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ABSTRACT

Although the use of maximum repetition tests (1-RM) is frequent
for assessment of the muscular strength, one believes that the
results obtained may be affected by the lack of previous familiar-
ization, even in skilled subjects in exercises with weights. Thus,
the objective of this study was to investigate the impact of the
familiarization process on the muscular strength assessment in 1-
RM tests. To do so, 21 men (24.5 ± 3.8 years of age), apparently
healthy and with previous experience of at least six months on
weight training, were submitted to repetitive tests of 1-RM in bench
press, squat, and arm curl exercises. The tests were performed in
four sessions with intervals every 48-72 hours. A maximum num-
ber of three attempts with 3-5 minutes interval for recovery was
used in each exercise in the four testing sessions. The analysis of
variance ANOVA for repeated measures followed by the post hoc
Tukey test when p < 0.05 were used for the data treatment. Signif-
icant increases on the muscular strength (p < 0.01) were found in
the three exercises analyzed between the first and the fourth fa-
miliarization session (2.4% in bench press, 3.4% in squat, and 5.4%
in the arm curl). However, no statistically significant difference was
found between the second and fourth familiarization sessions in
the arm curl (p > 0.05) as well as between the third and fourth
sessions in the bench press and squat (p > 0.05). The results indi-
cate that the lack of previous familiarization with 1-RM tests may
impair the muscular strength evaluation. Therefore, the perfor-
mance of two to three familiarization sessions in adult men with
previous experience with weightlifting is suggested for a more
accurate muscular strength assessment by means of the 1-RM
tests.

INTRODUCTION

Muscular strength is an important component of the physical
fitness related to health, besides playing relevant role in the phys-
ical performance in several sports modalities. Among the several
training means for the development of the muscular strength, the
weightlifting is emphasized.

In this context, significant increases on the muscular strength
may be observed through the application of specific tests already
at the first weeks of weight training (WT) in subjects from both
genders, presenting different age ranges and physical fitness lev-
els(1-6).

According to the literature, it is verified that the maximum repe-
tition test (1-RM) has been the most frequently applied test for the

evaluation of the dynamic force, above all by researchers and pro-
fessionals who work in the physical exercise and sport areas, once
it is a low operational cost and apparently safe practical method for
most populations.

However, recent studies have indicated significant increases on
the muscular strength in 1-RM tests in young men and women as
well as in elderly women without previous or late experience with
weightlifting(7-9). These results indicate that the lack of previous
familiarization to procedures involving the performance of 1-RM
tests may impair the analysis of information, especially in follow-
up studies.

On the other hand, no additional information has been produced
by literature along the last three decades with regard to the behav-
ior of subjects with previous experience with weightlifting during
1-RM repetitive tests. Thus, one believes that the familiarization
process in these individuals may be shorter than that observed in
untrained individuals.

Thus, the objective of this study was to verify the number of
sessions required for the familiarization to 1-RM tests in physically
active men with previous experience with weightlifting.

METHODOLOGY

Subjects

Twenty-one men (24.5 ± 3.8 years of age) apparently healthy,
participated voluntarily in this study. As inclusion criteria, the par-
ticipants should be physically active (systematized regular physical
activity > twice a week) and present experience of at least six
months with weight training. The subjects, after being previously
informed of the purposes of this investigation and about proce-
dures to which they would be submitted, signed a free consent
form. This study was approved by the Ethics Research Committee
of the Londrina State University, according to resolution 196/96 of
the National Health Council on researches involving human beings.

Anthropometry

The body mass was measured in digital platform balance label
Urano, model PS 180 with accuracy of 0.1 kg and the stature was
obtained in wooden stadiometer with accuracy of 0.1 cm, accord-
ing to procedures described by Gordon et al.(10). All individuals were
measured and weighted barefoot and wearing bathing suit only.
Based on these measures, the body mass index (BMI) was deter-
mined through the body mass/stature2 ratio, and the body mass
was expressed in kilograms (kg) and the stature, in meters (m).

The body composition was determined through the skinfolds
thickness technique. Three measures were taken in each anatom-
ic point (abdomen, suprailliac, medial axillary, subscapular, triceps,
chest and thigh) in rotational sequence at the right side of the body,
where the average value was recorded. Such measures were per-
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formed by a single appraiser who used a scientific skinfold caliper
label Lange, according to techniques described by Slaughter et al.(11).
The test-retest coefficient exceeded 0.95 for each anatomic point,
with maximum technical measure error of ± 1.0 mm.

The relative body fat (% fat) was calculated through Siri formu-
la(12), based on the estimation of the body density determined
through the equation involving the thickness of seven skinfolds
proposed by Jackson and Pollock(13).

Muscular strength

All subjects were submitted to four 1-RM tests sessions in bench
press, squat and arm curl exercises, in this order respectively, with
48-72 hours interval between each session for the evaluation of
the muscular strength.

Each one of the three exercises was preceded of a series of
warm-up exercises (6-10 repetitions) with approximately 50% of
the load to be used in the first attempt of the 1-RM test. The test-
ing was initiated two minutes after warm-up session. The subjects
were oriented to try to accomplish two repetitions. In case two
repetitions were accomplished at the first attempt, or even if no
repetition was accomplished at all, a second attempt was performed
after a 3-5 minutes recovery interval with load above (first possibil-
ity) or below (second possibility) that employed in the previous
attempt. Such procedure was repeated again in a third and ulti-
mate attempt in case the load corresponding to a single maximum
repetition had not yet been established. Therefore, the load re-
corded as 1-RM was that in which it was possible for the individual
to accomplish only one single repetition(14). The transition interval
between the exercises was of three to five minutes.

It is worth emphasizing that the execution form and technique
of each exercise was standardized and continuously monitored in
the attempt of assuring the quality of information. Besides, the
subjects performed the tests at the same period of the day (morn-
ing, afternoon or evening) and were kept off the practice of physi-
cal exercises during the experimental period.

Statistical treatment

Data were initially treated based on descriptive procedures and
the information was processed in the Statistica version 5.1 com-
putational package. The analysis of variance ANOVA for repeated
measures was used for the comparisons between the scores ob-
tained in the 1-RM tests performed in different sessions in bench
press, squat and arm curl exercises. The post hoc Tukey test was
employed for the identification of specific differences in variables
in which the F values found exceeded the statistical significance
credit established (p < 0.05). The concordance limit between the
familiarization sessions where the supposed stabilization of the
muscular strength occurred in each one of the three exercises in-
vestigated was analyzed by means of the procedures proposed by
Bland and Altman(15).

RESULTS

Table 1 presents the description of the physical characteristics
of the subjects investigated.

Table 2 presents the values of 1-RM obtained in the different
tests sessions in all exercises performed. In exercises bench press
and squat, the stabilization of the load corresponding to 1-RM only
occurred between sessions three and four, whereas in arm curl,
the ANOVA indicated stabilization of the muscular strength from
the second session on. In percentages, the evolution of 1-RM be-
tween the first session and the session associated to the stabiliza-
tion of the muscular strength was equivalent to 1.9% for the bench
press, 2.4% for squat and 3.4% for the arm curl.

TABLE 1

Physical characteristics of subjects (n = 21)

Average SD Minimum Maximum

Age (years) 024.5 03.8 020.0 036.0
Body mass (kg) 074.0 10.6 062.4 103.9
Stature (cm)  175.1 06.6 156.5 189.0
BMI (kg/m2) 024.1 02.6 020.9 029.1
% Fat 012.5 03.4 005.8 019.2
Lean body mass (kg) 064.5 06.7 057.1 083.9
Fat mass (kg) 009.5 04.0 003.6 020.0

TABLE 2

Muscular strength of adult men with previous experience

with weight exercises during 1-RM repetitive tests (n = 21)

Exercises Average SD Range

Bench press (kg)
Session 1 074.6 14.4 47.1-103.1
Session 2 075.7a 14.6 47.1-105.1
Session 3 076.0a 14.7 47.1-107.1
Session 4 076.4a,b 14.7 47.1-109.1

Squat (kg)
Session 1 147.0 25.1 112.3-208.3
Session 2 149.6a 23.9 116.3-208.3
Session 3 150.5a 24.5 116.3-208.3
Session 4 151.9a,b 24.9 116.3-208.3

Arm curl (kg)
Session 1 044.0 7.4 31.5-51.5
Session 2 045.5a 7.3 33.5-57.5
Session 3 046.0a 7.1 33.5-57.5
Session 4 046.4a 7.1 35.5-57.5

a p < 0.01 vs session 1 and b p < 0.05 vs session 2.

Figures 1, 2 and 3 present the plotting proposed by Bland and
Altman(15) for the verification of concordance between the mea-
sures obtained in sessions in which the loads stabilization process
was statistically configured. Figures 1 and 2 plot the individual dif-
ferences (axis-y) of 1-RM between sessions three and four in func-
tion of the averages between both sessions (axis-x) for bench press
and squat, respectively. The same type of graphic representation
was used to express the concordance between sessions two and
three for arm curl (figure 3).

It was verified in all exercises studied that the average differ-
ence (central line) and the space comprised between the concor-
dance limits (upper and lower lines) were relatively small, above all
when analyzed based on other paired comparisons (table 3).
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Fig. 1 – Bland-Altman plotting for comparisons between sessions three
and four of 1-RM tests for bench press exercise (n = 21)
Note – Four points are superposed
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DISCUSSION

The results of the present study indicated significant increases
on the muscular strength between different sessions of 1-RM tests
in exercises bench press, squat and arm curl in subjects with pre-
vious experience with weight exercises.

These findings are quite interesting, once most studies using 1-
RM tests for the evaluation of the muscular strength levels avail-
able in literature bring no information on the adoption of previous
familiarization procedures of subjects to these types of tests in
their experimental description. Thus, the interpretation of the re-
sults obtained in these studies may be quite impaired.

Although some authors report moderate or even high reliability
indexes, according to the intra-class correlation coefficient for the
1-RM tests(7,8,16-18), the results must be carefully analyzed, once in
the present study, despite the test and retest coefficients between
the first and fourth sessions are high (bench press, r = 0.96; squat,
r = 0.98; arm curl, r = 0.98), statistically significant differences be-
tween loads lifted were found in all exercises investigated when
these two sessions were compared.

Thus, one believes that the use of the intra-class correlation
analysis between measures would not be the most suitable proce-
dure in these situations, once this index does not seem to be suf-
ficiently sensible to analyze individual modifications(19).

In this context, the Bland and Altman(15) plotting was used in the
present study, once it is a statistical resource that allows the anal-
ysis of concordance between measures obtained in the different
1-RM tests sessions. The results found enabled the corroboration
of the moments in which the loads stabilization was verified in all
exercises studied (figures 1-3).

It is worth mentioning that the values corresponding to the con-
fidence interval between exercises were smaller for the stabiliza-
tion sessions when compared with the other pairs of muscular
strength evaluations (table 3). Therefore, a temporal pattern seems
to be established when the concordance limits are adopted as ref-
erence for the identification of the occurrence of stabilization in 1-
RM tests.

The importance of familiarization sessions for the attainment of
more accurate results in the 1-RM tests has been recently report-
ed in other studies(7-9). In one of these studies, Ploutz-Snyder and
Giamis(8) found significant increases on the muscular strength (p <
0.05) both for young women (12%; n = 7) and for elderly women
(22%; n = 6) when the familiarization process to 1-RM test was
analyzed. However, the number of familiarization sessions required
for the loads stabilization was lower in young women when com-
pared with elderly women (3-4 and 8-9, respectively). These num-
bers were higher than those found in the present study, which
indicated the need of only two sessions of 1-RM tests for the arm
curl and three sessions for the bench press and squat.

The differences between the present study and the study by
Ploutz-Snyder and Giamis(8) may be attributed, at least in part, to
the types of exercises and equipments used, to gender and to the
different trainability levels and samples used in each study, once
this study investigated young men only with previous experience
with weight exercises.

The results found in this study suggest that the familiarization
process to the 1-RM test is important, not only for individuals with
no previous experience with weight exercises(7,8), but also for indi-
viduals with experience with this type of physical exercise.

Although there are no consistent information on the mechanisms
responsible for the increase on the muscular strength in 1-RM re-
petitive tests, one believes that the mechanisms involved are sim-
ilar to those verified in the initial weightlifting sessions, such as:
increase on the recruitment of high-threshold motor units, improve-
ment on the coordination of antagonistic muscular groups, increase
on the stimulation frequency, improvement on the synchronization
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Fig. 3 – Bland-Altman plotting for comparisons between sessions two and
three of 1-RM tests for arm curl (n = 21)
Note – Seven points are superposed
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Fig. 2 – Bland-Altman plotting for comparisons between sessions three
and four of 1-RM tests for squat exercise (n = 21)
Note – Two points are superposed
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TABLE 3

Average of differences and confidence interval (95%) between pairs

of evaluation of maximum strength by means of the 1-RM test (n = 21)

Bench press Sessions Stabilization

1-2 1-3 1-4 3-4

Average of differences –1.0 –1.3 –1.8 –0.5
Confidence interval –5.3 –6.3 –7.3 –3.4

Squat Sessions Stabilization

1-2 1-3 1-4 3-4

Average of differences –2.7 –3.5 –5.0 –1.4
Confidence interval –12.70 –16.00 –22.70 –10.90

Arm curl Sessions Stabilization

1-2 1-3 1-4 2-3

Average of differences –1.5 –2.0 –2.4 –0.5
Confidence interval –5.5 –7.0 –8.4 –4.2

The results from table 3 demonstrate that both the average dif-
ference and the confidence interval, comprised between the con-
cordance limits, were reduced in sessions where the 1-RM stabili-
zation occurred, when compared with the other pairs of attempts.
It is worth mentioning that this pattern was observed in all exercis-
es investigated.
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of the stimulated motor units, among others, called by literature as
neural adaptations(20-24).

One of these mechanisms, the co-activation of the antagonistic
muscles to the movement performed, was corroborated by Caro-
lan and Cafarelli(25), who verified, after eight weeks of training with
weights, significant increases on the legs extension and strength
concomitantly with the reduction on the co-activation of the antag-
onistic muscles (thigh flexors). It is worth mentioning that the high-
est reductions on the co-activation of the antagonistic muscles
occurred at the first week of training.

Another possible neural mechanism involved in the initial increas-
es on the muscular strength, the increase on the agonistic mus-
culature activation, was investigated by Häkkinen et al.(26). The
authors reported statistically significant increases in the electromyo-
graphic signal of the thigh extensors both in men and women dur-
ing the first two weeks of weight training, regardless the age range
and the trainability levels.

The results of this study yet indicated a similar temporal pattern
for the familiarization to the 1-RM test in exercises involving large
muscular groups (bench press and squat), unlike that observed in
the arm curl that involves smaller muscular groups. These results
are in agreement with findings by Cronin and Henderson(7), who
verified temporal differences for the familiarization to the 1-RM
test in bench press and squat exercises that, according to the au-
thors, could be attributed to differences in the size of the agonistic
muscular groups involved in the execution of each one of these
exercises, or even to the different complexity levels of the execu-
tion techniques. Considering that our sample was composed ex-
clusively of young men (n = 10; 21.0 ± 2.7 years of age) with
athletic history and without previous experience with weightlifting
for at least six months, it seems that the lack of specific experi-

ence of subjects may also have influenced the familiarization tem-
poral pattern to the 1-RM test in the exercises investigated.

It is worth mentioning that the exercises involving weights used
in this study are frequently used in different weight training pro-
grams. Thus, the previous experience of subjects in the exercises
performance may have contributed for the familiarization process
to 1-RM tests to occur more quickly. Probably, if the exercises were
not familiar to the subjects investigated, the responses could have
been differentiated. Unfortunately, this hypothesis was not tested
in the present study and further investigations are suggested.

CONCLUSION

The information obtained in this study indicates that the previ-
ous familiarization to 1-RM tests is vital for the analysis of the
muscular strength including individuals with previous experience
with weightlifting. However, it seems that the temporal pattern of
the familiarization process is below the pattern previously verified
in other studies involving untrained subjects with regard to this
type of physical exercise. Besides, when the exercises to be test-
ed involve large muscular groups, a longer familiarization period
seems to be necessary when compared to exercises involving small
muscular groups.

The results suggest, for an adequate evaluation of the muscular
strength of young adult men with previous experience with weight-
lifting, at least three familiarization sessions in 1-RM tests for bench
press and squat exercises and two sessions for arm curl.

All the authors declared there is not any potential conflict of inter-
ests regarding this article.
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