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Abstract

Mangine, GT, Serafini, PR, Stratton, MT, Olmos, AA, VanDusseldorp, TA, and Feito, Y. Effect of the repetitions-in-reserve resistance
training strategy on bench press performance, perceived effort, and recovery in trained men. J Strength Cond Res 36(1): 1-9,
2022—This study examined the effects of the repetitions-in-reserve (RIR) strategy on resistance exercise performance, perceived
effort, and recovery. Fourteen resistance-trained men (24.6 += 3.0 years, 176 = 5cm, 85.7 = 14.0 kg) completed 2 bench press
protocols in a randomized crossover fashion. The protocols consisted of 4 sets at 80% of 1 repetition maximum (1RM) to a self-
reported 3-RIR and a fifth set to failure or all 5 sets to failure (0-RIR). Barbell kinetics (velocity, rate of force development, and
impulse), repetition volume, total work, and ratings of perceived exertion (RPE) were quantified on each set. Barbell kinetics were
reassessed during one set of 3 repetitions at 80% 1RM completed at 24-hour, 48-hour, and 72-hour postexercise. Blood samples
were collected before and after exercise at 6 hours, 24 hours, 48 hours, and 72 hours and analyzed for concentrations of creatine
kinase (CK). Separate, 2-way repeated-measures analysis of variance revealed significant interactions (p < 0.001) where 3-RIR
better maintained repetitions and work at greater average velocity (+0.6 m-s~ ') and lower RPE (0-RIR = 10; 3-RIR = 8.2) across all
sets. No differences were seen between conditions for CK at 6 hours postexercise (3-RIR: 32.2 = 55.3%; 0-RIR: 40.8 + 66.0%) or
for CK and barbell kinetics at 24 hours to 72 hours postexercise. Although no differences were seen for recovery, the RIR strategy
enabled work to be better sustained across sets at a lower perceived effort and higher average velocity. This strategy could be used
to manage fatigue and better sustain effort and volume during a resistance training session.
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Introduction Momentary muscular failure occurs when the trainee cannot
correctly complete another concentric muscle action during a set
without assistance (39). Performing consecutive repetition max-
imum (RM) sets (i.e., to failure) ensures that an overload stimulus
is present and that effort is consistent. However, compared with
nonfailure sets, RM sets require greater effort and produce more
discomfort, inflammation, and muscle damage (13,24,27,28,33).
These may negatively affect adherence to the training program
and require a longer recovery. Although muscle damage is com-
monly expected to increase protein synthesis (7,11,36), the effect
declines with repeated bouts and may be more relevant to the
muscle fiber repair process than improvements in size and
strength (11). Thus, the benefit of completing sets to failure is
questionable.

Performing RM sets may also fail to produce the desired
amount of volume during both the training session and week
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Resistance training can be used to improve a variety of physical
and athletic characteristics, but its effect is w on the specific
programming strategy. A strategy’s effect is determined, at least in
part, by how well and specifically the acute programming vari-
ables are manipulated to emphasize muscle fiber activation and
fatigue (30,36). Traditionally, muscle fiber activation is believed
to be dictated by the training load’s proximity to the individual’s 1
repetition maximum (1RM) (30,34,36). However, it may also be
enhanced when lower-intensity efforts are repeated over multiple
sets with short recovery periods or sustained to the point of mo-
mentary muscular failure (9,21). Although different strategies
may emphasize one over the other (i.e., activation or fatigue), the
overall amount of volume or work completed seems to be an
essential consideration for stimulating adaptations (29,30,34,36).
Training volume is quantified by the number of exercises that ac-
tivate a particular muscle group, the number of sets and repetitions
completed for those exercises, and the frequency in which these
muscle groups are trained. Of interest, completing sets to mo-
mentary muscular failure is a strategy that can enhance training
volume by maximizing the number of repetitions completed on
each set.

because of fatigue and damage delaying the recovery process
(17,18). Across a variety of intensity and rest interval configu-
rations, performing consecutive RM sets with limited recovery
has led to a significant reduction in repetitions completed on
subsequent sets (33,37,38) and movement velocity for up to 48
hours (27,28). Although these findings suggest that the practice
may be detrimental, most studies directly comparing the utility of
RM sets were completed with novice or recreational trainees
(5,24,26,31). Less experienced trainees generally sustain more
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damage and still respond favorably to a multitude of training
stimuli (11,30). As their “window of adaptation” shortens, more
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specific strategies become necessary to stimulate continued ad-
aptations (30). Even in experienced lifters, although, it may be
more prudent to strategically use sets to failure (e.g., on the final
set) to help preserve volume across multiple sets and the training
week while confirming maximal stimulation and activation of the
musculature (17,18).

Manipulating a set’s proximity to momentary muscular fail-
ure may be a strategy to help manage fatigue and recovery while
still providing a sufficient stimulus. This strategy can be related
to the recently proposed concept of “stimulating repetitions”
(3). An idea suggesting that the most important repetitions are
those that involve high-threshold motor units contracting at
slower speeds because of either the force-velocity relationship or
fatigue. In practice, this would refer to the final 2-4 repetitions
at higher loads (>5 RM) or the last 5 repetitions at lower-
intensity loads. Research related to these concepts formally re-
fers to a set’s proximity to failure as repetitions-in-reserve (RIR)
(15-17,40). The RIR strategy requires the trainee to conclude a
set once they sense that they cannot complete more than a spe-
cific number of additional repetitions within that set. Although
this strategy seems to be a valid and accurate prescription tool
(15,17,35,40), particularly in more experienced trainees (35),
only a few studies have examined its effect compared with other
strategies (2,14,16). Of these, a pair of studies have provided
evidence of the RIR strategy being comparable with (if not better
than) percentage-based training for improving muscle size,
strength, and performance (14,16). However, to the best of our
knowledge, only one study has compared the RIR strategy with
RM sets (2). Areda et al. (2) reported greater strength and
comparable power improvements in the bench press strength, as
well as comparable gains in back squat strength following RIR-
based (RIR = 3) compared with RM-based training in female,
youth basketball players during their competitive season. Still,
there is much to learn about this strategy and its effect on per-
formance and recovery immediately after an acute bout of re-
sistance exercise. Therefore, the purpose of this study was to
examine the effects of using RIR or RM prescription during an
acute bout of bench press on total training volume, performance
recovery, perceived effort, and muscle damage in resistance-
trained men. Because others have observed a benefit in these
measures when complete RM sets were cut in half (e.g., com-
pleting only 5 repetitions with a 10 RM load) (13,27,28), we
expect a similar outcome when experienced trainees are asked to
specifically conclude sets at approximately 3 repetitions short of
failure.

Methods

Experimental Approach to the Problem

Participation in this randomized, crossover study required a
total of 11 visits to the University’s Exercise Physiology Labo-
ratory (EPL). Subjects were scheduled for their baseline visit on
the conclusion of the 5-day loading phase where they would
provide a pre-exercise blood sample and complete assessments
of body composition and muscular strength and endurance in
the bench press. The subjects returned to the EPL within 3-7
days to provide an additional pre-exercise blood sample and
then randomly complete one of 2 acute, bench press protocols: 5
sets at 80% 1-RM where all sets were taken to momentary
muscular failure (0-RIR) or when 4 sets were taken to approx-
imately 3 repetitions short of failure and one final set to failure
(3-RIR). The subjects returned to the EPL at 6 hours, 24 hours,
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48 hours, and 72 hours postexercise to provide additional blood
samples and complete one set of 3 repetitions in the bench press
at 80% 1RM. Subsequently, the subjects returned to the EPL 1
week later to repeat these procedures using the alternate bench
press protocol. The subjects refrained from exercise (outside of
the study) and alcohol for 24 hours before any visit (48 hours
before their baseline visit), and they maintained their normal
dietary intake and caffeine consumption habits (verified by 24-
hour dietary food logs) throughout the entire study. Perceived
effort was quantified following each set of the 2 acute bench
press protocols, whereas barbell kinetics were measured on each
repetition completed in the study. Blood samples were analyzed
for circulating concentrations of creatine kinase (CK). Com-
parisons were made between protocols for completed repeti-
tions and work, perceived effort, and changes in barbell kinetics
and CK concentrations.

Subjects

Subject characteristics measured at baseline are presented in
Table 1. A priori analysis using a moderate effect size (f = 0.25) for
a repeated measures design with a minimum of 8 time points in-
dicated 14 subjects were needed for this study. As such, 14,
college-aged men, who resistance trained on at least 3 sessions per
week for the past year and possessed resistance training experience
(=3 years; 7.6 = 3.7 years) were recruited for and enrolled into
this study. According to the health and physical activity ques-
tionnaire they completed before enrollment, the subjects reported
training with the bench press exercise on 2.3 * 1.3 sessions per
week, averaging 5.6 = 3.1 working sets for 7.9 * 2.1 repetitions
over the past 6 months. In addition, between-set rest intervals were
tracked by 10 of the 14 subjects, and they reported 1.4 = 0.5
minutes as their average break. Enrolled subjects were also re-
quired to demonstrate their ability to meet the United States
Powerlifting Association—Class III strength standards in the bench
press (1) on their baseline visit. In brief, Class IIl competitors can
lift 1.0-1.3 times their body mass in the bench press based on the
standards for the relevant weight classes of the present sample
(i.e., 60-125-kg). The present sample was able to lift between
1.1-1.4 times their body mass in the bench press. All subjects were
free of any injury or illness that would have affected their ability to
exercise (as determined by the health and physical activity ques-
tionnaire) and verified that they had never consumed any illegal
performance enhancing substances. This investigation was ap-
proved by the Kennesaw State University's institutional review
board (#18-512).

No subjects were under the age of 18 years. Following a de-
scription of the study’s purpose, procedures, risks, and benefits,
resistance-trained men provided their written informed consent.

Subject baseline characteristics.*

Mean = SD Range
Age (y) 246 £ 3.0 21.2-30.0
Height (cm) 176 =5 168-185
Body mass (kg) 85.7 £14.0 58.9-111.5
Body fat percentage (%) 19376 8.5-34.4
Fat-free mass (kg) 66.4 = 8.8 51.4-82.9
1RM bench press (kg) 127 = 23 93-184
80% 1RM bench press (kg) 102 =19 75147

*1RM = 1 repetition maximum.
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Before enrollment, it was expected that several potential subjects
would indicate that they regularly or periodically consumed cre-
atine monohydrate as a dietary supplement. To standardize
supplementation, all subjects initiated a 5-day creatine mono-
hydrate loading phase on their enrollment followed by mainte-
nance dosages for the remainder of the study.

Procedures

Creatine Monobydrate Supplementation. To standardize crea-
tine monohydrate consumption, subjects were given a 5-day
supply (twenty 5 g packets for a total of 100 g) of creatine
monohydrate in powder form (BulkSupplements, Hard Eight
Nutrition, LLC, Henderson, NV) on their enrollment. The
subjects were instructed to consume four 5 g packets with water
(375 ml) per day for 5 days to standardize muscle creatine
content (23). On completing the baseline visit, the subjects were
provided with an additional 100 g (twenty 5-g packets) of cre-
atine monohydrate to maintain muscle creatine content for the
remainder of the investigation. For this maintenance phase, the
subjects were instructed to ingest one 5-g packet of creatine
monohydrate per day with water (375 ml) until they completed
the study. To ensure compliance, the subjects were asked to
return all emptied packets on each visit to the EPL.

Body Composition Testing. The subjects wore athletic clothing
and removed their shoes and jewelry/metal for all body compo-
sition testing. Initially, body mass (kg) and height (cm) were
measured using a stadiometer and an electronic physician’s scale
(Tanita Corporation of America, Inc.; Arlington Heights, IL).
Then, the subjects laid supine on a dual-energy X-ray absorpti-
ometry (DXA; Lunar iDXA, General Electric Healthcare, Madi-
son, WI) scanning table. Total body estimates of percent fat (%)
and fat-free mass (kg) were determined from an entire body scan
in a “standard” mode using the company’s recommended pro-
cedures and supplied algorithms. Quality assurance was assessed
by daily calibrations performed before all scans using a calibra-
tion block provided by the manufacturer. All DXA measurements
were performed by the same researcher using standardized sub-
ject positioning procedures. All body composition data were used
for descriptive purposes.

Muscular Strength and Endurance Testing. After a general
warm-up consisting of riding a cycle ergometer for 5 minutes at
a self-selected resistance and pace, the subjects completed a
warm-up specific to the bench press on a weightlifting rack with
the safety bars set at a height that would prevent the barbell from
making uncontrolled contact with the subject’s torso, neck, or
head. The specific warm-up consisted of 5 submaximal sets of 8,
3,2, 1,and 1 repetition(s) with loads equating to 50, 60, 70, 80,
and 90% of their estimated 1RM, respectively. The subjects
were then allotted 3-5 one repetition sets to find the highest load
they could successfully lift while maintaining proper form.
Barbell kinetics were monitored during each maximal attempt,
whereas subjects were asked to subjectively rate perceived effort
(RPE) and RIR on each attempt during rest periods. Rest in-
tervals were 2—-3 minutes for warm-up sets and 3—-5 minutes for
maximal attempts.

Proper technique for the bench press was defined by the
subjects’ grip and hand placement, their ability to maintain 5-
point contact, and their demonstration of control throughout
the entire lift. The subjects were instructed to use a pronated grip
that was at least standard width (i.e., approximately shoulder
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width), but no wider than double the width of their shoulders.
Their chosen grip placement during 1RM assessment was
measured by tape measure, recorded, and enforced for all
remaining bench press repetitions in this study. Throughout the
lift, a repetition was discarded if the subject did not maintain
contact between their feet and the floor, as well as between their
buttocks, shoulders, and head with the bench while lying supine.
All repetitions began with the subjects holding the barbell above
their chest with their elbows fully extended. At their ready, they
lowered the barbell to their chest in a controlled fashion and
then on touching their chest, immediately pressed the barbell
back to the starting position. The subjects were instructed to
perform the concentric portion of the lift as fast as possible. A
researcher was located laterally to the subject to monitor tech-
nique during all maximal attempts and discard any attempt that
did not meet technical standards. The 1RM was identified when
the subject successfully completed an attempt, and then, scored
it as an RPE = 10, RIR = 0, or average concentric barbell ve-
locity was less than 0.10 m-s ™! (19). If the subject was unable to
complete a repetition at a given load, they were allowed one
additional attempt at that load. If the second attempt was not
successful or if the subject declined a second attempt, the load
was reduced to 50% of the difference between it and the last
successful 1 repetition set.

After 1RM testing and a 10-minute rest period, the subjects
completed a single, repetition maximum set of the bench press at
80% 1RM. The same technical standards described for 1IRM
testing were enforced during this assessment. The assessment
concluded when one of the following 3 criteria was met: (a) the
subject reached a point during the concentric portion of a repe-
tition where barbell velocity was zero or negative for at least 2
seconds, (b) the subject could no longer complete a repetition with
proper technique, or (c) the subject could not complete a repeti-
tion without assistance from a researcher. Once again, barbell
kinetics were monitored during this assessment and the subjects
were asked to quantify RPE and RIR after the assessment. The test
served to familiarize subjects with a repetition maximum set and
estimate the expected repetition count during the first working set
of each acute bench press protocol. All muscular strength and
endurance tests were completed under the supervision of a certi-
fied strength and conditioning specialist (CSCS) and a trained
spotter.

Subjective Measures. Throughout the study, subjects were asked
to provide an RPE and RIR scores after all sets during testing and
the acute bench press protocols. The Borg category ratio (0-10)
scale was used to subjectively measure perceived effort put forth
during the set (4). Its inverse, the RIR (0-10) scale, was used to
quantify the subject’s perceived number of repetitions they could
have completed had they not stopped the set (17). Proper utili-
zation of these scales was described to subjects during enrollment.
In brief, subjects were instructed that within the RIR scale, a
maximal effort lift would be considered RIR = 0, which would
correspond to RPE = 10. That is, they would have put forth
maximal effort and would not be able to perform an additional
repetition without assistance. Likewise, RIR = 3 would indicate
that the subject could have completed an additional 3 repetitions
during the set without assistance, and this would correspond to
RPE = 7. Subjects were familiarized with the use of these scales
during all warm-up sets before testing, and their usage continued
through muscular strength and endurance testing. During mus-
cular strength and endurance testing, these scales were used to
assist in load adjustment between maximal attempts and to help
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Figure 1. Repetition (A) and work (B) differences between
acute bench press conditions and sets (mean = SD). Note:
Close circles and solid line = 0-RIR; open circles and dashed
line = 3-RIR; *significantly (p < 0.05) different from set 1;
#significantly (p < 0.05) from the previous set; tsignificant (p
< 0.05) difference between protocols. RIR = repetitions-in-
reserve.

determine the 1RM and to familiarize subjects with their use in
association with performing a set to muscular failure. Their usage
after each set of the acute bench press protocols served to verify
that sets were either completed as a repetition maximum or were
concluded with approximately 3 repetitions remaining for 0-RIR
and 3-RIR, respectively.

Barbell Kinetics Measurement. Barbell kinetics were monitored
during every bench press repetition completed in this study using a
linear position transducer (Tendo Weightlifting Analyzer; TENDO
Sports Machines, Trencin, Slovak Republic). The transducer was
placed on the ground directly beneath the barbell’s starting position
and connected to the barbell by an extended cable. The positioning of
the transducer was such that the extended cable’s angle was ap-
proximately 90° to the ground, which helped to minimize its hori-
zontal displacement during each repetition. Data from every
repetition was collected by the TENDO Unit Computer Software
Version PA (v6.06, TENDO Sports Machines). The software’s dis-
play was used to monitor real-time barbell velocity during testing to
assist in 1RM determination and identify the conclusion of the rep-
etition maximum set. Data collected during each acute exercise pro-
tocol and performance recovery session were downloaded onto a
spreadsheet (Excel, v. 365, Microsoft, Redmond, WA) for treatment.
In brief, each file reported displacement (mm), velocity (m's—'), and
force (N) values collected every 5 ms throughout each repetition. Any
data related to the descent of the barbell (towards the chest) could be
identified by negative velocity values at either the onset of each rep-
etition (i.e., eccentric phase) or within the repetition (due to fatigue).
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Data related to the eccentric phase or failed repetitions were discarded
from analysis. Otherwise, each set of positive velocity values was used
to verify the number of counted repetitions and averaged to calculate
average concentric velocity (ACV). Meanwhile, their associated dis-
placement, force, and time-stamp values were used to calculate work
(force X displacement), impulse (force X time), and average rate of
force development (RFD, peak force x time™ X).

Blood Sampling and Biochemical Analysis. Pre-exercise blood
samples were collected on the baseline visit, each acute bench
press protocol session (i.e., 0-RIR and 3-RIR), as well as on each
performance recovery visit (at 24 hours, 48 hours, and 72 hours
postexercise). A postexercise sample was collected 6 hours after
the completion of each acute bench press protocol. All samples
were obtained from an antecubital vein using a needle by a re-
search team member who was trained and experienced in phle-
botomy. Approximately 10 ml of blood was drawn into SST tubes
(for serum collection) and allowed to clot for 10 minutes before
centrifugation at 3,600 rpms at 4° C. The resulting serum was
aliquoted and stored at —80° C until analysis.

All samples were analyzed for circulating concentrations of CK
(wL™Y), a known biomarker of muscle damage (11,13,27,28).
Concentrations were determined against an enzymatic approach
in serum samples using commercially available reagents (Pointe
Scientific) and a single-cuvette spectrophotometer (SpectraMax
M3 Multi-Mode Microplate Reader, Molecular Devices, San
Jose, CA) at a wavelength of 340 and 450 nm, respectively. To
eliminate interassay variance, all samples were thawed once and
analyzed in triplicate in the same run by a single technician with
an average coefficient of variation of 4.7%.

Acute Bench Press Protocols. Each acute bench press protocol
session began with 5 minutes of riding a cycle ergometer at a self-
selected resistance and pace followed by a specific warm-up. The
specific warm-up consisted of 4 submaximal sets of 10, 8, 6,and 3
repetitions with loads equating to 40, 50, 60, and 70% 1RM.
Subsequently, the subjects were randomly assigned to complete
either 3-RIR or 0-RIR using a load equal to 80% 1RM on each
set. This load was selected because of its use in other studies on
this topic (13,27,28,33) and to limit repetition counts on any set
from greatly exceeding 10 repetitions (i.e., the maximum value of
the RIR scale) (17,34). During 3-RIR, the first 4 sets were stopped
by the subject when he perceived that no more than 3 repetitions
were possible (RIR = 3; RPE = 7). Estimation of the expected
repetition count for the first set of 3-RIR was facilitated by the
subject’s performance during initial muscular endurance testing.
On the fifth and final set (i.e., RPE = 10; RIR = 0) of 3-RIR, as
well as during all 0-RIR sets, the subjects completed a repetition
maximum using the same criteria and technical standards de-
scribed for muscular strength and endurance testing. After each
set, 3—4 minutes of rest was allotted, during which, the subjects
were asked to provide an RPE and RIR score for the com-
pleted set.

Performance Recovery Assessment. Recovery in barbell kinetics
was monitored at 24 hours, 48 hours, and 72 hours post-
completion of each acute bench press protocol. The same stan-
dardized warm-up procedures described for the acute bench press
protocols were followed for each of these sessions. Subsequently,
the subjects completed one set of 3 repetitions using a load equal
to 80% of 1RM using the same technical requirements described
for muscular strength and endurance testing. This volume was
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Figure 2. Differences between acute bench press conditions
for repetitions-in-reserve (A) and ratings of perceived effort (B)
(mean = SD).Close circles and solid line = 0-RIR; open circles
and dashed line = 3-RIR; *significantly (p < 0.05) different
from set 1; #significantly (o0 < 0.05) from the previous set;
Fsignificant (p < 0.05) difference between conditions. RIR =
repetitions-in-reserve.

selected to limit fatigue and make comparisons to barbell kinetics
collected on the first 3 repetitions from the first set of either acute
bench press protocol.

Dietary Compliance. The subjects were instructed to refrain from
alcohol consumption for 24 hours before any visit (48 hours be-
fore their baseline visit) and to maintain their normal dietary
intake habits throughout the study. To facilitate compliance, the
subjects were given a paper dietary food log at the completion of
their baseline visit. They were instructed to record all food and
beverage intake for 24 hours before their next visit (i.e., the first
acute bench press protocol session) and then to follow the same
diet for each 24-hour period preceding all remaining visits. To
assist with their compliance, the subjects were also instructed to
take photographs of their meals and forward them to a password-
protected email account that was created solely for the purpose of
this study. All food logs and photographs were visually inspected
by the same researcher to verify compliance.

Statistical Analyses

The assumption of normality was initially verified by the Shapiro-
Wilk test. Then, separate two-way (condition X set) analyses of
variance (ANOVA) with repeated measures were performed to
compare the acute effects of 0-RIR to 3-RIR on training volume,
total work, ACV, RPE, and RIR. A one-way repeated measures
ANOVA was used to determine if differences existed in CK
concentrations at baseline and before exercise on 0-RIR and
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3-RIR. Between-protocol differences in the recovery of barbell
kinetics (ACV, RFD, and impulse) and percent changes in CK
from pre-exercise were examined by separate two-way (protocol
x time) repeated-measures ANOVA. The Greenhouse-Geisser
adjustment to degrees of freedom was applied when the as-
sumption of sphericity was violated. Interpretations of effect size
were evaluated (8) at the following levels: small effect (0.10),
medium effect (0.25), and large effect (>0.40). Following any
significant interaction, separate one-way repeated-measures
ANOVA with Bonferroni correction was performed to assess
pairwise differences between time points within each acute bench
press protocol. Pairwise differences between protocols for each
set were assessed by separate paired-samples #-tests. A criterion
alpha level of p = 0.05 was used to determine statistical signifi-
cance. All data are reported as mean * SD. Statistical Software
(V. 26.0, SPSS, Inc., Chicago, IL) was used for all analyses.

Results
Acute Bench Press Protocol Performance

Differences between bench press conditions for repetitions and work
completed across 5 sets are illustrated in Figure 1. Significant inter-
actions (condition x set) were observed for repetitions (F = 48.8,p <
0.001,m7 = 0.79) and work (F = 43.6,p < 0.001,m; = 0.77), where
the 3-RIR group maintained similar repetitions and work across all §
sets. By contrast, 0-RIR elicited a 60% decline (p < 0.001) in repe-
titions and work from the first (9.6 =+ 1.5 repetitions, 2,615 = 360 ])
to fifth set (3.9 = 1.3 repetitions, 1,043 = 354 ]). Although 0-RIR
completed more (p < 0.001) repetitions and work onset 1 (3.3 = 1.3
repetitions, 862 *+ 323 J), less (p < 0.001) was completed on sets 4
(—1.9 % 1.3 repetitions, —552 * 349 J) and 5 (—2.9 * 1.7 repeti-
tions, —779 = 446 J). However, the main effects for overall differ-
ences between conditions were not significant for total repetitions (0-
RIR = 30.9 * 6.8 repetitions; 3-RIR = 32.1 * 6.3 repetitions; p =
0.367) or total work (0-RIR = 8,249 * 1655 J; 3-RIR = 8,708 +
1751 J;p = 0.236).

Differences between conditions for RIR and RPE scores reported
after each set are illustrated in Figure 2. Significant interactions
(condition X time) were observed for RIR (F = 81.3, p < 0.001, 'qlz,
= 0.86) and RPE (F = 83.0, p < 0.001, 1]12, = 0.87), where RIR and
RPE did not change for 0-RIR across all 5 sets. By contrast, 3-RIR
experienced a significant decline (p < 0.001) in RIR and RPE from
the first (RIR = 3; RPE = 7) to fifth set (RIR = 0; RPE = 10), and
differences (p < 0.001) were noted for both RIR and RPE on each set
except the fifth set. The main effects for overall differences between
conditions indicated more RIR (1.8, p < 0.001) at a lower RPE (—
1.8, p < 0.001) for 3-RIR compared with 0-RIR across 5 sets.

Changes in ACV across 5 sets during each condition are illus-
trated in Figure 3. Although significant main effects for condition (F
=29.3,p < 0.001, 7112, = 0.75) and set (F = 26.5, p < 0.001, *1,2, =
0.73) were observed, only a trend for an interaction was found for
ACV (F = 2.58, p = 0.052, n% = 0.21). On average, ACV was
greater during 3-RIR (0.35 = 0.05 m*second ) than it was for 0-
RIR (0.30 * 0.04 m's™') across all 5 sets. Compared with set 1,
ACYV was slower during both conditions on set 3 (—0.06 ms™ !, p =
0.008), set4 (—0.07 m's ', p = 0.002), and set 5 (—0.09 m's ', p <
0.001).

Performance Recovery

Averaged barbell kinetics during each condition and through the
following 72 hours are presented in Table 2. No differences were


www.nsca.com

PISTGHIBA+ZHBRAAUAYO/FIAEIOVIHASALLIAIPOOAEIEAHION/AOAUMYTXO

MADYOINXYOHISGBZIy 1o +erNIOITWNOTZTARYHIaSHANAQUG Aq .IZ)SIAEOSU/LUOD'/\l\/\/\|'S|EU.II’10[//Zd11L| wioJ} paspeojumod

¥202/€2/L0 uo

Copyright © 2021 National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.

Repetitions-in-Reserve on Effort and Recovery (2022) 36:1

observed between 0-RIR and 3-RIR. Only main time effects (p <
0.05) were noted for ACV and impulse, averaged ACV was greater
at 72 hours compared with both acute protocols (p = 0.012) and 48
hours postexercise (p = 0.031). Averaged impulse decreased from 48
hours to 72 hours after both acute protocols (p = 0.019).

No significant differences were seen in CK concentrations (F =
0.5, p = 0.640, ’né = 0.04) before exercise at baseline (59.2 =+
523w L1, 0-RIR (72.1 = 54.7 w'L™ "), and 3-RIR (85.5 + 97.4
wL™1). Likewise, neither a main effect for condition (F = 0.8, p =
0.394, ’r]f, = 0.06) or an interaction (F = 0.9, p = 0.430, m, =
0.06) was observed for percent changes in CK. Only a main effect
for time was seen (F = 5.5, p = 0.008, né = 0.29), where CK
concentrations were elevated ~36.5% after 6 hours (p = 0.009)
and remained elevated by ~36.9% after 48 hours (p = 0.010).
Percent changes in CK over the 72-hour recovery period after
each condition are illustrated in Figure 4.

Discussion

This study aimed to determine whether performing sets to
momentary muscular failure or a self-reported 3-RIR during
an acute bout of bench press elicited advantages in training
volume and performance, perceived effort, and recovery.
Compared with RM sets, previous studies reported similar (or
improved) training volume and recovery at lower perceived
effort when trainees ended sets after half of the expected rep-
etitions (2-6 repetitions) for a given RM load (4-12 RM) were
completed (13,27,28). Thus, it was hypothesized that similar
advantages would be present when resistance-trained men
were asked to conclude sets after they sensed that no more than
3 complete repetitions were possible. The data suggest that
total repetitions and work completed, damage sustained (in-
dicated by CK concentrations), and recovery were similar be-
tween O-RIR and 3-RIR, but 3-RIR better maintained
repetitions and work across each set and performed repetitions
with greater ACV and lower perceived effort.

More repetitions and work were completed on the first set of
0-RIR, but these progressively declined across all remaining sets.
By conserving repetitions on the first 4 sets, 3-RIR better
maintained their repetition count across all sets (~1.5-1.8 times
more repetitions over the final 2 sets) at ~22.9% lower RPE.
The decline in repetition count for 0-RIR and maintained rep-
etition count for 3-RIR at lower perceived effort were consistent
with previous reports (13,27,28,33). Although this has not
resulted in appreciable differences in total repetitions or work,
collective findings are limited to their quantification over 1-2
exercises (i.e., bench press only, back squat only, or bench press
followed by back squat). From a practical standpoint, this limits
applicability because workouts are not generally limited to a
single or couple exercise(s), and adaptations are more dependent
on the total amount of work completed for all related exercises
within an entire workout or series of workouts. That said, a few
longitudinal studies have shown slight advantages for muscle
growth and performance from using nonfailure sets compared
with RM sets (2,5,24). However, only one of those studies ac-
tually used the RIR strategy (2) and none are ideal for com-
parative purposes. Arede et al. (2) observed greater strength
improvements in teenage, female basketball players when they
concluded sets with 10RM loads at RIR = 3, and equal im-
provements (to RM sets) were seen in measures of speed, agility,
and power. Still, the athletic characteristics and training expe-
riences of those young women, which are likely to influence RIR
accuracy (35) and training outcomes (30,36), are not
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Figure 3. Changes in average concentric barbell velocity
during each acute bout of bench press (mean + SD). Close
circles and solid line = 0-RIR; open circles and dashed line =
3-RIR; *significantly (p < 0.05) different from set 1; #signifi-
cantly (p < 0.05) from the previous set; tsignificant (o < 0.05)
difference between conditions. RIR = repetitions-in-reserve.

comparable with those of the present sample. Meanwhile,
Lacerda et al. (24) divided the total number of repetitions
completed during RM sets equally across nonfailure sets and
Carrol et al. (5) simply compared RM ranges (e.g., 4-6 RM)
with fixed percentages and repetitions (e.g., 70% 1RM for 5
repetitions). Neither placed the onus on the subject to conclude
sets after sensing their approach to failure, a limitation that was
also present in related acute studies (13,27,28,33). Nonfailure
sets in most acute studies were instead concluded when half of
the expected repetitions for a given RM load had been com-
pleted (e.g., 5 repetitions using a 10RM load) (13,27,28),
making the presence of overload questionable. This study ex-
pands on previous works by demonstrating equal volume may
be completed at lower perceived effort when experienced
trainees ended initial sets after sensing their proximity to failure
was within 3 repetitions before completing one final RM set.
Another interesting facet about performing nonfailure sets has
been their effect on barbell velocity. Compared with RM sets,
previous studies have reported 9-25% greater barbell velocity
during half-RM sets (13,28) and 14-18% greater velocity when
resistance-trained women (~4.5 years) concluded 10-RM ma-
chine squat sets after velocity had slowed by 20% (33). Main-
taining greater movement velocity during training is believed to
be useful for improving RFD and mechanical power (10,20,25)
and incorporating this practice into a traditional resistance
training scheme may have a more comprehensive effect on various
strength characteristics (20,25). Indeed, Carroll et al. (5,6) noted
greater improvements in muscle size, strength, power, and en-
durance from 10 weeks of training that used percentage-based,
nonfailure sets versus RM sets. In this study, both conditions
required the concentric portion of all repetitions to be performed
“as fast as possible” (i.e., with ballistic intent) to regulate effort
and better observe each condition’s effect on barbell velocity; a
previously used surrogate for measuring fatigue and recovery
(13,27,28,33). The data indicated that ACV was approximately
19.6% greater during 3-RIR compared with 0-RIR, despite
within-set velocity declining by 39.0 and 40.2% under both
conditions, respectively. These between-group differences and
within-set decrements seem to be on par with previous reports
(13,28,33), although within-set decrements during 0-RIR were
less severe than those seen in physically-active, college-aged men
using similar relative bench press loads (i.e., 8-12 RM elicited
58.6—69.6% decline in barbell velocity) (13,28); a difference that
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Seventy-two-hour recovery of barbell kinetics averaged across the first 3 repetitions after each acute bench press condition.*

Condition Time Condition x time
Set 1 24h 48 h 72h F p ng F p Tl,"; F p n§
Velocity (m-s ™)
0-RIR 0.45 + 0.05 0.43 = 0.06 0.45 + 0.06 047 £006tt 01 078 0.01 53 0023 029 03 0743 0.03
3-RIR 0.45 = 0.07 0.43 = 0.03 0.45 = 0.04 0.48 = 0.041%
RFD (N*s™7)
0-RIR 7,865 2919 7,481 =1,688 7,867 =2270 8,208 + 2,683 19 0192 013 21 0165 014 01 0.88 0.01
3-RIR 8,173 = 2,731 7,754 + 2003 7,925 £ 2272 8,362 + 2,582
Impulse (N*s)
0-RIR 616 = 71 681 = 172 635 = 121 604 * 80% 27 0124 017 53 0.024 029 06 0539 0.05
3-RIR 612 = 88 634 =73 628 + 87 581 + 67%

*RIR = repetitions-in-reserve; RFD = rate of force development.
tSignificantly (p < 0.05) different from the first set of each respective condition.
1Significantly (p < 0.05) from the previous time point.

might be attributed to the greater strength and training age of the
present sample.

Despite the differences in repetition and work distribution,
barbell velocity, and perceived effort, the severity and recovery of
damage, estimated by CK concentrations, were the same for both
conditions. This does not agree with previous studies where RM
sets led to greater CK elevations and a slower recovery compared
with ending sets before momentary muscular failure (13,27,28).
Compared with this study, CK concentrations have been reported
to be ~70.2% and ~67-257% greater at 6 (27) and 48 hours
postexercise (13,27,28), respectively. However, the lack of
agreement may be related to differences between our study’s
workout protocol and others’. In past studies, subjects completed
3-6 sets of bench press and back squats at 8-10 RM loads for RM
or half-RM within the same session (13,27,28). Although evi-
dence of training specific muscle groups affecting CK concen-
trations is limited, completing more work seems to have a mild
effect (22). The training status of the present sample may also
have contributed to this disagreement. Except for the well-trained
men (8.2 * 3.5 years) who participated in the study by Moran-
Navarro et al. (27), subject training experience was compara-
tively less (<4 years) in past studies on this topic (13,28). Greater
elevations in CK are common in less-experienced trainees, and
this can be further modified by the number of exposures one has
to a specific stimulus (22). Although subject training habits
leading up to past studies was not made clear (13,27,28), the men

_200%
Q\O *
2150% * —
.E ——
L 100%
E
5 50%
&
<
2 0%
(9]
2
& -50% -
POST 24-hrs 48-hrs 72-hrs

mO0-RIR O3-RIR

Figure 4. Percent changes in creatine kinase over the 72-hour
recovery period after each acute bench press condition (mean
+ SD). *Significant (o < 0.05) difference from pre-exercise
concentrations after each condition.
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involved in this study reported training typically with a similar (to
this study’s protocol) number of sets and repetitions for shorter
rest intervals over the past 6 months. That familiarity might ex-
plain the lower CK values seen in this study (11). Moreover, it was
uncommon for their resistance training sessions to only include a
single exercise. Thus, their experience with greater volume loads
may have had a protective effect against damage induced by this
study’s protocol and limited our ability to observe differences
between conditions (11). Finally, it is possible that the final RM
set of 3-RIR, paired with 4 near-maximal sets, was sufficient to
match the damage produced by 0-RIR.

The changes observed with CK concentrations were mir-
rored by the recovery of barbell kinetics. Barbell velocity and
impulse were both diminished after each condition, but no
between-condition differences were noted throughout their
recovery. Again, this differs from past studies that compared
RM with nonfailure sets (13,27,28). The reason for this dis-
agreement may be due to the proximity in which sets were
taken to momentary muscular failure. In general, past studies
have shown a more rapid recovery (within 24-48 hours) when
sets were concluded after half of the expected repetitions were
completed (13,27,28). By contrast, all sets in this study were
taken to within 3 repetitions of failure and, thus, could be
speculated to have incorporated more “stimulating repeti-
tions” for an 8—10 RM load (3). The disagreement may also be
related to the specific measures used to monitor performance.
Past studies have used countermovement jump, barbell kinetic
assessments, or both to monitor fatigue and recovery
(13,27,28). Because this study did not involve lower-body
exercise, only bench press kinetics were examined. However,
past studies observed recovery advantages for nonfailure
training more clearly from changes in countermovement jump
performance than those seen from barbell velocity (13,27,28).
Despite their strong relationship, some have suggested that
countermovement jump performance may be more suitable
than barbell kinetics for monitoring neuromuscular fatigue
(12,32). In hindsight, it is possible that adding a ballistic upper-
body exercise (e.g., clapping push-up, bench press throw) to
testing would have provided a more comprehensive assessment
of recovery.

In this crossover study, resistance-trained men completed 5
sets of bench press at an 80% 1RM load using 2 different
repetitions schemes. Both conditions produced comparable
amounts of damage and their recovery was the same over a
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72-hour period. However, progressive declines in repetitions
and work completed, as well as average concentric barbell
velocity, were seen across sets taken to momentary muscular
failure. By contrast, when subjects halted sets after sensing
they were approximately within 3 repetitions of failure,
overall barbell velocity was greater, completed repetitions
and work were more consistent across sets, and perceived
effort was less. These advantages are of primary interest when
considering the value of either strategy over the course of
training. The data suggest that the 3-RIR strategy better po-
sitioned the subjects to continue effort, had more sets, exer-
cises, or training sessions been prescribed. This study adds to
an extremely limited body of evidence comparing the utility of
the RIR strategy with RM sets (2) and builds on those that
compared failure and nonfailure sets (13,27,28,33). Although
past and present data collectively suggest that nonfailure sets
enable comparable work at lower perceived effort compared
with RM sets, the RIR strategy may be incorporated into
training in a variety of ways. How these variations compare
with each other, as well as other strategies (e.g., percentage-
based loading, velocity-based prescription, and RM sets), in
both experienced and inexperienced trainees, is still unclear.
More comprehensive assessments of the strategy’s effect on
fatigue, damage, and recovery are also warranted.

Practical Applications

Most targeted fitness goals are dependent on, among other
things, the quality of effort put forth during training. The
acute fatigue produced during exercise and that which is
accumulated over the course of training can negatively af-
fect effort. Although fatigue is often believed of as a catalyst
for adaptation, too much can be detrimental. To this end,
several strategies exist to manage fatigue. The results of this
study support the use of RIR prescription as one such
strategy for managing fatigue in resistance-trained men.
During an acute bout of bench press at 80% 1RM load,
using the 3-RIR strategy with one final set to failure pro-
duced the same amount of work as performing all sets to
failure. However, perceived effort was less when conserv-
ing repetitions, and this allowed for greater average barbell
velocity compared with completing all sets to momentary
muscular failure. Based on the trajectory of repetitions,
barbell velocity, and perceived effort across each set, it is
reasonable to assume that these could be better sustained
during the 3-RIR condition, had more sets, and exercises
been required. Furthermore, the damage sustained from the
bout and subjects’ recovery was comparable between con-
ditions and complete within 72 hours. Experienced trainees
may consider using the RIR strategy to better sustain effort
while still completing the same amount of work as they
would using more difficult, RM sets.

REFERENCES

1. United States Powerlifting Association Classification Standards. In:
Member Resources, 2018.

2. Arede ], Vaz R, Gonzalo-Skok O, et al. Repetitions in reserve vs maximum
effort resistance training programs in youth female athletes. | Sports Med
Phys Fitness 60:1231-1239, 2020

3. Beardsley C. What is training volume? In: Strength and Conditioning
Research, 2018. Medium.com.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

8

Copyright © 2021 National Strength and Conditioning Association.

J(t)hiimal of Strength and Conditioning Research”

. Borg G. Program design for resistance training. In: Borg’s perceived ex-

ertion and pain scales. Champaign, IL: Human Kinetics, 1998.

. Carroll KM, Bazyler CD, Bernards JR, et al. Skeletal muscle fiber adap-

tations following resistance training using repetition maximums or rela-
tive intensity. Sports 7: 169, 2019.

. Carroll KM, Bernards JR, Bazyler CD, et al. Divergent performance

outcomes following resistance training using repetition maximums
or relative intensity. Int | Sports Physiol Perform 14: 46-54,2019.

. Clarkson PM, Nosaka K, Braun B. Muscle function after exercise-induced

muscle damage and rapid adaptation. Med Sci Sports Exerc 24: 512-520,
1992.

. Cohen J. The Analysis of Variance and Covariance. In: Statistical Power

Analysis for the Behavioral Sciences, 2nd ed. Mahwah, New Jersey:
Lawrence Erlbaum Associates, 1988. pp. 274-288.

. Conwit RA, Stashuk D, Suzuki H, et al. Fatigue effects on motor unit

activity during submaximal contractions. Arch Phys Med Rehabil 81:
1211-1216, 2000.

Cormie P, McGuigan MR, Newton RU. Adaptations in athletic perfor-
mance after ballistic power versus strength training. Med Sci Sports Exerc
42:1582-1598, 2010.

Damas F, Libardi CA, Ugrinowitsch C. The development of skeletal muscle
hypertrophy through resistance training: The role of muscle damage and
muscle protein synthesis. Eur | Appl Physiol 118: 485-500, 2018.
Gathercole R], Sporer BC, Stellingwerff T, Sleivert GG. Comparison of the
capacity of different jump and sprint field tests to detect neuromuscular
fatigue. J Strength Cond Res 29: 2522-2531, 2015.

Gonzalez Badillo JJ, Rodriguez Rosell D, Sanchez Medina L, et al. Short-
term recovery following resistance exercise leading or not to failure. Inz |
Sports Med 37: 295-304, 2016

Graham T, Cleather DJ. Autoregulation by “repetitions in reserve” leads
to greater improvements in strength over a 12-week training program than
fixed loading. | Strength Cond Res;35:2451-2456,2019

Hackett DA, Cobley SP, Halaki M. Estimation of repetitions to failure for
monitoring resistance exercise intensity: Building a case for application.
J Strength Cond Res 32: 1352-1359, 2018.

Helms ER, Byrnes RK, Cooke DM, et al. RPE vs. Percentage 1RM loading
in periodized programs matched for sets and repetitions. Front Physiol 9:
247,2018.

Helms ER, Cronin ], Storey A, Zourdos MC. Application of the repeti-
tions in reserve-based rating of perceived exertion scale for resistance
training. Strength Cond ] 38: 42-49, 2016.

Helms ER, Fitschen PJ, Aragon AA, Cronin J, Schoenfeld BJ. Recom-
mendations for natural bodybuilding contest preparation: Resistance
and cardiovascular training. | Sports Med Phys Fitness 55: 164-178,
2015

Helms ER, Storey A, Cross MR, et al. RPE and velocity relationships for
the back squat, bench press, and deadlift in powerlifters. | Strength Cond
Res 31: 292-297, 2017.

Hoffman JR, Cooper J, Wendell M, Kang J. Comparison of Olympic vs.
traditional power lifting training programs in football players. | Strength
Cond Res 18: 129-135, 2004.

Jenkins ND, Housh TJ, Bergstrom HC, et al. Muscle activation during
three sets to failure at 80 vs. 30% 1RM resistance exercise. Eur | Appl
Physiol 115: 2335-2347, 2015.

Koch A, Pereira R, Machado M. The creatine kinase response to resistance
exercise. | Musculoskelet Neuronal Interact 14: 68-77,2014.

Kreider RB, Kalman DS, Antonio J, et al. International society of
Sports nutrition position stand: Safety and efficacy of creatine sup-
plementation in exercise, sport, and medicine. | Int Soc Sports Nutr 14:
1-18,2017.

Lacerda LT, Marra-Lopes RO, Diniz RC, et al. Is performing repetitions
to failure less important than volume for muscle hypertrophy and
strength? | Strength Conditioning Res 34: 1237-1248, 2020.

Mangine GT, Ratamess NA, Hoffman JR, et al. The effects of combined
ballistic and heavy resistance training on maximal lower-and upper-body
strength in recreationally trained men. | Strength Cond Res 22: 132-139,
2008.

Martorelli S, Cadore EL, Izquierdo M, et al. Strength training with repe-
titions to failure does not provide additional strength and muscle hyper-
trophy gains in young women. Eur | Transl Myol 27: 6339, 2017.
Moran-Navarro R, Pérez CE, Mora-Rodriguez R, et al. Time course of
recovery following resistance training leading or not to failure. Eur | Appl
Physiol 117: 2387-2399, 2017.

Pareja-Blanco F, Rodriguez-Rosell D, Aagaard P, et al. Time course of
recovery from resistance exercise with different set configurations.

J Strength Cond Res 34: 2867-2876, 2020.

Unauthorized reproduction of this article is prohibited.


http://Medium.Com

Repetitions-in-Reserve on Effort and Recovery (2022) 36:1

29.

30.

31.

PISTGHIBA+ZHBRAAUAYO/FIAEIOVIHASALLIAIPOOAEIEAHION/AOAUMYTXO

MADYOIAIX FOHISABZ YT +eyNIOITWNOTZTACY HIBSHAAQUE AQ Jos[-easu/woo mm| sfeulnoly/:diy woly pspeojumoq

¥202/€2/L0 uo

Copyright © 2021 National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.

32.

33.

34.

Radaelli R, Fleck SJ, Leite T, et al. Dose-response of 1, 3, and 5 sets of
resistance exercise on strength, local muscular endurance, and hypertro-
phy. J Strength Cond Res 29: 1349-1358, 2015.

Ratamess NA, Alvar BA, Evetoch TK, et al. American College of Sports
Medicine Position Stand. Progression models in resistance training for
healthy adults. Med Sci Sports Exerc 41: 364-380, 2009.

Sampson JA, Groeller H. Is repetition failure critical for the development
of muscle hypertrophy and strength? Scand ] Med Sci Sports 26: 375-383,
2016.

Sanchez-Medina L, Gonzalez-Badillo JJ. Velocity loss as an indicator of
neuromuscular fatigue during resistance training. Med Sci Sports Exerc
43:1725-1734, 2011.

Santos WDNd, Vieira CA, Bottaro M, et al. Resistance training performed to
failure or not to failure results in similar total volume, but with different fatigue
and discomfort levels. | Strength Cond Res 51: 94-103, 2019.

Sheppard JM, Triplett NT. Program Design for Resistance Training, in:
Essentials of Strength Training and Conditioning. Haff GG, Triplett NT,
eds. Champaign, IL: Human Kinetics, 2016, pp. 439-470.

9

35.

36.

37.

38.

39.

40.

Jgﬁmal of Strength and Condiﬁoning Research™ | www.nsca.com

Steele J, Endres A, Fisher ], Gentil P, Giessing ]. Ability to predict repeti-
tions to momentary failure is not perfectly accurate, though improves with
resistance training experience. Peer] 5: €4105, 2017.

Toigo M, Boutellier U. New fundamental resistance exercise determinants
of molecular and cellular muscle adaptations. Eur | Appl Physiol 97:
643-663, 2006.

Willardson JM, Burkett LN. A comparison of 3 different rest intervals on
the exercise volume completed during a workout. | Strength Cond Res 19:
23-26, 2005.

Willardson JM, Burkett LN. The effect of rest interval length on the sus-
tainability of squat and bench press repetitions. | Strength Cond Res 20:
400-403, 2006.

Willardson JM, Norton L, Wilson G. Training to failure and beyond in
mainstream resistance exercise programs. Strength Cond | 32: 21-29,
2010.

Zourdos MC, Klemp A, Dolan C, et al. Novel resistance training—
specific rating of perceived exertion scale measuring repetitions in re-
serve. | Strength Cond Res 30: 267-275, 2016.


www.nsca.com

