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Title: Effect of three different set configurations on kinematic variables and internal loads 1 

during a power snatch training session  2 
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 2 

ABSTRACT 3 

The aim of this study was to investigate the effect of three different set configurations on 4 

kinematic variables and internal loads during multiple sets performed with the power snatch. 5 

Ten strength-power athletes with at least six months of training experience performing the 6 

power snatch participated in this study, which consisted of three experimental protocols 7 

performed in a randomized repeated measures design. The three protocols involved performing 8 

the power snatch for 3 sets of 5 repetitions at an average load of 75% 1RM with either a 9 

traditional (TRAD), cluster (CLU) or ascending cluster (A-CLU) protocol where the training 10 

load was progressively increased across the set. Kinematic variables and internal loads (heart 11 

rate, blood lactate, and rate of perceived exertion) were measured during each protocol. The 12 

athletes maintained peak velocity (PV) and peak power (PP) and exhibited lower internal loads 13 

during CLU sets when compared to TRAD sets, while they displayed significant decreases in 14 

PV during TRAD sets. However, there were no statistically significant differences in PV and 15 

PP responses between the TRAD and CLU protocol. The athletes exhibited a significant 16 

decrease in PV, whereas PP was increased across each set in the A-CLU protocol, with lower 17 

internal loads observed compared to the TRAD protocol. Overall, the training loads used in 18 

this study do not appear to maximize the benefits of using CLU set during three sets of power 19 

snatches performed for 5 repetitions. Additionally, A-CLU sets may potentially be useful as a 20 

means of maximizing the power output of the athlete. 21 

 22 

 23 

 24 

Key Words: Cluster set, inter-repetition rest interval, velocity 25 
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 3 

INTRODUCTION 27 

When designing a resistance training program, a training set traditionally consists of a series 28 

of repetitions that are performed in a continuous manner, with the number of repetitions 29 

manipulated depending upon individual training goals (35). It is well documented that 30 

resistance training using traditional (TRAD) sets can result in acute muscular fatigue as 31 

indicated by a reduction in movement velocity (40) and metabolic byproduct accumulation 32 

(e.g., ammonia and lactate) (12). This type of set configuration has been suggested as an 33 

primary programming strategy during a strength training session to maximize an athlete’s 34 

maximal strength (1) and/or muscle hypertrophy (13). However, based upon emerging 35 

evidence, they may not be the best set configuration when technically challenging exercises, 36 

such as weightlifting movements and their derivatives, are performed. This is because acute 37 

muscular fatigue typically observed during TRAD sets tends to alter lifting technique and may 38 

potentially result in a decreased ability to complete the lift (19, 36). As such, an alternative set 39 

configuration may be considered when attempting to avoid cumulative muscular fatigue that is 40 

typically noted during TRAD sets performed with these exercises and offset fatigue-induced 41 

reductions in performance. 42 

 43 

Modified set configurations, such as cluster (CLU) and rest redistribution sets, have been 44 

suggested as possible training variations that can be used for resistance training prescriptions 45 

(25). A CLU set is a set configuration where repetitions are performed with short rest intervals 46 

(i.e., 5-40 seconds) allotted between individual (i.e., Inter-repetition rest) or groups of 47 

repetitions (i.e., Intra-set rest) (11, 20). When compared to a TRAD set, the use of a CLU set 48 

better maintains movement velocity (40) and results in lower metabolic and perceptual stress 49 

markers (i.e., internal load) (13, 18) in response to a series of sets. To date, numerous 50 

researchers have investigated the effect of CLU sets during both upper- or lower-body multi-51 

joint resistance exercises (25). Based upon an examination of the current body of scientific 52 

knowledge, the bench press and back squat are the most examined exercises used to investigate 53 

the implementation of CLU sets (5, 11), seemingly because of the technical simplicity of these 54 

exercises. However, this programming strategy may be better suited for more ballistic and 55 

technically challenging exercises, such as weightlifting movements and their derivatives, as 56 

the additional rest interval can offset fatigue-induced reductions in performance (38) and allow 57 

the athlete to maintain lifting technique (19). However, when looking at the effects of using 58 

CLU sets during the performance of weightlifting movements and their derivatives, there are 59 

very few studies (17, 20, 38).  In addition, only one study has directly examined the difference 60 

in a perceptual response between the TRAD and CLU set during a power clean training session 61 

(18). As such, more research is warranted to develop a full understanding of the internal loads 62 

(e.g., metabolic, cardiovascular, and perceptual responses) that are associated with the TRAD 63 

and CLU set performed with weightlifting movements and their derivatives. 64 

 65 

The power snatch is a weightlifting derivative that is commonly programmed by strength and 66 

conditioning professionals when targeting the improvement of athletic performance (42). Since 67 

the snatch and power snatch are considered technically challenging exercises (8), it may be 68 

warranted to add rest between repetitions, or clusters of repetitions, when incorporating these 69 

exercises into a resistance training program (42). To examine this practice, Tan et al. (38) 70 
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 4 

investigated the effect of CLU sets with three different inter-repetition rest intervals (i.e., 10, 71 

30 and 50 seconds) on peak barbell velocity across a series of snatch sets performed at an 72 

intensity of 85% of 1RM. The authors suggested that a 30-second inter-repetition rest interval 73 

is the optimum inter-repetition rest duration to maintain performance when performing the 74 

snatch with CLU sets performed at this intensity. While this study provided data that partially 75 

supports the benefit of CLU sets during weightlifting movements and their derivatives, it 76 

should be interpreted with caution. Tan et al. (38) did not include a TRAD set protocol, which 77 

makes it difficult to determine if the CLU set was more effective at maintaining snatch 78 

performance. Additionally, it is unknown whether the benefits of CLU sets occur when these 79 

exercises are performed with alternative intensities.  80 

 81 

While the modification of the inter-repetition or intra-set rest period is the main manipulation 82 

commonly used to introduce CLU sets into resistance training programs, there are different 83 

types of CLU sets that are used to alter training loads across the set (14, 16). One example of 84 

these types of CLU sets is an ascending cluster (A-CLU) set where the training load is 85 

progressively increased across the set (16). For example, when performing three repetitions 86 

with an A-CLU set where the targeted intensity is 90% of 1RM, the training load is increased 87 

with each repetition of the set, and the average intensity of the three repetitions is 90% of 1RM 88 

(e.g. rep1 = 87% of 1RM; rep2 = 90% of 1RM; rep3 = 93% of 1RM) (14, 16). The theoretical 89 

rationale for the use of this set configuration is that it may enhance muscle force production, 90 

which is termed a post-activation performance enhancement (PAPE) effect (30), during 91 

subsequent sets. For example, the first A-CLU set can act as a bout of muscular activity that 92 

may generate a PAPE effect during the beginning portion of a subsequent set(s) when multiple 93 

sets are used where this load progression is repeated. This belief is based upon the time between 94 

the last rep (i.e., heaviest rep) and the first rep (i.e., lightest rep) contained within the A-CLU 95 

set, allowing enough time for a PAPE effect to occur. In support of this contention, Stone and 96 

colleagues (37) demonstrated that performing high load sets with 2 minutes of inter-set rest 97 

intervals resulted in a PAPE effect during subsequent lower loaded sets when performing 98 

midthigh clean pulls. Since it is well documented that the PAPE effect can be maximised as 99 

early as 3 minutes after the completion of the conditioning activity (33), the A-CLU set where 100 

lower loaded repetitions are performed after a high load repetition with 3 minutes of inter-set 101 

rest intervals might induce the PAPE effect. However, to the best of the author’s knowledge, 102 

the acute effect of A-CLU sets has not been directly investigated.  103 

 104 

As such, the primary aim of this study was to investigate the effects of TRAD, CLU, and A-105 

CLU set configurations on kinematic variables, as well as internal loads during a series of 106 

power snatch sets. We also aimed to investigate whether a PAPE effect occurs during an A-107 

CLU set training protocol. We hypothesized that the CLU set would maintain movement 108 

velocity and power output while the TRAD set would display significant decreases in these 109 

variables. In addition, we hypothesized that there would be decreases in movement velocity 110 

and power output during the A-CLU set as a result of the progressively increased training load 111 

contained within each set. Additionally, we hypothesized that the inclusion of a 30 s inter-112 

repetition rest interval would also result in lower internal loads during both CLU and A-CLU 113 
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 5 

set protocols when compared to the TRAD set. Finally, we hypothesized that there would be a 114 

PAPE effect as a result of the A-CLU set protocol. 115 

 116 

METHODS 117 

Experimental Approach to the Problem 118 

All subjects undertook a total of four sessions, which consisted of a session to test their 1RM 119 

power snatch and three experimental protocols performed in a randomized repeated measures 120 

design, which were used to test the TRAD, CLU, and A-CLU set configurations. Each session 121 

was separated by 72-96 hours and conducted at the same time of day ( 1 hour). During each 122 

power snatch repetition, displacement-time data were recorded and subsequently used to 123 

calculate barbell peak velocity (PV) and peak power (PP) data. Blood lactate, heart rate and 124 

rating of perceived exertion (RPE) were measured at several time points across the testing 125 

protocol (Figure 1). Before each session, all subjects were instructed to refrain from lower-126 

body resistance training for at least 48 hours, to abstain from alcohol for at least 24 hours, and 127 

caffeine for at least 4 hours. Subjects were required to wear the same shoes and were allowed 128 

to use lifting belts, knee sleeves, wrist wraps and chalk in all the sessions. 129 

 130 

(Insert Figure 1) 131 

 132 

Subjects 133 

Ten strength-power athletes (means  SD; n = 9 males, height: 1.80  0.09 m, body mass: 90.9 134 

 13.4 kg, age: 28.2  4.7 years; n = 1 female, height: 1.67 m, body mass: 69.4 kg, age: 34 135 

years) with at least six months of training experience with the power snatch (1 repetition 136 

maximum (RM) of power snatch: 78.4  15.6 kg, relative 1RM: 0.88  0.10 kg.kg-1, power 137 

snatch experience range: 3.5  0.8 years) were recruited for this study. All subjects were 138 

recruited from local strength and conditioning facilities and weightlifting clubs. Subjects had 139 

no current upper- or lower-body musculoskeletal injuries and had been injury free for at least 140 

six months prior to participation. All subjects were able to power snatch with a minimum of 141 

0.7 x body mass. Subjects’ height and body mass were measured by a calibrated electronic 142 

scale and a wall-mounted stadiometer. Based upon a priori statistical power analysis (7), 9 143 

subjects were required to yield a statistical power of 80% (1- = 0.8) with the alpha level set at 144 

0.05 (Version 3.1.9.2, G*Power, Kiel, Germany) (9). All subjects read and signed informed 145 

consent forms before participation in this study in accordance with the ethical approval granted 146 

by the Edith Cowan University (ECU) Human Research Ethics Committee (Project 2020-147 

01964).  148 

 149 

Procedures 150 

Session 1: One-Repetition Maximum Power Snatch Testing  151 

All subjects performed a standardized dynamic warm-up consisting of dynamic stretches, 152 

bodyweight exercises and overhead squats with a 20 kg barbell (Armortech, Australia) for male 153 

subjects and a 15 kg barbell (Eleiko, Halmstad, Sweden) for female subjects, and completed 154 

self-selected exercises. Afterwards, the subjects performed the 1RM power snatch test based 155 

upon previously published methods (43). In brief, subjects performed five repetitions at 30% 156 
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 6 

of their estimated 1RM, followed by three repetitions at 50 and 70% of their estimated 1RM. 157 

They then performed one repetition at 90% of their estimated 1RM and moved on to 1RM 158 

attempts. The load was increased in 0.5 to 10 kg increments until subjects were unable to 159 

perform a successful repetition, with a maximum of five attempts being allowed to achieve the 160 

1RM. An unsuccessful attempt was determined if subjects failed to fix the barbell overhead or 161 

if the upper portion of the thigh at the hip dipped below parallel (8). If a 1RM attempt was 162 

unsuccessful, subjects were allowed an additional attempt at this load. Three-minute rest 163 

periods were allotted between all warm-up and maximal attempts. During each maximal 164 

attempt, verbal encouragement, and technical feedback regarding the knee angle during the 165 

catch position of the power snatch was provided by a certified strength and conditioning 166 

specialist. 167 

 168 

Session 2, 3, and 4: Experimental Sessions 169 

Upon arrival in the laboratory, all subjects remained seated for 15 minutes prior to the baseline 170 

measures of blood lactate (BLaPRE1) and resting heart rate (PRE1). The baseline RPE was 171 

recorded as zero at PRE1, as the subjects completely rested during the 15 minutes. However, 172 

this baseline RPE value was not used for further analysis. After baseline data collection, 173 

subjects completed the same dynamic warm-up used in Session 1. Once the dynamic warm-up 174 

was completed, the subjects performed a specific warm-up protocol that included five 175 

repetitions of power snatches at 30% of their 1RM and three repetitions at 50% and 60% of 176 

their 1RM. Subjects had their RPE and heart rate measured 30 seconds after the last set of the 177 

specific warm-up (PRE2). They also had their blood lactate measured 3 minutes after the last 178 

set of the specific warm-up (BLaPRE2) before moving on to a TRAD, a CLU, or an A-CLU 179 

set protocol. 180 

 181 

All working sets were completed at an average load of 75% of 1RM, as this training load has 182 

been demonstrated to be within the optimal range for PP output for weightlifting exercises (4). 183 

The TRAD set protocol involved three sets of five repetitions with the power snatch at 75% of 184 

1RM (Figure 1). The CLU set protocol involved the performance of three sets of five 185 

repetitions performed with 30-second rest intervals placed between each repetition at 75% of 186 

1RM (Figure 1). The A-CLU set protocol involved the performance of three sets of five 187 

repetitions with 30 second rest intervals placed between individual repetitions, with training 188 

load increments across five repetitions in the sets (rep1 = 65% 1RM; rep2 = 70% 1RM; rep3 = 189 

75% 1RM; rep4 = 80% 1RM; rep5 = 85% 1RM) (Figure 1) (14). Inter-set rest intervals of 3 190 

minutes were allotted between each set for all protocols. The subjects were instructed to remain 191 

standing during the 30 seconds of inter-repetition rest, whereas they were instructed to remain 192 

seated during the 3-minute inter-set rest intervals. The inter-repetition and inter-set rest 193 

intervals began when the subjects placed the barbell on the floor. In the A-CLU set protocol, 194 

the load was incremented manually by two researchers during the inter-repetition rest interval 195 

in each set. During each training set protocol, verbal encouragement, and technical feedback 196 

regarding the knee angle during the catch position of the power snatch were provided to 197 

subjects by a certified strength and conditioning specialist.  198 

 199 

Data Acquisition and Analysis  200 
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 7 

In sessions two through four, an eight-camera 3D motion analysis system (Vicon MX; Vicon, 201 

Oxford, UK) sampling at 250 Hz was used to record the three-dimensional displacements of 202 

two 20 mm reflective markers attached to the longitudinal ends of the barbell via Vicon Nexus 203 

software (version 2.12; Vicon, Oxford, UK) (27). The vertical position of these reflective 204 

markers was extracted and processed in a custom Excel (Microsoft Corp, WA, USA) 205 

spreadsheet. Marker trajectories were filtered using a fourth-order, zero-lag Butterworth low-206 

pass filter with a cut-off frequency of 8 Hz (45). The cut-off frequency was determined by 207 

performing a residual analysis (45). To calculate the velocity at the center of the barbell, the 208 

filtered displacements of each marker were averaged and then differentiated via the central 209 

difference method (44). The start of the trial was identified as the first frame where the vertical 210 

displacement of the barbell was >30 mm above the resting position. The end of the concentric 211 

phase was defined as the first frame where a negative velocity occurred. The barbell PV was 212 

determined as the maximum velocity value during the second pull phase of the power snatch 213 

(27). Work was calculated on a sample-by-sample basis via the work-energy theorem, with 214 

power calculated as work divided by time (10). The barbell PP was determined as the highest 215 

instantaneous power value during the second pull phase. Changes in PV and PP were 216 

determined as a percentage change from the first repetition in each set protocol (20).  217 

 218 

Internal Loads 219 

A disposable Unistik (Owen Mumford, Oxfordshire, United Kingdom) was used to prick 220 

subjects’ earlobes to withdraw a drop of blood at the following time points: BLaPRE1, 221 

BLaPRE2, 2.5 minutes after the first (BLaSET1) and second set (BLaSET2), and 3 minutes 222 

after the third set (BLaSET3). The blood droplet was collected on a Lactate Pro 2 strip and 223 

analyzed by a Lactate Pro 2 meter (Arkray, Global business Inc, Kyoto, Japan). Gauze swabs 224 

were used to wipe away the first drop of blood, and a subsequent drop of blood was used as 225 

the blood sample. The values shown on the device were recorded for analysis. Borg Category 226 

Ratio Scale was used to quantify RPE (2). Subjects were shown the printed scale during each 227 

experimental session (29) and were instructed to report their RPE at the following time points: 228 

PRE2, 30 seconds after the first set (SET1), second set (SET2), and third set (SET3). Heart rate 229 

was monitored by Polar Heart Rate Monitor A1 (Polar Electro, Kempele, Finland). Subjects 230 

were instructed to wear a chest strap with a monitoring device attached to it during each 231 

experimental session, and their heart rates were recorded at the following time points: PRE1, 232 

PRE2, SET1, SET2 and SET3.  233 

 234 

Statistical Analyses 235 

The assumption of normality was checked with the Shapiro-Wilk test. 3 x 3 x 5 (protocol x set 236 

x repetition) repeated measures analysis of variances (ANOVA) were performed to determine 237 

the effect of each protocol on PV and PP across each repetition. To examine the PAPE effect 238 

on PV and PP within the A-CLU set, 3 x 5 (set x repetition) repeated measures ANOVAs were 239 

performed. 3 x 5 (protocol x time) repeated measures ANOVAs were also performed to 240 

determine the difference in heart rate values between and within each protocol. Where 241 

significant interactions were detected in each repeated measures ANOVA, paired comparisons 242 

with Holm’s Sequential Bonferroni correction for type I error were performed to determine 243 

where a significant difference(s) was detected (22). Since the data for blood lactate and RPE 244 
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 8 

violated the assumption of normality, an Aligned Rank Transform procedure was used to 245 

examine interactions effects in non-parametric data (46). Where significant interactions were 246 

detected, post hoc pairwise comparisons with Holm’s Sequential Bonferroni correction for type 247 

I error were performed to determine where a significant difference(s) was detected. Since the 248 

Aligned Rank Transform procedure for non-parametric factorial ANOVA does not allow for 249 

the comparisons of pairwise values across factors directly, Dunn’s test with Holm’s Sequential 250 

Bonferroni corrections for type I error was performed to compare pairwise blood lactate and 251 

RPE values across the factors. Within-subject reliability for PV and PP was assessed using 252 

percent coefficient of variation (%CV) and intraclass correlation coefficients (ICCs) (24, 28). 253 

%CV values were interpreted as good (<5%), moderate (5-10%) and poor (>10%), whereas 254 

ICCs values were interpreted as poor (<0.5), moderate (0.5-0.75), good (0.75-0.9), and 255 

excellent (>0.9) reliability (28). For normally distributed data, Hedges g effect sizes (ES) with 256 

95% confidence interval (CI) were calculated (21) and interpreted as trivial (< 0.2), small (0.2-257 

0.59), moderate (0.6-1.19), large (1.2-1.99), and very large (>2.0) (23). For non-normally 258 

distributed data, Cliff’s  ES with 95% CI were calculated (3), with the magnitudes of the ES 259 

interpreted as negligible (< 0.147), small (0.147-0.330), medium (0.330-0.474) and large (> 260 

0.474) (32). Repeated measures ANOVAs and post-hoc comparisons were performed using 261 

the open source jamovi software package (version 2.0; the jamovi project, NSW, Australia). 262 

The Aligned Rank Transform procedure and Dunn’s test were performed in the R statistical 263 

programming language (version 4.2) using the ARTool package (version 0.11.1) and the 264 

dunn.test package (version 1.3.5), respectively (6, 26, 31). 265 

 266 

 267 

RESULTS 268 

Kinematic Variables 269 

ICCs and %CV for PV were 0.88 (95% CI = 0.59-0.97) and 3.1% (95% CI = 2.1-5.7). 270 

Descriptive statistics for PV are presented in Table 1. There was a significant Protocol x 271 

Repetition interaction for PV (p < 0.001, η2 = 0.043). Based upon post-hoc analyses, there was 272 

a significant difference in PV between the TRAD and A-CLU set in the first repetition. In 273 

addition, a significant difference in PV was observed between the CLU and A-CLU set in the 274 

first repetition. When looking at within-protocol differences, TRAD sets displayed 275 

significantly lower PV at the third, fourth and fifth repetition when compared to the second 276 

repetition (g [95% CI] = -0.21 [-0.33,-0.13], p = 0.011; g [95% CI] = -0.32 [-0.53,-0.20], p = 277 

0.022; g [95% CI] = -0.55 [-0.88,-0.35], p = 0.013, respectively). In addition, A-CLU sets 278 

displayed significantly lower PV at the second, third, fourth and fifth repetition when compared 279 

to the first repetition (g [95% CI] = -0.33 [-0.56,-0.19], p = 0.037; g [95% CI] = -0.74 [-1.20,-280 

0.48], p = 0.013; g [95% CI] = -1.09 [-1.66,-0.77], p = 0.001; g [95% CI] = -1.42 [-2.17,-1.02], 281 

p < 0.001, respectively). However, there was no significant difference in PV between the 282 

repetitions within the CLU set. The percentage change from repetition one across repetitions 283 

in PV when averaged across all 3 sets as well as the percentage change in PV when averaged 284 

across all the repetitions for each protocol are presented in Figure 2. Additionally, the 285 

percentage change in PV from repetition one across repetitions within each set for each 286 

protocol is presented in Figure 3.  287 

 288 
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(Insert Table 1) 289 

 290 

(Insert Figure 2) 291 

 292 

(Insert Figure 3) 293 

 294 

ICCs and %CV for PP were 0.99 (95% CI = 0.97-1.00) and 3.2% (95% CI = 2.2-6.0). 295 

Descriptive statistics for PP are presented in Table 1. There was a significant Protocol x 296 

Repetition interaction for PP (p < 0.001, η2 = 0.011). Based upon post-hoc analyses, there was 297 

a significant difference in PP between the TRAD and A-CLU set in the fifth repetition. When 298 

looking at within-protocol differences, A-CLU sets displayed significantly higher PP at the 299 

fourth and fifth repetition when compared to the first repetition (g [95% CI] = 0.27 [0.18,0.43], 300 

p = 0.021; g [95% CI] = 0.34 [0.23,0.54], p = 0.004). The percentage change from repetition 301 

one across repetitions in PP when averaged across all 3 sets as well as the percentage change 302 

in PP when averaged across all the repetitions for each protocol are presented in Figure 4. 303 

Additionally, the percentage change in PP from repetition one across repetitions within each 304 

set for each protocol is presented in Figure 5.  305 

 306 

 307 

(Insert Figure 4) 308 

 309 

(Insert Figure 5) 310 

 311 

Post-activation Potentiation Effect 312 

There was not a significant Set x Repetition interaction for PV within the A-CLU set protocol 313 

(p < 0.677, η2 = 0.002). In addition, there was not a significant Set x Repetition interaction for 314 

PP within the A-CLU set protocol (p < 0.536, η2 = 0.001). Based upon these results, the PAPE 315 

effect was not generated during the A-CLU set training protocol. 316 

 317 

Internal Loads 318 

Changes in internal loads (e.g., heart rate, blood lactate and RPE) are presented in Figure 6. 319 

There was a significant Protocol x Time interaction for heart rate (p < 0.001, η2 = 0.061). There 320 

were significant differences in heart rate between TRAD and CLU protocols at SET1 (g [95% 321 

CI] = 2.15 [1.33,3.50], p = 0.009), SET2 (g [95% CI] = 3.57 [2.44,5.58], p < 0.001) and SET3 322 

(g [95% CI] = 3.29 [2.39,4.99], p < 0.001). In addition, significant differences in heart rate 323 

were found between TRAD and A-CLU protocols at SET1 (g [95% CI] = 1.92 [1.13,3.20], p 324 

= 0.020) and SET3 (g [95% CI] = 2.24 [1.46,3.58], p = 0.003). There was no significant 325 

difference in heart rate between CLU and A-CLU protocols at any time points.  326 

 327 

There was a significant Protocol x Time interaction for blood lactate (p < 0.001, ηp
2 = 0.485). 328 

Differences in blood lactate between TRAD and A-CLU protocols at BLaSET3 were 329 

significantly larger than those observed at BLaSET1 (p = 0.022). Similarly, differences in 330 

blood lactate between TRAD and CLU protocols at BLaSET3 were significantly larger than 331 

those observed at BLaSET1 (p = 0.005). Based upon results of Dunn’s test, there were 332 
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significant differences between TRAD and CLU protocols at BLaSET2 ( [95% CI] = 0.92 333 

[0.52,1.00], p = 0.003) and BLaSET3 ( [95% CI] = 0.99 [0.88,1.00], p < 0.001). In addition, 334 

significant differences in blood lactate were found between TRAD and A-CLU protocols at 335 

BLaSET2 ( [95% CI] = 0.96 [0.70,1.00], p < 0.001) and BLaSET3 ( [95% CI] = 0.96 336 

[0.70,1.00], p < 0.001). There was no significant difference in blood lactate between CLU and 337 

A-CLU protocols at any time points.  338 

 339 

There was a significant Protocol x Time interaction for RPE (p = 0.011, ηp
2 = 0.138). 340 

Differences in RPE between TRAD and CLU protocols at SET2 (p = 0.033) and SET3 (p = 341 

0.018) were significantly larger than those observed at PRE2. However, Dunn’s test revealed 342 

no significant differences between protocols at any time points.  343 

 344 

(Insert Figure 6) 345 

 346 

DISCUSSION 347 

The aim of this study was to explore the kinematic and internal load differences between 348 

different set configurations when performing the power snatch. Specifically, we aimed to 349 

determine a) the effect of TRAD, CLU, and A-CLU set configurations on PV and PP, as well 350 

as metabolic, cardiovascular, and perceptual responses during a series of power snatch sets and, 351 

b) whether a PAPE effect occurs during an A-CLU set training protocol. Based upon results 352 

from this study, the athletes maintained both PV and PP across each set and exhibited lower 353 

internal loads during the CLU set protocol when compared to the TRAD set protocol. 354 

Conversely, they experienced significant decreases in PV within the set and exhibited greater 355 

internal loads during the TRAD set protocol when compared to the CLU set protocol. The 356 

athletes exhibited greater decreases in PV and greater increases in PP across the sets during the 357 

A-CLU set protocol, with lower internal loads observed compared to the TRAD set protocol. 358 

Finally, a PAPE effect was not supported during the A-CLU set training protocol.  359 

 360 

Several researchers have reported the effectiveness of CLU sets to maintain movement velocity 361 

and power output during a series of resistance training sets (5, 18, 20). Conversely, greater 362 

movement velocity and power output reductions are experienced during the TRAD set 363 

compared to the CLU set (5, 18, 20). In support of the current literature, the average percentage 364 

decline in PV across all the repetitions for the TRAD set protocol was moderately higher than 365 

the CLU set protocol (Figure 2). In addition, when looking at within-protocol differences, there 366 

were statistically significant declines in PV within the TRAD set protocol. Conversely, PV and 367 

PP were maintained during each of the CLU sets. However, there were no statistically 368 

significant differences in PV and PP responses between the TRAD and CLU set protocol. 369 

These results do not agree with the findings of previously published research looking at the use 370 

of the CLU set with weightlifting derivatives (17, 20). For example, Hardee and colleagues 371 

(20) have reported significantly greater declines in PV and PP during TRAD sets when 372 

compared to CLU sets in response to three sets of power cleans performed for 6 repetitions. 373 

One possible explanation for the disparity between our findings and those of Hardee et al. (20) 374 

may be related to the intensities used in each study. Hardee et al. (20) used a load of 80% of 375 
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1RM, which corresponds to between 95-99% of the 6RM (15), while the present study used 376 

75% of 1RM, which corresponds to 85-89% of the 5RM (15). It is plausible that the training 377 

intensity used in the current study was not high enough to elicit enough fatigue during the 378 

TRAD set in order to result in meaningful declines in PV and PP. Since it is well documented 379 

that the CLU set allows for the use of greater training intensities, it is likely that greater training 380 

intensities are required to produce positive performance enhancements when CLU sets are 381 

implemented (39). As such, it is recommended that strength and conditioning professionals 382 

should use higher training intensities (>75% of 1RM or >90% of 5RM of power snatch) than 383 

those used in the current study when the CLU set is implemented during a series of power 384 

snatch sets performed for 5 repetitions. 385 

 386 

To the best of the authors’ knowledge, this is the first study that has examined the acute effects 387 

of A-CLU sets on kinematic variables. As expected, there were statistically significant 388 

decreases in PV within the A-CLU set protocol. These declines occurred in response to the 389 

incremental increase in training load across the five repetitions contained within each set. 390 

Additionally, there was a statistically significant difference in PP between the TRAD and A-391 

CLU set protocol in the fifth repetition, while the athletes displayed significantly higher PP at 392 

the fourth and fifth repetition when compared to the first repetition within the A-CLU set 393 

protocol. An increased PP may be related to how PP was calculated in this study. When PP is 394 

obtained by a change in the total vertical work done during the second pull phase of the 395 

weightlifting movements, potential energy is the larger contributor to the total vertical work 396 

when compared to kinetic energy (10). Since a change in velocity is only associated with a 397 

change in kinetic energy, increased training load directly associated with potential energy and 398 

kinetic energy might offset decreased PP due to decreased kinetic energy (10). Based upon this 399 

result, the A-CLU set training protocol may be used as a means of maximizing the athlete’s 400 

power output, especially during a strength-power phase of a periodized training plan in which 401 

power development is a primary focus of the resistance training program. 402 

 403 

Another potential rationale for using the CLU set as a programming strategy is to lessen internal 404 

loads in response to a training set. Several researchers have reported that CLU sets lessen 405 

metabolic and perceptual stress markers typically seen with TRAD sets (13, 18). Similar 406 

responses were noted in the present study, where lower blood lactate was observed in response 407 

to the CLU and A-CLU set protocol when compared to the TRAD set protocol. Although 408 

adenosine triphosphate (ATP) was not measured in the current study, the inclusion of the 30 s 409 

inter-repetition rest interval within each CLU and A-CLU set with 3 min inter-set rest interval 410 

may have offset the need to maximize glycolytic contributions to ATP resynthesis as noted by 411 

the lower levels of blood lactate observed during the CLU and A-CLU sets. Additionally, in 412 

the present study, differences in blood lactate between the TRAD and CLU set as well as the 413 

TRAD and A-CLU set became larger as the acute training bout continued. Similarly, 414 

differences in RPE between the TRAD and CLU set at SET2 and SET3 were also significantly 415 

larger than those observed at PRE2. A similar trend was noted in a previous study by Wagle et 416 

al. (41) who reported that the inclusion of a 30 s inter-repetition rest period resulted in greater 417 

movement velocities being achieved at the first repetition during a series of back squat sets 418 

performed using cluster set than traditional sets, and suggested that this might be a result of 419 
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less fatigue carryover from previously completed sets during cluster sets. Based upon the 420 

findings of the present and previous study, it is recommended that strength and conditioning 421 

professionals should program multiple sets when the CLU and A-CLU set are implemented 422 

within an athlete’s resistance training program to maximize their benefits. 423 

 424 

Unlike metabolic and perceptual responses, the effect of different set configurations on 425 

cardiovascular responses have not yet been extensively investigated. In the present study, 426 

elevated heart rates were observed in response to the TRAD set protocol, while lower heart 427 

rates were determined for both the CLU and A-CLU set protocol (Figure 6). The 30s inter-428 

repetition rest interval included in the CLU and A-CLU set may have provided enough 429 

recovery time to resynthesize ATP and PCr between repetitions, which might attenuate an 430 

increase in oxygen demand during a power snatch session. Conversely, the lack of the inter-431 

repetition rest interval within the TRAD set might have been responsible for greater 432 

cardiovascular responses as the energy supply might have shifted toward glycolysis, as noted 433 

by the higher levels of blood lactate observed for the TRAD set. However, heart rate was only 434 

recorded 30 seconds after each set for each protocol and how heart rate changed for each 435 

protocol was unknown. Therefore, future research should use a heart rate monitor that allows 436 

the researcher to monitor the heart rate throughout each training session to gain more 437 

comprehensive heart rate data.  438 

 439 

Several review papers have presented the hypothesis that A-CLU sets may induce a PAPE 440 

effect when appropriately integrated into a resistance training program (14, 16). However, the 441 

current investigation does not support this hypothesis as there was no significant Set x 442 

Repetition interaction for PV and PP within the A-CLU set protocol. It is difficult to elucidate 443 

the reason why the PAPE effect was not observed during the A-CLU set, as numerous factors 444 

potentially influence the PAPE effect, such as the type of the conditioning activity, the degree 445 

of fatigue induced by the conditioning activity, the rest interval between the conditioning 446 

activity and the subsequent performance (34). Another possible factor that may explain the 447 

lack of the PAPE effect in the A-CLU sets may be the level of strength. Seitz, de Villarreal and 448 

Haff (33) reported that stronger individuals who were able to back squat more than 2 x body 449 

mass exhibited a PAPE effect 3 minutes after 1 set of 3 back squats at 90% of 1RM. However, 450 

weaker individuals who were able to back squat with less than 2 x body mass did not express 451 

the PAPE effect at 3 minutes after the conditioning activity but did at 6 minutes after the 452 

conditioning activity (33). Although back squat 1RM was not assessed in the current 453 

investigation, it can be speculated that the subjects’ relative strength was not high enough to 454 

maximize the potential to express a PAPE effect in the A-CLU set when three-minute rest 455 

intervals are used. Future research should explore whether strength level influences the PAPE 456 

effect in the A-CLU set or if a longer duration intra-set rest (> 3 min) interval is required. 457 

 458 

While the results of this study provides interesting insight into set manipulation that has the 459 

potential to influence the practices of strength and conditioning professionals, it is not without 460 

limitations. As previously mentioned, the use of a load that corresponded to 75% of 1RM may 461 

not have been high enough to result in meaningful differences in kinematic variables between 462 

the TRAD and CLU set protocol. As such, future researchers should replicate the current study 463 
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but implement higher training intensities (> 75% of 1RM or >90% of 5RM) to investigate 464 

whether the use of the higher training intensities results in distinctive differences in kinematic 465 

variables between the TRAD and CLU set protocol. Additionally, while the A-CLU set 466 

protocol resulted in significantly higher PP at the fifth repetition when compared to the same 467 

repetition in the TRAD set protocol, it remains unknown whether this is a result of the use of 468 

the A-CLU set protocol or simply the use of higher training loads in the A-CLU set protocol 469 

when compared to those used in the TRAD set protocol. As such, to address this limitation, 470 

future researchers should implement the TRAD set protocol with the same training load that is 471 

used at the fifth repetition during the A-CLU set protocol when comparing both protocols. 472 

 473 

PRACTICAL APPLICATIONS 474 

Based on the results of this study, CLU sets can be used to maintain both PV and PP during a 475 

power snatch training session. However, the training intensity used in the current study (75% 476 

of 1RM, which corresponds to between 85-89% of the 5RM) was not high enough during three 477 

sets of power snatches performed for 5 repetitions to generate the decreases in PV and PP in 478 

the TRAD set. Therefore, if strength and conditioning professionals use CLU sets, they should 479 

ensure that higher training intensities are utilized (>75% of 1RM or >90% of 5RM of power 480 

snatch) to maximize benefits from the CLU set during the power snatch performed for 5 481 

repetitions. CLU sets can also be used to modulate the internal load in response to the training 482 

session while maintaining training intensity. Since the athletes displayed significant increases 483 

in PP within the A-CLU set without eliciting high metabolic and cardiovascular responses, the 484 

A-CLU set may potentially be useful as a means of maximizing the power output of the athlete 485 

during a strength-power phase of a periodized training plan. 486 
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Figure 1. Graphic description of the experimental design. TRAD = traditional; CLU = cluster; 617 

A-CLU = ascending cluster; RM = repetition maximum. 618 

 619 

Figure 2. A. Percentage change from repetition one across repetitions in peak velocity when 620 

averaged across all 3 sets. A-CLU = ascending cluster; CLU = cluster; TRAD = traditional. B. 621 

Percentage change in peak velocity when averaged across all the repetitions for each protocol.  622 

 623 

Figure 3. A-C. Percentage change from repetition one across repetitions in peak velocity within 624 

each set for each protocol. A-CLU = ascending cluster; CLU = cluster; TRAD = traditional.  625 

 626 

Figure 4. A. Percentage change from repetition one across repetitions in peak power when 627 

averaged across all 3 sets. A-CLU = ascending cluster; CLU = cluster; TRAD = traditional. B. 628 

Percentage change in peak power when averaged across all the repetitions for each protocol.  629 

 630 

Figure 5. A-C. Percentage change from repetition one across repetitions in peak power within 631 

each set for each protocol. A-CLU = ascending cluster; CLU = cluster; TRAD = traditional.  632 

 633 

Figure 6. Blood lactate, rating of perceived exertion (RPE) and heart rate during each 634 

experimental session. A-CLU = ascending cluster; CLU = cluster; TRAD = traditional.  * 635 

Significantly different than CLU sets at the same time point; † significantly different from A-636 

CLU sets at the same time point (p ≤ 0.05).  637 
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Table 1. Descriptive statistics for peak velocity and peak power. 

 
Rep 

TRAD 

(Mean  SD) 

CLU 

(Mean  SD) 

A-CLU 

(Mean  SD) 
Set Comparison ES (95% CI) p 

Peak 

Velocity 

(m.s-1) 

 

R1 2.31  0.19 2.31  0.15 2.46  0.20 
TRAD 

CLU -0.01 (-0.23 to 0.20) 

0.72 (0.49 to 1.13) 

Trivial 1.000 

0.001 A-CLU Moderate 

CLU A-CLU 0.80 (0.50 to 1.31) Moderate 0.038 

R2 2.30  0.18 2.30  0.16 2.39  0.19 
TRAD 

CLU -0.01 (-0.18 to 0.16) 

0.43 (0.23 to 0.74) 

Trivial 1.000 

0.077 A-CLU Small 

CLU A-CLU 0.47 (0.26 to 0.79) Small 0.115 

R3 2.26  0.18 2.30  0.16 2.31  0.16 
TRAD 

CLU 0.22 (0.03 to 0.46) 

0.32 (0.14 to 0.58) 

Small 1.000 

0.411 A-CLU Small 

CLU A-CLU 0.10 -0.04 to 0.28) Trivial 1.000 

R4 2.24  0.18 2.30  0.15 2.26  0.15 
TRAD 

CLU 0.34 (0.16 to 0.61) 

0.09 (-0.19 to 0.41) 

Small 0.345 

1.000 A-CLU Trivial 

CLU A-CLU -0.27 (-0.60 to -0.02) Small 1.000 

R5 2.20  0.16 2.30  0.16 2.19  0.15 
TRAD 

CLU 0.53 (0.29 to 0.92) 

-0.05 (-0.30 to 0.18) 

Small 0.077 

1.000 A-CLU Trivial 

CLU A-CLU -0.63 (-1.08 to -0.35) Moderate 0.063 

Peak 

Power 

(W) 

 

R1 1826.79  486.05 1840.37  450.02 1737.96  455.74 
TRAD 

CLU 0.03 (-0.06 to 0.13) 

-0.18 (-0.29 to -0.10) 

Trivial 1.000 

0.136 A-CLU Trivial 

CLU A-CLU -0.21 (-0.36 to -0.12) Small 0.075 

R2 1808.24  460.25 1826.53  458.90 1780.77  450.46 
TRAD 

CLU 0.04 (-0.01 to 0.10) 

-0.06 (-0.15 to 0.02) 

Trivial 1.000 

1.000 A-CLU Trivial 

CLU A-CLU -0.09 (-0.20 to -0.01) Trivial 1.000 

R3 1773.30  451.49 1817.15  452.03 1825.16  420.20 
TRAD 

CLU 0.09 (0.02 to 0.18) 

0.11 (0.03 to 0.21) 

Trivial 1.000 

1.000 A-CLU Trivial 

CLU A-CLU 0.02 (-0.06 to 0.10) Trivial 1.000 

R4 1739.62  411.32 1825.95  450.79 1864.26  411.63 
TRAD 

CLU 0.20 (0.12 to 0.32) 

0.29 (0.17 to 0.50) 

Small 0.144 

0.059 A-CLU Small 

CLU A-CLU 0.08 (-0.02 to 0.21) Trivial 1.000 

R5 1693.32  391.72 1818.21  450.79 1899.56  423.27 
TRAD 

CLU 0.31 (0.17 to 0.54) 

0.51 (0.34 to 0.79) 

Small 0.243 

0.004 A-CLU Small 

CLU A-CLU 0.18 (0.07 to 0.33) Trivial 0.535 

Note: R1 = first repetition; R2 = second repetition; R3 = third repetition; R4 = fourth repetition; R5 = fifth repetition; TRAD = traditional; CLU = cluster; A-CLU = 

ascending cluster; SD = standard deviation; Cl = confidence interval; ES = Hedges g effect size (trivial: < 0.2, small: 0.20-059., moderate: 0.60-1.19, large: 1.20-1.99, and 

very large: > 2.0). 
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