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Abstract

:

The prescription of maximal dynamic strength training in both adults and children is based on the evaluation of maximum strength, usually by one-repetition maximum tests (1RM). This study examined the test-retest reliability and the minimal detectable change (MDC) of the maximal force test and muscle power test. Forty-eight children (9–14 years old) completed two test–retest sessions that involved a one-repetition maximum (1RM) test and a muscle power test for leg extension (LE) and seated bench press (SBP). The MDC values of the 1RM test in the LE and SBP tests ranged from 7.35 to 11.34 kg and 6.84 to 7.92 kg, respectively. The MDC values of the muscle power test in the LE and SBP ranged from 30.32 to 63.20 Watt and 22.65 to 29.53 Watt, respectively. In children 9 to 14 years old, the increase of maximum strength along the growth curve was different in each muscle group studied. The repeatability of the 1RM test of the SBP was excellent (ICC 0.974) and was better than that of the LE (ICC, 0.954). The MDC of the 1RM test evaluation was 19.56% in the LE and 12.93% in the SBP.
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1. Introduction


Muscle performance is a good indicator of overall health in adolescents and children [1]. High muscle fitness has been linked to a healthier cardiovascular profile, whereas low rates of fitness are associated with a worse metabolic profile [2,3]. The capacity of children to improve their muscular strength has been discussed [4], but current research reports that adolescents and children can benefit from regular resistance exercise [5,6,7,8]. As a result, the American Academy of Pediatrics supports their enrollment in suitably designed and supervised resistance training programs [9]. Thus, the value of assessment of muscle performance with valid and reliable methods has been increasingly recognized in sport, clinical, and health contexts [10].



Maximal dynamic strength is defined as the highest load that a person is able to lift once (one-repetition maximum; 1RM) [11]. Previous studies do not recommend 1RM testing in skeletally immature individuals [12]; however, 1RM testing is safe in children and adolescents when conducted by a qualified professional, (e.g., strength specialists, pediatric researchers or professionals certified by National Strength and Conditioning Association (NSCA), or similar institutions) [13,14,15,16]. Moreover, the American College of Sports Medicine’s official position statement regarding resistance training in healthy people recommends that the individual training load should be based on 1RM testing and that this criterion also should be applied to prescription resistance training in children and adolescents [9,17,18].



Muscle power can be defined as the product of load lifted and the distance that the load was lifted, divided by the time spent in that displacement, i.e.,    p o w e r =    load    ×    mobilized   distance     time   spent   moving   the   load       [19]. Maximum muscle power output is the highest power value attained by overcoming successive resistances to different percentages of 1RM. These outcomes and other manifestations of strength, such as impulse and rate of force development (RFD) and impulse, are decisive in sport physical performance (e.g., running, jumping, balance, or agility) and in daily activities, and these are related with minor risk of injury to joints, bones, and muscles [20,21,22,23]. Muscle power is usually assessed in adolescents and children using field tests (e.g., ball throwing, vertical jump, or standing long jump) [24,25,26] or isokinetic devices [27,28]. However, a few studies have determined muscle power in children and adolescents relative to 1RM across a range of submaximal loads using a linear position transducer [15,29,30].



In any test, it is important to know the degree of validity, specificity, and repeatability of the method of assessment. Repeatability of measurements refers to the range variation in repeat measurements made on the same subject under identical conditions (i.e., same subject, same evaluator, and similar conditions) and reflects the stability of the results obtained in successive evaluations [30,31]. In most studies, repeatability of measurements is typically analyzed using the intraclass correlation coefficient (ICC) and the coefficient of variation (CV). Knowing the repeatability of any strength or muscle power test is important for coaches, doctors, physiotherapists, patients, parents, athletes and scientists for two reasons [30]: Firstly, it provides a greater degree of confidence in the conclusions drawn from the data analysis; secondly, if the standard error of measurement (SEM) of the method is known, the real magnitude of changes observed in the measure can be estimated [29], that is, the smallest detectable difference, denoted by minimal detectable change (MDC). A recent systematic review on test-retest reliability of 1RM analyzed 32 studies published on the subject, of which 14 were of young people; however, in none of the 14 studies was the age of the study subjects less than 16 years of age [32]. Even fewer publications have looked at the repeatability of assessment of muscle power. Moreover, to determine whether an improvement is real, it is necessary to know the minimum change values that can be detected by the instrument used. If the difference between the evaluations is greater than the MDC value of the employed measurement method, one can be sure, with a high degree of certainty, that the variation observed is not due to a limitation or random error of the method used for measurement [33]. However, there is a lack of data regarding the repeatability of these measurements (i.e., dynamic maximal strength and muscle power) in adolescents and children. Only few studies have reported data for maximal dynamic strength (1RM) and maximum power within this population [14,29,30,34,35].



The aim of our research was therefore to determine the test-retest and the minimum level of detectable change of the 1RM maximal strength test and muscle power test in upper and lower limbs in 9- to 14-year-old children.




2. Materials and Methods


2.1. Study Design and Participants


2.1.1. Design


A cross-sectional observational study of repeated measurements was conducted. The retest was conducted 48 h after the first test and was done blindly (i.e., without access to the value of the first measurement).




2.1.2. Ethical Approval


The study was approved by the Research Ethics Committee of the University of Sonora (Mexico) (No. CEI-UNISON 013/2020, date of final approval: 9 September 2020). Written parental permission and verbal consent to participate in the study was received from both the parents and participants, respectively.




2.1.3. Participants


Forty-eight children aged 9 to 14 years (24 boys and 24 girls) participated in the study. All participants were recruited from a private school at Hermosillo (Mexico). The participant inclusion criteria were age range between 9 to 14 years, no physical impairments preventing them from performing the tests and no previous experience with resistance or muscle power training. Exclusion criteria included lack of attendance at all assessment sessions. Before the first test was performed, all the school children who agreed to participate were divided into three age groups (G9–10 years, n = 16; G11–12 years; n = 16; and G13–14 years, n = 16) and within each age group were divided by sex (male/female). A number was assigned to each child. To allocate participants to the sample, 4 numbers were randomly chosen from each age and sex (i.e., 4 males 9 years old; 4 females 9 years old, etc.).





2.2. Measurements and Methods


Eight days before the data collection, all participants attended an introductory session to familiarize them with the equipment and testing procedures. They were instructed on acceptable technique for the exercise with submaximal loads in both tests.



The sample size was calculated using G*Power 3.1.9.7 (Düsseldorf, Germany) [32], using a t-test for difference between two dependent means, with an effect size of 0.5, alpha value of 0.05, and a statistical power of 0.95, for a sample size of 48 subjects.



2.2.1. One-Repetition Maximum Testing


Based on previous studies carried out in children, we applied the 1RM test on the participants [14,18]. It was performed on a multi gym machine (BH® Fitness Nevada Pro-T machine, Madrid, Spain) with an angle of 100° between the plane of the seat and the back. Before all testing procedures, participants performed a general warm-up (10 repetitions at 40% of their body weight). If this weight was lifted with the acceptable form, each participant performed a new set in which the load was increased by approximately 5 to 20 kg. In each set, the subject attempted two repetitions with the selected weight. If successful, the testing continued until a 1RM lift was determined. The 1RM was determined across three to six sets, excluding warm-up. All increases in weight were dependent upon the rating of perceived exertion in each attempt, which was assessed by OMNI-Resistance Exercise Scale (OMNI-RES) scale [36]. Rest periods between each attempt were set around 3 min between attempts. For the 1RM test of leg extension (LE), participants were seated with a knee flexion of 90° and prior to the test, the center of rotation of knee joint and lever arm of knee extension machine were aligned and tibia pad was individually set proximal to the medial malleolus on the leg for each participant. The range of motion of the knee joint began at 90° and ended around 180°. After 10 min of rest, the 1RM seated bench press (SBP) test was performed with the same protocol and material as described above. In this exercise, the participant was seated with arms in abduction at 90° and with elbows bent at 90°. The range of motion of the elbow joint began at 90° degrees and ended around 180°.




2.2.2. Muscle Power Testing


Muscle power tests were performed on the same machine as 1RM test (previously described) and 45 min after cited test. Mean power of concentric knee extension action (load × displacement/time) was measured across a range of six relative loads, (i.e., 30, 40, 50, 60, 70, and 80%), of the 1RM based on previous research [37]. In this test, each participant performed one set of three full range-of-motion knee extension actions with each load. Between each repetition, there was a complete pause and between sets each participant rested for 3 min. Each participant was instructed to push the load “as fast as possible” during the concentric phase. Muscle power was calculated from electronic measures of force, displacement, and duration using a linear encoder (T-Force System, Ergotech, Murcia, Spain, sample rate 1000 Hz) and associated software (v.2.3). The device was attached to the weight stack and measured vertical displacement relative to the ground. After 10 min of rest, the muscle power seated bench press (SBP) test was performed with the same protocol and material as described above. In this exercise, the participant was seated with arms in abduction at 90° and with elbows bent at 90°. The range of motion of the elbow joint began at 90° degrees and ended around 180°. From all the muscle power data, only the muscle power value reached at 60% of 1RM was considered for data analysis since the maximum power was manifested around this load.



The protocol of determination 1RM and muscle power test are represented in Figure 1.





2.3. Statistical Analysis


Data are presented as the means ± standard deviations (SD) and ranges. The data normality was assessed using the Shapiro–Wilk test. Differences between test and retests were analyzed by paired t-test; the comparison of the values of 1RM and power between age groups were performed by one-way ANOVA, the effect size (f) was performed with G*Power 3.1.9.7 (Düsseldorf, Germany) [32], by F-Test for ANOVA Fixed Effects one-way, and post hoc tests with Bonferroni correction. The comparison of the average of the power values expressed at the different percentages of 1RM, both for the LE and the SBP was performed by the repeated measures analysis of variance and the effects size were also reported as partial eta squared (η2).



To determine the confidence limits as measures of absolute reliability, the mean coefficient of variation (CV) from individual test-retest CVs was used, and the Bland–Altman method was used for visual evaluation of the reliability of measurements and agreement limit [34]. Repeatability is the closeness of the agreement between successive readings obtained by the same method for the same material and under the same conditions (same operator, same apparatus, same setting, and same time). The most commonly used method for the study of measurement repeatability is the intraclass correlation coefficient (ICC) [18]. This was calculated by determining the intraclass correlation coefficient (ICC) estimates and their 95% confident intervals based on two-way random effects, absolute agreement, and single-rater measurement (ICC2,1) [35]. In addition, Rosner’s proposal [38] is usually used to make a qualitative interpretation of the ICC result; thus, ICC < 0.4 indicates poor reliability, 0.4 ≤ ICC ≤ 0.75 indicates fair to good reliability, and ICC ≥ 0.76 indicates excellent reliability. The absolute reliability was evaluated using the standard error of measurement (SEM). The minimal detectable change (MDC95) was calculated both absolutely and as a percentage. The statistical significance level was set at 5%. All data were analyzed using SPSS statistical package version 25 (SPSS Inc., Chicago, IL, USA).





3. Results


General characteristics of the participants, age, weight, and size are shown in Table 1.



Figure 2 presents relative values of LE and SBP maximal dynamic strength (1RM). There were significant differences between the groups in the knee extensors’ maximal strength (F = 20.085; p < 0.001; f = 0.741). The G13–14 has a higher LE 1RM than G11–12, (p < 0.001) and G9–10, (p < 0.001), and G11–12 greater than G9–10 (p < 0.001). There are also significant differences between groups in SBP 1RM (F = 8.509; p < 0.001; f = 0.519). G13–14 has a higher LE 1RM than G11–12, (p < 0.001) and G9–10, (p < 0.001).



Figure 3 shows power values at 60% of the LE and SBP 1RM. Significant differences between groups were found in SPB power (F = 20.408; p < 0.001; f = 0.682). G13–14 has a higher LE 1RM than G11–12, (p = 0.003) and G9–10, (p < 0.001), and G11–12 greater than G9–10 (p = 0.019). There are also significant differences between groups in LE power (F = 20.085; p < 0.001; f = 0.679). G13–14 has a higher LE 1RM than G11–12, (p = < 0.05) and G9–10, (p < 0.001), and G11–12 greater than G9–10 (p < 0.001).



Reliability values of the 1RM test-retest in LE exercise by age group and gender are shown in Table 2.



Repeatability values of 1RM LE were good regardless of when they were studied by age (ICC ranged from 0.876 to 0.951; SEM% ranged from 4.52 to 6.64) or gender (ICC ranged from 0.977 to 0.958; SEM% ranged from 5.38 to 6.52). Furthermore, the 1RM test-retest in LE exercise in total sample demonstrated excellent reliability (ICC = 0.954; SEM% = 7.06). The minimum magnitude of change that would be detectable in the LE exercise was 7.35 to 11.34 kg, or 12.52% and to 18.40% between successive measures and girls showed lower value than boys (MDC% = 14.90; MDC% = 18.07, respectively).



Reliability values of the 1RM test-retest in SBP exercise by age group and gender are shown in Table 3.



Repeatability values of 1RM BPS were excellent in each age group (ICC ranged from 0.918 to 0.985; SEM% ranged from 3.30 to 5.01), in girls and boys (ICC = 0.929, ICC = 0.981, respectively; SEM% = 4.92, SEM% = 3.89, respectively) and in total sample (ICC = 0.974, SEM% = 4.67). In addition, the MDC% was different in each age group ranging from 9.15 to 13.87 and boys showed a lower value than girls (MDC% = 10.79).



The limits of agreement between the values of the entire sample, estimated from the two test sessions (test-retest) are graphically depicted in the Bland–Altman plot in Figure 4 (LE exercise) and Figure 5 (SBP).



For muscle power data analysis, the percentage of 1RM at which participants reached the highest value of muscle power was determined. This percentage was set at 70% of 1RM in LE and at 50% of 1RM in SBP. When comparing the powers to the different loads, it was observed that in LE, there were differences between the different load percentages, (F = 64.601; p < 0.001; η2 = 0.5799), but there was no difference between the power value at 70% of 1RM and at 60% of 1RM (p = 1, IC95% [−14.671, 12.109]). There were also differences between the powers expressed in SBP at different percentages of 1RM (F = 21.735; p < 0.001; η2 = 0.326), but there was no difference between the power value manifested at 50% of 1RM and 60% of 1RM (p = 1, IC95% [−6.217, 6.376]). Therefore, LE and SBP power at 60% of 1RM are like LE power at 70% of 1 RM and SBP power at 50% of 1RM.Therefore, power at 60% 1RM was chosen for the MDC analysis in both exercises. Figure 6 shows the evolution of LE and SBP power manifested at different percentages of 1RM.



Muscle power values obtained at 60% of 1RM in the LE and SBP tests are shown in Table 4 and Table 5, respectively.



Repeatability power values in LE exercise were good in each age group (ICC ranged from 0.651 to 0.853; SEM% ranged from 6.05 to 10.52). In contrast, when the values are analyzed by sex, these are excellent in girls and boys (ICC = 0.937, ICC = 0.800, respectively; SEM% = 9.85, SEM% = 11.96, respectively). In addition, the 1RM test-retest in LE exercise in total sample demonstrated excellent reliability (ICC = 0.892; SEM% = 10.91). In cited exercise, the MDC% was different in each age group ranging from 16.76 to 29.17 and girls showed lower value than boys (MDC% = 27.29).



Repeatability of muscle power values in SBP were excellent in G11–12 and G13–14 (ICC = 0.922, ICC = 0.918, respectively; SEM% = 8.48, SEM % = 6.78, respectively). By gender, these values were excellent in girls and boys (ICC = 0.890, ICC = 0.951, respectively; SEM% = 12.72, SEM% = 7.96, respectively). Moreover, the 1RM test–retest in SBP exercise in total sample demonstrated excellent reliability (ICC = 0.935; SEM% = 10.37). Finally, the MDC% was different in each age group ranging from 18.79 to 30.01 and boys showed lower value than girls (MDC% = 22.06).




4. Discussion


This study examined the test-retest and the MDC of the 1RM maximal strength test and muscle power test in upper and lower limbs. Knee extension is involved in most daily activities and in sports, moreover, quadriceps is the strongest and most voluminous extensor muscle of the knee. SBP involves powerful and important muscles for the motor activities of the upper extremities. In addition, the performance of both exercises is easy and safe.



Our data showed that repeatability of 1RM evaluation both in LE and SBP exercises analyzed by test-retest was excellent, ranging from 0.876 to 0.951 for the LE and from 0.918 to 0.985 for the SBP. Studies on the test-retest reliability of 1RM in children under 16 years of age are few. In one such test, Faigenbaum et al. [39] reported an ICC of 0.98 for the LE exercise and an ICC of 0.93 for the bench press exercise in a sample of 24 children of 10 years of age. In a recent systematic review analyzing 32 articles in populations aged 16 to 85 years, the ICC ranged from 0.74 to 0.99, and in the exercise of SBP from 0.96 to 0.99 [32].



The repeatability determined for the current evaluation of the power at 60% of 1RM in the LE exercise ranged from “fair to good reliability” to “excellent reliability” (ICC: 0.651–0.853). This was lower than that shown by the SBP; although qualitatively in the same range, the SBP ICC in two of the groups was higher than 0.910 and was 0.663 only in the youngest group. Studies analyzing the repeatability of muscle power in children are limited and, on most occasions, measure the repeatability of jump ability as an indirect estimate of muscle power, either alone or in the context of other physical tests [40,41]. The study of Meylan et al. [29], which measured power in a leg press exercise with loads at different percentages of the proper body weight in 36 males (11–15 years old), found an ICC between 0.97 and 0.99.



In this field, few studies exist in which the MDC of 1RM test-retest repeatability is made explicit. One studied 21 healthy children aged 5 to 12 years to determine the repeatability of strength and power of knee flexors and knee extensors in an isokinetic device. Although the authors did not present the value of MDC%, using the values provided for the knee extensors, we calculated that the MDC% was 28% for the peak torque and 36.4% for the power, i.e., higher values than those found by our study [27]. The 1RM agreement limits of LE and SBP were uniform, regardless of the children’s maximum strength, and were within a range of 25 kg in LE and 14.9 kg in SBP.



The process of maturation and growth is associated with changes of increasing muscle mass and in muscle morphology and architecture, such as pennation angle [42], and changes mediated by hormonal variations during the maturation and growth period [43]. This is the reason why the repeatability analyses were analyzed by grouping the sample into three different age groups.



The maximum strength of the LE increases over the courses of growth and development, with significant differences (p < 0.001) between all age groups in our sample. However, in the strength of the SBP, the increase only appears in the age near to 14 years old. In general, for the whole population, and particularly the infant population, use of the musculature of the lower extremities is continuous during activities of daily life, including supporting of the corporal weight when walking, transporting a school backpack, jumping, and running. However, the use of the upper extremities is predominantly limited to actions of precision supporting relatively low loads [44,45]. This may be why, as body weight increases, muscle strength increases in the lower extremities and less so in the upper extremities, and it is only when the anabolic hormonal increase occurs around puberty that the increase in strength in the upper extremities becomes more significant [46]. This physiological explanation could not be endorsed with experimental data because we were unable to find sufficient studies of maximum strength using the 1RM test in the same muscle groups that we analyzed; only one study of 45 children aged three to seven years old was identified [15]. However, there were data from a similar study relating growth and handgrip isometric strength, among other tests, based on 597 boys and 601 girls aged 6–15 years [47].



A little studied aspect in children that can be interesting is the evolution of the power manifested when mobilizing different load percentages. In LE, the power is greater around 70% of 1RM, but not significantly greater than reached at 60% of 1RM, so if this behavior is confirmed in other studies, it could be affirmed that to exercise with knee extensors near to the maximum power, the chosen load would be between 60% to 70% of 1RM. The evolution of the power in relation to the load in the SBP is different, because although the maximum power is manifested around 50% of 1RM, it is not significantly different from that manifested at 40, 50 or 70% of 1RM, so if it were confirmed by other studies, to work out in SBP exercise close to the maximum power, the load should be between 40% and 70% of 1RM.



With this study, in addition to analyzing the repeatability and the MDC of the evaluation of muscle strength and mean muscle power in children before adolescence, we intended to underline the study’s practical importance for professionals who conduct strength training in children. With some frequency in clinical studies, the goodness of interventions is established solely on the basis of the presence or absence of statistically significant changes, without taking into account in the interpretation whether the change observed represents a minimally clinical important change for the patient’s situation, and without assessing whether the magnitude of the changes detected is greater than the random variation subject to the method used, i.e., the MDC. It is easier and more objective to determine the MDC than the minimally clinical important change. Therefore, to improve the effectiveness of rehabilitation and physical training interventions it is important, at least, to know the MDC used and to use it for the weighting of outcome measures. Keeping the MDC in mind is important for physiotherapists, coaches or sport scientists to determine the efficacy of muscle rehabilitation or strength training programs in children [48].



This study had some limitations. The most important is that it was limited to the assessment of two muscle groups, even though these groups are likely the most important for activities of daily life. Another limitation, unrelated to the study, is that there have been very few studies that analyzed test-retest of maximal dynamic strength in children before adolescence and even fewer that analyzed it with respect to muscle power. A third limitation of this research is that the stage of sexual maturation of the participants has not been assessed. Finally, the sample size was determined to establish the test-retest and the MDC of a global sample of 9- to 14-year-olds; the statistical power for the results for each of the age groups is limited by the size of the subsamples. It is necessary to encourage researchers to conduct and publish research on these measurements in children before adolescence.




5. Conclusions


In children from 9 to 14 years of age, the maximal dynamic strength value is different depending on muscle groups, increasing over the course of growth and maturation more gradually in the legs than in the upper body, in which it increases more abruptly near adolescence. The repeatability of the 1RM test of LE and SBP exercises was excellent in all groups of this age range. Despite the good repeatability, it should be kept in mind that the MDC of the 1RM test evaluation was relatively large—between 12 and 18% in the LE and between 9 and 13% in the SPB—regardless of the child’s strength level.
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Figure 1. Encoder location and test procedures (1RM (one-repetition maximum test), Muscle Power). 
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Figure 2. One-repetition maximum (1RM) test values for LE (leg extension) and SBP (seated bench press) by age group. G9–10 = age group 9–10 years; G11–12 = age group 11–12 years; G13–14 = age group 13–14 years; *** = p < 0.001 difference between marked age group. 
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Figure 3. Muscle power test values at 60% of 1RM in LE and SBP by age group. G9–10 = age group 9–10 years; G11–12 = age group 11–12 years; G13–14 = age group 13–14 years. Difference between marked age group: *** p < 0.001, * p < 0.05. 
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Figure 4. Bland–Altman chart of differences in 1RM load in LE exercise. 
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Figure 5. Bland–Altman chart of differences in 1RM load in SBP exercise. 
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Figure 6. Average evolution of the power values obtained with loads at different percentages of 1RM in the LE and SBP exercises. The numbers above the standard deviation bar denote significant difference when comparing with the load cited. (The complete analysis of ANOVA is shown as Supplementary Materials online, Table S1). 
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Table 1. Anthropometric characteristics of participants by age group.
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	Sex

(Female/Male)
	Age (Years)
	Height

(cm)
	Weight

(kg)
	BMI (kg/m2)





	G9–10
	8/8
	9.53 ± 0.51
	135.41 ± 4.52
	32.30 ± 5.43
	17.55 ± 2.51



	G11–12
	8/8
	11.50 ± 0.52
	149.63 ± 7.93 a
	41.59 ± 10.40 a
	18.32 ± 2.84



	G13–14
	8/8
	13.53 ± 0.52
	157.20 ± 5.48 abc
	48.15 ± 9.39 abc
	19.58 ± 3.78







G9–10 = age group 9–10 years; G11–12 = age group 11–12 years; G13–14 = age group 13–14 years; a = p < 0.05 difference between G9–10 vs. G11–12; b = p < 0.05 difference between G9–10 vs. G13–14; c = p < 0.05 difference between G11–12 vs. G13–14.
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Table 2. 1RM values (kg) in LE test.
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Group

	
Test

	
Mean

	
SD

	
t-Test (p)

	
ICC

	
95% CI

	
CV

	
SD

	
SEM

	
SEM%

	
MDC

	
MDC %






	
G9–10

	
Test

	
47.47

	
8.80

	
0.465

	
0.894

	
(0.736–0.960)

	
0.037

	
0.053

	
2.65

	
5.54

	
7.35

	
15.37




	
Retest

	
48.18

	
7.69




	
G11–12

	
Test

	
61.75

	
19.28

	
0.872

	
0.951

	
(0.865–0.982)

	
0.058

	
0.052

	
4.09

	
6.64

	
11.34

	
18.40




	
Retest

	
61.50

	
18.28




	
G13–14

	
Test

	
84.13

	
10.82

	
0.044 *

	
0.876

	
(0.674–0.956)

	
0.028

	
0.038

	
3.85

	
4.52

	
10.66

	
12.52




	
Retest

	
86.20

	
11.30




	
All Girls

	
Test

	
68.94

	
24.44

	
0.031 *

	
0.977

	
(0.947–0.990)

	
0.037

	
0.050

	
3.77

	
5.38

	
10.45

	
14.90




	
Retest

	
71.34

	
25.28




	
All Boys

	
Test

	
68.00

	
21.02

	
0.326

	
0.958

	
(0.902–0.982)

	
0.052

	
0.057

	
4.48

	
6.52

	
12.41

	
18.07




	
Retest

	
69.36

	
22.67




	
All Sample

	
Test

	
68.47

	
22.59

	
0.032 *

	
0.954

	
(0.920–0.974)

	
0.045

	
0.054

	
4.90

	
7.06

	
13.58

	
19.56




	
Retest

	
70.35

	
23.08








G9–10 = age group 9–10 years; G11–12 = age group 11–12 years; G13–14 = age group 13–14 years; SD: standard deviation; t-test (p) = p value of paired t-test; ICC = intraclass correlation coefficient; 95% CI = confidence interval of ICC; CV: coefficient of variation; SEM = standard error of measurement (absolute values); SEM (%) = SEM percentage values. MDC = minimal detectable change (absolute values); MDC% = MDC percentage values; * = significant difference between test 1 and test 2.
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Table 3. 1RM values (kg) in SBP test.
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Group

	
Test

	
Mean

	
SD

	
t-Test (p)

	
ICC

	
95% CI

	
CV

	
SD

	
SEM

	
SEM%

	
MDC

	
MDC %






	
G9–10

	
Test

	
57.35

	
12.84

	
0.086

	
0.953

	
(0.868–0.983)

	
0.035

	
0.033

	
2.61

	
4.61

	
7.24

	
12.80




	
Retest

	
55.76

	
11.53




	
G11–12

	
Test

	
56.94

	
9.30

	
0.770

	
0.918

	
(0.783–0.971)

	
0.034

	
0.036

	
2.86

	
5.01

	
7.92

	
13.87




	
Retest

	
57.25

	
10.92




	
G13–14

	
Test

	
75.63

	
19.61

	
0.425

	
0.985

	
(0.949–0.995)

	
0.028

	
0.043

	
2.47

	
3.30

	
6.84

	
9.15




	
Retest

	
73.93

	
21.31




	
All Girls

	
Test

	
56.13

	
10.41

	
0.489

	
0.929

	
(0.845–0.969)

	
0.035

	
0.039

	
2.75

	
4.92

	
7.63

	
13.65




	
Retest

	
55.75

	
10.26




	
All Boys

	
Test

	
69.54

	
18.93

	
0.063

	
0.981

	
(0.955–0.992)

	
0.029

	
0.034

	
2.68

	
3.89

	
7.43

	
10.79




	
Retest

	
68.13

	
19.96




	
All Sample

	
Test

	
62.92

	
16.23

	
0.072

	
0.974

	
(0.953–0.985)

	
0.032

	
0.036

	
2.91

	
4.67

	
8.07

	
12.93




	
Retest

	
61.94

	
19.90








G9–10 = age group 9–10 years; G11–12 = age group 11–12 years; G13–14 = age group 13–14 years; SD: standard deviation; t-test (p) = p value of paired t-test; ICC = intraclass correlation coefficient; 95% CI = confidence interval of ICC; CV: coefficient of variation; SEM = standard error of measurement (absolute values); SEM (%) = SEM percentage values. MDC = minimal detectable change (absolute values); MDC% = MDC percentage values.
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Table 4. Muscle power (W) values at 60% of 1RM in LE.
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Group

	
Test

	
Mean

	
SD

	
t-Test (p)

	
ICC

	
95% CI

	
CV

	
SD

	
SEM

	
SEM%

	
MDC

	
MDC %






	
G9–10

	
Test

	
148.28

	
20.28

	
0.379

	
0.651

	
(0.255–0.858)

	
0.065

	
0.041

	
10.94

	
7.19

	
30.32

	
19.94




	
Retest

	
155.88

	
16.28




	
G11–12

	
Test

	
219.47

	
55.12

	
0.513

	
0.853

	
(0.634–0.946)

	
0.069

	
0.075

	
22.80

	
10.52

	
63.20

	
29.17




	
Retest

	
213.90

	
65.22




	
G13–14

	
Test

	
282.92

	
28.86

	
0.065

	
0.696

	
(0.634–0.946)

	
0.057

	
0.024

	
17.56

	
6.05

	
48.67

	
16.76




	
Retest

	
298.01

	
33.86




	
All Girls

	
Test

	
215.26

	
81.35

	
0.029 *

	
0.937

	
(0.843–0.974)

	
0.075

	
0.052

	
21.86

	
9.85

	
60.6

	
27.29




	
Retest

	
228.83

	
92.85




	
All Boys

	
Test

	
222.21

	
56.64

	
0.804

	
0.800

	
(0.591–0.909)

	
0.096

	
0.078

	
26.69

	
11.96

	
74.00

	
33.16




	
Retest

	
224.18

	
62.76




	
All Sample

	
Test

	
218.74

	
69.43

	
0.120

	
0.892

	
(0.814–0.938)

	
0.086

	
0.067

	
24.29

	
10.91

	
67.35

	
30.25




	
Retest

	
226.50

	
78.44








G9–10 = aged group 9–10 years; G11–12 = aged group 11–12 years; G13–14 = aged group 13–14 years; SD: standard deviation; t-test (p) = p value of paired t-test; ICC = intraclass correlation coefficient; 95% CI = confidence interval of ICC; CV: coefficient of variation; SEM = standard error of measurement (absolute values); SEM (%) = SEM percentage values. MDC = minimal detectable change (absolute values); MDC% = MDC percentage values. * = significant difference between test 1 and test 2.
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Table 5. Muscle power (W) values at 60% of 1RM in SBP test.
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Group

	
Test

	
Mean

	
SD

	
t-Test (p)

	
ICC

	
95% CI

	
CV

	
SD

	
SEM

	
SEM%

	
MDC

	
MDC %






	
G9–10

	
Test

	
74.66

	
13.96

	
0.968

	
0.663

	
(0.280–0.896)

	
0.083

	
0.077

	
8.17

	
10.82

	
22.65

	
30.01




	
Retest

	
76.27

	
14.58




	
G11–12

	
Test

	
98.56

	
29.66

	
0.285

	
0.922

	
(0.797–0.972)

	
0.075

	
0.059

	
8.23

	
8.48

	
22.80

	
23.49




	
Retest

	
95.60

	
30.14




	
G13–14

	
Test

	
155.96

	
36.63

	
0.615

	
0.918

	
(0.778–0.972)

	
0.061

	
0.037

	
10.66

	
6.78

	
29.53

	
18.79




	
Retest

	
158.33

	
39.03




	
All Girls

	
Test

	
94.79

	
35.94

	
0.661

	
0.890

	
(0.764–0.951)

	
0.010

	
0.085

	
11.95

	
12.72

	
33.14

	
35.26




	
Retest

	
93.17

	
36.16




	
All Boys

	
Test

	
122.81

	
40.06

	
0.764

	
0.951

	
(0.889–0.978)

	
0.075

	
0.052

	
9.81

	
7.96

	
27.19

	
22.06




	
Retest

	
123.75

	
48.60




	
All Sample

	
Test

	
108.77

	
43.26

	
0.896

	
0.935

	
(0.887–0.963)

	
0.091

	
0.076

	
11.26

	
10.37

	
31.22

	
28.75




	
Retest

	
108.46

	
45.10








G9–10 = aged group 9–10 years. G11–12 = aged group 11–12 years. G13–14 = aged group 13–14 years. SD: standard deviation; t-test (p) = p value of paired t-test; ICC = intraclass correlation coefficient; 95% CI = confidence interval of ICC; CV: coefficient of variation; SEM = standard error of measurement (absolute values); SEM (%) = SEM percentage values. MDC = minimal detectable change (absolute values); MDC% = MDC percentage values.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file4.png
120

1RM (Kg)

1RM Leg Ext and Seated Bench Presss (kg)

G13-14 G9-10 G11-12 G13-14
SEATED BENCH PRESS

G9-10 G11-12
LEG EXT





nav.xhtml


  applsci-11-02204


  
    		
      applsci-11-02204
    


  




  





media/file2.png
1 RM Test

10 reps

2reps

2 reps

2 reps

00.

body weithg ™  load increase

5to 20 kg

-

5020k

g 5to 20 kg
load increase - load increase

mep

1 RM

Muscle power test

Warm-up Attemp 1 Attemp 2 Attemp 3 Succesive attemps Final attemp
45 min
v
3 reps 3 reps 3 reps 3 reps 3 reps 3 reps
30 % 3 min 40 % 3 min 50 % 3 min 60 % 3 min 70 Y% 3 min 80 %
.
Set1 Set 2 Sct 3 Sct 4 Sct 5 Set b






media/file5.jpg
400,0
360,0
320,0
T 2800
240,0
200,0
160,0
120,0
80,0
40,0
0,0

Mean Power (Wat)

gl

G9-10

Mean Power Leg Ext and Seated Bench Press

G112 G13-14
LEG EXT (60% 1RM)

G910  G1112  G13414
SEATED BENCH PRESS (60% 1RM)





media/file3.jpg
1RM Leg Ext and Seated Bench Presss (kg)

120

o TITT

G910  G1112 G134 G910  G1112  G13-14
LEG EXT SEATED BENCH PRESS

1RM (Kg)






media/file1.jpg
TRM Test

2.

[ poeries R S —






media/file7.jpg
Difference RM (kg) leg test day 1~ test day 2.

10 * (4136 50) = 10.63

as - (1.9650) = 1438

%0 4 s e 70 8 % 100 110 120

Average AM (kg e tes doy 1 andtest day 2





media/file10.png
Difference RM (kg) seated bench press

test day 1 - test day 2

10

o N A O ©

-6
8
10

E)
® ® v v (+1.96 SD) =8.19
-] ® e
2
. @
®
mean = 0.76
® e o o o o e e o ® o0
» e ®
e ® L ] o
&
(-1.96 SD) = -6.67
®
30 40 50 60 70 80 90 100 110 120

Average RM (kg) seated bench press test day 1and test day 2





media/file12.png
\

Leg Extension (Watt)

Average Mean Power at different 1RM%

- 300
300 - 6
1,2,4 T T
- 250
250 - 1,3,4,5,6 K
- o 9 o,
23456 --e.!...._ooo...ooo--.....?.~ fag)
zm i =y )y ’ .....0.0. ...‘ - zm

o= .u..

’ .
’... 1,2,5,6
6’60 1'.36

_.__l_,_.-L ......J |

[y

g
A
[y
'y
o

3

&
(nem) ssaud youog pejess [

wn
o
1
L
o
o

30% 40% 50% 60% 70% 80%
(1) (2) (3) (4) (5) (6)





media/file9.jpg
10

s — ~ ——(+19650) =819
£
HY .
33 .

_— e

ito Tee s e s es e - o
&=
B . . .
384
H coe e e
HE] (19650) 667
L) .

10

% @ % 6 7 s s 10 10 10

‘Average RM (kg) seated bench press test day 1and test day 2





media/file0.png





media/file8.png
Difference RM (kg) leg test day 1 — test day 2

20

15

10

(+1.96 SD) = 10.63

mean = -1.88

(-1.96 SD) = -14.38

®
.
°
° °
. e o o e o o o ® °
- * . ° ° @ . .
L @
°
@
®
s
30 40 50 60 70 80 90 100 110

Average RM (kg) leg test day 1 and test day 2

120





media/file11.jpg
30

Average Mean Power at different 1RM%

13458

124

0%
w

@

®

@

0%
®

sox
®

30





media/file6.png
Mean Power (Wat)

400,0
360,0
320,0
280,0
240,0
200,0

-
2]
o
o

’

120,0
80,0
40,0

0,0 -

Mean Power Leg Ext and Seated Bench Press

G9-10

P *kk ~
T~ ”
]

*%k%x -~
é_t_.;

-

G11-12 G13-14 G9-10 G11-12 G13-14
LEG EXT (60% 1RM) SEATED BENCH PRESS (60% 1RM)

e
<
*






