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Abstract. [Purpose] This study investigated the test-retest reliability of the ten-repetition maximum leg press 
(LP) and chest press (CP) tests in untrained young males and females. The secondary aim was to examine the 
test-retest reliability of the 10RM test according to gender. [Participants and Methods] All participants underwent 
the ten-repetition maximum test for the LP and CP across three sessions separated by 2 to 6 days of recovery: the 
first session was familiarization, the second for the initial test, and the third for the retest. To evaluate test-retest 
reliability, we calculated the intraclass correlation coefficient, standard error of measurement, and minimal detect-
able change for both the LP and CP. These measures were analyzed separately for each gender to assess gender-
related differences. [Results] High intraclass correlation coefficient index was obtained for both LP and CP for both 
genderes. The standard errors of measurement and minimal detectable changes were consistent with previously 
reported values. However, females showed more variability than males, particularly in the LP. [Conclusion] The ten-
repetition maximum test for LP and CP is a reliable method for measuring strength in untrained young males and 
females. However, it should be noted that the margin of error may be higher among female participants compared 
to their male counterparts.
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INTRODUCTION

Muscle weakness causes fractures, falls, and a decline in physical performance1–3). Resistance training is often used to 
prevent muscle weakness. Resistance training increases muscle strength, muscle size, and local muscular endurance4). Fur-
thermore, resistance training affects various aspects of the human body, such as mortality, disease incidence, and cognitive 
function, including the metabolic system5, 6). Resistance training is a common program in physical therapy clinical settings, 
and to maximize the training effect, accurately evaluating individual strength is warranted.

The gold standard for measuring dynamic muscle strength is one-repetition maximum (1RM) test7). However, the 1RM 
test induces muscle soreness and severe muscle damage, especially in beginners8). As the 1RM test involves handling very 
high weights, the risk of acute injury is high9). To avoid the risk of injury associated with the 1RM test, research has been 
conducted to predict the 1RM using the multiple-RM test8, 10–12).
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Multiple-RM tests, such as the 10RM test, have a lower maximum weight and may have a lower risk of measurement-
related injury than the 1RM test. If the multiple-RM test can accurately measure an individual’s muscle strength, evaluating 
an individual’s muscle strength than the 1RM test would be safer. However, limited studies have examined the test-retest 
reliability of the multiple RM test. Thus, this study primarily aimed to investigate the test-retest reliability of the 10RM test 
in untrained young individuals by calculating the minimal detectable change (MDC) present in measurements. Additionally, 
by comparing the amount of MDC of the 1RM test with that reported in previous studies, we considered whether the 10RM 
test could be used as an alternative to the 1RM test. The second purpose was to investigate test-retest reliability by gender as 
previous research suggested that reproducibility may vary by gender13).

PARTICIPANTS AND METHODS

To examine the test-retest reliability of the 10RM test, a cross-sectional study was conducted. At least 26 participants were 
required based on a preliminary power test with an effect size correlation of 0.50, alpha level of 0.05, and power of 0.80. 
Facility recruitment was conducted among local hospital staff and included healthy adults aged 20–35 years. Participants had 
not undergone any resistance training in a year prior to participation. The exclusion criteria were as follows: (a) restriction of 
motor activity by a physician; (b) presence of pain, possibly requiring the discontinuation of motor tasks; and (c) a history of 
orthopedic, neurological, or internal medical diseases that may impede training.

The study protocol was approved by the Ethics Committee of Shinshu University (approval number: 5318). Prior to the 
study, a written informed consent was obtained from all participants. This study complied with the ethical standards of the 
1964 Declaration of Helsinki and its subsequent revisions.

All participants were required to visit our laboratory for 4 days. The first day was an explanation of the study and practice 
of the movement of the LP and CP with the equipment used. The equipment was a chest press machine and leg press machine, 
and the load was adjusted in 5-kg increments. In practice, they performed four sets of 10 repetitions with a very light load. 
On the second to fourth days, they conducted a 10RM test for the LP and CP. All measurements were performed by the same 
examiner. The second day was considered the familiarization session. We used data from the third (initial) and fourth (retest) 
days for the analysis. Each visit was separated by 2–6 days to avoid the effects of fatigue.

The 10RM test was conducted according to the National Strength and Conditioning Association procedures14). For warm-
up, participants completed 5 min of ergometer cycling and stretching of the muscle groups to be used in LP and CP, and 10 
repetitions using a light load, moderate load, and maximum load close to 10RM with a 1–2-min rest. The participants then 
attempt at 10RM. If the participants succeeded in an attempt, a load was added (5–10 kg); if they failed, the load was removed 
(5 kg). The rest time between each attempt was 3 min. The maximum load at which they could complete 10 repetitions was 
recorded as 10RM. These attempts at 10RM were completed in five sets or fewer. Exercises were performed in the following 
order: CP and LP.

Means and standard deviations (SD) were used to describe participant characteristics and 10RM scores. To evaluate test-
retest reliability, we used the following statistical approaches: (a) intraclass correlation coefficient ([ICC]; model: two-way 
mixed effects, absolute agreement, single rater); (b) the standard error of measurement ([SEM]; SEM=SD of the test scores 
multiplied by the square root of 1 −ICC15); and SEM%); (c) minimal detectable change ([MDC]; MDC=1.96 × the square 
root of 2 × SEM15); and MDC%); (d) the Bland–Altman plots to evaluate the agreement between test-retest. To evaluate the 
gender differences, we conducted the aforementioned steps for each gender. All statistical analyses were performed using 
RStudio 2023.09.0+463 software (Posit Software, PBC, Boston, MA, USA).

RESULTS

This study required participation for 4 days; there were no dropouts or missing data. In this study, 11 males and 19 
females were included. The participant characteristics are presented in Table 1 and the results of the agreement analysis are 
presented in Table 2. The results of Bland–Altman plots were shown in Fig. 1. Both LP and CP demonstrated a high ICC 

Table 1.  Participants’ characteristic and 10RM values

All participant Male Female
(n=30) (n=11) (n=19)

Age (years) 25.50 ± 2.21 25.91 ± 1.22 25.26 ± 2.62
BMI (kg/m2) 20.50 ± 2.31 20.98 ± 1.53 20.22 ± 2.66
10RM LP (kg) Initial test 156.5 ± 54.5 210.0 ± 37.9 125.5 ± 35.1

Retest 161.5 ± 54.9 212.3 ± 39.3 132.1 ± 38.8
10RM CP (kg) Initial test 49.2 ± 21.4 73.6 ± 13.7 35.0 ± 7.5

Retest 48.0 ± 21.1 72.3 ± 13.7 33.9 ± 6.6
Mean ± standard deviation. BMI: body mass index; RM: repetition maximum; LP: leg press; CP: chest press.
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index (LP=0.98, CP=0.99), even when divided by gender (male: LP=0.99, CP=0.98; female: LP=0.96, CP=0.95). In LP, the 
difference of test-retest was 5.00 kg (± 3.10), absolute SEM of 7.74 kg, and absolute MDC of 21.45 kg. In CP, the difference 
of the test-retest was −1.17 kg (± 0.80), absolute SEM of 2.12 kg, and absolute MDC of 5.89 kg. While the retest was higher 
than the initial test in the LP, it was lower than the initial test in the CP. As a result of the analysis by gender, in female LP, 
the SEM and MDC were twice as large as in males.

DISCUSSION

This study aimed to investigate whether there is test-retest agreement of the 10RM test for LP and CP in untrained 
young males and females. The results show a high ICC index, indicating high reproducibility. Dias Fernandes et al. reported 
absolute SEM of 1.73 kg and absolute MDC of 4.79 kg for CP15). The study results are comparable to those of a previous 
study, which demonstrated a small standard error of measurement and a minimal detectable change (SEM of 2.12 kg, MDC 
5.89 kg). The %MDC was higher than approximately 7 kg in the study by Dias Fernandes et al., which indicated a difference 
in the average strength of the participants (mean value was 24.96 kg in Dias Fernandes’s study, 49.2 kg in this study).

Table 2.  Results of agreement analysis

All participant Male Female
(n=30) (n=11) (n=19)

Mean difference between tests (95% CI) (kg) LP 5.00 (1.90 to 8.10) 2.27 (−1.80 to 6.35) 6.58 (2.18 to 10.98)
CP −1.17 (−1.97 to −0.36) −1.36 (−2.93 to 0.21) −1.05 (−2.06 to −0.04)

ICC (95% CI) LP 0.98 (0.95 to 0.99) 0.99 (0.95 to 1.0) 0.96 (0.82 to 0.99)
CP 0.99 (0.98 to 1.0) 0.98 (0.92 to 1.0) 0.95 (0.85 to 0.98)

SEM (SEM%) (kg) LP 7.74 (4.87) 3.86 (1.22) 7.40 (5.74)
CP 2.12 (4.37) 1.94 (2.66) 1.57 (4.56)

MDC (MDC%) (kg) LP 21.45 (13.49) 10.71 (3.39) 20.51 (15.92)
CP 5.89 (12.15) 5.38 (7.38) 4.36 (12.64)

LOALB (95% CI) (kg) LP −11.28 (−16.65 to −5.91) −9.62 (−16.68 to −2.56) −11.33 (−18.96 to −3.70)
CP −5.38 (−6.77 to −3.99) −5.94 (−8.66 to −3.22) −5.16 (−6.91 to −3.41)

LOAUB (95% CI) (kg) LP 21.28 (15.91 to 26.65) 14.17 (7.11 to 21.22) 24.49 (16.86 to 32.11)
CP 3.05 (1.66 to 4.44) 3.21 (0.50 to 5.93) 3.05 (1.30 to 4.80)

Correlation analysis LP ns ns ns
CP ns ns ns

CI: confidence interval; ICC: intraclass correlation coefficient; SEM: standard error of measurement; MDC: minimal detectable 
change; LOALB: limits of agreement lower boundary; LOAUB: limits of agreement upper boundary; LP: leg press; CP: chest press; 
ns: not significant.

Fig. 1.  Bland–Altman graphical representation of the comparison between initial test and retest. (A) and (B) represent the agreement 
between initial test and retest for LP and CP, respectively.

The solid black line indicates the mean of the differences between tests.
The solid red lines indicate limits of agreement for the upper and lower boundary.
The solid blue line indicates regression between tests.
Dashed lines show the 95% confidence interval of the means of differences and limits of agreement.
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A comparison with the 1RM test, which is considered the gold standard for strength measurements, showed a similar 
reproducibility. Horta-Gim et al. reported the absolute SEM and MDC of the 1RM test for a seated bench press in untrained 
9–14-year-old participants (2.91 kg and 8.07 kg, respectively)16). This indicates that the 10RM test can be used as an alterna-
tive to the 1RM test for strength measurement. Conversely, Barbalho et al. reported a very small MDC in untrained elderly 
females (0.3 kg for both leg and bench press)17). We adjusted the weight in 5-kg increments, but they adjusted the weight in 
500-g increments. The National Strength and Conditioning Association’s 1RM test procedure involves increasing the load 
by 5–10 kg if the attempt is successful and decreasing by 2.5–5 kg if the attempt is unsuccessful. Although it is possible that 
even a higher reproducibility could have been achieved if the weight had been adjusted more precisely, we consider that 
adjusting the weight in 5-kg increments is sufficient.

The test-retest reliability could have been improved by adjusting the number of familiarization sessions. In this study, we 
conducted only one familiarization session due to concerns regarding increasing muscle strength through practice. Ritti-Dias 
et al. reported that for adequate evaluation of the muscular strength of young adult men with previous experience with 
weightlifting, at least two to three familiarization sessions were required for the 1RM test18). Generally, beginners take more 
time in familiarizing themselves with exercises than do those with training experience. An appropriate number of familiariza-
tion sessions may improve reliability. However, as the number of familiarization sessions increase, it takes more days to start 
the measurement, because it is necessary to leave at least 48 hours between each familiarization sessions to avoid the effects 
of fatigue. The degree of reliability required for muscle strength measurements remains a debate.

Regarding the results of the analysis by gender, for the females, the SEM and MDC of the 10RM test were approximately 
twice as large as those for males. A study by Rebeiro et al. demonstrated a greater strength change and a higher coefficient 
of variation in the female’s 1RM test13). The study results are consistent with those of previous studies. However, Seo et al. 
reported that the 1RM testing protocol with a short warm-up and familiarization period is a reliable measurement technique 
for assessing muscle strength changes, regardless of the muscle group location or gender19). The effect of gender on muscle 
strength measurement remains unclear. Roberts et al. found gender differences in adaptation to strength training20). They 
stated that men may be more familiar with movements such as bench presses, even if they are beginners. Strength measure-
ments require maximum effort, likely to strengthen training. We consider that the gender differences in potential adaptation 
for measurement movement affected the gender difference in measurement reliability. Further research is required to clarify 
this point.

The study limitations are as follows: (a) all participants were working adults, and strictly standardizing work conditions 
and measurement times on measurement days was not possible; (b) participants were not blinded, and motivation at the time 
of measurement may have influenced the measurement values; and (c) in this study, the weight of the equipment used was 
adjusted in 5-kg increments, which may have underestimated the participants’ maximum strength.

In conclusion, this study suggests that the 10RM test could be used as an alternative to the 1RM test; however, reproduc-
ibility could be improved by blinding, finely adjusting the weight of the equipment, and unifying the conditions of the 
participants at the time of measurement. When conducting a 10RM test on females, understanding the possibility that the 
error may be greater than that in males is important.
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