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Abstracts
   Falls due to altered balance are a worldwide health issue. Various 
components are involved in maintaining postural stability, such as the 
base of support, integration of sensory information, and the ability of 
the body to adapt to perturbations. Understanding balance strategies 
and components is imperative for rehabilitation when stability is 
affected.
Purpose: This study aimed to characterize the balance distinction 
between left and right leg dominance and identify postural adaptations 
during left and right rotations in young healthy adults.
Method: This study assessed single-leg stance on a firm surface, 
clockwise (right), and counterclockwise (left) rotation on a balance 
board with a fixed middle fulcrum on 70 health young adults 
participants, 7 males and 63 females aged 25 ± 4.66 SD (37 left leg 
dominant and 32 right leg dominant). Accelerometer and gyroscope 
sensors were used to capture the total sway area, medial-lateral (ML) 
and anterior-posterior (AP) directions, velocities, and distances.
Results: The MANOVA revealed similarities in the left and right 
single stance balance. The comparison of clockwise rotations versus 
counterclockwise rotations showed a significant increase in sway and 
distance in the anteroposterior (AP) direction while rotating towards 
the left or CCW (P<0.05). The comparison of right-leg dominant 
versus left-leg dominant during CW rotation revealed a significantly 
increased sway and distance of sway in the ML direction (P<0.05) for 
individuals with right-leg dominance when compared to their left-leg 
dominant counterparts during CW rotations.
Conclusion: The current study found distinctions in balance adaptation 
or changes within the central nervous system to compensate for an 
increase in sway during counterclockwise rotation. Furthermore, 
individuals with right leg dominance had increased difficulty in 
maintaining stable sway during clockwise rotational movements. 
Clinicians should consider examining rotational adaptations or one’s 
ability to make alterations within the central nervous system during 
rotational movements to maintain the center of mass within the base 
of support in  balance activities which compromise postural control.
Introduction
   The World Health Organization considers falls to be a major health

problem worldwide. Falls can be fatal and account for one of the 
two top risk factors associated with the worldwide mortality rate. As 
individuals age, fall risk and the aftermath injuries of falls increase in 
severity, with the highest percentage of falls being at 60 years of age 
and above (www.WHO.org).
   This fall risk can be reduced by improving and maintaining intact 
balance resources. Balance can be defined as an individual’s success 
in maintaining their center of gravity (COG) inside their base of 
support (BOS) with minimal postural sway [1]. Furthermore, all 
humans have a cone of stability, referencing the surrounding most 
stable region in upright standing. If deviation exceeds the cone of 
stability boundaries, then postural control mechanisms elicited by 
muscle activity must be recruited to preserve balance and avert a fall 
[2]. Postural control mechanisms such as ankle, hip, and stepping 
strategies are effectively utilized in static and dynamic balance by 
muscle engagement ranging from the proximal trunk to distal body 
segments. The amplitude of the perturbations dictate the mechanisms 
employed for balance conservation. The ankle strategy can effectively 
counteract small-amplitude perturbations, whereas larger amplitude 
perturbations require a stepping strategy [1]. Falls result when an 
individual cannot successfully adapt to a perturbation [3].
   However, the compliance of a support surface also dictates which 
strategy will be utilized for balance recovery. The ankle strategy can 
be successful in maintaining balance on a firm surface but once a 
surface has become “soft” or non-compliant, proprioceptive input 
becomes inaccurate to spatially orient the body. This inconsistency 
requires additional resources to be employed by the central nervous 
system with a counter-rotation mechanism of control to prevent a fall 
[4]. Similar to non-compliant surfaces, balance boards are unstable 
with a narrow BOS. Silva and colleagues [5] explored the effect of 
wobble board training on movement strategies described above. The 
authors described wobble boards to be comparable to our M-PAD 
balance board, a board with a narrow hemi-spherical base allowing 
for multi-planar movements inducing standing instability with 
increased stress on postural control mechanisms. Authors concluded 
in healthy young adult males, the effect of wobble board training 
enhanced postural control mechanisms by improving the trunk’s 
velocity of countermovements in response to board oscillations
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and overall body coordination [5]. Similarly, Rosario and colleagues 
found healthy young adults make postural control compensations 
seen as quicker sway velocity in the medial-lateral direction and 
increased sway distance in the anterior-posterior direction in bipedal 
stance on a high/low fulcrum rotating balance board. The balance 
board utilized in this study is identical to the M-PAD balance board 
in this inquiry (2021a).
   In addition to the above, right or left leg dominance is common 
and to our knowledge, multiple studies have proven inconclusive 
in determining whether leg dominance has a ramification of the 
effectiveness of postural control mechanisms. For example, Yoshida 
and colleagues found leg dominance to be associated with an increased 
acuity in postural control mechanisms on the leg of dominance, such 
as ankle, hip, and stepping strategies [6]. However, a systematic 
review of 46 studies investigating whether leg dominance plays a 
role in balance performance concluded that there were no significant 
differences between dominant and non-dominant legs in unilateral 
balancing tasks with regard to postural sway [7].
   Aside from postural control mechanisms, the balance system 
must integrate information from the vestibular, proprioceptive, and 
visual systems to appropriately balance perturbations. Abnormal 
integration among any of the three systems results in postural 
instability, as illustrated by an increased fall risk. The dynamic 
systems theory (DST) further explains the role of the three systems 
by stating they must work in cohesion when balance is challenged 
by a perturbation [3]. However, when any one of the three systems 
is underperforming or absent in the presence of disease, sensory 
reweighting or sensory modification must occur to maintain 
appropriate balance performance in different environments and on 
various surfaces. If one or more of these balance networks becomes 
compromised and the body is required to rely more heavily on other 
systems to conserve balance, then sensory reweighting has failed [3].
   During therapeutic evaluations and interventions, physiotherapists 
typically use the assessment values of the non-injured limbs to make 
comparisons with injured limbs. However, prior studies have found 
inconclusive evidence to suggest whether side-to-side differences 
between dominant and non-dominant limbs can be detrimental to the 
injury risk of patients [8]. Postural control mechanisms for single 
limb landings are more likely to employ multiple postural control 
mechanisms simultaneously such as the ankle and hip mechanisms 
[9]. Contrary to Wang and Fu, [8] a study of female volleyball players 
postulated that single-leg jump landing tests of dominant versus non-
dominant limbs could predispose athletes to the injury risk of one limb 
over the other. The authors found the responses between the two limbs 
do indeed vary in landing strategies with dominant limbs exhibiting 
less effective landing strategies and awkward postures compared to 
non-dominant limbs predisposing athletes to higher injury risks of 
their dominant limbs [10]. We asked whether interlimb differences 
in balance as it pertains to postural control can be identified, as in 
the study described with landing mechanics, then the opportunity to 
counteract these balance deficits might be possible before individuals 
experience increased fall risk. In addition, as described above in 
athletes, different populations present with varying levels of altered 
postural control. For example, in a study by Rosario, it was discovered 
individuals living with human immunodeficiency virus have an 
impaired total postural sway creating a need for more extensive 
therapeutic interventions compared to healthy counterparts (2020).
   The emergence of balance board training has elicited multiple 
inquiries into their ability to identify and treat postural control 
impairments. Interestingly, it has been suggested that balance board 
training might be able to challenge motor and postural control 
strategies, which include heavy reliance on visual fields due to visual 
tracking components often associated with balance board training, 
such as the Wii Fit Balance Board [11]. Additionally, in a study by
Rosario et al. [12], balance board training with a fixed fulcrum was

found to provide neuromuscular advantages not previously seen in 
stationary balance boards, such as the Wii Fit Balance Board. Rosario 
and colleagues’ [12] balance board with a fixed fulcrum is identical to 
the M-PAD balance board used in the current query with the hopes to 
discover the effects on postural control mechanisms.
   With the above referred to in mind, the current examination intends 
to answer the following questions: What are the postural patterns 
rotating to the left compared to the right while balancing on a balance 
platform? Further, do people with right leg dominance balance 
differently than those with left leg dominance? This examination 
seeks to answer these questions by determining the postural patterns 
of young adults during rotational balance activities on a fulcrum 
board. We hypothesize that individuals with right limb dominance 
will demonstrate decreased clockwise sway (sway in right rotation), 
whereas individuals with left limb dominance will demonstrate 
decreased counterclockwise sway (sway in left rotation).
Methods
   All subjects were enrolled from the Texas Woman’s University 
(TWU) Dallas campus and nearby areas by word of mouth from 
a research team member. All participants signed the approved 
informed consent documents after being instructed about their role 
in the investigation by a research team member. The researcher then 
collected the subjects' demographic information (age, sex, weight, 
and height).
   As inclusion criteria, the current study recruited adults, males, or 
females, within the ages of 18-45 years old to avoid common age-
related differences in balance and posture. The exclusion criteria for 
this study were as follows: 1. serious balance problems (inability 
to maintain balance for 30 seconds with eyes closed); 2. Untreated 
severe visual acuity, 3. surgeries or traumas within the prior six 
months; and 4. drugs that provoke drowsiness 24 h prior to taking 
part in this study; 5. Women who are pregnant or believe they are 
pregnant 
Measures
   Data were obtained using MobilityLab APDM MobilityLabTM 
(APDM WEARABLE TECHNOLOGIES INC. 2828 S Corbett 
Avenue, Suite 135, Portland, OR 97201, APDM Inc., http://apdm.
com). MobilityLab uses a set of gyroscope and accelerometer 
movement sensors that are placed using straps to estimate the 
movement, distance, direction, and velocity of sway. More 
specifically, for this investigation, the lumbar sensor was used in 
isolation to calculate medial-lateral (ML) and  anterior-posterior 
(AP) sway velocity, direction, and distance. The sensor was placed 
at the level of the third lumbar vertebrae found via palpation of the 
participant’s twelfth rib which was followed to the twelfth thoracic 
vertebrae, then to the third lumbar vertebrae. The use of this specific 
sensor and location has been previously discussed and published 
by other studies with diverse populations, such as asymptomatic 
individuals living with human immunodeficiency virus, healthy 
young adults, and healthy young adults during caffeine consumption 
[12-16].
Balance Assessment
   Each participant wore a lumbar Mobility Lab sensor for testing. 
Postural sway was examined during the four balance activities. 
Before the balance protocol, leg dominance was assessed by 
perturbation. The perturbation consisted of asking participants to 
look at a fixed mark on the wall. Subsequently, a research member 
pulled participants from behind (without warning them) from 
both shoulders simultaneously. The extremity used to adapt to the 
perturbation (step back) was considered the dominant leg for that 
subject.
   All balance tests were performed at a distance of 10 feet from a TV
screen mounted on the wall at approximately 6 feet from the ground. 
First, after placing the lumbar sensor, participants were instructed to
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stand on their right leg for 20 s while looking at a fixed target (orange 
circle) on the TV screen. The same procedure was repeated on the 
left-hand side.
   The second part of the balance test consisted of participants 
standing on an M-PAD balance board. This M-PAD balance board 
is a specially designed fixed fulcrum board with adjustable foot 
placements. The fulcrum on this board is fixed and allows for users 
to rotate freely while standing in a bipedal stance. The fulcrum 
height of the M-PAD balance board was at the lowest height from 
the ground for all participants. The M-PAD balance board was 
placed approximately 6 feet from the TV, as in the previous tests. 
As researched by Rosario et al. [12,15], this balance board with a 
fixed middle fulcrum is effective for examining postural sway with 
rotational components. The visual tracking factor of the balance task 
was achieved by projection to the TV 6 feet in front of participants 
through Apple Airplay via the M-PAD cellular device application 
interface. The tracking component consisted of participants looking 
directly ahead while standing on the M-PAD balance board while 
following a gray ball in a clockwise and counterclockwise direction 
with an orange ball counterpart controlled by their lower extremities. 
Participants were instructed to track the gray ball with their eyes in 
an attempt to keep the orange ball on top of the gray one, in tracking 
motion. The participants were able to control the direction the gray 
ball went due to the cellular phone being adhered to the balance 
platform between the feet. The gyroscopes within the phone are able 
to detect spatial movement created by the participant. The balance 
tasks consisted of clockwise (CW tracking rotation to the right) and 
counterclockwise (CCW-tracking rotation to the left) activities. Each

task was 15 s long with a 10-second practice interval preceding each 
activity to allow participants time to become acquainted with the 
apparatus. Each rotational task (clockwise and counterclockwise) 
was performed one time in a bipedal stance with the freedom to move 
freely within the trunk and upper extremities to maintain balance. If 
participants required to remove one foot from the M-PAD balance 
platform, participants were instructed to recenter themselves on the 
platform and begin again.
Data Analysis
   All data gathering transpired at the TWU Dallas. A spreadsheet 
organizing mediolateral (ML) and anteroposterior (AP) sway 
velocity, direction, and distance were provided by the Mobility Lab 
software. These variables were then organized for all participants in a 
spreadsheet for single-leg balance (left and right) and rotational tasks 
(CW and CCW). The current study performed various MANOVA 
comparisons for sway, AP-ML jerk, AP-ML velocity and AP-ML 
distance during: 1) left versus right single limb balance, 2) base on 
leg dominance, CW versus CCW rotation, and 3) difference between 
CW and CCW rotations. A P-value of ≤ 0.05, was deemed significant 
in this investigation.
Results
   Participants: A total of 70 participants, 7 males and 63 females 
between the ages of 22 and 32 (average age 25 ± 4.66 SD) completed 
this study. Their average BMI was 24.34 +/-2.71. Table 1 shows 
the demographic data of all the participants. Table 1 shows the 
demographic profiles of the participants. Of the 70 participants, 
37 were left-leg dominant, and the remaining 32 were right-leg 
dominant.

Characteristics (study participants) Study Participants n= 70
Age (years) 25 ± 4.6 
Gender M= 7; F = 63
Height (inches) M= 65.0 ± 3.40
Weight (pounds) 146.11 ± 31.71
BMI (kg/m2) 24.3 ± 2.7 

Table 1: Demographic data of all participants

Table 2 shows the comparisons of the right single-limb stance 
versus the left single-limb stance. Sway data exhibited similarities 
in single-limb support, regardless of extremity (P>0.05). Table 3 
shows a comparison of clockwise rotations versus counterclockwise 
rotations. The results showed a significant increase in sway in the

anteroposterior (AP) direction while rotating towards the left or 
CCW. Additionally, there was an increase in the distance in the AP 
direction during CCW rotation (P<0.05). No significant differences 
were observed in any other variables.

N= 70 Right SLS Left SLS P-Value
Postural Sway - Acc - Sway Area 
(m^2/s^4)

0.78 ± 1.21 0.63 ± 0.79 0.39

Postural Sway - Acc - Jerk
(Coronal) (m^2/s^5)

36.73 ± 39.62 36.26 ± 64.04 0.96

Postural Sway - Acc - Jerk
(Sagittal) (m^2/s^5)

20.08 ± 18.37 21.43 ± 31.13 0.76

Postural Sway - Acc - Mean
Velocity (Coronal) (m/s)

0.21 ± 0.15 0.18 ± 0.12 0.26

Postural Sway - Acc - Mean
Velocity (Sagittal) (m/s)

0.23 ± 0.19 0.22 ± 0.16 0.81

Postural Sway - Acc - Path
Length (Coronal) (m/s^2)

26.10 ± 21.64 24.09 ± 18.83 0.56

Postural Sway - Acc - Path Length 
(Sagittal) (m/s^2)

19.59 ± 9.86 19.04 ± 9.27 0.74

, S.D.=Standard Deviation
Table 2: Comparisons of right single-limb stance versus left single-limb stance Results 
of MANOVA performed comparing sway variables. Significance level set at p≤0.05.
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N= 70 CW CCW P-Value
Postural Sway - Acc - Sway 
Area (m^2/s^4)

20.74 ± 11.70 25.37 ± 12.46 0.05**

Postural Sway - Acc - Jerk 
(Coronal) (m^2/s^5)

769.63 ± 447.33 913.85 ± 543.79 0.09

Postural Sway - Acc - Jerk 
(Sagittal) (m^2/s^5)

255.66 ± 159.31 367.83 ± 270.24 0.01**

Postural Sway - Acc - Mean 
Velocity (Coronal) (m/s)

0.80 ± 0.26 0.88 ± 0.32 0.09

Postural Sway - Acc - Mean 
Velocity (Sagittal) (m/s)

1.03 ± 0.59 1.06 ± 0.57 0.79

Postural Sway - Acc - Path 
Length (Coronal) (m/s^2)

126.41 ± 39.80 136.51 ± 44.57 0.16

Postural Sway - Acc - Path 
Length (Sagittal) (m/s^2)

75.66 ± 21.38 89.61 ± 28.88 0.01**

, S.D.=Standard Deviation
Table 3: Comparisons of clockwise rotations versus counterclockwise rotations. Results 
of MANOVA were performed comparing sway variables. Significance level set at p≤0.05.

   Table 4 illustrates the comparison of right leg dominant versus left 
leg dominant during CW rotation. The data showed a significantly 
increased sway and distance of sway in the ML direction (P<0.05) for 
individuals with right-leg dominance when compared to their left-

leg dominant counterparts during CW rotations. The other variables 
were comparable between the groups. Table 5 shows the comparison 
of right leg dominant versus left leg dominant during CCW rotations. 
The results showed compatibility for all variables (P>0.05).

N= 70 Right 
Dominant
N=32

Left Dominant
n=37

P-Value

Postural Sway - Acc - Sway 
Area (m^2/s^4)

22.79 ± 12.71 18.00 ± 8.81 0.07

Postural Sway - Acc - Jerk 
(Coronal) (m^2/s^5)

921.14 ± 517.05 622.04 ± 316.42 0.01**

Postural Sway - Acc - Jerk 
(Sagittal) (m^2/s^5)

281.50 ± 165.93 233.68 ± 154.40 0.22

Postural Sway - Acc - Mean 
Velocity (Coronal) (m/s)

0.87 ± 0.22 0.73 ± 0.28 0.3

Postural Sway - Acc - Mean 
Velocity (Sagittal) (m/s)

1.10 ± 0.65 0.96 ± 0.55 0.34

Postural Sway - Acc - Path 
Length (Coronal) (m/s^2)

135.43 ± 40.93 116.41 ± 35.14 0.05**

Postural Sway - Acc - Path 
Length (Sagittal) (m/s^2)

77.61 ± 19.46 73.49 ± 23.08 0.43

, S.D.=Standard Deviation
Table 4: Comparisons of right leg dominant versus left leg dominant during clockwise 
Rotations. Results of MANOVA were performed comparing sway variables. Significance 

level set at p≤0.05.
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Discussion  
   The current examination intends to answer the following questions: 
What are the distinct postural patterns rotating to the left compared 
to the right while balancing on a balance platform? Additionally, do 
people with right leg dominance balance differently than those with 
left leg dominance? 
   The first main finding of this study showed similarities during 
single-limb (SL) support between the bilateral lower extremities 
(dominant or non-dominant). These findings are comparable to those 
of Alonso et al. [17], who found no differences between dominant and 
non-dominant in SL balancing tasks on a Biodex balancing system 
in 40 healthy young males. Similarly, an earlier study conducted by 
Alonso et al. [18] using the Biodex balancing system on 64 young 
and healthy soccer players found no asymmetries in either lower 
extremities in injured soccer players or sedentary individuals during 
monopedal balancing activities. However, a recent systematic review 
examining factors that facilitate or prohibit postural variations 
among limbs found such differences to be context-dependent [19]. 
Furthermore, the authors suggested that singular factors should 
not be enough to affect postural control during single-limb stance 
activities between the lower extremities; for example, fatigue should 
be considered in combination with environmental or experimental 
factors to produce postural asymmetries between dominant and non-
dominant. The review by Paillard and Noé [19] raises the concern 
that our environmental or testing conditions were not challenging 
enough to elicit interlimb differences; however, our findings are in 
agreement with both the Alonso et al. studies mentioned above that 
no asymmetries exist between dominant and non-dominant.
   Our secondary main outcome exhibited increased movement or 
sway in the AP direction in individuals rotating toward the left or 
counterclockwise condition. To our knowledge, there has only been 
one other publication examining postural sway during rotations on 
fixed fulcrum balance boards [15]. However, a study performed with 
varying balance board fulcrum heights in healthy young adolescents 
found a positive correlation between postural sway in the ML

direction and higher fulcrum heights [20]. These findings are 
consistent with the findings of Rosario et al. [15], who evaluated 
sway during balance on a fixed fulcrum balance board at varying 
vertical heights. Similar to our findings, researchers discovered that 
with increased task complexity (rotation movements), an increased 
postural sway was provoked in both medial-lateral and antero-
posterior directions [15]. This discovery is important because of 
its potential implications for activities of daily living. For instance, 
a simple daily task of looking both ways before approaching a 
street crossing is vital to daily functioning, but if CCW rotational 
movements are difficult for the individual, then this simple task 
could elevate the fall risk of this individual before initiation of the 
crossing [21]. Since counterclockwise conditions provoke AP sway, 
prospective studies should examine hip musculature engagement 
during these challenging activities. Knowing the muscle activation 
pattern is the next step in understanding motor control with a 
rotational component.
   Lastly, our third main result demonstrated increased sway in 
the ML direction for individuals with right-leg dominance when 
compared to their left-leg dominant counterparts during clockwise 
rotations. As mentioned previously, Rosario et al. [15] reported 
similar findings with increased ML velocity or sway during all 
tasks, which included clockwise and counterclockwise movements, 
when compared to AP sway. The inquiry did not delve into inter-
extremity differences, but we can infer from these findings that the 
possible mechanism of differences stems from right-leg dominant 
individuals having a preferential turning pattern (motor behavior) 
toward the counterclockwise direction exhibited with increased 
sway in the opposite direction (clockwise). This interpretation is 
supported by Promsri et al. ’s [22] analysis of physically active young 
adults during balance training to deduce leg dominance influences 
motor behavior during bipedal stance on an unstable balance board. 
Thus, our proposed explanation of the ML sway increases seen in 
right-leg dominant individuals in the clockwise direction is a result 
of established and preferred motor behaviors formed over time in

N= Right Dominant Left Dominant P-Value
Postural Sway - Acc - 
Sway Area (m^2/s^4)

27.07 ± 11.35 22.78 ± 11.38 0.12

Postural Sway - Acc - Jerk 
(Coronal) (m^2/s^5)

1016.07 ± 610.96 794.79 ± 
430.99

0.08

Postural Sway - Acc - Jerk 
(Sagittal) (m^2/s^5)

414.00 ± 283.56 322.00 ± 
255.65

0.16

Postural Sway - Acc - 
Mean Velocity (Coronal) 
(m/s)

0.93 ± 0.31 0.81 ± 0.28 0.11

Postural Sway - Acc - 
Mean Velocity (Sagittal) 
(m/s)

1.08 ± 0.46 1.02 ± 0.66 0.65

Postural Sway - Acc - 
Path Length (Coronal) 
(m/s^2)

141.15 ± 46.58 129.40 ± 38.77 0.26

Postural Sway - Acc - 
Path Length (Sagittal) (m/
s^2)

92.69 ± 29.77 85.76 ± 27.55 0.32

, S.D.=Standard Deviation
Table 5: Comparisons of right leg dominant versus left leg dominant during 
counterclockwise Rotations. Results of MANOVA were performed comparing sway 

variables. Significance level set at p≤0.05.
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the counterclockwise direction. Further research is needed to prove 
or disprove this proposition via muscle activity analysis during 
clockwise and counterclockwise balancing tasks.
Conclusion
   In summation, our initial premise that, as a whole, individuals 
with left versus right leg dominance will balance differently was 
disproved, similar to previous studies looking into the same concept 
[17,18]. However, we successfully found significant differences in 
the ability of individual tasks, such as counterclockwise rotations, 
to elicit increased sway in the ML direction. Additionally, we found 
that individuals with right leg dominance had an increased difficulty 
in maintaining stable sway in the AP direction during clockwise 
rotational movements. Future studies could delve into neuromuscular 
adaptations during similar rotational movements. Professionals 
studying and treating balance should consider assessing the rotational 
aspects of their clients’ balance to understand possible stability 
deficits.
Conflicts of interest: The authors declare no conflict of interest.
Ethics approval: Texas Woman’s University IRB approval, 
protocol # 20092
Authors' contributions: All authors contributed equally to the 
study conception and design.
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