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ABSTRACT
This study examined the reliability and validity of three methods of estimating the one-repetition
maximum (1RM) during the free-weight prone bench pull exercise. Twenty-six men (22 rowers and four
weightlifters) performed an incremental loading test until reaching their 1RM, followed by a set of
repetitions-to-failure. Eighteen participants were re-tested to conduct the reliability analysis. The 1RM
was estimated through the lifts-to-failure equations proposed by Lombardi and O’Connor, general load-
velocity (L-V) relationships proposed by Sánchez-Medina and Loturco and the individual
L-V relationships modelled using four (multiple-point method) or only two loads (two-point method).
The direct method provided the highest reliability (coefficient of variation [CV] = 2.45% and intraclass
correlation coefficient [ICC] = 0.97), followed by the Lombardi’s equation (CV = 3.44% and ICC = 0.94),
and no meaningful differences were observed between the remaining methods (CV range = 4.95–6.89%
and ICC range = 0.81–0.91). The lifts-to-failure equations overestimated the 1RM (3.43–4.08%), the
general L-V relationship proposed by Sánchez-Medina underestimated the 1RM (−3.77%), and no
significant differences were observed for the remaining prediction methods (−0.40–0.86%). The indivi-
dual L-V relationship could be recommended as the most accurate method for predicting the 1RM
during the free-weight prone bench pull exercise.
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Introduction

The one-repetition maximum (1RM) is commonly used in
practice and scientific research for prescribing loads during
resistance training sessions (Wood, Maddalozzo, & Harter,
2009). However, since the direct determination of the 1RM
may not be feasible or practical at all time points through-
out the training cycle, alternative methods that can accu-
rately estimate maximal strength through less physically
demanding testing may be of benefit. Previous research
has proposed different equations to estimate 1RM strength
using the maximum number of repetitions performed
before reaching muscular failure (i.e., “lifts-to-failure equa-
tions”) (Brzycki, 1993; Epley, 1985; Lander, 1984; Lombardi,
1989; Mayhew, Ball, Arnold, & Bowen, 1992; O’Connor,
Simmons, & O’Shea, 1989; Wathan, 1994). Subsequently,
contemporary methods that account for movement velo-
city at submaximal loads have received increased attention
and have been proven to be a valid and reliable alternative
for the prediction of exercise 1RM (González-Badillo,
Marques, & Sánchez-Medina, 2011; Harris, Cronin, Taylor,
Boris, & Sheppard, 2010; Jidovtseff, Harris, Crielaard, &
Cronin, 2011).

The possibility of estimating the relative load (%1RM) through
a “general load-velocity (L-V) relationship” was first examined by
González-Badillo and Sánchez-Medina (2010). Following this semi-
nal work, similar equations to estimate %1RM through general
L-V relationships in other resistance training exercises (e.g., squat,
vertical jump, leg press, bench pull, pull-ups, military press) have
been proposed (Balsalobre-Fernández, García-Ramos, & Jiménez-
Reyes, 2018; Balsalobre-Fernández, Marchante, Muñoz-López, &
Jiménez, 2018; Loturco et al., 2018; Pérez-Castilla, García-Ramos,
Padial, Morales-Artacho, & Feriche, 2018; Sánchez-Medina,
González-Badillo, Pérez, & Pallarés, 2014). For example, two inde-
pendent general L-V relationship equations during the prone
bench pull exercise performed in a Smith machine (Sánchez-
Medina et al., 2014) and with a free-weight barbell (Loturco
et al., 2018) have been used to calculate 1RM. Sánchez-Medina
et al. (2014) evaluated male junior and senior national-level ath-
letes from four different sports (wrestling, canoeing, rowing or
judo) and Loturco et al. (2018) evaluated male top-level athletes
from two different sports (National Team rugby union players and
professional mixed martial arts fighters). However, the general
L-V relationships proposed by Sánchez-Medina et al. (2014) and
Loturco et al. (2018) have not been cross-validated with other
populations. Additionally, it is also important to determine

CONTACT Amador García-Ramos amagr@ugr.es Department of Physical Education and Sport, Faculty of Sport Sciences, University of Granada, Granada, Spain;
Department of Sports Sciences and Physical Conditioning, Faculty of Education, CIEDE, Catholic University of the Most Holy Concepción, Concepción, Chile

JOURNAL OF SPORTS SCIENCES
https://doi.org/10.1080/02640414.2019.1626071

© 2019 Informa UK Limited, trading as Taylor & Francis Group

http://orcid.org/0000-0003-0608-8755
http://orcid.org/0000-0003-1288-1397
http://orcid.org/0000-0001-5155-1337
http://orcid.org/0000-0003-0077-6813
http://orcid.org/0000-0001-7892-4885
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/02640414.2019.1626071&domain=pdf&date_stamp=2019-06-04

	Abstract
	Introduction
	Methods
	Participants
	Design
	Equipment
	Testing procedure
	1RM prediction methods
	Lifts-to-failure equations
	General load-velocity relationship
	Individual load-velocity relationship

	Statistical analyses

	Results
	Discussion
	Conclusions
	Acknowledgments
	Disclosure statement
	ORCID
	References



