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Gauging proximity to failure in the bench
press: generalized velocity-based vs. %1RM-
repetitions-to-failure approaches

Xuelin Qin', Beibei Liu? and Amador Garcia-Ramos>*

Abstract

Background This study compared the accuracy of three generalized approaches for estimating proximity to failure
during the Smith machine bench press: (i) the relationship between relative load (%1RM) and maximum repetitions
performed to failure (%1RM-RTF), (ii) the relationship between maximum repetitions to failure and fastest set velocity
(RTF-velocity), and (iii) the relationship between repetitions left in reserve (RIR) and lifting velocity (RIR-velocity).

Methods Nineteen physically active men (22.9+ 2.7 years old) with at least two years of resistance training
experience participated. Their 1-repetition maximum (1RM=286.8 + 16.7 kg) was determined during the first session. In
the second session, participants performed single sets to failure at 60% and 80% 1RM, with proximity to failure (2RIR
and 4RIR) estimated using each approach.

Results The RIR-velocity relationship was the only approach that did not significantly deviate from the intended

RIR (errors = -0.4 to 0.6 repetitions). In contrast, both the %1RM-RTF and RTF-velocity relationships overestimated

the intended RIR at 60%1RM for both 2RIR (2.9 and 5.8 repetitions, respectively) and 4RIR (2.8 and 5.7 repetitions,
respectively), while no significant differences were observed at 809%1RM (errors = -0.6 to 0.9 repetitions). The RIR-
velocity relationship generally demonstrated the lowest absolute errors compared to the actual RIR (1.3+0.7
repetitions), with greater differences compared to the other two approaches at lighter loads and closer proximities to
failure.

Conclusions In the absence of individual relationships, the general RIR-velocity relationship should be used by
coaches to control the proximity to failure of their athletes during the bench press exercise.

Keywords Level of effort, Monitoring, Resistance training, Velocity-based training

*Correspondence:

Amador Garcfa-Ramos

amagr@ugr.es

'Department of Sport Science Research Institute, Nanjing Sport Institute,
Nanjing, China

’Department of Rehabilitation, Jinling Hospital, Affiliated Hospital of
Medical School, Nanjing University, Nanjing, Jiangsu

210002, People’s Republic of China

*Department of Physical Education and Sport, Faculty of Sport Sciences,
University of Granada, Granada, Spain

“Department of Sports Sciences and Physical Conditioning, Faculty of
Education, Universidad Catolica de la Santisima Concepcion, Concepcion,
Chile

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13102-025-01098-2&domain=pdf&date_stamp=2025-3-19

Qin et al. BMC Sports Science, Medicine and Rehabilitation

Introduction

Resistance training (RT) is widely recognized as a fun-
damental component of physical conditioning, play-
ing a crucial role in promoting muscular development,
enhancing athletic performance, and improving overall
health [1-3]. Among the key variables that influence its
effectiveness, training volume stands out as one of the
most critical factors [4, 5]. Closely tied to this is the con-
cept of level of effort, defined as the number of repetitions
performed in a set relative to the maximum possible,
which has received substantial research attention due to
its significant impact on both post-training recovery and
long-term performance adaptations [6-8]. As a result,
there is growing consensus that training to failure should
be minimized in most contexts, as less fatiguing methods
can achieve equal or superior outcomes [6, 9]. Conse-
quently, there is a need for precise and reliable strategies
to prescribe repetition volume that align with the desired
level of effort (i.e., proximity to failure) while avoiding
reliance on failure-based approaches.

Traditional methods for prescribing repetition volume
often rely on predictive tables, which estimate the num-
ber of repetitions an individual can perform to failure
(RTF) based on the specific exercise and relative load. For
example, Nuzzo et al. [10] reported that during the bench
press, individuals (regardless of sex, age, or training sta-
tus) can perform an average of 19 repetitions at 60% of
their one-repetition maximum (1RM) and 9 repetitions
at 80% of their 1IRM. Using this approach, a coach aim-
ing to maintain a moderate level of effort—such as leav-
ing 4 repetitions in reserve—might prescribe 15 and 5
repetitions at 60% and 80% of 1RM, respectively. How-
ever, the %1RM-RTF method has some notable limita-
tions. It requires precise knowledge of the exact %1RM
being lifted, which is often impractical, requiring fre-
quent reassessments of the 1RM because fluctuations
in muscle strength can occur as a result of training- or
non-training-related stressors [11]. It also fails to account
for significant inter-individual variability in the num-
ber of repetitions achievable at a given %1RM [12-14].
In addition, factors such as lifting tempo and range of
motion can also influence the maximum number of rep-
etitions an individual can perform at a given load [15,
16]. This variability highlights the risk of fixed prescrip-
tions unintentionally pushing some individuals to failure
while allowing others to complete the prescribed volume
with ease, potentially resulting in inconsistent training
adaptations.

To address these challenges, velocity-based training
(VBT) has emerged as a modern approach to RT pre-
scription, providing tools to enhance and complement
the effectiveness of traditional methods [11]. A key pro-
posed advantage of VBT is its potential to control and
regulate effort levels during RT sessions while accounting
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for variations in daily physical readiness to train and indi-
vidual performance capabilities [11]. Notably, a higher
velocity at a given absolute load indicates an improved
strength capacity, while a greater decline in velocity
across repetitions is associated with increased fatigue
and closer proximity to failure [17]. The two primary
velocity-based strategies for prescribing repetition vol-
ume to leave a specific number of repetitions in reserve
are (i) the relationship between the maximum number of
repetitions performed to failure and the fastest set veloc-
ity (RTF-velocity relationship) [18, 19], and (ii) the rela-
tionship between repetitions left in reserve and lifting
velocity (RIR-velocity relationship) [8, 20]. Similar to the
traditional %1RM-RTF relationship, these velocity-based
strategies can be applied using either generalized or
individualized relationships. While individualized rela-
tionships provide greater accuracy in estimating prox-
imity to failure, they require individuals to perform sets
to failure for their assessment, which presents practical
challenges. Note that training to failure intensifies imme-
diate mechanical, metabolic, and perceptual fatigue and
prolong recovery periods following RT sessions [21-23],
whereas it fails to maximize neuromuscular adaptations
and strength gains [6, 24, 25].

For coaches aiming to avoid prescribing sets to failure,
it is essential to identify which of the general approaches
discussed above provides the most accurate estimation
of proximity to failure, specifically by minimizing errors
in predicting repetitions in reserve (RIR). The primary
objective of this study was to compare the accuracy of
generalized relationships from three approaches—(i)
%1RM-RTE, (ii) RTF-velocity, and (iii) RIR-velocity—in
gauging proximity to failure during the Smith machine
bench press. We hypothesized that velocity-based strat-
egies would enhance the precision of effort prescription
compared to traditional %1RM-RTF tables, particularly
by accounting for variations in physical readiness to train
and individual performance capacities. The expected
findings are important for determining whether general
(i.e., non-individualized) velocity thresholds can provide
a more accurate alternative to traditional %1RM-RTF
predictive models, ultimately informing more effective
RT practices.

Methods

Participants

Nineteen healthy young men participated in this study
(mean +standard deviation: age 22.9+2.7 years, body
mass 73.0+ 8.6 kg, height 1.77+0.07 m). All participants
were physically active, engaged in RT 2-5 times per
week, and had at least two years of RT experience. Their
1RM in the bench press was 86.8+16.7 kg (1.19+0.18 kg
per kg of body mass). Participants were instructed to
abstain from strenuous physical activity for 48 h prior
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to each testing session. Each participant had previ-
ously taken part in studies conducted by our research
team, demonstrating proficiency in executing the bench
press with proper technique at maximal intended veloc-
ity. Before starting the study, all participants received
detailed information about the procedures and provided
written informed consent. The study complied with the
principles outlined in the Declaration of Helsinki and
was approved by the institutional ethics committee.

Design

This study utilised a repeated-measures design to com-
pare the accuracy of generalized relationships from three
approaches for estimating proximity to failure during
the bench press: (i) %1RM-RTEF, (ii) RTF-velocity, and
(iii) RIR-velocity. Participants attended two testing ses-
sions within the same week, separated by 48 to 96 h of
rest. During the first session, each participant’s 1IRM in
the Smith machine bench press was determined. In the
second session, participants performed single sets of
repetitions to failure at maximal intended velocity using
two relative loads (80% and 60% of 1RM). The accuracy
of each prescription approach (%1RM-RTF, RTF-velocity,
and RIR-velocity) in estimating proximities to failure at
two (2RIR) and four (4RIR) repetitions was analysed for
both loads (60%1RM and 80%1RM). Both sessions were
conducted at the same time of day for each participant
(x1h).

Procedures

The general warm-up for both testing sessions consisted
of 5 min of jogging, followed by self-selected dynamic
stretching and upper-body joint mobilization exercises.
In the first session, the 1RM in the Smith machine bench
press was determined using a standardized incremental
loading protocol, as described by Garcia-Ramos et al.
[26]. The test began with an initial external load of 17 kg,
which was progressively increased from 1 to 10 kg until
the 1IRM was directly measured through the successful
completion of a single maximal lift. This protocol has
demonstrated high reliability in similar populations, with
a coefficient of variation of 1.86% and an intraclass cor-
relation coefficient of 0.98 [26], which supports the deci-
sion not to include a second testing session to confirm
1RM performance.

During the second session, participants performed
single sets of repetitions to failure at 80% and 60% of
the 1RM determined in the first session. The loads were
applied in descending order, as reaching failure with
lighter loads is more fatiguing. To minimize fatigue
effects, a 10-minute rest period separated the two sets.
Before starting the sets to failure, participants completed
a specific warm-up consisting of three sets of 10, 5, and
2 repetitions at relative loads of 40%1RM, 60%1RM, and
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80%1RM, respectively. Rest intervals of 2 min were pro-
vided between warm-up sets, with a 4-minute rest period
between the final warm-up set and the first set to failure.

Participants performed the bench press using a stan-
dardized execution technique across all testing ses-
sions. Each repetition began with the barbell held at
arm’s length, elbows fully extended, and a self-selected
grip width. From this starting position, participants
were instructed to perform both the downward (eccen-
tric) and upward (concentric) phases of the movement
as fast as possible. The barbell was lowered until it made
contact with the chest (visually inspected by an experi-
enced researcher), and the concentric phase ended when
the elbows returned to full extension. Participants were
instructed to maintain the same execution technique
throughout all repetitions in both testing sessions. Par-
ticipants received real-time velocity feedback following
each repetition to ensure maximal intent [27]. Addi-
tionally, an experienced researcher closely monitored
and verbally encouraged participants to lift the barbell
at maximal intended velocity and to complete the maxi-
mum possible number of repetitions, ensuring that no
more than a 1-second pause occurred between consecu-
tive repetitions.

Measurement equipment and data analysis

A Smith machine (Technogym, Barcelona, Spain) was
utilized during all testing sessions, equipped with a
validated linear velocity transducer (T-Force System;
Ergotech, Murcia, Spain) that recorded movement veloc-
ity at a sampling frequency of 1000 Hz [21]. The variable
analysed in this study to apply the velocity-based strat-
egies for prescribing repetition volume was the mean
velocity (MV) of the barbell. This was defined as the
average velocity during the concentric phase, measured
from the initiation of the upward movement to the point
where the barbell reached its maximum height. The basic
characteristics of the three approaches used in this study
to gauge proximity to failure are described below.

1. %1RM-RTF relationship. Nuzzo et al. [10]
reported that, on average, individuals can perform
a maximum of 19 repetitions at 60% of their IRM
and 9 repetitions at 80% of their IRM during the
bench press. Using this approach, when participants
completed more repetitions than those stipulated
by Nuzzo et al. [10], the RIR was overestimated. For
example, if a participant completed 21 repetitions
at 60% of their 1RM, the 2RIR and 4RIR would
be overestimated by two repetitions. Conversely,
when participants completed fewer repetitions
than those stipulated by Nuzzo et al. [10], the RIR
was underestimated. For instance, if a participant
completed only 17 repetitions at 60% of their 1IRM,
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the 2RIR and 4RIR would be underestimated by
two repetitions. In two cases, participants reached
failure three repetitions before achieving the
number of repetitions stipulated by Nuzzo et al.
[10]. Specifically, one participant performed only
16 repetitions at 60% of their 1RM, and another
performed only 6 repetitions at 80% of their IRM.
In these instances, we assumed an underestimation
of two repetitions for 2RIR and three repetitions
for 4RIR, as the underestimation cannot exceed the
intended RIR.

2. RTF-velocity relationship. According to Garcia-
Ramos et al. [18], the maximum number of
repetitions to failure (RTF) during the Smith
machine bench press can be predicted using the
equation: RTF =37.01-MV — 7.95 (+* =0.774, standard
error of the estimate = 3.57 repetitions), where MV
represents the fastest mean velocity. The fastest
MV recorded during the first two repetitions was
used to predict the RTE. For example, a starting
velocity of 0.64 m-s™ would yield a predicted RTF
of 16 repetitions. However, discrepancies between
the predicted and actual RTF were observed.

Three participants reached failure three repetitions
earlier than predicted, and one participant was four
repetitions short of the prediction. To compute

the magnitude of the errors (underestimation or
overestimation), the same criteria used for the
%1RM-RTF relationship were applied.

3. RIR-velocity relationship. According to Moran-
Navarro et al. [8], the MV corresponding to two and
four RIR are 0.27 m-s™ and 0.36 m-s™, respectively. In
the present study, the set was considered terminated
once these MV thresholds were exceeded for the
first time. At this point, the number of repetitions
performed afterward, before reaching failure,
was recorded. The errors were calculated as the
difference between the actual RIR (i.e., the exact
number of repetitions completed after exceeding the
MYV threshold) and the intended RIR. Specifically,
an intended RIR of four was assigned for exceeding
0.36 m:s~!, and an intended RIR of two was assigned

for exceeding 0.27 m-s™?.

Statistical analyses

Data are presented as mean + standard deviation. Given
that RIR is not a continuous variable, alternative non-
parametric statistical procedures were applied in the
present study. Wilcoxon signed-rank tests were con-
ducted to determine whether significant differences
existed between the intended RIR (2RIR or 4RIR) and the
actual RIR obtained using the different repetition volume
prescription approaches (%1RM-RTF, RTF-velocity, and
RIR-velocity). The Friedman test, followed by LSD post
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hoc comparisons, was used to compare the absolute dif-
ferences between actual and intended RIR across the
three prescription approaches (%1RM-RTF, RTF-velocity,
and RIR-velocity) for each intended RIR (2RIR and 4RIR)
and load condition (60%1RM and 80%1RM). All statisti-
cal analyses were conducted using SPSS software (version
25.0, SPSS Inc., Chicago, IL, USA), with the significance
level set at p<0.05.

Results

The actual RIR obtained using the various approaches for
prescribing repetition volume (%1RM-RTF, RTF-velocity,
and RIR-velocity) are shown in Fig. 1. Among the meth-
ods, the RIR-velocity relationship was the only approach
that did not significantly deviate from the intended RIR
for any load: 60%1RM at 2RIR (1.6+1.2 repetitions),
60%1RM at 4RIR (4.1+2.3 repetitions), 80%1RM at 2RIR
(1.8+£1.3 repetitions), and 80%1RM at 4RIR (4.6+2.0
repetitions). In contrast, both the %1RM-RTF and RTF-
velocity relationships overestimated the intended RIR
at 60%1RM for both 2RIR (4.9+3.5 and 7.8%5.1 rep-
etitions, respectively) and 4RIR (6.8+3.5 and 9.7+5.2
repetitions, respectively). However, no significant differ-
ences were observed for the IRM-RTF and RTF-velocity
relationships at 80%1RM for 2RIR (1.4+1.2 and 2.9+2.5
repetitions, respectively) or 4RIR (3.4+1.3 and 4.9+2.5
repetitions, respectively).

The absolute differences between the actual and
intended RIR for three prescription approaches (%1RM-
RTF, RTF-velocity, and RIR-velocity) are depicted in
Fig. 2. The Friedman test at 60%1RM revealed significant
differences for both 2RIR (p <0.001) and 4RIR (p=0.001).
In both cases, the RIR-velocity relationship exhibited
lower absolute errors than the %1RM-RTF and RTE-
velocity relationships, while the %1RM-RTF relationship
also showed lower errors than the RTF-velocity relation-
ship. The Friedman test at 80%1RM also revealed sig-
nificant differences for both 2RIR (p=0.009) and 4RIR
(p=0.045). In both cases, the RIR-velocity relationship
exhibited lower absolute errors than the RTF-velocity
relationship, while no significant differences were found
between the %1RM-RTF relationship and either the RTF-
velocity or RIR-velocity relationships.

Discussion

This study was designed to evaluate the accuracy of vari-
ous general approaches for estimating proximity to fail-
ure (%1RM-RTE, RTF-velocity, and RIR-velocity) during
the Smith machine bench press. Among these methods,
the RIR-velocity relationship emerged as the most accu-
rate, consistently aligning with the intended RIR with-
out systematic differences. In contrast, the %1RM-RTF
and RTF-velocity approaches tended to overestimate
the intended RIR at 60%1RM, showing no significant
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Fig. 1 Actual repetitions in reserve (RIR) obtained using three different approaches for prescribing repetition volume: %1RM-RTF, RTF-velocity, and RIR-
velocity. Data are presented for intended RIR targets of 2 and 4 repetitions at two relative loads (60%1RM and 80%1RM). Solid horizontal lines represent
the mean RIR for each approach, and individual data points are shown. p, p-value derived from Wilcoxon signed-rank tests comparing the intended and

actual RIR

deviations at 80%1RM. Furthermore, the RIR-velocity
relationship demonstrated the lowest absolute errors
overall, with these differences being more pronounced
at lighter loads (60%1RM vs. 80%1RM) and closer prox-
imities to failure (2RIR vs. 4RIR). Taken together, these
findings suggest that, in the absence of individual rela-
tionships, the general RIR-velocity relationship provides
a more accurate method for estimating proximity to fail-
ure during the bench press exercise compared to general
%1RM-RTF and RTF-velocity relationships.

Nuzzo et al. [10] recently updated the predictive tables
commonly used to estimate the maximum number of
repetitions individuals can perform to failure at various
relative loads (%1RM). The bench press was the most
represented exercise in this analysis, accounting for 42%
of the studies included in the meta-analysis. Specifically
for the bench press, Nuzzo et al. [10] found minimal
influence of factors such as sex, age, or training status
on the %1RM-RTF relationship, recommending the use
of the same generalized relationship for all individuals
performing this exercise. However, our findings revealed
some discrepancies: participants in this study com-
pleted more repetitions at 60%1RM (21.8 + 3.5) and fewer

repetitions at 80%1RM (8.4 + 1.3) compared to the 19 and
9 repetitions predicted by Nuzzo’s tables for 60%1RM
and 80%1RM, respectively. These discrepancies led to a
significant overestimation of approximately 2.8 repeti-
tions at 60%1RM and a non-significant underestimation
of approximately 0.6 repetitions at 80%1RM. Interest-
ingly, the predictive tables exhibited similar errors for
both 2RIR and 4RIR; however, the errors increased as
the load decreased, making the approach more accurate
at heavier loads closer to 1RM. Importantly, two par-
ticipants in our study reached failure three repetitions
before achieving the predicted 2RIR value. This vari-
ability highlights the inherent risks of relying on fixed
%1RM-RTF prescriptions, which may unintentionally
push some individuals to failure while allowing others to
complete the prescribed volume with ease. These limi-
tations are particularly relevant in team sports environ-
ments (e.g., soccer, rugby, hockey), where athletes engage
in concurrent training, combining RT with high-inten-
sity activities such as sprinting and sport-specific drills,
often with minimal recovery between training blocks.
This context can lead to significant fluctuations in mus-
cle strength (i.e.,, 1RM), further reducing the accuracy
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Fig. 2 Absolute differences between the actual and intended repetitions in reserve (RIR) for different prescription approaches (%1RM-RTF, RTF-velocity,
and RIR-velocity) at two relative loads (60%1RM and 80%1RM) and two intended RIR targets (2RIR and 4RIR). Solid horizontal lines represent the mean
absolute error for each approach, and individual data points are displayed. Letters “a” and “b” indicate significant differences (p<0.05) compared to the

RTF-velocity and RIR-velocity relationships, respectively

of fixed %1RM-RTF prescriptions in real-world training
scenarios.

To date, only one study has examined the general rela-
tionship between RTF and the fastest set velocity during
the bench press. Garcia-Ramos et al. [18] reported a stan-
dard error of the estimate of 3.6 repetitions, concluding
that this level of error is unacceptable and necessitates
determining individual RTF-velocity relationships for
practical implementation. Unlike the %1RM-RTF rela-
tionship, the RTF-velocity approach offers the advantage
of not requiring precise knowledge of the exact %1RM
being lifted, allowing it to account for day-to-day varia-
tions in physical readiness. However, the higher accuracy
of the %1RM-RTF relationship observed in this study
compared to the RTF-velocity relationship may be par-
tially attributed to the direct determination of 1RM 48
to 96 h prior to the main experimental session, ensuring
greater precision in load selection. The low accuracy of
the general RTF-velocity relationship observed here is
not surprising, given the substantial variability among
individuals, reported in previous studies, in the number
of repetitions performed to failure when sets begin at the
same velocity [18, 28]. This variability can be attributed
to differences in muscular endurance and the fact that
the same velocity corresponds to different %1RM values

across individuals [29]. These factors underscore the lim-
itations of a generalized RTF-velocity approach and the
need for individualized data to enhance its practical util-
ity in training.

The RIR-velocity relationship emerged as the most
accurate method for estimating proximity to failure in
this study. We used the standard velocity values pro-
posed by Moran-Navarro et al. [8], who demonstrated
that velocity at a given RIR does not vary across different
loads (65%, 75%, and 85% of 1RM) or individual charac-
teristics (novice, well-trained, and highly trained individ-
uals). Notably, similar to findings for the RTF-velocity
relationship [18, 19, 28], the only two studies compar-
ing general and individual RIR-velocity relationships—
one focused on the Smith machine bench pull [30] and
the other on the free-weight back squat [20]—reported
better accuracy with individualized relationships. This
suggests that the accuracy observed in this study could
be further improved by determining individual RIR-
velocity profiles. Interestingly, no significant differences
were found between the %1RM-RTF and RIR-velocity
relationships at 80% 1RM, indicating that the advan-
tages of general velocity thresholds for estimating prox-
imity to failure could be dissipated at heavier loads. The
key advantage of the RIR-velocity relationship, however,
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lies in its independence from knowing the exact %1RM
being lifted, a factor often unknown in practice. However,
the obvious limitation of the RIR-velocity relationship is
that coaches need to have an accurate velocity measur-
ing device. It is worth noting that unlike the %1RM-RTF
relationship, the accuracy of RIR prediction with the
RIR-velocity approach decreases when sets are termi-
nated farther from failure. Overall, these findings sug-
gest that while the general RIR-velocity relationship is
the preferred method when individual relationships are
unavailable, the accuracy of the %1RM-RTF relationship,
when 1RM is precisely determined, is comparable for sets
terminated farther from failure (e.g., 4RIR) at heavy loads
(e.g., 80% 1RM).

A potential limitation of our study is that the bench
press was performed using a Smith machine. While we
employed the same linear velocity transducer (T-Force
system) as the studies that proposed the general RTF-
velocity and RIR-velocity relationships [8, 18], most
of the studies included in Nuzzo et al’s (2024) predic-
tive tables were conducted with free-weight exercises.
It remains unclear whether these relationships can be
applied interchangeably between free-weight and Smith
machine exercises. Additionally, although we analysed
general %1RM-RTE, RTF-velocity, and RIR-velocity rela-
tionships, we did not explore the potential benefits of
implementing individualized profiles. Such individual-
ized relationships could improve the accuracy of all three
approaches; however, it is unclear which would benefit
most from this adaptation. Finally, our study was lim-
ited to a single exercise and specific relative loads (60%
and 80% 1RM). Consequently, the generalizability of our
findings to other resistance exercises or a wider range of
loads is unknown. Future research should address these
limitations by investigating free-weight exercises, differ-
ent movement patterns, and the utility of individualized
velocity-based and %1RM-RTF approaches across varied
populations and training contexts.

Conclusions

This study highlights the general RIR-velocity relation-
ship as the most accurate method for estimating prox-
imity to failure during the Smith machine bench press
when individual relationships are unavailable. The
RIR-velocity relationship consistently aligned with the
intended RIR without systematic differences and demon-
strated the lowest absolute errors, particularly at lighter
loads (60%1RM) and closer proximities to failure (2RIR).
Notably, none of the participants reached failure before
exceeding an MV of 0.27 m:s~!, demonstrating that,
unlike the %1RM-RTF and RTF-velocity approaches,
the RIR-velocity method consistently provided a reliable
benchmark for avoiding training to failure. These find-
ings emphasize the utility of the general RIR-velocity

(2025) 17:60
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relationship as a practical and effective tool for prescrib-
ing resistance training, provided coaches have access to
accurate velocity measurement devices during their ath-
letes’ training.
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