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Abstract In sports practice and science, the intensity control of strength training is frequently based on maximum
strength, which is usually determined by the one repetition maximum (1-RM) strength test. However, conducting a 1-RM
strength test is somewhat critical because of the high stress on the musculoskeletal system and the high injury risk, especially
for sportspersons involved in recreational sport. Furthermore, studies suggest that the 1-RM is inadequate for intensity
control. The standard practice of applying percentages of the 1-RM for the deduction of the intensity of strength training may
lead to an over- or under exertion of the respective sportsperson. The aim of the present study was to investigate the reliability
of determining strength training intensity on the basis of 1-RM strength tests. Twenty-six participants (25.9 + 3.4 years, 181.2
+5.1 cm, 79.4 + 8.7 kg), with at least one year experience in strength training, completed two study sessions with the exercise
long dumbbell bench press. In session one, the 1-RM was determined. In session two, the maximal possible repetitions at
90 % 1-RM were raised. The results showed a relatively high spread of the maximal possible repetitions (CV: 36.2 %), which
corresponded with the findings of previous studies. The maximal possible repetitions at a defined training intensity, deduced
from the 1-RM, varies not only among several sportspersons, but also between different strength training exercises.
Consequently, the 1-RM should not be the basis for intensity control in strength training. Alternatively, multiple repetition
maximum (M-RM) strength tests should be used.
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1. Introduction Frohlich [12] suggest. Gail and Kiinzell [13] expect that the
classic approach to deduce strength training intensity as a
certain percentage of the 1-RM frequently leads to an over-
or under exertion of the respective sportsperson.

The aim of the present study was to investigate the
reliability of strength training intensity determined on the
basis of 1-RM strength tests. A reliable determination of the
training intensity is achieved if the number of maximal
possible repetitions at a certain percentage of 1-RM is
constant for different sportspersons. However, if the
number of maximal possible repetitions at a certain
percentage of the 1-RM should vary substantially, the
reliability of the strength training intensity determined on
the basis of 1-RM strength tests is doubtful. According to
the consideration of Berschin et al. [11] as well as
Marschall and Frohlich [12], we assume that the use of
1-RM strength tests might result in an over- or under
. . exertion of the individual sportsperson. To verify and
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In most intervention studies into strength training, the
intensity control is based on the maximum strength of the
respective sportsperson [1-3]. The one repetition maximum
(1-RM) strength test is established as the gold standard
method for determining maximum strength [4, 5]. The
1-RM is defined as the maximal weight, which a
sportsperson can lift once with the correct lifting technique
[7]. The 1-RM strength test is very reliable [8, 9] and
relatively simple as well as a particularly cost-effective
method [4, 7].

However, the 1-RM strength test is accompanied by side
effects such as high stress for the musculoskeletal system [6]
and a high risk for injury [10]. Another serious problem is
the inappropriateness of 1-RM for intensity control in
strength training as Berschin et al. [11] and Marschall and
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2. Methods

2.1. Participants

Twenty-six healthy male recreational athletes, without any
exercise contraindications, participated voluntarily in this
study and gave their written informed consent. The
participants had a mean (£ standard deviation) age, body
height, and body weight of 25.9 + 3.4 years, 181.2 + 5.1 cm,
and 79.4 + 8.7 kg, respectively. All participants experienced
at least one year of strength training.

2.2. Procedures

All participants completed two study sessions. In the first
session we determined the 1-RM. In the second session we
collected the maximal possible repetitions at 90% 1-RM.
Due to the conditions set by the test device Max Rack®
IP-L8505 (Star Trac Inc., Irvine, CA, USA) as well as the
available weights, in part slight rounds (on average 0.12 kg,
which corresponded about 0.14% of the 1-RM) had be done
in study session two. The chosen exercise was long dumbbell
bench press. Each participant was tested separately and
requested to achieve maximal performance. All tests were
instructed and supervised by the same researcher. The
warm-up program consisted of 5 minutes moderate cycling
(1 watt per kilogram body weight at 60-80 revolutions per
minute) and one submaximal set of the exercise with ten
repetitions. Due to the negative effects on strength
performance [14-16] and the lack of evidence for injury
prevention [17], additional stretching was not included. The
procedure to determine the 1-RM was based on the
positively evaluated test protocol of Gail and Kiinzell [13].
The determination of the take-off weight was orientated on
the individual assessment of the respective participant. The
same was true for the extent of weight increase or weight
decrease after each successful or unsuccessful test trial. The
break duration between the test trials was 2 minutes.

2.3. Data Analysis

All statistical analyses were carried out using the
statistical software IBM™ SPSS" Statistics version 22 (IBM®
Corp., Armonk, NY, USA). Results are shown as mean and
standard deviations as well as minima and maxima.
Furthermore, the coefficient of variation (CV) was
calculated to operationalize the relative spread of the
maximal possible repetitions at 90% 1-RM [18].

3. Results

The mean (+ standard deviation) 1-RM of the participants
was 85.4 £ 15.0 kg (minimum: 55 kg, maximum: 110 kg).
The maximal possible repetitions at 90% 1-RM were
53 £ 1.9 (minimum: 3, maximum: 10) (Figure 1). A
relatively high CV of 36.2% was found for the maximal
possible repetitions between the participants.
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Figure 1. Maximal possible repetitions (90% 1-RM) of each single

participant

4. Discussion

The aim of the present study was to investigate the
reliability of strength training intensity determined on the
basis of 1-RM strength tests. For this purpose, a relatively
high training intensity of 90% 1-RM and the exemplary
exercise bench press were applied.

The present results could affirm the findings of other
studies, in which also a comparatively great spread of the
maximal possible repetitions at various training intensities
based on the 1-RM was found. The participants in the study
of Berschin et al. [11] realized between three and six
repetitions at 90% 1-RM and the same exercise as we used in
our study. Consequently, the spread in our study with three
up to ten repetitions was even higher than in the study of
Berschin et al. [11]. In the study of Marschall and Frohlich
[12] the participants reached at 90% 1-RM 5.6 + 1.2
repetitions during the exercise latissimus pull-down,
respectively 10.4 £ 2.9 repetitions during the exercise leg
press. This shows that besides the differences among
various sportspersons also the maximal possible repetitions
at a defined training intensity, deduced from the 1-RM,
varies considerably between different strength training
exercises.

Overall, our findings can be seen as further evidence for
the unsuitability of the 1-RM as basis for the deduction of the
intensity of strength training. The standard practice with the
application of universal percentages of the 1-RM leads to an
over- or under exertion of the corresponding sportsperson,
which implies that for specific training goals essential
strains cannot be achieved with this approach. Similar
studies in future should include additional participant
groups such as female recreational athletes or older adults.
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5. Conclusions

The findings demonstrate that a strength training intensity
control based on the 1-RM can result in an over- or under
exertion of the respective sportsperson. Alternatively, the
intensity control in strength training should be orientated on
the foundation of so called multiple repetition maximum
(M-RM) strength tests, as in the case of the individual lifting
performance method (ILP), which was specially developed
for sportspersons in recreational sport [19]. Test protocols to
determine a certain M-RM were already provided by Gail
and Kiinzell [13] for the 5-RM as well as Taylor and Fletcher
[20] for the 8-RM.
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