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Abstract

Introduction: Several tests can predict the maximum weight an individual can lift using submaximal

weights, which has been widely used in resistance training and clinical rehabilitation, but the reliability

of these tests is not well documented. Objective: To analyze the test relative and absolute reliability of 10

maximum repetitions in the supine vertical bench press and leg extension machines. Method: Twenty-three

healthy, untrained, and sedentary adults participated in the study. The test and retest evaluations were

performed on the supine vertical press and leg extension machines. The retest was performed seven, 14 or
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Resumo

Resumen

21 days after the test. Results: Intra-class correlation coefficient (ICC) was classified as very high (0.99) for
upper limbs and (0.98) for lower limbs. The results for minimum detectable change (MDC) for the bench
press resulted in a total of 2.77 kgf of actual change between test and retest, with an MDC% of 11.46%. For
the leg extension, we found 3.15 kgf with MDC% of 8.94%. In both exercises, we obtained an MDC% below
30%, therefore acceptable. Conclusion: The 10RM test with the supine vertical press and leg extension has
a very high relative reliability and an MDC acceptable for young, untrained and sedentary adults.

Keywords: Reliability. Reproducibility. Muscle Strength.

Introdugdo: Vdrios testes sdo capazes de predizer as cargas mdximas de um individuo por meio de cargas
submdximas, e isto tem sido muito utilizado no treinamento resistido e na prdtica clinica da reabilitagdo,
porém, a confiabilidade desses testes ndo estd bem documentada. Objetivo: Analisar a confiabilidade relativa
e absoluta do teste de 10 Repeticées Mdximas (10RM) no supino vertical e cadeira extensora. Método:
Participaram 23 jovens sauddveis, destreinados e sedentdrios. As avaliacdes teste e re-teste foram realizadas
no supino vertical e na cadeira extensora. O re-teste ocorreu apds 7, 14 ou 21 dias do teste. Resultados: O
Coeficiente de Correlagdo Intra-classe (CCI) foi classificado como muito alto, sendo 0,99 para membros
superiores e 0,98 para inferiores. Os resultados da Minima Mudanga Detectdvel (MMD) para Supino Vertical
resultaram em um total 2,77 gf de mudanga real entre teste e re-teste, com uma MMD% de 11,46%. Para
Cadeira Extensora, encontramos 3,15 K\kgf com MMD% de 8,94%. Em ambos os exercicios obtivemos uma
MMD% abaixo de 30%, portanto, aceitdvel. Conclusdo: O teste de 10RM nas mdquinas de supino vertical e
cadeira extensora tém uma confiabilidade relativa muito alta e uma minima mudanga detectdvel aceitdvel
para jovens adultos, destreinados e sedentdrios.

Palavras-chave: Confiabilidade. Reprodutibilidade. Forca Muscular.

Introduccion: Varias pruebas son capaces de predecir las cargas mdximas de un individuo mediante
cargas submdximas, y esto ha sido muy utilizado en el entrenamiento resistido y en la prdctica clinica de la
rehabilitacion; sin embargo, la confiabilidad de estas pruebas no estd bien documentada. Objetivo: Analizar la
confiabilidad relativa y absoluta de la prueba de 10 repeticiones mdximas (10RM) en el supino vertical y silla
extensora. Método: Participaron 23 jévenes sanos, sin entrenary sedentarios. Las evaluaciones de la prueba y
re-prueba se realizaron en el supino vertical y en la silla extensora. La re-prueba ocurrié después de 7, 14 0 21
dias de la prueba. Resultados: El Coeficiente de Correlacién Intraclase (CCI) se clasificé como muy alto, siendo
0,99 para miembros superiores y 0,98 para miembros inferiores. Los resultados del Minimo Cambio Detectable
(MMD) para Supino Vertical resultaron en un total de 2,77 kgf de cambio real entre prueba y re-prueba, con
un MMD% del 11,46%. Para Silla Extensora, encontramos 3,15 kgf con MMD% del 8,94%. En ambos ejercicios
obtuvimos un MMD% por debajo del 30%, por lo tanto, aceptable. Conclusion: La prueba de 10RM en las
mdquinas de supino vertical y silla extensora tiene una confiabilidad relativa muy alta y un minimo cambio
detectable aceptable para jovenes adultos, sin entrenar y sedentarios.

Palabras clave: Exactitud. Reproducibilidad. Fuerza Muscular.
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Introduction

Resistance training (RT) is a conditioning method
thatinvolves the progressive use of weights to improve
health and/or sports performance, by improving
muscle strength in its different manifestations [1].
RT also offers several benefits for men and women,
including increased resting metabolic rate [2],
improved lipid profiles [3], reduced resting blood
pressure [4], increased aerobic capacity [5] and
reduced risk of mortality for various causes [6].

RT can use free weights, machines, elastic bands,
or other devices, and accordingly, the American
College of Sports Medicine (ACSM) recommends that
healthy adults interested in improving overall fitness
include in their training sets of eight to 12 repetitions
to improve muscle strength and power, and 15 to
20 repetitions to improve muscle endurance, with
at least one exercise for the major muscle groups in
each RT session [1, 7]. In addition, it may be ideal to
initiate a RT program on machines due to their easy
manipulation to suit the individual’s posture before
performing the exercise, thereby reducing the risk of
injury [8,9], where individuals perform the standard
movement provided by the equipment, limiting it to
specific joints.

However, different variables can influence RT
performance. According to Kraemer in 1983 [10],
these variables include exercise selection, execution
order, number of sets, intensity (weight used),
duration of rest period, as well as speed and frequency
of training. Among these variables, intensity (weight
used) is considered by some authors as the most
important to be controlled while performing a
RT program [11, 12], since it limits the number of
repetitions and the recovery time required during the
exercises and consequently influences the effects of RT
on strength and physiological adaptations. Intensity
(weight used) can be determined through various
tests [13], such as the maximum repetitions test.

Literature shows that the one maximum repetition
test (1MR), defined as the maximum weight that an
individual can lift only once by performing a correct

movement cycle in a given exercise, is used as the
gold standard for a diagnostic parameter of intensity
for monitoring during prescription of a training [13,
14]. Since this method uses maximum weights, some
authors donotrecommend the 1MR test for individuals
beginning RT: children, adolescents, sedentary adults,
older people, individuals with hypertension or heart
condition and in cases of muscle recovery, due to the
high risk of causing musculoskeletal injuries [15, 16],
on the other hand, other authors do not restrict it
and use it in different populations [17, 18]. Thus,
we have the option of controlling the maximum
weight (1RM) using a multiple repetition test with a
submaximal weight (e.g., 10RM), for prescribing RM
in different populations [19]. This test has several
muscle contractions in the correct cycle of motion
with a submaximal weight.

Many authors study the prediction of maximum
weight using submaximal weights, but the test/
retest reliability is not well documented, due to
the few studies published [15]. The reliability of
the evaluation measures is directly related to their
consistency obtained by an instrument or an examiner
under the same evaluation conditions. Intra-examiner
reliability is the consistency of measurements
performed under the same assessment conditions
at two different times [20, 21]. However, reliability
suggests that the quality of the weight prediction test
should be checked before the method is performed
to obtain accurate results in the exercises and in the
sample in question.

Therefore, the objective of this study was to
evaluate the relative and absolute reliability of the
10RM test with weight machines in the upper and
lower limbs, using the supine vertical bench press
and the leg extension machines, respectively.

Methods

This was a reliability test of the retest study
type in which 23 healthy, untrained, sedentary
adults participated in the study. Table 1 shows the
characterization data of the participants.

Table 1 — Characterization of the sample, with mean and standard deviation

Class N Age Weight (kg) Height (m) BMI (kg/m?)
Men 4 20.25 = 0.95 70.10 = 15.03 1.70 = 0.09 24.06 = 4.54
Women 19 22.89 + 2.55 58.84 + 11.54 1.61 = 0.06 22.75 + 3.29
Total 23 22.43 + 2.55 60.80 + 12.60 1.62 = 0.07 22.98 + 3.45

Note: BMI: body mass index.
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To improve the external validity of the study,
adults between 18 and 35 years old, regardless of
gender, were eligible to participate. Recruitment was
done by convenience sampling using undergraduate
students from the Faculdade de Ceilandia of the
University of Brasilia - FCE-UnB. Volunteers who
were excluded from the study had: (a) trauma-
orthopedic, neurological, rheumatological,
metabolic or cardiovascular pathologies; (b) acute
or chronic musculoskeletal pain in the limbs; (c)
trauma-orthopedic surgery in the last six months;
or (d) bone fracture or muscle injury in the last
six months. The Physical Activity Readiness
Questionnaire (PAR-Q) and International Physical
Activity Questionnaire (IPAQ), which analyze the
need for clinical and medical assessment and
the level of physical activity, respectively, were
applied prior to testing. In case PAR-Q indicated
the necessity for medical evaluation or physical
activity and IPAQ did not show sedentarism, the
volunteer would be prevented from participating
in the research.

After recognizing the objectives and
procedures of the research protocol, individuals
who agreed to participate as study volunteers
signed an informed consent form. This study was
approved by the Ethics Committee of Faculdade
de Ceilandia of the University of Brasilia (CAAE
no. 76499517.1.0000.8093).

The tests of 10 maximum repetitions (10RM)
were performed at the Bodybuilding Gym in the
Olympic Center of Faculdade de Educacdo Fisica
(FEF - Faculty of Physical Education) in the
University of Brasilia (UnB). The supine vertical
press machine (Gervasport Fitness Equipment,
Spain) was used to perform the upper limb test, and
the leg extension machine (Gervasport) to perform
the lower limb test. In addition to the weight of
the machine itself, which both had weights of five
to 100 kg and a scale graduation of 5 kg, we used
dumbbells of one to four kg to increase the proper
weight during the tests.

To test the reliability of the 10RM bench press
and leg extension test protocol, all participants
performed the same experimental procedures on
two different days, with an interval of 7, 14, or
21 days. The retest-test interval and the order of
exercises were randomly defined on the first day,
through a draw that occurred before beginning the

test. For methodological improvement, all technical
conditions and measurements were performed
using the same equipment and materials, with
standardized positioning, aimed at controlling
the conditions in the data collection environment
(temperature, noise level, organization and
arrangement of measurement tools) and performing
the test and retest at the same time, always being
monitored by the same examiner [22].

The 10RM test protocol was according to
Fleck and Kraemer [12], with minor changes: at
the beginning of the collections, standardized
instructions on the exercise execution technique
were given to the participant, and then they had
a familiarization with 10 repetitions, using a
submaximal weight, considered by the participant
to be “alittle easy.” After familiarization, they had
a two-minute interval before 10RM test attempts
begun. A maximum of six attempts per encounter
was used to find the target weight in the test, with a
five-minute interval between each attempt. Thus, an
interval of 20 minutes to change the exercises (press
and leg extension) was also taken. In addition, the
exercises were performed with constant guidance
to control the speed of repetitions, instructed to
be four seconds for each repetition (eccentric
phase for two seconds and concentric phase for
two seconds) [22]. The retest for determination
of data reliability was performed following the
same protocol mentioned above, using the interval
defined on the first day.

The lower limb exercise was performed
unilaterally using the dominant leg (Figure 1),
defined by the preferred side to kick a soccer ball,
while the upper limb exercise was performed
simultaneously or bilaterally (Figure 2).

Figure 1 — Leg extension exercise. Source: Author.
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Figure 2 — Supine vertical bench press for pectoral muscles
exercise. Source: Author.

Statistical analysis

Data were analyzed using the Statistical
Package for Social Sciences software (SPSS
22.0) for Windows. Data normality was assessed
by the Kolmogorov-Smirnov test and by
histogram. A significance level of 5% was used in
all analyses. At first, to analyze the consistency of
the data in the examiner’s measurements, a linear
association was made to verify relative reliability
with the intra-class correlation coefficient (ICC).
The Munro classification (2001) was used to
interpret the magnitude of the correlations
(low=0.26-0.49; moderate = 0.50-0.69; high = 0.70-
0.89; very high = 0.90-1.00). Next, for absolute
reliability, we obtained the standard error of the
mean (SEM = standard deviation x V1 - ICC), which
determines the error existing in each measurement,
and after, we obtained the minimum detectable
change (MDC), which references a limit error in
order for it not be attributed to the examiner [23].
Finally, the Bland-Altman plot was used to provide
avisual representation of heteroscedasticity of the
systematic and random error.

To evaluate the magnitude of the error in terms
of absolute reliability, MDC enabled to delimit a
measure of the least measurable real change
between two distinct moments over time, that
is, whether or not there is a change above the
casual variation in measurement, a change besides
systematic and random error. Expressing MDC as a
percentage (MDC%) is also possible, which shows
us the magnitude of this change in a classification,
where a lower than 30% variation is considered

acceptable, and lower than 10% variation is
considered excellent [23, 24].

The sample size was calculated using the G Power*
program (3.1.9.2) with the following parameters: (a)
bivariate correlation statistical test; (b) correlation
p H1:0.90; (c) type 1 error = 5%; (d) type 2
error = 20%; (e) correlation p HO = 0. Using these
parameters, we determined the necessity to evaluate
11 individuals. The value 0.90 assigned to item (b) of
the sample calculation was obtained from the study
by Newsam, Leese and Fernandez [20].

Results

Data showed normal distribution and absence
of heteroscedasticity (R2 = 0.98 for upper limbs
and R2 = 0.93 for lower limbs). Regarding relative
reliability, ICC results show very high coefficients
for both bench press and leg extension, both with
values above 0.90 (Table 2). Despite the findings
regarding the ICC, it is prone to restrictions as
it includes terms of variance for individuals, not
allowing to view the possibly acceptable error that
may have occurred in the measurements.

There was little variation in MDC% results,
showing very close percentages, with excellent
degree of variation for the lower limbs and
acceptable for the upper limbs (Table 2). Still in
absolute terms, represented by the Bland-Altman
graphs (errors), they showed reliability with
acceptable values, with a small systematic as well
as random error, both for bench press and leg
extension (Figure 3).

Because the sample was recruited by
convenience on a university campus, we were
unable to control the number of participants by
gender, which caused 79% of the sample to be
female and 21% to be male, considered a limitation.
Moreover, this may also limit the external validity
of the data.

Table 2 — Relative reliability, confidence interval and minimal
detectable change of upper and lower limbs

IcC 95%Cl MDC% MDC (kg)
uL 0.99 0.9910 0.99 11.46 2.77
LL 0.98 0.9510 0.99 8.94 3.15

Note: UL: upper limbs; LL: lower limb; ICC: intra-class correlation
coefficient; MDC: minimal detectable change.

Fisioter Mov. 2019;32:e003236
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Upper limbs

M1_UL - M2_UL

Mean of M1_UL and M2_UL

Lower limbs

M1_UL - M2_LL

Mean of M1_LL and M2_LL

Note: M1 = moment one (test); M2 = moment two (retest); UL = upper limbs; LL = lower limbs.

Figure 3 — Bland-Altman graphical representation.

Discussion

This study aimed to analyze whether there is
relative and absolute reliability of the 10RM test on
weight machines for upper and lower limbs, using
the supine vertical bench press and leg extension
machines, respectively. The results showed that the
10RM test, in the sample evaluated, had a very high
level of relative reliability and a margin of variation
(error) classified as excellent and acceptable
(absolute) in both exercises.

The findings corroborate the findings of Taylor &
Fletcher [25], who investigated the test/retest reliability
of 8-10RM in young adults of both genders, using four
upper limb exercises on weight machines, where ICC
values ranged from 0.96 to 0.99, with measurement
errors (coefficient of variation) considered acceptable
(3.4 to 10.4). Similarly, Bezerra et al. [26] evaluated the
test/retest reliability of 10RM in young male adults
and found a very high ICC for upper limb exercises
with values from 0.98 to 0.99, and moderate ICC in
the lower limb exercises with values from 0.64 to 0.67.
Only Pereira and Gomes [27] investigated relative
and absolute reliability in a similar way as this study;,
evaluating the 1RM test performed on a machine,
where they obtained high correlation coefficients and
small MDC of measures, with the values of < 3.6 kg or
3.5% for squats and < 1.6 = kg or 2.8% for bench press,
suggesting high test reliability.

The study by Martins et al. [21], in 2015
used isokinetics to determine the reliability of a
protocol to evaluate knee extensor muscles in older
people at two speeds, and also showed absence of
heteroscedasticity, which had a very high relative
reliability with ICC of 0.94 and 0.96. Although these
authors used SEM and not MDC to assess absolute
reliability, they obtained percentages (9.2 and
7.6%). Still on absolute analysis (error), the same
study showed through the Bland-Altman graphical
representation, a systematic error margin of 1.4 N/m
(0.143 kgf) and random error of 15.1 N/m (1.54 kg).
Hartmann etal. [28],in 2009, used a similar approach
on the isokinetic dynamometer and also found non-
heteroscedastic data, with relative SEM of 8.0 and
9.0%, systematic error of 1.6 N/m (0.163 kgf) and
1.2 N/m (0.122 kgf), and random error of 16.3 N/m
(1.7 kgf) and 19.6 N/m (2 kgf).

SEM and MDC are measures of error variation,
and are closely related, because the former is a
determinant variable of the latter. Therefore, it is
important to make an association and highlight that
the MDC% values found in our study (11.46 and
8.94%) show a similar percentage margin for relative
SEM reported by the two mentioned studies [21,28].
Referring to these studies, in which systematic and
random error values were considered acceptable, this
inference can be extended to our data (systematic:
1.6 kgf [UL] and 2 kgf [LL]; and random: 1 kgf [UL]
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and 2.9 kgf [LL]), as they have similar values and also
show low variation (error) in relation to the total
average weight used in the tests, for upper limbs,
that is, the variation is related to two limbs, as well
as for the dominant lower limb.

Silva et al. evaluated the reliability of a modified
aneroid sphygmomanometer in healthy individuals
by assessing bilaterally the following muscle
groups: hip flexors, hip extensors, knee flexors,
knee extensors and palmar grasp. This study only
evaluated relative reliability and obtained high
correlation results, with ICC between 0.75 and 0.94
for most muscle groups.

Differently from this study, which showed
very high and comparable lower and upper
limb ICC, and excellent and acceptable MDC, the
literature shows alower ICC index for lower limbs
compared to upper limbs [20, 21, 25-27, 29]. This
may be due to the familiarization step before the
exercise, as it may contribute to improving the
correlation (reliability) between the two tests
[9, 25]. The importance of familiarization sessions
to obtain more accurate results in the maximum
repetition test has been indicated by other
authors [9]. Another important factor is the
interval between sets (trials), which is crucial for
good reproducibility, as the participant needs time
to recover between trials [30]. According to Santos
etal. [30], who investigated the effects of different
recovery intervals on the 10RM bench press test,
intervals of three to five minutes are required to
maintain the weight in the 10RM test. In this study,
a five-minute rest interval was controlled before
the next attempt.

The 10RM test is an easy-to-use and low-cost
instrument, and a reliable parameter for weight
prescription in resistance training as it can also
be used in clinical practice. Given this, further
studies of relative and absolute reliability with
other samples, exercises, muscle groups and
equipment are suggested to see if similar findings
are obtained.

Limitations of the study include biological
factors (hormonal, sleep-wakefulness, anxiety)
that could not be controlled and may have affected
the performance of the study participants, and the
exercise performed on the upper limbs was not
performed independently; that is, the dominant
side was collected with the contralateral side.
However, such factors did not significantly affect

standard error. Also noteworthy is the challenge in
finding reliability studies of maximum repetition
tests that fully approached it, measuring its
error, mainly showing the magnitude of the error
through MDC.

Conclusion

The 10RM test performed on bench press and leg
extension machines has very high relative reliability,
as well as acceptable absolute reliability (error), and
is a safe, useful and reliable tool for evaluating and
prescribing weight programs in resistance training
for young, untrained and sedentary adults.
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