
Original Research 

Perceived Exertion, Neuromuscular Activation, and Training       
Volume in Older Adults: Validating RPE-1 in Moderate-Velocity         
Elastic Band Resistance Training     
Juan C. Colado, Ph.D.1,2 , Javier Gene-Morales, P.h.D.1,2 , Iván Chulvi-Medrano, P.h.D.1,2 ,
Carlos Babiloni-Lopez, M.D.2,3 a, Juan Antonio Moreno-Murcia, P.h.D.4 , Ángel Saez-Berlanga, M.D.1,2

1 Department of Physical Education and Sports, University of Valencia, Valencia, Spain, 2 Research Group in Prevention and Health in Exercise and 
Sport (PHES), University of Valencia, Valencia, Spain, 3 Department of Education and Specific Didactics, University Jaume I, Castellón, Spain, 
4 Department of Sport Sciences, Sport Research Center, Miguel Hernández University of Elche, Alicante, Spain 

Keywords: electromyography, aged, exercise test, muscle fatigue, reproducibility of results 

https://doi.org/10.26603/001c.147897 

International Journal of Sports Physical Therapy 
Vol. 21, Issue 1, 2026 

Background/Purpose  
Accurately monitoring training intensity is essential in older adults to optimize 
adaptations and reduce injury risk. While the OMNI-Resistance Exercise Scale for elastic 
bands (OMNI-RES EB) has been validated post-exercise, applying it from the first 
repetition (RPE-1) may provide a quick, non-invasive method to individualize training 
without maximal testing—improving prescription accuracy, limiting fatigue, and 
supporting autoregulation in vulnerable populations. The purpose of this study was to 
validate RPE-1 during moderate-velocity elastic resistance training in physically active 
older adults with prior experience using elastic-band exercise, by analyzing its predictive 
validity, reliability, and neuromuscular and cardiovascular responses across effort levels. 

Study type   
Quasi-experimental cohort study. 

Methods  
A convenience sample of twelve healthy older adults (≥60 years) with >3 months of 
experience in elastic band resistance training performed standing military press sets to 
failure with an elastic band at four target RPE-1 levels (2–8 out of 10). The band color 
was chosen based on the participant’s RPE-1 on the first repetition. Neuromuscular 
activity of the anterior deltoid and triceps brachii was recorded using surface 
electromyography, and heart rate, blood pressure, and total repetitions were also 
measured. Inter-session test-retest reliability of RPE-1 was assessed using intraclass 
correlation coefficients (ICC). Neuromuscular activity progression was examined across 
the four RPE-1 levels. Concurrent validity was evaluated through the relationship 
between RPE-1, total repetitions, and physiological responses. 

Results  
Six women and six men volunteered to participate (66.75±3.49 years; BMI: 24.99±4.32 kg/
m2). RPE-1 was strongly associated with neuromuscular activation in both the anterior 
deltoid (p<0.001, ηp²=0.83) and the long head of the triceps brachii (p=0.001, ηp²=0.52), 
showing a strong linear increase with perceived effort. RPE-1 also predicted total 
repetitions (r=-0.71; R2=0.50), independently of participants’ strength level, measured by 
handgrip strength. Reliability was high across variables (ICC=0.84–0.94). Cardiovascular 
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responses did not differ significantly between intensities. Neuromuscular activation 
increased across set segments, with marginal gains beyond 75% of total volume. 

Conclusion  
RPE-1 via the OMNI-RES EB scale is a valid, and reliable tool for regulating elastic 
resistance training intensity in older adults, enabling early, efficient, and individualized 
prescription strategies. 

Level of evidence    
3b. 

INTRODUCTION 

Population aging increases the prevalence of sarcodynape
nia–a decline in strength, muscle mass, and func
tion–which raises the risk of falls, dependence, and mor
tality, posing a major public health challenge.1 Resistance 
training is one of the most effective strategies to preserve 
function, improve quality of life, and prevent disability in 
older adults, including using high-intensity protocols.2 In 
this context, elastic bands have emerged as an accessible 
and effective alternative, especially in settings lacking con
ventional equipment.3,4 Their versatility, low cost, and ad
justable resistance support adherence and autonomy, mak
ing them particularly suitable for older populations.5 

Recent studies confirm their efficacy in enhancing func
tional, cardiovascular, and neuromuscular outcomes.6‑8 

Monitoring intensity is critical for adjusting workload 
and reducing injury risk in older adults, particularly those 
with low effort tolerance.9 The OMNI-RES elastic band 
(OMNI-RES EB) scale is a validated and practical tool for 
estimating intensity during elastic band training, enabling 
safe load adjustments without specialized equipment or 
maximal tests.10 The application of the OMNI-RES EB scale 
was validated by Colado et al.10,11 in both young and older 
adults as an indicator of whether the resistance used was 
appropriate for the intended objectives, based on the target 
number of repetitions, grip width, and the color (resistance) 
of the elastic band. However, this monitoring only allowed 
for resistance adjustments after completing the set, which 
may have resulted in the set being performed with a load 
that was inadequate for the intended objectives. Conse
quently, adjustments in grip width or band color were re
quired in the following set to meet the prescribed criteria. 
Assessing perceived exertion from the first repetition 
(RPE-1) may help anticipate internal load and improve ex
ercise prescription. Although preliminarily studied in 
young adults,12‑14 the validity of RPE-1 in older popula
tions remains underexplored and lacks support. 
Studying electromyographic (EMG) activity during sets 

to failure provides insight into neuromuscular fatigue, mo
tor unit recruitment, and physiological adaptation.15 Most 
research compares EMG pre-post sets or between exer
cises,16 but few have analyzed activation across relative 
set intervals (e.g., 50, 75%). This is particularly relevant in 
older adults, given age-related declines in motor unit num
ber, recovery capacity, and fatigue resistance.17 No stud
ies have assessed how EMG evolves to failure across dif
ferent initial RPE values (e.g., RPE 2-8 out of 10) in this 

population,18 a gap likely due to safety concerns limiting 
failure-based protocols. Understanding peak neuromuscu
lar activation patterns may help contextualize acute fatigue 
in older adults. Practically, this supports combining RPE-1 
at the start of the set to guide load selection with RPE near 
the end of the set to determine safe termination, ensuring 
an adequate acute neuromuscular stimulus without relying 
on external loads. 
In summary, although the application of the OMNI-RES 

EB scale is validated from a post-effort perspective, its use 
after the first repetition in older adults remains unexam
ined. Specifically, no studies have concurrently validated 
the OMNI-RES EB scale from the first repetition across 
varying intensities, assessed its reliability as a predictive 
tool, examined whether strength level affects RPE-1 and 
repetition capacity, or analyzed EMG patterns throughout a 
set based on initial effort levels. Thus, the purpose of this 
study was to validate RPE-1 during moderate-velocity elas
tic resistance training in physically active older adults with 
prior experience using elastic-band exercise, by analyzing 
its predictive validity, reliability, and neuromuscular and 
cardiovascular responses across effort levels. Specifically, 
the aims include to: (i) examine how four initial RPE-1 lev
els (2, 4, 6 ,8) affected EMG activity, repetitions, and cardio
vascular responses; (ii) assess the reliability of RPE-1; (iii) 
analyze whether strength level influenced the RPE-1-vol
ume relationship; and (iv) describe activation patterns 
across sets to failure at different initial intensities. It was 
hypothesized that (i) RPE-1 would reliably monitor training 
intensity across sessions; (ii) higher RPE-1 values would be 
associated with fewer repetitions and with greater muscle 
activation and cardiovascular responses, indicating valid
ity; and (iii) end-set physiological responses would be sim
ilar across initial RPE levels, indicating convergence of the 
physiological stimulus at volitional failure. 

METHODS 

STUDY DESIGN 

This quasi-experimental study followed a concurrent-valid
ity framework.11‑13 Although several physiological and me
chanical variables were analyzed, the RPE-1 served as the 
primary construct of interest, as it represents the percep
tual metric under validation. The neuromuscular, cardio
vascular, and repetition-based measures were therefore in
cluded as concurrent criteria against which to interpret and 
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contextualize (validate) the RPE-1 responses, rather than as 
independent primary outcomes. 
The study included one familiarization and two test ses

sions. Participants learned to use the OMNI-RES EB scale 
and to relate the tension generated by their chosen grip 
width to the corresponding RPE value during the standing 
military press. Based on these participant-selected values, 
the researchers had a starting point to provide one resis
tance level or another during the experimental sessions. 
Heart rate (HR), systolic/diastolic blood pressure (SBP/
DBP), EMG activity [% root mean square (RMS) of anterior 
deltoid and long head of the triceps brachii], and total rep
etitions were recorded across four RPE levels (2, 4, 6, 8/
10). The study was approved by the Human Research Ethics 
Committee of the University of Valencia (code: 
H1464018006594 and 1861154) and adhered to the Decla
ration of Helsinki. Informed consent was obtained from all 
participants. 

SUBJECTS 

Twelve participants were voluntarily recruited through 
convenience sampling. Inclusion criteria were: (i) age ≥60 
years, healthy, physically active; (ii) ≥3 months of experi
ence with elastic band resistance training, and regular use 
of perceived exertion scales, specifically for reporting ef
fort at the last repetition of a set; (iii) participants had no 
musculoskeletal, cardiovascular, or neurological disorders 
and were excluded if taking performance-enhancing drugs 
or experiencing musculoskeletal pain. All were instructed 
to avoid strenuous activity and performance-affecting sub
stances (e.g., caffeine) within 24 hours before testing. 

PROCEDURES 

During familiarization, anthropometric data were collected, 
procedures explained, and participants practiced sets to 
failure at different RPE levels using the OMNI-RES EB scale, 
associating grip width and band tension with perceived in
tensity. Participants wore light clothing and removed their 
shoes for measurements. Height was measured with a sta
diometer (Seca T214, Hamburg, Germany; precision: 0.01 
cm), and body weight and fat percentage were assessed via 
bioelectrical impedance (Tanita BF-350, Tokyo, Japan; pre
cision: 0.01 kg), following standard positioning protocols. 
To minimize potential bias, participants were tested under 
controlled conditions (morning assessments, fasting state, 
voided bladder, and avoidance of exercise or caffeine 24 h 
prior to testing). The Profile of Mood States questionnaire 
(POMS)19 was also administered to assess baseline mood. 
The general warm-up included 10 repetitions of dynamic 

mobility exercises for the upper body, followed by lower-
limb and core activation exercises. A specific warm-up set 
of eight thrusters with elastic bands was used to activate 
target musculature. The thruster consisted of a front squat 
immediately followed by an overhead press, performed in 
one continuous movement using the elastic band to engage 
both lower- and upper-body muscle groups. Despite prior 
experience with RPE scales, the OMNI-RES EB was ex
plained in detail, and a printed pictogram remained visible 

Figure 1. Procedure to find out the RPE and grip width.          
RPE: rating of perceived exertion.      

throughout. Participants then completed sets to failure at 
varying grip widths to associate band tension with RPE. 
RPE levels were randomized per session (via random
izer.org) and concealed to maintain blinding. At the first 
repetition, participants reported their perceived RPE. If the 
value did not match the target, the set was paused for 30 
seconds and repeated with an adjusted grip until the re
ported RPE matched the randomized target (Figure 1). 
Following familiarization, two experimental sessions 

were conducted to assess inter-session reliability using a 
standardized protocol. After warm-up, participants per
formed four randomized sets to volitional failure in the 
standing military press at RPE levels 2, 4, 6, and 8 out of 
10. Each elastic band (TheraBand®; Hygenic Corporation, 
Akron, OH, USA) was cut from the manufacturer-supplied 
roll to a total length of 1.5 m, with marks drawn every 
3 cm from the midpoint toward both ends to control and 
replicate grip width across trials. The marks were num
bered to ensure symmetrical grip width and to control the 
grip width corresponding to a given RPE. Two band colors 
were used according to participants’ strength level (deter
mined by handgrip strength) and the desired RPE: “silver” 
for lower resistance and “gold” for higher resistance. 
Repetitions were paced at four seconds per repetition 

(two seconds concentric, two seconds eccentric) using a 
60-bpm metronome. Total repetitions and post-set RPE 
were recorded. A two-minute rest was provided between 
sets, following prior OMNI-RES EB validation proto
cols.11‑13 
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PARTICIPANTS’ STRENGTH LEVEL 

Isometric handgrip strength in dominant hand was deter
mined with a handheld dynamometer (Scacam-EH10117; 
South El Monte, CA, USA) as a variable of participants’ 
strength level. For this purpose, the arm was bent at 90°, 
the elbow tight against the side of the body and the wall, as 
well as the upper back and the glutes. The handle of the dy
namometer was adjusted with the base resting on the first 
metacarpal, whereas the handle rested on the middle pha
lange of digits two to five.20 The maximum isometric effort 
was maintained for a maximum of five-seconds. The partic
ipants completed three attempts with three to five-minutes 
of rest between each one. The highest score was recorded. 

MILITARY PRESS EXERCISE 

A researcher supervised all military press executions to de
tect deviations in technique or ROM caused by fatigue or 
limited body awareness. Participants were warned once; if 
errors persisted, the set was finalized. The exercise began 
at 90º elbow flexion and 75º shoulder abduction.21 Grip 
width was standardized via foot placement, and joint angles 
were verified before each set using a manual goniometer. 
The band was placed under both feet, and participants held 
one end in each hand with a pronated grip, starting each 
repetition from chin height. To ensure correct technique, 
the movement emphasized shoulder abduction (not flexion) 
and repetitions were only considered valid when full elbow 
extension was achieved. A horizontal bar was positioned at 
scapular height to prevent excessive trunk extension during 
arm elevation. For safety, bands were inspected before each 
set, protective eyewear was worn, and participants with 
abrasive shoe soles were asked to remove their shoes to 
avoid damaging the band. Gloves were provided if needed 
to improve comfort and grip. 

MUSCLE ACTIVATION MEASUREMENT 

Agonist muscle activation was assessed following Saez-
Berlanga et al.21 EMG data for anterior deltoid and long 
head of the triceps brachii (dominant limb) were collected 
using a synchronized two-channel portable system (Real
time Technologies Ltd; Dublin, Ireland) with 16-bit analog-
to-digital (A/D) conversion, and analyzed via the validated 
mDurance software22 for Android (mDurance Solutions S.L., 
Granada, Spain). Skin preparation followed established pro
tocols,21 and electrodes were placed according to SENIAM 
guidelines and prior research.23 Bipolar pre-gelled silver 
chloride electrodes (Kendall™ Medi-Trace, Covidien, 
Barcelona, Spain) were spaced 10 mm apart, with the ref
erence electrode on the acromion. Electrode locations were 
marked to ensure consistent repositioning across sessions. 
Two five-second maximal voluntary isometric contrac

tions (MVICs) were performed before the military press. 
MVICs followed standardized testing positions against an 
immovable resistance (Smith machine): for the deltoid, 
seated shoulder flexion at 90º without back support24; for 
the triceps, seated forearm extension with 90º elbow flex
ion.25 For consistency, EMG was normalized using the 

mean of the central second from the best trial.26 A practice 
trial ensured task comprehension, with one-minute rests 
and standardized verbal encouragement between trials. 
EMG data were collected according to established proto

cols21 with a sampling frequency of 1,024 Hz. Signals were 
processed using a fourth-order Butterworth band-pass filter 
(20-450 Hz) and a 20 Hz high-pass filter to reduce motion 
artifacts. A test repetition ensured proper signal saturation. 
%RMS values were calculated for all valid repetitions, al
though only the first and last repetitions were included in 
the analysis. %RMS was also calculated for the same mus
cle groups across three segments of a single set (0-50%, 
50-75%, and 75-100%) at distinct RPE-1 values of 2, 4, 6, 
and 8. EMG was interpreted strictly as an index of acute 
neuromuscular activation and fatigue, not as a surrogate 
for force production or long-term adaptation.27 

CARDIOVASCULAR VARIABLE MEASUREMENTS 

HR, SBP, and DBP were measured at baseline and after 
each set to failure using a digital wrist sphygmomanometer 
(Omron Electronics Iberia SAU, Valencia, Spain), placed on 
the left arm in a relaxed position. 

TOTAL NUMBER OF REPETITIONS 

The number of valid repetitions was recorded by a re
searcher and verified using mDurance software. 

STATISTICAL ANALYSES 

Statistical analyses were performed using SPSS (IBM SPSS 
v28.0.1.1(14), Armonk, NY, USA). Sample size (n=10) was 
estimated with G*Power software (v3.1.9.3) to detect an ef
fect size of 0.5 with 80% power (α=0.05), r=0.5, and non-
sphericity correction = 1, based on pilot data.12,13 Normal
ity was confirmed via the Shapiro-Wilk test. A one-way 
repeated-measures ANOVA assessed the effect of RPE-1 (2, 
4, 6, 8 out of 10) on repetitions, HR, and blood pressure. 
The median split technique was used for handgrip strength 
(i.e., baseline participants’ strength level). A two-way 
mixed ANOVA included strength level (low <32.41 vs. high 
>32.41, based on median handgrip strength) as a between-
subjects factor. A three-way repeated-measures ANOVA 
evaluated the influence of intensity, repetition (first vs. 
last), and muscle (deltoid vs. triceps) on %RMS, with 
strength level also included in a subsequent model. A two-
way repeated-measures ANOVA evaluated the influence of 
RPE-1, and segment of the set (0-50%, 50-75%, and 
75-1005) on %RMS. Partial eta squared (ηp²) was reported 
as effect size (small <0.04; moderate 0.04-0.13; large 
>0.13).28 Pairwise differences were explored using post-hoc 
Minimum Significant Difference tests. 
Additionally, a linear regression was conducted using 

RPE-1 to predict total repetitions. Reliability was calculated 
for %RMS, repetitions, HR, SBP, and DBP using the in
traclass correlation coefficient (ICC). ICC values were in
terpreted as low (<0.50), moderate (0.50-0.75), good 
(0.75-0.90), or excellent (>0.90), based on the lower con
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Table 1. Baseline characteristics.   

Variable Older adults (n=12) 

Age (years) 66.75±3.49 

Weight (kg) 70.43±11.82 

Height (cm) 167.25±7.24 

Body mass index (kg/m2) 24.99±4.32 

Body fat percentage (%) 29.49±6.80 

Basal heart rate (bpm) 74.68±8.01 

Systolic blood pressure (mmHg) 126.08±9.64 

Diastolic blood pressure (mmHg) 81.17±7.13 

POMS questionnaire (points) 38.18±5.79 

Handgrip strength (kg) 32.41±7.61 

Data are presented as mean±standard deviation. POMS: Profile of Mood States questionnaire. 

fidence interval bound.29 Results are presented as mean ± 
standard deviation (SD), with significance set at p≤0.05. 

RESULTS 

The baseline characteristics of the volunteers (six women 
and six men) are presented in Table 1. Participants were 
categorized according to their isometric handgrip strength 
into either a lower (<32.41kg) or higher (>32.41kg) strength 
level. Six participants were classified in the lower-strength 
group and six in the greater-strength group. The POMS 
questionnaire indicated a moderate mood state (scores 
21–40, per classification norms), suggesting adequate psy
chological readiness for study assessments. 

CRITERION VARIABLES FOR CONCURRENT VALIDATION 

Table 2 presents the %RMS achieved at RPE values of 2–8 
during the first and last repetition in the anterior deltoid 
and long head of the triceps brachii. ANOVA results re
vealed that RPE value significantly influenced %RMS 
(F~(3.00, 16.22)~=10.48, p<0.001, ηp²=0.54). However, no 
statistically significant interactions were found when an
alyzing strength level × RPE value. Regarding repetition 
moment (first vs. last), a significant effect was observed 
on muscle activation (F~(1.00, 8.00)~=14.41, p=0.004, 
ηp²=0.62). The interaction between strength level and rep
etition moment did not show significant effects on muscle 
activation. 
Table 3 presents the relationship between the pre-exer

tion intensity level of the OMNI-RES EB scale (values 2-8) 
and the total number of repetitions performed, both over
all and stratified by participants’ strength levels. ANOVA 
results revealed that RPE value significantly influenced to
tal number of repetitions (F~(3.00, 24.00)~=29.15, p<0.001, 
ηp²=0.74). These significant interactions also remained 
when adjusted for participants’ strength levels 
(F~(3.00, 24.00)~=2.53, p=0.050, ηp²=0.24). 
Table 4 presents the relationship between the pre-exer

tion intensity level of the OMNI-RES EB scale (values 2-8) 
and the analyzed cardiovascular variables. There were no 
significant interactions between cardiovascular variables 

and the pre-exertion intensity level of the OMNI-RES EB 
scale including heart rate (F(3,24)=1.10, p=0.364, η²=0.11), 
systolic blood pressure (F(3,24)= 0.64, p=0.595, η²=0.07), di
astolic blood pressure (F(3,24)= 0.53, p=0.667, η²=0.06). Sim
ilarly, no significant interactions were observed when ad
justing for participants’ strength levels: heart rate (F(3,24)= 
0.14, p=0.934, η²=0.02), systolic blood pressure (F(3,24)= 
0.96, p=0.428, η²=0.11), diastolic blood pressure (F(3,24)= 
0.89, p=0.460, η²=0.10). No significant post-hoc pairwise 
comparisons were found. 
The internal consistency of the values obtained from all 

variables across different sessions showed a good to ex
cellent reliability (%RMS ICC = 0.86, 95% CI = 0.82-0.89, 
p<0.001; total number of repetitions performed ICC = 0.94, 
95% CI = 0.89-0.97, p<0.001; heart rate ICC = 0.85, 95% CI = 
0.70-0.92, p<0.001; systolic blood pressure ICC = 0.91, 95% 
CI = 0.83-0.95, p<0.001; diastolic blood pressure ICC = 0.84, 
95% CI = 0.70-0.92, p<0.001). 
The simple linear regression analysis assessed the re

lationship between intensity OMNI-RES EB and the total 
number of repetitions performed. A significant negative 
Pearson correlation coefficient was obtained (r = -0.71, 
p<0.001), indicating an inverse association between the two 
variables. The regression model was statistically significant 
(F = 44.95, p<0.001), explaining 50% of the variance in the 
number of repetitions (adjusted R² = 0.501). The estimated 
regression equation was: Repetitions = 26.74 – 2.45 * inten
sity, where the negative slope suggests that for each unit 
increase in perceived exertion intensity, the number of rep
etitions decreases by 2.45 units (B = -2.45, p<0.001). The 
standard error of the estimate was 5.66, indicating the dis
persion of observed values relative to the regression line. 
Residual analyses confirmed a normal distribution and the 
absence of collinearity issues (VIF = 1.00), supporting the 
model’s validity. The Durbin-Watson statistic (2.13) sug
gests independence of errors. Overall, these findings con
firm that perceived exertion intensity is a strong predictor 
of the number of repetitions, demonstrating a progressive 
decline in repetition capacity as exercise intensity in
creases. 
Additionally, a multiple linear regression analysis was 

conducted to predict the total number of repetitions per
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Table 2. Intensity effects on the muscle activation.       

% RMS 

First repetition Last repetition 

RPE value of 
OMNIRES-EB 

Deltoid (Anterior 
head) 

Triceps brachii (Long 
head) 

Deltoid (Anterior 
head) 

Triceps brachii (Long 
head) 

RPE-1 of 2 (a) 48.32±15.51*c,d 27.33±18.76*d 61.70±21.21c,d 41.59±25.40d 

RPE-1 of 4 (b) 50.16±11.02*d 29.17±19.59*d 68.73±25.22 41.55±25.33d 

RPE-1 of 6 (c) 53.91±13.41*d 34.61±22.02*d 72.60±24.82 49.18±31.53 

RPE-1 of 8 (d) 61.63±12.92* 41.47±24.46* 75.64±22.15 57.01±32.62 

Data are presented as mean±standard deviation. RMS: Root-mean-square; RPE: Rating of perceived exertion; OMNIRES-EB: OMNIRES Elastic band scale 
a–dStatistically significant difference in the % of RMS performed compared with those performed with the perceptual value indicated by that letter. 
*Significant differences (p < 0.05) in the same intensity when % of RMS of the first repetition was compared with his last repetition for both muscles. 

Table 3. Intensity effects on the number of repetitions.        

RPE value of OMNIRES-EB Post-exertion HR Post-exertion SBP Post-exertion DBP 

RPE-1 of 2 80.10±7.32 141.00±24.76 81.60±11.22 

RPE-1 of 4 77.80±6.17 137.80±19.94 79.50±10.16 

RPE-1 of 6 77.90±4.81 139.00±19.74 81.40±9.35 

RPE-1 of 8 77.70±6.76 141.30±22.94 82.60±9.13 

Data are presented as mean±standard deviation. RPE: Rating of perceived exertion; OMNIRES-EB: OMNIRES Elastic band scale; 
a–dStatistically significant difference in the total repetitions performed compared with those performed with the perceptual value indicated by that number. 

Table 4. Intensity effects on the cardiovascular variables.       

RPE value of OMNIRES-EB 
Older adults 

(n=12) 
Lower strong (n=6) 

Stronger 
(n=6) 

RPE-1 of 2 (a) 22.30±6.87b,c,d 17.20±5.45c,d 27.40±5.85b,c,d 

RPE-1 of 4 (b) 16.00±7.92d 14.20±8.55d 17.80±8.70d 

RPE-1 of 6 (c) 12.10±4.15d 10.00±4.00d 14.20±3.70d 

RPE-1 of 8 (d) 7.70±3.36 6.80±3.63 8.60±3.20 

Data are presented as mean±standard deviation. RPE: Rating of perceived exertion; OMNIRES-EB: OMNIRES Elastic band scale; HR: Heart rate; SBP: Systolic blood pressure; DBP: 
Diastolic blood pressure. No significant post-hoc pairwise comparisons were found. Isometric handgrips strength test of the dominant hand using a handheld dynamometer: Less 
strong participants (<32.41 kg), and stronger participants (>32.41 kg). 

formed based on intensity and participants’ strength levels. 
The model was statistically significant (F = 29.20, p<0.001), 
explaining 57% of the variance in the number of repetitions 
(R² = 0.57), indicating a strong model fit. Regarding the ef
fect of intensity, a significant negative relationship was ob
served between intensity and the number of repetitions (B 
= -2.46, p<0.001), confirming that higher intensity leads to 
fewer repetitions. Concerning participants’ strength levels, 
a significant positive effect was found (B = 4.16, p<0.001), 
indicating that stronger individuals performed more repe
titions compared to weaker participants. The standard er
ror of estimation was 5.31 repetitions, suggesting a moder
ate prediction accuracy. Based on the results of the multiple 
linear regression analysis, the prediction equation for the 
total number of repetitions as a function of intensity and 
strength level is formulated as: Repetitions = 20.58 – 2.45 
* (intensity) + 4.16 * (strength level). Table 5 shows the 
equivalences of the dependent variables with each OMNI-
RES EB score. 

Table 6 presents the %RMS achieved at RPE-1 values 
of 2–8 across the set (0-50%, 50-75%, and 75-100%) in 
the anterior deltoid and long head of the triceps brachii. 
ANOVA results revealed that RPE value (RPE-1 of 2, 4, 6, 
and 8) significantly influenced %RMS of anterior deltoid 
(F~(3.00, 33.00)~= 53.20, p<0.001, ηp²=0.83), and %RMS of 
triceps brachii (F~(3.00, 33)~ = 11.96, p=0.001, ηp² = 0.52). 
Regarding segment of the set (0-50%, 50-75%, and 
75-100%), a significant effect was observed on muscle acti
vation (%RMS of anterior deltoid, F~(2.00, 22.00)~= 29.11, 
p<0.001, ηp²=0.73, and %RMS of triceps brachii, 
F~(2.00, 22.00)~= 30.69, p<0.001, ηp²=0.74). The interac
tion between RPE value × segment of the set did not show 
significant effects for both anterior deltoid (p=0.300), and 
triceps brachii (p=0.596) muscle activation. 

ADVERSE EVENTS AND PARTICIPANT FEEDBACK 

No injuries or adverse events occurred during any of the 
study sessions. Some participants reported mild and tran
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Table 5. Prediction of number of repetitions from the first repetition rating of perceived exertion score (linear                
regression).  

RPE 1 2 3 4 5 6 7 8 9 10 

Number of 
repetitions 
(All 
participants) 

24.29 21.83 19.37 16.19 14.46 12.00 9.54 7.08 4.62 2.20 

Number of 
repetitions 
(Less strong 
participants) 

22.28 19.81 17.35 14.88 12.41 9.94 7.48 5.01 2.54 0.08 

Number of 
repetitions 
(Stronger 
participants) 

26.45 23.98 21.51 19.05 16.58 14.11 11.65 9.18 6.71 4.25 

Rating of perceived exertion data are expressed for each score in the OMNIRES-EB scale; Isometric handgrips strength test of the dominant hand using a handheld dynamometer: 
Less strong participants (<32.41 kg), and stronger participants (>32.41 kg). 

Table 6. Neuromuscular activation consistent with a given RPE value across the entire set.             

% RMS 

RPE value of OMNIRES-EB Set interval Deltoid (Anterior head) Triceps brachii (Long head) 

RPE-1 of 2 

50%(a) 47.89±12.73(b,c) 23.65±13.92(b,c) 

75%(b) 56.75±15.99(c) 30.47±18.47(c) 

100%(c) 61.27±19.22 33.68±19.46 

RPE-1 of 4 

50%(d) 52.61±13.43(e,f) 29.76±18.92(e,f) 

75%(e) 61.76±16.65(f) 36.54±22.48(f) 

100%(f) 66.36±19.77 39.61±23.45 

RPE-1 of 6 

50%(g) 58.70±14.05(h,i) 33.42±22.33(h,i) 

75%(h) 68.01±17.53(i) 40.40±26.21(i) 

100%(i) 72.44±20.10 43.98±27.37 

RPE-1 of 8 

50%(j) 63.07±13.48(k,l) 39.66±25.05(k,l) 

75%(k) 72.66±17.21(l) 46.58±29.36(l) 

100%(l) 76.44±19.68 49.82±30.68 

Data are presented as mean±standard deviation. RPE: Rating of perceived exertion; OMNIRES-EB: OMNIRES Elastic band scale; RMS: Root-mean-square; 
a-l Statistically significant difference in the % of RMS across the spectrum of a single set (0-50%, 50-75%, and 75-100%) performed at a given perceived intensity level. 

% RMS 

Set interval RPE value of OMNIRES-EB Deltoid (Anterior head) Triceps brachii (Long head) 

50% 

RPE-1 of 2(a) 47.89±12.73(b,c,d) 23.65±13.92(d) 

RPE-1 of 4(b) 52.61±13.43(c,d) 29.76±18.92(d) 

RPE-1 of 6(c) 58.70±14.05(d) 33.42±22.33(d) 

RPE-1 of 8(d) 63.07±13.48 39.66±25.05 

75% 

RPE-1 of 2(e) 56.75±15.99(f,g,h) 30.47±18.47(h) 

RPE-1 of 4(f) 61.76±16.65(g,h) 36.54±22.48(h) 

RPE-1 of 6(g) 68.01±17.53(h) 40.40±26.21(h) 

RPE-1 of 8(h) 72.66±17.21 46.58±29.36 

100% 

RPE-1 of 2(i) 61.27±19.22(j,k,l) 33.68±19.46(k,l) 

RPE-1 of 4(j) 66.36±19.77(k,l) 39.61±23.45(l) 

RPE-1 of 6(k) 72.44±20.10(l) 43.98±27.37(l) 

RPE-1 of 8(l) 76.44±19.68 49.82±30.68 
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sient muscle soreness in the deltoid and triceps regions af
ter the testing sessions, which resolved within 24–48 hours 
without requiring medical attention. 

DISCUSSION 

The findings of the present study support the suitability of 
the OMNI-RES scale for monitoring elastic band resistance 
training in older adults, given its accuracy in assessing in
tensity during moderate-velocity execution based on first-
repetition RPE. 

CONCURRENT VALIDITY AND MUSCLE ACTIVATION: 
PHYSIOLOGICAL BASIS OF RPE 

RPE-1 showed a strong linear relationship with neuromus
cular activation. The EMG increase across RPE levels sup
ports the physiological validity of the OMNI-RES EB from 
the first repetition. EMG responses differed between the 
anterior deltoid (agonist) and the triceps brachii long head 
(synergist), likely due to the biomechanical demands of 
the standing military press with elastic resistance. Anterior 
deltoid activation rose from 48.32% at RPE-1 2 out of 10 to 
61.63% at RPE-1 8 out of 10, aligning with previous find
ings.30 These intermuscular differences may reflect the del
toid’s primary role in shoulder flexion and abduction,31 

while the triceps assists elbow extension with lower acti
vation32 (27.33% at RPE-1 2/10 to 41.47% at RPE-1 8/10). 
Triceps variability may reflect compensatory strategies in 
older adults prioritizing stabilization and efficiency.33 Un
like constant loads (e.g., free weights), elastic bands pro
vide variable resistance that increases with stretch, peaking 
near the end of the concentric phase.14 Both muscles 
showed increased activation with higher RPE-1, confirming 
prior observations. 
The current findings are consistent with results of previ

ous studies reporting that activation increases significantly 
from first to last repetition across intensity, reflecting fa
tigue-induced recruitment, with up to 20–30% more acti
vation at failure versus the first repetition.34 In this study, 
activation rose by 27.69% (RPE-1 2 out of 10) and 22.73% 
(RPE-1 8 out of 10). These patterns highlight RPE sensitiv
ity for monitoring effort and intra-set fatigue.13 The link 
between narrower grip width, reported higher exertion, and 
EMG supports this method for intensity regulation in older 
adults. 

RPE AS A PREDICTOR OF TRAINING VOLUME 

Monitoring intensity in resistance training is critical for 
safety and efficacy in older adults.9 Traditionally based on 
%1RM, this approach is time-consuming, strenuous, and 
may be unsafe for this population.35 Moreover, novices of
ten yield inaccurate 1RM values, compromising prescrip
tion. In contrast, RPE scales provide an effective, practical, 
and accessible alternative.12,13,36 Their validity in elastic 
resistance training for older adults is well-established, with 
correlations equal to or greater than those in aerobic con
texts.11,37 Notably, participants in the present study were 

already familiar with elastic-band exercise and RPE, which 
reduced the inaccuracy commonly seen in novices. The use 
of RPE-1 has emerged as a promising strategy, allowing 
early load adjustment and repetition prediction, thus mini
mizing fatigue and injury risk.12 

Recent findings confirm a significant inverse correlation 
between RPE-1 and total repetitions, as RPE-1 increases, 
repetitions decrease.11,37 This pattern aligns with previous 
results seen in younger, trained individuals.12,13 A narrower 
band grip –reflecting higher resistance– raises RPE-1 and 
reduces repetitions.12 This responsiveness makes RPE-1 a 
robust tool for load monitoring, comparable to fixed-load 
conditions where higher %1RM limits repetitions and raises 
exertion.38 

The modulation of this relationship by baseline strength 
levels has been examined. Older adults with greater 
strength (>32.41 kg handgrip) tend to complete more rep
etitions across all RPE-1 levels. However, significant dif
ferences between strength groups are mainly evident at 
low intensities (e.g., RPE-1 2 out of 10), diminishing at 
higher levels (RPE-1 4–8 out of 10). This suggests that, 
while stronger individuals can tolerate greater volume, per
ceived effort converges as intensity increases –possibly due 
to greater local fatigue or a more refined mind-muscle con
nection that limits repetitions despite superior capacity.39 

The utility of RPE-1 as a prescriptive tool in elastic band 
resistance training lies in its capacity to facilitate individ
ualized load adjustment by enabling practitioners to effi
ciently match training volume to each participant’s capac
ity through the evaluation of a single repetition, thereby 
minimizing fatigue and expediting load selection.12 It fa
cilitates: (i) differentiation of intensity levels during elastic 
resistance training; (ii) accurate prescription by linking 
specific RPE-1 values to target repetition ranges (e.g., 
RPE-1 of 6 for a 10–15 repetition); and (iii) longitudinal 
monitoring, as a lower RPE-1 for the same grip width re
flects positive adaptation.12,14 

In summary, the reliable OMNI-RES EB rating for the 
first repetition offers a cost-effective alternative to complex 
methods. It effectively monitors training intensity during 
elastic resistance exercises for older adults, providing 
coaches, therapists, and trainers with a practical tool to op
timize loading and promote adherence in this population. 

RELIABILITY OF THE PROTOCOL AND CARDIOVASCULAR 
SAFETY 

The present study confirmed high inter-session reliability, 
supporting RPE-1 as a reliable intensity marker in older 
adults who were already familiarized with elastic-band ex
ercise and trained in the use of RPE at the last repetition. 
ICCs for total repetitions (0.94), EMG (0.86), HR (0.85), SBP 
(0.91), and DBP (0.84) ranged from “good” to “excellent”. 
These findings confirm protocol consistency and, in some 
cases, exceed previous reliability values in older adults. HR 
(ICC = 0.84) and repetitions (ICC = 0.94) surpassed the 0.81 
and 0.79 reported by Colado et al.11 Similarly, repetition 
ICC also exceeded the 0.88–0.91 range reported by Colado 
et al.12 in younger adults. These results reinforce the utility 
of RPE-1 for monitoring intensity in older adults. 
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Cardiovascular responses (HR, SBP, DBP) did not differ 
across RPE-1 levels. These findings support the hypothesis 
that cardiovascular responses plateau during elastic resis
tance training when sets are performed to volitional failure, 
regardless of the initial intensity, load or number of repe
titions. A plausible explanation is that, as observed in pre
vious studies, reaching muscular failure elicits a relatively 
consistent cardiovascular response that appears to be inde
pendent of the resistance intensity or repetition count, as 
long as the exercise involves similar muscle mass and body 
regions.11,40 

These results demonstrate that, in the standing military 
press exercise performed with elastic bands, the belief that 
low-resistance training automatically entails lower cardio
vascular demand is inaccurate. From a physiological stand
point, acute cardiovascular response depends less on the 
absolute resistance used and more on the type and in
tensity of effort performed. Specifically, when effort ap
proaches or reaches muscular failure, cardiovascular de
mands increase substantially—regardless of whether the 
load is low, moderate, or high. Therefore, the use of au
toregulation strategies such as RPE can support safe and 
effective exercise dosing, tailoring intensity to the individ
ual’s functional status and reducing the risk of unnecessary 
cardiovascular overload.10 

ANALYSIS OF MUSCLE ACTIVATION PATTERNS 
THROUGHOUT A SET TO FAILURE AT DIFFERENT RPE-1 
LEVELS IN OLDER ADULTS 

The present study contributes to analyzing neuromuscular 
behavior during resistance exercise to failure in older 
adults, using %RMS stratified by RPE-1 levels (2, 4, 6, and 8 
out of 10). To date, this is the first study in this population 
to characterize motor unit recruitment progression across 
a set using elastic bands at moderate velocity. This is rele
vant given the scarce evidence on intra-set muscle activa
tion in older adults and the modulation of these patterns by 
initial effort perception. Results showed a progressive in
crease in %RMS (50% to 100% of the set) for both the ante
rior deltoid and long head of the triceps brachii, with larger 
increases at higher RPE-1 levels. For example, deltoid acti
vation rose from 47.89 ± 12.73 at RPE-1 2 out of 10 (0-50% 
of the set) to 61.27 ± 19.22 at 75-100% of the set, and from 
63.07 ± 13.48 to 76.44 ± 19.68 at RPE-1 8 out of 10. These 
findings likely reflect progressive motor unit recruitment in 
response to intra-set fatigue, consistent with physiological 
principles of sustained submaximal effort.41 

These data support the hypothesis that fatigue can in
duce high muscle activation even at low initial RPE, pro
vided the exercise is performed to failure.42 This observa
tion has practical relevance at the acute level, as it enables 
an adequate neuromuscular stimulus without increasing 
external load–a key advantage among older adults for 
whom high loads may be contraindicated.5 Importantly, 
this interpretation refers to acute internal load and neu
romuscular effort, not long-term strength or hypertrophy 
adaptations. Additionally, the interaction between RPE-1 
and set progression suggests that initial perceived exertion 
modulates the neuromuscular response. This relationship 

facilitates individualized effort regulation and volume ad
justment within a session or microcycle, based on func
tional status and perception, rather than implying long-
term training effects. RPE-1 is a non-invasive, 
self-regulated indicator of internal load12 that may en
hance adherence and efficacy in older adults. 
A practical key finding is that, although neuromuscular 

activation (%RMS) increased at 50%, 75%, and 100% of 
the set across RPE-1 levels, the absolute gain from 75% to 
100% was modest–e.g., ~3.8% at RPE-1 8 out of 10 in the 
anterior deltoid (from 72.66 ± 17.21 to 76.44 ± 19.68)–sug
gesting early termination may preserve adaptative benefits. 
This supports American College of Sports Medicine (ACSM) 
guidelines recommend submaximal intensities to maintain 
technique and reduce injury risk, especially in novices.43 

Recent evidence also favors repetitions in reserve (RIR) 
strategies–stopping 2–3 reps before failure (15–25% vol
ume reduction)42–as safe and effective, particularly for 
older adults or those with limitations.18,44 These methods 
yield comparable strength and hypertrophy gains, with less 
fatigue and better adherence.45 Thus, the findings validate 
conservative RIR-based prescriptions or submaximal RPE at 
the end of the set (7-9 out of 10) to balance efficacy, safety, 
and long-term compliance.46 Taken together, these find
ings support the value of intra-set EMG analysis to opti
mize effort dosing and training design, where neuromuscu
lar stimulus depends not only on absolute intensity but also 
on accumulated fatigue and initial perceived exertion. 

LIMITATIONS AND FUTURE DIRECTIONS 

This study has some limitations that should be acknowl
edged. Although an a priori power analysis was conducted 
to estimate the minimum required sample, the limited 
number of participants may still reduce statistical power 
and increase the risk of a Type II error; therefore, the find
ings should be viewed as preliminary and require confir
mation in larger trials. This sample consisted of healthy, 
physically active older adults with prior experience using 
elastic bands and RPE scales, which may limit the gener
alizability of the findings to less active or clinical popula
tions. Additionally, only one upper-body exercise (standing 
military press with elastic bands) was assessed under con
trolled laboratory conditions; therefore, caution is needed 
when extrapolating these findings to other exercises, mus
cle groups, or training settings. Although standardized pro
cedures were followed, factors such as electrode placement 
and skin impedance may introduce variability in surface 
EMG. Future studies should examine RPE-1 in a wider 
range of exercises and populations, including older adults 
with different functional levels or chronic conditions, as 
well as evaluate long-term training adaptations and its ap
plication in real-world settings. 

CONCLUSION 

The first-repetition RPE obtained using the OMNI-RES EB 
scale has proven to be a valid, and reliable indicator for 
monitoring intensity during moderate-velocity resistance 
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training with elastic bands in older adults. RPE-1 accurately 
predicted total repetition volume and captured the intra-
set progression of muscle activation, enabling precise and 
efficient exercise prescription. The need to combine RPE-1 
and final RPE to safely and effectively regulate neuromus
cular and cardiovascular stimulus during moderate-velocity 
training has also been shown. 
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