Sports

Article

The Influence of Muscular Strength and Local Muscular
Endurance on Accuracy of Estimated Repetitions to Failure in
Resistance-Trained Males

Daniel A. Hackett 1-*

check for
updates

Citation: Hackett, D.A.; Sabag, A.
The Influence of Muscular Strength
and Local Muscular Endurance on
Accuracy of Estimated Repetitions to
Failure in Resistance-Trained Males.
Sports 2022, 10, 27. https://doi.org/
10.3390/sports10020027

Academic Editor: David G. Behm

Received: 15 December 2021
Accepted: 17 February 2022
Published: 21 February 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Angelo Sabag 2

Physical Activity, Lifestyle, Ageing and Wellbeing Faculty Research Group, School of Health Sciences,

Faculty of Medicine and Health, The University of Sydney, Camperdown, NSW 2006, Australia

2 NICM Health Research Institute, Western Sydney University, Westmead, NSW 2145, Australia;
a.sabag@westernsydney.edu.au

*  Correspondence: daniel.hackett@sydney.edu.au

Abstract: This study investigated whether muscular strength and local muscular endurance (LME)
influences accuracy of estimated repetitions to failure (ERF) during resistance exercise. Twenty
resistance-trained males (age 26.3 & 6.9 years) completed five sets of 10 repetitions at 70% 1RM for
the bench press and squat. Following the 10th repetition of each set, participants reported ERF and
then continued to concentric failure. Participants were separated into one of two groups based on
muscular strength and LME. There were no significant differences between strength groups for error
in ERF, ERF, and actual repetitions to failure (ARF). High-LME compared to Low-LME had greater
EREF for all sets of bench press (p < 0.05) and two sets of squat (p < 0.05). Greater ARF was observed in
High-LME for two of five sets for bench press (p < 0.05) and squat (p < 0.05). High-LME had greater
error in ERF for bench press set 1 (p < 0.01) and set 4 (p = 0.04), while for set 1 only for squat (p = 0.01).
Findings indicate that LME influences accuracy of ERF during the initial set of bench press and squat
as well as a latter set for the bench press. Future studies with larger sample sizes are warranted to
explore whether LME affects accuracy of ERF across multiple sets.

Keywords: resistance training; repetition maximum; training intensity; weightlifting

1. Introduction

Estimated repetitions to failure (ERF) is a resistance training tool that can be used to
monitor and prescribe resistance exercise and is also referred to as repetitions in reserve
(RIR) [1,2]. The accuracy of ERF is predominantly dependent on the proximity to concentric
failure with greater accuracy when ERF is reported closer to failure [3,4]. We previously
showed that error in ERF was > 2 repetitions when there were 7-10 actual repetitions to
failure (ARF) compared to an error in ERF of ~1 repetition when there was 0-5 ARF [3].
It has been proposed that lifters may rely upon exertional sensations to guide their ERF,
some of which include muscle activation, afferent signals from muscle proprioceptors,
and mechanoreceptors [1]. Furthermore, since there is greater exertion and decreases
in mean concentric velocity (MCV) as concentric failure is approached within a set, it
appears likely that these responses play an important role towards increasing the accuracy
of ERF [5,6]. Two other factors that are shown to influence the accuracy of ERF include
resistance training experience and sex differences [3,7,8]. Greater accuracy in ERF was
observed among experienced compared to novice resistance trainers during squats [8].
Additionally, females compared to males were found to be less accurate with reporting ERF
during the leg press with no differences between sexes for the chest press, after controlling
for training status [3].

While previous studies have investigated the effects of resistance training experi-
ence on the accuracy of ERF, the training status criteria are typically based on years of
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consistent resistance training in combination with an indicator of muscle strength [5,8].
Experienced compared to novice lifters were found to produce slower velocities when
using heavy loads (i.e., 90-100% one repetition maximum—1RM), which was suggested
to be due to greater neuromuscular efficiency (i.e., quicker recruitment of high-threshold
motor units) [5,8]. It is unknown whether differences in the neuromuscular efficiency
between lifters could influence the accuracy of ERF. To date, there is no evidence that
muscular performance (e.g., strength, power, endurance) influences the accuracy of ERF in
experienced resistance trainers.

Among lifters with similar resistance training experience (quantified in years), it
would be expected that a large range of muscle performance abilities would be present. The
variability in muscle performance among lifters with similar resistance training experience
is the result of a combination of biological, morphological, psychological, and environmen-
tal factors [9,10]. Since ERF is a tool that can be used to monitor and prescribe resistance
training [2], it is of importance to investigate whether the accuracy of ERF is influenced
by muscle performance capabilities, more specifically, whether differences in muscular
strength and local muscular endurance (LME) affect the accuracy of ERF. Briefly, LME is
defined as the ability to resist muscular fatigue when using a submaximal resistance [11].
Assessment of LME is commonly determined by the maximal number of repetitions to
concentric failure when using absolute loads (i.e., a fixed load such as 50kg) or relative loads
(i.e., based on % 1RM) [12]. Previous studies suggest that the ability to perform a greater
number of repetitions after reporting ERF at a specific time point (e.g., 10th repetition at
70% 1RM) is the main factor negatively affecting accuracy of ERF [3,4]. Therefore, it appears
that differences in LME rather than in muscular strength between resistance trainers would
influence the accuracy of ERF, when ERF is reported after the completion of a specific
number of repetitions with given relative load (% 1RM).

The purpose of this exploratory study was to examine whether muscular strength and
LME influences error in ERF (accuracy). It was hypothesized that lifters with greater LME
would have lower accuracy of ERF, while muscular strength would not influence accuracy
of ERF. A secondary objective of this study was to assess whether muscular strength and
LME influences MCV variables, which seems to interact with the accuracy of ERF. It was
hypothesized that lifters with greater muscular strength would experience greater MCV
loss and achieve the lowest MCV (referred to as MCV ) across all repetitions performed
during a set.

2. Materials and Methods
2.1. Research Design

This exploratory study involves analysis of data from a previously published study
to examine the effect of muscular strength and LME on accuracy of ERF [13]. Therefore,
no power analysis was conducted to identify the sample size needed to detect statistical
significance. The participants were separated into two groups based on muscular strength
and LME performance for the bench press and squat. After separation of the participants
into their respective groups, the variables of interest were analysed to identify whether
muscle performance influenced accuracy of ERF and MCYV variables. The High-Strength
group for the bench press was defined as having a Wilks coefficient >70, which was the
criteria used by Ormsbee et al. [5] to determined experienced benchers. Based on these
criteria, there was an even split of participants in the High-Strength and Low-Strength
groups (n = 10 for each group). The High-Strength group for the squat was defined as
having a Wilks coefficient >90, which was the eligibility criteria used by Zourdos et al. [8]
to determine experienced squatters. Based on these criteria, there were 11 participants that
qualified for the Low-Strength group and 9 participants for the High-Strength group.

Local muscular endurance (LME) was determined by the maximum number of rep-
etitions performed during the first set of each exercise. Since there are no established
criteria to determine degrees of LME from a resistance exercise test, the median number
of repetitions was considered the cut-off point. For both the bench press and squat, the
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criteria for High-LME were >17 repetitions. Based on these criteria, there was an even
split between High-LME and Low-LME groups for the bench press (n = 10 in each group),
while for the squat, there were 11 participants in the High-LME and 9 participants in the
Low-LME groups.

2.2. Participants

Twenty males (age 26.3 & 6.9 years; body mass 82.0 £ 6.0 kg; height 178.0 & 5.5 cm)
participated in this study. The participants had 6.9 £ 4.7 years of resistance training
experience. To be eligible to take part in this study, potential participants needed to be
male, healthy (absence of musculoskeletal conditions and chronic disease), aged between
18-45 years, have resistance training experience of >1 year, and be able to perform the
bench press and squat. All participants were informed of the purpose, risks, benefits, and
experimental procedures of the study. Prior to commencing the study, all participants
signed a written informed consent document. This study was approved by the University
of Sydney Human Research Ethics Committee (approval number: 2014/996).

Participants attended the laboratory on three separate occasions. The first visit in-
volved 1RM testing (bench press and squat), the 1RM tests were repeated in the second
visit prior to completing a familiarization of the experimental protocol, and the final visit
involved completing the experimental session. There was approximately one week in
between the familiarization and experimental sessions. The majority of participants com-
pleted the familiarization and experimental sessions at a similar time of day (within 2 h
for 15 participants), while the time of day for both sessions differed by 3.5-6.5 h for the
other participants (due to transport and other commitments). In preparation for each visit,
participants were instructed to avoid any strenuous physical activity in the prior 24-48 h,
not consume caffeine or pre-workout supplements (2-3 h prior), and not eat within 1 h
prior to the visits. Participants were not required to follow a specific diet prior to each visit.

2.3. Experimental Session

Prior to commencing the experimental session, participants were educated about using
the ERF scale. The memory-anchoring procedure was used to enable participants to relate
exercise intensities with the ERF scale [1,3]. As an example, participants were asked to recall
times during resistance training sessions when exertion was equal to both ends of the scale
(i.e., ‘<5 and ">5’). A warm-up was performed that involved completing approximately
2 sets of 6-10 repetitions (~1-min recovery between sets) at a perceived moderate load
for the bench press and squat. Following the warm-up, participants completed 5 sets of
10 repetitions with 70% 1RM. This load was chosen so that participants could perform
approximately 20 repetitions to failure for the exercises [14], hence, allowing for a broad
range of ERF responses (i.e., 0-10 repetitions to failure). A lighter load was also considered
to be less specific for a resistance trainer, considering that muscular hypertrophy and
strength development are optimized when using >65% 1RM [15]. All sets of repetitions
involved consecutive eccentric and concentric contractions.

After the concentric phase of the 10th repetition was completed (full elbow and knee
extension for the bench press and squat, respectively), participants paused for approxi-
mately 5 s and reported their ERFE. This protocol has been performed in previous studies
investigating ERF [1,3]. The scale was displayed on a piece of paper and was shown to
the participants when they were asked to report their responses. After reporting the ERF,
participants were instructed to continue performing repetitions to concentric failure, which
was referred to as actual repetitions to failure (ARF). To ensure that participants terminated
a set at the point of concentric failure, consistent verbal encouragement was provided.
There was 5 min recovery in between each set. This amount of recovery was deemed
necessary to ensure that most participants could complete at least 10 repetitions for all
5 sets using 70% 1RM and is consistent with previous studies investigating ERF [1,3]. The
exercises were performed using a power rack with the safety rails positioned slightly below
the range of motion for the eccentric phase to reduce any risks associated with performing
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the sets to concentric failure. The correct technique was monitored for all repetitions (as per
the 1RM testing protocol), and the repetition speed was self-selected, although a controlled
speed was emphasized (no ballistic movements). A self-selected cadence was used to allow
the sessions to be consistent with the training practices generally used by recreational
trainers and due to the greater training volumes and muscle activation that are produced
with self-selected cadences [16].

2.4. One-Repetition Maximum (1RM)

The 1RM was assessed for the bench press and squat in this order, with a warm-up
performed prior to commencing 1RM attempts for each exercise. The warm-up involved a
set of 6-10 repetitions using a perceived moderate load and then a set of 2-3 repetitions
using a perceived slightly heavier load (1-2 min recovery between sets). After the warm-up,
the participants commenced 1RM testing, which determined the heaviest load they could
successfully lift (i.e., for a single repetition) for the bench press and squat. If an attempt
was successful, the load was increased. If unsuccessful, the load was decreased, and this
process continued until the maximum load the participant could successfully lift was
determined. The researcher provided strong verbal encouragement to participants during
the 1RM attempts, and there was 3-5 min recovery between each attempt. The technique
emphasized for the bench press included lowering the barbell to approximately 2.5 cm from
the chest and then pressing the barbell vertically until full elbow extension was achieved.
Participants did not allow the barbell to touch their chest to ensure that the barbell would
not make contact with the safety rails of the power rack (as detailed above) and interfere
with the exercise. In preparation for each bench press 1RM attempt, the researcher assisted
the participant with lifting the barbell from the rack. The technique emphasized for the
back squat involved flexing the knees and hips until the thighs were parallel to the floor
on the descent and then ascending to an upright position. An attempt was considered
unsuccessful if participants failed to adhere to the advised exercise techniques.

The intraclass correlation coefficient (ICC) and coefficient of variation (CV) was used
to assess the reliability of the 1RM testing sessions (separated by an average of 30 days).
There was good reliability for the bench press 1RM (ICC = 0.95; CV = 2.9%) and squat
1RM (ICC =0.97; CV = 3.1%) [17,18]. The loading for the familiarization and experimental
sessions was based on the best 1RM result.

2.5. Local Muscular Endurance (LME)

As previously mentioned, LME was assessed from the maximum number of repetitions
completed during the first set of the bench press and squat. The 70% 1RM load used during
the sets had previously been used to assess LME [19,20]. Although there was a brief pause
in between the 10th and 11th repetitions, this was consistent between participants and
deemed to not dramatically influence performance. The best result for LME from the
familiarization and experimental sessions was used.

2.6. Velocity Measures

The GymAware linear position transducer (Kinetic Performance Technology, Mitchell,
Australia) was used to assess barbell MCV during all sets. This device has been shown to
be valid and reliable for assessing kinetic and kinematic outputs [21]. Calculation of MCV
was determined by dividing barbell displacement by concentric phase duration (i.e., from
initial vertical displacement to movement cessation). The MCV of repetitions 1 and 2 was
averaged (MCVep 1) and the MCV of repetitions 9 and 10 (i.e., the two repetitions prior to
providing the ERF) were also averaged (MCV/p 9,10). Loss of MCV was calculated across a
set prior to the reporting of ERF by (MCV/¢p 9,10 minus MCVyep, 12) divided by MCViep 1 2.
The minimal MCV (MCV i) was determined as the lowest MCV across repetitions in each
set. The proximity to MCV i, was calculated via the MCV of repetition 10 minus MCV yn.
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2.7. Statistical Analyses

Actual repetitions to failure (ARF) > 10 were removed from the analysis of data to avoid
misrepresenting the error in ERF at the highest end of the 0-10 ERF scale. Additionally, data
were only analysed from sets where participants could perform at least 10 repetitions. The
absolute difference between ERF and AREF for each set determined the error in ERF. One-
way ANOVA was used to examine differences between groups for all variables. Estimates
of effect size (ES) were calculated using Hedges’ g (mean difference divided by pooled
weighted standard deviation). ESs were interpreted as: <0.2,0.2 t0 0.6, >0.6 to 1.2, >1.2 t0 2.0
and >4.0 for small, moderate, large, very large and extremely large effects, respectively [22].
Reliability between the familiarization and experimental sessions was examined for all
variables using ICC. The results of the ICC were interpreted as <0.5 poor, 0.5-0.75 moderate,
>0.75-0.9 good, and >0.9 excellent reliability [18]. Statistical analyses were performed
using SPSS version 28.0 for Windows (IBM Corp., Armonk, NY, USA). Data are reported as
means + standard deviation (SD) with p < 0.05 considered statistically significant.

3. Results
3.1. Characteristics of the Groups

The characteristics of the muscular strength and LME groups is provided in Table 1.
For both the bench press and squat, the High-Strength group had significantly greater
1RM (kg) (p < 0.001, ES > 1.55), 1RM (kg/kg BM) (p < 0.001, ES > 1.60), and Wilks score
(p <0.001, ES > 1.71). There were no other differences in the characteristics between the
High-Strength and Low-Strength groups. The High-LME compared to Low-LME group
performed a significantly higher number of repetitions to failure for the bench press and
squat at 70%1RM (p < 0.001, ES > 2.04). There were no other differences between groups
for the remaining characteristics such as resistance training experience. Data from 96% of
sets for the bench press and 91% of sets for the squat were used to analyse ERF, ARF, error
in ERF and the MCV variables.

Table 1. Characteristics of muscular strength and local muscular endurance groups.

Muscular Strength
Bench Press Squat
High Low High Low

(n=10) (n=10) ES n=9) n=11) ES

Age (years) 26.2 4.8 26.4 + 8.8 0.04 26.0 = 6.5 26.5+75 0.07

Body mass (kg) 829 + 6.7 81.1+54 —-0.26 80.6 4.4 83.1+7.0 0.54

Height (cm) 176.8 & 3.7 179.8 - 6.4 0.78 176.9 4.3 178.8 & 6.4 0.42
RT experience (years) 75+44 6.3 +5.1 —0.26 70+56 6.8+4.0 —0.03
1RM (kg) 1125+ 101 92.3 +5.3 —-1.92 155.6 +23.0 118.4 +12.8 —1.55
1RM (kg/kg BM) 14+01" 1.1+0.1 —2.87 1.9+ 037 1.44+0.2 —1.60
Wilks score 754 +£59% 62.8 + 4.6 —2.05 105.8 £ 14.7 1 79.5 4+ 9.6 -1.71

Local Muscular Endurance
Bench Press Squat
High Low High Low

(n = 11) (n=9) ES (n = 10) (n = 10) ES
Age (years) 2594+79 26.8 + 5.8 0.11 26.8 +7.9 25.8 £ 6.1 —-0.12
Body mass (kg) 83.4+71 80.2 £4.1 —0.43 84.1 6.8 799 +£4.5 —0.59
Height (cm) 1784 + 5.3 1775+ 5.9 —0.16 178.8 4.7 1771 £ 6.3 —0.35

RT experience (years) 6.5 142 73+54 0.18 6.7 4.0 72454 0.12
Max rep at 70% 1RM 191 +18%1 14.7 £ 0.7 —2.34 194 + 241 143 +1.2 —2.04

BM, body mass; ES, effect size; Max rep at 70% 1RM, maximal repetitions at 70% 1RM. Muscular strength, High
group criteria Wilks score of >70 for bench press and >90 for squat. Local muscular endurance, High group

criteria was >17 repetitions to failure for each exercise. ! Significant difference at p < 0.001. Data presented as
mean =+ SD.
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3.2. High Strength versus Low Strength
There were no differences between groups for ERF, ARF and error in ERF for the bench
press (Table 2). The MCV i, was greater in the High-Strength compared to Low-Strength
group during set 3 for the bench press, which demonstrated a large ES (p = 0.02, ES = —0.96)
(Table 3). The Low-Strength group had greater proximity to MCV i, when reporting ERF
at set 3 with a large ES (p = 0.04, ES = 0.96). As for the other bench press MCV variables,
there were no differences between groups.
Table 2. Comparison of repetitions to failure (estimated and actual) and error in estimated repetitions
to failure per set between high and low strength groups for the bench press and squat.
Bench Press Squat
Set Group ERF ES ARF ES Error in ERF ES ERF ES ARF ES Error in ERF ES
High 43422 5.6 +2.8 12+1.0 31+14 38+18 0.7 +07
I Low 45+16 009 gpi26 014 19414 067 35+08 927 514024 069 19416 1.63
High 43424 43428 1.0+ 1.6 33+17 41+29 12416
2 Low 40+12 012 46376 010 0.8+09 006 3533, 007 43477 006 43409 —0.06
High 32422 27+19 07+13 23+12 23+19 0.7 £0.9
3 Low 27+09 9% 27108 0 02+ 04 024 56421 030 59324 01 ggigy —002
High 24416 19+16 0.5+ 0.7 21+12 25+15 04+07
4 Low 20x07 0% q4exo9 08 7105 027 Sax19 024 5632p 006 g1y 0.27
High 20418 18+15 04+07 20412 28+1.9 0.8 +£0.9
5 Low 18x09 %1 o9x0s 0%  o9tos 068 73+10 70 14116 070 o111 0.11
RPE, rating of perceived exertion; ERF, estimated repetitions to failure; ARF, actual repetitions to failure; ES, effect
size. Muscular strength, bench press (High n = 10, Low n = 10); squat (High # = 9; Low n = 11). Data presented as
mean =+ SD.
Table 3. Comparison of mean concentric velocity variables across sets between high and low strength
groups for the bench press and squat.
Bench Press Squat
Proximity to Proximity to
Set Group MCV Loss ES MCV in ES MCVm?; ES MCV Loss  ES MCV in ES Mcvmiy,. ES
High 265+117 0.24 +0.06 017 +0.10 18.0 + 112 0.38 + 0.08 0.07 + 0.07
U Low 247186 015 gxrgos 064 gieroor 010 igiei 0% o3zio1n 047 0114010 0.54
, High 258+167 . 0232006 . 0.14 + 0.08 012 177499 043  039+007 —096 0.07=+0.05 115
Low 261+105 O 021 + 0.04 : 0.15 + 0.08 : 224116 0.32 % 0.09 013 +0.10
. 023 +0.05 .
, High 35890 . : 096 008005 00 160£171 o 035011 oo 0102006 g
Low 325490 0.18 4 0.04 0.13 +0.06 261+ 121 0.34 4 0.09 0.09 & 0.08
High 293 +206 0.25 +0.08 0.08 + 0.09 21.6 + 135 0.36 + 0.11 0.09 + 0.08
4 Low 403188 051 0211008 04 (071008 011 34y185 009 o30+010 952 009 £ 007 0
High 384+153 021 + 0.04 0.09 + 0.07 198 +11.3 0.38 +0.32 0.05 +0.05
5 low  72+160 007 0211003 0 004005 068 2393741 034 g3yoor 018 006 %006 0.19

MCYV, mean concentric velocity; Loss of MCV, (MCV ¢, 9,10 minus MCVyep,_12) divided by MCViep_12; MCVin,
minimal mean concentric velocity; Proximity to MCV i, calculated by MCV on the 10th repetition minus MCV yin;
ES, effect size. Muscular strength, bench press (High n = 10, Low n = 10); squat (High n = 9; Low n = 11). *
Statistical significance at p < 0.05. Data presented as mean =+ SD.

In set 1 of the squat, there was a very large ES indicating greater error in ERF for
the Low-Strength compared to High-Strength group; however, it failed to reach statistical
significance (p = 0.06, ES = 1.63) (Table 2). For set 2, large effect sizes were found in favour
of greater MCV i, for the High-Strength group (ES = —0.96) and greater proximity to
MCV i, for the Low-Strength group (ES = 1.15); however, statistical significance was not
reached. No differences between groups were found for ERF, ARF, error in ERF and MCV
variables for the squat (Tables 2 and 3).

3.3. High-LME versus Low-LME

The High-LME compared to Low-LME group had greater ERF for all five sets of
the bench press (p < 0.05), and the ES between groups was large for all sets (ES = —0.88
to —1.06) (Figure 1A). The ARF was greater in the High-LME group for the bench press
for set 1 (p < 0.001, ES = —1.58 (very large)) and set 2 (p = 0.04, ES = —0.80 (large)). For
sets 3-5 there were moderate to large ESs in favour of greater ARF for the High-LME
group (ES = —0.50 to —0.70), although statistical significance was not reached. Error in ERF
was greater for the High-LME compared to Low-LME group for the bench press in set 1
(p <0.01, ES = —1.19 (large)) and in set 4 (p = 0.04, ES = —0.80 (large)). For sets 2, 3 and 5,
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there were moderate to large ESs in favour of greater error in ERF for the High-LME group
(ES = —0.48 to —0.71), although statistical significance was not reached. The High-LME
group had a greater proximity to MCV i, when reporting ERF at set 1 (p = 0.01), and the ES
between groups was large (ES = —1.07) (Table 4). No other significant differences between
groups were found for the bench press MCV variables across sets.

A 0. T @High-LME
9 | OLow-LME
*
8 .
" t
a 71
£ 6 1 ‘
5}
g S
[~7 * *
4 4 t
3 ]
: ’l‘ ﬁ |
N ) 91 b
. I : i I
ERF ARF Error| ERF ARF Error| ERF ARF Error| ERF ARF Error| ERF ARF Error
1 2 3 4 5
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B. 10 -
9 1 *
8 -
7 =
g *
S 67 * t
é 2 I I
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2 4 I

—_ N W
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——
F—o
F—
——-
—
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i

N : Iﬁ ks 1 ﬁ I

ERF ARF Error| ERF ARF Error| ERF ARF Error| ERF ARF Error| ERF ARF Error

1 2 3 4 )
Set

Figure 1. Comparison of repetitions to failure (estimated and actual) and error in estimated repetitions
to failure per set between high and low local muscular endurance groups. (A) Bench press (High-
LME n =11, Low-LME n = 9); (B) Squat (High-LME # = 10; Low-LME n = 10). LME, local muscular
endurance; ERF, estimated repetitions to failure; ARF, actual repetitions to failure; error = ERF minus
AREF (error in ERF) * Statistical significance at p <0.05. t Statistical significance at p < 0.01. Data
presented as mean + SD.

The ERF was greater for the High-LME compared to Low-LME group for the squat in
set 2 (p = 0.04, ES = —0.84 (large)) and set 3 (p = 0.03, ES = —0.77 (large)) (Figure 1B) For
sets 1,4, and 5 there were moderate to large ESs in favour of greater ERF for the High-LME
group (ES = —0.42 to —0.79), but statistical significance was not reached. The ARF was
greater in the High-LME group for the squat in set 1 (p = 0.01, ES = —0.99 (large)) and in set
3 (p =0.04, ES = —0.73 (large)). Moderate to large ESs in favour of greater ARF for the High-
LME were found in sets 2, 4, and 5 (ES = —0.50 to —0.74), although: statistical significance
was not reached. Error in ERF was greater for the High-LME compared to Low-LME group
for the squat in set 1 and demonstrated a large ES (p = 0.01, ES = —0.95). Large ESs in
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favour of greater error in ERF for the High-LME group was found in set 3 (ES = —0.68)
and for the Low-LME group in set 4 (ES = 0.85), although statistical significance was not
reached. There were no differences between groups for the MCV variables (Table 4).

Table 4. Comparison of mean concentric velocity variables across sets between participants with high
and low local muscular endurance for the bench press and squat.

Bench Press o Squat o
Set Group MCVLoss ES  MCVpin ES Prﬁ‘g{}ﬁ‘*o ES MCVLoss ES  MCVm.  ES Prﬁ‘g{}:ﬁ“’ ES
LR BSIUL on GBI gn QAU g BISHE o SE0R om GHSDE o
2 L8 aino 0% 023io0s 03 01006 08 jziio 060 0334000 O oloroos 011
3L 924108 0% 0io00r 0%  ogioos 04 214160 049 034010 019 gosiooy 05
4L 33i160 OB oniooe O oosroos 010 29eisnp 02 038io1a 0% goorogr O
5 Lon Daiios 046 0mioor 045 Oosroos 048 7i1rs 011 033io0s 081 Qosiong 063

MCYV, mean concentric velocity; Loss of MCV, (MCV e, 9,10 minus MCVyep,_1,2) divided by MCViep_12; MCV i,
minimal mean concentric velocity; Proximity to MCV i, calculated by MCV on the 10th repetition minus MCV yin;
ES, effect size. Local muscular endurance, bench press (High n = 11, Low n = 9); squat (High n = 10; Low n = 10).
* Statistical significance at p < 0.05. Data presented as mean =+ SD.

3.4. Reliability between Familiarization and Experimental Sessions

For the bench press, there was good reliability across sets for ERF (ICC = 0.86) and ARF
(ICC = 0.83). Moderate reliability was found for MCV loss (ICC = 0.65) and proximity to
MCV in (ICC = 0.56). There was poor reliability for error in ERF (ICC = 0.49) and MCVin
(ICC = 0.23) between sessions across sets for the bench press. For the squat, there was
moderate reliability found for ERF (ICC = 0.72), ARF (ICC = 0.57) and proximity to MCVpin
(ICC =0.55). Poor reliability across sets of the squat was found for MCV i, (ICC = 0.34),
error in ERF (ICC = 0.26) and MCV loss (ICC = 0.10).

4. Discussion

This exploratory study investigated whether muscular strength and LME influences
the accuracy in ERF and changes in movement velocity when resistance training. Differ-
ences in LME influenced the accuracy of ERF during the first and fourth set of the bench
press and first set of the squat, with the Low-LME group having a lower error in ERF. For
the bench press, ERF was greater for all sets, and ARF was greater for the first two sets in the
High-LME group. Greater ERF and ARF was found for two of the five sets in the High-LME
group for the squat. For the bench press, greater proximity to MCVp,;, was observed in the
initial set for the High-LME group, but there were no other differences between the LME
groups for the other MCV variables. Strength levels did not affect ERF, ARF, and error in
EREF for the bench press and squat. For the third set of the bench press, the High-Strength
group showed greater MCV i, and the Low-Strength group greater proximity to MCV pn.
The findings from this study indicate that LME influences the accuracy of ERF during the
initial set of the bench press and squat as well as a latter set for the bench press.

The present study showed that muscle strength may not be a sensitive indicator of
the ability to accurately estimate repetitions to failure when resistance training. Typically,
muscle strength together with years of resistance training is used to provide an indication
of resistance training experience [5,8]. However, as indicated in the present study, the
type of muscle performance (i.e., strength or endurance) used to characterize a group
should be specific to the nature of the study or intervention. Since our study involved
performing multiple sets of resistance exercises to concentric failure with a load of 70% 1RM,
performance was more likely to be dependent on muscle endurance abilities rather than
their 1RM (e.g., fatigue index) [23]. When comparing the High-Strength and Low-Strength
groups, the ARF for all sets of the bench press and squat were not statistically different. In
contrast, greater ARF was observed for two sets of the bench press and squat in favour
of the High-LME group. For the remaining three sets, moderate to large ESs in favour of
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greater ARF for High-LME were found, suggesting that the endurance capabilities of the
High-LME group may have been more pronounced across sets with a larger sample size.

The accuracy of ERF is highly dependent on the proximity to concentric failure [3].
However, during some sets where differences between groups in ARF were found, error
in ERF between groups was not different, consequently suggesting that proximity to
concentric failure may not always predict the accuracy of ERF. As mentioned above, the
sample size for the present study was most likely underpowered since it was exploratory,
which may explain the inconsistent findings concerning ARF and error in ERF. As an
example, moderate to large ESs in favour of greater error in ERF in the High-LME group
was found for both exercises. For future study investigating the effect of LME on accuracy
in ERF, a sample size of 64 (32 participants per group) would be needed to achieve 80%
power at p < 0.05 (2-sided). This is based on the present study data of error in ERF that
showed large ESs (non-significant) in favour of LME (sets 2 and 5 for bench press; sets 3
and 5 for squat).

When a set of resistance exercise is performed to concentric failure, there are reductions
in MCV due to fatigue [6]. This change in MCV is the result of a decline in muscle fibre
shortening speed, relaxation time, and force production [24]. The MCV of the last repetition
of a set prior to concentric failure, which is referred to in the present study as MCVin,
has been shown to match MCV during 1RM performance [25]. Potentially, a lifter may
utilize any noticeable change in MCV during a set to assist with ERF. For the bench press, a
greater proximity to MCV i, when reporting ERF was found for the Low-Strength group
in set 3. However, no differences were observed between strength groups for error in ERF
for the bench press, suggesting proximity to MCV i, when reporting ERF may not affect
the accuracy of ERF. In contrast to the strength group findings, when the high and low
LME groups were compared, the proximity to MCV,;, when reporting ERF during the
bench press in set 1 appeared to influence the accuracy. The High-LME group had greater
proximity to MCV i, when reporting ERF as well as greater error in ERF during the bench
press in set 1. Therefore, less accurate ERF for the bench press may occur during early sets
in lifters with greater LME when there is greater proximity to MCV yin.

Since previous studies have reported greater accuracy of ERF for upper body compared
with lower-body resistance exercises [1,3], it seems plausible that a lifter may be able to
better utilize changes in MCV to guide their ERF. This would consist of an interplay of
afferent and efferent feedback to determine the number of repetitions possible during
a set [26]. Compared to the lower limbs, the upper limbs are involved in more precise
movements in everyday activities and possess a higher sensory organ density [27]. While
strong relationships have been found between MCV and RPE [5,8], only weak relationships
have been shown between MCV and error in ERF [13]. However, a lifter with greater LME
may have better pain tolerance that could desensitize them to exertional signals which
has been purported to influence the reporting of RPE when resistance training [28]. As an
example, following repeated exposure to high intensity interval training, which is known
to cause discomfort, increases in pain tolerance have been observed [29]. It should also be
highlighted that the accuracy of ERF might best be assessed on an individualized basis.
Garcia-Ramos et al. [30] showed that generalized group equations for ERF from the fastest
MCYV were not acceptable due to the between-subjects variability (CV >10%). Therefore,
numerous factors including strength, LME, and other training-related factors should be
considered when examining determinants of error in ERF.

Some limitations should be acknowledged when interpreting the present study find-
ings. As mentioned earlier, the sample size was relatively small and most likely influenced
the number of statistically significant findings. The present study could have gathered
further information concerning the training history of participants (i.e., resistance exercise
prescription) which would have allowed more in-depth exploration of factors influencing
the accuracy of ERFE. Future research on the topic of factors that influence the accuracy
of ERF should consider incorporating a wider range of physiological, psychological and
training-related data. Additionally, the relative strength of the participants in the High-
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Strength group was a little lower compared to similarly aged powerlifters for the bench
press (i.e., 1.3 versus 1.6 x body weight for bench press, respectively) and squat (1.7 versus
2.3 x body weight for squat, respectively) [31]. The findings of the present study may
differ in a cohort of stronger resistance trainers. As with all studies investigating ERF,
it is possible that participants could have terminated sets once reaching their ERF, thus
biasing the accuracy of ERF. Furthermore, it is also possible that the reporting of ERF may
have influenced the ARF, e.g., reporting an ERF of three repetitions may have consciously
inhibited a participant from striving to complete an additional 4-5 repetitions (i.e., 4-5 ARF).
Through consistent verbal encouragement throughout sets, we believe that participants
terminated sets at concentric failure. However, it is unknown whether the reporting of
ERF influenced the ARF performed by a participant. Finally, there was poor reliability
between the familiarization and experimental sessions for a number of variables, including
error in ERF. Future studies are required to further examine the reliability of error in ERF
between sessions and factors that may contribute towards fluctuations in the accuracy of
ERF between sessions.

5. Conclusions

The findings of the present study suggest that male resistance trainers with greater
LME compared to strength are less accurate when reporting ERF during initial sets of the
bench press and squat. It seems plausible that a similar trend would exist during latter sets
as observed in the fourth set of the bench press in the present study, and future studies
with larger sample sizes are warranted to confirm this hypothesis. When planning to use
the ERF scale during resistance training, coaches and trainers need to consider assessing
LME. With lifters that are able to perform a greater number of repetitions at a specific
%1RM, hence indicating greater LME, the error in ERF will probably be greater when a
designated number of repetitions (not to concentric failure) is prescribed. This is due to
greater proximity to concentric failure which is known to negatively influence the accuracy
in ERF. Utilizing devices to measure barbell velocity such as a linear position transducer
would be ideal to gauge proximity to concentric failure for barbell exercises and may assist
with confirming the accuracy of ERF.
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