and static phase. Furthermore, we found that the
footballers’ greater trochanter control in the early dynamic phase
significantly predicts overall balance performance in the non-
dominant leg, EC condition. Whereas lower limb movements of
sedentary students may not be helpful in maintaining balance
during an EC, single-leg stand.

Differences in balance ability between sports/trained with
untrained individuals are known. Specifically, in football, two
other studies have showed that the highly skilled footballers relied
less on visual information to maintain a stable posture [5,19].
Naturally, footballers were also known to be proficient in using
their non-dominant leg as well as their dominant side [20]. Studies
of other sports that included gymnastics and swimming also
showed better postural control and efficient use of somatosensory
and otolithic input to maintain body posture [21, 22]. Results of
sports contributing to better balance is even apparent in
recreational players whereby simple football training resulted in
adapted visual, somatosensory and vestibular senses that improved

4


http://www.astesj.com/

J.S. Lau et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 5, No. 1, 01-07 (2020)

Table 2. Outcomes of number of individuals that completed UPST till 45 s and the average of three trials for i) time taken to complete unipedal stance test (UPST), ii) total CoP distance in complete UPST and iii) CoP
distance in the first 5-sec of UPST in footballers and sedentary students, reported as median (inter-quartile range).

Footballer (n=20) Sedentary students (n=20)
Dominant leg Non-dominant leg Dominant leg Non-dominant leg
EO EC EO EC EO EC EO EC
Completed max. 45-s UPST (n) 20 11 19 12 19 9 18 4%
Duration of UPST (s) 45.0 (0.0) 23.0 (32.6) 45.0 (0.0) 31.2(27.1) 45.0 (0.0) 20.4 (21.6) 45.0 (13.7) 24.4 (21.8)
Total CoP distance (mm)* 144.8 (2.6) 140.1 (3.9) 144.3 (3.0) 140.5 (3.9) 145.8 (0.6) 140.8 (5.0) 145.8 (0.6) 144.1 (4.7)*
CoP distance in first 5-s (mm) 133.8 (0.1) 134.0 (0.7) 133.8 (0.1) 134.3 (0.5) 133.8 (0.1) 134.1 (0.3) 133.8 (0.1) 134.0 (0.3)*

EO, eyes-opened; EC, eyes-closed.
*Significant differences between footballers and sedentary students in similar leg and eye conditions with p-value <0.05 as analysed by Mann-Whitney test or independent t-test.
" Differences between groups were analysed using independent t-test and results reported as mean and standard deviation.

Table 3. Comparison of time, centre of pressure (CoP) range of x- and y-axis and six anatomical marker movements (mm) in non-dominant, eyes-closed condition of unipedal stance test (UPST) best trial” between
footballers and sedentary students.

Median (IQR)
Football (n=20) Sedentary (n=20) p-value

Complete UPST

Time (s) 45.0 (21.2) 29.4(29.2) 0.044*

CoP x-axis range (mm) 45.4 (19.0) 41.3 (20.2) 0.646

CoP y-axis range (mm) 41.4 (6.4) 42.1 (12.9) 0.626
Distance travelled in first 5-s of UPST

1% metatarsal (mm) 100.6 (73.4) 103.5 (65.9) 0.534

5% metatarsal (mm) 73.6 (40.1) 72.1 (54.6) 0.787

Ankle (mm) 64.5 (44.8) 61.5(30.4) 0.607

Heel (mm) 43.4(26.3) 55.8 (18.7) 0.162

Knee (mm) 146.1 (107.7) 142.2 (87.5) 0.978

Greater trochanter (mm) 118.0 (68.7) 134.4 (54.6) 0.555

"Best trial is defined as the longest time taken and with the shortest CoP distance travelled during UPST.
IQR, inter-quartile range.
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Table 4: Correlation between time for complete UPST time (s) and lower limb
maker distances (mm) during the dynamic phase (n=36).

Lower limb sites Time

r p-value
First metatarsal -0.50 0.001
Fifth metatarsal -0.46 0.003
Ankle -0.38 0.012
Knee -0.44 0.004
Heel -0.55 <0.001
Greater trochanter -0.61 <0.001

Table 5: Multivariable linear regression model to predict the influence of greater
trochanter, knee and ankle on time taken to complete unipedal stance test in
collegiate footballers (n=18).

Variables B B SE P 95% CI
Greater .7 020 006 0002 -035,-0.09
trochanter

Knee 20.09  -0.02 004 0644  -0.09,0.06
Ankle 20.06 -002 005 0685 -0.13,0.09
Constant - 69.1 52 <0.001 -

B, standardized coefficient; B, unstandardized coefficient; SE, coefficients
standard error; CI, confidence interval

posture and neuromuscular control [9]. Thus, engaging in
recreational sports, may it be football or other sports, may have
added advantage to balance skills even in young adults. This may
be a good foundation where balance is enhanced and hopefully
maintained to prevent falls and fractures in later life.

The better balance performance in footballers compared to
sedentary students were apparent in the sway observed, which was
measured as the CoP distance travelled. Regardless if it was
during the early dynamic phase (first 5-s) or static phase (after 5
s), footballers had less sway and were able to keep their movement
to a minimal throughout the UPST on their non-dominant leg with
eyes closed. The CoP distance was significantly shorter despite
the range of CoP values in both the x- and y-axis being similar in
footballers and sedentary students. Thompson and colleagues
found out that footballers have better control in their anterior-
posterior and mediolateral stability than the non-athletes [23].
This finding is in line with our outcome of this study.

Lastly, footballer have their hips to thank for keeping their
UPST balance time longer compared to sedentary students. Their
greater trochanter movement could significantly predict up to 77%
of the time to complete the UPST while using their non-dominant
leg and without visual input. This means participation in
recreational football may indirectly provide players with better
balance and postural control from the hip that may be missing in
more sedentary people. As the hip is a known controller of
postural stability [24], having specific and targeted exercises to
improve hip control alone for balance may be difficult. Yet,
participating in football games up to three times a week could train
our balance intrinsically while having fun. Krustrup and
colleagues mentioned that the training component of football were
able to improve the postural balance of the players [25].

5. Conclusion

This is a cross-sectional study and our results are inferential at
best. Our study sample size could have been improved as well to
obtain a better normal distribution of data. However, non-
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parametric statistical analyses are equally powerful to parametric
tests when used appropriately [26].

To improve on our balance protocol, we suggest future studies
consider incorporating a warm-up component before performing
UPST as it may improve overall balance [27]. With regards to the
maximum time of 45 s, this may be suitable for young adults but
researchers may consider different times for different type of
population or even consider not having a time limit to include the
possibility of muscle fatigue in different types of population.

The strength of our study highlights the need to understand
muscle control towards balance in early dynamic phases that will
contribute to the completion of the balance task at hand.
Subsequently, use of advanced technology such as a force
platform to assess CoP are ideal and provides a better
understanding of the intricacies that are working to provide
posture and stability in individuals of all ages.

Further studies are needed to support our current findings and
intervention studies in sedentary young adults will be beneficial to
inform in this area. More work can be done to understand the
contribution of lower limb muscles and activation especially in the
more vulnerable groups like older adults and people with
osteoporosis to prevent falls and fractures.
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