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Abstract.

BACKGROUND AND OBJECTIVE: Multiple repetition maximum (M-RM) strength tests are suitable alternatives to the 1-
repetition maximum (1-RM) strength test, particularly in the elderly. In comparison to the 1-RM strength test the research about
the reproducibility of M-RM strength tests is very limited, leading to a lack of standardized test protocols for M-RM strength
tests. Therefore, the aim of this study was to assess the test-retest reproducibility of a 5-repetition maximum (5-RM) strength test
in older adults.

METHODS: After a short preparation session, 28 healthy elderly people older than 60 years (14 men, 14 women) and with at
least 3 months strength training experience passed a 5-RM strength test. The test included exercises for the upper body, namely
bench press and seated row, and were performed twice within 7 days on the same day of the week at the same time of the day.
RESULTS: Significant differences between test and retest (p < 0.05) in 2/6 instances provide evidence of practice-based im-
provement (PBI). A very high intraclass correlation coefficient 1CC > 0.90; p < 0.001) was found for the total sample as well
as for both sub-samples (men, women). The coefficients of variation were very low and ranged between 0.7 and 2.8%. The high
test-retest reproducibility was also demonstrated by the narrow limits of agreements, the very little standard errors of measure-
ments and the minimal smallest real differences.

CONCLUSION: The present study confirms the reproducibility of the 5-RM strength test for upper body exercises in older
adults with strength training experience. The 5-RM strength test is a reliable and simple measurement and can be used in sports
practice for theoretical and practical purposes.

Keywords: Maximum strength, strength diagnostics, strength training, training load

1. Introduction act the degeneration process in aging [2-4]. In order
to support strength training an adequate strength test is
needed. The main purposes of strength tests are quan-
tifying the level of muscle strength, evaluating strength
training programs and determining loads for strength
training.

Due to simplicity and cost efficiency, the 1-repetition
maximum (1-RM) strength test is considered as the
gold standard method for assessing muscle strength
in non-laboratory settings [5,6]. The 1-RM is defined
as the maximum weight a person can lift once with

Strength training plays an important role for elderly
people as they often show a loss of skeletal muscle
mass and muscle function with aging. Among other ef-
fects, this loss results in reduced activities in daily life
and increases the risk of falls [1]. It is well known that
strength training is an effective prevention to counter-
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the correct lifting technique [7-9]. Previous studies
have confirmed the high reproducibility of the 1-RM
strength test among different target groups [6,10,11].
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Rydwik et al. [12] demonstrated the high reproducibil-
ity of this strength testing method also in older adults.

However, conducting a 1-RM strength test is some-
what critical, especially concerning elderly people [13].
The 1-RM strength test is associated with high physical
exertion for muscles, connective tissues and joints [7].
Besides, determining the 1-RM involves a high risk for
injuries [5,8]. In addition, various studies show that the
1-RM is inappropriate for specifying load for strength
training [14,15]. For example, the frequently propa-
gated linear 1-RM-repetition relationship is curvilin-
ear and strongly influenced by confounding factors like
strength training experience and type of exercise [7].
Therefore, the classical approach to derive loads for
strength training as a certain percentage of the 1-RM
often leads to an overestimated or insufficient load.

Suitable alternatives to the 1-RM strength test, par-
ticularly in the elderly, are multiple repetition maxi-
mum (M-RM) strength tests [5,7]. The M-RM is de-
fined as the maximum weight a person can lift with
the correct lifting technique a certain number of rep-
etitions [7]. For instance, the S-repetition maximum
(5-RM) is the maximum weight a person can lift five
times with the correct lifting technique. The M-RM
strength test can be used for the same purposes as the
1-RM strength test. Furthermore, the M-RM strength
test is suitable for prescribing the intensity in strength
training [16].

Nevertheless, limited research of the reproducibility
of M-RM strength tests has been conducted. Conse-
quently, there is a lack of standardized test protocols
for M-RM strength tests. Taylor and Fletcher [16] as
well as Gail and Kiinzell [17] investigated the repro-
ducibility of different M-RM strength tests in young
and middle-aged adults. To our best knowledge, there
are no studies about the reproducibility of M-RM
strength tests in older adults. Therefore, the aim of
this study was to assess the test-retest reproducibility
of the 5-RM strength test of Gail and Kiinzell [17] in
older adults. We hypothesized that the reproducibility
would not be extremely different between older adults
and young and middle-aged adults. Accordingly, this
would mean that the presented 5-RM strength test is
also suitable for elderly people.

2. Methods

Twenty-eight healthy elderly people (14 men, 14
women) participated voluntarily in this study and gave
their written informed consent. The participants were

Fig. 1. Exercise bench press.

Fig. 2. Exercise seated row.

older than 60 years and had no exercise contraindica-
tions. The age was 70.1 £ 5.5 years, the body weight
was 170.3 £ 8.9 cm and the body weight was 77.5 £
18.5 kg. All participants had at least 3 months strength
training experience. All the procedures undertaken in
this study were approved by the local ethics board of
the University of Augsburg and are in compliance with
the Declaration of Helsinki.

In the first preparatory session the participants were
introduced to the exercise equipment (miltronic Pre-
mium Med; Milon industries GmbH, Emersacker, Ger-
many) and were introduced on how to correctly per-
form the exercise. The miltronic Premium Med devices
inform the participants during their exercise by visual
feedback about the correct range of motion (ROM) and
the appropriate speed of movements (SOM) as well as
the time of movement turnaround. The appropriate ad-
justment of the exercise equipment was controlled by
a chip card providing and saving the adjustment data.
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Table 1
Values of 5-RM (mean = standard deviation) as well as limits of agreements (LOA) in kg and Wilcoxon signed-rank tests for test and retest
Test Retest LOA Z p

Total Bench press 42.0 + 15.7 42.7 + 16.0 —0.77,2.20 —1.633 0.102
(n =28) Seated row 47.0+17.5 48.2 + 18.1 —0.48,2.98 —2.646 0.008
Men Bench press 529+ 14.8 5394+ 14.8 —1.40, 3.55 —1.342 0.180
(n =14) Seated row 60.7 + 14.1 62.5+ 14.5 —0.69, 4.26 —2.236 0.025
Women Bench press 31.1£59 31.4+63 —0.14, 0.85 —1.000 0.317
(n=14) Seated row 332454 339453 —0.28, 1.70 —1.414 0.157

Table 2

Intraclass correlation coefficients (ICC) with 95% confidence intervals (CI), coefficients of variation (CV), standard error of measurements (SEM)

and smallest real differences (SRD) of 5-RM for test and retest

ICC CV SEM SRD
Total Bench press 1.00 (CI: 0.99-1.00) 1.8% 0.05 kg 0.15 kg
(n =28) Seated row 1.00 (CI: 0.99-1.00) 1.9% 0.06 kg 0.17 kg
Men Bench press 0.99 (CI: 0.97-1.00) 2.8% 0.13 kg 0.35 kg
(n =14) Seated row 0.99 (CI: 0.97-1.00) 2.1% 0.13 kg 0.37 kg
Women Bench press 0.99 (CI: 0.96-1.00) 0.7% 0.03 kg 0.08 kg
(n =14) Seated row 0.97 (CI: 0.90-0.99) 1.6% 0.09 kg 0.25 kg

Changes of the adjustment were only possible if the
tester was present. After a break for few days, the par-
ticipants passed the 5-RM strength test with both ex-
ercises, namely bench press (Fig. 1) and seated row
(Fig. 2), twice within 7 days on the same day of the
week. To avoid negative impacts of circadian rhythm
on the test results [18,19], test and retest were per-
formed at the same time of the day. In order to iden-
tify potential differences in fatigue and motivation be-
tween test and retest the physical and mental condition-
ing was documented by a self-administered question-
naire. Thus, participants had to document their level of
fatigue and motivation on a four-point scale. All tests
were instructed and supervised by the same tester. The
warm-up comprised 10 min moderate cycling (1 W per
kilogram body weight at 60—80 rpm) and one set of the
test exercises (ten repetitions at 50% of the estimated
10-RM based on the individual assessment of the re-
spective participant). Owing to the negative effects on
strength performance [20-22] and the lack of evidence
for injury prevention [23], stretching was not included.
All participants started with bench press followed by
seated row. The take-off weight was based on the in-
dividual assessment of the respective participant. The
same was true for the extent of increase (successful
test trial which means that the participant could man-
age to lift the weight five times with the correct exer-
cise technique, controlled by the tester and the device)
or decrease (unsuccessful test trial which means that
the participant could not manage to lift the weight five
times with the correct exercise technique) after each
test trial. The break duration was 2 min. Each partic-

ipant was tested separately and requested to achieve
maximal performance.

All statistical analyses were carried out using the
statistical software IBM® SPSS® Statistics version
22 (IBM® Corp., Armonk, NY, USA). Results are
shown as means of + standard deviation. The normal
distribution of the variables was tested by a Shapiro
Wilk test. In accordance with the recommendations of
Hopkins [24] three parameters were raised. Wilcoxon
signed-rank tests (variables were not normally dis-
tributed) were carried out to analyze whether signifi-
cant differences existed between test and retest. Intr-
aclass correlation coefficients (ICC) [25,26] were cal-
culated to determine test-retest correlation. For this,
the ICC 1,2 (one-way random, average measure) was
used because test and retest were directed by the same
researcher [27]. The typical error was estimated by
the coefficient of variation (CV). For this purpose, the
CV was firstly calculated for each single participant
(the used formula was: standard deviation of test and
retest divided by the mean of test and retest in percent),
and then the mean CV was determined for the com-
plete sample [28,29]. Moreover, the limits of agree-
ment (LOA), the standard error of measurement (SEM)
and the smallest real difference (SRD) were consid-
ered. An alpha of 5% was accepted as statistically sig-
nificant.

3. Results

The mean values and standard deviations, LOAs as
well as Wilcoxon signed-rank tests for bench press and
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seated row are presented in Table 1. There were signif-
icant differences between test and retest (p < 0.05) in
part. Table 2 shows ICCs with 95% confidence inter-
vals (CI), CVs, SEMs and SRDs for both exercises. A
very high ICC was found for the total sample as well
as for all sub-samples (ICC > 0.90; p < 0.001). The
CVs ranged between 0.7 and 2.8%. The SEMs varied
between 0.05 and 0.13 kg and the SRDs between 0.08
and 0.37 kg.

4. Discussion

The aim of the study was to assess the reproducibil-
ity of the 5-RM strength test of Gail and Kiinzell [17]
in older adults.

Systematic changes between test and retest in re-
peated strength tests within short time intervals can
result from fatigue or motivational effects as well as
from practice-based improvement (PBI) and habitua-
tion effects [24]. Fatigue and motivation were stan-
dardized due to the chosen research design and moni-
tored by a self-administered questionnaire. In the light
of the results, PBI and habituation effects cannot be
completely excluded as the mean differences between
test and retest were in 2/6 instances significant. There-
fore, one brief preparatory session may not be effective
enough in the case of a target group of older adults for
setting the baseline 5-RM when applying the described
approach, which is based on the participants perceived
exertion. Owing to this, a second preparatory session
should be applied but this requires further research.

The very high retest correlations (ICC) and very low
typical errors of measurement (CV) demonstrated the
outstanding reproducibility of the 5-RM strength test
in older adults independent of their gender. These re-
sults connect with the reproducibility studies for the
conventional 1-RM strength test which usually leads to
comparable high retest correlations independent of the
target group [6,10-12]. Moreover, the present results
were similar to previous findings [16,17]. Taylor and
Fletcher [16] examined the reproducibility of an 8-RM
strength test for different upper body exercises (chest
press, pulldown, overhead press, and seated row) in
young adults (23.0 £ 1.3 years) and have indicated
ICCs greater than 0.90 and low to very low CVs: 3.4—
10.4%. Gail and Kiinzell [17] applied a 5-RM strength
test and used exactly the same test protocol like the
one present in this study. However, in that latter study,
the participants were young and middle-aged adults
(31.5 £ 12.5 years) and the tests targeted the lower

extremities implying leg press and leg curl. Nonethe-
less, ICCs greater than 0.90 were calculated while the
CVs ranged 2.2-4.7% independent of the participants’
(recreational athletes) gender and strength training ex-
perience.

Furthermore, the calculated LOAs verified a narrow
range of bias between test and retest. With additional
consideration of the very few measurement errors as-
sessed by the SEM as well as the identified minimal
SRD, these data confirmed the before mentioned re-
sults and can be seen as further evidence for the great
benefit of the 5-RM strength test in physical exercise
of elderly people.

5. Conclusion

The present findings confirm the reproducibility of
the 5-RM strength test for upper body exercises in
older adults with strength training experience. This test
is simple to administer and its validity may be extended
to include other groups for obtaining a general assess-
ment regarding multiple-muscle multi-joint strength.
In comparison to the conventional 1-RM strength test,
advantages of the 5-RM strength test are less physical
exertion and a lower risk of muscle injury during test-
ing procedures. Further studies should determine the
reproducibility of the 5-RM strength test in people with
health disorders.
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