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RPE Measuring Repetitions in Reserve 1

Abstract: The primary aim of this study was to cangprating of perceived exertion (RPE)
values measuring repetitions in reserve (RIR) giqudar intensities of 1RM in
experienced (ES) and novice squatters (NS). Fyrthisrinvestigation compared
average velocity between ES and NS at the samesititss. Twenty-nine individuals
(24.0+£3.4yrs.) performed a one-repetition maximaRNI) squat followed by a single
repetition with loads corresponding to 60, 75, 8fé of 1RM and an 8-repetition set
at 70% 1RM. Average velocity was recorded at 60 ansl 90% 1RM and on the first
and last repetitions of the 8-repetition set. Sciigjeeported an RPE value that
corresponded to an RIR value (RPE-10 = 0-RIR, RRELRIR, and so forth).
Subjects were assigned to one of two groups: 1nE$5, training age: 5.2+3.5yrs.),
2) NS (n=14, training age: 0.4+0.6yrs.). The mekthe average velocities for ES
were slower (P<0.05) than NS at 100% and 90% 1Rdvéver, there were no
differences (P>0.05) between groups at 60%, 75%rdhe 1st and 8th repetitions at
70% 1RM. Additionally, ES recorded greater RPERMIthan NS (P=0.023). In ES
there was a strong inverse relationship betweerageevelocity and RPE at all
percentages (r=-0.88, P<0.001), and a strong $eveurrelation in NS between Abstract: The
primary aim of this study was to compare ratingefceived exertion (RPE)

values measuring repetitions in reserve (RIR) diqudar intensities of 1RM in
experienced (ES) and novice squatters (NS). Furthierinvestigation compared
average velocity between ES and NS at the samesitigs. Twenty-nine individuals
(24.0+£3.4yrs.) performed a one-repetition maximaRNI) squat followed by a single
repetition with loads corresponding to 60, 75, 8680 of 1RM and an 8-repetition set
at 70% 1RM. Average velocity was recorded at 60 ansl 90% 1RM and on the first
and last repetitions of the 8-repetition set. Seiigjeeported an RPE value that
corresponded to an RIR value (RPE-10 = 0-RIR, RRELRIR, and so forth).
Subjects were assigned to one of two groups: INE$S5, training age: 5.2+3.5yrs.),
2) NS (n=14, training age: 0.4+0.6yrs.). The mekthe average velocities for ES
were slower (P<0.05) than NS at 100% and 90% 1Rdvéver, there were no
differences (P>0.05) between groups at 60%, 75%rdhe 1st and 8th repetitions at
70% 1RM. Additionally, ES recorded greater RPERMIthan NS (P=0.023). In ES
there was a strong inverse relationship betweerageevelocity and RPE at all
percentages (r= -0.88, P<0.001), and a strong seveorrelation in NS between

Keywords: Autoregulation; efficiency; Strength Esise, Effort; Percentage of 1IRM

INTRODUCTION
The most widely employed method for determiningnirey loads within a periodized
program (7, 36) is by utilizing a load commensusagitd a specific percentage of the athletes’

pre-determined one-repetition maximum (1RM) (8pwever, a 1RM value may be limited due
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RPE Measuring Repetitions in Reserve 2

to atypical lifting performance or test administrag¢rrors. Thus, flaws of a 1RM test could
conceivably lead to inadequate training prescngjavhich in turn would preclude appropriate
neuromuscular stimuli for optimal training adapias. Alternative to percentage-based training,
a repetition maximum (RM) training zone (i.e. 3658, or 9-11 repetitions) has also been a
common method for prescribing training load (8)owgver, this too may be limited in efficacy
as the training zone RM load is dependent upon bRMaximum strength assessments and
promotes training to failure. Moreover, failuraifing may not always be the optimum
approach for strength development (35). Objectieasures should be incorporated to ensure
that the physiological strain on skeletal musclealmorates with the mesocycle foci (i.e. volume
or intensity), and to account for day-to-day fliattans in training performance. Therefore, a
resistance training protocol allowing for daily andekly load prescription (17) based upon

athlete-feedback and recent performance, may béenoducive to continued adaptation.

This theory of altering training variables in reape to athlete-feedback can be referred
to as autoregulation (AR). Specifically, AR iniggance training has been defined as a sub-type
of periodization designed to match increases initrg load and volume with individual rates of
adaptation (17). This strategy may be an efficreathod for training progression since previous
data has reported that the rate of adaptationg3d yecovery (6) from training is individualized.
Further, when integrating AR into a periodized mpde objective and practical system to gauge
appropriate training loads must still be utilizdtlis possible for an individual to adjust traigin
load intra-session based on objective data frowefpiates, accelerometers, and video analysis.
However, in the absence of laboratory equipmenmhgypes the most practical way to monitor

daily performance and make adjustments to trailuad is by a rating of perceived exertion
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RPE Measuring Repetitions in Reserve 3

(RPE) scale. Traditionally, RPE has been utilimedauge exertion and regulate intensity in
aerobic exercise. More recently however, RPE-bassttiods have been used for intra-training
feedback on perceived exertion during explosivestasce training (26), allowing lifters to
appropriately manage intensity to maximize powepot and to measure total session fatigue
of a resistance training bout (4, 28, 30). The RRE scales under investigation are a 15-point
scale (range: 6-20) and a 10-point scale (rand®)with the lower values denoting less effort
and higher levels signifying greater effort. Potalbly, higher RPE values have been frequently
associated with greater intensity of exercise {51,23), blood lactate accumulation (16, 21, 27),

and greater electromyographic activity (16, 22, 24)

Practicality issues exist when utilizing RPE dgrresistance training. It has been
reported that the precision of an athlete’s abtbtyassess RPE is enhanced with experience (30),
suggesting that RPE may not be accurately assigyedvice lifters. Since utilization of RPE
requires a learning curve, a more practical andative approach to gauge RPE warrants
investigation. RPE scales were originally devetbfur endurance training due to its low-force,
submaximal nature, and in which exertion is mdtel\i to occur because of the length of
exercise. However, because of the acute natuesidtance training, exertion may not be an
appropriate surrogate for intensity. For resistamaining perhaps examining the number of
‘repetitions in reserve’ (RIR) after the conclusimireach set is a more appropriate surrogate as a
perceptual intensity assessment than the traditionde of RPE (i.e. an RPE value
corresponding to a certain amount of repetitiorsctvcould still be performed-RIR). Indeed,
an RPE scale of this type has been utilized imgtresports (i.e. powerlifting), since publication

of the Reactive Training Systems Manual in 2008.(F2urther, Hackett and colleagues (2012)
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RPE Measuring Repetitions in Reserve 4

compared a traditional RPE scale to that of onedbas RIR and found that even when
muscular failure was achieved, maximal RPE valueewot recorded (12). Thus, it was
concluded that RIR might be a more appropriate oreasf resistance training intensity than
traditional RPE scales; however, an RPE scale bas&lIR (i.e. a combined scale) has yet to be
investigated in the scientific literature. Therefan addition to monitoring fatigue, if RPE is
examined at known percentages of 1RM, individualshave a known commodity to assign
RPE and utilize this scale as a practical and dbgmethod of AR. Objective performance
feedback via movement velocity measurements masbeciated with RPE values to further
validate the use of an RIR-based RPE scale. Btanoe, RPE and velocity should conceivably
share a proportionately indirect relationship szt higher RPEs are recorded with greater
effort and vice versa. To our knowledge, it remsainknown if a scale of this type can be used

appropriately in both an experienced and noviceaufaion of lifters.

Therefore, the primary aim of this study was to pame RPE ratings based on RIR,
whereby an RPE 10 is equal to 0 RIR, an RPE 9usldq 1 RIR and so on at 100%, 60%, 70%,
75%, and 90% of 1RM in experienced and novice sergatiuring the back squat exercise.
Further, since bar velocity decreases as a lifipr@aches a 1RM (10), a secondary aim was to
determine if there was indeed an inverse relatipnsétween RPE/RIR and average velocity
which would indicate whether or not RPE/RIR wasahdvmeasure of resistance training
intensity. Finally, we aimed to compare averadeaites at given intensities between
experienced and novice populations in the backtsquaas hypothesized that RIR could be
used to effectively quantify intensity, in that teevould be an inverse relationship between both

percentage of 1RM, RPE/RIR and velocity; thus asl vas increased and velocity diminished
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RPE Measuring Repetitions in Reserve 5

RPE values would increase noting less RIR. Furiheras hypothesized that experienced lifters
would record slower velocities than novice liftatsa higher load due to superior skill and

efficiency (i.e. motor unit recruitment) during teguat exercise.

METHODS
Experimental Approach to the Problem

This study was designed to examine RIR as repbyeai1-10 RPE scale (Figure 1) and
corresponding velocities in the back squat exerciesubjects performed the same protocol
but were assigned to one of two groups, experieaqadtters (ES, n = 15) or novice squatters
(NS, n=14). All subjects reported to the laborafior one day. Upon arrival to the laboratory
subjects underwent anthropometric assessmenthandompleted a 5-minute standardized
dynamic warm-up consisting of body weight movemeatgrepare for exercise. Following the
dynamic warm-up subjects performed back squat 1&g in accordance with USA
Powerlifting (USAPL) specifications (33). Follovgrthe 1RM test, subjects completed one set
of one repetition at 60, 75 and 90% of the esthbtisLRM followed by one set of 8 repetitions
at 70%. A 5-minute rest period was administerdd/éen all sets. During 1RM testing and all
single repetition sets average velocity (f*was recorded along with RIR via the RPE scale.
Additionally, average velocity was recorded onfilg and last repetitions of the 70% set of 8
repetitions and subjects reported RPE at the etitisofet. The set of 8 repetitions with 70%
was included since previous data has reportedegrpegcision of athletes to report RPE during

resistance training protocols of repeated boutshégiter volumes (30).

INSERT FIGURE 1 ABOUT HERE
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Subjects

Twenty-nine college-aged subjects (males, n =&83ales, n = 6, body mass = 86.2 +
19.1 kg, body fat = 16.2 £ 5.2%) participated ia turrent study. Subjects were assigned to the
ES or NS group based on previous training expeeievith the squat exercise. Those who
indicated a training experience of two years oatgeand a minimum squat frequency of once
per week, were classified as ES (n=15, 12 males3dathales), while subjects with less than 1
year of training experience and had been perforhiagquat at least once every two weeks
were classified as NS (n=14, 11 males and 3 fefnalasaddition to the above criteria, male
subjects in ES had to meet a minimum Wilks coedfitiof 90 and females had to meet a
minimum Wilks coefficient of 70 to qualify for ESSubjects’ squat experience was determined
with the use of a physical activity questionnawéjch has been used in prior research to assess
training experience (37). Additionally, subjecksoaprovided written informed consent prior to

participation, and the Florida Atlantic Universitystitutional review board approved this study.

INSERT TABLE 1 ABOUT HERE

Procedures
One-Repetition Maximum (1RM). The 1RM testing protocol was administered follogvan
dynamic warm-up and all lifts were performed in@dance to the specifications of USAPL

rules and regulations (33). Therefore, subjectewestructed to perform the eccentric portion
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of each trial to a minimum depth in which the hipase passes below the top of the knee when
viewed from the lateral aspect. To successfullpgiete the concentric portion subjects
returned to an erect standing position on their galition, with no downward movement of the
barbell, and upon standing waited for a ‘rack’ coameh from the investigator before placing the
barbell in the racks. If the subject failed to gbete the lift accordingly the trial was deemed
unsuccessful. In preparation for 1RM determinasiobjects first performed 5 repetitions with
20% of their estimated 1RM, followed by 3 repetiscat 50% of estimated 1RM, and 2
repetitions at 75% 1RM. Next, subjects performed epetition at 85% of estimated 1RM and
then proceeded to find their 1RM with weights stdddy the investigator. The investigator
used athlete-feedback from the RPE scale alongavighage velocity of each attempt to
determine the subsequent attempt. A 1RM was esit@ll in accordance with one of three
situations, 1) Recording of a 10 RPE by the sulgeadtthe investigator also determining an
increased load for the ensuing attempt would nauneessfully completed, 2) An RPE of 9 or
9.5 being recorded followed by the subject failomgthe next attempt with a load increaset of
2.5kg, or 3) An RPE of < 9 being recorded and thigext failing on the next attempt with a load
increase of 5kg.  The primary investigator who determined# tifts were performed
appropriately and selected 1RM attempts was anrexyoed Certified Strength and

Conditioning Specialist (CSCS) and USAPL referee.

Rating of Perceived Exertion (RPE) and Repetitions in Reserve (RIR). Immediately following the
completion of 1RM attempts as well as the 60, 15,a0d 70% sets, subjects were shown a 1-10
RPE scale (Figure 1) and were verbally asked teigecan RPE value. Prior to testing

investigators verbally explained the details of RfeE scale by using the following script: “This
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RPE Measuring Repetitions in Reserve 8

RPE scale will measure repetitions in reserve. ifigiance, a 10 RPE represents ‘max effort’ or
no more repetitions could be performed. A 9.5 Ri#ans you could not do another repetition,
but could add more weight. A 9 RPE means you cdaldne more repetition. An 8.5 RPE
means you could do between 1-2 more repetitions8 RPE means you could do 2 more
repetitions. A 7.5 RPE means you could do betw&8mmore repetitions. A 7 RPE means you
could do 3 more repetitions, a 5-6 RPE means yatdaio 4-6 more repetitions, a 3-4 RPE
indicates that the set was of little effort, whale RPE of 1-2 indicates that the set was of litle

no effort.”

Average Velocity. All subjects had average velocity &) of the barbell measured by the Tendo
Weightlifting Analyzer (TENDO Sports Machines, Toam Slovak Republic) during all squats.
The Tendo unit consists of two components, a vel@ansor and display unit. The velocity
sensor was placed on the floor, the Tendo cordattashed to the barbell just inside of the
‘sleeve’ using a velcro strap. The Tendo was htdso that perpendicular angle between the
Tendo and barbell was achieved during the squle display unit calculated average velocity,
which was then manually recorded by the investigalis setup was in accordance with Tendo
Weightlifting Analyzer User's Guide. Tendo hadequency of data sampling every 1cm of

displacement during the concentric portion of ifte |

Wilks Coefficient. Wilks coefficient is used by the USAPL to determie&ative strength (21).
This coefficient is calculated by multiplying theeight lifted by a standardized bodyweight

coefficient number, and has been previously vadidat the scientific literature as a valid
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measure to assess relative strength (34). Thieewahs calculated in the present study to

determine differences in relative strength betwgeups.

Body Fat Percentage. Body fat was estimated by using the average suw@mMmeasurements of
skinfold thickness acquired from three sites fotesdabdomen, front thigh, and chest) and
females (triceps, suprailiac, and thigh); if arte svas >2 mm different between measurement
then a & measurement was taken. The Jackson and Pollotkifa was utilized to compute
body fat percentage (13). The same investigatmiradtered the skinfold measurement for each

subject.

Physical Activity Questionnaire. Each subject completed a physical activity questine during
their initial visit to the laboratory to obtain gter background information regarding resistance
training history in order to appropriately placé@cts into either the ES or NS group. Subjects
provided information regarding number of yearsmvlvement in resistance training, along
with a description of their current training prograand an estimate of current 1RM back squat.
Subjects were required to refrain from exerciseddhours prior to the laboratory testing

session.

Statistical Analyses
ES and NS subject characteristics were analyzbdsaline using independent-samples t-

tests to determine if differences between groupstex prior to testing. Differences in average
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velocities between ES and NS were also examinedjusdependent-samples t-tests for all
single repetition sets. To express the poterdiade of RPE values that could be reported by
both ES and NS based on our population sample, sreeah95% confidence limits (CL) for
RPE were calculated for all squat intensities. Ewsv as expected, the RPE values at 1RM
were not normally distributed. This is because RB&a natural limit of 10, and thus utilizing
CL for RPE values at 1RM does not perfectly repnetiEs data. Therefore, to express the
differences in RPE values at 1RM between ES anthR&hi Squared non-parametric null
hypothesis test was also performed and to exphesspread of data the median and interquartile
ranges were calculated as well. Correlation coeffitr scores and their associatedalues

were calculated to quantify the associations anawegage velocity and RPE at all squat
intensities for both NS and ES. Correlations weterpreted and reported as “weak” if they
were less than or equal to 0.35, “moderate” if tfedybetween 0.36 to 0.67, “strong” if they fell
between 0.68 to 0.89, and “very strong” if they &equal or greater than .90 (29). The
coefficient of determinatiorf score was also calculated to express the explaimeance of the
correlation coefficients. Changes in average vsi@at 70% 1RM between the first and last
repetitions were compared between NS and ES udiagi@rial repeated-measures ANOVA (set
by group). All statistical analyses were performisihg Statistica 12 for Windows (StatSoft;

Tulsa, OK; USA) and the level of significance was & [0.05

RESULTS

Subject Characteristics
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There was no significant differende ¥ 0.05) between groups for height, body mass
and body fat percentage. However, as expecteas Were significantly greateP(« 0.05)
values for ES compared to NS in absolute squat 1\RNks coefficient, and training age. The

specific values for all descriptive measures cardsn in Table 1.

Average Velocity

Figure 2 displays means of the average velocite&$ and NS at 100%, 90%, 75% and
60% of 1IRM. At 100% 1RM, ES recorded a signifiteiP < 0.001) slower average velocity
(0.24 + 0.04 ns") compared to NS (0.34 + 0.07sn). Similarly, ES performed 90% of 1RM at
a significantly P < 0.001) slower average velocity than NS (ES 2@8.07 ms®, NS = 0.46+
0.09 ms"). However, no significan®(> 0.05) differences existed between groups forage
velocity at 75 and 60% of 1RM. Additionally, thex&s no group differenc® > 0.05) in
average velocity of the first or final repetitiohtbe eight-repetition set at 70% of 1RM. There
was also no between-group differenBe>(0.05) in the change in average velocity betwiben

first and final repetition of the eight-repetitisat at 70% of 1RM (data not shown).

INSERT FIGURE 2 ABOUT HERE

Rating of Perceived Exertion and Repetitionsin Reserve

Table 2 displays the 95% confidence intervals (@)RPE in ES and NS for 100% of
1RM, 90%, 75% and 60% of 1RM respectively. Tabtésplays RIR associated with the 95%
Cl's for RPE in ES and NS for 1RM, 90%, 75%, an®Gf 1RM respectively and cross

references these values with the "Percent of thé &aRd Repetitions Allowed" guidelines from
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268 the National Strength and Conditioning AssociaidNSCA) “Essentials of Strength and
269  Conditioning” (1). Chi Squared analysis of RPE RML.found that ES recorded a significantly
270 (P = 0.023) higher average RPE (9:80.18) than NS (8.946 0.43). Figure 3 displays the RPE
271 values recorded by ES and NS at 1RM as the pegeEntax how many participants in each
272  group selected each RPE. It was observed that%3® ES (14 out of 15) recorded an RPE
273  value at 1RM of 9.5, while 57.14% of NS (8 out of 14) recorded=E value ok 9 at 1RM.
274

275  INSERT TABLE 2 ABOUT HERE

276  INSERT TABLE 3 ABOUT HERE

277

278  Relationship of Average Velocity with Rating of Perceived Exertion

279 In ES when all repetition and velocity data waslpdpaverage velocity at all

280 percentages of 1RM had a strong inverse relatipnshth RPE ¢ = -0.88,P < 0.001). In NS, a
281  strong inverse correlation between average velatisil percentages of 1RM and RPE was
282  observedr(=-0.77,P = 0.001). In ES, 78% %= 0.78) of this inverse correlation between
283 movement velocity and relative load can be expthingthe relationship between RPE and
284  velocity at all percentages of 1RM, while in NS fiieportion was 60%{ = 0.60).

285

286  INSERT FIGURE 3 ABOUT HERE

287

288

289 DISCUSSION
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Appropriate assignment of training loads duringjs&nce training is paramount to attain
desired adaptations. Correspondingly, this study thie first to our knowledge to evaluate the
efficacy of a RIR-based RPE scale during resistanegcise for use in autoregulating training
loads. An additional novelty of this investigatisas that movement velocities were correlated
with RPE values in both novice and experiencedaitngi populations. Both of our hypotheses
were supported, in that 1) there was a strong gevezlationship between average velocity at all
intensities and RPE in both ESH-0.88) and NSr(= -0.77) and 2) ES produced slower average
velocities than NS at 100% 1RM (ES = 0.24 + 0.04irNS =0.34 + 0.07 ns') as well as at
90% of 1RM (ES = 0.34 + 0.07 81, NS = 0.46 + 0.09 rd"). Moreover, ES exhibited a higher
RPE at 1RM than NS possibly signaling lower ratéoote development due to diminished
ability to recruit high-threshold motor units in N& 18), and the inability of NS to perform a
true 1RM. Finally, RIR at 75% of 1RM as reportgddur subjects indicates that on average less
repetitions (5-7) may be performed at this intgnian suggested by the established ‘repetitions
allowed’ table (1), which permits for 10 repetit®at this intensity. However, at 90% our data
allows for up to 4 repetitions, which is similarttaditional recommendations. In summary,
using RPE to gauge RIR seems to be a practicatfiective method to autoregulate intensity

during resistance training sessions.

The theory of RPE has been previously examinedsistance training models (9) and
has been advocated (5). However, these invesitigatiave reported session RPE (4, 28, 30) or
have not specifically measured RIR at known int#gssileaving much to be desired. Therefore,
the current investigation provides novelty by udRfE based on RIR. Interestingly, ES

produced slower velocities and recorded higher Rétees at greater intensities (i.e. 90% and
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100% 1RM) when compared to NS. It is possible #maindividual’s height could be
responsible for a variance in movement velocity @udifferences in limb lengths; however,
there was no difference in height between ES anthNige present investigation. Therefore,
these findings may be explained in 2 ways: 1) B& lggeater efficiency with heavy loads due to
enhanced high-threshold motor unit recruitmenfy&)may be incapable of performing a true
1RM due to their inability to effectively train viitmaximal or near maximal loads. In fact,
previous research has demonstrated significanonauscular adaptations and enhanced ability
to recruit high-threshold motor units with an iresed training status (2, 18). When considering
the difference in mean training age between gr@u@sES > 5 years vs. NS < 6 months), it can
be speculated that ES possessed superior motlsrwkile squatting and neuromuscular
efficiency, possibly due to enhanced recruitmerttigh-threshold motor units. Further, it
initially seems contradictory that NS had an averaBM RPE of 9.0 compared to 9.8 with ES,
because an RPE of 9 indicates one full repetittonaining. However, a 1RM in this study was
defined by recording an RPE of 10 or recordinglasaximal RPE and failing on a subsequent
attempt with a load increase ¥R.5kg. Indeed, 100% of the ES population recoate®PE> 9
following their 1IRM lift, while 35.71% of NS speaf an RPE less than 9. Additionally, only
14.29% NS were able to record an RPE of 10, wi6léB% ES recorded an RPE of 10.
Furthermore, repeated efforts and high volume nmdnaece sensory feedback from involved
skeletal muscles to improve the accuracy of peroeg8, 20, 30), suggesting NS may have
provided a more accurate RPE value on the 8-repeset. Therefore, it is possible that NS
recorded less accurate RPEs during the 1RM test #invas low volume (i.e. only one

repetition).
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Regardless of training population, percentageRiis the most common and
recommended method of assigning training load B)en though percentage of 1RM is
commonly used it must be noted that for this twiable the 1RM test itself must be valid, in
other words the end result is accurate. Howevewjipus literature has allowed a reduction in
1RM attempt load following a missed attempt (1&pnsequently, lifters are likely performing
in a fatigued state following a missed attempt,chitgalls into question attempt selection
strategies of the investigators. Additionally,\po&is research has classified a 1RM as 2
consecutive missed attempts with as much as arfekgase (30). This strategy may also be
invalid as a 2.5kg increase in load can be made evthe absence of fractional weight plates,
thus, enhancing the precision of 1RM attempts.oAllsere is no validated measure of practical
athlete feedback (RPE/RIR scale) and objective oreasf performance during 1RM attempts
(average velocity). The experimental RPE scalengxed in this study allows for practical
feedback in which an individual can not only idgntiow many repetitions they have in reserve,
but also can relate that to a specific intensitgiioose the next 1RM attempt appropriately.
Additionally, our method of 1RM testing, which tooko account both RPE/RIR scores and
average velocity to choose subsequent attemptyeanplemented in future investigations to

effectively determine a subject’s 1RM.

Previous literature from Baechle and Earle (1&spnts a table indicating the number of
repetitions allowed within a given set for a giy@rcentage of 1RM. References such as this
are quite valuable to trainees and coaches, andataragrees with Baechle and Earle in that
there is a linear relationship between load lifded repetitions allowed. However, the RPE/RIR

scores in the present study suggest some sinelatd some differences in repetitions allowed
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compared to the traditional recommendations (D example, the traditional recommendations
allow for 4 repetitions at 90% 1RM while the RPHERRIcores in the present study for both ES
and NS indicates that 3-4 repetitions could bequeréd. Additionally, traditional
recommendations allow for 11 repetitions at 70%ictviis similar to our data. Contrastingly,

the traditional recommendations allows for 10 réjoets at 75% whereas our data indicates 5-7+
repetitions could be performed in both ES and Nferestingly, individual differences seem to
be present between repetitions allowed at a gintmsity as in the present study range there
was a range of RPE scores from 4 to 7 in ES at @62RM and from 3t0 7 in NS at 75% of
1RM. Another explanation for the variance of RREhe 75% set compared to traditional
recommendations, is that RPE scores may be moueagedollowing higher volume sets and
sets closer to failure (i.e. the 8-repetition $et@b6 and the 90% and 100% 1RM single
repetition sets), and thus the lower strain ofgdie(i.e. lower RPE) the more error involved in
estimating RIR. Moreover, data also suggest teatgptual responses may be different at low
vs. high intensities with the perception at lowsensities (25) focusing on fatigue and the
perception at higher intensities more focused eratttiual load, thus when estimating RIR it may
be easier to do so at greater intensities. Aduhlly, RPE values ranged following the eight-
repetition set at 70% in ES from 6.5 to 10 and &ftom 5 to 9. Ultimately, autoregulating
training via the RPE scale may be necessary touatdor individual differences in repetitions

allowed.

Finally, in addition to utilizing AR to assign tnéng load on a given day, previous
research indicated merit to auto-regulating weéddyl progressions (17, 37). This tactic,

termed ‘autoregulatory progressive resistance e&rAPRE) by Mann et al. (17),
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demonstrated that when training load was adjustsekly based upon the previous week’s
performance strength outcomes were significantatgr than when load was pre-assigned via
%1RM without any regard for recent performancemifairly, previous literature has shown
efficacy for ‘flexible’ non-linear periodization LP), which is another variant of
autoregulation. McNamara and Stearne (2010) imgreed FNLP in which subjects could
choose between 20-repetition, 15-repetition, andep@tition training sessions based upon their
perceived recovery versus a group with a fixedhing order of non-linear periodization. The
FNLP strategy was in essence a form of autoreguiatnd resulted in superior strength
enhancement compared to the fixed order of noratiperiodization (19). Thus, it does seem
that AR is important for weekly progression andydiiad assignment. However, a current
limitation in these long-term training studieshat even when AR is used as a progression
model a fixed amount is still added to the trainiogd. Thus, even though the progression is
contingent upon performance, adding a fixed amofiateight does not account for daily
alterations in training readiness. Autoregulai®oseful to ensure the appropriate physiological
strain is placed on the muscle; therefore the RiRed RPE scale is a valuable tool to
appropriately stress the muscle within a yearlynmagcle. Specifically, if a lifter is training ia
volume block, the nature of the block is submaxjrials a goal RPE of 6-8 could be established
for each set to allow for repeated sets and hidinve at a given load. Consequently, if an
achieved RPE which is too low or high, trainingdazn be altered accordingly and objectively.
For example, an RPE of 9 or 10 could require a leddction of 2.5 or 5kg., respectively. In
this respect, an RIR-based RPE scale may be pedféar load assignment to the traditional
methods of percentage of 1RM or prescribed RM zae&Ms by nature involve failure

training, and thus, offer little flexibility in traing loads and exertion. Additionally, RPE can be
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404 utilized for power-focused sessions to indireciyige velocity, if a technological velocity

405 calculator (i.e. Tendo unit, transducer, etc.)asavailable. For example, the athlete can have a
406 maximum RPE for a training session, which is low.&4), in order to ensure a high velocity is
407 maintained; since the current study has establiahedverse relationship between RIR-based
408 RPE and average velocity. Further, the proposedeiiends itself well for load alterations in
409 integrated periodized configurations. Particulagytoregulation can be useful within a model,
410  which employs a daily undulating programming siggté.e. altering repetitions within a week),
411  yetfits into the yearly structure of linear/blog&riodization. Therefore, future long-term

412 training studies should be performed using AR a®del for both progression and daily load
413  prescription.

414

415 In summary, the present study examined a novel $take for resistance training

416  specifically measuring RIR as well as average vglaorresponding to RPE values at known
417 intensities. This investigation confirmed the déi of the RIR-based RPE scale as average
418 velocity at all percentages of 1RM had a signiftcamd strong inverse relationship with both ES
419 (r=-0.88,P<0.001) and NS (=-0.77,P = 0.001). Further, this study found that ES wadyke
420 to perform a 1RM at a slower velocity while recogla higher RPE than NS. Additionally,
421 compared to traditional recommendations our dasasshane agreement and some dissimilar
422  findings in reference to repetitions allowed atiwas percentages of 1IRM. The dissimilar

423  findings for repetitions allowed compared to tramitl recommendations occurred at lower
424  intensities and are likely due to RIR being mofédilt to estimate when a greater amount of
425  repetitions remain.

426
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427 PRACTICAL APPLICATIONS

428 These findings demonstrate that experienced andeabfters may not possess equal
429  abilities to perform a true 1RM lift, and as a degumay not be appropriate to use % of 1RM as
430 a method to assign training load in all populatiofterefore, we propose 2 suggestions from a
431 practical stance: 1. That the RPE/RIR scale presgantthe present study be used as a method to
432  assign daily training load and aid in session-&s&®m load progression, and 2. That the

433  proposed scale be implemented in 1RM tests bdiltume research-and during individual

434  training to increase the efficacy of testing. Kng further, individual differences may exist in
435 repetitions allowed at a given intensity. Therefaf percentage of 1RM is used to assign

436 training load and number of repetitions to be penfed, perhaps using the RIR-based RPE scale
437  during an initial testing session could detectéhieslividual differences. For example, the

438  suggested intensity for an 8-repetition set mapdreon-dependent (i.e. 65%, 70%, or 75% of
439 1RM). Moreover, the practical implementation abthcale is quite wide-ranging, and we

440 recommend that future research be conducted atlithe proposed RPE/RIR scale as both a
441 method of daily load assignment and to providesasbfar progression session-to-session and
442  weekly load progression. Specifically, if a traigiblock is focused on submaximal volume (i.e.
443 RPE 6-8 for each set) load can be continually aeljuo ensure the appropriate number of RIR,
444  which would allow for repeated efforts at the samaeing load. Whereas, an intensity-focused
445  block would have a higher goal RPE (i.e. 9-10) lmadl could again be adjusted accordingly
446  based upon RIR to ensure appropriate adaptatiatlitidnally, RPE can be utilized to gauge
447  velocity during power-based training sessions liyrepa maximum RPE and when the

448 maximum RPE is reached the set would be termin&teghsure the appropriate stressor of the

449 training session is maintained. Ultimately, th@sistance training-specific RPE scale can be
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used within a periodized model to assign trainmapland ensure the appropriate stressor is
applied, especially when training variables arerati frequently. Finally, since individual
differences exist in repetitions allowed at a givgensity, implementation of RIR-based RPE is
a practical and effective way for individual atlegtand teams to undergo a similar training

stimulus while reducing the risk of failure.
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Tableand FigureLegend

Table 1. Group Descriptive M easures. ES= Experienced Squatter Group, NS= Novice
Squatter Group, RM= repetition maximum. * = Sigeeint (p<0.001) between-group difference

Table 2. 95% Confidence Intervals, M edian, and | nterquartile Range for Rating of
Perceived Exertion (RPE) at 100%, 90%, 75%, and 60% of 1 Repetition Maximum for
Experienced and Novice Experimental Groups. ES= Experienced Squatter Group, NS=
Novice Squatter Group, RM= repetition maximum.

Table 3. Percent 1IRM and Repetitions Allowed Relationship: Traditional vs. Proposed
Relationships.
CL= Confidence Limit.

Figure 1. Experimental scalefor Rating of Perceived Exertion (RPE) for resistance

exercise. Values in the rating column correspond to thetiépns in reserve or perceived level
of exertion indicated in the adjacent descriptiolumn. Descriptions of perceived exertion are
associated with the number of repetitions in reséRIR).

Figure 2. Mean Average Velocitiesat 100%, 90%, 75%, and 60% of 1 Repetition
Maximum for Experienced and Novice Experimental Groups. ES= Experienced Squatter
Group, NS= Novice Squatter Group, RM= repetitiorximaum. * = Significantly (p<0.001)
greater than ES
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482

483  Figure3. Relative Distribution of RPE Values at 100% 1RM for Experienced (ES) and
484  Novice (NS) squatters.
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ES (n=15) NS (n=14)

Bodyweight (kg) ~ 91.6+19.3  80.3+17.9

Body Fat (%)  15.0#5.1 17.6£5.1

1RM (kg) 171.9+50.9%  91.2 +255*

Table 1.
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Median Median
(Interquartile (Interquartile
Range) Range)

ES (n=15) NS (n=14) ES (n=15) NS (n=14)

Mean + 95% Confidence
Interval

RPE at IRM*  9.80£0.18  8.96+0.43 10 (9.5-10) 9 (8.125-9.5)
RPE at90% 1RM  7.87+051  7.46+0.70  8(7.25-8.25)  7.75(7-8)
RPE at75% 1RM  5.18+054  4.89+0.70 5(4.62555) 5 (4-5.75)

RPE at 60% 1RM 3.54 £0.65 3.73 £0.56 4 (3-4) 4 (3-4)

Table 2.

* Data not normally distributed
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TRADITIONAL

RELATIONSHIP PROPOSED RELATIONSHIP

Experienced Squatters, n=15 Novice Squatters, n=14
9%1RM ROpOONS 950 CLRPE  "ohellions  ggo; L ppg  Repetlions
100% 1 9.6-10.0 1 8.5-94 2-3

90% 4 7.4-8.4 3-4 6.8-8.2 3-4

75% 10 4.6-5.7 5-7+ 4.2-5.6 5-7+

60% - 2.9-42 8+ 3.2-43 8+
Table 3.
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RESISTANCE EXERCISE-SPECIFIC RATING OF PERCIEVED 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

75 2-3 repetitions remaining

7 3 repetitions remaining

5-6 4-6 repetitions remaining

3-4 Light effort

1-2 Little to no effort

Figure 1.

Copyright © Lippincott Williams & Wilkins. All rightsreserved.
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