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Abstract
The rising prevalence of sarcopenic obesity (SO) among older adults—

characterized by an increase in obesity rates coupled with a decline in muscle 
mass—presents a significant health challenge. This condition adversely 
affects postural control and neuromuscular functions, which are crucial for 
performing daily activities. Despite the critical impact of SO, there has been 
scant research on the benefits of customized physical activity programs 
aimed to improve postural stability and neuromuscular performance in this 
demographic. This study protocol outlines a comprehensive evaluation of 
a physical activity program designed to enhance these capacities in older 
adults with SO. Employing a single-blinded, prospective, randomized, 
and controlled multicenter trial design, participants will be divided into a 
trained group (TG) and a control group (CG). While the CG will receive 
no intervention, the TG will engage in a targeted 4-month physical activity 
program, consisting of tri-weekly sessions. Evaluation metrics include 
anthropometric data, clinical assessments, ankle muscle activities during 
postural control testing, and maximal voluntary contraction tests of the 
plantar and dorsal flexor muscles. The anticipated outcomes of this study 
promise to shed light on the potential for improving postural control and 
neuromuscular functions in older adults with SO, offering critical insights 
into the effectiveness of tailored physical activity interventions.

Keywords: Balance; Neuromuscular system; Clinical trial, Rehabilitation, 
Trainability

Introduction
The escalating prevalence of obesity among older adults, compounded by a 

concomitant reduction in muscle mass and strength, recognized as sarcopenic 
obesity (SO), has evolved into a critical global health issue [1–3]. The intricate 
relationship between obesity and muscle decline markedly amplifies the risk 
of unfavorable health outcomes, encompassing limitations in functionality 
and an augmented vulnerability to injuries [1,4]. Among the various functional 
limitations exacerbated by muscle weakness, impaired postural control, 
stands out, as they play pivotal roles in daily life activities [5,6]. Therefore, it 
is imperative to forge physical activity programs explicitly tailored for older 
adults with SO, addressing their distinct requirements, enhancing postural 
control, and fostering robust aging within this demographic.

Sarcopenia is closely linked to the decline of an array of neural, hormonal, 
and environmental signals that support muscle health [7,8]. This degradation of 
muscle mass and strength is influenced by various factors, including physical 



Magtouf E, et al., J Ortho Sports Med 2024
DOI:10.26502/josm.511500138

Citation: Elmoetez Magtouf,Hamza Ferhi, Sabri Gaied Chortane, Oussama Gaied Chortane, Bruno Beaune, Sébastien Boyas, Sylvain Durand, 
and Wael Maktouf. Optimizing Neuromuscular Strategies in Ankle Muscles During Static and Proactive Postural Control in Senior 
Individuals with Sarcopenia and Obesity: A Multicenter, Randomized, Controlled Trial Study Protocol. Journal of Orthopedics and Sports 
Medicine. 6 (2024): 19-28.

Volume 6 • Issue 1 20 

inactivity [9], hormonal fluctuations [10], pro-inflammatory 
conditions [11], malnutrition [12], and the reduction of alpha-
motor units in the central nervous system [13]. These factors 
have[14–16] a detrimental impact on functional abilities, 
ultimately affecting independence and heightening the risk of 
falls [14,15].

Existing research suggests that obese individuals may face 
challenges in executing motor tasks and display heightened 
instability. [17–19]. These modifications result in detrimental 
effects on skeletal muscle, such as inflammation [20], 
oxidative stress [21], and insulin resistance [22]. The fatty 
infiltration of skeletal muscle correlates with a decrease in 
strength, functional status, muscle functionality, contractility, 
as well as interference with normal cellular signaling and 
motor unit recruitment [23].

Recent research has underscored the significant impact 
of both sarcopenia and obesity on the delicate postural 
control among older adults [24–26]. Strikingly, obesity not 
only exacerbates age-related alterations in postural control 
[17,27,28] but also heightens the risk of potentially injurious 
falls [29]. In this context, Maktouf et al. [17] illuminated a 
crucial aspect of this phenomenon by revealing that obesity-
related changes in postural control involve heightened 
activation of the plantar flexor muscles. Consequently, this 
neuromuscular mechanism may well contribute to postural 
control alterations often observed in older adults grappling 
with obesity. These findings shed light on the intricate 
interplay between obesity and postural control regulation, 
opening avenues for further exploration and intervention in 
this critical area of geriatric health. 

While existing studies emphasize the effectiveness of 
physical activity as a non-pharmacological strategy for 
managing older adults with SO [6,29–32], there remains a 
gap in research investigating the impact of a comprehensive 
combined physical activity program on neuromuscular 
capacities and postural control regulation. Furthermore, 
previous studies have demonstrated limitations, such as 
insufficient detail regarding the methodology for implementing 
the physical activity protocol, program progression, exercise 
quality and intensity, as well as personalized feedback-
driven session quantification. These deficiencies underscore 
the critical necessity for thorough investigations aimed at 
developing effective physical activity interventions tailored 
to the unique requirements and capabilities of older adults 
with SO. To our current understanding, a limited number 
of studies have delved into the effects of combined physical 
activity programs tailored to older adults SO. Notably, 
Maktouf et al. [18] stands out, centering on the impact of 
their intervention on balance parameters. However, their 
investigation was primarily confined to outcomes related to 
balance and lacked a comprehensive evaluation of the crucial 
neuromuscular parameters around the ankle joint pivotal 

for enhancing balance – such as muscle activation, rate of 
force development (RFD), maximal and submaximal force 
production of ankle muscles. Based on the literature, it becomes 
increasingly evident that a comprehensive investigation 
encompassing postural control regulation, coupled with 
a detailed exploration of the potential underlying factors 
catalyzing improvements, is imperative. By concurrently 
scrutinizing the intricate mechanisms underpinning balance 
enhancement and gait parameter improvements, a more 
holistic understanding can be achieved. This multifaceted 
analysis sheds light on the intricate interplay between various 
neuromuscular parameters and functional outcomes, thereby 
providing a more profound insight into the mechanisms of 
improvement. The implementation of the Total Mobility Plus 
Program (TMP), designed to encompass a diverse spectrum of 
exercises targeting strength, power, endurance, and mobility, 
is poised to address these intricacies comprehensively. This 
multifunctional approach holds the potential to offer deeper 
insights into the intricate mechanisms of improvement, 
ultimately paving the way for more effective interventions.

This study protocol seeks to comprehensively assess the 
efficacy of the TMP program on postural control parameters 
and neuromuscular capacity of ankle muscles in older adults 
with SO. Furthermore, this investigation aims to explore 
the intricate relationship between the enhancements in 
postural parameters and the concurrent modifications in 
neuromuscular parameters.

Materials and Methods
Ethical approval and trial registration 

The study protocol is meticulously developed and 
implemented in unwavering alignment with the principles 
delineated in the Helsinki Declaration. Furthermore, the 
study protocol, alongside the patient information letter and 
informed consent documents, has received approved from 
the Ethics Committee of the South Ethics Committee for the 
Protection of Persons in Tunisia, denoted by the reference 
number C.P.P. SOUTH /No. 0477/2022, on 22 February 
2022. The study has also been formally registered with the Pan 
African Clinical Trials Registry, where it has been assigned 
the unique registration identifier PACTR202306912191110.

Research design 
This study employs a single-blinded, prospective, 

controlled, randomized multicenter design. Participants are 
being randomly assigned to either the trained group (TG) 
or the control group (CG) (Figure 1). The CG, although 
not exposed to any intervention, undergoes both pre- and 
post-evaluation tests. On the other hand, the TG engages 
in a rigorous 4-month program involving tri-weekly 
sessions. The recruitment phase adheres to a standardized 
procedure, spanning 3 weeks for participant recruitment, 1 
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week for screening, and an additional 3 weeks for pre- and 
post-intervention experimental testing. Throughout the 
pre- and post-evaluation assessments, participants undergo 
a comprehensive standardized assessment protocol. This 
encompasses anthropometric measurements and clinical 
evaluations to gauge health status, balance tests coupled with 
electromyography evaluation of ankle muscle activation, and 
maximal voluntary contraction tests of plantar and dorsal 
flexor muscle.

Intervention: TMP program
The TPM program is reported using the Template 

for Intervention Description and Replication Guidelines 
(TIDieR) and based on the methodology presented in the 
study of Ferhi et al. [33] as demonstrated in Table 1.

Outcome measures
Primary outcomes

Measures of steady-state balance will be evaluated 
using the Romberg Test (ROM). Participants will receive 
instructions to maintain an upright stance without shoes. 
They will need to keep their feet close together, arms fully 
extended in front of their bodies with palms facing upwards, 
and eyes closed for the duration of the test. If participants 
open their eyes, adjust their stance or arm position to regain 
balance, or seek assistance from the operator, the attempt 
will be terminated. Each participant will complete three 
attempts at the ROM, with a one-minute rest between each 
attempt. The longest time (s) a participant can stand will be 
recorded. 

Intervention Description and Replication Guidelines (TIDieR)

Name The TMP program.

Why To improve static postural control in older adults with SO.

What (materials)
Diverse range of physical materials: chairs, balls, markers, slats, cups, hoops, elastic bands, and weighted bags, foam 
rollers, balance boards, resistance tubes and bands, exercise mats, medicine balls, step platforms, cones, kettlebells, 
and step platforms. 

What (procedures)

The TMP program will span 16 weeks, with three 60-minute sessions per week, amounting to a total of 48 sessions 
throughout the intervention period. Each session will follow a structured format, commencing with a 10-minute warm-
up. The core of the session will include motor skill exercises and strengthening/posture exercises, with the duration 
determined by the prescribed training volume. The session will conclude with a 5-minute cool down phase.

Who By a kinesiologist specialized in adapted physical activity.

How In collective, face-to-face sessions.

Where In the fitness hall of each respective structure.

When and how much

The TMP program will commence and is expected to be completed over a 4-month duration. Participants will attend 
three sessions per week, accumulating a total of 48 sessions throughout the intervention period. Each session will have 
a duration of 60 minutes. The design of exercise types within the program will be tailored to the training load of each 
session and will be based on predetermined training intensity and volume for individual sessions. Each exercise type 
regimen will consist of 1 to 5 sets, with repetitions ranging from a minimum of 3 to a maximum of 15 per set.

Tailoring

The adjustment in training load will be determined following each session using the Rating of Perceived Exertion 
(RPE) scale. The RPE scale spans from 0 (no difficulty) to 10 (extremely difficult), and the group's training load will 
be calculated by multiplying the RPE score of the session by its duration. For instance, if a group has an average 
RPE score of 6 in a 60-minute session, the training load will total 360 arbitrary units (a.u.). This approach will ensure 
the effectiveness of the training, particularly concerning the progressive challenge it presents, and will facilitate the 
monitoring of potential overtraining syndrome. When the training load exceeds 300 a.u. (equivalent to 5 × 60 minutes), 
it will be maintained for the subsequent session. If the training load falls below 300, the number of sets and repetitions 
will be increased by 25% in the following session.

Modifications
Adjustments will be made to the exercises in each session, with an increase in the number of series or repetitions based 
on the training load. The difficulty will also be progressively enhanced by adding obstacles, setting a time limit for task 
completion, and other means to ensure gradual progression and increasing solicitation.

How well (planned) The TMP program will include 3 micro-cycles, each comprising 16 sessions: the first micro-cycle will emphasize volume, 
the second will focus on intensity, and the third will aim to balance both volume and intensity.

How well (actual) We anticipate full attendance from all participants in the SOG group.

Table 1: Intervention description.



Magtouf E, et al., J Ortho Sports Med 2024
DOI:10.26502/josm.511500138

Citation: Elmoetez Magtouf,Hamza Ferhi, Sabri Gaied Chortane, Oussama Gaied Chortane, Bruno Beaune, Sébastien Boyas, Sylvain Durand, 
and Wael Maktouf. Optimizing Neuromuscular Strategies in Ankle Muscles During Static and Proactive Postural Control in Senior 
Individuals with Sarcopenia and Obesity: A Multicenter, Randomized, Controlled Trial Study Protocol. Journal of Orthopedics and Sports 
Medicine. 6 (2024): 19-28.

Volume 6 • Issue 1 22 

Proactive balance will be assessed through the Timed 
Up and Go test (TUG). Instructions will guide participants 
to begin in a seated position on a chair with a height of 46 
cm, placing their arms on the armrests. Participants will be 
prompted to rise from the chair, walk 3 meters at their regular 
walking speed, turn around, return to the chair, and sit down. 
This test will be performed twice, and the fastest completion 
time in seconds will be noted (s).

Secondary outcomes:

Anthropometric parameters: participants' body mass 
(BM) and height (H) will be measured using a digital floor 
scale and a wall-mounted stadiometer, respectively. This 
data will be then used to compute the Body Mass Index 
(BMI) as:

BMI (kg/m²) = BM (kg) / H² (m)                                           (1)

Figure 1: Study design.
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To ascertain muscle constitution, a validated formula will 
be used to estimate the appendicular skeletal muscle mass 
(ASM) [34]:

ASM (kg) = 0.193 × BM (kg) + 0.107 × H (cm) - 4.157 × 
Sex - 0.037 × Age (years) - 2.631                           (2)

In this formula, males will be assigned a value of 1 and 
females a value of 2. Using the derived ASM, the Skeletal 
Muscle Mass Index (SMI) will be then calculated as [34]:

SMI (kg/m²) = ASM (kg) / H² (m)                                                  (3)

Postural control parameters: postural parameters will 
be measured using a force platform (Zebris; FDM S; sampling 
rate: 100 Hz; Zebris Medical GmbH, Isny, Germany). 
Participants will be instructed to stand barefoot on the 
platform; their feet together with their arms alongside their 
body and performed postural trials through two conditions: 
with eyes opened (EO), with eyes closed (EC). Each trial 
lasted 30 s and will be separated to the following by a 30 s 
rest period. Displacements of the CoP will be used to extract: 
the mean sway area of the 95% confidence ellipse (area, cm²) 
and the mean velocity of the CoP displacements (velocity, 
mm.s-1).

Neuromuscular parameters: Neuromuscular parameters 
of the ankle plantar flexors (PF) and dorsiflexors (DF) of the 
dominant leg will be assessed using a dynamometer (K-Force, 
Kinvent, Montpellier, France) during maximal isometric 
voluntary contractions (MVC). This assessment will include 
both plantar and dorsiflexion movements. Throughout each 
contraction attempt, participants will be instructed to apply 
their maximum effort. To ensure reliability, each participant 
will perform two attempts for both plantar flexion and 
dorsiflexion, with a rest period of one minute between attempts. 
For the analysis, the average of the highest recorded values 
of maximal force from the two attempts will be calculated 
for both PF (Absolute PF, N) and DF (Absolute DF, N). The 
relative peak force will be calculated by normalizing the 
maximal force to the participant's body mass for PF (Relative 
PF, N/kg) and DF (Relative DF, N/kg). The dynamometer 
signals will be stored offline for subsequent analysis. Absolute 
force will be recorded at 50 ms (F50_PF, F50_DF, N), 100 
ms (F100-PF, F100-DF, N) and 200 ms (F200-PF, F200-PF, 
N). Absolute forces will be normalized to BM (Relative F50-
PF, Relative-F100_PF, Relative F200-PF, Relative F50-DF, 
Relative F100-DF, Relative F200-DF, respectively, N/kg). 
Early RFD will also be obtained from each MVC contraction 
from onset to 50 ms (PF-RFD(50-100), DF-RFD(50-100), 
N/ms). Late RFD was acquired from 100 to 200 ms (PF-
RFD(100-200), DF-RFD(100-200), N/ms). All RFD will be 
calculated from the linear slop of the force – time curve (Δ 
force/Δ time).

Electromygraphy (EMG) data: EMG data from the ankle 

joint muscles will be captured during MVC of PF and DF 
and during postural control tests. The collection process will 
use the Trigno® Wireless Biofeedback System (Delsys Inc., 
Natick, MA). The sensors, consisting of two pairs of silver bar 
contacts with 10 mm interelectrode spacing, are positioned 
on the gastrocnemius medialis (GM), soleus (SOL), and 
tibialis anterior (TA) of the dominant leg, in accordance with 
the recommendations of SENIAM. The raw EMG signals are 
then post-processed using Matlab software (Matlab R2013a, 
MathWorks, Natick, USA). Data collected over a 10-second 
period, beginning at the 10th second of each postural control 
trial. The data will be band-pass filtered at 15–500 Hz via a 
second-order Butterworth digital filter to remove any noise 
or movement interference [35]. Subsequently, the data will 
be rectified and smoothed through root mean square analysis 
(RMS) with a 20-ms window, using the following equation 
[36]:

RMS (t0) =  where T is the time of 
integration                                      (4)

For the MVC tests, a moving window with a width of 
20 ms is employed to identify the peak RMS EMG activity 
resulting from the three MVC efforts for each type of 
contraction. Subsequently, all RMS EMG data collected 
during postural control tests will be normalized using the 
following equation for each muscle:

EMG RMS% = [(RMS EMG trial/RMS EMG MVC) × 10
0%]                                                 (5)

The study utilizes the normalized RMS of the 
gastrocnemius medialis (RMS GM), soleus (RMS SOL), and 
tibialis anterior (EMG TA) from each postural control test.

 Recruitment and randomization
This multicenter trial involves four distinguished 

Tunisian centers, each specializing in diverse obesity care 
within the designated region. The study is planned to be 
completed within a six-month timeframe, with each center 
commencing its participation once the necessary number 
of participants has been secured. As a result, the objective 
is to simultaneously implement the study protocol for all 
eligible participants within each center. This study protocol 
aims to initially recruit a cohort of 100 volunteers for future 
investigations. The process of inclusion and randomization 
will be carried out electronically through an online system 
at each investigator center. Clinical assessments, postural 
control testing, and EMG procedures will be conducted at a 
single investigating center. The initial screening visits will 
coincide with regular clinic appointments at each center. 
Participants who meet the selection criteria (Table 2) will 
receive an invitation to participate in the study. They will 
be provided with written information describing the study 
and given a week to make an informed decision about their 
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participation. Once they decide to join, informed consent will 
be obtained and documented.

Randomization will occur on the day of inclusion, overseen 
by the chief investigator at each center. Each participant will 
be randomly assigned to one of the two groups: the CG and 
the SOG. To minimize any potential negative effects in the 
trained group, the study coordinator will not disclose the 
specifics of the TMP program to the participants. In practice, 
a blinded assessor will visit participants twice before and 
after the program, while unblinded kinesiologist will conduct 
separate visits during the program to provide treatment and 
exercise sessions. The randomization list will be generated 
by an independent statistician from the Clinical Research 
Unit of our laboratory, with no direct involvement in the 
study. This list will be computer-generated and subsequently 
uploaded into an online case report form (eCRF). To perform 
randomization, the chief investigator at each center will access 
the eCRF through a web browser. They will input participant 
characteristics and assign individuals to their respective 
study groups directly via the online platform. Each study 
participant will receive a unique allocation study number in 
a sequential format (TMP00X). Randomization will occur 
after participant enrollment, and individuals will be assigned 
to either the SOG or the CG. A confirmation email will be 
sent to the unblinded investigator at the coordinating center 
to acknowledge the randomization process. Blinding will be 
maintained until the database is finalized.

Data management and monitoring
All the necessary data stipulated by the study protocol 

will be diligently entered into the Electronic Data Capture 
(EDC) system. Data will be logged in real-time as they are 
acquired, ensuring a contemporaneous record. Access to 
the EDC system will be granted to all participating sites. 
To facilitate effective utilization of this tool, comprehensive 

guidance documents will be provided to investigators. 
Each investigator holds the responsibility for maintaining 
the accuracy, quality, and relevance of all recorded data. 
In instances where a study subject discontinues their 
participation or withdraws their consent, all data collected up 
to the point of cessation will be subject to analysis. In cases of 
subjects becoming lost to follow-up, investigators will exert 
every reasonable effort to reestablish contact with the patient. 
However, individuals who have prematurely terminated their 
involvement in the research will not be substituted with new 
participants. A Clinical Research Associate will oversee the 
meticulous handling of the study. Their duties encompass 
the collection, documentation, recording, and reporting of all 
handwritten data, in strict adherence to the principles of Good 
Clinical Practice. To maintain data integrity and accuracy, a 
computerized quality control system will be implemented, 
which includes mechanisms for detecting missing data and 
verifying data consistency. Should any discrepancies or 
inaccuracies arise during the completion of EDC forms, 
investigators will be promptly notified and requested to rectify 
the issues accordingly. This approach ensures the reliability 
and fidelity of the study data throughout the research process.

Statistical Methods
Sample size

The sample size is calculated using the freeware G*Power 
(version 3.1.9.4). The ANOVA test was predefined for power 
analysis. The estimation is based on predefined control of 
type I error (alpha = 0.05) and Type II error (beta = 0.60), 
with a moderate level of estimated effect size (r = 0.35). 
Under these settings, 40 participants were required as the 
minimum sample size.

Statistical analysis
Statistical analyses will be conducted using Statistica 

Software 13.0 (Software, Inc., Tulsa, OK). We will begin 
by verifying the normality of the data distribution using 
Kolmogorov-Smirnov tests. For data exhibiting a normal 
distribution, paired t-tests will be employed to compare 
results within the same group both before and after the 
implementation of the TMP program. Furthermore, an 
independent samples t-test will be used to draw comparisons 
between the TG and CG pre- and post-TMP program. We 
also aim to examine the relationships between postural 
and neuromuscular parameters using Pearson's correlation 
analysis. All data will be presented as means and standard 
deviations, with the threshold for significance set at p < 0.05 
across all results.

Discussion
Our study focuses on older adults with SO and aims 

to evaluate the impact of a TMP program, which includes 
combined exercises for muscle strengthening, balance, and 

Selection Criteria

Inclusion Criteria: 
 Age over 65 years. 
 IMC higher than 30 kg/m². 
 Handgrip force less than 17 N. 
 Gait speed under 1 m/s. 
 Signed consent. Medically insured. 
 Ability to verbally communicate.

Exclusion Criteria:
 Neurological or cognitive impairments. 
 Severla cardiovascular conditions.  
 Pronounced musculoskeletal deformities or lower limb injuries. 
 Use of medication that could interfere with testing.  
 Existing comorbidities or chronic diseases. 
 High level activity according to Ricci and Gagnon 

questionnaire. 
 Score below 26 on the Montreal Cognitive Assessment test.

Table 2: Inclusion and exclusion criteria.
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motricity, on improving postural control and neuromuscular 
capacities. Specifically, we aim to demonstrate the potential 
for trainability in this specific population and explore the 
reversibility of both postural control and neuromuscular 
capacities. Since postural control is a crucial indicator of 
autonomy, our study seeks to provide valuable insights into 
optimizing functional capacity, and enhancing overall mobility 
and quality of life among older adults with SO. Moreover, 
the results of our research hold the potential to inform the 
development of tailored interventions that promote healthy 
aging, prevent functional limitations, and have far-reaching 
implications for health outcomes and socio-economic factors. 
To our knowledge, this study represents the first attempt to 
comprehensively assess the impact of a combined physical 
activity program on neuromuscular capacities and their role 
in enhancing postural control among older adults with SO. 

Previous research has highlighted the association between 
sarcopenia and obesity with increased postural sway, potentially 
compromising biomechanical aspects of daily activities and 
raising the risk of injury [4,37]. In obese adults, postural 
control alterations can be attributed to several factors. Firstly, 
the constant load bearing necessitated by excess weight often 
leads to diminished plantar sensitivity due to hyperactivation 
of plantar mechanoreceptors [38,39]. Secondly, managing 
the mechanical demands of an increased body mass, 
especially when it is distributed further from the rotational 
axis (as in the ankle joint, resembling an inverted pendulum 
model), results in an amplified gravitational torque [40]. To 
counteract this torque, acting along the anteroposterior axis, 
obese individuals must generate increased muscular torque 
to maintain an upright posture [41]. Additionally, cognitive 
challenges that require greater effort to maintain balance may 
exacerbate balance control issues in obese individuals [42]. 
These challenges are further compounded by the presence of 
sarcopenia, which is characterized by progressive alterations 
in neuromusculoskeletal, proprioceptive, and visual systems 
[43,44]. This condition also affects sensory integration, 
collectively impairing postural control [18,45]. Thus, it is 
evident that the interplay between obesity and sarcopenia 
in older adults significantly influences postural control 
[28,46,47]. 

Recent findings by Maktouf et al. [17] highlight the 
cumulative effect of age and obesity on postural control, 
indicating that the mechanisms driving postural control 
alterations in obese older adults can be attributed to the 
combined influences of age and obesity. According to 
their results, two primary mechanisms contribute to these 
alterations. First, the additional force required to maintain 
body posture and correct imbalance in the presence of 
increased body fat mass may exceed the available force 
production capacity in obese older adults, contributing to 
postural control deficits. Second, the observed increase in 

postural control alterations in obese older adults, particularly 
the positive correlations between GM activity and postural 
parameters, suggests that obese older adults may need to 
augment PF muscle activity to counteract forward instability 
and compensate for reduced force production capacity. 
Moreover, it is conceivable that older individuals maintain 
their muscles in a state of high activation, leading to increased 
muscle co-activation to counteract the decline in relative force 
and maintain stability [43,48,49]. Consequently, obese older 
adults may need to increase PF muscle activity to compensate 
for reduced force production capacity by increasing muscle 
co-activation. However, heightened muscle activity comes at 
the cost of increased energy expenditure, leading to premature 
fatigue and a heightened risk of falls [50].

The implementation of the TMP Program signifies a 
critical step forward in our quest to unravel the complexities 
surrounding the interplay between obesity, sarcopenia, and 
postural control among older adults [51,52]. By offering a 
multifaceted regimen that spans various dimensions of physical 
fitness, including strength, power, endurance, and mobility, 
TMP transcends the limitations of previous interventions 
[33]. This multifunctional approach holds great promise as 
it delves into the nuanced intricacies of improvement within 
this population [33]. By engaging participants in a holistic 
exercise program that systematically progresses in intensity 
and complexity, we anticipate that TMP will provide a deeper 
understanding of the underlying mechanisms of improvement 
[31]. This, in turn, could usher in a new era of more precisely 
tailored and impactful interventions for older adults grappling 
with the challenges of sarcopenic obesity [53]. The holistic 
and data-driven approach of TMP stands as a testament to 
our commitment to improving the overall quality of life 
for this population, ultimately striving for a future where 
individuals can age gracefully with enhanced postural control 
and independence [54].

The successful implementation of the current physical 
activity program for older adults with SO hinges on a holistic 
approach that meticulously addresses both qualitative and 
quantitative dimensions of the intervention. Firstly, it is 
imperative to craft an exercise regimen that is meticulously 
tailored to address the characteristics and challenges inherent 
in this population, as previously delineated. This personalized 
approach serves as a cornerstone, ensuring that exercises 
are custom designed to meet the distinct needs of older 
adults grappling with SO, thus fostering a more effective 
intervention. Secondly, we place considerable emphasis 
on leveraging participants' perceived exertion as a guiding 
principle for modulating exercise intensity within the SO 
cohort. By factoring in each individual's perceived exertion, 
our aim is to calibrate exercise intensity to align with their 
specific capabilities, ultimately promoting optimal outcomes. 
This individualized strategy empowers us to mobilize older 
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adults with SO at an intensity that strikes a harmonious 
balance between challenge and manageability, all while taking 
into account their distinctive physiological and functional 
attributes. Continuous assessments throughout the program's 
duration will further ensure that exercise intensity remains 
finely tuned, adapting to participants' evolving perceived 
exertion levels and progress. By embracing participants' 
perceived exertion as a guiding metric and tailoring exercise 
intensity accordingly, our overarching goal is to maximize 
the program's benefits, fostering sustained engagement in 
physical activity among older adults with SO.

Conclusions
Our study protocol focuses on older adults with SO and 

aims to evaluate the effectiveness of a combined physical 
activity program in improving postural control ability by 
targeting the neuromuscular system. Our findings will 
provide valuable insights into the potential for trainability in 
this population, exploring the reversibility of both postural 
control and neuromuscular capacities. Furthermore, our 
research holds great promise in optimizing functional 
capacity, reducing fall risk, and enhancing overall mobility 
and quality of life among older adults with SO.
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