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Abstract: Olympic weightlifting movements and their derivates are commonly used within resistance training 

sessions. The aim of the present study was to assess the influence of different rest intervals (RI) over five sets of 

the high-pull (HP) on power output performance, lactate concentration [La] and rating of perceived exertion (RPE) 

responses in trained subjects. Eleven well-trained males attended four testing sessions. The first session consisted 

of 1 repetition maximum (1RM) assessment. The next three sessions consisted of the same protocol (5 sets x 6 

repetitions at 80% 1RM in the HP) but differing in the RI between sets used (1, 2 and 3 min). No significant power 

output decreases over the five sets in any RI condition. [La] did not significantly differ between RI conditions. The 

1 min RI condition led to greater RPE values (6.5 ± 1.8) than both 2 (5.4 ± 1.6) and 3 min RI (5.0 ± 1.8). The 

present study shows that short RIs (i.e., 1 min) can be used by strength coaches to design more time-efficient 

sessions. The use of RPE during power training sessions should be considered as a sensitive tool to quantify 

training intensity. 
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1. Introduction 

Muscular power is an essential variable when 

aiming to improve sports performance [1]. That is 

because of the well-established association between 

the ability to generate maximal power output and 

performance in jumping, sprinting, and agility tests [2-

4]. Increases in muscular power are a common target 

for athletes involved in resistance training programs. 

Among the different ways to improve power 

performance, the inclusion of Olympic weightlifting 

(OW) movements and their derivates are commonly 

used within resistance training sessions [5-7]. A 

characteristic of these exercises, such as the clean, 

jerk, or the high-pull, is the necessity of high power to 

be performed during the execution of an explosive 

extension of the hip, knee, and ankle joints (commonly 

referred to as triple extension) [8]. Consequently, they 

have been proposed as an effective way to optimize 

power output adaptations, and also to improve 
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common sport actions such as jumping and sprinting 

performance [9,10]. 

Acute responses and chronic adaptations to 

resistance training are dependent on the specific 

selection of training variables (e.g., volume, intensity, 

density, repetition velocity). Among these variables, 

the rest interval (RI) between sets has been shown to 

affect the metabolic, cardiovascular, and hormonal 

systems [11,12]. Traditionally, research has 

recommended long RIs during training sessions 

focused on power development. Power output 

performance is highly dependent on the phosphagen 

systems. Thus, Ellington [13] showed that the level of 

phosphagens present in the muscle fibers is correlated 

with power output. Long RIs would therefore permit 

the full replenishment of phosphocreatine stores (> 4 

min) [14,15], favoring power output maintenance 

across sets. In contrast, the use of shorter RIs may 

lead to disturbances in several ion concentrations (e.g., 

H+, Na+, K+), resulting in a lowered muscular pH 

concentration, determining the athlete’s performance 

in subsequent sets [16]. Previous research has shown 

that with a lowered intramuscular pH, isometric, rapid 

force production and power performance are impaired 

[17-19]. In consequence, the American College of 

Sports Medicine [20] have suggested the use of long 

(2–3 min) RIs when performing multi-joint exercises, 

especially with power aim.  

In this line, several studies have shown 

decreases in power output over multiple sets when 

using short (i.e., 1 min) RIs in multi-joint exercises 

such as the bench press [21] and the bench press 

throw [22,23]. In contrast, Nibali et al., [24] showed 

no differences in power output decrements when 

comparing 1, 2, 3 and 4 min RIs across sets in the 

squat jump exercise using different loads (0–60 kg). 

Similarly, Martorelli et al., [24] did not find differences 

in power loss when comparing 1, 2 and 3 min RIs over 

six sets in the squat exercise. Thus, there seems to be 

conflicting conclusions about the RI necessary to 

maintain power output performance during a power 

training session when using multi-joint exercises. It 

should be highlighted that the above-mentioned 

studies differed in the resistance exercises used. Thus, 

differences in the RI required for upper- and lower-

body exercises should not be discarded.  

Despite the very wide use of exercises such as 

the clean, snatch or the high pull within resistance 

training programs [9,25,26], little is known about the 

influence of different RIs between sets on power 

output responses during a training session. Hardee et 

al., [27] reported significant alterations in the power 

clean technique when using short (i.e., 20 s) between-

repetitions rest. In addition, the use of a cluster sets 

configuration (20–40 s between-repetition rest) allow 

for greater power output maintenance compared with 

traditional (no between-repetitions rest) configuration 

[28]. Similarly, Haff et al., [29] also showed that the 

traditional configuration led to peak velocity losses 

during sets of the clean-pull exercise. Nevertheless, 

these studies focused on an intraset configuration but 

not on the RI between sets. Due to the high 

requirements of power output production, and the 

great complexity of the OW movements and its 

derivates, most of the studies including these 

movements have used long RIs (>3 min) between sets 

[6,7,30]. Nevertheless, to the best of the authors’ 

knowledge, there are no studies showing the influence 

of different RIs on power output maintenance during 

power training sessions using OW derivates. Therefore, 

the aim of this study was to investigate the influence 

of different RI conditions (i.e., 1, 2 and 3 min) over 

five sets of the high-pull exercise on power output 

performance, lactate concentration [La] and rating of 

perceived exertion (RPE) responses in trained subjects. 

 

2. Materials and Methods 
2.1. Design 

The study followed a within-subject design 

aiming to evaluate the influence of three different RIs 

between sets (1, 2 and 3 min) on power output 

performance, [La], and RPE responses after a training 

session consisting of 5 sets of 6 repetitions of the high-

pull exercise. Within a 4-week period, subjects 

attended four testing sessions. The first session was 

used to evaluate the one repetition maximum (1 RM) 

in the high-pull exercise. The next three sessions 

consisted of the same protocol (5 sets x 6 repetitions 

at 80% 1RM in the high-pull exercise) but differing in 

the RI between sets used. The order of the sessions 

was counterbalanced among the subjects. All subjects 

were familiarized with the exercise and all the 

equipment used. To avoid experimental variability, all 

subjects were scheduled at the same time for the 

testing sessions. In addition, the same qualified 

researcher conducted all testing sessions.  

 

2.2. Subjects 

Eleven well-trained males (age = 23.8 ± 5.4 

years, height = 1.79 ± 0.04 m, body mass = 79.8 ± 

8.6 kg) voluntarily participated in the study. All 

subjects had experience in the high-pull movement as 
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their habitual training sessions (handball or crossfit) 

included the use of this exercise. Before participation, 

all subjects completed a health history questionnaire to 

document that they were free of any injury and/or 

illness that may have increased the risk of participation 

or introduced undesired variability in the study. During 

the 4-week period of the study, all subjects were 

instructed to maintain their normal life habits. In 

addition, subjects were requested to maintain their 

regular nutritional and hydration state, not to take any 

nutritional supplementation or anti-inflammatory 

medications, and to refrain from caffeine intake in the 

3 hours before each testing session. Strength training 

sessions were not allowed at least 72 hours prior to the 

experimental sessions. Each subject provided written 

informed consent approved by an Ethics Committee in 

accordance with the Declaration of Helsinki. 

 

2.3. High-pull 1RM assessment 

One repetition maximum was performed using 

a protocol where load was increased incrementally, 

depending on the previous attempt success. A 3 min RI 

was used between maximal attempts. The high-pull 

exercise was performed on a Smith machine 

(Technogym, Gambettola, Italy). Previous research has 

shown that power output values in the high-pull 

exercise did not differ between the Smith machine and 

the free weight forms [31, 32]. The exercise began 

with the barbell starting on the ground. Subjects were 

instructed to pull the bar in a single, continuous effort 

through a trunk, hips, knees, and ankles full extension. 

To be considered a valid attempt, the barbell should 

exceed the subject’s nipple height [5]. In addition to 

visual inspection, barbell displacement was recorded 

using a linear position transducer (T-Force, Ergotech, 

Spain). The maximal weight lifted reaching the 

aforementioned criterion was considered the individual 

1RM. Participant’s high-pull 1RM was 76.1 ± 6.7 kg.  

 

2.4. Power output testing 

Before testing, all subjects completed a 

standardized warm-up protocol consisting of 5 minutes’ 

jogging, dynamic stretching, one set of 10 unloaded 

squats and three sets of eight exercises of the high pull 

with increasing loads (20, 40 and 60%). Subjects then 

performed the experimental protocol consisting of five 

sets of six repetitions at 80% 1RM. The 80% of 1RM 

was used because it is a relative load previously 

suggested as optimal to maximize power output in the 

high-pull exercise [5]. The linear position transducer 

was linked to the barbell, recording data at 1000 Hz. 

Then a specialized software application (T-Force 

Dynamic Measurement System) automatically 

calculated power data. The values of peak power of 

each repetition were used for statistical analysis. 

Subjects were fully encouraged to move the barbell as 

fast and hard as possible during each repetition.  

 

2.5. Lactate concentration  

Lactate concentration was determined from 

capillary blood samples (0.5 μL) drawn from the 

earlobe [33]. After removing the first blood drop, the 

second drop was collected and analyzed with a 

portable device (Lactate Scout; Senselab, Leipzig, 

Germany), with an accuracy of 0.1 mmol. Samples 

were taken 1 minute after each protocol. 

 

2.6. Rating of perceived exertion  

The OMNI-RES scale (CR-10) was used to 

determine the subjects’ RPE. The scale was defined by 

the following anchor points: “extremely easy” (0) and 

“extremely hard" (10). Participants were asked, “How 

hard do you feel the exercise was?” 5 minutes after the 

last set of each session. 

 

2.7. Statistical analysis 

All data were analyzed using the statistical 

package SPSS 25 (IBM, New York, NY, USA). Data 

normality was confirmed using the Kolmogorov–

Smirnov test. A single-way repeated measures ANOVA 

was used to assess differences in [La] and RPE 

between the different RI conditions. A two-way 

repeated measures ANOVA (3 RI conditions × 5 sets) 

was used to analyze power output data. When 

significant interactions were found, a Bonferroni post 

hoc was used for pairwise comparisons. In addition, 

the Cohen’s d effect size (ES) was used to calculate the 

magnitude of changes and interpreted as trivial (< 

0.25), small (0.25–0.5), moderate (0.5–0.8) and large 

(> 0.80). Statistical significance was set at p < 0.05. 

 

3. Results and Discussion 

Data of peak power maintenance across sets 

within each RI condition are shown in Figure 1. There 

were no differences in inter-set power output 

performance during the 1 min RI and the 3 min RI 

conditions. During the 2 min RI condition,  peak power 

during the 4th set was significantly higher than during 

the 1st set (p = 0.031). Comparisons of peak power in 

each set between the different RI conditions are shown 
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in Figure 2. No significant differences were found in 

any set (p = 0.476 to 1.000). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Mean percentage change in peak power from the 1st to 6th repetition across sets 

during each RI condition.   

RI 1st set 2nd set 3rd set 4th set 5th set 

1 min -2.95% -3.31% -5.09% -6.15% -4.02% 

2 min -2.51% -5.36% -2.75% -3.97% -3.84% 

3 min -2.61% -3.20% -1.32% -5.57% -2.09% 

Figure 1. Inter-set peak power comparison within each RI condition. * = significantly higher than the 

1st set. 

 

Figure 2. Comparison of peak power between the different RI conditions. 

. 
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The percentage of peak power change from 

the 1st to the 6th repetition of the set during each RI 

condition is shown in Table 1. The results showed low 

variations in peak power across sets independently of 

the RI condition. However, a tendency for slight 

increases in power output during the 3 min RI 

condition can be observed. 

Data of barbell displacement and movement 

duration across sets with the different RI conditions 

are shown in Table 2. No differences were found in any 

variable. Results of [La] and RPE after the different RI 

protocols are shown in Table 3. There were no 

significant differences in [La] between the RIs, despite 

a moderate ES value (0.74) when comparing 1 vs. 2 

min RI conditions. In contrast, RPE values were 

significantly higher after the 1 min RI than after both 

the 2 min (p = 0.008; ES = 0.70, moderate) and the 3 

min RI condition (p = 0.005; ES = 0.86, large). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The present study was conducted aiming to 

investigate the influence of different RI conditions (1, 2 

and 3 min) across five sets of the high-pull exercise on 

power output, [La], and RPE responses in trained 

subjects. The main finding of the present study was 

that peak power output did not significantly decrease 

across sets at any RI condition. In addition, [La] did 

not differ between the different RIs, although RPE 

values were significantly higher at 1 min RI condition 

compared with both 2 min and 3 min RI.  

The current study showed that either 1, 2, or 3 

min RI conditions allowed for peak power output to be 

maintained across sets. There are conflicting results in 

the literature regarding the influence of RI lengths on 

power output maintenance. While some studies have 

shown significant power impairments when using short 

(e.g. 1 min) RI conditions [21,34], others have 

suggested a RI of 1 min as sufficient to maintain power 

performance across sets of the squat [25] and the 

jump squat exercise [24]. From a physiological point of 

Table 2. Displacement and movement duration data across sets for each RI condition. 

RI 1st set 2nd set 3rd set 4th set 5th set 

Displacement (cm) 

1 min 106 ± 6 103 ± 5 104 ± 6 104 ± 5 104 ± 5 

2 min 106 ± 6 105 ± 6 106 ± 6 105 ± 5 105 ± 7 

3 min 106 ± 7 107 ± 7 107 ± 8 107 ± 7 107 ± 6 

Duration (ms) 

1 min 851 ± 42 835 ± 47 850 ± 64 856 ± 67 869 ± 51 

2 min 838 ± 46 836 ± 64 837 ± 62 840 ± 61 843 ± 55 

3 min 849 ± 48 854 ± 58 862 ± 63 860 ± 81 856 ± 78 

Table 3. Comparison of [La] and RPE responses after each RI condition  

Rest Interval [La] RPE 

1 min 5.4 ± 0.9 6.5 ± 1.8 

2 min 4.6 ± 1.3 5.4 ± 1.6* 

3 min 4.9 ± 1.6 5.0 ± 1.8* 

* Significantly lower than 1 min RI.  



 Vol 10 Iss 1 Year 2021           R Sabido & JL Hernández-Davó/2021        DOI: 10.34256/ijpefs2111 

 Int. J. Phys. Educ. Fit. Sports, 10(1) (2021), 1-9 | 6 

view, power output performance is highly dependent 

on the phosphagen system. In consequence, some 

authors have suggested that the inability to maintain 

power output during high-intensity efforts is mostly 

mediated by decreases in phosphocreatine (PCr) 

content [15]. It is most likely possible that the low 

training volume (six repetitions per set) used in the 

present study, would not imply the emptying of PCr 

stored. Therefore, power output performance may not 

be impaired. This is in line with Paulo et al. [35] who 

showed that short RI between sets may fully restore 

the subject’s ability to produce muscle power if low 

training volumes are used. In addition, previous 

research has shown that after a high-intensity exercise, 

an initial fast component of PCr recovery takes place 

[36]. Altogether, these factors may explain the 

nonsignificant decreases in power output found in the 

present study. Further, results showed no 

modifications in time or bar displacement across sets, 

suggesting that power output maintenance is not 

always linked to changes in movement kinematics [37]. 

High levels of [La] and the consequent 

accumulation of H+ ions and pH decreases have been 

shown to reduce muscular force and power production 

[19]. In several studies, the use of a short (1 min) RI 

between sets caused significant increases in [La] 

[21,23]. In the present study, [La] did not show 

significant differences between RI conditions. These 

discrepancies may be explained by differences in the 

training session characteristics. Abdessemed et al., 

[21] used a hypertrophy-oriented session, performing 

sets to failure using a 70% 1RM, while in the present 

study, a protocol consisting of six repetitions with the 

80% 1RM load was used. This relative load usually 

allows for eight repetitions to be performed, which 

correspond to two repetitions in reserve (RIR). When 

comparing the responses to a 3x12 (RIR = 0) with a 

3x6 (RIR = 2) in the squat exercise, Sánchez-Medina 

and González-Badillo [38] reported not only greater 

significant performance losses, but also significant 

greater levels of ammonia and [La]. Of note is that in 

the last cited study, the 3x6 [RIR = 2] protocol using 

the squat exercise showed higher [La] (7.1 mmol/L) 

than the values found in the present study (4.6–5.4 

mmol/L). However, [La] reported in the current study 

is similar to studies using Olympic weightlifting 

exercises [16]. The high-pull exercise involves a high 

participation of upper- and lower-body and trunk 

muscles, which implies that the total work performed 

during the movement is shared among a large number 

of muscle groups [39, 40]. Although speculative, the 

utilization of a greater number of muscle groups during 

the high-pull exercise, may allow for less work to be 

performed by each muscle group, resulting in lower 

[La]. Despite trunk and arm muscles participation, the 

high-pull exercise required a greater participation of 

leg muscles. Therefore, these low [La] values may be 

linked to the use of type-I fibers, which predominate 

leg muscles [41], and are characterized by a higher 

mitochondrial activity [42].  

The RPE scale has commonly been used to 

monitor individuals’ perception of effort during 

resistance training sessions [29,43,44]. In the present 

study, RPE was the only variable showing differences 

between the different RI conditions. These results are 

in line with previous studies where RPE was 

significantly higher when using short (1 min) vs. long 

(3 min) RI protocols [23,43]. In a previous study using 

the high-pull exercise, Hardee et al., [29] showed that 

decreases in RPE when using long inter-repetition rest 

were coincidental with decreases in power output. In 

the current study, RPE but not power output 

performance showed significant differences between 

the RI conditions, highlighting the sensitivity of this 

scale. Therefore, RPE may be considered a valuable 

tool to monitor perceived effort during power-oriented 

training sessions. 

Among the limitations of the study, we used a 

sample of young males with experience in resistance 

training. Considering that variables such as age, sex, or 

exercise order may influence RI selection, our results 

cannot be extrapolated to other populations. Although 

we measure bar displacement, additional kinematic 

variables (i.e., joint timing and angles) may have 

provided interesting information. Future studies are 

required to investigate the chronic effect of these RIs. 

 
6. Conclusion 

 An objective of power training may be to 

provide sufficient, but not excessive, recovery between 

sets to guarantee maximal levels of power output at 

the beginning of the next set. The present study shows 

that short RIs (i.e., 1 min) can be used by strength 

coaches to design more time-efficient sessions, 

especially for athletes who employ Olympic 

weightlifting and its derivates as a support to their 

discipline and they are time-pressed. The use of RPE 

during power training sessions should be considered as 

a sensitive tool to quantify training intensity. 
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