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HIGHLIGHTS 
• Real-time feedback induced higher exercise intensities in 
Parkinson’s disease 
• Critical heart rate is a feasible method for prescribing aerobic 
exercise in Parkinson’s disease 
• Low retention rates were observed in the randomized crossover-
controlled trial 
• The effects of WB+F on cognition and walking capacity require 
further investigation 
 
ABBREVIATIONS 
6MWT 6-minute walk test 
CHR Critical heart rate 
CS Critical Speed 
H&Y Hoen & Yahr 
HBs Heartbeats 
HR Heart rate 
HRmax Heart rate maximum 
MMSE Mini-Mental State Examination 
PD Parkinson’s disease 
PwPD People with Parkinson’s disease  
RPE Rating of perceived exertion 
SSS	 Self-selected speed 
STS Sit-to-stand 
TUG Timed up and go 
UPDRS Unified Parkinson's Disease Rating Scale 
WB+F	 Walking-based efforts with real-time intensity feedback 
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BACKGROUND: Prescribing and maintaining adherence to high-intensity exercise is 
challenging in people with Parkinson’s disease (PwPD). Adding cognitive engagement 
may enhance exercise benefits. Critical heart rate (CHR) offers a promising method to 
prescribe aerobic intensity and provide feedback during training. However, it is unclear 
whether this approach achieves higher training loads than self-selected intensity while 
preserving adherence. 
AIM: To investigate the feasibility of a walking-based intervention with intensity 
feedback prescribed using CHR (WB+F) in PwPD. Secondarily, the effects on motor 
and non-motor outcomes were explored. 
METHODS: Twenty-four PwPD were invited to participate in a randomized crossover-
controlled trial consisting of two 8-week training cycles (WB+F: walking at CHR with 
intensity feedback; SSS: self-selected speed), separated by a 3-week washout period. 
Feasibility outcomes included retention, adherence, and compliance. Motor and non-
motor outcomes were assessed before and after each training cycle. 
RESULTS: Retention comprised 10 participants (42% of those enrolled), with 
adherence rates above 75% in both training conditions (p=0.572). Compliance 
analyses showed higher values for WB+F compared with SSS for distance covered 
(p=0.004), rating of perceived exertion (p=0.006), and training load (p=0.002). 
Cognitive performance improved (p=0.032), and time to complete the 400-m walk test 
decreased (p=0.043) following WB+F. 
INTERPRETATION: Despite the promising cognitive and motor outcomes, this 
feasibility study demonstrated low retention rates, which limit the clinical relevance of 
the findings. Nevertheless, the compliance results suggest that CHR-based 
prescription is feasible in PwPD. Future studies should adopt parallel-group designs to 
ensure larger sample sizes and adequately test the efficacy of the WB+F approach 
 
KEYWORDS: Functional capacity | Aerobic exercises | Controlled intensity| Motor 
symptoms   
 

 

INTRODUCTION 
 

Exercise intensity plays a crucial role in influencing motor symptoms in people with Parkinson’s disease (PwPD), with higher 
intensities producing more significant improvements in motor symptoms than moderate intensities 1. High-intensity aerobic training not 
only provides general health benefits and enhances physical fitness (VO₂max) but also offers symptomatic relief for PwPD 1. It may boost 
dopaminergic signaling and increase neural activity in the basal ganglia and motor cortex 2. A secondary effect of intense aerobic 
exercise is to slow the progression of symptoms such as gait impairments or cognitive decline 1. However, prescribing and ensuring 
adherence to high-intensity exercise remains a major challenge for PwPD, particularly when sessions are delivered in group settings 
without access to ergometers, making it difficult to maintain the desired intensity throughout the effort. 

Incorporating cognitive engagement into exercise may offer additional benefits for PwPD. Real-time intensity feedback during 
aerobic exercise (e.g., walking at a target velocity) can enhance cognitive engagement by encouraging participants to exceed their self-
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selected intensity levels, thereby boosting motivation and awareness throughout the session 3. Walking-based efforts also offer a goal-
oriented approach for gait improvement, incorporating constraints such as obstacle negotiation and changes in speed or direction. 
Studies suggest that combining high-intensity and challenging goal-based stimuli can promote neuroplasticity in PwPD, potentially 
yielding greater benefits than moderate-intensity walking-based alone efforts 3. However, most studies have investigated the effects of 
intensive and challenging goal-based stimuli solely prescribed in longer-duration sessions (i.e., over 30 minutes) 4–6, which is not 
applicable during other types of exercise.  

Among the various types of exercise, multicomponent training is frequently applied to PwPD. During multicomponent sessions, 
various physical capacities (e.g., flexibility, strength, balance, coordination, and aerobic capacity) are stimulated 7, enabling the 
application of complex stimuli that may offer advantages over exercise modalities performed in isolation 7. Multimodal sessions 
incorporating aerobic stimuli have been shown to induce significant benefits in both motor 7–10 and non-motor symptoms 7,11 in individuals 
with PD. Therefore, it is plausible that multimodal sessions incorporating intensive and challenging aerobic components may yield greater 
effects than those using moderate-intensity efforts. However, the effects of shorter-duration aerobic efforts (i.e., under 30 minutes) remain 
unclear, which limits their integration into multicomponent programs –especially given the need to address multiple physical domains 
within a single session. 

Considering the aspects mentioned above, the effects of a multimodal program that includes intensive and challenging aerobic 
stimuli — induced through walking-based efforts with real-time intensity feedback (WB+F) — should be investigated. However, for the 
implementation of WB+F in daily practice, several issues need to be addressed. First, exercise intensity should be prescribed using a 
robust and safe method capable of inducing a higher training load than the traditional self-selected speed (SSS) approach. In this 
context, Barbieri and colleagues 12 proposed the critical heart rate (CHR) as a physiological target for prescribing aerobic exercise 
intensity. Theoretically, CHR represents the boundary between the heavy and severe exercise domains and is therefore expected to elicit 
higher intensities than SSS, which is typically performed within the moderate domain. However, to date, no studies have demonstrated 
whether CHR-based prescription induces higher training loads than SSS in PwPD. Moreover, although exercise tolerance was previously 
reported, adherence to CHR-based training programs was relatively low, with only 53% of participants completing at least 90% of 
sessions 12. Importantly, this adherence rate was not compared with a control group, limiting conclusions regarding the practical 
applicability of CHR-based prescriptions. Therefore, to support future large-scale investigations, the primary objective of the present 
study was to test the feasibility (retention, adherence and compliance) of a randomized controlled trial designed to evaluate a WB+F 
intervention prescribed using CHR in PwPD. The primary outcome was the feasibility of physical exercise protocols, comparing the WB+F 
and SSS groups. Additionally, clinical, cognitive, and motor outcomes were assessed. 
 
METHODS 
 
Participants 

Twenty-four PwPD participated in this feasibility study. Inclusion criteria were: i) age >55 years, ii) diagnosis of idiopathic 
Parkinson’s disease (PD) according to the UK Parkinson’s Disease Society Brain Bank Diagnostic Criteria, iii) stable dopaminergic 
medication for at least 3 months, and iv) disease stage 1 to 3 according to Modified Hoehn & Yahr Scale (H&Y). Exclusion criteria were: i) 
orthopedic conditions preventing exercise participation, and ii) attendance below 75% of training sessions. All procedures were approved 
by the institutional research ethics committee from the School of Sciences at São Paulo State University (UNESP), Campus Bauru 
(CAAE 17892819.9.0000.5398). Written informed consent was obtained from all participants.  
 
Experimental design and distribution of groups 

This feasibility study employed a randomized crossover-controlled trial design. Participants completed two 8-week training 
cycles, separated by a 3-week washout period. Initially, they were randomly assigned to either the WB+F or SSS training group, with 
stratification by disease stage and gender. After the first cycle, participants crossed over to the alternate training condition. Assessments 
were conducted at three time points: baseline (before the first cycle), after 8 weeks (end of the first cycle), and after 16 weeks (end of the 
second cycle). The assessment at the end of the first cycle also served as the baseline for the second cycle. A CONSORT diagram 
illustrating the study design is shown in Figure 1. 

All training sessions were group-based and supervised by physiotherapists and physical education professionals, maintaining a 
participant-to-professional ratio of less than 3:1. Sessions were held during the morning from 8:30 a.m. to 9:30 a.m. All training sessions 
and assessments were performed while participants were in the 'ON' stage of dopaminergic medication, approximately one hour after 
intake 13. 
 
Physical exercise protocol 

Both WB+F and SSS interventions followed identical activities. The intervention spanned 8 weeks, with two sessions per week, 
each lasting 50–55 minutes (a total of 845 minutes per training cycle). All sessions were conducted in a flat indoor court, and participants 
wore appropriate footwear for physical activity. Each session was structured into three segments: i) initial activity (stretching/warm-up; 



BJMB	 	 	 	 	 	 	 	 	  
Brazilian	Journal	of	Motor	Behavior	
	

Kalva-Filho et al. 2025 VOL.19 N.1 https://doi.org/10.20338/bjmb.v19i1.502 
 

 

3 of 10 

Research Notes 

5min), ii) main activity focused on aerobic capacity, starting with 20min in the first eight sessions and progressing to 25min by the end of 
the cycle. This was followed by 15 minutes of coordination, balance, and/or strength exercises (totaling 35–40 minutes), and iii) cool 
down with stretching exercises (10 minutes).  Details of the session structure and progression over the 8-week period are provided in 
Supplementary Table S1. 

The primary difference between interventions was the use of real-time intensity feedback during the aerobic exercise 
component. Participants in the WB+F intervention wore a heart rate monitor (Polar Team Pro®, Polar Electro, Finland) and received 
verbal intensity feedback every 1–2 minutes, with instructions to maintain their heart rate at or above the CHR. Heart rate values were not 
visible to participants; instead, feedback was provided by the researchers to encourage maintenance of the target intensity (e.g., “You’re 
doing well; try to slightly increase your pace”). The participants of the SSS group were encouraged to do the activity according to their 
physical condition. In contrast, the SSS group was instructed to exercise at a self-selected pace based on their perceived best capacity.  

For both groups, distance covered and ratings of perceived exertion (RPE; 10-point scale) were recorded after each session. 
Training load was calculated by multiplying RPE by session duration14. Both protocols included multiple constraints during walking (e.g., 
obstacle avoidance, direction changes), and identical coordination, balance, and strength exercises. Similar feedback was provided 
during these components in both interventions. 

 

 
Figure 1. CONSORT flow diagram of the crossover design used to compare different aerobic training stimuli. WB+F: walking-based training with real-time intensity 
feedback; SSS: self-selected speed. *The washout period lasted 3 weeks, was arbitrarily defined, and may have led to residual effects during the subsequent training 
phase. **Assessments conducted after 8 weeks were used to evaluate the effects of the first intervention and to establish baseline values for the second training cycle. 
 
Feasibility of physical exercise protocols 

Retention was defined as the number of participants who completed the experimental protocol. Adherence was calculated as 
the percentage of training sessions completed relative to those prescribed in each training cycle. Compliance rate was defined as the 
proportion of participants who exhibited higher exercise demands during WB+F compared with SSS, based on distance covered, RPE, 
and training load recorded during each training cycle. 

 
Secondary Assessments 

Clinical assessments were conducted by an experienced evaluator trained in clinical and cognitive assessment. Parkinson’s 
disease severity was assessed using the H&Y15 and Unified Parkinson's Disease Rating Scale - UPDRS parts II and III16. Cognitive 
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function was evaluated using the Mini-Mental State Examination (MMSE) 17. In addition, participants completed the following motor 
assessments: i) 6-minute walk test (6MWT) – to assess walking ability with high levels of reliability for PwPD 18. To standardize and 
control the distance covered, two cones were positioned in an indoor court, 30 meters apart, with distance markers placed every five 
meters. Participants were instructed to walk back and forth between the cones, performing a 180° turn at each end. They were asked to 
walk as fast as possible for six minutes and were strongly encouraged throughout the test; ii) Timed up and go (TUG) - performed twice, 
with the average time recorded. The TUG is a validated tool for assessing functional mobility and demonstrates strong clinimetric 
properties in PwPD 19; iii) sit-to-stand (STS) - Participants were instructed to repeatedly stand up from and sit down on a chair (seat 
height ≈ 43 cm) as quickly as possible for 30 seconds. The test was performed twice, and the highest number of completed repetitions 
was used for analysis. iv) CHR and Critical Speed (CS) – assessed following the protocol described by Barbieri and colleagues 12. CS 
was calculated as the slope of the linear distance-time relationship. The total number of heartbeats (HBs) was determined by multiplying 
the average heart rate (HR) by the time taken to complete the distance. CHR was derived as the slope of the HB-time linear relationship. 
All regressions were performed using OriginPro (Version 8.5; OriginLab Corporation, Northampton, MA, USA). CHR values were also 
expressed relative to the estimated maximum heart rate (HRmax = 208 − 0.7 × age). 
 
Statistical analysis   

Absolute gains (final assessment minus the initial value for each period) were calculated for both training phases. Analyses 
were conducted using R software version 4.4.2 with a significance level of p < 0.05. 

Given the small sample size, the potential for positive and negative gains, and the discrete nature of some variables (e.g., RPE, 
MMSE, UPDRS-II, UPDRS-III), non-parametric tests were used. Outcomes were presented as median [minimum-to-maximum]. Wilcoxon 
signed-rank tests compared WB+F and SSS interventions regarding training adherence, compliance (distance covered, RPE, and 
training load), and gains (i.e., pre-post differences within each training cycle). These comparisons were accompanied by effect size (r), 
interpreted as negligible (<0.10), small (0.10–0.29), moderate (0.30–0.49), and large (≥0.50) 20. In addition, statistical power (SP) was 
estimated using a Monte Carlo simulation approach (10,000 simulations) to characterize the sensitivity of the study design, based on the 
observed effect size, retention (i.e., final sample size), and the adopted significance level (α = 0.05).  
 
RESULTS 
 
Feasibility of physical exercise protocols 

Figure 2 illustrates participant adherence throughout the experimental protocol. Fourteen participants did not meet the minimum 
adherence criterion (i.e., >75% of the prescribed sessions). All dropouts were due to personal reasons. Consequently, retention 
comprised 10 participants, corresponding to 42% of the initially enrolled sample. When the first training cycle consisted of WB+F, 
retention was six participants (50% of the starters), whereas four participants (33% of the starters) completed the protocol when SSS was 
applied first. Training adherence did not differ between WB+F (88 + 5) [75–94] %) and SSS (91 + 11 [75–100] %; p = 0.572; r = 0.333 
[Moderate]; SP = 0.121). Participant characteristics were as follows: age 72 + 11 [64–83] years, body mass 64.0 + 24.5 [48.8–86.0] kg, 
and height 1.63 + 0.10 [1.46–1.69] m. Most participants were classified as Hoehn and Yahr stage II (n = 9), with one participant classified 
as stage III. 

The WB+F sessions were performed at or above 68 + 7 [48–98]% of HRmax. Figure 3 presents the compliance outcomes. 
Participants covered a significantly greater distance during WB+F sessions compared with SSS sessions (Compliance rate = 90%; p = 
0.004; r = 0.964 [Large]; SP = 0.709). RPE was also higher during WB+F than during SSS (Compliance rate = 100%; p = 0.006; r = 1.000 
[Large]; SP = 0.742), as was the mean training load (Compliance rate = 100%; p = 0.002; r = 1.000 [Large]; SP = 0.740). 
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Figure 2. Participant adherence throughout the experimental protocol. Each symbol represents a completed training session for each participant. WB+F: walking-based 
training with real-time intensity feedback; SSS: self-selected speed; ×: low-adherence dropout; ●: participant included in the final analysis 
 

 
Figure 3. Violin plots of compliance outcomes following walking-based training with real-time intensity feedback (WB+F) and self-selected speed (SSS). Symbols 
represent individual data points, and horizontal lines indicate the median. RPE: rating of perceived exertion. *Significant differences between training conditions (p < 0.05). 

 
Secondary outcomes 

Baseline values and post-training outcomes for WB+F and SSS are presented in Table 1. Table 2 shows the absolute gains 
observed after the training period for both conditions. MMSE scores improved following WB+F training but declined after SSS (p = 0.043; 
r = 0.778 [Large]; SP = 0.527). Similarly, 400m completion time decreased after WB+F and increased after SSS (p= 0.032; r = –0.782 
[Large]; SP = 0.522).  

No significant differences between training modalities were observed for UPDRS-II (p = 0.906; r = 0.067; [Negligible]; SP = 
0.043) and UPDRS-III (p = 1.000; r = –0.018; [Negligible]; SP = 0.035). Similarly, the 800m (p = 0.284; r = 0.400 [Moderate]; SP = 0.158), 
1200m (p = 0.395; r = –0.345 [Moderate]; SP = 0.125), STS (p = 0.918; r = 0.055 [Negligible]; SP = 0.038), TUG (p = 0.232; r = –0.218 
[Small]; SP = 0.209) and 6MWT (p = 0.922; r = 0.055 [Negligible]; SP = 0.038) showed no significant differences between training 
modalities. Additionally, CS (p = 0.959; r = –0.036 [Negligible]; SP = 0.036) and CHR (p = 0.770; r = –0.127 [Small]; SP = 0.051) showed 
no significant changes.  



BJMB	 	 	 	 	 	 	 	 	  
Brazilian	Journal	of	Motor	Behavior	
	

Kalva-Filho et al. 2025 VOL.19 N.1 https://doi.org/10.20338/bjmb.v19i1.502 
 

 

6 of 10 

Research Notes 

Table 1. Descriptive statistics of the initial values and after 8-weeks of training cycle after walking-based training with intensity feedback (WB+F) or self-
selected speed (SSS) during aerobic stimuli. Data are presented as median (IQR) [min to max].  

 
MMSE: Mini-Mental Status Exam; UPDRS: Unified Parkinson’s Disease Rating Scale - second (II) and third parts (III); TUG: Timed Up and Go test; 
6MWT: six-minute walking test; CS: critical speed; CHR: critical heart rate; STS: sit-to-stand. 

Table 2. Absolute gains induced by walking-based training with intensity feedback (WB+F) or self-selected speed (SSS). Data are presented as median 
(IQR) [min to max]. 
 WB+F SSS 
Clinical assessments   
   MMSE (scores) 1 (3) [-1 to 4] -1 (2) [-3 to 1]* 
   UPDRS-II (scores) 1 (5) [-6 to 8] 1 (4) [-8 to 3] 
   UPDRS-III (scores) 0 (8) [-9 to 11] 1 (9) [8 to 19] 
Functional parameters   
   STS (reps) 2 (3) [-5 to 4] 0 (6) [-2 to 6] 
   TUG (s) 0 (0) [-1 to 3] 0 (1) [-1 to 2] 
   6MWT (m) 14 (74) [-74 to 114] 11 (41) [-51 to 171] 
Critical models   
   400 m (s) -21 (35) [-95 to 64] 15 (21) [4 to 48]* 
   800 m (s) 4 (54) [-65 to 41] -21 (38) [-57 to 37] 
   1200 m (s) -41 (82) [-199 to 79] -6 (79) [-195 to 85] 
   400 m (bpm) -2 (6) [-28 to 19] -5 (9) [-18 to 6] 
   800 m (bpm) -1 (22) [-42 to 16] -1 (9) [-22 to 41] 
   1200 m (bpm) 0 (8) [-35 to 12] 1 (6) [-7 to 11] 
   CS (km.h-1)  0 (1) [0 to 1] 0 (1) [-1 to 2] 
   CHR (bpm) 1 (24) [-54 to 24] 5 (11) [8 to 18] 
MMSE: Mini-Mental Status Exam; UPDRS: Unified Parkinson’s Disease Rating Scale - second (II) and third parts (III); TUG: Timed Up and Go test; 
6MWT: six-minute walking test; CS: critical speed; CHR: critical heart rate; STS: sit-to-stand; *Significant differences from WB+F. 
 
DISCUSSION 
 

This study investigated the feasibility of a randomized, counterbalanced controlled trial designed to evaluate WB+F prescribed 
using CHR in PwPD. Secondarily, the effects on clinical, cognitive, and motor outcomes were explored. The main findings indicate that 
WB+F is feasible in PwPD, as evidenced by higher compliance outcomes, while adherence was similar to values observed with SSS. 
However, retention was low (42% of the enrolled sample), which limits conclusions regarding the secondary outcomes and, 
consequently, the applicability of the present experimental design to large-scale trials. 

The greater distances covered, higher ratings of perceived exertion, and higher internal training load observed during WB+F 
suggest that real-time intensity feedback effectively encouraged participants to exceed their self-selected intensity levels. Given the 
potential for increased cognitive engagement during the sessions, WB+F may offer additional benefits for PwPD. In addition, our results 
showed similar retention and adherence between the two intervention arms, indicating that the training modality itself was unlikely to 
explain the observed dropouts. In the present study, specific reasons for attrition were not systematically recorded. However, previous 
studies have demonstrated that barriers to exercise in PwPD encompass a wide range of factors, which should be considered by health 
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professionals when implementing different exercise programs 21. Therefore, to improve retention in future large-scale trials, researchers 
should identify and consider potential exercise-related barriers in individuals eligible for inclusion before study implementation. 

Despite the apparent superiority of WB+F compared with SSS in improving MMSE scores and time to complete the 400-m walk 
test, the clinical relevance of these findings remains questionable. Although statistically significant differences and large effect sizes were 
observed between training modalities, the statistical power of these comparisons was negatively affected by the low retention rate. The 
improvement in MMSE following WB+F was below the minimal detectable change of 3 points for PwPD 17, with only three participants 
exhibiting changes exceeding this threshold. In addition, previous studies have shown that the MMSE is subject to ceiling effects and is 
sensitive to practice effects, suggesting that future studies should confirm potential cognitive benefits using more sensitive and robust 
instruments, such as the Montreal Cognitive Assessment 22,23. In addition, our findings for 400-m walk test are consistent with those 
reported by Barbieri et al. 12, who observed improvements in 400-m walk performance following multimodal training prescribed using 
CHR, without concomitant changes in CS or CHR. Taken together, despite the promising effects observed with WB+F, the present 
results do not support definitive clinical inferences and should be interpreted with caution. 

Other motor outcomes, such as 6MWT, TUG and STS, showed limited responsiveness to the WB+F and SSS. It may be 
attributed to the relatively mild motor impairments of our participants and the heterogeneity in training protocols across studies. Evidence 
suggests that the effectiveness of exercise interventions in PwPD is often inversely related to baseline motor impairment levels 24,25. In 
this context, our results differ from those reported by Mafra and colleagues 8, who found significant improvements in UPDRS-III scores 
following a similar training protocol (2 sessions/week, 60min, for 16 weeks). Notably, their participants had higher baseline motor 
impairment (~33 vs. ~26 in the present study), which may explain the contrasting outcomes. Similarly, the lack of improvement in 
UPDRS-II scores contrasts with earlier findings showing significant reductions after only 5 weeks of training in individuals with higher 
initial scores (~14 vs. ~10) 26. Further supporting this interpretation, previous studies have reported significant gains in TUG performance 
only when baseline times exceeded 10s, compared to ~7s in our sample 8. Taken together, these findings suggest that the present 
aerobic exercise may be insufficient to induce meaningful improvements in UPDRS-II, UPDRS-III, STS, 6MWT and TUG in individuals 
with relatively mild baseline impairments.  

This study has several limitations. First, although all dropouts were attributed to personal reasons, specific causes of attrition 
were not systematically recorded, which limits the contribution of the present findings to the planning of future large-scale randomized 
controlled trials. Second, neither the participants nor the professionals were blinded during the intervention sessions. Third, participant 
attrition resulted in an unbalanced design, with a greater number of individuals allocated to WB+F in the first training cycle. Considering 
the possibility of cumulative training effects, the largest improvements may have occurred during the initial cycle, potentially introducing 
bias in the comparison between WB+F and SSS. Finally, despite the advantages of using a randomized crossover-controlled design to 
investigate within-subject comparisons, the washout period may have limited the interpretation of the results. The 3-week washout period 
may have been insufficient to eliminate residual effects from the first training cycle, potentially compromising responses observed during 
the second cycle. In addition, considering the feasibility nature of the present study, assessments performed after the first 8-week cycle 
were used both to evaluate the effects of the initial intervention and to establish baseline values for the second training cycle. This 
methodological decision may have introduced additional residual effects, particularly for secondary outcomes. To explore this limitation, 
we conducted a sequence/order analysis in which absolute changes were independently compared between participants who initiated the 
protocol with WB+F and those who started with SSS (Supplementary Material, Table S2). This analysis demonstrated trivial 
sequence/order effects on both feasibility and secondary outcomes. However, despite these findings, the low retention rate within each 
sequence substantially reduced the statistical power of this analysis, precluding definitive conclusions regarding the adequacy of the 3-
week washout period. Therefore, to minimize potential residual effects between training periods and to ensure adequate retention, future 
investigations should adopt alternative study designs—such as randomized controlled trials with parallel groups—to more robustly 
evaluate the effectiveness of the WB+F intervention. 
 
CONCLUSION 

 
Our results indicate that the proposed experimental design presents important limitations that should be addressed in future 

studies. Although higher training demands were observed in the WB+F condition, resulting in satisfactory compliance, the retention and 
adherence rates indicate that the experimental design would require a substantially larger initial sample. Specifically, considering the 
observed retention rate (~40%), future studies should recruit more than twice the number of participants required for the final analysis. In 
addition, despite the advantages of a crossover design, the 3-week washout period represents an important limitation of the present 
study. Therefore, to minimize potential residual effects between training periods, future investigations should adopt a randomized 
controlled trial with parallel groups. Finally, the low retention observed in the present study limits the clinical relevance of the apparent 
superiority of WB+F over SSS and precludes definitive conclusions regarding the secondary outcomes. 
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