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Abstract: There is a lack of evidence about the ways in which balance ability influences the kinematic
and kinetic parameters and muscle activities during gait among healthy individuals. The hypothesis
is that balance ability would be associated with the lower limb kinematics, kinetics and muscle
activities during gait. Twenty-nine healthy volunteers (Age 32.8 ± 9.1; 18 males and 11 females)
performed a Star Excursion Balance test to measure their dynamic balance and walked for at least
three trials in order to obtain a good quality of data. A Vicon® 3D motion capture system and AMTI®

force plates were used for the collection of the movement data. The selected muscle activities were
recorded using Delsys® Electromyography (EMG). The EMG activities were compared using the
maximum values and root mean squared (RMS) values within the participants. The joint angle,
moment, force and power were calculated using a Vicon Plug-in-Gait model. Descriptive analysis,
correlation analysis and multivariate linear regression analysis were performed using SPSS version
23. In the muscle activities, positive linear correlations were found between the walking and balance
test in all muscles, e.g., in the multifidus (RMS) (r = 0.800 p < 0.0001), vastus lateralis (RMS) (r = 0.639,
p < 0.0001) and tibialis anterior (RMS) (r = 0.539, p < 0.0001). The regression analysis models showed
that there was a strong association between balance ability (i.e., reaching distance) and the lower limb
muscle activities (i.e., vastus medialis–RMS) (R = 0.885, p < 0.0001), and also between balance ability
(i.e., reaching distance) and the lower limb kinematics and kinetics during gait (R = 0.906, p < 0.0001).
In conclusion, the results showed that vastus medialis (RMS) muscle activity mainly contributes to
balance ability, and that balance ability influences the lower limb kinetics and kinematics during gait.
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1. Introduction

Gait is a fundamental functional task, and it is important for functional indepen-
dence [1]. Gait is defined as a process of loading and unloading weight on the legs during
the act of motion [2]. There are many reasons for gait disorders, including orthopedic
problems, neurological conditions and medical conditions. In older age, osteoarthritis is
one of the causes for gait disorders [3].

Understanding gait characteristics provides the potential for the development of
a rehabilitation protocol for degenerative conditions, because gait analysis is a tool to
quantitatively describe functional differences for patients [4]. The human gait comprises
a qualitative and quantitative component. Gait analysis is performed in a calibrated
laboratory or clinical environment, where sensors and force sensors are used in gait analysis.
The data is captured using sensors while the subject walks on a clearly marked walkway.
Force sensors measure the ground reaction force under foot and return a current or voltage
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proportional to the pressure measured. Electromyography (EMG) is used to record the
muscle activities [5].

Joint loading can be affected by alterations in muscle activation patterns and decreased
muscle strength. Resistance training restores muscle strength and joint mechanics [6]. How-
ever, hip abductor strengthening does not reduce knee joint loading [7]. A balance training
programme is included in the rehabilitation protocol for many conditions. Balance and
proprioception exercise programmes are widely used among people with osteoarthritis [8].

Balance and gait problems are common among elderly people due to advanced aging,
and balance and gait disturbance can be seen at the same time [9]. Balance is generally
defined as “the state of an object when the resultant force acting upon it is zero”. Human
balance is defined as “a multidimensional concept, referring to the ability of a person
not to fall” [10]. Balance control is related to the vestibular system, sight, proprioception,
muscular strength and cognition [11]. A study conducted in 2001 revealed that the muscle
activation of the vastus medialis oblique (VMO) and vastus lateralis (VL) are higher in
the anterior direction; medial hamstring and biceps femoris (BF) activity are higher in the
posterior direction during balance test [12]. Another study indicated that ankle muscle
activity increased with different levels of stability [13].

Balance ability is assessed through different tests. A Star Excursion Balance Test
(SEBT) is a highly dynamic balance test for physically active people [14]. It is a widely used
dynamic test for clinical and research testing purposes [14]. It is considered a challenging
dynamic test which requires adequate neuromuscular control of the stance leg to maintain
balance. It is a reliable and a validated test for healthy participants [15]. This test can be
administered quickly and easily to help the examiner determine dynamic balance [14],
and it is considered a highly representative non-instrumented dynamic balance test for
physically active people [14].

The distance a person can achieve along each reaching line while standing on a single
limb is the outcome of SEBT. Limb length, height, foot types, sex differences and kinematic
contribution, such as the ranges of motion available at each joint, are factors which influence
the SEBT outcome [14,16].

Most studies have focused on patients’ gait during the latter stage of OA, or people in
an early stage of OA. Some studies have been conducted to determine changes in balance
ability and gait parameters after a progression of conditions. Different studies focus on
muscle activities during balancing tasks and gait separately. There is a lack of literature
about the association between balance ability and gait kinematics and kinetics parameters
during gait in healthy individuals, nor is there an understanding of the muscle activation
between balancing tasks and gait. This evidence would help in the better understanding
of the disease process in degenerative arthritis in the lower limb. Therefore, the aim
of this study was to investigate the hypothesis that balance ability would be associated
with the lower limb kinetics and kinematics and muscle activities during gait among a
healthy population.

2. Methods
2.1. Participants

Ethical approval was obtained. The participants were recruited by advertisements on
the university notice board. All of the participants were informed of the benefits and risks of
the investigation prior to signing an institutionally approved informed consent document.
The participants were recruited for three months according to their availability. The
participants were aged between 18 and 60; males and females were recruited. Participants
without any recent injuries in the last 6 months, without any current injuries or without
previous surgery in lower limbs, low back region, upper limb and no history of neuro-
musculoskeletal conditions were included in this study if they were able to perform
the star excursion tests. Furthermore, participants without any history of neurological,
musculoskeletal and other degenerative conditions were included in this study.
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2.2. Measurements

Basic anthropometric data was collected from the participants, e.g., body mass, height,
leg length, knee and ankle width, in order to calculate the biomechanical parameters, such
as joint angles. A Vicon® (Oxford, UK) 3D motion capture system (200 Hz), a set of four
AMTI® (Watertown, MA, USA) force plates (1000 Hz) and a Delsys® EMG (2000 Hz) (Great
Manchester, UK) were used in the data collection. The participants were asked to answer
an interviewer-administered questionnaire before the tests in order to obtain some basic
details, such as their dominant side and any history of injuries. The participants were asked
to wear shorts and a short t-shirt in order to allow the investigator to place the Vicon®

retro-reflective markers and EMG sensors. The T-shirt was folded to make sure that all of
the markers were visible throughout the procedure. The markers were placed according to
the Plug-in-Gait® (version 3.3.1) model, on the anterior and posterior superior iliac spines,
lateral thigh, lateral femoral epicondyle, lateral shank, calcaneus, lateral malleolus and
second metatarsal head for both sides (Figure 1). Double-sided adhesive tape was used to
place the reflective markers. The skin preparation was performed prior to recording the
muscle activities with the EMG. Excessive hair was removed and an alcohol swab was used
to wipe the surface to remove oil and other contaminants. Double-sided adhesive tape
was used to place the EMG sensors on the selected muscles in order to ensure minimum
movement artefacts and strong skin adhesion. Surface EMG data were collected from the
seven muscles during the walking and balancing tasks. The participants were asked to
walk barefoot on a 20 m length walking way with reflective markers and EMG sensors
attached to their body. They were also asked to walk at least three trials at their comfortable
speed. For each participant, their dominant side was selected for the EMG placement.
The EMG activities of multifidus (MF), rectus femoris (RF), VL, vastus medialis (VM),
BF, gastrocnemius (Gastro) and tibialis anterior (TA) were recorded (Figure 1). The EMG
signals of the evaluated muscles were recorded at a sampling frequency of 1000 Hz. The
analog signal was converted to digital and filtered by bandwidth (12–450 Hz) with a fourth-
order Butterworth filter. The raw EMG signals were then converted into root-mean-square
(RMS) signals. In this study, the EMG data was compared within the subjects; therefore,
the normalization of EMG data was not performed.

The maximum value and RMS values were extracted from the EMG data. The EMG
activities of the SEBT and gait were compared using the maximum value and RMS values
within the participants. The ground reaction forces were collected using force plates during
the movements. The participants were also asked to perform SEBT to assess their dynamic
balance and postural stability while their standing leg was on the force plate. The SEBT was
that a single leg stands in stance (the supporting leg) while another leg (the reaching leg)
tries to reach eight different directions as far as possible according to the margin marked
on the floor. The participants were given some practice trials to familiarize them with the
balance test. The participants were instructed to perform a balance test on each (side) leg
at least three times. If a participant was unable to maintain balance throughout the test,
the balance test was repeated. A 5 min rest interval was given between the tests. The
two markers on the lateral malleolus of the supporting and reaching legs were used to
calculate the reaching distance. The reach distance was the maximum distance between
the supporting and reaching legs in the eight directions. The average reach distance in
the eight directions was calculated. The limb length was calculated by measuring from
the anterior superior iliac spine to the medial malleolus of the leg. The Vicon® marker
data were analysed using biomechanical models (Plug-In-Gait® model) to obtain the joint
angles, forces, moments and powers.
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Figure 1. Vicon markers and EMG placement.

2.3. Outcome Measures

Kinematics refer to the range of motion of each joint during gait. Kinetics refer to
forces that cause the body to move [17]. Gait kinematics include the joint angle during
walking. Gait kinetics include the force, moment, and power of each joint during walking.
The outcomes used in the study were the joint angles (ROM), forces, moments and powers
during balance and gait. The maximum value and RMS values were extracted from the
EMG data for balance test and gait. The average reach distance in eight directions was
calculated for the balance test, and the center of mass displacement data was extracted
from the Plug-in Gait model for both balance and gait.

2.4. Data Analysis

All of the parameters were statistically analysed using SPSS version 23. Descriptive
analysis, general linear model (estimated measure), correlation analysis and multivariate
linear regression analysis were performed. The muscle activities during the gait and balance
tasks were compared within the participants using the general linear model (repeated
measure). A specific identifying number was used as a random factor when running the
statistical analysis in order to consider the subject factors. The correlation of the muscle
activities during the balance test and gait were analysed using the Pearson correlation
coefficient. The multivariate-linear regression analysis model included the displacement
of the centre of mass (COM) in the anterior–posterior (X), medial–lateral (Y) and vertical
(Z) directions during the balance test, and the average normalised reach distance as the
dependent variables, and the muscle activities of the whole phase maximum and the RMS
value of the seven selected muscles as the independent variables in order to investigate
the muscles’ contributions to the balance task. For the statistical test analysis purposes,
the legs were considered as the standing leg and supporting leg. This approach was used
because the muscle activities are different for the standing and supporting legs.

Between the dependent and independent variables, the regression model was per-
formed with a stepwise or backward option to produce the R and related coefficients; if
the collinearity diagnosis showed that the tolerance was too low and the variance inflation
factor too high, the model was improved by using a zero-score transformation and factor
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reduction on the independent variables to produce the R and related coefficients again. In
most of cases, it was found that the significant independent variables were similar between
the first and second models, although the R was slightly changed. Therefore, the first set of
models are still reported as results here, because the variables in the first models are easily
identified, while the transformed factors in the second set of models are not easy to link
with the original variables.

The second regression analysis model included the range of motion/displacement of
the COM in the anterior–posterior, medial–lateral and vertical directions during the balance
test and the reach distance during balance test as the dependent variables, and the gait
kinematic and kinetic parameters as the independent variables to analyse the association
between balance ability and gait kinematics and kinetics among healthy people. p < 0.05
was considered as the statistical significance value during the statistical analysis.

3. Results
3.1. Descriptive Results

Twenty-nine-healthy volunteers (18 male participants and 11 female participants, BMI
23.69 ± 3.51 kg/m2, height 1.67 ± 0.087 m) participated in this study. The age range of the
participants was 32.8 (±9.1) years. A descriptive analysis was performed in order to extract
demographic and basic details of the participants (Table 1). The dominant side of the
participants and the physical activity information were analysed. In total, 24 participants
were right side dominant and only five participants were left side dominant. Therefore, the
right-side data was analysed further in this study.

Table 1. Descriptive statistics of the participants.

Descriptive Statistics

Min Max Mean Std. Dev

Age (Years) 21 59 32.8 9.1
Height (m) 1.53 1.86 1.67 0.09
Weight (kg) 43.2 88.0 66.06 12.70

BMI (kg/m2) 18.45 29.24 23.69 3.51
Right leg length (cm) 78.5 100 89.75 5.40
Left leg length (cm) 78 100 89.55 5.52

Right knee width (cm) 6.7 10.5 9.23 0.79
Left knee width (cm) 6.7 10.6 9.18 0.82

Right ankle width(cm) 5.6 7.7 6.76 0.51
Left ankle width (cm) 5.6 7.6 6.7 0.52

The reach distances of the balance test were normalised by dividing them by the lower
limb length. The average reach distance of all eight directions was 617.27 (±107.02) mm.
The average duration for the test performance was recorded as 12.36 (±4.41) s.

3.2. Comparison of the Muscle Activities during the Balance Test and Gait

The EMG activities of the SEBT and gait were compared using the maximum value
and RMS values within the participants. Figure 2 shows the comparison of the maximum
values of the muscle activities (Figure 2a) and the RMS values (Figure 2b) between the
tasks. All of the muscle activities showed a significant difference (p < 0.05) between the
tasks, except for the VM between the supporting leg and gait (p > 0.05) in the whole phase
maximum. All of the muscle activities showed a significant difference between the tasks
(p < 0.0001) in the RMS values, except for BF between the supporting leg and gait (p > 0.05),
and VM between the supporting leg and gait (p > 0.05).
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3.3. Correlation between the Balance Test Muscle Activities and Gait Muscle Activities

The correlations between the muscle activities between the balance test and gait were
analysed. Table 2 illustrates the results of the correlation test. According to the results, a
significant linear correlation was noticed in the MF (Max and RMS), VL (Max and RMS) and
TA (Max and RMS) between the gait and the supporting leg of the balance task. Similarly, a
significant linear correlation was noticed in the MF (Max and RMS), TA (Max and RMS) and
VL (Max and RMS) between the balance test of the reaching leg and gait. The correlation
coefficient values of the abovementioned results were between 0.5 and 0.85, while p < 0.05.
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Table 2. Correlation between the muscle activities during the balance ability test (supporting leg and
reaching leg) and gait.

Muscles Activities
Tasks

Balancing Task

Supporting Leg Reaching Leg

R P R P

Whole Phase
maximum

Gastrocemius

Gait

0.370 p = 0.001 0.654 p < 0.0001

Vastus Lateralis 0.649 p < 0.0001 0.650 p < 0.0001

Vastus Medialis 0.030 p = 0.085 0.310 p = 0.008

Tibialis Anterior 0.630 p < 0.0001 0.69 p < 0.0001

Multifidus 0.698 p < 0.0001 0.748 p < 0.0001

Rectus Femoris 0.509 p < 0.0001 0.406 p < 0.0001

Biceps Femoris 0.384 p = 0.005 0.472 p < 0.0001

Rooted Mean
Squared

value

Gastrocemius 0.438 p < 0.0001 0.529 p < 0.0001

Vastus Lateralis 0.639 p < 0.0001 0.522 p < 0.0001

Vastus Medialis −0.097 p = 0.419 0.248 p = 0.0320

Tibialis Anterior 0.539 p < 0.0001 0.679 p < 0.0001

Multifidus 0.800 p < 0.0001 0.828 p < 0.0001

Rectus Femoris 0.453 p < 0.0001 0.469 p < 0.0001

Biceps Femoris 0.167 p = 0.160 0.380 p = 0.001
R: Pearson correlation; P: alpha level.

3.4. Association between Balance Ability and Muscle Activity

The contribution of the muscle activities of the seven selected muscles to balance
ability in terms of the average reach distance in eight directions, and the displacement of
CoM anterior–posterior (X), medial–lateral (Y) and vertical (Z) directions were analysed.
The linear regression results were analysed. The regression analysis values for balance
ability in terms of the total reach distance and muscle activity were R = 0.885, p < 0.0001,
and the balance ability in terms of the medial–lateral displacement of COM and muscle
activities was R = 0.912, p < 0.0001. Table 3 shows the results of the muscle contribution to
balance ability. According to the results, VM (RMS) positively influences the average reach
distance and BF (RMS), and MF (RMS) negatively influences the balance test reach distance.
The displacement of CoM in the medial–lateral direction was positively influenced by VM
(RMS) and VL (Max), and negatively influenced by BF (RMS), MF (RMS) and VL (RMS).

Table 3. Balance ability and muscle activity.

Model

Unstandardized
Coefficients

Standardized
Coefficients T Sig.

B Std. Error Beta

Dependent Variable: Centre of Mass displacement in
Anterior Posterior Direction (m) (Constant) 0.359 0.072 5.019 p < 0.0001

R = 0.917 Gastro-Max-SL 0.430 0.081 0.399 5.314 p < 0.0001
R Square = 0.842 VL-Max-SL 0.714 0.165 0.738 4.317 p < 0.0001

Adjusted R Square = 0.809 VL-RMS-SL −6.800 1.387 −0.809 −4.904 p < 0.0001
Std. Error of the Estimate = 0.107 VM-RMS-SL 4.507 0.965 0.407 4.673 p < 0.0001

p < 0.0001 MF-RMS-SL −13.075 1.781 −0.879 −7.339 p < 0.0001
RF-Max-SL 0.371 0.166 0.221 2.244 p = 0.031
BF-RMS-SL −18.792 2.623 −0.859 −7.165 p < 0.0001

Dependent Variable: Centre of Mass displacement in
Medial lateral direction (m) (Constant) 0.392 0.066 5.930 p < 0.0001
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Table 3. Cont.

Model

Unstandardized
Coefficients

Standardized
Coefficients T Sig.

B Std. Error Beta

R = 0.912 Gastro-Max-SL 0.386 0.080 0.352 4.803 p < 0.0001
R Square = 0.832 VL-Max-SL 0.806 0.160 0.936 5.037 p < 0.0001

Adjusted R Square = 0.801 VL-RMS-SL −7.764 1.396 −0.995 −5.561 p < 0.0001
Std. Error of the Estimate = 0.108 VM-RMS-SL 4.335 0.962 0.402 4.507 p < 0.0001

p < 0.0001 MF-RMS-SL −12.733 1.707 −0.868 −7.460 p < 0.0001
RF-Max-SL 0.384 0.164 0.234 2.335 p = 0.025
BF-RMS-SL −18.189 2.594 −0.805 −7.013 p < 0.0001

Dependent Variable: Centre of Mass displacement
in vertical direction (m) (Constant) 0.027 0.017 1.606 p = 0.117

R = 0.889 Gastro-Max-SL 0.090 0.021 0.378 4.299 p < 0.0001
R Square = 0.791 VL-Max-SL 0.048 0.024 0.224 2.019 p = 0.051

Adjusted R Square = 0.748 VM-RMS-SL 1.524 0.225 0.622 6.783 p < 0.0001
Std. Error of the Estimate = 0.027 TA-RMS-SL −0.563 0.139 −0.352 −4.036 p < 0.0001

p < 0.0001 RF-RMS-SL 0.895 0.443 0.237 2.024 p = 0.051
BF-Max-SL −0.509 0.139 −1.203 −3.668 p = 0.001
BF-RMS-SL 4.896 1.533 1.012 3.193 p = 0.003

Dependent Variable: Total reach distance during
balance test (m) (Constant) 524.790 33.969 15.449 p < 0.001

R = 0.885 Gastro-Max-SL 120.191 40.799 0.217 2.946 p = 0.005
R Square = 0.783 VL-Max-SL 84.623 41.662 0.223 2.031 p = 0.048

Adjusted R Square = 0.747 VM-RMS-SL 3368.742 446.156 0.601 7.551 p < 0.001
Std. Error of the Estimate = 58.337 TA-RMS-SL 621.175 299.146 0.177 2.076 p = 0.043

p < 0.0001 MF-RMS-SL −5698.036 1067.823 −0.784 −5.336 p < 0.0001
RF-Max-SL 402.848 100.852 0.646 3.994 p < 0.0001
RF-RMS-SL −3682.973 1351.236 −0.479 −2.726 p = 0.009
BF-RMS-SL −7591.049 1321.868 −0.806 −5.743 p < 0.0001

VL, vastus lateralis; VM, vastus medialis; RF, rectus femoris; TA, tibialis anterior; MF, multifidus femoris; BF, biceps femoris; Max, whole
phase maximum; RMS, root mean squared; SL, supporting leg.

3.5. Association between the Displacement of the Centre of Mass or the Total Reach Distance
during the Balance Test and the Joint Kinematics and Kinetics during Gait

Table 4 illustrates the analysis results of the association between the balance ability
and lower limb kinematics and kinetics during gait. According to the results, there is an
association between the balance ability in terms of reach distance, the displacement of
COM in the anterior–posterior direction, the displacement of COM in the vertical direction,
the displacement of COM in the medial–lateral direction, and lower limb kinematics and
kinetics during walking.

Table 4. Linear regression analysis of the balance ability and gait kinematics and kinetics.

Model

Unstandardized
Coefficients

Standardized
Coefficients T Sig.

B Std. Error Beta

Dependent Variable: Total Reach Distance (m) (Constant) 56.605 114.857 0.493 p = 0.625
R = 0.906 HipAnglesYmin.Gait −4.918 2.164 −0.189 −2.272 p = 0.029

R Square = 0.821 HipForceYmin.Gait 157.690 27.314 0.813 5.773 p < 0.0001
Adjusted R Square = 0.775 AnkleAnglesXmin.Gait −4.702 1.007 −0.378 −4.669 p < 0.0001

Std. Error of the Estimate = 49.690 AnkleMomentXRoMGait 0.292 0.062 0.375 4.699 p < 0.0001
p < 0.0001 AnkleMomentYmin.Gait 0.512 0.137 0.284 3.736 p = 0.001

AnkleAnglesZmin.Gait −6.147 1.154 −0.457 −5.327 p < 0.0001
KneeAnglesYmin.Gait −6.562 1.777 −0.286 −3.693 p = 0.001

HipMomentYRoM.Gait 0.178 0.047 0.592 3.765 p = 0.001
KneeMomentYRoM.Gait −0.135 0.051 −0.292 −2.675 p = 0.011
KneeMomentZRoM.Gait 0.341 0.160 0.172 2.124 p = 0.040

Dependent Variable: Balance Test CoM
displacement in Anterior posterior direction (m) (Constant) 0.084 0.136 0.622 p = 0.538
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Table 4. Cont.

Model

Unstandardized
Coefficients

Standardized
Coefficients T Sig.

B Std. Error Beta

R = 0.606 AnkleAnglesYmin.Gait 0.036 0.013 0.396 2.896 p = 0.007
R Square = 0.368 AnkleAnglesZRoM.Gait 0.020 0.007 0.423 2.938 p = 0.006

Adjusted R Square = 0.312 AnkleMomentYmin.Gait 0.001 0.001 0.334 2.319 p = 0.027
Std. Error of the Estimate = 0.192

p < 0.001

Dependent Variable: Balance Test CoM
displacement in medial lateral direction (m) (Constant) 0.232 0.103 2.253 p = 0.030

R = 0.545 AnkleAnglesXmin.Gait −0.013 0.004 −0.443 −3.296 p = 0.002
R Square = 0.297 AnkleForceYmin.Gait 0.161 0.064 0.337 2.505 p = 0.017

Adjusted R Square = 0.261
Std. Error of the Estimate = 0.197

p < 0.001

Dependent Variable: Balance Test CoM
displacement in vertical direction (m) (Constant) −0.119 0.047 −2.521 p = 0.017

R = 0.891 AnkleMomentXmax.Gait 0.000 0.000 0.344 3.773 p = 0.001
R Square = 0.794 KneeMomentZRoM.Gait 0.000 0.000 0.496 5.956 p < 0.0001

Adjusted R Square = 0.762 HipForceYmin.Gait 0.065 0.011 0.919 5.732 p < 0.0001
Std. Error of the Estimate = 0.020 KneePoweZmin.Gait −0.022 0.004 −0.586 −5.446 p < 0.0001

p < 0.0001 HipMomentYmax.Gait 0.000 0.000 0.363 2.657 p = 0.012

4. Discussion

This study analysed the influence of balance ability on muscle activities and the lower
limb kinematics and kinetics during gait, and association between muscle activities during
balancing task and gait. The present study shows that the muscle activation magnitude
was different between the balance test and gait according to the EMG readings. This
finding is similar to a study conducted in 2013 [18] which examined muscle activities
during multidirectional support-surface perturbations during standing and walking. The
study results showed that the muscle activation is similar in standing and walking, but the
activation magnitude vary greatly. However, the present study results show that there is a
linear correlation (mild to strong) between the MF, VL and TA muscle activities between
both the balance test reaching and the supporting leg and gait. These results suggest that
only specific muscles’ activations are similar in both gait and balance task compared to
other lower limb muscles.

In this study, 18 male participants and 11 female participants were recruited. Accord-
ing to a study conducted in 2018, there was no significant difference in balance ability
between genders even though there is a significant difference between leg lengths [19].
Furthermore, in the present study, the normalized reach distance was used to minimize the
influence of leg length.

According to the present study, all of the maximum values were higher in the balance
test supporting leg compared to the balance test reaching leg and gait (above two times
compared to gait) except for the gastro muscle activities, which were higher in the reaching
leg. This can be explained by the fact that the biomechanical challenges associated with
balancing tasks are higher compared to gait. However, the BF and gastro RMSs were higher
in gait. This can be explained by the fact that the gastro contribution is higher during the gait
compared to balance task, as there are heel off and toe off phases where the plantarflexor
facilitates foot clearance from the floor. During the gait cycle, in the swing phase, a higher
degree of knee flexion was recorded compared to the balance task [3]. Therefore, the
knee flexors’ contribution is higher for gait compared to the balancing task reaching task.
However, a study conducted to examine the effect of balance task difficulty on the muscle
activities among health adolescents concluded that the ankle muscles contribute to balance
ability for a continuously increasing balance task difficulty [14]. Their study methodology
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is different from the present study, as muscle activities were compared within the balance
task, but for six levels of increasing task difficulty.

The present study suggests that VM (RMS) positively influences the balance ability.
Changes in the quadriceps’ muscle strength, decreased proprioception and increased
postural sway were noticed in the patients in the knee OA group [11], and quadriceps
strengthening is widely used during osteoarthritis physiotherapy management [20,21].
However, it should be analysed whether early changes in the muscle strength in the
VM [21] due to pain are associated with changes in the balance ability of patients with
knee osteoarthritis.

According to the study results, BF (RMS) activity negatively influences balance ability.
The co-activation of the quadriceps and hamstrings is present during balancing tasks. The
co-activation of the (hamstring) muscle decreases by nearly 20% with balance training.
This provides less opposing force to the contracting quadriceps during balancing tasks [22].
Furthermore, the stance leg range of motion and muscle activation patterns differ in
different reach directions. The hamstring muscle is more active in the posterior reach
direction. The present study analysed a total of eight directions [23]. The following
reasons could be used to explain the negative influence of hamstring muscle activity on
balance ability.

MF (RMS) shows a negative influence on balance ability. A study indicated that
SEBT performance did not improve with a 6-week core strength training programme [24].
Furthermore, a study indicated that neuromuscular training programmes focusing on lower
limb muscle and core muscle improved only the posterolateral and posteromedial reaching
distance of SEBT [24]. In this study, the overall score for reach distance was considered.
This might be the possible reason for the negative influence on balance ability shown.

These results suggest that balance ability is associated with lower limb biomechanics
during gait. The hypothesis of the study was accepted. Therefore, the findings of the
study suggest that changes in balance ability after an injury or a disease condition would
alter the joint biomechanics during gait. However, this a cross sectional study and only
healthy volunteers were recruited to analyse the association between balance ability and
joint kinematics and kinetics. Therefore, a longitudinal study should be conducted in order
to confirm this association.

4.1. Application

This study investigated the influence of balance ability on joint kinematics and kinetics
during gait among healthy adults. This study showed that there is an association between
balance ability and gait kinematic and kinetic parameters. It is important to conduct follow-
up studies among people who are prone to have poor balance. This would help to identify
early changes in gait kinematics and kinetics among people with poor balance.

4.2. Limitations of the Study

This is a cross sectional study in which healthy participants’ gaits were analysed. The
pathological gait pattern of people with poor balance was not analysed. In this study,
specific events during the gait cycle were not compared. Potential confounders were not
matched between the participants, such as gait speed and posture. There was a possibility
of skin vibration during the tasks even after stabilization with double-sided adhesive tape,
which might affect the stability of Vicon markers and EMG probes. Therefore, the data
quality could be affected.

4.3. In Future

The center of pressure could be used in future to determine the balance ability among
healthy individuals. The participants were asked to walk at their normal comfortable speed
in this study. A future study should be carried out for the comfortable, high and slow
speeds as well. Furthermore, if a wearable sensor would be available in future, this could
be used to analyse the gait and influence of balance ability.
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5. Conclusions

The present study examined the association of balance ability with muscle activities
and gait biomechanics. These results suggest that the VM contribution is higher compared
to the other muscle activities in the balance ability of healthy individuals. A linear correla-
tion is seen in the MF, VL, TA muscle activities in the gait and balance ability (supporting
and reaching leg) of healthy individuals. Furthermore, the results showed that the balance
ability during balance test is associated with the lower limb kinetics and kinematics during
the gait of healthy individuals.
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