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Highlights

What are the main findings?

• A CrossFit-adapted program can improve functional capacity, balance, and strength in
older adults.

What is the implication of the main finding?

• CrossFit could be an innovative alternative for older adults.

Abstract

Background: CrossFit could be an innovative alternative for older adults. Traditional strength
training is well-established for safety and progressive overload, while concerns exist about
overexertion or poor technique in modified CrossFit, especially for those with musculoskeletal
or cardiovascular conditions. However, scaled and supervised CrossFit sessions have shown
low injury rates and high satisfaction among older adults. Objective: to evaluate the effects
of a CrossFit-adapted program on balance and muscular power. Methods: 60 older adults
participated in the study. Participants were randomized into two groups: CrossFit-adapted
and control. Functional capacity, balance and strength variables were analyzed. The sample
size was calculated a priori using G*Power 3.1 software, considering an effect size of 0.25
[medium], α = 0.05, and a power [1–β] of 0.80 for a repeated-measures ANOVA with two
groups and three measurement points. Data were analyzed using SPSS Statistics version
25. Results: Significant improvements in balance scores were observed in the CrossFit
group compared to the control group. In the Timed Up and Go test, the CrossFit group
improved from 9.83 ± 1.3 s to 8.74 ± 1.1 s, [p = 0.002]. Lower limb muscle power increased
significantly in CrossFit group across all tests: chair stand test, the stair ascent and stair
descent [p < 0.001]. Conclusions: A CrossFit-adapted program can significantly improve
functional capacity, balance, and strength in older adults.
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1. Introduction
Conventional training programs often lack engagement and adaptability for diverse

functional levels, limiting adherence among older adults [1]. CrossFit-adapted, an inno-
vative alternative, scales high-intensity functional movements to older adults’ abilities,
emphasizing multi-joint exercises that mimic daily activities [2,3]. Recent evidence suggests
that such programs may elicit comparable or even superior adaptations in strength, balance,
and mobility compared to conventional resistance training [4,5]. In a study by Fisher J
et al. [4], male and female participants performed brief, infrequent, high-intensity resistance
exercise with controlled repetition duration for 12 and 19 weeks. Significant strength gains
were observed in all exercises [4]. Furthermore, the group-based and competitive nature of
CrossFit may promote social interaction and motivation, overcoming a lack of interest in
maintaining exercise. Additionally, CrossFit can help address psychological barriers such
as fear of injury [6,7].

From a physiological standpoint, both traditional strength training and modified
CrossFit target neuromuscular adaptation. However, CrossFit’s high-intensity, dynamic
movements and aerobic integration may provide added cardiometabolic benefits [3], includ-
ing improved VO2max, glycemic control, and lipid profiles, while maintaining or enhancing
strength [8,9]. In contrast, traditional strength training focuses on maximal strength, with
less emphasis on metabolic conditioning, limiting its broader health benefits [10].

Despite the growing popularity of high-intensity functional training in older popula-
tions, scientific evidence regarding CrossFit-based or HIFT-style interventions in this demo-
graphic remains limited and heterogeneous [11,12]. Most available studies in community-
dwelling older adults have examined general functional or multicomponent training
programs, rather than CrossFit-adapted protocols specifically designed for this popu-
lation [12,13]. Moreover, previous research has predominantly addressed global indicators
of physical function, while task-specific outcomes such as balance, gait stability, and lower-
limb muscular power, which are key determinants of autonomy and fall risk, have received
little attention.

Furthermore, although CrossFit is often perceived as a demanding exercise modality,
the scalability and feasibility of its supervised adaptations for older adults have not been
sufficiently explored. The literature remains inconclusive regarding the safety profile,
adherence rates, and functional impact of CrossFit-based interventions in this popula-
tion [14,15].

The global increase in the aging population reinforces the need for effective, sustain-
able, and appealing exercise interventions for older adults [World Health Organization,
2024] [16]. While conventional resistance training remains the gold standard for mitigating
age-related functional decline, CrossFit-adapted training represents a novel and integrative
alternative that simultaneously targets strength, balance, coordination, and endurance
within a single structured program. This multidimensional approach could promote func-
tional independence, reduce the incidence of falls, and contribute to improved overall
quality of life in older adults.

Accordingly, the present randomized controlled trial provides novel and method-
ologically robust evidence by implementing a twelve-week supervised CrossFit-adapted
program tailored to the physical capacities of community-dwelling older adults. The
study aims to evaluate the effects of this intervention on validated indicators of balance,
functional mobility, and lower-limb muscular power, thereby addressing a current gap in
the literature and contributing to the understanding of the feasibility and effectiveness of
applying high-intensity functional principles in older populations.
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2. Materials and Methods
2.1. Study Design

This prospective study was conducted in accordance with the ethical principles of the
Declaration of Helsinki and was registered at ClinicalTrials.gov [Identifier: NCT07199114].
Participants were recruited from the Geriatric and Rehabilitation Unit of the University
Hospital of Jaén [Andalusia, Spain]. Baseline variables were obtained from two sources.
Sociodemographic and anthropometric characteristics [age, sex, height, weight, and body
mass index] were extracted from the hospital’s clinical and research database under prior
ethical approval and written informed consent. In contrast, cognitive screening [Mini-
Mental State Examination], self-reported physical activity, handgrip strength, and all
physical function assessments described below were collected directly from the participants
at baseline by trained physiotherapists following standardized protocols. A complete
itemized list of all baseline variables and their data source is provided in Table A1 in
Appendix A.

Before randomization, all older adults underwent a standardized medical and physical
examination to ensure clinical stability, safe participation, and comparability across groups.

Inclusion criteria were: [1] ability to walk independently without assistive devices; [2]
age between 60 and 80 years old; [3] community-dwelling status; and [4] preserved cogni-
tive function sufficient to understand and follow the training protocol.

Exclusion criteria were: the presence of neuromuscular, cardiovascular, or orthopedic
conditions that could compromise safety during exercise testing or training; uncontrolled
hypertension; recent hospitalization [<3 months]; or any contraindication established by
the medical team.

2.2. Outcome Measures
2.2.1. Baseline Descriptive Measures

Demographic, Anthropometric and Screening Measures

Demographic variables included sex [male/female] and age [years]. Anthropometric
measures included height [cm], weight [kg] and body mass index [BMI, kg/m2]. Cog-
nitive status was assessed using the Mini-Mental State Examination [MMSE] to ensure
adequate cognitive capacity to follow the intervention safely; this variable was used for
screening purposes. These measures were collected to characterize the sample and confirm
comparability between groups at baseline.

Physical Activity

Physical activity level [hours per week] was self-reported by participants using a
standardized questionnaire. Participants also indicated whether they met the World Health
Organization recommendation of at least 150 min of moderate-intensity physical activity
per week [17].

Handgrip Strength

Handgrip strength [kg] was assessed using a digital hand dynamometer. Two attempts
were performed using the dominant hand, and the best value was recorded. Handgrip
strength is widely recognized as an indicator of global physical performance and overall
health status in older adults.

2.2.2. Primary Outcome Measures

Balance Assessment

Balance performance was examined through a combination of static and dynamic tests
to obtain a multidimensional profile of postural control.
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Static balance was assessed using the Romberg test [ROM, seconds], which measures
the ability to maintain a stable upright posture with eyes closed and feet together. This test
is widely recognized as a reliable indicator of postural stability and sensory integration in
older adults [18,19].

Dynamic balance and functional mobility were evaluated using the following tests:

• Stride Velocity [m/s] and Stride Length [cm] were obtained from a 10 m walk test using
a motion capture system. Each participant performed two trials at their usual walking
speed, and the mean value was recorded. These variables provide reliable indicators
of mobility, coordination, and lower-limb performance, with longer stride length
associated with greater muscular strength and reduced fall risk [20,21].

• Timed Up and Go Test [TUG, seconds] evaluated functional mobility and dynamic
balance by timing the participant as they stood up from a chair, walked three meters,
turned, and sat down again. Shorter completion times indicate better mobility and
lower fall risk [22].

• Functional Reach Test [FRT, cm] measured the maximal distance a participant could
reach forward without taking a step, providing a valid measure of dynamic balance
and stability limits [23].

All balance tests were administered by the same physiotherapist, who was blinded to
group allocation, ensuring consistency and reducing measurement bias.

2.2.3. Secondary Outcome Measures

Lower-Limb Muscular Power

Lower-limb muscular power was assessed through three functional performance tests
that simulate daily activities and have been widely used in older adult populations: the
Chair Stand Test [CST], the Stair Ascend Test [SAT], and the Stair Descend Test [SDT].

The CST measured the time and relative power [W/kg] required to perform five consec-
utive sit-to-stand repetitions, reflecting lower-limb strength, coordination, and movement
velocity. The SAT quantified the time and estimated power required to climb a standardized
flight of stairs, representing concentric muscular effort, while the SDT assessed eccentric
control and neuromuscular coordination during stair descent. Although these field-based
tests are not considered gold-standard methods for power measurement, they are validated,
reliable, and clinically relevant indicators of functional lower-limb performance in older
adults [24,25]. Their use has been supported as practical alternatives in community and
clinical settings, where laboratory-based instruments are not feasible.

Moreover, these tests are strongly correlated with lower-limb strength, mobility, and
independence in older adults, and predict key outcomes such as gait speed, fall risk, and
activities of daily living [26–28].

Each test was performed twice, with the best result recorded. Testing sessions were super-
vised by a physiotherapist blinded to group allocation to ensure methodological consistency
and reproducibility. Together, these measures provided a valid functional representation of
muscular power and performance in daily tasks among older adults.

3. Intervention
Participants assigned to the CrossFit-adapted group followed a 12-week supervised

program consisting of three weekly sessions [Monday, Wednesday, and Friday], each lasting
approximately 60 min. A maximum of eight participants per session was allowed to ensure
adequate supervision, individualized scaling, and safety. Each session was supervised by a
licensed physiotherapist and centered on teaching proper technique for each exercise and
how to adjust the level of difficulty.
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The CrossFit-adapted program incorporated functional exercises and multi-joint move-
ments that mimicked daily tasks. Movements were selected to progressively challenge
strength, coordination, and mobility, while allowing individualized modifications. For
example, in the deadlift exercise, weaker participants began with a light kettlebell and
gradually progressed, whereas those with higher capacity were encouraged to increase
load or complexity while maintaining individualized challenge and safety.

The training structure was standardized across all sessions as follows:
Warm-up [10–15 min]: joint mobility, dynamic stretching, and light cardiovascular

activity [e.g., walking or rowing].
Main workout [30–35 min]: multi-joint functional movements emphasizing lower-

and upper-limb strength, balance, and mobility, including sit-to-stand variations, loaded
carries, step-ups, kettlebell deadlifts, rowing, and stability drills. The exact exercises, sets,
and repetitions performed during the program are detailed in Table A2 in Appendix A.

Cool-down [10 min]: static stretching and controlled breathing exercises.
Exercise intensity was self-monitored using the Borg Rating of Perceived Exertion

scale, with a target intensity of 5–7 [“moderate to somewhat hard”], which corresponds to
approximately 60–75% of individual capacity according to established exercise guidelines
for older adults [29]. This range was selected to optimize physiological adaptation while
preventing fatigue or overtraining.

The control group maintained their usual lifestyle without structured exercise. They
received a brief, single health-education session delivered individually by a licensed phys-
iotherapist, lasting approximately 15 min, covering general recommendations on mobility,
physical activity, fall prevention, and healthy aging. No additional sessions or follow-
up content were provided during the study period. After completing the intervention,
participants in the control group were offered the same CrossFit-adapted program.

Adherence was quantified exclusively through the number of sessions attended, recorded
by the supervising physiotherapist throughout the 12-week period for both intention-to-treat
and per-protocol analyses.

Intervention Fidelity

To ensure consistency and reproducibility of the CrossFit-adapted program, multiple
fidelity procedures were implemented throughout the 12-week intervention. All training
sessions were delivered and supervised by the same licensed physiotherapist, who had
prior experience in functional and high-intensity training for older adults. Before the
start of the study, the instructor completed a standardized training protocol outlining the
objectives, structure, and scaling criteria of each exercise.

The content and progression of all sessions followed a detailed session template
(Table A2 in Appendix A), which specified the warm-up, main workout, and cool-down
components, along with the precise execution and modification options for each exercise. To
maintain fidelity across participants and sessions, the physiotherapist monitored technique
continuously, ensured appropriate scaling according to individual capacity, and maintained
target intensity using the Borg Rating of Perceived Exertion scale.

Attendance and session characteristics (exercise selection, load progression, modifi-
cations, and perceived exertion) were documented immediately after each session using
standardized log sheets. These records allowed verification that the intervention was
delivered as intended and that participants received a comparable training stimulus across
sessions. No deviations from the planned protocol were reported.
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Statistical Analysis

The sample size was calculated a priori using G*Power 3.1 software [30], considering
an effect size of 0.25 [medium], α = 0.05, and a power [1–β] of 0.80 for a repeated-measures
ANOVA with two groups and three measurement points. The analysis indicated that a mini-
mum of 54 participants would be required. To account for potential dropouts, 60 participants
were recruited [30 per group].

Data were analyzed using SPSS Statistics version 25.0 [IBM Corp., Armonk, NY,
USA]. Normality of distribution was verified with the Shapiro–Wilk test, and homogeneity
of variances with Levene’s test. Between-group and within-group effects over time were
analyzed using repeated-measures ANOVA with Bonferroni-adjusted post hoc comparisons.
Effect sizes were calculated using Cohen’s d [31], and interpreted as small [0.2], moderate
[0.5], and large [0.8]. Statistical significance was set at p < 0.05. All analyses were performed
following a per-protocol approach. Only participants who attended ≥85% of sessions
and completed both baseline and post-intervention assessments were included in the final
analysis. No intention-to-treat [ITT] analysis or imputation of missing data was performed.

4. Results
4.1. Participant Flow, Adherence and Safety

Figure 1 shows the flow of participants through the study, including screening, eligi-
bility, randomization, and final analysis. All participants completed the intervention and
follow-up assessments. Adherence to the intervention was quantified through the number
of sessions attended across the 12-week program, with high compliance observed. No
adverse events or training-related injuries were reported during the study period.

Figure 1. Flowchart Diagram According to CONSORT Statement for the Report of Randomized
Controlled Trials.
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4.2. Baseline Characteristics

A total of 60 older adults [32 women and 28 men] participated in the study. The
baseline characteristics of the participants are presented in Table 1. No significant differ-
ences were observed between groups regarding age, gender, anthropometric variables,
handgrip strength, or physical activity levels [all p > 0.05]. This indicates that the CrossFit-
adapted [CFA] and control [CON] groups were homogeneous at baseline, enabling valid
comparisons of training effects.

Table 1. Baseline characteristics of participants by group.

Variable CFA [n = 30]
(95% CI)

CON [n = 30]
(95% CI) p-Value

Age, years 72.8 ± 5.1 (70.5–75.1) 72.5 ± 4.9 (70.3–74.7) 0.74

Gender Male 8(26.66%) 11 (36.66%) 0.57

Female 22 (73.34%) 19 (63.34%)

Height, cm 165.9 ± 7.2 (163–169) 169.0 ± 6.8 (166–172) 0.31

Body mass, kg 70.3 ± 8.5 (67–74) 74.4 ± 9.0 (70–78) 0.28

BMI, kg/m2 25.5 ± 2.1 (24.6–26.4) 26.1 ± 2.2 (25.1–27.1) 0.34

Muscle mass, kg 26.7 ± 3.5 (25–28) 27.7 ± 3.7 (26–29) 0.40

Handgrip strength, kg 30.1 ± 5.0 (28–32) 28.6 ± 5.2 (26–31) 0.29

Physical activity, h/week 15.6 ± 3.8 (14–17) 14.4 ± 3.9 (13–16) 0.37
BMI [body mass index]; CFA [CrossFit-adapted]; CON [Control].

4.3. Functional Capacity and Balance Outcomes

The analysis revealed significant Group × Time interaction effects for all primary
and several secondary outcomes. Specifically, significant interactions were found for the
Timed Up and Go [TUG] and Functional Reach Test [FRT] [p < 0.001 for both], as well as for
gait-related variables including stride velocity and stride length, and for cervical range of
motion [all p < 0.05]. These results indicate greater improvements in the CrossFit-adapted
group compared with the control group across these domains.

Within-group analyses indicated that the CrossFit-adapted group showed significant
pre-post improvements in TUG [p < 0.001], FRT [p < 0.001], stride velocity [p < 0.01], stride
length [p < 0.01], and cervical range of motion [p < 0.05], whereas no significant changes
were observed in the control group.

Between-group post-intervention comparisons demonstrated significantly greater
performance in the CrossFit-adapted group compared with the control group for TUG, FRT,
stride velocity, stride length, and cervical range of motion [all p < 0.05].

Corresponding results are presented in Tables 2 and 3.

Table 2. Balance outcomes before and after the 12-week CrossFit-adapted program.

Variable CFA Pre CFA Post
(95% IC) CON Pre CON Post

(95% IC)
p-Value
[Group × Time] Cohen’s d

ROM, s 12.7 ± 2.1 21.2 ± 2.9
(20.12–22.28) 15.7 ± 2.3 12.3 ± 2.5

(11.37–13.23) <0.001 2.50

Stride velocity, m/s 1.36 ± 0.08 1.46 ± 0.09
(1.43–1.49) 1.35 ± 0.09 1.34 ± 0.10

(1.30–1.38) 0.004 1.18

Stride length, cm 141.3 ± 5.5 146.0 ± 6.1
(143.72–148.28) 140.3 ± 5.7 138.4 ± 6.2

(136.09–140.71) 0.044 0.80
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Table 2. Cont.

Variable CFA Pre CFA Post
(95% IC) CON Pre CON Post

(95% IC)
p-Value
[Group × Time] Cohen’s d

TUG, s 9.83 ± 1.3 8.74 ± 1.1
(8.33–9.15) 9.85 ± 1.2 9.64 ± 1.2

(9.19–10.09) 0.002 0.86

FRT, cm 30.5 ± 3.2 36.0 ± 3.8
(34.58–37.42) 32.7 ± 3.6 32.0 ± 3.9

(30.54–33.46) <0.001 1.51

Values are presented as mean ± SD. Post values include 95% CI. p-values represent the Group × Time interaction
from the two-way mixed ANOVA, indicating differences in pre–post changes between groups. Within-group
comparisons [pre vs. post] were also examined and showed significant improvements only in the CrossFit-adapted
group [CFA]. CFA = CrossFit-adapted group; CON = Control group; ROM = Romberg test; TUG = Timed Up and
Go test; FRT = Functional Reach Test. Significance levels: p < 0.05; p < 0.01; p < 0.001.

Table 3. Repeated measures ANOVA results for balance and functional mobility variables.

Variable Main Effect of
Time [p]

Main Effect of
Group [p]

Group × Time
Interaction [p]

ROM [s] <0.001 <0.001 <0.001

Stride velocity [m/s] 0.002 0.205 0.004

Stride length [cm] 0.022 0.591 0.044

TUG [s] <0.001 0.229 0.002

FRT [cm] <0.001 <0.001 <0.001
ROM [Romberg test]; TUG [Timed Up and Go test]; FRT [Functional Reach Test].

4.4. Lower Limb Muscle Power

Significant Group × Time interaction effects were observed for all lower-limb muscle
power outcomes assessed through the Chair Stand Test [CST], Stair Ascend Test [SAT], and
Stair Descend Test [SDT] [all p < 0.001]. These results indicate a superior improvement pattern
in the CrossFit-adapted group compared with the control group over the 12-week period.

Post hoc within-group analyses showed that participants in the CrossFit-adapted
group experienced significant increases in lower-limb muscle power across all three tests,
with faster completion times and higher estimated power outputs for CST, SAT, and SDT [all
p < 0.001]. In contrast, no significant pre–post changes were observed in the control group.

Between-group post-intervention comparisons also demonstrated significantly higher
muscle power performance in the CrossFit-adapted group than in the control group for
CST, SAT, and SDT [all p < 0.05], confirming the superiority of the training stimulus.

Overall, these findings suggest that the CrossFit-adapted program effectively improved
lower-limb power, an essential component for functional independence and daily mobility
among older adults. Detailed results for all muscle power measures are presented in Table 4.

Table 4. Lower limb muscle power outcomes before and after the 12-week CrossFit-adapted program.

Variable CFA Pre CFA Post (95% IC) CON Pre CON Post (95% IC) p-Value Cohen’s d

CST, s 12.8 ± 1.9 9.8 ± 1.6 (9.20–10.40) 11.7 ± 1.8 11.6 ± 1.9 (10.89–12.31) <0.001 1.72

CST, W/kg 8.4 ± 1.6 10.0 ± 1.8 (9.33–10.67) 9.1 ± 1.5 9.2 ± 1.6 (8.60–9.80) <0.001 0.92

SAT, s 5.4 ± 0.7 4.5 ± 0.6 (4.28–4.72) 5.2 ± 0.8 5.0 ± 0.8 (4.70–5.30) <0.001 1.37

SAT, W/kg 2.6 ± 0.3 3.0 ± 0.3 (2.89–3.11) 2.6 ± 0.3 2.7 ± 0.3 (2.59–2.81) <0.001 1.33

SDT, s 5.0 ± 0.6 3.8 ± 0.5 (3.61–3.99) 4.5 ± 0.6 4.3 ± 0.6 (4.08–4.52) <0.001 2.09

SDT, W/kg 2.8 ± 0.3 3.5 ± 0.3 (3.39–3.61) 3.1 ± 0.3 3.2 ± 0.3 (3.09–3.31) <0.001 2.33
CFA = CrossFit-adapted group; CON = Control group; CST = Chair Stand Test; SAT = Stair Ascend Test; SDT = Stair
Descend Test. Values are mean ± SD; Post values include 95% CI.
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5. Discussion
The aim of this study was to examine the effects of a 12-week CrossFit-adapted training

program on balance, dynamic stability, and lower-limb muscular power in older adults, and
to compare its outcomes with those of a control group that maintained usual daily activities.
The results showed significant improvements in all balance and strength-related outcomes
in the CrossFit-adapted group, while no significant changes were observed in the control
group. These findings suggest that a supervised and progressively adapted CrossFit-based
program can effectively enhance physical function and neuromuscular performance in
community-dwelling older adults [18,32]. These results are particularly relevant given the
aging population and the growing need for interventions that improve mobility, reduce fall
risk, and enhance overall physical functioning in older adults.

The findings of this study indicate that a CrossFit-adapted program can serve as an
effective and feasible multimodal training approach to enhance balance, mobility, and
lower-limb power in older adults. These results are consistent with previous evidence
showing that various structured exercise modalities—including strength, functional, and
multicomponent training—can improve physical performance when properly prescribed
and supervised [29,33,34]. The CrossFit-adapted program therefore represents one practical
and motivating option within the wide range of effective exercise strategies available for
this population. This is in line with the findings of Müller et al. [35], who found that
both traditional strength training and power training, when combined with high-intensity
interval training [HIIT], equally improved functional capacity, cardiorespiratory fitness,
and body composition in older men. The combination of functional exercises with strength
training, as demonstrated in our study, further supports the idea that a varied and dynamic
training approach can effectively address the multifaceted needs of older adults.

Our study’s findings also align with the work of Rivas-Campo et al. [36], who observed
improvements in functional capacity, balance, and daily activities in older adults participat-
ing in a high-intensity functional training [HIFT] program. The significant improvements
observed in balance and gait stability in our participants suggest that a CrossFit-adapted
program, which incorporates exercises that challenge both strength and coordination, can
be an effective means of enhancing balance and reducing the risk of falls in older adults.
Moreover, the improvement in activities of daily living, observed in the present study, high-
lights the importance of integrating functional training that mimics real-life movements to
maintain independence in older adults.

However, despite the clear benefits of the CrossFit-adapted program, the results
were not without nuance. As observed by Wong et al. [37], strength training is a crucial
component in promoting resilience among older adults, and while the CrossFit-adapted
program showed positive effects on strength, further research is needed to examine its
long-term impact on resilience. Additionally, while our study provides evidence for the
effectiveness of CrossFit for enhancing physical fitness, more research is needed to explore
its potential cognitive benefits, especially since some studies, like those of Rivas-Campo
et al. [36], have suggested that functional training can also improve cognitive functions
in older adults. This is an area that warrants further investigation, particularly in terms
of whether such physical interventions may have dual benefits for both physical and
cognitive health.

Interestingly, our results showed significant improvements in functional performance
tests such as the sit-to-stand and Timed Up and Go [TUG] tests, which reflect global neuro-
muscular function and mobility. These findings suggest that the CrossFit-adapted inter-
vention effectively enhanced lower-limb strength, coordination, and balance, contributing
to better functional capacity in daily tasks. Similar results were reported by Rivas-Campo
et al. [36], who also observed no improvements in this parameter despite gains in other
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physical domains. Future research should include targeted upper body exercises to provide
a more comprehensive and balanced training approach for older adults.

Another key consideration is adherence to the program. Our study highlights the
importance of maintaining engagement and consistency in exercise programs for older
adults. In our sample, participants in the CrossFit-adapted group attended 94% of the
planned sessions, demonstrating excellent adherence to the intervention. This high level of
adherence may have contributed to the observed improvements in functional outcomes,
underscoring the relevance of structured, supervised programs to maintain the long-term
participation in physical activity among older adults. Future research should explore
strategies to enhance adherence to such programs, particularly in ensuring that the exercises
are enjoyable and sustainable for participants.

One limitation of this study was the absence of long-term follow-up to evaluate the
sustainability of the improvements observed after the CrossFit-adapted program. Although
significant gains were detected in strength, balance, and functional performance, it remains
uncertain whether these effects would persist without continued training. Future research
should address this issue by including follow-up assessments to examine the durability of
the intervention’s outcomes over time.

Another relevant consideration concerns the limited generalizability of the findings.
The sample consisted of relatively healthy older adults who were able to complete the train-
ing protocol without major physical or cognitive impairments. As a result, the applicability
of these results to individuals with greater functional limitations, frailty, or cognitive decline
remains uncertain. Expanding future investigations to include more diverse populations
would provide a clearer understanding of the feasibility and adaptability of CrossFit-based
interventions across different functional levels.

Finally, although the present study effectively evaluated several physical outcomes,
it did not include measures related to psychological or social dimensions. Prior evidence
emphasizes the influence of social interaction, motivation, and psychological well-being
on adherence and overall benefits of physical activity in older adults [36]. Including these
aspects in future research would contribute to a more comprehensive understanding of the
broader impact of CrossFit-adapted programs on health and quality of life.

An additional aspect to consider when interpreting our findings is the unusually
high level of self-reported physical activity observed at baseline, which clearly exceeds
current WHO recommendations. Although physical activity was not a variable under direct
investigation in this study, this characteristic of the sample is relevant for contextualizing
our results. Similar magnitudes of weekly activity have been described in selected cohorts
of community-dwelling older adults when detailed self-report instruments are used. For
example, Wingood et al. [38] documented approximately 10 h of weekly physical activity
in volunteer samples, suggesting that highly active individuals may be more inclined to
participate in structured, supervised exercise programs such as ours. Furthermore, self-
reported measures are known to overestimate moderate-to-vigorous activity compared
with objective monitoring devices, particularly in older populations [39,40]. Therefore, the
elevated baseline values observed in our sample likely reflect both a particularly active and
health-motivated cohort, as well as the inherent overestimation associated with self-report
methods. These factors should be considered when interpreting and generalizing the
present findings.

This study presents several limitations that should be acknowledged. First, the sample
size, although adequate for detecting medium effects, limits the generalizability of the
findings and may not capture more subtle subgroup differences. Second, the 12-week
duration provides insight into short-term adaptations but does not allow conclusions about
the long-term sustainability of the improvements observed. Third, the lack of follow-
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up prevents determining whether gains in balance, mobility, and muscle power persist
beyond the intervention period. Future studies should incorporate extended follow-up
assessments, larger and more diverse samples, and comparisons with other evidence-based
exercise modalities to better understand long-term adherence, durability of effects, and the
applicability of CrossFit-adapted programs across different functional and clinical profiles
of older adults.

Clinical Application

Although the intervention yielded statistically significant improvements in functional
performance measures, it is essential to interpret these changes in terms of clinical relevance,
particularly for outcomes directly associated with autonomy and the safe execution of daily
activities in older adults. Several of the improvements observed in this study exceeded es-
tablished minimal clinically important difference [MCID] thresholds. For example, changes
in the Timed Up and Go [TUG] test surpassed the MCID range of 0.8–1.4 s reported for
older adults [41], and improvements in the Functional Reach Test [FRT] exceeded the com-
monly accepted threshold of approximately 5 cm [39]. Likewise, the increase in gait speed
observed in the CrossFit-adapted group exceeded the meaningful change of ≥0.10 m/s that
reflects clinically relevant mobility gains [42]. Furthermore, enhancements in lower-limb
muscle power are consistent with clinically meaningful improvements described in the lit-
erature, given the strong association between chair-stand performance, functional mobility,
and lower-limb strength in older adults [43–45]. Taken together, these findings indicate that
the magnitude of change achieved in our intervention is not only statistically significant
but also clinically meaningful, with clear implications for maintaining independence in
community-dwelling older adults.

In terms of clinical relevance, the magnitude of change observed in the Timed Up and
Go (TUG) test is particularly meaningful. The 1.2 s reduction achieved by the CrossFit-
adapted group exceeds the minimal clinically important difference (MCID) reported for
community-dwelling older adults, which ranges from 0.8 to 1.4 s. Improvements of this
magnitude have been associated with better functional mobility and a lower likelihood of
future falls, as slower TUG performance is a well-established predictor of fall risk. Therefore,
the observed improvement reflects not only statistical significance but also a clinically
meaningful enhancement in functional independence and safety during daily mobility.

6. Conclusions
In conclusion, the 12-week CrossFit-adapted training program produced significant

improvements in balance, dynamic stability, and lower-limb muscular power in older
adults. These findings support the use of structured, supervised, and scalable functional
exercise programs based on CrossFit methodology as a safe and effective approach to
enhance physical function and independence in this population.

Importantly, the high adherence observed throughout the intervention highlights
adaptability to various functional levels of older adults and its potential to improve mul-
tiple domains of physical health. Future studies should incorporate quality-of-life and
psychosocial measures, longer follow-up periods, and comparisons with other exercise
modalities to better determine the long-term benefits and broader impact of CrossFit-based
interventions in aging populations.
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Abbreviations
The following abbreviations are used in this manuscript:

BIA Bioelectrical impedance analysis
BMI Body mass index
CST Chair Stand Test
CON Control
FRT Functional Reach Test
HIFT High-intensity functional training
HIIT High-intensity interval training
MMSE Mini-Mental State Examination
ROM Romberg test
SAT Stair Ascend Test
SDT Stair Descend Test
CFA CrossFit-adapted
TST Traditional strength training
TUG Time up and go
VO2max Maximum oxygen volume

Appendix A

Table A1. Baseline Variables and Data Source.

Variable Description/Units Data Source

Age Years Hospital clinical–research database

Sex Male/Female Hospital clinical–research database

Height cm Hospital clinical–research database

Weight kg Hospital clinical–research database

Body Mass Index [BMI] kg/m2 Hospital clinical–research database

Number of chronic conditions
[it appears in your baseline] Count of diagnosed chronic diseases Hospital clinical–research database

Cognitive screening [MMSE] Mini-Mental State Examination (0–30) Direct baseline assessment by
physiotherapists

Self-reported physical activity Minutes/week or categorical scale Direct baseline assessment
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Table A1. Cont.

Variable Description/Units Data Source

Handgrip strength kg, dynamometer test [best of 2 attempts] Direct baseline assessment

Timed Up and Go [TUG] Seconds Direct baseline assessment

Functional Reach Test [FRT] cm Direct baseline assessment

Gait speed/Stride velocity m/s Direct baseline assessment

Romberg test Seconds, eyes open Direct baseline assessment

Balance and mobility battery
[according to protocol] As described in Section 2.2 Direct baseline assessment

Table A2. Structure of the CrossFit-Adapted Training Sessions.

Exercise Modality Sets Repetitions/Time Notes [Scaling Options]

Sit-to-Stand/Box Squat Strength/Functional 3 8–12 reps Box height adapted to ability

Seated/Standing
Shoulder Press Strength 3 8–10 reps Adjustable dumbbells [1–6 kg]

Deadlift with Kettlebell Strength 3 6–10 reps 4–12 kg depending on capacity

Step-ups Functional 3 10 reps each leg Step height individualized

Farmer’s Carry Conditioning 3 20–30 m Light–moderate load

Marching in Place Balance/Warm-up 2 30–40 s Support if needed

“AMRAP 6 min” [Sit-to-
Stand, Step-ups, Carry] Circuit 1 6 min continuous Perceived exertion target 5–7

Cool-down Flexibility – 5 min Stretching of major
muscle groups
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