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Abstract: The ability to accurately identify proximity to momentary failure during a set of resistance
exercise might be important to maximise training adaptations. This study examined the association
between perceptual fatigue and the accuracy of the estimated repetitions to failure (ERF). Twenty-seven
males and eleven females performed sets of 10 repetitions at specific loads for the chest press and
leg-press. Following the completion of 10 repetitions, participants rated their fatigue and ERF and
then proceeded to concentric failure (actual repetitions to failure) to determine the ERF accuracy
(i.e., error-ERF). Small correlations were found between perceptual fatigue and error-ERF for the
chest-press (r = −0.26, p = 0.001) and the leg-press (r = −0.18, p = 0.013). For actual repetitions to
failure and error-ERF, a strong correlation was found for the chest-press (r = 0.68, p < 0.001) and a very
strong correlation was foundfor the leg-press (r = 0.73, p < 0.001). Moderate correlations were found
between perceptual fatigue and actual repetitions to failure for the chest-press (r = −0.42, p < 0.001)
and leg-press (r = −0.40, p < 0.001). Overall, findings suggest that the accuracy of the estimated
repetitions to failure is more strongly associated with proximity to task repetition failure rather than
subjective feelings of fatigue.
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1. Introduction

Resistance training is a key form of strength and conditioning activity, whether utilised for
clinical rehabilitation [1], health promotion [2] or in terms of athlete development and performance
optimisation [3]. Within resistance training, performing sets of resistance exercises with close proximity
to momentary failure appears to be beneficial for muscular hypertrophy in both novice [4,5] and
advanced resistance trainers [6,7]. Briefly, momentary failure is defined as the set endpoint when
a lifter attempts to complete the concentric portion of their current repetition but fails to do so [8].
Findings from Sampson et al. [9] suggests that performing resistance exercise to momentary failure
is not critical for the development of muscle strength and hypertrophy. This is supported by data
from a meta-analysis conducted by Davies et al. [10], which showed that similar gains in muscular
strength can be achieved without performing sets of resistance exercise to momentary failure. However,
resistance training performed to momentary failure for prolonged periods might result in overtraining
and might increase the risk of musculoskeletal injuries [11,12]. Therefore, the ability to accurately
estimate the number repetitions away from momentary failure seems valuable when practitioners or
trainers are aiming to maximise resistance-training effects.

Resistance exercise intensity can be estimated from the rating of the perceived exertion (RPE) as
the scale assesses subjective effort, strain, discomfort and fatigue. Although, there is evidence that
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the ability of RPE to discriminate momentary failure is poor [13,14]. The estimated repetitions to
failure (ERF) scale [15,16] is a subjective method that can be used by health practitioners, strength and
conditioning trainers, coaches and athletes, to monitor the proximity to momentary failure during sets
of resistance exercise. The accuracy of using the ERF scale was investigated in a large cohort of male and
females with varying degrees of resistance training experience [15]. Here, resistance training experience
did not affect ERF accuracy, although males, relative to females, reported greater ERF accuracy during
the resistance exercises [15]. These results might be related to anatomical-physiological differences in
muscles that influence the central nervous system sensory perception capability of exertion, during
exercise [17]. Other factors found to influence ERF include the type of exercise performed and proximity
to momentary failure. More specifically in relation to the former, lower accuracy of ERF was found
for the leg-press when compared to the chest-press [16]. In relation to the latter, ERF reporting, is
more accurate when only a lower number of repetitions to failure (0–3 repetitions) can be performed
when compared to a greater number (>5 repetitions) [15]. Therefore, accuracy of ERF was generally
improved the closer the lifter was to momentary failure.

Exertion, which is a major feature of fatigue during exercise [18], is commonly assessed during
exercise with the rating of perceived exertion (RPE) scale [19]. Exertion has previously been defined as
the “degree of heaviness and strain experienced in physical work” [20], whereas, fatigue is defined
as a disabling symptom where physical and cognitive function is limited by interactions between
performance fatigability and perceived fatigability [21]. Previously, repetitions to momentary failure
was found to be more strongly correlated with ERF, compared to RPE [16]. However, to the best of our
knowledge no study to date has investigated the association between perceived fatigue and ERF. Since
accuracy of ERF (error-ERF) is influenced by proximity to momentary failure, it would be expected
that ERF accuracy would be strongly correlated with perceptual fatigue.

Thus, the purpose of this study was to investigate the associations between perceptual fatigue,
actual repetitions to failure and error-ERF. The information gained from this study will provide
knowledge on whether the ability to utilise exertional sensations during resistance training influences
the accuracy of ERF.

2. Materials and Methods

2.1. Participants

Twenty-seven males (mean ± standard deviation of age = 25.6 ± 7.5 years; body mass = 76.5
± 10.5 kg; height = 176.2 ± 8.2 cm) and eleven females (age = 26.1 ± 6.0 years; body mass = 59.6
± 7.5 kg; height = 162.0 ± 6.7 cm) with recreational resistance training experience (males = 5.4 ±
6.3 years; females 4.6 ± 5.8 years) participated in this study. Each participant was risk assessed via the
use of the American College of Sports Medicine pre-exercise screening questionnaire [22] and were
deemed healthy to participate. An information statement explaining all procedures and study risks
was provided to participants, alongside verbal explanations, prior to study participation. Verbal and
written consent was provided by participants prior to study commencement. This study was approved
by the University of Sydney Human Research Ethics Committee, project number 2013/924.

2.2. Study Design

Each participant was required to attend a familiarisation session and approximately one week
later, an experimental session. Participants were instructed to maintain their normal diet during the
days preceding the sessions; to consume their last meal at least two hours before exercise; and, to avoid
using pre-workout supplements, nicotine, alcohol and caffeine on the day of the testing. Participants
were further instructed to refrain from resistance training or any other strenuous type of exercise, 48 h
prior to the sessions. During the familiarisation session, an estimated one-repetition maximum (1 RM)
test was performed for the chest-press and the leg-press.
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2.3. Estimated One-Repetition Maximum (1 RM)

Estimated 1 RM was performed for the pin loaded vertical chest-press machine (Maxim, Kidman
Park, South Australia) and pin loaded horizontal leg-press machine (Kolossal, Sydney, New South
Wales), prior to commencing the first experimental session. For each exercise, a standardised warm-up
was performed (i.e., 1–2 sets of 8–10 repetitions with light-moderate loads), followed by the load
adjustment, so that the participants could perform no more than 10 repetitions [23]. If >10 repetitions
could be performed or failure was not reached prior to 10 repetitions, the load was increased and
five minutes recovery was provided before the next RM attempt. The Brzycki 1 RM prediction
equation [24] was used to estimate the 1 RM based on load and repetitions performed. The equation
was mathematically expressed as: 1 RM = load/(1.0278–(0.0278 * number of repetitions)). Standard error
of estimate of 1 RM using this equation for the chest-press was 1.67 and 3.00 kg, at 5 RM and 10 RM,
respectively, and for the leg-press it was 13.74 and 20.41 kg, at 5 RM and 10 RM, respectively [23].

2.4. Familiarisation Session

After the 1 RM tests, participants were shown the ERF scale and the fatigue domain of the subjective
exercise experiences scale. All participants received verbal instructions on how to use these scales.
To assist participants to link exercise fatigue intensities and estimated capabilities with the full response
of the respective range of the scales, a memory-anchor procedure was used. This involved asking
participants to think of times when exercising where they reached levels of exertion equal to verbal
cues, at the bottom and top of the scales. The familiarisation session involved participants following
the same protocol, as used in the experimental session. Briefly, this involved participants performing
five sets of 10 repetitions for the chest-press and leg-press, at a fixed percentage of one-repetition
maximum (% 1 RM). At the completion of a set of 10 repetitions, participants were instructed to pause
briefly and were asked to rate their fatigue responses, report their estimated repetitions to failure
(using the ERF scale), and then continue to perform repetitions until momentary failure. A board
with both the ERF and the fatigue domain of the subjective exercise experiences scales was positioned
directly in front of the participants, during exercises, to allow generating immediate ratings. For the
ERF ratings, participants were asked, “How many additional repetitions can you perform?” An ERF
score of ‘10 or greater’ indicated an estimate of 10 or more repetitions could be completed, while a ‘0’
indicated that no additional repetitions could be completed (i.e., concentric failure). Participants were
familiarised with both the subjective exercise experiences scale-fatigue and ERF scales, following 1 RM
testing. For the fatigue domain of the subjective exercise experiences scale, participants were asked to
provide a rating for how strongly they were fatigued, exhausted, tired and drained, along a 7-point
Likert scale, ranging from 1 (not at all) to 7 (very much so).

2.5. Experimental Session

The experimental session began with each participant performing a warm-up that comprised of
8–10 repetitions, which were approximately 20% less than the loads used in the experimental sets, were
performed for each exercise before the first set of the chest press and the leg press. After the warm-up
and following the 1–2 min recovery, participants performed five sets of 10 repetitions at 70% of the
predicted 1 RM for the chest press, and 80% of the predicted 1 RM was used for the leg-press. The
rationale for using slightly different relative loads for these two exercises was to enable participants to
perform a similar number of repetitions, to concentric failure [25]. During the exercises, participants
were encouraged to complete each repetition through a full range of motion at a self-selected speed,
however it was emphasised to keep the lifting speed constant. Following the completion of 10
repetitions, participants paused briefly (i.e., less than 10 s) at the end of the concentric phase, with full
extension and locking out of the joints, and were asked to rate items related to fatigue (i.e., perceptual
fatigue) and then ERF. Once participants reported their ERF, they then proceeded to perform repetitions
until concentric failure (the actual number performed to failure—referred to as actual repetitions to
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failure,). There were 2–3 min for recovery between the sets of each exercise. The exercise order was
randomised between sessions and there was approximately five minutes recovery between exercises.

Perceptual fatigue was assessed using the fatigue domain of the subjective exercise experiences
scale–fatigue, which included the following items—fatigued, exhausted, tired and drained [26].
The subjective exercise experiences scale has been shown to have a high internal consistency across
a variety of populations [27,28]. Participants were asked to provide a rating for how strongly they
were fatigued, exhausted, tired and drained, along a 7-point Likert scale, ranging from 1 (not at all)
to 7 (very much so). The subjective exercise experiences scale-fatigue score was calculated from the
sum of the scores from the fatigued, exhausted, tired and drained items, with a maximum score of
28 (4 items multiplied by a maximum of 7 points). A board with the subjective exercise experiences
scale-fatigue was positioned directly in front of the participants during exercises, to assist in generating
immediate ratings.

2.6. Statistical Analysis

Statistical analyses were performed using the SPSS software package (Statistical Package for Social
Sciences, version 24, SPSS Inc., Chicago, IL, USA). Data were presented as means ± standard deviation
(SD) and the level of significance was set at p < 0.05. To examine the associations between perceptual
fatigue, actual repetitions to failure and error-ERF, partial correlation analyses (adjusting for sex) were
performed. For these analyses, data points from every set of all participants was used. The strength of
correlations was qualitatively determined using the following criteria: trivial (r < 0.1), small (r > 0.1
to 0.3), moderate (r > 0.3 to 0.4), and strong (r > 0.5 to 0.7), very strong (r > 0.7 to 0.9), nearly perfect
(r > 0.9 to 0.99) and perfect (r = 1.0) [29]. The error-ERF was calculated as the absolute difference
between the ERF and the actual repetitions to failure for each set. Since the ERF scale was “0” to “10 or
greater”, any actual-repetitions-to failure value that was >10 was adjusted to 10. Perceptual fatigue,
actual repetitions to failure and error-ERF between sets and sessions were analysed using a One-Factor
Repeated Measures Analysis of Covariance (ANCOVA), with ‘sex’ as a covariate and ‘Time’ as the
factor (i.e., sets). For significant ANCOVA results, Bonferroni corrections were applied. Effect size
(ES) values were calculated as standardised differences in the means for any significant results. An ES
of 0.2 was considered a small effect, 0.5 a moderate effect and 0.8 a large effect [30]. During the 5th
set, 10 participants for the chest press and 3 participants for the leg press were unable to complete
10 repetitions. Therefore, due to this missing data, statistical analyses for perceptual responses, actual
repetitions to failure and error-ERF was performed for sets 1−4.

3. Results

3.1. Perceptual Responses, Actual Repetitions to Failure and Error-ERF between Sets

There was a significant effect of set number on perceptual fatigue for the chest press at p < 0.05
[F(3, 147) = 19.64, p < 0.001]. Post-hoc comparisons revealed perceptual fatigue was lower for set 1
compared to sets 2 (p = 0.001, d = −0.83), 3 (p < 0.001, d = −0.121) and 4 (p < 0.001, d = −1.54), and
for set 2 compared to set 4 (p = −0.009, d = −0.82), but there was no difference between any other sets
(Table 1). This illustrated, as expected, that perceptual fatigue tended to increase from the initial to the
latter sets, with a large ES being observed. There was a significant effect of the set number on the actual
repetitions to failure for the chest press at p < 0.05 [F(3, 147) = 16.84, p < 0.001]. Post-hoc comparisons
revealed actual repetitions to failure was greater for set 1 compared to sets 2 (p < 0.001, d = 0.96),
3 (p < 0.001, d = 1.08) and 4 (p < 0.001, d = 1.35), but was not different between any other sets. Therefore,
participants had a greater number of actual repetitions to failure during the initial set relative to the
latter sets, with a large ES being observed. There was a significant effect of the set number on the
error-ERF for the chest press at p < 0.05 [F(3, 147) = 6.61, p < 0.001]. Post-hoc comparisons revealed that
the error-ERF was greater for set 1, compared to sets 2 (p = 0.008, d = 0.67), 3 (p = 0.024, d = 0.56) and
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4 (p = 0.001, d = 0.83), however, there was no difference in error-ERF between sets 2, 3 and 4. Therefore,
ERF accuracy improved only after the initial set, with a moderate-to-large ES being observed.

Table 1. Perceptual fatigue responses, actual repetitions to failure and error-ERF during sets of the
chest press and the leg press.

Perceptual Fatigue Actual Repetitions
to Failure Error-ERF

Set Mean ± SD
(repetitions)

Mean ± SD
(repetitions)

Mean ± SD
(repetitions)

Chest press

1 17.24 ± 4.88 * 5.92 ± 2.70 * 1.97 ± 1.76 *
2 20.84 ± 3.88 † 3.66 ± 1.98 0.97 ± 1.17
3 22.55 ± 3.84 3.08 ± 2.62 1.08 ± 1.42
4 23.76 ± 3.49 2.47 ± 2.49 0.79 ± 0.99
5 23.89 ± 3.82 2.14 ± 2.52 0.79 ± 1.26

Leg press

1 17.53 ± 5.27 ** 7.76 ± 4.85 * 2.79 ± 2.21 **
2 20.61 ± 4.15 † 5.34 ± 3.15 2.03 ± 1.72
3 21.76 ± 3.43 4.68 ± 2.58 1.55 ± 1.61
4 23.66 ± 3.46 3.74 ± 2.47 1.34 ± 1.55
5 24.71 ± 3.23 3.26 ± 2.68 1.37 ± 1.61

ERF—estimated repetitions to failure; error-ERF was calculated as the absolute difference between ERF and the
actual repetitions to failure for each set. * Significantly different from sets 2, 3 and 4. ** Significantly different from
sets 3 and 4. † Significantly different from set 4.

There was a significant effect of set number on perceptual fatigue for the leg press at p < 0.05
[F(3, 147) = 15.03, p < 0.001]. Post-hoc comparisons revealed perceptual fatigue was lower for set
1 compared to sets 2 (p = 0.008, d = −0.65), 3 (p ≤ 0.001, d = −0.95) and 4 (p ≤ 0.001, d = −1.38) and
for set 2 compared to sets 4 (p = 0.008, d=−0.80), but no difference was found between sets 3 and 4
(Table 1). This identified, as expected, that perceptual fatigue tended to increase from the initial to
the latter sets, with a moderate-to-large ES being observed. There was a significant effect of the set
number on the actual repetitions to failure for the leg press at p < 0.05 [F(3, 147) = 9.69, p < 0.001].
Post-hoc comparisons revealed actual repetitions to failure was greater for set 1 compared to sets
2 (p = 0.014, d = 0.59), 3 (p = 0.001, d = 0.79) and 4 (p < 0.001, d = 1.04), meaning that participants
performed a greater number of repetitions during the initial set, with a moderate-to-large ES being
observed. There was a significant effect of the set number on the error-ERF for the leg press at p < 0.05
[F(3, 147) = 4.87, p = 0.003]. Post-hoc comparisons revealed error-ERF was greater for set 1, compared
to sets 3 (p = 0.003, d = 0.64) and 4 (p = 0.019, d = 0.76). Therefore, ERF accuracy improved only after
the initial set, with a moderate ES being observed.

3.2. Associations between Perceptual Responses, Actual Repetitions to Failure and Error-ERF

Moderate correlations were found between perceptual fatigue and actual repetitions to failure for
the chest-press (r = −0.42, p < 0.001) and the leg-press (r = −0.40, p < 0.001). Expectedly, this showed
that perceptual fatigue was greater in participants when there were less actual repetitions to failure
remaining during a set. For the actual repetitions to failure and error-ERF, a strong correlation was
found for the chest-press (r = 0.68, p < 0.001) and a very strong correlation was found for the leg-press
(r = 0.73, p < 0.001) (Figure 1). These results illustrated that when a participant had a lower number of
actual repetitions to failure remaining in a set, the ERF accuracy was greater. Accompanying these
findings, there were small correlations between perceptual fatigue and error-ERF for the chest-press
(r = −0.26, p = 0.001) and the leg-press (r = −0.18, p = 0.013), suggesting a tendency for perceptual
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fatigue to increase when ERF accuracy was greater. However, this association was weaker compared
to actual repetitions to failure and ERF accuracy.
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4. Discussion

The purpose of this study was to investigate the associations between perceptual fatigue and ERF
accuracy. There were small correlations found between perceptual fatigue and error-ERF. However,
actual number of repetitions to failure showed stronger associations with both perceptual fatigue and
error-ERF. This suggests that ERF accuracy is more strongly associated with the capacity to perform a
task (i.e., proximity to repetition failure) rather than subjective feelings of fatigue. ERF accuracy was
found to improve within sessions for both exercises, with the greatest error apparent in the initial sets
of the chest and the leg press. During the initial sets, perceptual fatigue was lower and the actual
number of repetitions to failure was greater. Therefore, ERF accuracy was possibly compromised due
to the initial sets being less physically demanding.

Since the association between ERF accuracy and perceptual fatigue was weaker than that of the
ERF accuracy and actual repetitions to failure, it seemed that factors related to exercise performance
guides an individual’s ability to accurately estimate repetitions to failure. Previously, proximity to
momentary failure was found to influence the accuracy of ERF [15]. Findings from the current study
support this trend, with accuracy of estimated repetitions to failure improving when there was a lower
number of repetitions to failure. The current study had participants perform successive sets using the
same load with the same number of repetitions for the exercises. Therefore, an explanation for why
the actual repetitions to failure influenced the ERF accuracy could be due to the participants recalling
their performance in previous sets (e.g., overestimated or underestimated repetitions to failure) and
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then making subsequent estimate adjustments. Additionally, an important indicator of the ability to
perform repetitions to failure is movement velocity [31], with velocity decreasing towards the end of
sets and toward failure, where the slowest movement velocity is observed. Therefore, it is possible that
participants utilise the movement velocity capability to guide ERF, and thereby account for the strong
to very strong associations found between the ERF accuracy and the actual repetitions to failure [32].

Prolonged periods of resistance training performed to momentary failure might lead to overtraining
and overuse injuries [11,12], and increase the risk of cardiovascular related adverse events [33].
Therefore, incorporation of ERF into resistance training might be a useful strategy for optimising
performance or improving safety in specific clinical populations (e.g., elderly and people with
hypertension). The accuracy of the ERF in the present study was considered reasonable, with the
error-ERF across exercise sets being approximately 1 and 2–3 repetitions for the chest press and leg
press, respectively. However, it could be argued that greater accuracy with ERF is needed to allow
resistance training adaptations to be maximised. For instance, Giebetasing et al. [6] found that trainers
performing sets to momentary failure experienced greater gains in muscular strength and hypertrophy,
compared to trainers performing sets until an ERF of 1 repetition. Although, it should be noted that
this previous study did not directly assess the accuracy of the trainers ability to ERF and the repetition
tempo employed was super slow (10 s per repetition), which might have influenced the ERF accuracy.

Using ERF when programing for resistance exercise could assist with equating performances
between trainers via selecting loads that allow them to be within a specific ERF range, following sets
(e.g., 2–3 ERF). Such an approach would help to create more standardised individual exertion/fatigue
responses following sets of resistance exercise, when performed using a specific % 1 RM for selected
repetition ranges (e.g., 70% 1 RM for 8–10 repetitions). Another potential use for ERF during resistance
training is to monitor individual responses throughout or between training sessions and determine
how an athlete is progressing, and to indicate possible overtraining/overreaching states. As an example,
if a trainer reported an ERF of 0, following the first set of 10 repetitions for the chest press using
70% 1 RM, while the previous week an ERF of 4 was reported for the same exercise prescription, this
might indicate that further recovery time is required.

Although significant gains in muscular strength and hypertrophy are achieved with non-failure
resistance training, it is recommended that the majority of sets are performed close to momentary
failure, with the failure sets being used sparingly (e.g., the final set) [10]. Through the use of ERF, loads
can be prescribed that can result in failure (or close to) during the final set, therefore, no decrease in
load, and thus training volume, would be required to perform a specific number of repetitions. As an
example, if 3 sets of 8 repetitions with 2 min recovery between sets were prescribed, selecting an initial
load corresponding to an ERF of 3–4 would conceivably result in muscular failure being achieved by
the 3rd set.

Notwithstanding key findings, the present observed results could be accounted for by several
influential factors. For example, during exercise task completion, participants might have used their
ERF as a goal, terminating the set once the target number of repetitions were achieved and thereby
impacting the estimates of capability. Nevertheless, all participants were provided with consistent and
equal encouragement in all sets to perform as many repetitions as they could until momentary failure.
Resistance training experience is another factor that has previously been shown to influence ERF
accuracy. For instance, Steele et al. [33] found greater ERF accuracy in trainers with more experience.
Training experience can positively impact pain and fatigue tolerability, leading to performance of
greater repetitions at specific relative loads (% 1 RM) [34]. Therefore, experience could moderate the
association between perceptual fatigue and error-ERF, relative to a less trained individual. Within the
present sample, participants were considered recreational and no information was gathered concerning
their training history (e.g., training consistency, frequency, intensities, type of exercises, etc.). It can be
assumed that participants had not trained in similar ways; therefore, such characteristics might have
contributed toward the small to moderate associations between perceptual fatigue and error-ERF.
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Since the resistance exercises were randomised, it is possible that the fatigue state of participants
that performed the leg press, which is a more physically demanding exercise, first might have
compromised the bench press performance. Additionally, the results might have been influenced
by the nature of participant responses to assessments like perceptual fatigue, and its procedural
application. While utilised for its high internal consistency across a variety of populations [27,28],
the use of four similar anchor descriptions in close proximity might have led participants to consciously
or unconsciously score all items in an (in) consistent manner, affecting the measurement accuracy.
In the methodological approach, exact definitions of each perceptual fatigue item were not provided,
leading to possible open interpretation and inconsistent use across participants. The findings from
the current study are also limited as objective variables, such as velocity, muscle activity and other
markers of fatigue, were not assessed. Therefore, future research is required to confirm the results
of the present study with kinematics, electromyography and blood biochemical markers of fatigue.
Finally, although 1 RM was estimated and not directly assessed, it is unlikely that any error would have
led to large discrepancies between the relative training loads used by the participants. Furthermore,
it is well-known that even at the same relative loads, individuals would perform a different number of
repetitions to failure [25]. Therefore, two resistance trainers performing an exercise at the same relative
loads might have different physiological and perceptual responses following a set of 10 repetitions.
This further supports the argument that using an estimated 1 RM should not have confounded the
present study findings.

5. Conclusions

Findings from this study suggest that perceptual fatigue might play a lesser role in ERF accuracy.
Rather, it appears that factors related to proximity to repetition failure within resistance exercises might
have greater association with ERF accuracy. If coaches, practitioners, or athletes are considering using
ERF for training purposes, based on the current study findings it is possible that accuracy and reliability
of ratings will vary between sessions. To assist with improving the ERF accuracy, it is recommended
that the ERF scale is regularly utilised in training for familiarity and experience, and to improve their
ability of utilising exertional sensations to increase the ERF accuracy. Additionally, periodic testing of
ERF accuracy could be performed via calculation of the error-ERF. This might provide the trainer with
useful feedback to determine forms of consistent ERF error, and provide adjustment accordingly to
maximise benefits from resistance training without negative consequences. Since proximity to failure
affects ERF accuracy, caution is warranted when interpreting ERF ratings for sets that are perceived as
being less physically demanding.

Author Contributions: Conceptualization, D.A.H.; Formal analysis, M.H.; Investigation, D.A.H.; Methodology,
D.A.H.; Project administration, D.A.H.; Writing—original draft, D.A.H.; Writing—review and editing, V.S.S., M.H.
and S.P.C.

Funding: We would like to thank the Sydney Southeast Asia Centre (SSEAC) for the Regional Mobility Grant that
allowed V.S.S. to visit The University of Sydney to collaborate on this study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Kristensen, J.; Franklyn-Miller, A. Resistance training in musculoskeletal rehabilitation: A systematic review.
Br. J. Sports Med. 2012, 46, 719–726. [CrossRef] [PubMed]

2. Shaw, B.S.; Shaw, I.; Brown, G.A. Resistance exercise is medicine: Strength training in health promotion and
rehabilitation. IJTR. 2015, 22, 385–389.

3. Granacher, U.; Lesinski, M.; Büsch, D.; Muehlbauer, T.; Prieske, O.; Puta, C.; Gollhofer, A.; Behm, D.G. Effects
of resistance training in youth athletes on muscular fitness and athletic performance: A conceptual model
for long-term athlete development. Front. Physiol. 2016, 7, 164. [PubMed]

4. Goto, K.; Ishii, N.; Kizuka, T.; Takamatsu, K. The impact of metabolic stress on hormonal responses and
muscular adaptations. Med. Sci. Sports Exerc. 2005, 37, 955–963. [PubMed]

http://dx.doi.org/10.1136/bjsm.2010.079376
http://www.ncbi.nlm.nih.gov/pubmed/21791457
http://www.ncbi.nlm.nih.gov/pubmed/27242538
http://www.ncbi.nlm.nih.gov/pubmed/15947720


J. Funct. Morphol. Kinesiol. 2019, 4, 56 9 of 10

5. Schott, J.; McCully, K.; Rutherford, O.M. The role of metabolites in strength training. II. Short versus long
isometric contractions. Eur. J. Appl. Physiol. Occup. Physiol. 1995, 71, 337–341. [CrossRef]

6. Giebetasing, J.; Fisher, J.; Steele, J.; Rothe, F.; Raubold, K.; Eichmann, B. The effects of low-volume resistance
training with and without advanced techniques in trained subjects. J. Sports Med. Phys. Fit. 2016, 56, 249–258.

7. Pareja-Blanco, F.; Rodríguez-Rosell, D.; Sánchez-Medina, L.; Sanchis-Moysi, J.; Dorado, C.; Mora-Custodio, R.;
Yáñez-García, J.M.; Morales-Alamo, D.; Pérez-Suárez, I.; Calbet, J.A.L.; et al. Effects of velocity loss during
resistance training on athletic performance, strength gains and muscle adaptations. Scand. J. Med. Sci. Sports.
2017, 27, 724–735.

8. Steele, J.; Fisher, J.; Giessing, J.; Gentil, P. Clarity in reporting terminology and definitions of set endpoints in
resistance training. Muscle Nerve. 2017, 56, 368–374. [PubMed]

9. Sampson, J.A.; Groeller, H. Is repetition failure critical for the development of muscle hypertrophy and
strength? Scand. J. Med. Sci. Sports. 2016, 26, 375–383. [PubMed]

10. Davies, T.; Orr, R.; Halaki, M.; Hackett, D. Effect of Training Leading to Repetition Failure on Muscular
Strength: A Systematic Review and Meta-Analysis. Sports Med. 2016, 46, 487–502. [CrossRef] [PubMed]

11. Willardson, J.M. The application of training to failure in periodized multiple-set resistance exercise programs.
J. Strength Cond. Res. 2007, 21, 628–631. [PubMed]

12. Willardson, J.M.; Norton, L.; Wilson, G. Training to Failure and Beyond in Mainstream Resistance Exercise
Programs. Strength Cond. J. 2010, 32, 21–29. [CrossRef]

13. Pritchett, R.C.; Green, J.M.; Wickwire, P.J.; Kovacs, M. Acute and session RPE responses during resistance
training: Bouts to failure at 60% and 90% of 1RM. S. Afr. J. Sports Med. 2009, 21, 23–26. [CrossRef]

14. Shimano, T.; Kraemer, W.J.; Spiering, B.A.; Volek, J.S.; Hatfield, D.L.; Silvestre, R.; Vingren, J.L.; Fragala, M.S.;
Maresh, C.M.; Fleck, S.J.; et al. Relationship between the number of repetitions and selected percentages of
one repetition maximum in free weight exercises in trained and untrained men. J. Strength Cond. Res. 2006,
20, 819–823. [PubMed]

15. Hackett, D.A.; Cobley, S.P.; Davies, T.B.; Michael, S.W.; Halaki, M. Accuracy in Estimating Repetitions to
Failure During Resistance Exercise. J. Strength Cond. Res. 2017, 31, 2162–2168. [CrossRef] [PubMed]

16. Hackett, D.A.; Cobley, S.P.; Halaki, M. Estimation of Repetitions to Failure for Monitoring Resistance Exercise
Intensity: Building a Case for Application. J. Strength Cond. Res. 2018, 32, 1352–1359. [CrossRef] [PubMed]

17. Han, J.; Park, S.; Jung, S.; Choi, Y.; Song, H. Comparisons of changes in the two-point discrimination test
following muscle fatigue in healthy adults. J. Phys. Ther. Sci. 2015, 27, 551–554. [CrossRef]

18. Enoka, R.M.; Stuart, D.G. Neurobiology of muscle fatigue. J. Appl. Physiol. 1992, 72, 1631–1648. [PubMed]
19. Ratamess, N.A.; Alvar, B.A.; Evetoch, T.K.; Housh, T.J.; Kibler, W.B.; Kraemer, W.J.; Triplett, T.N. American

College of Sports Medicine position stand. Progression models in resistance training for healthy adults. Med.
Sci. Sports Exerc. 2009, 41, 687–708.

20. Borg, G. Borg’s Perceived Exertion and Pain Scales; Human Kinetics: Champaign, IL, USA, 1998.
21. Enoka, R.M.; Duchateau, J. Translating Fatigue to Human Performance. Med. Sci. Sports Exerc. 2016, 48,

2228–2238. [CrossRef] [PubMed]
22. Thompson, P.D.; Arena, R.; Riebe, D.; Pescatello, L.S. ACSM’s New Preparticipation Health Screening

Recommendations from ACSM’s Guidelines for Exercise Testing and Prescription, Ninth Edition. Curr.
Sports Med. Rep. 2013, 12, 215–217. [CrossRef] [PubMed]

23. Reynolds, J.M.; Gordon, T.J.; Robergs, R.A. Prediction of one repetition maximum strength from multiple
repetition maximum testing and anthropometry. J. Strength Cond. Res. 2006, 20, 584–592. [PubMed]

24. Brzycki, M. Strength testing—predicting a one-rep max from reps-to-fatigue. JOPERD. 1993, 64, 88–90.
[CrossRef]

25. Richens, B.; Cleather, D.J. The relationship between the number of repetitions performed at given intensities
is different in endurance and strength trained athletes. Biol. Sport. 2014, 31, 157–161. [CrossRef]

26. McAuley, E.; Courneya, K.S. The subjective exercise experiences scale (SEES): Development and preliminary
validation. J. Sport Exerc. Psychol. 1994, 16, 163–177.

27. Lox, C.L.; Rudolph, D.L. The Subjective Exercise Experiences Scale (SEES): Factorial validity and effects of
acute exercise. Soc. Behav. Personal. 1994, 9, 837–844.

28. Markland, D.; Emberton, M.; Tallon, R. Confirmatory factor analysis of the Subjective Exercise Experiences
Scale among children. J. Sport Exerc. Psychol. 1997, 19, 418–433. [CrossRef]

http://dx.doi.org/10.1007/BF00240414
http://www.ncbi.nlm.nih.gov/pubmed/28044366
http://www.ncbi.nlm.nih.gov/pubmed/25809472
http://dx.doi.org/10.1007/s40279-015-0451-3
http://www.ncbi.nlm.nih.gov/pubmed/26666744
http://www.ncbi.nlm.nih.gov/pubmed/17530977
http://dx.doi.org/10.1519/SSC.0b013e3181cc2a3a
http://dx.doi.org/10.17159/2078-516X/2009/v21i1a304
http://www.ncbi.nlm.nih.gov/pubmed/17194239
http://dx.doi.org/10.1519/JSC.0000000000001683
http://www.ncbi.nlm.nih.gov/pubmed/27787474
http://dx.doi.org/10.1519/JSC.0000000000002419
http://www.ncbi.nlm.nih.gov/pubmed/29337829
http://dx.doi.org/10.1589/jpts.27.551
http://www.ncbi.nlm.nih.gov/pubmed/1601767
http://dx.doi.org/10.1249/MSS.0000000000000929
http://www.ncbi.nlm.nih.gov/pubmed/27015386
http://dx.doi.org/10.1249/JSR.0b013e31829a68cf
http://www.ncbi.nlm.nih.gov/pubmed/23851406
http://www.ncbi.nlm.nih.gov/pubmed/16937972
http://dx.doi.org/10.1080/07303084.1993.10606684
http://dx.doi.org/10.5604/20831862.1099047
http://dx.doi.org/10.1123/jsep.19.4.418


J. Funct. Morphol. Kinesiol. 2019, 4, 56 10 of 10

29. Hopkins, W.; Marshall, S.; Batterham, A.; Hanin, J. Progressive statistics for studies in sports medicine and
exercise science. Med. Sci. Sports Exerc. 2009, 41, 3–13. [CrossRef]

30. Cohen, J. A power primer. Psychol. Bull. 1992, 112, 155–159. [CrossRef] [PubMed]
31. Sanchez-Medina, L.; Gonzalez-Badillo, J.J. Velocity loss as an indicator of neuromuscular fatigue during

resistance training. Med. Sci. Sports Exerc. 2011, 43, 1725–1734. [CrossRef] [PubMed]
32. Nóbrega, S.R.; Libardi, C.A. Is Resistance Training to Muscular Failure Necessary? Front. Physiol. 2016, 7,

1–4.
33. Steele, J.; Endres, A.; Fisher, J.; Gentil, P.; Giessing, J. Ability to predict repetitions to momentary failure is not

perfectly accurate, though improves with resistance training experience. PeerJ. 2017, 5, e4105. [PubMed]
34. Hoeger, W.W.K.; Hopkins, D.R.; Barette, S.L.; Hale, D.F. Relationship between Repetitions and Selected

percentages of One Repetition Maximum: A Comparison between Untrained and Trained Males and Females.
J. Strength Cond. Res. 1990, 4, 47–54. [CrossRef]

© 2019 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 (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1249/MSS.0b013e31818cb278
http://dx.doi.org/10.1037/0033-2909.112.1.155
http://www.ncbi.nlm.nih.gov/pubmed/19565683
http://dx.doi.org/10.1249/MSS.0b013e318213f880
http://www.ncbi.nlm.nih.gov/pubmed/21311352
http://www.ncbi.nlm.nih.gov/pubmed/29204323
http://dx.doi.org/10.1519/00124278-199005000-00004
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Study Design 
	Estimated One-Repetition Maximum (1 RM) 
	Familiarisation Session 
	Experimental Session 
	Statistical Analysis 

	Results 
	Perceptual Responses, Actual Repetitions to Failure and Error-ERF between Sets 
	Associations between Perceptual Responses, Actual Repetitions to Failure and Error-ERF 

	Discussion 
	Conclusions 
	References

