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ABSTRACT

Purpose. The objective was to determine the correlations between age, body mass index, foot length, tibia length, and calf
circumference - and unipedal non-dominant lower limb balance (UNLLB), on the basis of the contributions of each physical
attribute to UNLLB performance among professional football players in a Nigerian National Football League club.
Methods. This descriptive correlational study involved 32 purposively recruited male professional football players who
met the inclusion criteria. The participants’ age was recorded along with height, weight, foot length, tibia length, and calf
circumference, measured with standardized procedures, while their UNLLB was assessed with the use of a Wii Balance
Board. The primary outcome measure was UNLLB, reflecting the centre of pressure parameters. The data were analysed
with the Spearman rank order correlation; stepwise multiple linear regression analysis was used to explore the contributions
of the selected variables to UNLLB at 0.05 alpha levels.

Results. All physical attributes except age were significantly correlated with UNLLB. The stepwise regression analysis
showed limb length (13.2%, p = 0.023, f* = 0.191), calf circumference (22.3%, p = 0.004, f* = 0.329), and weight (11.5%, p =
0.033, f* = 0.167) to be significant contributors to UNLLB with visual input allowed, while tibia length (14.9%, p = 0.017,
f* = 0.215) and foot length (9.5%, p = 0.048, f* = 0.142) were significant predictors with visual input denied.
Conclusions. Limb length, calf circumference, body weight, tibia length, and foot length are significant predictors of UNLLB
among professional footballers.
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Introduction Repeated impulsive contacts between the football-

ers’ feet and the support surface combined with effects

In football, players must necessarily involve their
motor skills and control their posture to perform tasks
that include passing, shooting, dribbling, and control-
ling the balance and postural stability. This affects
the success of movements, passes, and shots. Consider-
able muscle strength, coordination, and balance are
required to perform these weight-bearing activities,
since football is a game with numerous fast dynamic
actions (such as quick turning and dribbles), and result-
antly high injury incidence [1]. A fast cutting action
leaves the stance leg in the position for high levels of
torque and shear force, thereby increasing the risk of
injury, especially in comparison with linear move-
ments [2, 3].

of vertical impact loading have been indicated as con-
tributing to injuries in footballers [1, 4], especially when
the stance leg is perceived to be more medial than it
actually is, thereby resulting in greater propensity for
injury. Balance and position sense are therefore prin-
cipally vital to limiting this potential for injury [3].
The mandatory restructuring of the centre of gravity
over a short and narrow base of support [5] during uni-
pedal stance results in postural instability; this factor
elicits postural control differences between the lower
extremities and has been used to explain why contact
and overuse injuries predominantly affect the domi-
nant leg [6, 7].
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Barone et al. [7] reported that footballers had better
standing balance than sedentary subjects during uni-
pedal stance. Balance is pivotal to injury prevention
among football players, and the role of their physical
attributes cannot be underestimated since some pre-
vious studies have emphasized their significance to
overall stability [8, 9]. It is generally believed that physi-
cal attributes are necessary to achieve success in dif-
ferent sports; hence, studies have been conducted to
identify the required characteristics for successful
participation in particular disciplines. Consequently,
the contribution of anthropometric variables such as
height, weight, the weight of fatless body mass, fat weight,
somatotype, and body fat to successful sports perfor-
mance has been investigated [10]. A number of neu-
rophysiological and mechanical factors are known to
affect balance; these include height, weight, body com-
position, base of support, distance of centre of mass from
the ground, length and weight of each extremity, length
of muscles’ torque arm, and mass distribution in differ-
ent body points [11].

Physical attributes influence the stability limits of
an individual and can affect the motor strategies relating
to balance control. Obese individuals require greater
movement from the centre of gravity to remain in the
orthostatic position. The sole high body mass can con-
tribute towards decreasing balance and occurrences of
falls in situations of instability [9]. Cote et al. [8] has
therefore highlighted these attributes as important in
balance measurements in order to avoid error in its
analysis. Establishing the relationship between selected
physical attributes of footballers and unipedal non-
dominant lower limb balance (UNLLB) and subse-
quently determining the relative contributions of these
attributes to UNLLB will be valuable to post-injury re-
habilitation. The objectives of this study were to explore
the correlations between some physical variables and
UNLLB, as well as the contribution of each to UNLLB
among professional football players from a Nigerian
National Football League club in Ibadan, Nigeria.

Material and methods
Participants

The total of 32 male professional football players
(78% right leg dominant and 22% left leg dominant)
comprising 14 defenders, 13 midfielders, and 5 attackers
participated in this descriptive correlational study.
Their mean age, weight, and height were 28.19 =+
4.10 years (range, 20-37 years), 71.31 + 7.45 kg, and
1.76 £ 0.07 m, respectively. The participants were pur-
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posively recruited from the Shooting Stars Football
Club, a club in the Nigerian Professional Football League
(NPFL), during the 2015 season. Exclusion criteria were
lower extremity injuries; vestibular disorder; lack of
medical clearance for participation; ongoing treatment
for inner ear, sinus, upper respiratory infection, or head
cold; and cerebral concussion within the previous
3 months, as suggested by Plisky et al. [12].

The management and coaching crew of the club
permitted the conduct of the study. The participants
met the inclusion criteria of competing in the NPFL for
at least 2 previous seasons and underwent no prior
balance training program apart from their typical foot-
ball training [13]. Their physical attributes were as-
sessed with standardized procedures as described by
the International Society for the Advancement of Kinan-
thropometry [14].

Balance assessment

UNLLB evaluation was achieved through stabilo-
metric analysis with a Wii Balance Board (WBB).
The device is a 45 cm by 26.5 cm platform that contains
4 transducers, used to wirelessly transmit vertical
ground reaction forces and the resultant movement
in the centre of pressure (COP) from under each corner
as a user stands or moves on its surface [15, 16]. It pro-
vides accurate measures of COP, which is an approxi-
mation of the body’s centre of mass (or balance point)
projected directly onto the floor below. COP has been
documented as an important metric for balance stability
assessment given that it closely approximates body
sway [15, 16].

This assessment followed the procedure described
by Barone et al. [7], with the participants lightly dressed.
Unipedal stance was determined on each participant’s
non-dominant lower limb, which was previously defined
as the lower limb that the participant would not pref-
erentially use to kick a ball [3]. Next, the subject was
asked to stand barefoot on the WBB with arms along
the body and remain motionless on the non-dominant
leg while focusing on an eye level marker on the wall to
maintain minimal movement of the head. The domi-
nant leg was positioned so that the hip was slightly flexed
and the knee flexed to 90°. Two visual test conditions
(eyes open and eyes closed) of UNLLB were applied.

The data recording time was limited to 5 seconds of
unipedal stance as suggested by Barone et al. [7] be-
cause it is a most appropriate description of the time
lapse for which a footballer might be in the stance since
they perform fast movement and play drills. Three suc-
cessful trials were conducted for each test condition
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and the average score was recorded [17]. A rest period
of 15 seconds was applied between the trials. The par-
ticipants’ weight distribution data from the 4 sensors
(TL - top left, TR - top right, BR - bottom right, and
BL - bottom left) of the WBB when standing on their
non-dominant legs for both test conditions were inter-
faced via a Bluetooth technology to a computer and ob-
tained with a LabChart Pro version 8.0.9 software
powered by ADInstruments Pty Ltd, Australia. These
weight distribution data filtered at 100 Hz were used
to calculate the COP in both x and y directions with the
use of the following formulae provided by Sgro et al. [16]:
- medio-lateral displacement:

(TL + BR) - (TL + BL)
(TR + TL + BR + BL)

- antero-posterior displacement:

COPx = (L/2) *

(TL + TL) - (BR + BL)
(TR + TL + BR + BL)

COPy = (W/2) *

The participants’ balance performance was then
recorded as COP parameters that were calculated as
mean COP velocity, antero-posterior COP velocity,
and medio-lateral COP velocity. The mean COP ve-
locity, indicating a subject’s net muscular force vari-
ation, was determined as the COP swaypath per unit
period of assessment. The antero-posterior COP ve-
locity, demonstrating the tone of the posterior aspect
of a participant’s limb, was calculated as the antero-
posterior displacement per unit period of assessment.
The medio-lateral COP velocity, which is an indica-
tor of the tone of the hip and ankle musculature, was
established as the medio-lateral displacement per
unit period of assessment.

Measurement of the anthropometric parameters

The footballers’ age as at last birthday was docu-
mented. A flexible measuring tape was used to meas-
ure the non-dominant leg length, tibia length, footlength,
and calf circumference as follows, with the procedures
described by the National Health and Nutrition Ex-
amination Survey [18]:

- Limb length: The participants’ lower limbs were
passively straightened to keep the pelvis level in the
supine position. The length of the non-dominant lower
limb was then measured as the distance between the
anterior superior iliac spine to the most distal portion
of the medial malleolus and recorded to the nearest
0.1 cm.

- Tibia length: With the participant in the supine
position, tibia length was measured as the distance
from the superior border of the medial tibia condyle
to the inferior border of the medial malleolus of the
non-dominant lower limb and recorded to the nearest
0.1 cm.

- Foot length: With the participant in the supine
position, foot length was measured as the maximum
length between the most prominent posterior part of
the heel and the tip of the second toe and recorded to
the nearest 0.1 cm.

— Calf circumference: It was measured as the cir-
cumference of the most bulky part of the calf muscu-
lature in a plane perpendicular to the long axis of the
calf of the non-dominant leg and recorded to the
nearest 0.1 cm.

Data analysis

Bivariate associations between the physical attrib-
utes and UNLLB measures during both experimental
situations were explored with the Spearman rank order
correlation. Stepwise multiple regression modelling was
used to determine the relative contributions of the physi-
cal attributes (age, weight, height, body mass index [BMI],
limb length, tibia length, foot length, and calf circum-
ference) that were significant in the bivariate correla-
tion analysis. The alpha level was set at 0.05 and all
statistical analyses were performed with the SPSS 16.0
evaluation software for Windows (SPSS Inc., Chicago,
USA).

Ethical approval

The research related to human use has been com-
plied with all the relevant national regulations and
institutional policies, has followed the tenets of the
Declaration of Helsinki, and has been approved by
the University of Ibadan/University College Hospital
(UI/UCH) Human Research Ethics Committee, Ibadan,
Nigeria (registration number: NHREC/05/01/2008a).

Informed consent
Informed consent has been obtained from all indi-
viduals included in this study.

Results

The participants’ physical attributes are present-
ed in Table 1. Their BMI ranged from 17.7 to 26.3 kg/m”>.
Opverall, 26 (81%) participants had normal weight (BMI,
18.5-24.99 kg/m?), while 5 (16%) were overweight and
only 1 was underweight. This is in accordance with
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Table 1. Physical attributes of participants

Attributes Range (n=32) X = SD (n=32)
Age (years) 20-37 28.19 + 4.10
Weight (kg) 34-80 71.31 +7.45
Height (m) 1.57-1.93 1.76 £ 0.07
BMI (kg/m?) 17.7-26.3 23.05 + 2.09
Limb length (cm) 85-106 97.98 + 4.88
Tibia length (cm) 40-51 45.37 £ 2.78
Foot length (cm) 24.0-31.5 27.86 £ 1.67
Calf circumference (cm)  30.7-40.0 36.31 £ 1.98

BMI - body mass index

the BMI caveats for normal population; however, it is
expected that athletes present lower fat mass in their
body composition when compared with non-athletes.
Since muscle mass is bigger than fat mass, the 5 ath-
letes may have had more muscle mass and hence may
have not been overweight after all. Table 2 shows the
relationships between the selected physical attributes
and UNLLB. Age was the only attribute that turned
out not significantly correlated with UNLLB in either
test condition. Stepwise regression analysis, shown in
Table 3, indicated that limb length (13.2%), calf cir-
cumference (22.3%), and weight (11.5%) were signifi-
cant contributors to UNLLB when visual input was

Table 2. Relationships between physical attributes and unipedal non-dominant lower limb balance

Eyes open balance test

Eyes closed balance test

COP mean AnterF)— Medio- COP mean AnterF)— Medio-
. . . posterior lateral . posterior lateral
Physical attributes velocity . . velocity . .
(mm/s) velocity velocity (mm/s) velocity velocity
(mm/s) (mm/s) (mm/s) (mm/s)
r p r p r p r p r p r p
Age -0.04 085 0.07 069 -0.15 039 -0.22 020 0.06 0.74 -0.29 0.11
Weight (kg) 0.10 0.58 -0.40* 0.02 041* 0.01 0.14 044 0.18 032 0.28 0.11
Height (m) 0.26 0.14 -0.06 0.71 0.25 0.16 043* 0.01 0.14 045 0.51* 0.00
BMI (kg/m?) -0.26 0.14 -0.49* 0.00 0.21 0.24 -0.07 0.69 0.13 047 -0.02 0.88
Limb length (cm) 0.40* 0.02 0.21 0.24 0.18 031 045* 0.01 0.13 046 030 0.08
Tibia length (cm) 0.26 0.15 -0.07 0.67 0.25 0.15 040* 0.02 0.20 0.25 0.34 0.06
Foot length (cm) -0.01 094 -0.44* 0.01 0.38* 0.02 0.37* 0.04 0.20 0.26 041* 0.01
Calf circumference (cm) -0.13 047 -0.57* 0.00 0.32 0.06 0.07 0.69 0.13 044 0.19 0.29
COP - centre of pressure, BMI - body mass index
* statistically significant at o = 0.05
Table 3. Stepwise regression analysis
Physical Physical .
Balance variables attributes  attributes ~ R? Adjusted R* F p Standardized - Cohen
beta F
entered removed
Eyes open
COP mean velocity (mm/s) Limb length 0.160  0.132* 5.709 0.023 0.400 0.191
Antero-posterior velocity (mm/s) Calf Weight  0.248  0.223* 9.914 0.004 -0.498 0.329
circumference BMI
Foot length
Medio-lateral velocity (mm/s) Weight Footlength 0.143  0.115*% 5.013 0.033 0.378 0.167
Eyes closed
COP mean velocity (mm/s) Tibia length Height  0.177  0.149* 6.435 0.017 0.420 0.215
Limb length
Foot length
Medio-lateral velocity (mm/s) Foot length Height 0.124  0.095* 4.252 0.048 0.352 0.142

COP - centre of pressure, BMI - body mass index
* statistically significant at o = 0.05
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allowed (eyes open), while tibia length (14.9%) and foot
length (9.5%) were significant contributors when visual
input was denied (eyes closed).

Discussion

The primary objective of the study was to evaluate
the relative contributions of some selected physical
attributes to UNLLB among professional footballers.
The results showed that body weight, limb length, and
calf circumference measures contributed in 11.5%,
13.2%, and 22.3%, respectively, to the variance in the
eyes open UNLLB among the participants. In the eyes
closed condition, tibia length and foot length contrib-
uted in 14.9% and 9.5%, respectively, to the variance
in the UNLLB. The study provides evidence that body
size can influence UNLLB, which might have an im-
pact on rehabilitation. To the best of our knowledge,
the study appears to be the only one in which the con-
tributions of physical attributes to UNLLB among pro-
fessional players have been investigated.

Calf circumference provides a good index of the plan-
tar flexor strength related to muscle mass and can be
a significant factor to consider in the torque gener-
ated in the foot. In the stepwise regression analysis,
calf circumference was found to contribute in 22.3%
to UNLLB, which makes it the most important con-
tributor among the attributes selected in the study.
The muscles involved in foot stability are predomi-
nantly located in the calf and would be heavily influ-
enced by the amount of fat. The significant correla-
tion among calf circumference, tibia, and foot length,
and their respective contribution to UNLLB, expose
the significance of leg dimension to neuromuscular
performance analysis of the non-dominant leg.

Participants’ physical attributes

Age, an important physical attribute, was included
among the predictive variables because of its expected
importance in assessing postural balance. Several stud-
ies have demonstrated that dynamic balance is greatly
related to age, with older people exhibiting decreased
dynamic balance [19-21]. As we observed with the
comparison of other physical attributes, there was no
significant relationship between the participants’ age
and their UNLLB performance though the subjects
were athletes aged below 40 years. Irrespective of age,
long-term sport participation and training augment
neurosensory pathways and stimulate cutaneous nerve
receptors or mechanoreceptors in the muscles, liga-
ments, and joint capsules of the knee and ankle, as

evidenced by improved balance and proprioception
[13]. Age on its own may not result in significant chang-
es in balance parameters, but may be a reflection of
slight increase in plantar flexor torque amplitude
and frequency of torque adjustment, possibly to com-
pensate for the reduced tightness of the calf muscle
tendon in the older population [20]. With increasing
age, there is an expected increase of torque bursts pro-
duced by plantar flexors. However, this outcome may
have been due to the relative short period of time for
balance assessment applied in this study, which could
have caused no/lower amplitude of plantar flexors
torque to elicit a relationship. Age was not a signifi-
cant contributor in this study of young adults, which
is consistent with other studies [22, 23].

During the eyes-open balance, both weight and BMI
had significant negative correlations with the antero-
posterior velocity parameter of UNLLB. Indeed, BMI is
closely dependent on weight; since, two different per-
sons could be said to have the same body mass but
different body compositions (more fat mass or more
muscle, which is heavier). Therefore, the way to clarify
this could be using dual-energy X-ray absorptiometry;
however, this was not possible in this study as the facil-
ity was not available. This implies that as weight and
BMlI increased, the antero-posterior velocity was reduced,
which means better stability. It is, however, not in con-
sonance with Alonso et al. [23], who reported that with
greater body mass there was a greater antero-posterior
sway in the eyes-open balance performance among
20-40-year-old irregularly physically active male
and female individuals. This difference in the result
might be because professional football players follow
a regular pattern of physical activities that may result
in less antero-posterior velocity. More so, the race of
this sample seems to differ from that involved in the
study by Alonso et al., which can make a difference be-
cause body density and composition differ between
races. BMI has been reported to present an inverse
correlation with balance [21, 24] and the outcome of
this study has corroborated this submission. Greve
et al. [24] suggested that a 20% increase in body weight
reduced the ability to make adjustments in response
to external perturbations in the orthostatic position,
with a consequent increase in postural instability.
Hue et al. [22] also found that body weight significantly
contributed to about half the balance experienced at
top speed.

Greve et al. [9] reported body weight as the main
anthropometric factor that influenced variation in
postural balance; they indicated that body weight in
association with BMI explained 66% of the variation
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in overall stability, 59% in antero-posterior stability,
and 65% in medio-lateral stability indexes in young
adults. It was also reported that greater postural ad-
justments were necessary to maintain an erect pos-
ture when there was a build-up of adipose tissue, which
caused a reduction in balance and increased the fre-
quency of injuries and falls [25]. However, as weight
increases in footballers, there is a concomitant in-
crease in the medio-lateral velocity in the eyes-open
test situation, as demonstrated in the positive corre-
lation between the two variables observed in this study.
This is in line with the submission of Alonso et al.
[23] that a greater body mass results in bigger medio-
lateral sway. It could be that with increased body weight,
the ankle strategy becomes insufficient to maintain
the COP within the base of support. This means that
during unipedal stance, the body applies torque at
the hips to quickly move the COP with the proximal
hip and trunk muscle activation in order to maintain
the body equilibrium when the ankle strategy becomes
inadequate [26)].

In the absence of visual input, there was a positive
relationship between height and both COP mean veloc-
ity and medio-lateral velocity. Thus, the taller a foot-
baller is, the greater the displacement of their COP
from the centre of their base of support. These signifi-
cant positive correlations between UNLLB parame-
ters and height suggest that perturbation increases
in tall footballers when only the somatosensory and
vestibular systems are engaged in keeping the COP
within the base of support. This has effect on the mo-
tor strategies employed to complete the task as infor-
mation goes from the central nervous system to mo-
tor neural pathways to stimulate appropriate muscles.
The outcome of this study may suggest that taller
individuals recruit more of the pelvis and lower limb
musculature in arresting perturbation and keeping
the COP which is high up within the base of their sup-
port. In consonance with what is commonly reported
in literature, we observed that increases in height,
limb length, tibia length, and foot length worsen COP
mean velocity [22, 23, 27]. Thus, a significant positive
relationship between these lower extremity dimen-
sions and COP mean velocity in the absence of visual
system was observed in this study. However, during
the eyes open balance activity, only limb length showed
a significant positive relation with COP mean velocity.
With greater foot length and calf circumference, a sig-
nificant reduction in the antero-posterior COP velocity
was noted.

Longer foot and bulky gastrocnemius muscles re-
sult in a better control in the antero-posterior direc-
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tion, as implied by the observed significant inverse
relationship between non-dominant leg physical attrib-
utes and antero-posterior COP velocity. Thus, there
was a better unipedal balance when the input of the
visual system was not eliminated. The idea may be
that an increase in the calf muscles circumference
brings about more efficient ankle efficiency, which in
turn translates to better balance. Greater foot length,
however, resulted in a bigger medio-lateral displace-
ment in both test situations and a significant increase
in COP mean velocity during eyes closed situation. In
view of the direct relationship between height and foot
length, this result is not unexpected; height was re-
ported by Alonso et al. [23] to increase the medio-lat-
eral and sway velocities in both eyes open and closed
situations.

Though others have analysed stance position with
eyes closed, the decision to study stability among
professional football players with eyes closed stems
from the sensory reweighting theory, which holds that
when vision is actively engaged to track activities in
the external environment (e.g. the ball or an opponent’s
position), the central nervous system can shift reliance
to more trustworthy sources of information to opti-
mize balance [28]. This means that when eyes are en-
gaged, a footballer is liable to rely more on propriocep-
tive information from particular parts of the body for
balance control. For instance, ankle proprioception,
which is one of the important components contribut-
ing to balance control in sport, becomes activated.
The resultant postural control adjustments are made
by movement strategies such as those related to ankle,
hip, and stepping. The influence of the selected physi-
cal attributes on these strategies prompted the inclu-
sion of the eyes closed test.

Limitation and recommendations

The findings from this study must be taken with
some caution, a major drawback being the small sample
size. However, the adjusted R? value rather than the
R?value was calculated, as it was reported by Pallant
[29] to provide a better estimation of the true popula-
tion value. This study has, however, produced useful
preliminary data on predictors of UNLLB among
footballers. Future research should be longitudinal in
design, involve a larger sample, consider other attrib-
utes that can possibly affect postural stability (such as
foot structure), and use more sophisticated balance
platforms.
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Conclusions

Limb length, calf circumference, body weight, tibia
length, and foot length are significant determinants
of UNLLB among football players. Lower extremity
dimension measures have been shown to influence
UNLLB.
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