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Abstract: The aim of this study was to evaluate the impact of exercise order in multicomponent
training (MCT) on the maximum voluntary contraction (MVC) of older women. A total of 91 older
women, ranging in age from 60 to 85 years, were randomly assigned to either Group A or Group
B. Group A performed a warm up followed by aerobic training and resistance training, whereas
Group B followed a warm up followed by resistance training and aerobic training. A control group
(CG) did not engage in any exercise interventions. Statistical analysis was conducted using one-way
ANOVA for between-group comparisons, and ANOVA was used for repeated measures. The results
revealed that Group A demonstrated significant increases in MVC for knee extensors (KEs) between
M1 and M3 (p < 0.001) and between M2 and M3 (p < 0.001). Similarly, Group A exhibited significant
increases in MVC for knee flexors (KFs) between M1 and M3 (p = 0.001) and between M2 and M3
(p < 0.001). Both Group A and Group B demonstrated significant increases in MVC for elbow flexors
(EFs) between M1 and M3 (p < 0.001). Furthermore, Group B showed a significant increase in hand
grip strength (HGS) between M1 and M3 (p < 0.001). Overall, the findings suggest that initiating MCT
with aerobic training followed by resistance training is the most effective approach for improving
muscle strength in older women.

Keywords: women; physical exercise; muscle; sarcopenia; functionality; quality of life

1. Introduction

The aging population poses a significant economic burden due to potential functional
dependency and long-term care requirements [1]. Additionally, older individuals who
have experienced adverse life events, disability, and physical ailments are at an increased
risk of developing depressive symptoms [2]. The age-related disuse of the muscular
system leads to functional impairments, heightened morbidity, and a loss of autonomy and
independence [3]. Physical activity, functional abilities, and fitness have been identified
as crucial factors in improving and maintaining the quality of life and autonomy of older
individuals [4].

Training sessions incorporating both resistance and aerobic exercises have been shown
to prevent the decline of motor and neuromuscular function [5,6]. Resistance exercise
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enhances muscle strength and mass, thereby minimizing the risk of sarcopenia and frailty
in older adults [7–16]. On the other hand, aerobic exercise stimulates cardiorespiratory
and muscle oxidative capacity [17]. Recognizing the potential benefits of each exercise
type, the American College of Sports Medicine (ACSM) recommends multicomponent
training (MCT) as the most suitable exercise approach for older individuals, combining
aerobic, strength, flexibility, and balance exercises to provide multi-modal stimuli [18].
Given the versatility of MCT, different exercise order stimuli can be implemented within
an exercise periodization. This approach, based on the principle of adaptation, is expected
to yield various outcomes depending on the training and exercise types employed. Cur-
rent evidence on MCT suggests improvements in multiple body systems among older
individuals, including enhanced cardiorespiratory fitness, regulation of metabolic profiles,
improved functional and cognitive performance, and increased quality of life. MCT has
also demonstrated efficacy as a non-pharmacological strategy with respect to enhancing
the activities of daily living (ADLs) and physical functional performance in older adults
with dementia [19,20]. Furthermore, MCT is effective in mitigating the onset of sarcopenia
and the progression toward physical frailty [16]. In an experimental and controlled study,
Shiotsu et al. [21] found that performing aerobic exercise after high-intensity resistance
exercise was more effective in reducing arterial stiffness in older men. In terms of strength
adaptations, Cadore et al. [22] demonstrated that resistance training prior to aerobic ex-
ercise was the most effective exercise order for increasing muscle strength in older men.
However, aside from the studies conducted by Cadore et al. [22] and Shiotsu et al. [21],
we did not find additional literature addressing the impact of exercise order on various
physical outcomes in older individuals.

This knowledge gap limits the understanding of the effects of different exercise orders
within MCT on the physical adaptations of older individuals. Therefore, investigating
the effects of different MCT exercise orders is highly relevant in applied practice as it
provides valuable insights to coaches who can tailor their periodization based on individual
responsiveness profiles. Given the current state of knowledge, this study aims to evaluate
the effects of exercise order within a 32-week MCT program on physically active older
women. We hypothesize that the order of aerobic and resistance training in MCT sessions
may have differing impacts on muscle strength in older individuals. However, due to the
scarcity of evidence on this topic, we cannot definitively predict the exact adaptations that
different exercise orders within MCT may elicit.

2. Methods
2.1. Participants

This is a randomized controlled trial following the updated CONSORT guidelines
for experimental research trials [23]. Ninety-one physically active older women, with
ages ranging from 60 to 81, voluntarily participated in the present study. The minimum
sample size per group was defined as 25 using the G*Power program, in which the re-
searchers considered an effect size of 0.5 (large) based on Cohen’s d effect size cutoffs [24],
alpha = 0.05, power = 0.8, number of groups = 3, and number of moments = 3. Partici-
pants were randomly assigned to one of three groups, Group A (aerobic training prior to
resistance training), Group B (resistance training prior to aerobic training), or the control
group (CG), which did not engage in any exercise during the intervention period. Prior to
commencing the study, all participants were provided with detailed explanations of the
research procedures and provided written informed consent. Participants were instructed
to maintain their regular daily routines and activities. Table 1 provides an overview of
the participants’ characteristics, with 29 participants in the CG, 30 participants in Group
A, and 32 participants in Group B. No statistically significant differences were observed
between groups in terms of the body mass index (BMI) and age. The average age of the
participants was 69.62 years with a standard deviation of 5.16. Additionally, the mean BMI
was 26.93 kg/m2 with a standard deviation of 4.07.
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Table 1. Description of maximum knee extensor flexor voluntary isometric contraction in each group
for the three moments of the program.

Variables Control Group A Group B Group
Comparison

Effect Size
η2

KE MVIC (Kg)

M1 (Mean ± sd) 27.45 ± 4.31 33.40 ± 12.77 28.40 ± 9.12 0.037 † 0.18
M2 (Mean ± sd) 25.37 ± 5.29 33.45 ± 12.61 28.60 ± 9.03 0.006 † 0.23
M3 (Mean ± sd) 25.55 ± 5.22 35.69 ± 13.21 30.70 ± 9.57 <0.001 † 0.27

∆1 (M2-M1) −2.08 ± 2.36 0.06 ± 2.61 0.20 ± 2.53 <0.001 † 0.27
∆2 (M3-M1) −1.90 ± 2.14 2.30 ± 2.66 2.30 ± 1.93 <0.001 † 0.55

p Repeat Means <0001 * <0.001 * <0.001 *
Effect Size 0.40 0.36 0.42

KF MVIC (Kg)

M1 (Mean ± sd) 9.61 ± 3.89 13.83 ± 6.40 11.76 ± 5.89 0.017 † 0.20
M2 (Mean ± sd) 8.90 ± 3.82 14.07 ± 6.05 12.14 ± 5.79 0.001 † ‡ 0.26
M3 (Mean ± sd) 8.65 ± 3.75 15.76 ± 6.86 12.52 ± 5.93 <0.001 † ‡ 0.34

∆1 (M2-M1) −0.71 ± 1.25 0.25 ± 2.59 0.39 ± 2.46 0.117 0.14
∆2 (M3-M1) −0.96 ± 1.38 1.94 ± 2.71 0.76 ± 2.70 <0.001 † 0.33

p Repeat Means <0001 * <0001 * 0.185 (n.s.)
Effect Size 0.25 0.29 0.095

Notes: * = p < 0.05 based on ANOVA for repeated measures between moments; † = p < 0.05 for comparisons
between the control group and Group A; ‡ = p < 0.05 for comparisons between the control group and Group B;
M1 refers to the first moment of evaluation, corresponding to the baseline level; M2 refers to the second moment
of evaluation; M3 refers to the third moment of evaluation, which occurred at the end of the study.

The participants included in the study were selected based on specific criteria.
Firstly, they were required to be over 60 years old to ensure the inclusion of older
individuals. Additionally, participants had to demonstrate autonomy in their daily life
activities, indicating a level of independence. Furthermore, individuals with chronic
disabling conditions such as cardiovascular, respiratory, metabolic, or joint diseases
were excluded from the study, as well as those taking medications that could potentially
interfere with the experimental protocol.

To establish the exclusion criteria, certain factors were considered. Participants were
excluded if they had an absence in more than 25% of the overall training sessions, as this
would compromise their level of engagement and adherence to the intervention. Moreover,
missing more than four sessions in a month was considered excessive and could impact the
consistency of the participant’s involvement in the study. Lastly, individuals who failed
to meet the required evaluation moments were also excluded from the analysis, ensuring
data completeness and accuracy. Figure 1 exemplifies the participant’s recruitment and
inclusion in the study.

2.1.1. Multicomponent Training Program Description

The training sessions in this study had a duration of 50 to 60 min and consisted of
five main components. Firstly, there was a warm-up phase lasting 5–8 min, involving slow
walking and stretching exercises to prepare the participants for subsequent activities. The
aerobic exercise component lasted 15–20 min and included walking, jogging, and dancing,
aiming for a target intensity of 12–14 points on Borg’s perceived exertion scale [25]. The
intervention protocol included stimuli for muscle resistance and strength components
and comprised a circuit of 1 to 3 sets of exercises using elastic bands and free weights,
targeting the major muscle groups. Rest periods of 40–60 s were allowed between sets.
At the beginning of the trial, an adaptive phase was implemented to gradually introduce
the participants to the exercise protocol, starting with 8 reps in a single set and progress-
ing to 12–15 reps and 3 sets. The training program also included 5–8 min of static and
dynamic balancing exercises utilizing sticks, balls, and balloons to enhance balance and
stability. Finally, a 5 min cool-down period was implemented, involving breathing and
stretching exercises, to gradually reduce the intensity of the session. All training sessions
and assessments were conducted at the High School of Education (ESE) within the Instituto
Politécnico de Bragança (IPB).
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Both experimental groups (Group A and Group B) performed the same multicompo-
nent training exercises. The only difference between the two groups was the order in which
aerobic and resistance exercises were conducted. Group A followed the following sequence:
warm up, aerobic training, resistance training, and cool-down phase. On the other hand,
Group B performed the warm up, followed by resistance training, aerobic training, and
cool-down phase. The control group (CG) did not participate in any exercise intervention
throughout the study period. Figure 2 illustrates the study’s outline and provides a visual
representation of the experimental design and the groups involved in the investigation. The
participants were evaluated three times during the 32-week intervention period. The first
assessment (M1) took place at the initiation of the training program. The second assessment
(M2) was conducted after 16 weeks of training, serving as an intermediate evaluation.
The final assessment (M3) was performed after the completion of 32 weeks of training. It
is important to note that all groups underwent the same evaluation procedures at each
assessment point, ensuring the consistency and comparability of measurements.

2.1.2. Lateral Preference Assessment

The Dutch Handedness Questionnaire, developed by Van Strien [26], was utilized to
assess the upper limb preference of participants during specific activities. The evaluators
acted blindly during data collection to reduce the evaluation bias. The questionnaire
consists of 16 questions with three possible answers: “left hand”, “right hand”, or “any of
them”. The total score, ranging from 0 to 32, is obtained by summing the 16 answers. A
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score of 4 or less indicates “strongly left-handed”, a score of 28 or more indicates “strongly
right-handed”, and a score between 5 and 27 indicates the “ambidextrous” group.
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To determine the dominant lower limb, participants were asked about their preferred
limb for performing tasks such as kicking a ball [27]. The protocol for assessing the maxi-
mum voluntary contraction (MVC) involved measuring the muscle’s voluntary isometric
contraction (MVIC) in the participant’s dominant lower limb for knee flexors (KFs) and
knee extensors (KEs). The assessment lasted for 10 s, during which the participants were
instructed to exert maximum strength against a fixed arm. A Globos dynamometer with a
resolution to the hundredth was used and placed on leg extension and leg curl machines.
Each participant performed three attempts with more than a 2 min interval between each
attempt, and the best trial was recorded [28,29].

Following the recommendations of the American Society for Exercise Physiology [30],
the MVC assessment for elbow flexors (EFs) was conducted. Participants stood with their
elbows flexed at 90 degrees and their forearms in maximum supination. A dynamometer
was attached with one end near the participant’s foot and the other end in their hand.
Similarly to the MVC assessment for lower limbs, three attempts were performed with a
2 min interval between each attempt, and the best result was recorded [18].

Hand grip strength (HGS) was assessed using a Jamar manual dynamometer, follow-
ing the guidelines of the American Society of Hand Therapists. Participants were seated in
a chair with no arm support, and their dominant elbow was flexed at 90 degrees with a
neutral forearm position. The dynamometer was individually adjusted according to the
participant’s hand size. They were instructed to exert maximum strength without sudden
movements and maintain muscle contraction for five seconds. Three measurements were
taken with a one-minute rest interval between attempts, and the best result was recorded
to minimize the impact of muscle fatigue [30,31].

The testing order of the assessments was randomized for each participant to mitigate
order bias and minimize the potential influence of fatigue on the results.

2.2. Statistical Analysis

All descriptive and inferential analyses were conducted using IBM SPSS software,
version 27.0 (IBM, Armonk, NY, USA). A confidence interval of 95% (p < 0.05) was con-
sidered for determining statistical significance. Continuous variables were presented as
means ± standard deviations. Prior to analyses, we assessed data distribution using the
Shapiro–Wilk test and examined asymmetry and kurtosis values. In cases where the as-
sumption of sphericity was violated, the Greenhouse–Geisser correction was applied to the
dataset. To compare between groups, a one-way ANOVA was employed, while a repeated
measures ANOVA was used to carry out comparisons between assessment moments. The
post hoc Bonferroni test was utilized for identifying significant pairwise comparisons.
We defined delta (∆) 1 as the difference between M1 and M2, and ∆2 was defined as the
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difference between M1 and M3. Multiple linear regression analysis was performed using
the significant MVIC variable’s ∆ while controlling for age as a confounding factor. The
effect size was assessed using eta-squared (η2), which represents the ratio between the sum
of squares of the model and the total sum of squares. We interpreted the effects based on
the recommendations provided by Ferguson (2009): η2 > 0.640 for a high effect, η2 ≤ 0.640
for a moderate effect, η2 ≤ 0.250 for a small effect, and η2 ≤ 0 indicating no effect [24].

3. Results

The results in Table 1 showed that Group A demonstrated significant increases in
knee extension (KE) maximum voluntary isometric contraction (MVIC) compared to the
control group (CG) across all evaluation moments (M1, M2, and M3). Group B did not show
statistically significant increases in KE MVIC. There was a decrease in KE MVIC in the
CG between M1 and M2, as well as between M1 and M3. Group A exhibited a significant
increase in KE MVIC between M1 and M3 and between M2 and M3. Group B did not show
significant increases in KE MVIC at any time point.

Regarding knee flexion (KF) MVIC, Group A showed significantly higher values
compared to the CG at all evaluation moments. Group B also demonstrated higher KF
MVIC compared to the CG, but the difference was only significant at M3. There were no
significant differences between groups in KF MVIC between M1 and M2. The CG exhibited
a decrease in KF MVIC between M1 and M2, as well as between M1 and M3. Group A
showed a significant increase in KF MVIC between M1 and M3, as well as between M2 and
M3. Group B showed a significant increase in KF MVIC only between M1 and M3.

The results in Table 2 showed that, in terms of EF MVIC, Group A had significantly
higher values compared to the CG at all evaluation moments. Group B also showed higher
EF MVIC compared to the CG, but the difference was significant only at M1 to M3. There
were no significant differences between groups in EF MVIC between M1 and M2. The CG
exhibited a decrease in EF MVIC between M1 and M2, as well as between M1 and M3.
Group A showed a significant increase in EF MVIC between M1 and M3, as well as between
M2 and M3. Group B showed a significant increase in EF MVIC only between M1 and M3.

Handgrip strength exhibited statistically significant differences between groups at all
evaluation moments (M1, M2, and M3), as well as in the overall comparison from M1 to
M3. Group A demonstrated higher HGS than the control group (CG) at M1, M2, and M3.
Group B had higher HGS than the CG at M2 and M3. There were no significant differences
between groups in HGS from M1 to M2. However, when comparing the changes over time,
the CG showed a decrease in HGS between M1 and M3, as well as between M2 and M3.
Group A did not show significant differences between moments. Group B demonstrated a
significant increase in HGS between M1 and M3.

Table 3 presents the results of the multiple regression analysis examining the sig-
nificant variations (∆) identified in the previous analysis while controlling for the “age”
confounding factor. R2 statistics ranged from 15% (∆1 Model, KE MVIC) to 44% (∆2 Model,
KE MVIC variable), indicating the proportion of variance explained by the models. The
adjusted R2 effect sizes ranged from 12% to 42%, taking into account the number of pre-
dictors in each model. All reported models achieved statistical significance and were not
influenced by the adjustment for “age”. Among the five significant models, Group A exhib-
ited a larger slope in two variables (KF MVIC and EF MVIC), while Group B demonstrated
a larger slope in two variables (KE ∆1 and HGS). The KE ∆2 model showed similar slopes
for both Group A and Group B. These significant slopes indicated significant differences
between Group A, Group B, and the control group in either M1 and M3 or M1 and M2,
suggesting distinct patterns of change over time.
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Table 2. Description of elbow flexors maximum voluntary isometric contraction and hand grip
strength in each group for the three moments of the program.

Variables Control Group A Group B Group
Comparison

Effect Size
η2

EF MVC (Kg)

M1 (Mean ± sd) 10.21 ± 1.57 13.83 ± 4.36 10.64 ± 2.02 <0.001 † � 0.37
M2 (Mean ± sd) 9.48 ± 2.08 13.68 ± 4.46 10.17 ± 2.17 <0.001 † � 0.39
M3 (Mean ± sd) 9.13 ± 2.06 14.49 ± 4.39 10.80 ± 2.43 <0.001 † � 0.46

∆1 (M2-M1) −0.73 ± 1.27 −0.15 ± 1.63 −0.47 ± 0.301 0.10
∆2 (M3-M1) −1.08 ± 1.25 −0.66 ± 1.17 0.16 ± 1.36 <0.001 † ‡ 0.38

p Repeat Means <0.001 * 0.012 * 0.026 *
Effect Size 0.32 0.14 0.11

HGS (Kg)

M1 (Mean ± sd) 26.34 ± 6.98 31.73 ± 8.88 24.84 ± 6.24 0.001 † � 0.27
M2 (Mean ± sd) 26.28 ± 7.11 31.83 ± 8.69 25.75 ± 5.41 0.002 † � 0.26
M3 (Mean ± sd) 25.90 ± 7.05 32.50 ± 8.92 26.22 ± 5.88 <0.001 † � 0.27

∆1 (M2-M1) −0.11 ± 0.59 0.27 ± 2.27 0.18 ± 1.08 0.089 0.15
∆2 (M3-M1) −0.46 ± 0.83 1.34 ± 2.92 1.28 ± 1.93 <0.001 ‡ 0.33

p Repeat Means 0.001 0.062 <0.001
Effect Size 0.25 0.10 0.25

Notes: * = p < 0.05 based on ANOVA for repeated measures between moments; † = p < 0.05 for comparisons
between the control group and Group A; ‡ = p < 0.05 for comparisons between the control group and Group B;
� = p < 0.05 for comparisons between Group A and Group B; M1 refers to the first moment of evaluation,
corresponding to the baseline level; M2 refers to the second moment of evaluation; M3 refers to the third moment
of evaluation, which occurred at the end of the study.

Table 3. Multiple regression analysis results.

Variables B
95% CI for B

SE β R2 ∆R2 F Sig.
LL UL

MVIC

KE MVIC (Kg)

∆1
Model 0.15 0.12 5.10 0.003 *

Constant −1.67 −8.84 5.50 3.61
Group A 2.14 * 0.84 3.45 0.66 0.38 *
Group B 2.29 * 0.99 3.59 0.65 0.41 *

Age −0.01 −0.11 0.10 0.05 −0.01

∆2
Model 0.44 0.42 22.41 <0.001 *

Constant −2.04 −8.51 4.43 3.26
Group A 4.19 * 3.01 5.37 0.59 0.67 *
Group B 4.19 * 3.02 5.36 0.59 0.68 *

Age 0.01 −0.09 0.10 0.05 0.00

KF MVIC (Kg)

∆2
Model 0.22 0.19 8.04 <0.001 *

Constant −5.28 −11.99 1.43 3.38
Group A 2.85 * 1.63 4.07 0.62 0.52 *
Group B 1.60 * 0.38 2.81 0.61 0.29 *

Age 0.06 −0.03 0.16 0.05 0.12

EF MVC (Kg)

∆2
Model 0.26 0.23 9.97 <0.001 *

Constant 0.29 −3.33 3.90 1.82
Group A 1.76 * 1.10 2.42 0.33 0.57 *
Group B 1.28 * 0.62 1.93 0.33 0.42 *

Age −0.02 −0.07 0.03 0.03 −0.07

HGS (Kg)

∆2
Model 0.22 0.20 8.35 <0.001 *

Constant −3.58 −7.86 0.71 2.16
Group A 1.18 * 0.40 1.97 0.39 0.50 *
Group B 1.74 * 0.96 2.51 0.39 0.33 *

Age 0.05 −0.02 0.11 0.03 0.14

Notes: * = p < 0,05; Model = “Enter” method in SPSS Statistics; B = unstandardized regression coeffi-
cient; CI = confidence interval; LL = lower limit; UL = upper limit; SE B = standard error of the coefficient;
β = standardized coefficient; R2 = coefficient of determination; ∆R2 = adjusted R2.
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4. Discussion

The objective of this study was to examine the effects of a 32-week moderate-intensity
continuous training (MCT) program on maximum voluntary isometric contraction (MVIC)
in older women. Our main findings revealed that Group A exhibited greater improvements
in most variables than Group B. Notably, in the present study, commencing the MCT
program with aerobic exercises proved to be the most effective exercise intervention order
for stimulating older women’s KE MVIC. Enhancing KE strength is closely associated with
maintaining a high level of functionality throughout life [32]. This improved strength
contributes efficiently to muscle contractions during activities of daily living (ADLs), such
as climbing stairs, using public transportation, and navigating obstacles while walking,
reducing fatigue and the likelihood of falls [33,34]. In contrast, the control group experi-
enced significant and moderate effect size decreases in KE MVIC between the initial and
second evaluation moments. These findings highlight the risks associated with prolonged
periods of physical inactivity, including increased susceptibility to sarcopenia, frailty, and
falls, which ultimately diminishes the quality of life for older individuals [35,36].

Furthermore, in terms of KF MVIC, Group A demonstrated moderate effect size
increases in all three evaluation moments compared to the control group. Conversely, Group
B did not exhibit significant improvements in KF MVIC over time (p > 0.05). Improving KF
muscle strength is positively associated with walking speed [37] and static and dynamic
balance [12] and inversely associated with the incidence of falls [38]. Moreover, evidence
suggests a positive association between the agonist and antagonist muscles involved in
knee movement for efficient walking and lower limb function during ADLs [38]. These
findings underscore the importance of implementing interventions that are capable of
improving both KF and KE strength in older individuals. In line with this, the MCT program
performed by the older women in this MCT intervention stimulated improvements in both
muscle groups, aligning with the perspective of synergistic muscle strength development.
Conversely, the control group, as well as Group A and Group B, experienced significant
and moderate effect size decreases in KF MVIC between the first and second evaluation
moments. This decline is considered a negative factor for sarcopenia development and
negatively impacts gait patterns, making it a noticeable characteristic in elderly individuals
prone to falls [39,40]. These results emphasize the importance of maintaining continuous
physical activity to promote optimal well-being in older individuals [41].

In relation to elbow flexor (EF) MVC, we observed that only Group A exhibited
significant improvements across all three evaluation moments compared to the control
group (CG) and Group B. Furthermore, we found that Group A demonstrated a reduced
effect size increase in EF MVC from M3 to M1, while Group B showed a significantly
reduced effect size increase compared to the CG but only from M3 to M2. Interestingly,
Group A consistently exhibited significantly greater EF MVC than Group B at the first
and second evaluation moments, indicating that initiating the MCT program with aerobic
exercises was more effective in stimulating improvements in EF strength in older women.

Elbow flexor strength serves as a reliable indicator of the ability to efficiently perform
multi-joint movements in daily activities, such as grasping and moving objects [42]. Despite
not evaluating this specific variable, a possible adaptation recurring during strength gains
is neural activation, which plays a role in the EF’s contractile capacity, contributing to
coordination during daily tasks [42]. Unlike the findings for knee extensor (KE) and knee
flexor (KF) MVIC, we observed smaller effect sizes in EF MVC after the intervention. This
discrepancy may be partially explained by the fact that the MCT program did not provide
a similar stimulus to the upper limbs as it did to the lower limbs. Cai et al. [42] suggest
that MCT interventions should be designed to equalize or at least increase the stimulus
for upper limb strength development and the efficient performance of activities of daily
living [42]. In contrast, the CG experienced significant and moderate effect size decreases
in EF MVC between the first and second evaluation moments. The loss of EF strength is
considered a negative factor for the functionality of older individuals and is associated
with overall strength decline [43]. Studies by Monteiro et al. [44] and Sobrinho et al. [45]
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have emphasized the importance of training EF strength via physical exercise to enable
older individuals to effectively utilize their arms in daily tasks and maintain physical
independence throughout life [44,45].

Regarding handgrip strength (HGS) results, both Group A and Group B exhibited
significantly higher HGS compared to the CG at all evaluation moments, with Group A
surpassing Group B in all measurements. However, only Group B demonstrated significant
increases in HGS between moments, specifically from M3 to M1, with a reduced effect
size. These specific study findings contradicted the main results, showing that initiating
MCT using resistance exercises was the most efficient with respect to improving the older
women’s HGS, although these changes were only observed from M2 to M3. HGS serves as
an important physical capacity indicator for overall muscle strength and vitality [46,47].
It is also positively associated with cognitive function [48] and inversely associated with
the risk of neurodegeneration in older individuals [49]. In contrast, the CG exhibited
statistically significant and moderate effect size decrements in HGS between the first and
third evaluation moments, highlighting yet another negative effect of not participating
in the MCT program during the 32-week period. Reduced HGS in older individuals is
associated with risks of sarcopenia, frailty, and early mortality [35]. Moreover, low HGS
has been linked to cognitive impairment and neurological disorders [36,50].

This study has several limitations that should be considered when interpreting the
results. Firstly, the absence of dietary control prevented us from conducting a more
comprehensive analysis of the effects of the intervention. Additionally, the lack of control
over participants’ physical activity levels limits our understanding of specific training
effects. Additionally, caution is needed regarding the generalization of these results due to
the reduced participant number in each group (not exceedingly more than 32 per group).
On the other hand, the present study exhibits important strengths. The findings provide
valuable insights with respect to the optimal order of MCT exercises for physically active
older women. These results suggest that independent older women may benefit from
incorporating this exercise program with respect to improving or maintaining muscle
strength, promoting autonomy and functional independence as they age. Interestingly, the
current evidence about physical exercise physiology indicates that, when coaches aim to
maximize muscle strength gains in individuals, the better exercise session order is strength
exercises followed by aerobics because it preconizes better muscle work production in a
training session [51]. However, this study proved the contrary when aerobics followed
by resistance/strength training was the best combination. Researchers can consider this
study’s finding as a new research gap, where they could deepen their understanding of
this phenomenon.

Thus, for future research, we recommend conducting randomized controlled trials
using larger samples, which can reduce the results’ bias and improve the evidence’s
reliability with respect to exercise order preparation and older women’s muscle strength
outcomes. In addition, future research must include strict control over physical activity
levels and dietary behavior. Furthermore, it would be valuable to investigate the effects of
different MCT intensities combined with varying exercise orders. In addition, we suggest
exploring biochemical and molecular analyses to gain deeper insights into the physiological
adaptations associated with MCT interventions organized within different orders. Overall,
while this study contributes to the understanding of the benefits of MCT for older women,
further research is needed to address the aforementioned limitations and expand the
knowledge in this area.

5. Practical Applications

The findings of this study have important implications for both researchers and prac-
titioners in the field of exercise science, specifically in the context of designing effective
exercise programs for physically active older women. Based on the results of this study,
it is recommended that exercise programs for independent older women incorporate a
multicomponent training (MCT) approach. Specifically, the order of exercises should begin
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with aerobic training followed by resistance training. This exercise order has been shown
to be more effective in improving or maintaining muscle strength, which is crucial for
maintaining autonomy and functional independence in aging individuals. Practitioners
working with older women should consider individual differences in terms of physical fit-
ness levels, exercise preferences, and health conditions when designing MCT programs. By
tailoring the exercise program to each individual’s needs and capabilities, practitioners can
optimize benefits and ensure a safe and enjoyable exercise experience. The study’s findings
underscore the importance of focusing on knee extensor (KE) and knee flexor (KF) strength
training. Improving KE and KF strength is associated with enhanced functionality, mobility,
and reduced fall risk in daily activities. Thus, practitioners should include exercises that
specifically target these muscle groups to maximize the functional benefits for older women.
Future research should explore the effects of the different intensities of MCT and varying
exercise orders. This will provide valuable insights into the optimal training parameters
for improving muscle strength and functional capacity in older women. Researchers and
practitioners can use this information to refine exercise prescription guidelines and develop
evidence-based interventions. While this study did not control dietary factors, future research
should consider the impact of nutrition on the outcomes of MCT interventions. Researchers
should explore the potential synergistic effects of exercise and dietary interventions in im-
proving muscle strength and functional outcomes in older women. The study highlights
the negative consequences of prolonged periods of physical inactivity, such as decreases in
muscle strength and increased risks of sarcopenia, fragility, and falls. This emphasizes the
importance of promoting continuous physical activity engagement among older women in
order to maintain their quality of life, functional independence, and overall well-being.

6. Conclusions

This study provides valuable insights into the effects of a 32-week multicomponent
training (MCT) program on the muscle strength of physically active older women. The
findings shed light on the benefits of incorporating specific exercise orders and highlight
the importance of targeted muscle groups in maintaining functional independence and
quality of life during aging. The results indicate that starting the MCT program with aerobic
exercises followed by resistance training (Group A) yielded greater improvements in knee
flexor (KF) and knee extensor (KE) muscle strength compared to the reverse exercise order
(group B). Group A demonstrated significant improvements in most variables related to
knee flexor and extensor strength, while Group B showed improvements in KF strength
from M2 to M3 and in handgrip strength (HGS) from M1 to M3. These findings suggest
that the exercise order can significantly influence the effectiveness of the intervention
in improving muscle strength in older women. Furthermore, the study emphasizes the
importance of KE and KF strength in maintaining functionality and mobility and reducing
the risk of falls in daily activities. Improving KE and KF strength using MCT interventions
has been shown to positively impact the activities of daily living, such as climbing stairs,
using public transportation, and maneuvering around obstacles, thus enhancing overall
functional capacity.

The results also highlight the need for continuous physical activity engagement in
older women in order to prevent declines in muscle strength. The control group (CG)
demonstrated significant decreases in KE and elbow flexor (EF) strength between certain
time points, indicating the negative consequences of physical inactivity over time. These
findings underscore the importance of promoting and maintaining physical activity levels
among older women to mitigate the risk of sarcopenia, fragility, and compromised quality
of life.
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