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Abstract: The purpose of this study was to investigate the effects of cognitive dual-tasking on gait
initiation and sit-to-walk. Twenty-eight healthy young adults performed gait initiation and sit-to-
walk under two conditions: while engaging in serial subtraction (dual-task) and without any
additional task (single-task). Motion data were collected using a 10-camera optoelectronic motion
capture system, synchronized with force plates and surface electromyography. We analyzed
spatiotemporal parameters, center of mass displacement, center of pressure trajectory, and lower
limb muscle activation patterns. We found that dual-task conditions significantly affected both gait
initiation and sit-to-walk patterns, increasing the duration of transitions and mediolateral center of
mass displacements, while reducing vertical center of mass displacements and forward propulsion.
We also observed a more constrained and less efficient center of pressure path, with reduced
posterior displacement during the weight shift phase. Muscle activation, particularly in the tibialis
anterior and biceps femoris, decreased during dual-task conditions, indicating altered
neuromuscular strategies. These findings suggest a shift in postural control demands and motor
performance during dual-task transitions.

Keywords: dual-task; gait initiation; Sit-to-Walk; hesitation; anticipatory postural adjustment

1. Introduction

Transition to walking from a static position, such as standing posture, commonly known as gait
initiation (GI), or sitting posture, also known as sit-to-walk (STW), are complex essential tasks in daily
living. While the exact number has not been reported, studies estimate that young adults make 150-
400 transitions to walking from any posture daily [1] and older adults may make up to 70 STW
transitions per day [2]. Compared to steady-state walking, where individuals” walking speed and
limb movements remain consistent and rhythmic, GI and STW are thought to require a higher level
of postural control for shifting the center-of-mass (CoM), redistributing body weight, and
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successfully achieving a smooth transition to walking [3,4]. For example, in young adults,
mediolateral CoM displacement, a key indicator of the degree of postural control during a movement,
is approximately 5 cm during GI [3] and about 6 cm during STW [5], which is more than 1.5 times
greater than during steady-state walking (approximately 3 cm) [1].

The greater degree of mediolateral CoM displacement during GI and STW suggests that specific
biomechanical and neuromuscular characteristics of these activities may be associated with mobility
impairments and an increased risk of falls. For instance, Callisaya et al. (2016) reported that an
increased duration of GI is an independent risk factor for multiple falls in older adults [6].
Additionally, Azizah et al. (2003) found that older adults with a history of falls had shorter step
lengths and greater step length variability during GI compared to their counterparts without a fall
history [7]. More recently, Kang et al. (2020) reported that older adults with mobility impairments,
particularly those with diabetes-related plantar sensory loss, exhibit more unstable GI compared to
healthy older adults, with the differences being more pronounced during GI than steady-state
walking [8].

Far fewer studies have focused on STW, but some relevant literature exists. For example, Aberg
et al. (2010) found that older adults with fear of falling had shorter step lengths and wider step widths
during STW compared to those without fear of falling [9]. Furthermore, Chen and Chou (2013)
discovered that older adults with a history of falls had less forward momentum during STW
compared to those without a history of falls [10]. Although these and other GI and STW studies have
successfully identified characteristic biomechanical patterns associated with mobility impairments
and the risk of falls, many have focused on the tasks themselves under single-task conditions. In more
real-life situations, GI and STW tasks are often performed concurrently with another task, known as
the “dual-task condition” [11].

The dual-task paradigm involves performing two tasks simultaneously, typically comprising a
primary task and a secondary task [12]. In human movement research, the primary task often
involves a movement of interest, such as walking, while the secondary task may involve unrelated
cognitive processing, such as solving mathematical problems, hence the term “cognitive dual-
tasking”. Researchers frequently test performance under two conditions: the primary task alone
(single-task condition) and the primary task combined with the secondary task (dual-task condition).
Since even single-task conditions in human movement involve some level of cognitive processing,
like attention, working memory, and inhibitory control for safe ambulation [13], adding an additional
cognitive task is thought to challenge the primary movement task and may better reflect real-life
ambulation situations, even in experimental settings. As such, the dual-task paradigm in human
movement research has been of great interest for understanding the fundamental motor-cognition
interplay, and extensive research has been conducted on age-related mobility declines, early signs of
mild cognitive impairment, and the underlying mechanisms of falls in older adults.

Nevertheless, considerable gaps remain in our understanding of the effects of cognitive dual-
tasking on human movement. Firstly, most existing dual-task studies have primarily focused on
biomechanical and neuromuscular patterns during steady-state walking. While these findings have
important implications, there is a notable lack of research examining the effects of dual-tasking on
transitional movements such as GI and STW. Because these transitions may require a higher level of
postural control than steady-state walking, as evidenced by mediolateral CoM displacement,
understanding how a concurrent cognitive task affects transitioning from standing or sitting to
walking would provide critical insights into the motor-cognition interplay. Secondly, while a limited
number of studies have explored the effects of cognitive dual-tasking on GI in individuals with
neurological disorders and older adults [14], there is a notable dearth of research focusing on STW.
Given the daily frequency of STW [2] and the potentially different biomechanical and neuromuscular
mechanisms involved in transitioning from a sitting posture compared to a standing posture,
identifying how cognitive dual-tasking alters STW may provide crucial insights and substantially
expand our current knowledge of motor-cognition interplay. Furthermore, although data from
individuals with mobility impairments is critically important in human movement research, data
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from young adults is also vital because young adults can serve as crucial benchmarks, providing
reference values to understand the typical functioning of the cognitive-motor system [15].

Accordingly, the purpose of this study was to investigate the effects of cognitive dual-tasking
on GI and STW in young adults. In this study, we examined how biomechanics and neuromuscular
control are altered during GI and STW under dual-task conditions compared to single-task
conditions. We analyzed changes in spatiotemporal parameters, kinematics, kinetics, and muscle
activation patterns. Our hypothesis posits that cognitive dual-tasking will significantly change both
GI and STW, leading to measurable differences in these parameters compared to single-task
conditions.

2. Methods

2.1. Participants

We recruited 28 young adults from the University of Texas at Dallas (UTD) campus. All
participants were overall healthy with no history of neurological or musculoskeletal disorders. All
participants signed a written informed consent that was approved by the UTD Institutional Review
Board. All experimental procedures were conducted in the Neuromuscular and Musculoskeletal
Biomechanics Laboratory at the UTD campus.

2.2. Instrumentation

We used a ten-camera optoelectronic 3D motion capture system (Vicon, Oxford, UK),
synchronized with two force plates (Kistler, Winterthur, Switzerland). The cameras circled around a
10-m walkway and collected position data from reflective markers at a sampling rate of 100 Hz. The
two force plates were positioned at the start of the walkway and collected the ground reaction force
and COFP displacement data at a sampling rate of 1000 Hz. We also used wireless surface
electromyography (EMG) sensors (Delsys, Natick, Massachusetts, USA) to collect data for lower limb
muscle activity that collected at a sampling rate of 2000 Hz.

2.3. Experimental Procedures

After signing the informed consent, we collected the participant’s demographic information
including age, sex, race, and ethnicity. We also administered the Montreal Cognitive Assessment
(MoCA) and the 7-item International Physical Activity Questionnaire (IPAQ) to assess the cognitive
performance and physical activity level, respectively [16,17]. The MoCA is an interactive assessment
tool for cognitive functioning, including attention, executive functioning, working memory,
language, and visuospatial skills. The MoCA has a maximum score of 30, with a score of 25 or below
indicating mild cognitive impairment [18]. The IPAQ is a popularly used self-assessment tool for
physical activity levels. IPAQ consists of seven items that assess the frequency and duration of
vigorous activities, moderate activities, and walking. The IPAQ also evaluates the duration of sitting.

After completing the MoCA and IPAQ, participants changed into tight-fitting clothing. Then we
performed anthropometric measurements such as leg length, ankle width, knee width, elbow width,
wrist width, and hand thickness. We then attached 8 EMG sensors (4 in each lower limb) for the
vastus lateralis, bicep femoris, gastrocnemius, and tibialis anterior. Prior to attachment, the surface
of the skin was cleaned following the Surface Electromyography for Non-Invasive Assessment of
Muscles (SENIAM) guidelines [19]. After attaching the EMG sensors, we collected EMG data from
maximum voluntary contraction (MVC) trials to normalize muscle activity. MVC trials followed a
previously published paper [20], where participants were instructed to follow a specific sequence
during the trial. Briefly, we first instructed the participant to rest for 3 seconds. Next, they were asked
to conduct an isometric contraction of the muscle over 2 seconds. After this, they were instructed to
exert maximum strength for 4 seconds, and finally, to relax for 2 seconds. We collected two MVC
trials to target each muscle group. For the vastus lateralis, participants were sitting down with their
legs angled at 90 degrees and their ankles were restricted as they performed a unilateral leg extension
forward. Conversely, with the biceps femoris, the participant’s legs began slightly suspended in the
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air as they were asked to curl their leg posteriorly. For the tibialis anterior, we asked participants to
perform a toe raise. Finally, for the gastrocnemius participants did a standing calf extension.

Once we concluded MVC trials, we attached 74 reflective markers on participants’ anatomical
landmarks following previous studies [21,22]. Marker positions are shown in Figure 1: bilateral
markers of the forehead, bilateral markers of the posterior head, and unilateral markers of xiphoid
process, suprasternal notch, C7, T10, right scapula, acromion, humerus lesser tubercle, humerus
greater tubercle, upper arm, medial epicondyle of humerus, lateral epicondyle of humerus, forearm,
ulnar styloid process, radial styloid process, the second metacarpal head, anterior superior iliac,
posterior superior iliac, sacrum, greater trochanter, medial epicondyle of the femur, lateral
epicondyle of the femur, shank, medial malleolus, lateral malleolus, calcaneus, fifth metatarsal shaft,
second metatarsal head, and first metatarsal shaft.

Figure 1. Full body marker set.

Participants first conducted a reference static trial. Following the reference static trial, the medial
markers of the medial epicondyle of the humerus, medial epicondyle of the femur, and medial
malleolus on both legs were removed. Consequently, 68 reflective markers were used for movement
trials. Then, we collected the participant’s body weight using one force plate. For the body weight
trial, we asked participants to stand naturally on the force plate and stand as quietly as possible.

Afterwards, movement trials began on the 10-meter walkway. Participants performed two
movements, gait and STW, under two conditions (single-task and dual-task). For gait trials,
participants were instructed to stand quietly at the start of the walkway on two force plates, with
each foot on a separate force plate. They then performed single-task (no concurrent task) and dual-
task (with a concurrent cognitive task) gait trials at their self-selected speed. Dual-task trials consisted
of a serial subtraction by a randomized number that is commonly used to cognitively engage the
participant during gait [23,24]. For example, participants were asked to subtract 3 from a random
number (e.g., 105) aloud during quiet standing. After completing two or three subtractions, they were
instructed to begin moving. In STW trials, participants began seated on an armless and backless chair
(height: 45 cm) with each foot on a separate force plate. Then we asked participants to walk out
straight from the chair at self-selected speed. Upon rising from the seat during STW trials,
participants were asked to keep their hands by their sides and to walk forward naturally until
reaching the end of the walkway [5,21]. The hand positions were determined to avoid marker
occlusion [25,26]. STW trials were performed in the same single-task and dual-task conditions. Trials
were repeated to collect three total trials for each condition.

2.4. Data Analysis

We used Visual3D (C-Motion, Germantown, Maryland, USA) to create a 15-segment full body
biomechanical model (Figure 2A). We calculated spatiotemporal, kinematic, and kinetic variables for
GI and STW wusing the biomechanical model. A custom MATLAB (MathWorks, Natick,
Massachusetts, USA) script was utilized to analyze the EMG data.
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24.1.GI

We followed a previous study to determine GI phases using vertical ground reaction forces, as
shown in Figure 2B [23]. The weight shift phase, during which individuals shift their weight slightly
towards their stepping limb before initiating push-off, was calculated from the start of GI to the
weight shift peak. The start of GI was defined as the moment when the vertical ground reaction force
of the stance limb changed by more than three times the standard deviation from the mean vertical
ground reaction force during quiet standing. The weight shift peak was defined as the moment of the
peak exchange of weight (FzStepMax, FzStanceMin). The pre-swing of the stepping limb phase,
during which individuals prepare to push off with the stepping limb, was calculated as the period
from the weight shift peak to the toe off of the stepping limb (FzStepZero). The final GI phase is the
pre-swing of the stance limb phase, during which individuals support their full body weight on a
single limb, i.e., the stance limb, most of the time and prepare to swing the stance limb. This phase
was calculated from the stepping limb toe off (FzStepZero) to the stance limb toe off (FzStanceZero).
The total GI duration was from the start of GI to the stance limb toe off. We calculated the peak CoM
displacement in the vertical and mediolateral directions during GI.
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Figure 2. (A) Postural characteristics of each GI phase identified visualized via Visual3D: Phase 1

(weight shift phase), Phase 2 (pre-swing of the stepping limb phase), and Phase 3 (pre-swing of the
stance limb phase). (B) Characteristics of normalized vertical ground reaction force to body weight
(y-axis) over time (seconds; x-axis) of the stepping limb (dotted line) and stance limb (solid line).
Vertical ground reaction forces were used to identify each GI phase. (C) Characteristics of normalized
mediolateral ground reaction force to body weight (y-axis) over time (seconds; x-axis) of the stepping
limb (dotted line) and stance limb (solid line). (D) Characteristics of normalized anterior-posterior
ground reaction force to body weight (y-axis) over time (seconds; x-axis) of the stepping limb (dotted
line) and stance limb (solid line).

We evaluated normalized ground reaction force to body weight (BW) in the vertical, anterior-
posterior, and mediolateral planes for each GI phase. For the vertical plane we calculated the peak
exchanges of normalized ground reaction forces of the stepping limb (Weight shift stepping max)
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and stance limb (Weight shift stance min). To obtain these measurements we first calculated the
baseline ground reaction forces as seen in Figure 2B and found the magnitudes comparing the
baseline to the stepping max and the stance min (Weight shift stepping max = FzStepMax —
FzBaseline; Weight shift stance min = FzStanceMin — FzBaseline). The stance limb loading magnitude
was measured, analyzing for the loading of the stance limb up to the toe off of the stepping limb
(Stance loading = FzStance — FzStanceMin). The mediolateral plane calculated the magnitude forces
similarly as seen in Figure 2C. The baseline mediolateral ground reaction force (FxBaseline) was
calculated at the start of gait initiation, this value was utilized to find the magnitudes for the lateral
shift of the stepping limb (ML GRF stepping lateral = FxSteppingMax - Fxbaseline) and the medial
shift of the stance limb (FxStanceMin - FxBaseline). The stance lateral shift was measured taking the
mediolateral ground force of the stance limb at stepping limb’s toe off and finding the magnitude
difference with the medial valley of the stepping limb (FxStanceLat — FxStanceMin). In the anterior
posterior plane, we measured the propulsion magnitudes by finding the differences between the
global maximum and global minimum from the total gait initiation period (AP GRF = FyStanceMax
- FyStanceMin) as seen in Figure 2D.

A graphic of how COFP is visualized throughout the different GI phases is shown in Figure 3.
We calculated COFP displacement of the stance limb and the stepping limb in the anterior-posterior
direction. For the stance limb we calculated the COFP Posterior by taking the difference as seen in
Figure 3, taking the starting distance and the peak posterior position, then taking the magnitude of
these two values. This results in an overall posterior displacement in centimeters (COFP Stance
Posterior). While the anterior direction was calculated the same looking at the peak posterior distance
and the peak anterior distance, then finding the overall anterior displacement in centimeters (COFP
Stance Anterior). The stepping limb was also analyzed the same manner looking for both anterior
(COFP Stepping Anterior) and posterior (COFP Stepping Posterior) displacements.
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Figure 3. COFP displacement graph of the stance (left) and stepping (right) limb across the different
phases of GI for one participant’s trial.

Muscle activation data was derived by taking filtered EMG data using established methods from
literature (Acufa et al. 2019, Balasukumaran et al. 2020) and normalizing the filtered signal with the
participant’s maximum voluntary contraction (Luca et al. 2010). First, we filtered the EMG signal by
applying a detrend function to eliminate any potential direct current offset. This was followed by a
bandpass Butterworth filter (nt order = 4) with a cutoff frequency range of 30-300 Hz. The filtered
signal was then rectified and smoothed using a lowpass critical damping filter (nt order = 2) with a
cutoff frequency of 15 Hz, resulting in a linear envelope of muscle activation. This filtering process
was applied to both maximum voluntary contraction (MVC) trials and dynamic trials. To determine
the maximum MVC, we computed a moving mean average over 20 frames and identified the peak
value as the maximum MVC. The highest value from two MVC trials were used for normalization.
We normalized the data by taking the filtered dynamic EMG data and dividing it by the maximum
MVC, expressing the result as a percentage of muscle activation (%MVC). For analysis, we calculated
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mean EMG for every muscle in each limb across the different GI phases, as well as throughout the
entire GI. Additionally, graphical visuals of each muscle activation were provided that highlight the
differences between single-task and dual-task across GIL.

24.3.STW

The phases of STW were derived using both marker and force plates data. As described by
previous papers [27-29], STW was divided into four phases as shown in Figure 4: (1) the flexion
momentum phase, where the CoM began moving forward; (2) the extension phase, where the trunk
and lower extremity joints extended as the participant stood up; (3) the unloading phase, where the
initial change in vertical ground reaction force of the stepping limb occurred; and (4) the stance phase,
where the participant took the first step. Phase 1 began at trunk initiation, where the vertical ground
reaction force of the stance limb changed by more than three times the standard deviation of the mean
vertical ground reaction force during quiet sitting. Phase 2 occurs at seat off which is when the vertical
CoM velocity begins to accelerate positively and ends at the peak vertical CoM velocity. Phase 3 starts
at gait initiation onset, which is the peak vertical ground reaction force of the stepping limb and ends
at stepping toe off. Phase 4 begins at the end of phase 3 and finishes at stance toe off, which is the
point where the vertical ground reaction force of the stance leg equals zero.

Trunk Initiation Seat Off Peak Vertical Velocity

3 4
e

Gait Onset Initiation Stepping Toe Off Stance Toe Off

Figure 4. STW events identified through marker and ground reaction force data via Visual3D: Phase
1 (flexion momentum; from trunk initiation to seat off), Phase 2 (Extension; from seat off to peak CoM
vertical velocity), Phase 3 (Unloading; from gait onset initiation to stepping toe off), and Phase 4
(Stance; from stepping toe off to stance toe off).

We calculated the total STW duration, and absolute and normalized phase durations. For STW,
due to the overlap between phases 2 and 3, the normalized phase durations did not equal 100%. We
also calculated the peak CoM velocity and CoM displacement in the mediolateral, anterior-posterior,
and vertical directions [5]. The peak CoM velocities in all 3 directions was calculated as the maximum
CoM velocity minus the mean position during quiet sitting (VxPeak; VyPeak; VzPeak = VzMax —
VzBaseline) and is represented by Figure 5. The CoM displacement in the anterior-posterior direction
refers to the difference between the maximum CoM position and the baseline position (AP CoM
displacement = DyMax - DyBaseline). The CoM displacement for the vertical direction was calculated
similarly. For the mediolateral position, the absolute maximum or minimum position was considered
(ML CoM displacement = DxAbsMax — DxBaseline).
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Figure 5. CoM position (first row) and velocity (second row) in the mediolateral, anterior-posterior,
and vertical directions during the total STW duration averaged across all participants.

We also calculated CoM velocity drop in the forward direction, which was determined as the
difference between the initial forward peak velocity and the subsequent minimum velocity valley
(Absolute velocity drop = VyMax — VyMin). We calculate the ratio of this drop to the initial forward
peak velocity, termed “hesitation”, as well as the absolute velocity drop (Hesitation = Absolute
velocity drop/VyMax * 100) [28]. Additionally, we calculated initial step length that was calculated
as the difference between the foot’s position at swing toe off and the foot’s position at the first heel
strike.

Like the methods for GI, we calculated mean EMG for each muscle for each limb in each STW
phase and across the entire STW.

2.5. Statistical Analysis

Data was analyzed comparing single-task and dual-task conditions using SPSS version 29 (IBM,
Armonk, New York, USA). Before comparison, data was tested for normality via Shapiro-Wilks test.
Data that was not normalized was transformed via logarithmic transformation. However, if
transformation was non-normalized, a Kruskal-Wallis test was used due to its condition of not
assuming normality. A two tailed paired t-test was performed on the normalized data. For all
statistical comparisons, we considered p-value < 0.05 as statistical significance. Additionally, we
evaluated the effect size as Cohen’s D (d). We considered d < 0.2 as a small effect, 0.2 <d <0.5 as a
medium effect and 0.5 <d < 0.8 as a large effect.

3. Results

Mean and standard deviation of age, height, weight, body mass index (BMI), and MoCA score
are reported in Table 1. The characteristic of the race and ethnicity included respectively: a Hispanic
count of 3, non-Hispanic count of 25; while the ethnicity included a count of 6 Whites, 18 Asians, 1
Black, 1 mixed race, and 2 who classify as none of the ethnicities. The IPAQ results are as followed
with a mean and standard deviation of the days in a week and minutes per day: vigorous physical
activities (2.54 + 2.22 days, 51.89 + 53.38 min), moderate physical activities (1.75 + 2.36 days, 43.61 =
102.84 min), walking activities (6.26 + 1.13 days, 75.36 + 55.65 min), and sedentary (i.e., sitting)
activities (322.22 + 162.61 minutes per day).
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Table 1. Participant (n = 28) demographic information.

Number of females 11

Age (years) 224+52

Height (m) 1.69 +0.07

Weight (kg) 69.0+10.2

BMI (kg/m?) 239+2.7

MoCA (out of 30) 27.8+2.0
3.1. GI

Of the outcomes, we excluded 9 participants due to protocol violation (e.g., fidgeting their legs
or arms). In Figure 2, the ground reaction force versus time graph highlights how we divided up
phases to calculate each phase duration.

Table 2 presents the GI spatiotemporal variables that compare single-task versus dual-task
conditions, including the P-values for significance and Cohen’s D to indicate effect size. We found a
significant difference following dual task effects in gait initiation in all the phase durations. The
phases of total GI duration, pre-swing of stepping limb, and pre-swing of stance limb all showed a
significant increase when performing dual-task gait compared to single-task (p =0.005, p=0.017, p =
0.001, respectively). In contrast, the weight shift phase exhibited a significant decrease (p <0.001). The
effect sizes and the percentage change from single-task to dual-task were as follows: the total GI
duration had a medium effect size (d = 0.44) with an 8.0% increase; the weight shift phase had a large
effect size (d = 0.86) with an 8.6% decrease; the pre-swing of the stepping limb had a medium effect
size (d = 0.37) with a 13.0% increase; and the pre-swing of the stance limb had a large effect size (d =
0.81) with a 14.0% increase. For the center of mass (CoM) outcomes, we observed a significant increase
in mediolateral CoM displacements (p = 0.001), with a large effect size (d = 0.48) reflecting a 16.2%
increase. In contrast, vertical CoM displacements showed a significant decrease (p = 0.001), with a
large effect size (d = 0.65) indicating a 29.16% decrease.

Table 2. GI spatiotemporal variables of single-task versus dual-task.

Single- P- Effect
Variabl Dual-Task
ariables Task ual-las Value Size
Phase durations (Seconds)
. 137 =
Total GI duration 019 1.48 +0.23 0.005* 0.44
. . 035 + <
Phase 1: Weight shift 015 0.32+0.09 0.001* 0.86
. Phase 2: Pre-swing of stepping 038 =+ 043+ 0.14 0.017* 037
limb 0.12
. Phase 3: Pre-swing of stance 0.64 =+ 0734+ 11 0.001* 0.81
limb 0.07
Phase durations (Normalized; %)
. . 248 +
Weight shift 107 22.8+7.0 0.017* 0.17
. . . 269 =+
Pre-swing of stepping limb 86 30.6+10.1 0.001* 0.37
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Pre-swing of stance limb 50 2t 51.9+8.1 0.001* 4.47
CoM Displacement (cm)
Mediolateral 62+20 72+22 0.001* 0.48
Vertical 24+0.9 1.7+0.8 0.001* 0.65

Note: Asterisks indicate p < 0.05. Effect sizes were calculated as Cohen’s d with the following classifications: d <
0.2 as a small effect, 0.2 <d < 0.5 as a medium effect and 0.5 <d < 0.8 as a large effect.

Table 3 presents the ground reaction force outcomes comparing single-task versus dual-task
conditions, including P-values for significance and Cohen’s D to indicate effect size. In the vertical
plane, significant differences were observed in the weight shift stepping maximum and weight shift
stance minimum forces (p = 0.004, p = 0.007, respectively), with the stance loading force showing no
significant change (p = 0.352). Specifically, the weight shift stepping maximum force increased by
20.1% with a medium effect size (d = 0.31), while the weight shift stance minimum force decreased
by 17.4% with a medium effect size (d = 0.28). In the anterior-posterior plane, significant differences
were found only in the propulsion forces of the stance limb (p = 0.001), which exhibited a large effect
size (d = 0.92) and a 23.03% decrease, whereas the stepping propulsion force did not show a
significant difference (p = 0.117). In the mediolateral plane, a significant difference was noted in the
stance medial forces (p = 0.03) with a small effect size (d = 0.15) and a 10.0% decrease, while no
significant differences were found in the lateral forces (stepping: p = 0.102, stance: p = 0.232).

Table 3. Results for ground reaction forces during GI.

Single- Dual- P- Effect

Kinetic Variables Task Task Value Size

Vertical Ground Reaction Force (%BW)

Weight shift stepping max 144+79 17.3+6.0 0.004* 0.31
Weight shift stance min -155+8.4 -182+6.4 0.007* 0.28
Stance loading 66.6 +12.6 68.2+9.0 0.352 0.12

Anterior-Posterior Ground Reaction Force (%0BW)

Stance Propulsion 17.8+4.9 13.7+5.1 0.001* 0.92

Stepping Propulsion 31+19 24+15 0.117 0.28

Mediolateral Ground Reaction Force (%BW)

Stepping Lateral 37+19 41+1.6 0.102 0.16
Stance Medial 20+13 -22+13 0.03* 0.15
Stance Lateral 6.8+2.1 6.4+1.6 0.232 0.19

Note: Asterisks indicate p < 0.05. Effect sizes were calculated as Cohen’s d with the following classifications: d <
0.2 as a small effect, 0.2 <d < 0.5 as a medium effect and 0.5 <d < 0.8 as a large effect.

We illustrated the displacement of the center of pressure (COFP) of the stance and stepping
limbs in the anterior-posterior and mediolateral directions in Figure 3. Overall, in the stepping and
stance limb, the COFP moved slightly posteriorly (backwards) and medially (internally) first and
then shifted anteriorly (forward) and laterally (outwards) before the limbs stepped off. In Table 4, we
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reported the COFP displacement outcomes for the stepping and stance limb in the anterior posterior
plane comparing single-task versus dual-task conditions, including P-values for significance and
Cohen’s D to indicate effect size. Among the COFP displacements, we found significant differences
in the COFP displacement in the posterior direction during the weight shift phase between single-
task and dual-task (p = 0.01), while the other outcomes including stance anterior, stepping anterior,
and stepping posterior did not show significance (p = 0.392, p = 0.448, p = 0.171, respectively). The
stance posterior showed a medium effect (d = 0.36) with a 17.95% decrease.

Table 4. Results for the COFP displacement in centimeters during the weight shift phase.

COFP Displacements (cm) TaSkSingle- Dual-Task ValuI:!- Size Effect
Stance Anterior 184+3.1 19.4+87 0.392 0.13
Stance Posterior 39+17 32+20 0.01* 0.36
Stepping Anterior 13.2+7.4 13.5+7.3 0.448 0.04
Stepping Posterior 26+14 23+1.2 0.171 0.18

Note: Asterisks indicate p < 0.05. Effect sizes were calculated as Cohen’s d with the following classifications: d <
0.2 as a small effect, 0.2 <d < 0.5 as a medium effect and 0.5 <d < 0.8 as a large effect.

3.1.1. GI EMG Outcomes

The pattern of muscle activation in the vastus lateralis, biceps femoris, gastrocnemius, and
tibialis anterior in the stepping and stance limbs during the entire GI is shown in Figure 6 with left
column representing the stepping limb and the right column representing the stance limb. The red
line represented the single task data, while the green line represented the dual task data.
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Figure 6. EMG activation of the stepping and stance limb vastus lateralis, biceps femoris,
gastrocnemius, and tibialis anterior muscles during the total GI duration. The left column represents
stepping limb and the right column represents the stance limb. Blue line = single task. Orange line =
dual task.

Results for muscle activation are shown in Table 5 comparing single-task versus dual-task
conditions, including P-values for significance and Cohen’s D to indicate effect size. During the
weight shift phase, none of the muscles were significantly different showing p values greater than
0.05. During the pre-swing phase of the stepping limb, the stepping gastrocnemius and stepping
tibialis anterior muscles displayed significant differences (p = 0.05, p = 0.044, respectively). For the
gastrocnemius muscle, this muscle was significantly different; however, displayed a small effect (d =
0.07) decreasing by 6.84%, while the tibialis anterior exhibited a medium effect (d = 0.29) decreasing
by 36.4%. During the pre-swing phase of the stance limb, the stance bicep femoris and the stepping
tibialis anterior muscles were significantly different (p = 0.023, p = 0.037, respectively). The stance
bicep femoris displayed a large effect (d = 0.58) where the muscle activation decreased by 38.7%,
while the stepping tibialis anterior possessed a medium effect (d = 0.25) and decreased by 12.6%.
During the total GI phase, the stance bicep femoris, and stepping tibialis anterior muscles were


https://doi.org/10.20944/preprints202409.0869.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 September 2024 d0i:10.20944/preprints202409.0869.v1

14
significantly different (p = 0.011, p = 0.036 respectively). For the stance bicep femoris, the muscle
exhibited a large effect (d = 0.56) and decreased by 35.65%, while the stepping tibialis anterior showed
a medium effect (d = 0.27) decreasing by 19.79%.

Table 5. Magnitudes of the maximum muscle activation in each muscle in each GI phase and entire

GL

Muscle Group in Phase TaSkSingle- Dual-Task ValuI(:- Size Effect
Weight Shift Phase

Biceps Femoris (stepping limb) 3.6+2.0 3.8+2.6 0.843 0.07
Biceps Femoris (stance limb) 54+49 39+39 0.055 0.27
Gastrocnemius (stepping limb) 49+3.6 6.2+3.5 0.294 0.26
Gastrocnemius (stance limb) 58+4.6 5.6+6.6 0.10 0.02
Tibialis Anterior (stepping limb) 54+6.5 43+3.7 0.144 0.14
Tibialis Anterior (stance limb) 50+49 42+29 0.244 0.17
Vastus Lateralis (stepping limb) 34+33 3.7+£25 0.636 0.08
Vastus Lateralis (stance limb) 50+48 3.8+3.0 0.191 0.21
Pre-Swing of Stepping Limb Phase

Biceps Femoris (stepping limb) 53+49 50+4.4 0.884 0.04
Biceps Femoris (stance limb) 10.0+12.0 6.4+4.9 0.132 0.28
Gastrocnemius (stepping limb) 73+37 6.8+7.1 0.050 0.07
Gastrocnemius (stance limb) 82+85 94+122 0.831 0.07
Tibialis Anterior (stepping limb) 9.6+11.3 6.1+4.9 0.044* 0.29
Tibialis Anterior (stance limb) 119+13.8 9.0+7.3 0.186 0.19
Vastus Lateralis (stepping limb) 32+238 35+25 0.577 0.09
Vastus Lateralis (stance limb) 9.1+9.8 73+6.2 0.281 0.17
Pre-Swing of Stance Limb Phase

Biceps Femoris (stepping limb) 73+5.0 6.1+4.7 0.129 0.19
Biceps Femoris (stance limb) 18.6+154 114+8.1 0.023* 0.58
Gastrocnemius (stepping limb) 75+10.1 6.1+29 0.419 0.14
Gastrocnemius (stance limb) 28.4+19.0 22.7+17.9 0.160 0.22
Tibialis Anterior (stepping limb) 119+5.5 10.4 +4.0 0.037* 0.25
Tibialis Anterior (stance limb) 23.1+17.7 225+19.3 0.845 0.03
Vastus Lateralis (stepping limb) 46+34 50+£27 0.618 0.08
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Vastus Lateralis (stance limb) 7.8+6.5 51+3.8 0.10 0.41
Total GI

Biceps Femoris (stepping limb) 58+3.5 54+3.6 0.354 0.10
Biceps Femoris (stance limb) 129+94 83+5.5 0.011* 0.56
Gastrocnemius (stepping limb) 6.6+6.6 64+29 0.890 0.02
Gastrocnemius (stance limb) 16.9+10.2 149 +12.1 0.427 0.13
Tibialis Anterior (stepping limb) 9.6+6.0 7.7+3.6 0.036* 0.27
Tibialis Anterior (stance limb) 18.9+22.0 14.0+£10.8 0.098 0.21
Vastus Lateralis (stepping limb) 40+24 41+26 0.851 0.03
Vastus Lateralis (stance limb) 75+£6.3 55+4.0 0.276 0.30

Note: Asterisks indicate p < 0.05. Effect sizes were calculated as Cohen’s d with the following classifications: d <
0.2 as a small effect, 0.2 <d < 0.5 as a medium effect and 0.5 <d < 0.8 as a large effect..

3.2. STW

For STW results, data of 7 participants were excluded due to protocol violations that were not
caught during data collection (e.g., shaking legs slightly or using hands to get up). These participants
were a different set of 7 participants than those excluded from GI analysis.

Table 6 displays the sit-to-walk spatiotemporal outcomes comparing single-task versus dual-
task conditions, including P-values for significance and Cohen’s D for effect size. Among the STW
phase durations, phase 3 unloading, phase 4 stance, and total phase duration were statistically
significant (p = 0.004, p = 0.001, p = 0.001, respectively). Phase 3 increased by 24.39% with a medium
(d = 0.43), phase 4 increased by 14.04% with a large effect size (d = 0.67), and total phase duration
increased by 9.78% with a medium effect size (d = 0.47) during dual-task compared to single-task.
Similarly, CoM displacements across all directions were not statistically significant. Hesitation
increased significantly (p = 0.041) by 26.47% with a medium size (d = 0.29). The initial step length was
found to be significant (p = 0.004) and decreased by 0.07 m during DT with a medium effect size (d =

0.45).
Table 6. Comparison of STW spatiotemporal variables between single-task and dual-task.
Outcome Single- Dual- P- Effect
Task Task Value Size

Phase Duration (s)
Total Phase 1.8+0.3 20+04 0.001* 0.47

Momz};izem I Flexon 0.9+0.2 0.9+0.2 0.809 0.06
Phase 2: Extension 04+0.1 04+0.1 0.210 0.17
Phase 3: Unloading 04+0.1 05+0.2 0.004* 0.43
Phase 4: Stance 0.6+0.1 0.7+0.1 0.001* 0.67
Peak COM Velocity (m/s)
Mediolateral 0.2+0.1 02+0.1 0.478 0.06



https://doi.org/10.20944/preprints202409.0869.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 September 2024 d0i:10.20944/preprints202409.0869.v1

16
Anterior-Posterior 0.5+0.1 0.5+0.1 0.369 0.28
Velocity Vertical 0.7+0.1 0.7+0.1 0.447 0.23
Peak COM Displacement (m)
. 0.08 +
Mediolateral 0.07 £0.04 0.05 0.397 0.15
Anterior-Posterior 0.6+0.1 0.6+0.1 0.45 0.10
Vertical 0.25+0.03 026 = 0.052 0.45
0.02
Hesitation (%) 0.3+0.2 04+02 0.041* 0.29
Absolute Velocity Drop 018 +0.10 0.22 + 0.061 026
(m/s) 0.10
e 0.58 +
Initial Step Length (m) 0.64 £0.10 012 0.004* 0.45

Note: Asterisks indicate p < 0.05. Effect sizes were calculated as Cohen’s d with the following classifications: d <
0.2 as a small effect, 0.2 <d < 0.5 as a medium effect and 0.5 <d < 0.8 as a large effect.

Figure 7 displays the different muscle activations across the STW duration. The EMG data was
averaged across all participants. The left column represents the stepping limb, and the right column
represents the stance limb. The blue line represents the single task data, while the orange line
represents the dual task data.
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Figure 7. EMG activation of the stepping and stance limb vastus lateralis, biceps femoris,
gastrocnemius, and tibialis anterior muscles during the total STW duration.

Table 7 shows the EMG outcomes for sit-to-walk comparing single-task versus dual-task
conditions, including the P values for significance and Cohen’s D to indicate effect size. During phase
1 flexion momentum, all the muscles had decreased activation except for the tibialis anterior stepping
limb, however, only the biceps femoris stance limb significantly decreased by 22.28% (p = 0.007) with
a medium effect size (d = 0.23). During phase 2 extension, all the muscles possessed decreased
activation except the stepping bicep femoris and vastus lateralis. However, only the stepping bicep
femoris exhibited a significant change (p = 0.039), where it increased by 23.02% with a medium effect
size (d =0.24). While during phase 4 stance, all the muscles displayed a decrease in muscle activations
except for stepping bicep femoris. However, only the stepping gastrocnemius, stepping vastus
lateralis, and stance tibialis anterior muscles displayed a significant change (p = 0.004, p =0.038, p =
0.003 respectively). The stepping gastrocnemius displayed a large effect (d = 0.52) where the muscle
activation decreased by 34.52%, the stepping vastus lateralis decreased by 35.69% possessing a
medium effect (d = 0.38), while lastly the stance tibialis anterior muscle decreased by 17.84%
exhibiting a medium effect (d = 0.32). During the total STW overall, all the muscles displayed a
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decrease from dual task influence except for stepping bicep femoris. Only the stepping gastrocnemius
displayed a significant difference (p = 0.032), where it decreased by 21.11% with a medium effect (d
=0.37).

Table 7. Comparison of STW EMG variables between single-task and dual-task.

Single- Dual- P- Effect
le (% MV
Muscle (% MVC) Task Task Value Size
Phase 1: Flexion Momentum Phase
. . S 41 =
Biceps Femoris (stepping limb) 47+54 36 0.973 0.14
. . . 58 =+
Biceps Femoris (stance limb) 75+49 62 0.007* 0.23
. S 43 =+
Gastrocnemius (stepping limb) 52+3.0 04 0.433 0.28
. . 43 =+
Gastrocnemius (stance limb) 44+24 29 0.913 0.05
I . L 93 +
Tibialis Anterior (stepping limb) 9.2+59 6.8 0.926 0.01
s . . 83 £
Tibialis Anterior (stance limb) 9.5+9.6 65 0.853 0.10
. S 56 =+
Vastus Lateralis (stepping limb) 6.2+45 39 0.636 0.11
. . 45 =+
Vastus Lateralis (stance limb) 47+34 31 0.726 0.05
Phase 2: Extension Phase
. . L 175 = 18.8 +
Biceps Femoris (stepping limb) 147 132 0.17 0.09
. , , 212+ 17.8 +
Biceps Femoris (stance limb) 12.9 104 0.174 0.21
. S 91 =
Gastrocnemius (stepping limb) 12.2+7.9 75 0.036* 0.32
. . 112 =+ 69 =+ .
Gastrocnemius (stance limb) 100 35 0.048 0.42
- . N 260 + 240 =
Tibialis Anterior (stepping limb) 15.8 15.0 0.432 0.10
T . . 226 + 18.6 +
Tibialis Anterior (stance limb) 194 15.2 0.424 0.15
. . 471 =+ 485 =+
Vastus Lateralis (stepping limb) 182 165 0.673 0.07
. . 286 + 283 +
Vastus Lateralis (stance limb) 220 16.9 0.759 0.01
Phase 3: Unloading Phase
. . L 154 =+ 189 + .
Biceps Femoris (stepping limb) 120 128 0.039 0.24
. . . 196 = 151 =+
Biceps Femoris (stance limb) 128 108 0.086 0.34
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. S 10.7 +
Gastrocnemius (stepping limb) 11.0+6.9 104 0.103 0.02
Gastrocnemius (stance limb) 11 104 = 35 66 =+ 0.06 0.35
Tibialis Anterior (stepping limb) 134 231 11.0 193 ¢ 0.198 0.23
Tibialis Anterior (stance limb) 191 206 = 13.9 166 = 0.663 0.17
422 + 420 =+
Vastus Lateralis (stepping limb) 20.0 * 185 0= 0.947 0.01
. . 258 =+ 258 *
Vastus Lateralis (stance limb) 213 172 0.628 0
Phase 4: Stance Phase
. . . . 113 +
Biceps Femoris (stepping limb) 10.2+6.9 13.9 0.99 0.09
Biceps Femoris (stance limb) 136 1t 111 151 = 0.054 0.26
132 + . +
Gastrocnemius (stepping limb) 104 3 * 79 86 = 0.004* 0.52
Gastrocnemius (stance limb) 173 292 = 102 6 2 0.554 0.20
Tibialis Anterior (stepping limb) 195 168 = 85 166 = 0.885 0.01
4 =+ 250 +
Tibialis Anterior (stance limb) 134 30 * 106 0+ 0.038* 0.32
113 73 %
Vastus Lateralis (stepping limb) 103 * 73 * 0.003* 0.38
285 t 199 +
Vastus Lateralis (stance limb) 107 * 139 * 0.073 0.38
Total STW
. . S 99 =
Biceps Femoris (stepping limb) 9.5+7.6 6.1 0.279 0.05
. . . 123 +
Biceps Femoris (stance limb) 14.2+7.2 9.9 0.264 0.16
. L 71 o+
Gastrocnemius (stepping limb) 9.0+£5.0 48 0.032* 0.37
. . 120 =+
Gastrocnemius (stance limb) 14.0+7.8 m 0.557 0.28
S . . . 142 +
Tibialis Anterior (stepping limb) 14.5+7.6 6.8 0.89 0.03
Tibialis Anterior (stance limb) 108 187 = ok 157+ 0.404 0.24
. S 152 =+
Vastus Lateralis (stepping limb) 16.6+6.3 50 0.218 0.19
17. + 151 +
Vastus Lateralis (stance limb) 103 0 = 81 o1t 0.309 0.15

Note: Asterisks indicate p < 0.05. Effect sizes were calculated as Cohen’s d with the following classifications: d <
0.2 as a small effect, 0.2 < d < 0.5 as a medium effect and 0.5 <d < 0.8 as a large effect.
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4. Discussion

In this study, we explored the impact of single-task versus dual-task, employing serial
subtraction as the cognitive load, on gait initiation and sit-to-walk in a cohort of young healthy adults.
We found that GI and STW kinematics, kinetics, and muscle patterns changed in response to dual-
task influence.

4.1. Dual Task Depends on Task Priority

Significant effects were observed in the spatiotemporal domain of GI and STW, all phases of GI
including weight shift, pre-swing of the stepping limb, pre-swing of the stance limb, and total
duration were found to be significantly affected. While the unloading, stance, and total STW phase
was found to be significantly affected. Among these phases weight shift phase exhibited a decrease,
while all the other temporal durations displayed increased durations in response to dual task. These
findings align with literature that also investigated dual-task effects on anticipatory postural
adjustment (APA) where they found increased durations in healthy subjects [10,30,31] and in studies
investigating aging populations and frailty [32]. However, there is also literature that poses different
results highlighting participants show reduced durations during their APA [33]. Results from
previous literature and our study indicate that dual-task conditions influence gait initiation in various
ways.

Additionally, the role of compensatory behaviors helps explain the differences in responses
observed between our study and others, suggesting that these behaviors play a key role in how
individuals manage the challenges posed by dual-task situations. This concept is briefly discussed in
previous literature. For example, it has been discussed that GI performance not solely being
influenced by the task instruction itself and environmental factors [34], but also the task priority
[35,36]. As in literature, Tsang et al. (2016) found that younger populations tend to handle more
complex cognitive-motor tasks better when compared to older adults [37]. This evidence may suggest
the need to understand the population and the complexity of the concurrent tasks before making
conclusive remarks. As some individuals may follow the posture-second strategy, where individuals
adopt the manner of prioritizing cognitive tasks rather than the motor tasks causing biomechanical
deficiencies or vice-versa [33]. From this evidence, the elderly, individuals with Parkinson’s disease,
and other affected populations may result in different responses when their task prioritization varies
compared to healthy young adults. However, the increased durations observed during GI and
increased STW in our study, as well as in other studies involving healthy young adults, may suggest
that this longer duration is a compensation strategy for managing complex tasks.

One consideration when analyzing temporal parameters is to correlate them with the ground
kinetic responses during gait initiation. In Jonsson et al. (2007), they investigated the thrust phase of
APA, identical to our weight shift phase, and found that ground reaction forces decreased for young
versus elderly adults, and additionally their thrust phase duration showed an increased percentage
[38]. Compared to our study, where we observed decreases in the weight shift phase despite their
study exhibiting an increase in percentage, this discrepancy may be explained by differences in task
prioritization between older populations and young adults. Based on these observations and our
findings, increased durations or force magnitudes in APA responses among young healthy adults
may suggest that the movement or task is inherently unstable. However, this also indicates that the
individual is successfully employing a compensatory strategy to manage the instability and
successfully executing the primary task. Young adults might generally adopt a posture-secondary
strategy, given that their risk of falling or failing the movement is less severe for them; they often
have the ability to recover from a potential fall. In contrast, older adults facing the same complex task
may exhibit different GI responses, prioritizing stabilization over the cognitive aspects of the task.

4.2. Dual Task Increases Postural Stability Responses

Findings in literature indicate that changes in the mediolateral axis reflect postural stability,
while changes in the anterior-posterior axis are associated with motor performance [34,39]. This
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concept helps explain the results of dual task influence on our GI and STW outcomes. Specifically,
during GI, we observed significant increases in mediolateral CoM displacement and mediolateral
ground reaction forces, particularly in the stance medial forces. Other mediolateral forces during GI
also increased, though these changes were not statistically significant except for stance medial.
Similarly, while mediolateral spatiotemporal outcomes during STW increased, they were not
significant. Conversely, we found decreases in anterior-posterior responses.

During GI, there was a reduction in vertical CoM and a decrease in the anterior-posterior ground
reaction force related to stance propulsion. Additionally, during STW, increased hesitation accounted
for the reduced forward momentum and lower fluidity in the transition from sitting to walking, as
reflected by the decrease in initial step length. Overall, these findings align with previous literature
and reinforce the idea that dual-task conditions require enhanced postural stability. Our findings of
COFP displacement also align with our findings of reduced anterior posterior movement. To
illustrate, consider the analogy of throwing a ball: the posterior displacement correlates with the
preparation and potential energy before the throw, while the anterior displacement corresponds to
the release phase. According to Kong et al. (2024), COFP path length increases with worsening
pathology, such as obesity, suggesting that greater path lengths may reflect compensatory behavior
to manage larger weight shifts [40]. However, our results present a different picture. Although both
stepping and stance limb weight shifts increased, the COFP path lengths revealed a decrease in
posterior displacement and shorter durations. These findings may indicate a negative impact,
possibly due to the dual task demands. These findings suggest that while individuals may exhibit
increased weight shift in both stepping and stance limbs, the reduced posterior displacement and
shorter path lengths could reflect a more constrained or inefficient response, potentially exacerbated
by dual-task conditions. This indicates that the dual-task environment may negatively impact the
ability to manage and coordinate weight shifts effectively.

4.3. Neuromuscular Trace during GI and STW

We analyzed lower-extremity EMG patterns in young, healthy adults performing both single-
task and dual-task transitional movements. Our results indicate that during dual-task scenarios,
individuals tend to adopt compensatory strategies that either impede forward anterior-posterior
movement or enhance balance control through increased activation of muscles associated with
stability. In literature, Waldon et al. (2023) emphasizes the role of the tibialis anterior (TA) muscle in
clearing the foot off the ground during the initial swing phase [41]. Fundamentally, the forward
momentum of the stepping limb cannot begin until the limb is cleared from the ground. Our results
align with these findings, revealing reduced TA activation during the pre-swing phase of the
stepping limb during GI. This decreased activation suggests that dual task conditions do impair the
forward momentum of the stepping limb, supporting the notion that dual task conditions can inhibit
motor performance in some manner.

However, when examining STW results, we do not see differences between dual-task conditions.
In contrast, research on healthy older adults has shown that the TA muscles are involved in STW
movements and activate first during rising movements [42]. Comparatively, when analyzing stroke
patients in a similar movement of sit-to-stand, Cheng et al. (2004) states that 70% of their patients
experienced low or no TA activation [43]. These findings may suggest that the TA muscle group is
essential for balance control; however, our findings may also display the effects of task priority
challenges. Our data shows a general decrease in TA activation during STW movements, though this
change is not statistically significant. In contrast, during the GI process, young adults appear to adopt
a “posture second” strategy, which affects their gait. STW movements, being more complex, may
compel individuals to use a “posture first” strategy to manage the increased demands. This suggests
that the complexity of STW movements leads young adults to prioritize them more deliberately.
These findings highlight the importance of understanding how different dual-task movements vary
based on task priority and how concurrent cognitive tasks impact performance. Further research is
needed to explore these effects across different populations and movement scenarios.
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It is also crucial to consider the role of the TA muscle in balance control. Literature highlights
that the TA muscle group is essential for maintaining balance during gait, particularly for impact
absorption and stabilizing the foot during the stance phase [44]. Our results show reduced TA
activation during the pre-swing phase of the stance limb under dual-task conditions, which may
reflect a “posture second” strategy. This finding contrasts with existing literature, which presents
conflicting results. For example, Schmitz et al. (2009) found that older adults exhibited greater TA
activation during the loading response and mid-stance phases compared to younger adults [45]. In
contrast, Keloth et al. (2021) reported reduced TA modulation during walking in patients with
Parkinson’s disease [46]. Additionally, our STW results indicate that TA activation in the stepping
limb was not significantly affected by dual-task conditions. Our results suggest that dual-task
conditions negatively impact TA activation during the GI phase, leading to reduced engagement of
the TA muscle before foot strike. However, during STW, the complexity of the movement may cause
individuals to concentrate more on their gait, which could explain why dual-task conditions did not
significantly affect TA activation during this phase. These observations highlight the nuanced effects
of dual-task conditions on muscle activation. The reduced TA engagement during GI suggests that
cognitive demands may compromise the muscle’s role in preparing for foot strike, potentially
impacting gait stability. Conversely, the stable TA activation during STW indicates that the
complexity of the task may lead individuals to prioritize gait stability over cognitive processing.

5. Conclusions

The purpose of this research was to investigate the effects of dual-task conditions on transitional
movements during GI and STW. We found that dual-task conditions affect these movements by
increasing the need for postural stability, as evidenced by greater mediolateral engagement, and
impaired motor performance, as indicated by reduced anterior-posterior outcomes. These changes
likely stem from the need to manage body weight transfer smoothly during these transitions. GI
involves building potential energy in the stepping limb, which is then transferred back to the stance
limb to facilitate propulsion. In contrast, STW requires a more complex transfer of energy, involving
significant muscle activation changes as one transitions from a seated position to propulsion. Our
results suggest that dual-task conditions affect these movements both similarly and differently, as
evidenced by increased duration outcomes and varying TA activation patterns. These responses to
dual-task conditions may vary depending on the complexity of the movement and the task priority.
One concept to consider for future investigations is that individuals may adopt a “posture-second”
strategy for movements perceived as easier. Future research should consider incorporating
additional movements with varying levels of complexity, such as stair biomechanics to further add
complexity of the movements to support these findings. Furthermore, recording the success of the
cognitive tasks could offer valuable feedback on how effectively the dual task conditions challenge
the individual’s cognitive abilities. Additionally, exploring a broader range of dual-task scenarios
could provide insights into how realistic, complex tasks impact balance and gait in more naturalistic
settings. For some other outcomes to explore, joint range of motion should be considered when
exploring these transitional movements. Potentially a connection between ankle range of motion
would connect to the usage of the TA muscle. Overall, these findings enhance our understanding of
transitional movements and could inform the development of interventions to prevent falls,
especially for elderly individuals and patients with Parkinson’s disease who experience freezing of
gait during initiation.
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