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Dynamics Study of Ankle Joint during Quiet Standing Bal-
ance Control with Emphasis on Dominant and Non-dominant 
Lower Limb

Purpose: The present study aimed to evaluate the effect of dominant lower limb on the correlation 
between some of the dynamic variables of ankle joint and center of mass during quiet standing 
balance control.

Methods: Twelve healthy females with no known neurological or musculoskeletal disorders, 
with the mean age of 26±3.5 years, participated in this study. Motion analysis system, force 
platform and Visual3D software were utilized in order to measure and compute the research 
variables. The relationship between research variables was evaluated using Pearson’s correlation 
coefficient. T test and One-way ANOVA were used to examine the effect of dominant leg on the 
correlations. 

Results: Findings indicated the correlation between ankle joint moment and center of mass 
displacement (r=0.95) was higher than the correlation between ankle angular displacement 
and center of mass displacement (r=0.84). It seems that the leg factor (dominance and non-
dominance) does not influence the correlation of angular displacement of ankle joint and center 
of mass displacement. However, it influenced the correlation between ankle joint moment and 
center of mass displacement. 

Conclusion: Therefore according to the present study it can be said that the kinetic variables 
of ankle joints are more important than kinematic variables for the prediction of center of mass 
displacement. In addition, it is suggested that in order to evaluate the lower extremity dynamics, 
during balance control, dominant and non-dominant lower limbs of the subjects be noticed too.
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1. Introduction

ccording to the definition generally pro-
posed for the balance, quiet standing bal-
ance control is preserving and controlling 
center of mass at base of the support [4-6]. 
Therefore, while assessing and measuring 
the balance, the researchers pay attention 

to the movements of center of mass. Concentrating on 

the mass center as a biomechanical variable for assessing 
balance should be taken into account for some reasons. 
Firstly, estimating center of mass is technically compli-
cated, cumbersome, costly, and error prone. This had 
made researchers to use another variable termed center 
of pressure for balance assessment. Although, center of 
pressure variable does not evaluate balance and stability 
of posture, its movement (only in limited conditions) is 
a result of secondary movement of center of mass [7, 8]. 
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Therefore, a wide range of researches on body balance 
have dealt with this issue in order to specify correlation 
between the kinematic elements of center of mass and 
foot center of pressure so that to introduce it as a standard 
factor for balance assessment. However, this factor has 
not been fully specified and there is no general census 
on it [9]. 

Another factor which can challenge application of center 
of mass as a major variable for assessing and measuring 
balance is that the center of mass can be a hypothetical 
point, which is indirectly stabilized. Consequently, con-
trolling other variables such as joints position in relation 
to their baseline position will lead to control and stabiliza-
tion of center of mass [10]. 

Thus, it seems logical that researchers concentrate on 
joints kinetics and kinematics rather than directly focus-
ing on the center of mass or foot center of pressure as a 
major variable. A part of researches on balance control 
have been centralized on determining movement strate-
gies, joint participation, and sensory systems manipula-
tion on movement strategies. Winter researches in this 
regard had led to propose inverted pendulum model [7]. 

This model is based on the principle that at quiet stand-
ing balance control, the whole body oscillates around 
horizontal axis, which passes through center of ankle 
joint. Many researches have been carried out in different 
areas related to body balance with emphasis on inverted 
pendulum model. Also, in recent century, several other 
researches have been done with the aim of studying the 
role of other joints at quiet standing balance control. The 
results revealed that in addition to ankle joint, other joints 
of lower extremities and even the body have movements 
at quiet standing balance control [11-13]. 

Although in all of the mentioned researches, the purpose 
is to determine the movement strategies and to make an 
effort to remove the existing ambiguities in mechanisms 
of controlling balance, studying the results revealed that 
ankle joint motor function is significant in quiet standing 
balance control.

 Therefore, we can concentrate on ankle joint for bal-
ance assessment and posture control. However, it is 
important to study the correlation between movement 
variable of this joint and movement of mass center. To 
deal with this issue, we can propose the following ques-
tion. Do two ankle joints play an equal role in controlling 
balance at standing position on both legs? Researchers 
believe that individuals control their balance on one leg 
better than the other. This belief originates from several 

researches, which investigated the role of dominant lower 
limb in balance control [1,14]. One of the purposes of this 
part of research is to show why athletes’ injuries during 
sport activities are more observable in one leg than the 
other one [1]. 

Furthermore, specifying the amount of participation of 
each lower limb during balance control can be useful in 
offering rehabilitation programs or body building exer-
cise for athletes. However, it is necessary to mention that 
the implementation method in said researches is as fol-
lows: having specified the dominant lower limb, the sub-
jects perform the balance test at single leg standing posi-
tion and then the results of the study variables between 
dominant and non-dominant lower limb are compared. 
None of these researches studied the effect of dominant 
leg at quiet standing balance control. 

Even in studies, which were carried out with the pur-
pose of assessing movement mechanisms and manner 
of participation of lower extremities joints for balance 
control at quiet standing. Although the tests were per-
formed at standing position, the investigations were done 
with random selection of one leg and without specifying 
the dominant lower limb [15,16,17]. This negligence of 
dominant lower limb of subjects can affect presentation 
and report of the results of relevant researches. 

Thus, due to the importance of ankle joint for balance 
control at standing position and considering the possibil-
ity of difference in participation of this ankle for quiet 
standing balance control in dominant and non-dominant 
lower limbs, in the present study, we have attempted to 
study some of dynamic variables of ankle joint and center 
of mass. We were also determined to specify the effect of 
dominant lower limb in this regard. 

2. Materials & Methods 

Subjects 

The participants of the present study consisted of 12 
healthy females, with the mean age of 24-34 years, mean 
height of 168±4.4 cm, and mean weight of 61±6.0 kg 
who were selected randomly. 

The subjects had no neurological or musculoskeletal 
disorders. The variables were measured after giving 
information to subjects about the test performance and 
obtaining consent letter at Musculoskeletal Research 
Center, Rehabilitation Faculty of Isfahan University of 
Medical Sciences. 

l Amir Massoud Arab et al. l The Effects of Active Therapeutic Exercises on the Electromyographic Activity of Lumbopelvic Muscles
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Tools 

The kinetic information included ground reaction force 
(in horizontal and vertical direction). Instantaneous po-
sition of foot center of pressure was determined using 
Kistler force plate. Ankle joint moments at sagittal plane 
were calculated with inverted dynamic method using Vi-
sual 3D software. 

Three dimensional data collection for calculating ki-
nematic variables, which were angular displacement of 
ankle joint and center of mass, was done by using Quali-
sys track manager system. These data were obtained by 
7 cameras from markers, which were directly placed on 
skins of subjects. A total of 55 markers with 14 mm were 
placed on anatomical parts of body with the technique of 
Visual 3D marker placement. The visual 3D was used to 
calculate ankle joint angle and estimate center of mass 
at sagittal plane. Since the position of mass center was 
determined with kinematic method [18], it was necessary 
to mark all parts of the body, including foot, leg, thigh, 
pelvis, trunk, and upper limb. The angle between foot and 
leg was considered as ankle joint angle. 

Data processing 

The sampling frequency for collecting kinetics and 
kinematics data was 200 Hz. This information were fil-
tered using fourth-ordered Butterworth filter. Cut-off fre-
quency for kinetics and kinematics data were 10 and 5, 
respectively [2,3,15]. 

Tests 

The tests were performed as follows: every subject 
stood on force plate at balanced and standing position for 
one minute. The arms were placed beside the body and 
the subject looked at the plate, which was 3 m away and 
at horizontal direction. The distances between the legs 
were not determined before the test and the subject chose 
it, which shouldn’t be more the shoulder’s width. The 
test-retest was performed 4 times and the rest between 
the tests was 3 min. 

Determining the dominant leg 

The two tests of kicking with leg and stepping forward 
was used for specifying lead leg in subjects. The results 
revealed that there is a significant correlation between 
these two tests for specifying lead leg [19]. 

The results of several researches indicate that most indi-
viduals use the opposite leg of lead leg for posture stabil-
ity [20,21]. Therefore, in the present study, the opposite 

leg of lead leg is considered as supporting leg (dominant 
leg). 

Body weight distribution on lower limbs 

The manner of body weight distribution on each lower 
limb was assessed during the test. For this purpose, dur-
ing the test the percentage of time, which the center of 
pressure inclined laterally toward each foot was calcu-
lated and registered. Generally, the COP moved between 
two feet at standing position. When the body weight dis-
tribution is more on one lower limb, the COP inclines to-
ward that foot [22]. 

These estimations were made based on the instanta-
neous position of markers placed on lateral ankle and 
instantaneous movement position of COP in lateral direc-
tion using Matlab software. 

Data analysis 

The correlation between two variables of joint angular 
displacement and joint movement of ankle with COM 
displacement was studied in 48 trials using Pearson re-
gression. In order to compare values of the mentioned 
correlations (i.e., correlation of ankle joint displacement 
with center of mass displacement and correlation of 
ankle joint moment with center of mass displacement) 
paired sample t test was applied. 

And finally, for evaluating the effect of dominant 
and non-dominant lower limb on correlation, one-way 
ANOVA was utilized. 

3. Results 

For data analysis, at first, the time percentage of COP 
inclination toward each foot during tests were studied. 
The results revealed that in 39 trials (out of 48 retests) 
the COP inclined toward dominant lower limb (in 85% 
of retests). In 9 trials, the COP inclination toward domi-
nant and non-dominant lower limbs was approximately 
the same during the test (in 15% of trials). In figure 1, 
two patterns of COP displacement to lateral direction 
and its inclination toward dominant and non-dominant 
feet are presented. The negative displacement indicates 
COP inclination toward dominant foot and positive in-
clination indicates COP inclination toward non-domi-
nant foot during the test. 

Paired t test showed that the difference between weight 
distribution on dominant and non-dominant lower limb 
was statistically significant (P<0.001). 
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The results of this section generally reveals that at 
standing position, the weight transfers from one lower 
limb to another, but in most cases (almost 85% cases) 
weight distribution is more on dominant lower limb. 

The values related to correlation of center of mass dis-
placement with the moment and angular displacement 
of ankle joint in dominant and non-dominant lower limb 
in all 48 trials are presented in Table 1. The results re-
vealed that there was a strong correlation between angu-
lar displacement of ankle joint and center of mass dis-
placement and this correlation was similar in dominant 
and non-dominant lower limb, which were 0.84±0.12 
and 0.80±0.2, respectively. However, the correlation 
between center of mass displacement and joint moment 
in joints of dominant and non-dominant lower limbs is 
not the same, so that the values for dominant and non-
dominant lower limbs are 0.95±0.05 and 0.43±0.2, re-
spectively. As it is seen, the correlation was very strong 
in dominant lower limb.  

A more accurate study of the results of Table 1 in joint 
moment reveals that the maximum and minimum cor-

relation between center of mass displacement and ankle 
joint moment in non-dominant lower limb is (r=0.98) 
(r=0.16), respectively. This means that the correlation 
between joint moment and center of mass displacement 
in non-dominant lower limb has been strong in some 
cases (r=0.98). Generally out of 48 tests only in 6 tests, 
the correlation was higher from 0.75. 

This can be related to manner of weight distribution 
of subjects on lower limbs. During the test, although 
weight distribution in most cases was on dominant low-
er limb, in some cases the subjects put weight on non-
dominant lower limb. It should be mentioned that these 
results correspond to the results of lateral displacement 
of COP between two feet. 

The result of the study of variance analysis shows that 
(Table 2) although the lower limb factor (dominant or 
non-dominant) has no effect on correlation between 
linear displacement of center of mass and angular dis-
placement of ankle joint, it significantly affects corre-
lation of center of mass displacement and ankle joint 
moment (P<0.001). 

Table 1. Correlation of linear displacement of center of mass with angular displacement and ankle joint moment (sagittal plane)

Linear displacement of center of mass (Anterior & Posterior)

Angular displacement of ankle joint Ankle joint moment 

Dominant lower limb Non-dominant lower limb Dominant lower limb Non-dominant lower limb

Mean 0.84 0.80 0.95 0.43

Standard deviation 0.12 0.20 0.05 0.23

Maximum 0.98 0.97 0.93 0.98

Minimum 0.49 0.35 0.73 0.16

PHYSICAL TREA MENTS

Figure 1. COP displacement to lateral direction. (A): In 98% time of test, COP is inclined toward the dominant foot (displace-
ment values in 98% of time test is negative). (B): In 54% of time of test, COP is inclined toward the dominant foot (displacement 
values in 54% of time test is negative).

PHYSICAL TREA MENTS
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On the whole, the above studies revealed that there is 
a significant relationship between two kinematic and ki-
netic variables (i.e. angular displacement of ankle joint 
and ankle joint moment) and center of mass displace-
ment in dominant lower limb. But this correlation is 
higher for joint moment variable compared to angular 
displacement. Paired t test was used to determine the 
significance of this difference in said correlations. 

The results indicated that the correlation between joint 
moment with center of mass displacement in dominant 
lower limb (r=0.95) is significantly higher than the cor-
relation between joint angular displacement and center 
of mass linear displacement (P<0.001). 

Discussion

Since the importance of the ankle joint role for quiet 
standing balance control has been accepted [7,11-13], 
the kinematic and kinetics variables have been studied 
in several researches. The present study attempted to 
answer two important questions, which have not been 
dealt with before. First, which variable is more impor-
tant for predicting movements of center of mass (ankle 
joint kinematic variable or kinetic variable), and second, 
whether the ankle joint in dominant and non-dominant 
leg has a similar role in body balance.

The study of the relationship between angular dis-
placement of ankle joint and center of mass displace-
ment revealed that there is a high correlation between 
these two variables (r=0.82). The study of Gage and 
Winter also confirms this matter [13] so that according 
to their assessment, the value of this correlation is 0.88. 
The study of relationship between ankle joint moment 
and center of mass displacement indicated that there is a 
strong correlation between these two variables (r=0.95). 
Cunther et al also reported the value of this correlation 
(r=0.90) [11]. 

But the important point in the present study was com-
parison of these relationships between dominant and 
non-dominant lower limbs. The findings showed that 
the observed correlation between center of mass dis-
placement and joint angular displacement is the same in 
dominant and non-dominant lower limbs, however, the 
strong correlation between center of mass displacement 
and joint moment was significantly higher in dominant 
leg than non-dominant lower limb. 

The reason for difference in joint performance of non-
dominant and dominant lower limbs in joint moment 
can be due to the manner of weight distribution at quiet 
standing balance control. The study of COP displace-
ment between two feet revealed that during the test, 
COP is inclined more toward dominant lower limb. The 
results of previous studies prove this as well, so that 
the weight distribution on lower limbs is not parallel 
at quiet standing balance control [23,24]. The study of 
Gutnika et al also revealed that during quiet standing 
balance control, weight distribution was more on one 
lower limb than the other one [25]. It should also be 
mentioned that in another study, the difference in dy-
namic performance of right and left lower limb joints 
has been reported [11]. 

The result of the assessment of kinematic relationship 
of ankle and thigh joints in right and left leg in the said 
study revealed that [11] there was a significant correla-
tion between dynamic performance of these two joints 
during posture control, but this correlation has been ob-
served in 24 trials in right leg and in 28 trials in left leg 
(the total trials in the said study was 60). 

The strong point of the said study was that the per-
formance of joints in right and left leg were studied 
simultaneously (contrary to most researches related to 
balance, which chose randomly one of the legs for as-
sessment of joints movements), but no attention was 
paid to the dominant and non-dominant lower limbs of 
subject and due to this fact, the reason for the observed 

Table 2. Results of variance analysis. The effect of dominant lower limb on correlation between center of mass and joint 
dynamic variables. 

Sum of 
squares 

Mean of 
squares 

Degree of 
freedom F Significance 

Joint angular displacement
Intergroup 0.026 0.026 1 0.509 0.477

In group 4.8 0.051 94

Joint moment 
Intergroup 6.39 6.39 1 172.04 0.000

In group 3.49 0.037 94

PHYSICAL TREA MENTS
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difference in the results of right and left leg are not dis-
cussed and only reported, while this difference can re-
sult from the difference in the performance of dominant 
and non-dominant lower limbs of subjects. 

Another part of the results of the present study showed 
that in dominant lower limb joint, the correlation be-
tween joint moment and center of mass displacement 
is significantly higher than correlation between joint 
angular displacement and center of mass displacement 
(P<0.001). Therefore, it seems that the kinetic variables 
are more appropriate than joint kinematic variables for 
predicting center of mass movements. 

4. Conclusion 

The result of the present study revealed that there is a 
strong correlation between two variables of angular dis-
placement of ankle joint (in both lower limbs) as well as 
ankle joint moment (in dominant lower limb) and vari-
able of center of mass linear displacement. However, 
the correlation obtained from ankle joint moment of 
dominant lower limb and center of mass displacement is 
significantly higher than correlation of angular displace-
ment of joint ankle and center of mass displacement. 

Thus, for predicting center of mass displacement dur-
ing postural control, it is important to pay attention to 
kinetic variables. In addition, according to the results 
of the present study, it is recommended to take into ac-
count the dominant and non-dominant lower limbs of 
subjects while studying dynamics of lower limb joints 
during balance control. 
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