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Regulating volume with RPE 1

Abstract

The purpose of this investigation was to obsergw la rating of perceived exertion
(RPE) based autoregulation strategy impacted volygpadormed by powerlifters. Twelve
(26x7yrs, n=9 male, n=3 female) nationally quatifipowerlifters performed the back squat,
bench press and deadlift 3x/wk. on non-consecudangs in a session order of hypertrophy,
power and then strength; for three weeks. Eachmesabjects performed an initial top set for a
prescribed number of repetitions at a target RPEeéond top set was performed if the RPE
score was too low, then subsequent back off seag@tluced load were performed for the same
number of repetitions. When the prescribed RPE nwashed or exceeded, sets stopped; known
as an ‘RPE stop’. The percentage load reductiobdck off sets changed weekly: there were 2,
4, or 6% RPE stop reductions from the top set. @fder in which RPE stop weeks were
performed was counterbalanced among subjects. IWeekbined relative volume load (squat
+ bench press + deadlift), expressed as sets fitfepe X percentage one-repetition maximum
was different between weeks (p<0.001): 2%=74.6x22A%=88.4+23.8; 6%=114.4+33.4.
Combined weekly bench press volume (hypertrophyowgs + strength) was significantly
higher in accordance with load reduction magnit(@#>4%>6%; p<0.05), combined squat
volume was greater in 6% vs. 2% (p<0.05), and castbdeadlift volume was greater in 6% vs
2% and 4% (p<0.05). Therefore, it does seem thlainwe can be effectively autoregulated using

RPE stops as a method to dictate number of sefisrped.

Key Words: resistance training, autoregulation, powerliftiraging of perceived exertion,
training volume.
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Regulating volume with RPE 2

INTRODUCTION

The main goal of powerlifting is to increase onpettion maximum (1RM) in three
disciplines; the back squat, bench press and dedtllhas been well established that higher
training volume (i.e. sets x repetitions x loadeld) (21, 23) and increased intensity (i.e.
percentage of 1RM) (19) are related to 1RM perforeea Furthermore, when intensity
progression is autoregulated week-to-week, strepgbigress has been greater versus a fixed
progression (14). Additionally, volume autoreguatiseems necessary as moderate volume was
demonstrated to produce superior strength increesepared to both low and high volumes
after 10 wks (5). Consequently, even though volusnelated to strength performance, a point
of diminishing returns seems to exist as high v@umay hinder session-to-session recovery in
the short term. Thus, regulating volume based adiness and fatigue on a session-to-session
basis to ensure the appropriate stimulus seenactaits.

Directly relevant to this topic, autoregulating sies volume could be accomplished via
measurement of average concentric velocity assitben demonstrated that movement velocity
slows in concert with diminished force productid?d). Specifically, with a linear position
transducer attached to the barbell (4, 22) a sefddoe terminated once velocity falls below a
pre-determined threshold compared to the firstagtefst repetition of the set; referred to as a
‘velocity stop’ (6, 12, 17, 24). Indeed, ParejaiBla et al. (2016) terminated each set in one
group following a 40% velocity reduction and afeeP0% velocity reduction in another group
(18). As a result, greater muscular hypertrophyuoed in the 40% reduction group, while
greater improvements in vertical jump height ocedrin the 20% reduction group. Another

usage of a velocity stop is to continue doing $&ts particular number of repetitions during a
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Regulating volume with RPE 3

session until the last repetition of a set falltea particular velocity threshold (i.e. an abselu

number) (12), or percentage of best velocity. Thusing either form of velocity stop can
autoregulate volume to achieve desired adaptafiasmore volume for hypertrophy or better
maintenance of velocity for power).

Although velocity stops can be used for autoregudatolume, access to linear position
transducers for the individual powerlifter is lieit due to cost (i.e. >$1,000). Thus, using the
recently established resistance training-spec#tmg of perceived exertion (RPE) scale (8, 30)
may be a practical tool for volume autoregulatienn@ monetary cost is involved and strong
inverse correlations exist between RPE and veloeit this scale in powerlifters for each
discipline (squat: r=-0.87, bench press: r=-0.78adiift: r=-0.82) (9). Therefore, it seems that
RPE could be used as a method to autoregulate eolnitne absence of velocity. Indeed, using
‘RPE stops’ to dictate the number of sets perfornvad originally proposed in the powerlifting
text "The Reactive Training Manual" (27). Specifigait is proposed that an initial set can be
performed for a specific number of repetitions vatharget RPE for the set (i.e. 5 repetitions at 9
RPE), with subsequent sets performed with a redlozst (i.e. a 0-10% reduction) for the same
number of repetitions, until the initial RPE is c¢had again. It is theorized that a smaller
percentage load reduction will result in fewer gesformed (i.e. RPE target is achieved with
fewer sets), while a larger load reduction willuksn more sets performed. These suggestions
are in agreement with volume autoregulation usielgaity stops (18).

Therefore, the aim of this study was to observartipact of implementing RPE stops on
training volume in powerlifters performing the bas§uat, bench press and deadlift in three
weekly sessions; one hypertrophy-, one strengthd, @e power-type training day for three

weeks. Each week was assigned either a 2, 4, oRB®% stop for all exercises performed that
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Regulating volume with RPE 4

week. We hypothesized that volume would be graaténe 6% RPE stop week versus the 4%
week, and the 4% week would produce more voluma tha 2% week. Additionally, it was
hypothesized that volume would be greatest duriggetirophy-type sessions compared to

power and strength sessions.

METHODS
Experimental Approach to the Problem

In this observational study, we set out to comgheevolume performed on the three
powerlifting competition lifts, during differentaming session types over three weeks, while
using three different levels of volume autoregulatiCompetitive powerlifters performed the
squat and bench press 3x/wk. and the deadlift 2xfak three weeks in a daily undulating
format. This training structure was outlined byuFdos and colleagues (29), in which
hypertrophy-, power-, and strength-type sessionsewgerformed in that order on non-
consecutive days (i.e. Mon., Wed., Fri.). The déadlas not performed during hypertrophy-
type sessions. An RPE target was provided for eaeincise and subjects self-selected the load
for the initial set in an attempt to hit the targRE. For each of the three weeks a different RPE
stop (2, 4, or 6%) was employed; thus there wexepsisible weekly orders the RPE stop
percentages could be implemented. To account otter effect, the order of training weeks
was counterbalanced across subjects. Subjectedrantheir normal training facility and the
investigator went to the facility to observe eadbjsct a total of 10 times (one testing session
and nine training sessions). On day 1, 72 houiw poi the first training session, subjects had

anthropometrics assessed (i.e. height, and bodys)masd were interviewed for further
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Regulating volume with RPE 5

information related to training experience, agenpetitive powerlifting experience, competition

results, and estimated 1RM for each discipline.

Subjects

Fourteen competitive powerlifters were recruitezhfrpowerlifting clubs and gyms in the
local region however, two subjects dropped outhef study prior to completion (one due to
injury and one due to being unable to completetraihing sessions). Thus, twelve subjects
completed the protocol in full (male: n=9; femate=3) (Table 1). The subjects had no previous
experience utilizing a system of RPE-based voluateragulation however, they were required
to have at least one year of resistance trainiqgemence and meet the New Zealand national
qualifying requirements for strength either in prcbmpetition (within one year) or during
testing (16). Additionally, subjects had to abidethe banned substance list of the International
Powerlifting Federation (IPF) (28), fall betweeretlage range of 18-49 years old, and be
apparently healthy and free from injury or illneSsibjects were not allowed to compete during
the study and were not in the midst of ‘peaking’ dompetition at the time of data collection,
which occurred between July and December. All suibjevere informed of potential risks and
signed an informed consent document prior to ppgion (University ethics approval number
15/06).

INSERT TABLE 1 HERE
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Regulating volume with RPE 6

Procedures

One-Repetition Maximum (1RM). To establish eligibility for the study, to detemailoads for
warm-up sets during training days (i.e. this wasadwia % of 1RM), and to familiarize each
subject with the RPE scale, a 1RM test was condufde each lift following a standardized
dynamic warm-up. During testing and all trainingyslacompetition disciplines were performed
in competition order (back squat, bench press,thed, deadlift) and each lift was performed in
accordance with IPF regulations for movement stadsdand in concert with the IPF’s definition
of “unequipped” powerlifting (i.e. knee sleeves ameightlifting belt only) (11).. To achieve the
most accurate 1RM possible on each lift, previowsljdated procedures (30) were followed to
aid in attempt selection. Thus, an RPE score wesrded using the resistance training-specific
scale measuring repetitions in reserve (RIR) alwitly average concentric velocity (GymAware,
Canberra, Australia) following each 1RM attempt.eTtvarm-up sets and other specific

procedures of the 1RM test replicated the methedsrtbed in a previous investigation (9).

Height, Body Mass and Body Mass Index (BMI). Each subject’'s height and body mass was
assessed (Seca, model 876, Germany) by an inviestagatified by the International Society for

the Advancement of Kinanthropometry. Body Mass ndBMI) was determined by the

BMI — body — mass (kg)

equation (height (Im))]?

Rating of Perceived Exertion. As RIR is a more accurate measure of intensityfiofiteduring
resistance training near to failure compared tditinal RPE (7), the RIR-based RPE scale (i.e.
RPE scores which correspond to RIR) (Figure 1) (8@s used throughout the study.

Immediately prior to initial 1RM testing the RPEagz was shown to the participant and

Copyright © 2017 National Strength and Conditioning Association



139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

Regulating volume with RPE 7

described in detail. Each value on the 1-10 scale explained verbally while showing the scale
to the subject. The scale was shown to subjeckswislg every 1RM attempt, along with each
warm-up set and working set on training days.
INSERT FIGURE 1 HERE
Training Protocol. After pre-testing, each subject was assigned to aingix RPE stop week
orders (2%, 4%, 6%, or 4%, 6%, 2% or 4%, 2%, 6%).eRimilar to a previous undulating
powerlifting protocol (29), each day had a specifigining goal: Monday: “hypertrophy”,
Wednesday: “power” and Friday: “strength”. Exersiperformed, repetition targets, rest periods
and RPE targets are displayed in Table 2.
INSERT TABLE 2 HERE

Efforts were made to ensure each subject’s traiocwyrred at the same specified time
and location when possible. Occasionally rescheduéif training within the same day was
necessary, but this occurred once or twice in ¢infge subjects. On all three training days a
standardized dynamic warm-up was completed follolmethree warm-up sets; 42.5% 1RM for
Six repetitions, 60% 1RM for three repetitions, afd5% 1RM for a single repetition. Subjects
were allowed to perform an additional warm-up ptm©2.5% 1RM if desired for a maximum
of six repetitions using a lighter weight. Afterckavarm-up set an RPE was obtained, and after
all warm-up sets the investigator informed the saobpf the repetition and RPE target for the
day and asked the subject to select a load thésveel would result in the target RPE occurring.
Consultation of prior training data was allowedssist in load selection.

Following a 3-minute rest period, the subject perfed the first, or ‘top’ working set
(TS1). If the RPE score was lower than the goaE RR TS1, then a"2top set (TS2) was

performed with an adjusted load (i.e. +2% loadefeery 0.5 RPE lower than the goal RPE) after

Copyright © 2017 National Strength and Conditioning Association
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Regulating volume with RPE 8

a 3-minute rest period. The 2% load correction &alas predetermined in pilot testing. If the
RPE score was reached with TS1, TS2 was not peefbrivikewise, if the RPE score exceeded
the goal for the day, TS2 was not performed. Twipdets was the maximum, after which back
off sets commenced, even if the goal RPE was raahed.

Following top set(s), a 3-minute rest period wathesed to, and “pack off” sets
commenced with a load modified based on the RPE ptocentage for the given week. If the
RPE goal was achieved during the top set(s), thk b set load was calculated by reducing the
top set load by the RPE stop percentage for thé& (@3 96 or 94% of the top set load was used
for the 2, 4, and 6% weeks respectively). If thalg®PE was not reached during a top set, the
load percentage reduction was applied to a hypetidbad that should have resulted in the goal
RPE. The hypothetical load was also calculatedsaygia 2% increase or decrease for every 0.5
RPE score above or below the goal value. For ex@nifptluring the 4% RPE stop week an 8.5
RPE was recorded at 100kg for TS1 when the goal REES8, top sets would conclude and a
hypothetical load of 98kg would be calculated. Aistpoint, back off sets would begin with
94kg as the 4% RPE stop percentage would be applige hypothetical load of 98kg (loads for
all sets are rounded to the nearest kg). In the wdere a repetition was failed on a top set (i.e.
seven repetitions successfully completed when tied gas eight), the number of repetitions
completed successfully was determined as a 10 RiRREgach missed repetition resulted in a 4%
load reduction (as a full repetition is equal tulh RPE score) in calculating the hypothetical
load. Thus, if the goal was eight repetitions aB&RPE, performing seven repetitions and failing
the eighth would result in a hypothetical 8 RPEllgalculated at 88% of the load used (a 12%
reduction; 4% reduction for the missed repetitiod @n 8% reduction for the 10 RPE score

being four 0.5 increments above the target RPHewise, if RPE fell short of the goal even
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Regulating volume with RPE 9

after TS2, a higher hypothetical load at the goBERvas determined and back off sets were
calculated from this hypothetical value. A flow dhahowing how top and back off set loads
were determined is shown below in Figure 2.
INSERT FIGURE 2 HERE

After each back off set, an RPE score was obtaaradli a 3-minute rest period was
adhered to. Then, back off sets continued untiR®E equal to or greater than the target RPE
was achieved. If an RPE equal to or greater thantdihget RPE was reported (or if not all
repetitions could be completed on a back off ¢88,specific exercise was ceased for the day;
then, a 5-minute rest period occurred prior tortegt exercise, or the session concluded if it was
following the deadlift. Thus, a minimum of two wanky sets were always performed (at least
TS1 and at least one back off set if the target RBE reached or exceeded on the first back off
set). The number of back off sets was capped dit éogprevent excessive time cost to the
investigators, the subjects and to retain ecoldguwadidity. The same protocol for load

assignment, as outlined above, was used for @étbrercises (squat, bench press, and deadlift).

Statistical Analyses

To express volume load differences in a group olvgrbfters with heterogeneous
strength levels, volume load was calculated retatov pre testing 1RM values (sets x reps x %
1RM). Thus, ‘relative volume load’ was calculatemt £ach subject, for each exercise (back
squat, bench press, and deadlift), for the combiifisd(squat, bench press and deadlift volume
summed), on each day of training (hypertrophy, powead strength), and for each RPE stop
week (2, 4, and 6%). Means and standard deviat{Sy for relative volume load for all

conditions were calculated.

Copyright © 2017 National Strength and Conditioning Association
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Regulating volume with RPE 10

We used generalized linear mixed modelling usingmab distributions with identity
logit links and unstructured covariance to estintage differences in outcome variables, while
adjusting for random effects. Specifically, the mbdstimated the differences in the following
repeated conditions: 1) differences in relativeuned load for the back squat, bench press, and
deadlift within the same week for different daysdértrophy, power or strength); and, 2)
differences in relative volume load for the backiatg bench press, deadlift and combined lift
volume between RPE stop weeks (2, 4 or 6%). Thigcpdéar type of mixed models analysis
allows for the assessment of repeated effects vattmunting for individual subject variance
and the inclusion of missing values. Bonferronitgost adjustments were used for pairwise
comparisons, with the alpha level for significarse at 0.05. Analysis was performed using a
statistical software package (IBM SPSS Statistits SPSS Inc., Chicago, IL). To report the
magnitude of the differences of the volumes pertafjmbetween group effect sizes (ES) were
calculated for each comparison, such that the réifflee between means were divided by the
pooled SD of each variable (2). Threshold value®.@0D, 0.60, 1.20 and 2.00 were used to
represent small (and the smallest worthwhile, momat difference), moderate, large, and very

large effects (1).

RESULTS

Table 3 displays the relative volume performeckaah lift, for each training goal, for all
three RPE stop weeks. Specific differences betwaahwithin each RPE stop week for each lift
follow with p values and ES listed in text.

INSERT TABLE 3 HERE
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Back Squat: RPE Stop Comparisons

For hypertrophy sessions, the 2% week did not predsignificantly greater volume
compared to either the 4% (p=0.278) or 6% week®.4B9); however, ES revealed a small
difference with more volume in 2% vs. 4% (ES=0.2Ad 6% vs. 2% weeks (ES=0.43).
However, the back squat volume produced on therbgmdy session during the 6% RPE stop
week was significantly higher than the volume dgrthe 4% RPE stop week (p=0.007, ES =
0.88). For power sessions, back squat volume iseckdinearly as RPE stop percentage
increased. These moderate and large differences sigmificant (p<0.001 to p=0.002, ES=0.81
to 1.28) except between the 6% vs 4% RPE stop weeitich case the difference approached
significance (p = 0.061) with 6% producing moddsataore volume than 4% (ES=0.68). For
strength sessions, more back squat volume wasrptoduring both the 6% RPE stop week
(p=0.001, ES=0.87) and the 4% RPE stop week (p£0.88=0.56) compared to the 2% RPE
stop week. However, the difference between the lmplkat volume performed on strength
sessions during the 4% and 6% RPE stop weeks wasgmificant (p=0.420) and while higher
during the 6% vs 4% week, the difference was ti{Ez5=0.15). When combining hypertrophy,
power and strength sessions, mean back squat voinoneased as RPE stop percentage
increased. However, only the difference between @%e vs 2% RPE stop weeks reached
significance (p=0.011, ES=0.90). The differencewlsein the 6% vs 4% RPE stop weeks
approached significance and was moderately highengl 6% (p=0.090, ES=0.62). Finally,
while the difference between the 4% and 2% RPE stepks did not reach significance
(p=0.239), ES analysis revealed a small differenite more volume performed during 4% vs

2% week (ES=0.35).
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Bench Press: RPE Stop Comparisons

For hypertrophy sessions, there was statisticaijyla volume when comparing 2% and
4% RPE stop weeks (p=0.801), with the 4% week'sim& being only trivially greater (ES=
0.08). Differences in volume performed for hypeptrg sessions between the 2% and 6% RPE
stop weeks (p=0.485) and the 4% and 6% RPE stogsape0.530) did not reach significance.
However, ES revealed a small difference with makeime in 6% vs. 2% (ES=0.54) and 6% vs.
4% weeks (ES=0.41). During power sessions, morgmelwas performed with the bench press
during the 4% and 6% RPE stop weeks compared t@¥&PE stop week (p<0.001) and the
magnitude of these differences were large and lage, respectively (ES=1.30 to 2.42). The
greater amount of volume performed with bench pogspower sessions during the 6% vs. 4%
RPE stop week approached significance (p=0.067)veasl moderately higher (ES=0.70). For
strength sessions, volume increased linearly wighliench press when comparing 4% vs. 2%
RPE stop weeks (p=0.018, ES=0.96), 6% vs. 4% (©8).8S=1.15) and 6% vs. 2% (p<0.001,
ES=2.21). When combining hypertrophy, power ancength sessions, the relationship of
increasing bench press volume as RPE stop pereeitageased, was statistically significant

and moderate to large among weeks (p<0.001 to p40EBS=0.98 to 1.96).

Deadlift: RPE Stop Comparisons

For power sessions, participants performed sigmitiy more volume during the 6%
RPE stop week vs. 2% (p=0.009, ES=1.05) and 4% RiBg weeks (p=0.002, ES=1.09).
However, there were not significant differencessaein the volume performed with the deadlift
on power sessions during the 2% and 4% RPE stogsnee0.814). While mean volume was

greater during the 4% vs 2% week, the difference wavial (ES=0.08). During strength
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sessions, participants performed significantly mecdume during the 6% RPE stop week
compared to the 2% RPE stop week (p=0.017, ES=110&) differences between the 2% and
4% RPE stop weeks (p=0.274) and the 4% and 6% R&tEveeeks (p=0.131) did not reach
significance. However ES analysis revealed a sarall moderate difference respectively, with
more volume in 4% vs. 2% (ES=0.34) and 6% vs. 4%ka€ES=0.63). When combining power
and strength sessions, more volume was performédthe deadlift during the 6% RPE stop
week compared to both the 4% (p=0.002, ES=1.03) thed2% RPE stop weeks (p<0.001,
ES=1.32). However, the aggregate deadlift volunilerdince between the 2% and 4% RPE stop
weeks was not statistically significant (p = 0.45®t, ES analysis revealed a small difference

with more volume performed in the 4% vs 2% week+HE&E32).

Combined Lift Volume: RPE Stop Comparisons

When combining all volume performed with the backia, bench press and deadlift
from hypertrophy, power and strength sessions, iwithe same RPE stop week, volume
increased linearly with- RPE stop percentage. Tthese was a significant difference in volume
among all three weeks (p<0.001). The magnitudehefdifference in total combined volume
during the 4% vs 2% RPE stop week was moderateQB8¥% as was the difference between the
6% vs 4% RPE stop week (ES=0.94). Finally, thers wdarge difference in total combined
volume comparing the 6% vs 2% RPE stop week (E8}1@omparisons for the back squat,
bench press, and combined lift volume for each RRIp week are displayed, along with
individual data delineated by sex, in figure 3.

INSERT FIGURE 3 HERE
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Back Squat: Training Session Differences Within Week

When comparing sessions (hypertrophy, power amagtin) within each RPE stop week,
back squat volume was greater on hypertrophy sesdizan on power or strength sessions
during the 2% (p<0.001, ES=1.93 to 1.95), 4% (p&D.tb p=0.001, ES=1.00 to 1.58) and 6%
RPE stop weeks (p<0.001, ES=1.11 to 1.44). Therdifices in back squat volume performed on
power sessions relative to strength sessions widasich week did not approach or reach
significance during the 2% (p=0.598), 4% (p=0.8@B) 6% RPE stop weeks (p=0.211).
However, ES revealed a small difference, with maieme performed during power vs strength

during the 6% week (ES=0.35).

Bench Press: Training Session Differences Within \Week

When comparing training sessions within each RIBR steek, bench press volume was
greater during the hypertrophy session than bahstrength and power session during the 2%
RPE stop week (p<0.001, ES=2.20 to 2.70). Benchspvelume was not significantly higher
(p=0.424) for the strength compared to the powessise during the 2% RPE stop week.
However, ES analysis revealed a small differencéty more volume performed during strength
vs power during the 2% week (ES=0.30). During the RPE stop week bench press volume
was greater for the hypertrophy session than tieagth session (p=0.044, ES=0.93). However,
the hypertrophy session was not significantly défé from the power session during the 4%
week (p=0.111); yet ES analysis revealed a modeliffierence with more volume performed

during hypertrophy (ES=0.72). While not significgpt=0.431), there was small difference in
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volume performed favoring the power session whenpaoed to the strength session during the
4% RPE stop week (ES=0.29). During the 6% RPE stepk bench press volume differences
between hypertrophy, power and strength sessiodsndt approach or reach significance
(p=0.219 to 0.659). However, ES analysis revealedoderate difference in volume favoring

hypertrophy (ES=0.80), as well as strength (ESS0d&$mpared to the power session. The
volume performed on hypertrophy was trivially higheompared to the strength session

(ES=0.17) during the 6% week.

Deadlift: Training Session Differences Within Week

Comparing power and strength sessions, deadlifitrmel was similar among the 2%
(p=0.649), 4% (p=0.772) and the 6% RPE stop week®.794). The magnitude of these
differences in volume for power sessions relativesttength sessions was trivial (ES=-0.09 to

0.15) in all RPE stop weeks.

DISCUSSION

The purpose of this study was to examine the madeaitof volume performed with
various RPE stop percentages. Our hypothesis wgmsted in that combined lift volume (sum
of squat, bench press and deadlift volume) wastgreduring higher RPE stop percentages
(figure 3, panel 4). However, regarding sessioretypr hypothesis was only partially supported.
Specifically, volume during squat hypertrophy sessiwas highest compared to power and
strength sessions during all weeks; however, hggany session bench press volume was only
significantly greater than both power and strengtlume (p < 0.001, ES = 0.93) in the 2% RPE

stop week. During the 4% stop week hypertrophyisedsench volume was significantly greater
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than strength (p = 0.044), but not power sessidnme (p = 0.111, ES = 0.72); while no

significant differences between session volumebfnch press existed in the 6% week (p >
0.05). Furthermore, no significant differences ®dsin any week for session-type deadlift
volume (p > 0.05). Overall, it appears that the RiREp system effectively produces increased
volume with higher percentages stops (i.e. 6 ws.£2%), however volume distribution between
session-type is variable.

To illustrate the unexpected variability of volurdestribution, back squat volume in
strength sessions during 4% and 6% weeks was si(8ild + 6.1 vs 10.1 + 4.5; p = 0.420), as
was deadlift volume in power sessions during 2% 4¥dweeks (7.5 + 4.1 vs 7.8 £ 3.3; p =
0.814) and bench press volume in hypertrophy sessiaring 2% and 4% weeks (15.8 + 3.5 vs
16.2 £ 5.6; p = 0.801). Combined weekly volumedwaled a linear trend corresponding to the
RPE stop percentage (i.e. higher volume on gréatetops), however the distribution of this
volume was more varied within each week. Specificalnly the combined bench press volume
(sum of hypertrophy, power, and strength bench spredume) was significantly different
between all three RPE stop percentage weeks fe> &%, 6% > 2% and 4% > 2%), while
neither the combined volume of the back squat adlie was significantly different between all
weeks. One explanation, is that the biomechanirailesities of the back squat and deadlift
caused overlapping fatigue, which impacted volumdgoumance on each lift for the remainder
of a specific week. In contrast, the bench presstha only upper body movement utilized
presently, was not affected by other lifts.

It is also plausible that the mixed-sex populaticontributed to a varied volume
distribution since strength performance changesdutifferent phases of the menstrual cycle

(20, 25) and because there are sex-related diffesem fatigability (3, 10, 13, 15). However,
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many sex related differences dissipate with in@ddsaining experience (26); thus, given only
three participants were females and their expeeidacel, it is likely that any sex-influenced
difference was minor. Individual levels of relaiwolume load are presented in Figure 3,
delineated by sex to display potential differenicesveen males and females.

In the most similar study to the present, ParegaBb et al. autoregulated volume with
velocity stops (18). Specifically, Pareja-Blancantmated each set once a repetition was
completed at a velocity that had decreased byre&o or 40% compared to the set’s initial
repetition; which resulted in almost 60% more toggletitions over 8 weeks in the 40% vs. 20%
velocity reduction group despite training at a dampercentage 1RM (18). In the present study,
total relative volume of all lifts combined, was.G% greater with 4% vs. 2%, 29.3% greater
with 6% vs. 4%, and 53.4% with 6% vs. 2% RPE stepcgntages. Despite the RPE stop
percentage increasing the same amount from 2% {cai@4% to 6%, volume increased ~10%
more from 4% to 6% compared to the difference f@¥mto 4%. Thus, while volume is greater
with higher RPE stop percentages, it does not sadds follow a predictable pattern of
increase.

One potential concern.when programming resistaraeitig is managing fatigue within
the weekly design. As established by Zourdos atidaggues (29), the modified daily undulating
periodization model we used places a power sedsatween the hypertrophy and strength
sessions. This order has been demonstrated toignpldved recovery and performance during a
training week compared to a traditional configwmati(i.e. hypertrophy, strength, and then
power); (29) thus it was implemented presently. Pbever session had the lowest number of
repetitions paired with the lowest RPE of all déys. 2 repetitions at 8 RPE); thus most times

that the maximum back off set limit was reacheel @. sets) was during the power session. This
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could prove problematic if too much volume is peried during power sessions so that it
subverts the purpose of recovery; therefore itdssgple a lower back off set limit could be
implemented during power sessions to avoid thiseiss

To conclude, while this system does result in aaral predictable change in training
volume, it may pose problems if a coach desireerphasize a specific lift in training.
Additionally, a limitation is that this system hasly been studied in competitive powerlifters.
Previous research has established that the RIRIFRBE scale that this system is based on is
less accurate when used by novice lifters (30).s8quently, caution should be exercised before
applying these results to different populationsd grarticularly with less experienced lifters.
Finally, future research should compare this systera traditional system of predetermined

daily volume over time for muscle performance.

PRACTICAL APPLICATIONS

Given that the overall goal of modulating trainmgume was achieved using RPE stop
percentages, this system of volume autoregulabaidde utilized to allow training volume and
stress to coincide with the desired focus of a ifipetraining block within a periodized
macrocycle. For example, when an athlete is trgimithin a high volume mesocycle an RPE
stop percentage of 6-8% could be utilized to ensumigh volume is completed. Likewise, RPE
goals can be applied uniformly throughout an erghase of training versus using differing RPE
goals for different days as was done in the presemistigation. For example, in place of or in
addition to a higher RPE stop percentage, a lowiE Boal could be used throughout a higher

volume mesocycle to slow the rate of fatigue, allgumore sets to be performed. Conversely,
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during an intensity focused training block closecompetition, a lower RPE stop percentage of
2-4% could be used alongside the option of a higtieE goal throughout the block to ensure
heavier loads are lifted in an effort to peak. Edening a taper, which stipulates maintenance of
intensity with reduced volume, a 0-2% RPE stop ddug¢ programmed to ensure diminished
volume.

Importantly, individual fatigability should be tak into account. Some subjects in the
present study indicated that the 3-minute resiodewas too short during hypertrophy sessions,
and that they could have completed more sets witinger rest period. Additionally, since some
individuals performed the maximum 8 back off setsiltg power sessions, we recommend a
lower maximum allowed volume during power sessiofsis prevents total volume during
power sessions from becoming similar to hypertrophgtrength sessions, in order to maintain
the session goal of recovery. Another potentialitsmh would be to apply different RPE stop
percentages to different days within the week aistef applying the percentage to the entire
week. For example, if varying RPE stop percentagae applied within the week to the training
model in the present study, a 4-6% percentage dwald been used for hypertrophy sessions, a
0-2% percentage for power sessions and a 2-4%mgageefor strength sessions.

While this system is.important because it hasrga@kutility in autoregulating volume
within a resistance training plan, it is currentigknown how this system would compare to a
traditional model using a predetermined volume @ipson. However, as it stands this system
provides a practical approach to volume regulafidrus, practitioners are encouraged to use this
method (or iterations of it; for example, differeRPE stop percentages) as a way of

autoregulating volume within periodized trainingfarcols.
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Tableand FigureLegend:

Table 1. Descriptive characteristics of male, fexaald combined powerlifters.

Table 2. Training protocol overview.

Table 3. Comparisons of relative volume loads betwiaining goals (hypertrophy, power and
strength) and between RPE stops (2, 4 and 6%) athergack squat, bench press and deadlift.

Figure 1. Resistance-exercise specific RIR-basde $tiale

Figure 2. Load selection flow chart

Figure 3. Comparisons of total relative volume bdxbtween RPE stop weeks for the back
squat, bench press and deadlift.
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Table 1. Descriptive characteristics of male, fesreald combined powerlifters.

Body-height (m)

Body-mass (kg)

Body-mass index (kg / fn

Age (y)

Training experience (y)

Relative back squat (1RM [kg] / BM [kg])
Relative bench press (1RM [kg] / BM [kg])
Relative deadlift (LRM [kg] / BM [kg])

Femaleif = 3) Male (= 9) Combinedr(= 12)
1.62 £ 0.08 1.71 +£0.06 1.69 +0.08
59.0+5.8 81.9+125 76.2+15.0
226+1.4 27.8+2.3 26.5+3.1
36.0+6.2 23.0+25 26.3+6.8

46+1.6 51+34 D9
1.6+0.3 24+0.3 22+05
1.040. 16+£0.2 1.4+0.3

21+041 29+04 2.7+05

Values are mean + standard deviation (SD).

Relative back squat, bench press and deadliftra®epted as one-repetition maximum in kilogramgléiy by body mass in kilograms.
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Table 2. Training protocol overview.

Training Goal | Hypertrophy  Power Strength

Exercises Squat Squat Squat
Bench Press Bench Press Bench Press
— Deadlift Deadlift

Repetitions 8 2 3

RPE 8 8 9

Rest Period 3 minutes 3 minutes 3 minutes

RPE = Rating of Perceived Exertion
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Table 3. Comparisons of relative volume loads betwteaining goals (hypertrophy, power and strengtit) between RPE stops (2, 4 and 6%)
among the back squat, bench press and deadlift.

RPE Back Squat Bench Press Deadlift
stop Hypertrophy  Power Strength Hypertrophy  Power Strength Hypertrophy  Power Strength
2% 108+7.4% 7.0+43 744387 202451 85+43 % T2.1 |

- 8046 78%25

+ * +
ap  180E38" 153,37 10571 206+7.9 14.3%47 513%;3 St — 8.8+40" 92+49
13.3 + 11.7 £ 5.1%** 17.0 = 13.7 + 13.1+
6% 23.7+£84% i 11 24.6+12.0 i 203 7.0 - 4 7 6o
Values are presented as mean * standard devi&RIB.= rating of perceived exertion.

Training goal (row) statistical comparisons whdreR value is < 0.05: Hypertrophis. Power = *;_Powevs. Strength = **;_Strengths. Hypertrophy = ***,
RPE stop (column) statistical comparisons wherePthalue is < 0.05: 2%s. 4% =1; 4%vs. 6% =", 6%vs. 2% =""".

Superscript symbols, denoting statistical signifizafor the comparisons, are associated with tdenlined metrics listed within this footnote.
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Resistance Exercise-Specific Rating of Perceived Exertion (RPE)

Rating Description of Perceived Exertion
10 Maximum effort
9.5 No further repetitions but could increase load
9 1 repetition remaining
8.5 1-2 repetitions remaining
8 2 repetitions remaining
7.5 2-3 repetitions remaining
7 J repetitions remaining
5-6 4-6 repetitions remaining
3-4 Light effort
1-2 Little to no effort
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Top set 1 load selected and performed

'

Gozl RPE achieved or

No

!

RPE falls short: Perform top set 2; load
calculated by increasing top set 1 load by 2%
for every 0.5 RPE below the goal RPE.

y

Goal RPE achieved or

exceeded?

Yes

!

exceeded?

|
No
v

RPE falls short: Calculate hypothetical load at
goal RPE; 2% increase from top set load for
every (.5 RPE below goal. Calculate back off
setload by reducing hypothetical load by RPE
stop week Y.

Yes

1. RPE achieved: Calculate back off set load
by reducing top setload by RPE stop week %.
2. RPE exceaded and/or repetitions not met:
Calculate hypothetical load at goal RPE; 2%
decrease from top set load for every 0.5 RPE
above gozal 4% decrease for every repefition
missed. Calculate back off setload by reducing
hypothetical load by RPE stop week %.

l

Perform back off sets:
Perform sets with reduced

» | load until goal RPEis
reached. exceeded or not
all repetitions completed.

Figure 1. Flow chart ofload selection for top and back off sets.
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