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FOREWORD 

 The research detailed in this thesis will be submitted as two separate research articles 

to the Journal of Strength and Conditioning Research, the official journal of the National 

Strength and Conditioning Association.  The thesis has been prepared according to the 

guidelines set forth by the Graduate School of Appalachian State University. 
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ABSTRACT 
 

EFFECT OF INTER-REPETITION REST ON KINETIC AND KINEMATIC  
VARIABLES IN THE POWER CLEAN (May 2011) 

 
Justin Perry Hardee, 

B.S., University of West Florida 

M.S., Appalachian State University 

Chairperson: N. Travis Triplett 

Manipulations of inter-repetition rest (IRR) periods during training could result in 

various levels of fatigue and manifest changes to lifting mechanics.  Therefore, the purpose 

of these investigations was to examine the effect of IRR on kinetic and kinematic variables in 

the power clean during a multiple set exercise protocol.  Ten male, recreational weightlifters 

participated in this study (age = 23.6 ± 0.37 years; body mass = 80.36 ± 0.90 kilogram; 

height = 177 ± 0.52 centimeters; power clean 1 repetition max (RM)/body mass = 1.39 ± 

0.01; mean ± standard error).  Session 1 consisted of documentation and determination of a 

1RM in the power clean.  In a randomized order, sessions 2-4 involved subjects performing 3 

sets x 6 repetitions (Rep) at 80% of 1RM with 0 (P0), 20 (P20), or 40 seconds (P40) of IRR 

with 3 minutes rest between sets.  Power, force, and velocity were obtained during each 

protocol and peak values were analyzed during experiment one.  Horizontal displacement 

was obtained during each protocol and average curves were analyzed during experiment two.  

Peak power significantly decreased by approximately 14.94% (Rep 1: 4563.98 ± 655.08 

Watts (W), Rep 6: 3881.98 ± 502.08 W) during protocol P0 in comparison to a decrease of 
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5.76% (Rep 1: 4303.22 ± 566.92 W, Rep 6: 4055.18 ± 581.90 W) during P20 and a decrease 

of 4.08% (Rep 1: 4549.13 ± 658.52 W, Rep 6: 4363.13 ± 476.01 W) during P40.  Peak force 

significantly decreased by 7.15% (Rep 1: 2861.35 ± 246.76 Newtons (N), Rep 6: 2656.59 ± 

225.21 N) during protocol P0 in comparison to a decrease of 2.88% (Rep 1: 2810.79 ± 

326.94 N, Rep 6: 2729.78 ± 284.62 N) during protocol P20 and an increase of 0.04% (Rep 1: 

2860.80 ± 322.88 N, Rep 6: 2862.12 ± 280.21 N) during P40.  Peak velocity significantly 

decreased by 9.07% (Rep 1: 1.97 ± 0.15 meters/second (m/s), Rep 6: 1.79 ± 0.11 m/s) during 

protocol P0 in comparison to a decrease of 3.86% (Rep 1: 1.89 ± 0.13 m/s, Rep 6: 1.82 ± 

0.12 m/s) during P20 and a decrease of 1.89% (Rep 1: 1.93 ± 0.17 m/s, Rep 6: 1.89 ± 0.14 

m/s) during P40.  Significant differences were found in horizontal displacement between 

repetition 1 and 6 for the first and second set of P0.  During the first set of P0, the catch 

position in repetition 6 is in a significantly more forward position as compared to repetition 

1.  In addition, during the second set of P0 the first pull is significantly more forward during 

repetition 6 as compared to repetition 1.  During the third set of P0, position values 

approached significance during the first and second pull phases of the lift.  In contrast, when 

examining the bar path in P20 no significant differences from repetition 1 to 6 were found.  

Significant differences were found in horizontal displacement between repetition 1 and 6 for 

the second and third set of P40.  These results demonstrate longer IRR periods allow for 

greater maintenance of kinetic and kinematic variables in the power clean during a multiple 

set exercise protocol.  The addition of IRR periods may allow for a greater volume of 

training while reinforcing proper movement mechanics.
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INTRODUCTION 

  

The ability to generate power is the main determinant of performance in sports 

requiring high forces over a short time period (2, 3, 33, 47, 48).  Power is the product of 

muscular force and velocity (Power = Force x Velocity) and maximal power output occurs at 

percentages of maximal force and velocity (54).  Training at the percentage that maximizes 

power has been shown to result in the greatest adaptations to muscular power (42).  

Furthermore, the ability to display proper technique is also associated with high power 

outputs.  Muscular power and exercise technique are impaired during states of fatigue; 

therefore training methods that minimize fatigue are of interest for the development of 

muscular power. 

Recently, one training method that has been shown to maintain kinetic and kinematic 

variables during resistance exercise is inter-repetition rest (IRR) during a multiple repetition 

protocol.  This method of training employs taking brief period of rest (15-45 seconds) 

between repetitions.  To date, only two studies have examined the effect of IRR on resistance 

exercise performance.  Haff et al. (32) demonstrated a cluster set configuration to produce 

significantly higher barbell velocities than a traditional set at 90% and 120% of 1 repetition 

maximum (RM) during the clean pull.  Additionally, the cluster set resulted in significantly 

higher barbell displacement when compared to the traditional set at 120% intensity (32).  

Lawton et al. (44) demonstrated greater power output per repetition in the bench press 

exercise with the use of IRR when compared to continuous repetitions.  Furthermore, the IRR 
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protocols significantly increased total power output by 21-25% when compared with the 

continuous set configuration (44).  These studies give insight to the use of IRR for the 

maintenance of kinetic and kinematic variables during resistance exercise; however these 

studies are limited in that they observed these changes during a single set protocol 

It is unknown the effects of IRR on exercise performance during a multiple set and 

repetition protocol in the power clean.  Therefore, the purpose of this study was to examine 

the effects of IRR on: 1) kinetic and kinematic variables in the power clean during a multiple 

set exercise protocol and 2) bar path in the power clean over multiple repetitions.   

Experiment 1 will examine the effects of IRR on kinetic and kinematic variables in 

the power clean during a multiple set exercise protocol.  This experiment will provide insight 

into the effect of fatigue on power, force, and velocity in the power clean during a multiple 

set and repetition protocol.  To date, no study has examined the effect of multiple, continuous 

repetitions on power output in the power clean exercise.  Furthermore, no study has 

examined the effect of IRR over multiple sets and repetitions.  The data presented in this 

experiment is different in nature than the data presented in experiment 2.  Experiment 2 will 

examine the effects of IRR on bar path in the power clean over multiple repetitions.  This 

will be the first study to examine bar path in the power clean exercise over multiple 

repetitions, and examine bar path in the power clean exercise between IRR protocols.  These 

experiments have been presented separately due to the specific nature of the variables 

investigated and diverse audiences that will disseminate the results of each experiment.  

Therefore, appropriate to the findings of each experiment, these studies will be published as 

two separate research investigations. 
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EXPERIMENT 1: 

EFFECT OF INTER-REPETITION REST PERIODS ON POWER PRODUCTION 

IN THE POWER CLEAN 

 

ABSTRACT 

Previous investigations have shown power contributes to athletic performance and is 

therefore a focus of many strength and conditioning training programs.  The contribution of 

fatigue to increase power with training is unknown.  Manipulations of inter-repetition rest 

(IRR) periods during power training could result in various levels of fatigue.  The purpose of 

this study was to examine the effect of three different IRR periods in a multiple set protocol 

on power production in the power clean.  Ten male, recreational weightlifters participated in 

this study (age = 23.6 ± 0.37 years; body mass = 80.36 ± 0.90 kilogram; height = 177 ± 0.52 

centimeters; power clean 1 repetition max (RM)/body mass = 1.39 ± 0.01; mean ± standard 

error).  Session 1 consisted of documentation and determination of a 1RM in the power 

clean.  In a randomized order, sessions 2-4 involved subjects performing 3 sets x 6 

repetitions (Rep) at 80% of 1RM with 0 (P0), 20 (P20), or 40 seconds (P40) of IRR with 3 

minutes rest between sets.  Power, force, and velocity were obtained during each protocol 

and peak values were analyzed.  A protocol x set x repetition repeated measures one-way 

ANOVA with Bonferoni post-hoc was performed to determine significant differences (p ≤ 

0.05).  Peak power significantly decreased by approximately 14.94% (Rep 1: 4563.98 ± 

655.08 Watts (W), Rep 6: 3881.98 ± 502.08 W) during protocol P0 in comparison to a 
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decrease of 5.76% (Rep 1: 4303.22 ± 566.92 W, Rep 6: 4055.18 ± 581.90 W) during P20 and 

a decrease of 4.08% (Rep 1: 4549.13 ± 658.52 W, Rep 6: 4363.13 ± 476.01 W) during P40.  

Peak force significantly decreased by 7.15% (Rep 1: 2861.35 ± 246.76 Newtons (N), Rep 6: 

2656.59 ± 225.21 N) during protocol P0 in comparison to a decrease of 2.88% (Rep 1: 

2810.79 ± 326.94 N, Rep 6: 2729.78 ± 284.62 N) during protocol P20 and an increase of 

0.04% (Rep 1: 2860.80 ± 322.88 N, Rep 6: 2862.12 ± 280.21 N) during P40.  Peak velocity 

significantly decreased by 9.07% (Rep 1: 1.97 ± 0.15 meters/second (m/s), Rep 6: 1.79 ± 

0.11 m/s) during protocol P0 in comparison to a decrease of 3.86% (Rep 1: 1.89 ± 0.13 m/s, 

Rep 6: 1.82 ± 0.12 m/s) during P20 and a decrease of 1.89% (Rep 1: 1.93 ± 0.17 m/s, Rep 6: 

1.89 ± 0.14 m/s) during P40.  These results demonstrate longer IRR periods allow for greater 

peak power, force, and velocity in the power clean during a multiple set exercise protocol.  

The addition of IRR periods may allow for a greater volume of training while minimizing 

fatigue during strength/power training. 
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INTRODUCTION 

 The ability to generate muscular power is considered the main determinate of 

performance in athletics.  Power is the product of muscular force and velocity, which is 

defined by the force-velocity relationship.  Maximal power has been shown to occur at 

percentages of maximal force and velocity.  Training at the percentage that maximizes power 

has been shown to elicit the greatest training adaptations to muscular power.  Muscular 

power decreases with fatigue; therefore, training methods that minimize fatigue for the 

development of muscular power are of interest. 

 

 Muscular strength, power, speed, nutrition, and sports skills are all determinants of 

success in competitive athletics (50).  The ability to generate power is the main determinant 

of performance in sports requiring high forces over a short time period (2, 3, 33, 47, 48).  

Movements such as sprinting, jumping, throwing, change of direction, and striking are 

common to many sports.  The ability to generate maximal power at impact, take-off, or 

release is determined by the instantaneous velocity at that time point.  The instantaneous 

velocity is determined by the product of the muscular force generated and the time during 

which the forces were applied (48).  Therefore, the ability to generate high levels of force 

over a short period of time (rate of force development) and the ability to produce high force 

outputs as muscle shortening velocity increases are of importance to individuals concerned 

with muscular power productions (48).   

 

 It has been established that power is the product of force and velocity.  The force-

velocity relationship demonstrates that the force on a muscle and the velocity with which it 
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shortens display an inverse relationship (36).  This relationship signifies that as the velocity 

of a concentric muscle action is increased, the ability of the muscle to generate force is 

decreased.  Therefore, maximal muscular power exists at a compromised level of maximal 

force and velocity (54).  Understanding the force-velocity relationship is important for 

establishing the load at which power output is maximized and for the development of 

muscular power.   

 

 Kaneko et al. (42) demonstrated that training at the load that maximizes power output  

increases power efficiently over a wide loading spectrum.  This suggests that training at the 

optimal training load provides an effective stimulus for increasing maximal power and is 

important in the development of muscular power.  The optimal load that maximizes power 

during resistance training has been shown to vary with exercise.  It has been demonstrated 

that power is maximized at 30% maximum voluntary contraction (MVC) in single muscle 

fibers and single joint movements (9, 16, 20, 23, 58-60).  For multiple-joint muscle actions, 

the optimal load has been shown to vary with exercise.  For upper-body movements, such as 

the bench press and bench press throw the optimal load has been shown to be 40-50% 1RM 

(46),  30-45% 1RM (40) , 50-70% 1RM (18),  30% 1RM (7), 55% 1RM (4), and 30-45% 

1RM (49).  For lower body movements, optimal power  has been shown to be 0% (7, 14, 15, 

17, 19)  and  55-59% 1RM (5) in  the jump squat, 60-70% 1RM (39)  and 40-65% 1RM (40) 

in the half squat, and 56-78% 1RM (57) in the leg press.  The optimal load for the 

weightlifting movements, such as the clean and/or snatch, has been identified at 70-80% 

1RM (14, 31, 43).  Therefore, it is critical to understand how the optimal load changes with 

exercise selection during the development of muscular power. 
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Muscular power output is reduced with fatigue (21, 41), especially during high-

intensity activities that require a high rate of muscle contraction (53).  Reductions in power 

output result from a decline in both force and velocity (25, 26).  Power, force, and velocity 

have been shown to decrease with each repetition during resistance exercise (38, 44).  

Izquierdo et al. (38) demonstrated significant decreases in repetition velocity at one-third 

(13%)  and one-half (8%) of repetitions to failure in the bench press and squat exercises, 

respectively.  Lawton et al. (44) demonstrated a near-linear decrease in power output during a 

six repetition maximum bench press exercise.  Significant decreases in power output were 

found with each repetition (7.6 ± 9.3%, 17.9 ± 8.1%, 30.3 ± 9.4%, 41.9 ± 11.6%, and 52.9 ± 

11.5%, respectively) (44).  Duffey and Challis (24) also demonstrated significant decreases 

in mean and peak velocity during repetitions to failure in the bench press.  Furthermore, 

significant bar path deviations were seen when compared to the first repetition (24).  

Drinkwater et al. (22) also found significant decreases in mean and peak power output during 

the bench press over multiple sets and repetitions.  These studies demonstrate that kinetic and 

kinematic variables are decreased during a multiple repetition resistance exercise protocol. 

 

 It has been suggested that fatigue may reduce the effectiveness of power development 

through decreases in movement velocity and manipulations to exercise technique (52).  

Therefore, methods to minimize fatigue are of interest during the development of muscular 

power.  One less common exercise method to minimize fatigue is the use of IRR periods.  To 

date, only two studies have examined the effect of IRR on resistance exercise performance.  

Haff et al. (32) demonstrated a cluster set configuration to produce significantly higher 

barbell velocities than a traditional set at 90% and 120% of 1RM during the clean pull.  
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Additionally, the cluster set resulted in significantly higher barbell displacement when 

compared to the traditional set at 120% intensity (32).  Lawton et al. (44) demonstrated 

greater power output per repetition in the bench press exercise with the use of IRR when 

compared to continuous repetitions.  Furthermore, the IRR protocols significantly increased 

total power output by 21-25% when compared with the continuous set configuration (44).  

These studies give insight to the use of IRR for the maintenance of kinetic and kinematic 

variables during resistance exercise; however these studiesare limited in that they observed 

these changes during a single set protocol. 

  

The effect of IRR rest on kinetic and kinematic variables during a multiple set 

exercise protocol is unknown.  Therefore, the purpose of this investigation was to examine 

the effect of IRR on kinetic and kinematic variables in the power clean during a multiple set 

exercise protocol.  It is hypothesized that IRR will allow for the maintenance of power and 

exercise technique over multiple sets and repetitions. 
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METHODOLOGY 

Experimental Approach to the Problem 

 All subjects participated in 4 testing sessions over a period of 2 weeks with 72 hours 

given between sessions.  Session 1 consisted of documentation and determination of a one 

repetition maximum (1RM) in the power clean. In a randomized order, during sessions 2-4, 

subjects performed 3 sets x 6 repetitions at 80% 1RM with 0 (P0), 20 (P20), or 40 seconds 

(P40) IRR with 3 minutes rest given between sets. Power, force, and velocity were collected 

during each protocol for each repetition and peak values were analyzed.  Peak values of 

power, force, and velocity were compared between protocols. 

 

Subjects 

Ten male, recreational weightlifters participated in this study (age = 23.6 ± 0.37 

years; body mass = 80.36 ± 0.90 kilograms; height = 177 ± 0.52 centimeters; power clean 

1RM/body mass = 1.39 ± 0.01; mean ± standard error).  The subjects had at least 4 years of 

weight training and 1 year of weightlifting experience.  Subjects were required to display 

proper technique of the power clean exercise for participation in this study.  All subjects read 

and signed an informed consent approved by the Institutional Review Board at Appalachian 

State University. 

  

Preliminary Testing (Session 1) 

All subjects reported to the Neuromuscular Laboratory for session 1 after refraining 

from strenuous exercise for a minimum of 48 hours.  During preliminary testing, subjects 

were tested for height, weight, and a 1RM in the power clean exercise.  Power clean 1RM 
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testing was performed as described by Winchester et al. (61).  Briefly, subjects underwent a 

series of warm-up sets and several maximal lifts until a 1RM was achieved.  Proper 

technique of the power clean was assessed as discussed previously (6, 10, 11, 27, 29, 37, 61, 

62). 

 

Protocol Testing (Sessions 2-4) 

 In a randomized order, each subject completed 3 testing sessions over a period of 2 

weeks.  During sessions 2-4, subjects performed 3 sets of 6 repetitions at 80% 1RM with 0 

seconds (P0), 20 seconds (P20), or 40 seconds (P40) of IRR.  80% 1RM has been shown to 

be the optimal load for peak and average power in the power clean exercise (13).  Three 

minutes rest was given between sets.  Testing sessions were separated by a minimum of 48 

hours to allow for complete recovery.   

 

Instrumentation 

All kinetic and kinematic data was collected and analyzed as described by Cormie et 

al. (13).  Briefly, testing was conducted with subjects standing on a force plate (AMTI, 

BP60011200; Watertown, MA) with two linear position transducers (2-LPT)(Celesco PT5A-

15; Chatsworth, CA) attached to the right side of the barbell.  Analog signals from the force 

plate and 2-LPT were collected at 1,000 Hz using a BNC-2010 interface box with an analog-

to-digital card (National Instruments PCI-6014; Austin, TX).  The voltage outputs from the 

force plate and 2-LPT were converted to force (N) and displacement (m), respectively.  

LabVIEW (National Instruments, Version 7.1) software was used during data collection and 

analysis.  Vertical velocity was calculated throughout the movement using the displacement-
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time data for each sample.  Power output was calculated by the integration of vertical 

velocity to force data at each corresponding time point.  Cormie et al. (13) have demonstrated 

this method to accurately assess power output in multidimensional movements.  Data was 

collected for each repetition and values of peak power, force, and velocity were calculated 

for each protocol.   

 

Statistical Analysis 

A 3 x 3 x 6 repeated measures (protocol x set x repetition) analysis of variance 

(ANOVA) was used to analyze peak values of power, force, and velocity for each repetition 

during each protocol.  When significant values were determined, a Bonferoni post-hoc was 

used to determine statistical significance.  All statistical analysis was performed using SPSS 

version 17.0 (SPSS Inc., Chicago, IL.).   
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RESULTS 

The effect of IRR periods during a multiple set exercise protocol were examined 

during this investigation.  The effect of IRR on power, force, and velocity for each protocol 

are presented in Figures 1-3.  Mean percentages of the first repetition peak power were 

significantly lower for P0 when compared to P20 and P40 (P0: 92.49 ± 1.39%; P20: 97.43 ± 

1.31%; P40: 98.18 ± 0.91%; mean ± standard error).  Mean percentages of the first repetition 

peak force were significantly lower (p ≤ 0.05) for P0 when compared to P20 and P40 (P0: 

96.59 ± 0.72%; P20: 98.85 ± 0.68%; P40: 100.20 ± 0.83%; mean ± standard error).  Mean 

percentages of the first repetition peak velocity were significantly lower (p ≤ 0.05) for P0 

when compared to P20 and P40 (P0: 94.28 ± 0.42%; P20: 98.14 ± 0.48%; P40: 99.08 ± 

0.33%; mean ± standard error).   

The effect of IRR on power, force, and velocity for repetitions 1 to 6 are presented in 

Figures 4-6.  Peak power significantly decreased by approximately 14.94% (Rep 1: 4563.98 

± 655.08 Watts (W), Rep 6: 3881.98 ± 502.08 W) during protocol P0, in comparison to a 

decrease of 5.76% (Rep 1: 4303.22 ± 566.92 W, Rep 6: 4055.18 ± 581.90 W) during P20, 

and a decrease of 4.08% (Rep 1: 4549.13 ± 658.52 W, Rep 6: 4363.13 ± 476.01 W) during 

P40.  Peak force significantly decreased by approximately 7.15% (Rep 1: 2861.35 ± 246.76 

Newtons (N), Rep 6: 2656.59 ± 225.21 N) during protocol P0, in comparison to a decrease of 

2.88% (Rep 1: 2810.79 ± 326.94 N, Rep 6: 2729.78 ± 284.62 N) during protocol P20, and an 

increase of 0.04% (Rep 1: 2860.80 ± 322.88 N, Rep 6: 2862.12 ± 280.21 N) during P40. 

Peak velocity significantly decreased by approximately 9.07% (Rep 1: 1.97 ± 0.15 

meters/second (m/s), Rep 6: 1.79 ± 0.11 m/s) during protocol P0, in comparison to a decrease 
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of 3.86% (Rep 1: 1.89 ± 0.13 m/s, Rep 6: 1.82 ± 0.12 m/s) during P20, and a decrease of 

1.89% (Rep 1: 1.93 ± 0.17 m/s, Rep 6: 1.89 ± 0.14 m/s) during P40.  
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Table 1. Subject Characteristics.  Ten male, recreational weightlifters (n = 10) participated in 

this study.  Subjects had at least 4 years of weight training and 1 year of weightlifting 

experience and were required to display proper technique of the power clean exercise for 

participation in this study. 

 

Subject Characteristics (n = 10) 

Age 23.6 ± 0.37 years 

Body Mass 80.36 ± 0.90 kilograms 

Height 177 ± 0.52 centimeters 

Power Clean 1 repetition max/body mass 1.39 ± 0.01 

* Mean ± Standard Error 
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Figure 1. Mean power for each protocol.  Power is represented as a percentage of the first 

repetition.  P0 = 0 seconds IRR.  P20 = 20 seconds IRR.  P40 = 40 seconds IRR.                    

* Significant differences were found between P0 and both P20 and P40 (p ≤0.05).   

 

Power - Protocol

Protocol
P0 P20 P40

Pe
rc

en
ta

ge

90

92

94

96

98

100

102

* *

*  significantly different from P0
 

 

 

 



 

16 
 

Figure 2. Mean force for each protocol.  Force is represented as a percentage of the first 

repetition.  P0 = 0 seconds IRR.  P20 = 20 seconds IRR.  P40 = 40 seconds IRR.                    

* Significant differences were found between P0 and both P20 and P40 (p ≤0.05).   
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Figure 3.  Mean velocity for each protocol.  Velocity is represented as a percentage of the 

first repetition.  P0 = 0 seconds IRR.  P20 = 20 seconds IRR.  P40 = 40 seconds IRR.            

* Significant differences were found between P0 and both P20 and P40 (p ≤0.05).   
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Figure 4.  Peak power across repetitions for each protocol.  Power is represented as a 

percentage of the first repetition.  P0 = 0 seconds IRR.  P20 = 20 seconds IRR.  P40 = 40 

seconds IRR.  * Significant differences were found between repetitions 2-6 from repetition 1 

in P0 (p ≤0.05).  * Significant differences were found between repetitions 5 and 6 from 

repetition 1 in P20 and P40 (p ≤0.05).  Ψ Peak power in P0 was significantly different from 

P20 and P40 during repetitions 3-6 (p ≤0.05).   
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Force - Protocol by Repetition
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Figure 5.  Peak force across repetitions for each protocol.  Force is represented as a 

percentage of the first repetition.  P0 = 0 seconds IRR.  P20 = 20 seconds IRR.  P40 = 40 

seconds IRR.  * Significant differences were found between repetitions 3-6 from repetition 1 

in P0 (p ≤0.05).  * Significant differences were found between repetitions 5 and 6 from 

repetition 1 in P20 (p ≤0.05).  Ψ Peak force in P0 was significantly different from P20 during 

repetitions 3 and 6.   ω Peak force in P0 was significantly different from P40 during 

repetitions 3-6 (p ≤0.05).   
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Figure 6.  Peak velocity across repetitions for each protocol.  Velocity is represented as a 

percentage of the first repetition.  P0 = 0 seconds IRR.  P20 = 20 seconds IRR.  P40 = 40 

seconds IRR.  * Significant differences were found between repetitions 2-6 from repetition 1 

in P0 (p ≤0.05).  * Significant differences were found between repetitions 4-6 from repetition 

1 in P20 (p ≤0.05).  Ψ Peak velocity in P0 was significantly different from P20 and P40 

during repetitions 2-6 (p ≤0.05).   
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DISCUSSION 

It has been demonstrated that training at the intensity that maximizes power output is 

important for the development of muscular power (42).  Kaneko et al. (42) demonstrated that 

12 weeks of training at the load that optimizes power output (30%) increased muscular power 

to a greater extent than 100%, 60%, and 0% of isometric strength.  Therefore, training 

methodologies that maximize power output may provide the greatest training stimulus and 

adaptation for the development of muscular power.  The current investigation examined the 

effect of three different IRR periods in a multiple set protocol on power production in the 

power clean.   

 

This study demonstrated longer IRR results in maintenance of peak power, force, and 

velocity in the power clean during a multiple set exercise protocol.  This is in agreement with 

previous research by Lawton et al. (44) and Haff et al. (32) demonstrating the effect of IRR 

periods on exercise performance.  Lawton et al. (44) demonstrated significant decreases in 

power output during 6 continuous repetitions in the bench press exercise.  Whereas the IRR 

protocols (single, doubles, triples) significantly increased total power output by 21-25% 

compared to the continuous set configuration (44).  During the current investigation, P0 

displayed significant decreases in power, force, and velocity (14.94%, 7.15%, and 9.07, 

respectively) over 6 repetitions.  Haff et al. (32) demonstrated higher barbell velocities with 

the use of a cluster set when compared to a continuous set configuration.  Similarly, this 

study found significant differences between continuous and IRR protocols with regard to 

power, force, and velocity over multiple repetitions.  Peak power in P0 was significantly 

different from P20 and P40 during repetitions 3-6.  Peak force in P0 was significantly 
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different from P20 during repetitions 3 and 6 and P40 during repetitions 3-6.  Peak velocity 

in P0 was significantly different from P20 and P40 during repetitions 2-6.  Collectively, these 

studies indicate that IRR protocols are an effective exercise method to maintain power, force, 

and velocity over multiple repetitions when compared to a continuous set configuration. 

 

Interestingly, this study found significant differences in power, force, and velocity as 

early as the second repetition during the continuous set configuration.  Izquierdo et al. (38) 

found significant decreases in repetition velocity at repetitions 3, 4, 5, and 7 (75%, 70%, 

65%, and 60% of 1RM, respectively) in the bench press and at repetitions 5, 9, 11, and 15 

(75%, 70%, 65%, and 60% of 1RM, respectively) in the squat during continuous repetitions 

to failure.  The authors suggested that to maintain maximal velocity, the repetition velocity 

should not decrease more than 13% and 8% of the first repetition in the bench press and 

squat, respectively.  The results from this study demonstrated that power decreased by only 

~4-6% during the IRR protocols.  This indicates that these guidelines can be achieved 

through the use of IRR over a multiple set and repetition exercise protocol in the power 

clean.      

 

It is believed that IRR allows for greater power output due to partial recovery of 

energy substrates and reversal of fatigue (30, 32, 44).  Bogdanis et al. (8) has demonstrated 

that phosphocreatine (PCr) resynthesis is important for the recovery of power during repeated 

bouts of sprint exercise.  Significant correlations (r = 0.71–0.86) were found between the 

resynthesis of PCr and the percentage of restoration of peak power output, peak pedal speed, 

and  mean power during the initial 6 seconds of exercise after 1.5 and 3 minutes recovery (8).  



 

23 
 

Furthermore, Harris et al. (35) demonstrated that PCr synthesis half-time was calculated to be 

21-22 seconds, and occlusion of the circulation to a fatigued skeletal muscle inhibits PCr 

resynthesis.  Therefore, it is speculated that IRR of at least 20 seconds may allow for partial 

PCr resynthesis and maintenance of power, force, and velocity.  This notion is supported by 

Pereira et al. (51) who demonstrated that rest interval lengths of 14 to 17 seconds were 

sufficient to maintain jumping performance during 30 maximal volleyball spikes.  Whereas, a 

rest interval length of 8 seconds resulted in increased blood lactate concentrations and 

decreased countermovement jump performance (51).  To date, no study has examined PCr 

resynthesis during an IRR protocol; therefore, future research is needed to identify the exact 

mechanisms relating the maintenance of power production during IRR protocols. 

 

Conclusions 

Kaneko et al. (42) demonstrated that the development of muscular power is greatest 

when training at the intensity at which power is maximized (42).  Our data demonstrates that 

20 - 40 seconds IRR can be useful to maintain power, force, and velocity during a multiple 

set protocol.  Therefore, it could be speculated that this training methodology would induce a 

greater training stimulus when compared to a continuous set configuration.  This may be 

advantageous for individuals seeking a greater training response with regards to the 

development of muscular power.  Since there were no significant differences between P20 

and P40, it can be speculated that there is no additional benefit to resting longer than 20 

seconds.  
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Practical Application 

The addition of IRR may allow for greater training stimulus while minimizing fatigue 

during a strength/power phase.  There were no significant differences between P20 and P40; 

therefore, the addition of 20 seconds IRR may be more practical for strength coaches under 

time constraints with their athletes.  Future research should examine the longitudinal effects 

of IRR in a periodized strength training program for the development of muscular power. 
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EXPERIMENT 2: 

EFFECT OF INTER-REPETITION REST PERIODS ON POWER CLEAN TECHNIQUE 

 

ABSTRACT 

Horizontal bar path has been frequently studied in the weightlifting movements for 

single repetition maximum attempts.  It is unclear how bar path is affected over multiple 

repetitions in the power clean.  The inclusion of inter-repetition rest (IRR) periods may allow 

for improved lifting mechanics when compared to a traditional set configuration.  The 

purpose of this investigation was to examine the effect of IRR on power clean bar paths 

during a multiple set protocol.  Ten male, recreational weightlifters participated in this study 

(age = 23.6 ± 0.37 years; body mass = 80.36 ± 0.90 kilograms; height = 177 ± 0.52 

centimeters; 1 repetition maximum (RM) = 111.98 ± 0.69; 1RM/body mass = 1.39 ± 0.01; 

mean ± standard error).  Session 1 consisted of documentation and determination of 1RM in 

the power clean exercise.  Sessions 2 and 3 included performing one of the following 

exercise protocols in a randomized order.  Protocols consisted of 3 sets of 6 repetitions at 

80% 1RM with either 0 (P0) or 20 seconds (P20) inter-repetition rest.  Three minutes rest 

was given between each set.  Average curves for vertical and horizontal bar displacement 

were generated and used for analysis of bar path.  Significant differences were found in 

horizontal displacement between repetition 1 and 6 for the first and second set of P0.  During 

the first set of P0, the catch position in repetition 6 is in a significantly more forward position 

as compared to repetition 1.  In addition, during the second set of P0 the first pull is 
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significantly more forward during repetition 6 as compared to repetition 1.  During the third 

set of P0, position values approached significance during the first and second pull phases of 

the lift.  In contrast, when examining the bar path in P20 no significant differences from 

repetition 1 to 6 were found.  The results of this study demonstrate that subjects were able to 

display a more appropriate bar path within a multiple set and repetition protocol with the 

addition of a 20 second IRR period.  It may be advantageous to include IRR periods to 

reinforce proper movement mechanics, especially in sports that require a high level of 

mechanical proficiency. 

 



 

27 
 

INTRODUCTION 

 Muscular strength, power, speed, nutrition, and sports skills are all determinants of 

success in competitive athletics (50).  Although strength and power are highly correlated to 

sporting success, the ability to apply forces in the appropriate manner is also of great 

importance.  It is believed that the ability to demonstrate appropriate technique is dependent 

on the level of fatigue.  Therefore, the ability to maintain exercise technique over multiple 

repetitions is of interest to athletes. 

  

 It is generally accepted that fatigue induces detrimental effects of exercise 

performance through manipulations to motor control and technique.  Halil et al. (34) found 

postural balance to be impaired following fatiguing exercise in collegiate volleyball players.  

Gabbett (28) demonstrated reductions in tackling technique under fatigue.  In addition, 

individuals with the best tackling technique during a non-fatigue state demonstrated the 

greatest decrements in technique under fatigue.  Apriantono et al. (1) found reduced leg 

swing speed and poorer ball contact during instep kicks under fatigued conditions in soccer 

players.  Stone and Oliver (55) also demonstrated decreased kicking performance during 

fatigue in soccer players.  Research suggests that depression of muscular force and 

ineffective inter-muscular coordination play a role in decreased kicking performance (1).     

 

Researchers believe that fatigue may induce manipulations to lifting technique (52), 

however few studies have examined these effects.  Chen (12) found lifting strategies to be 

altered following arm fatigue.  The altered lifting mechanics resulted in higher spinal disc 

(L5/S1) compression forces which may put individuals at a greater risk for injuries under 
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fatigued conditions (12).  Madigan and Pidcoe (45) demonstrated decreased vertical ground 

impact forces and increased maximum joint flexion during landing with fatigue.  The results 

indicate that fatigue induces changes to landing strategies leading to decreased performance.  

With regard to resistance exercise, Duffey and Challis (24) examined the effects of fatigue on 

bench press kinematics and found lifters to keep the barbell more directly over the shoulder 

in later repetitions as compared to the initial repetitions.  The authors also found increases in 

measures of bar path straightness, the length of the path the bar traveled, and the maximal 

deviation from a straight line, as the subjects progressed through the trial.  It has been 

suggested that if the kinematics of a lift at the end of a set are different from the desired 

movement pattern, it may not be beneficial to train to muscular fatigue (24).  Collectively, 

these studies suggest that fatigue induces changes to exercise technique which can have 

negative effects on exercise performance and increase the risks of injury. 

  

Numerous studies have analyzed bar path in the weightlifting movements during 

single repetitions (6, 10, 11, 27, 37).  Stone et al. (56) established descriptive barbell 

kinematic variables that can be used to assess bar path in the weightlifting movements.  

These variables have been used to quantify exercise technique in both the power clean and 

the power snatch (61, 62).  Throughout the literature it is recognized that appropriate bar path 

technique displays a horizontal displacement pattern of towards the lifter, away from the 

lifter, and back towards the lifter (56, 61, 62).  Despite the acknowledgment of proper bar 

path during single repetitions, it is unknown how bar path is affected over multiple 

repetitions in the weightlifting movements.   
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With the understanding of the effects of fatigue on exercise technique, it is apparent 

why methods to minimize fatigue are of interest during training and for the development of 

exercise technique.  Recently, IRR has become of interest for the attenuation of fatigue 

during resistance exercise.  Haff et al. (32) demonstrated a cluster set to produce significantly 

higher barbell velocities (90% and 120% of 1RM) and displacement (120% of 1RM) when 

compared to a continuous set configuration in the clean pull.  Lawton et al. (44) found greater 

mean power output across 6 repetitions in the bench press exercise with the use of IRR when 

compared to continuous repetitions.  These studies demonstrate the importance of IRR on the 

attenuation of fatigue; however, neither study examined the effect of IRR on exercise 

technique.  The effects of IRR on bar path are unknown. 

 

Therefore, the purpose of this investigation was to examine the effect of IRR on bar 

path in the power clean during a multiple set protocol.  It was hypothesized that IRR would 

allow for the maintenance of bar path over multiple sets and repetitions.
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METHODOLOGY 

Experimental Approach to the Problem 

 All subjects participated in 4 testing sessions over a period of 2 weeks with 72 hours 

given between sessions.  Session 1 consisted of documentation and determination of a 1RM 

in the power clean. In a randomized order, during sessions 2-4 subjects performed 3 sets x 6 

repetitions at 80% 1RM with 0, 20, or 40 seconds IRR with 3 minutes rest between sets. 

Vertical and horizontal displacements were collected during each protocol for each 

repetition.  Average vertical and horizontal displacement curves were generated for analysis.  

Horizontal displacement was compared between repetition 1 and repetition 6 during the same 

set of each protocol. 

 

Subjects 

Ten male, recreational weightlifters participated in this study (age = 23.6 ± 0.37 

years; body mass = 80.36 ± 0.90 kilograms; height = 177 ± 0.52 centimeters; power clean 

1RM/body mass = 1.39 ± 0.01; mean ± standard error).  The subjects had at least 4 years of 

weight training and 1 year of weightlifting experience.  Subjects were required to display 

proper technique of the power clean exercise for participation in this study.  All subjects read 

and signed an informed consent approved by the Institutional Review Board at Appalachian 

State University. 

  

Preliminary Testing (Session 1) 

All subjects reported to the Neuromuscular Laboratory for session 1 after refraining 

from strenuous exercise for a minimum of 48 hours.  During preliminary testing, subjects 
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were tested for height, weight, and a 1RM in the power clean exercise.  Power clean 1RM 

testing was performed as described by Winchester et al. (61).  Briefly, subjects underwent a 

series of warm-up sets and several maximal lifts until a 1RM was achieved.  Proper 

technique of the power clean was assessed as discussed previously (6, 10, 11, 27, 29, 37, 61, 

62).   

 

Protocol Testing (Sessions 2-4) 

 In a randomized order, each subject completed 3 testing sessions over a period of 2 

weeks.  During sessions 2-4, subjects performed 3 sets of 6 repetitions at 80% 1RM with 0 

seconds (P0), 20 seconds (P20), or 40 seconds (P40) of IRR.  80% 1RM has been shown to 

be the optimal load for peak and average power in the power clean exercise (13).  Three 

minutes rest was given between sets.  Testing sessions were separated by a minimum of 48 

hours to allow for complete recovery.   

 

Instrumentation 

All kinetic and kinematic data was collected and analyzed as described by Cormie et 

al. (13).  Briefly, testing was conducted with subjects standing on a force plate (AMTI, 

BP60011200; Watertown, MA) with two linear position transducers (2-LPT)(Celesco PT5A-

15; Chatsworth, CA) attached to the right side of the barbell.  Analog signals from the force 

plate and 2-LPT were collected at 1,000 Hz using a BNC-2010 interface box with an analog-

to-digital card (National Instruments PCI-6014; Austin, TX).  The voltage outputs from the 

force plate and 2-LPT were converted to force (N) and displacement (m), respectively.  

LabVIEW (National Instruments, Version 7.1) software was used during data collection and 
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analysis.  Vertical and horizontal displacements were recorded for each repetition of each 

protocol.  Vertical and horizontal displacement average curves were generated for repetition 

1 and repetition 6 of each set for each protocol.  Horizontal displacement was used in 

analysis. 

 

Statistical Analysis 

A students t-test was used to compare horizontal displacement between repetition 1 

and repetition 6 of the same set of every protocol.  Significance was set at p ≤ 0.05 and all 

statistical analysis was performed using SPSS version 17.0 (SPSS Inc., Chicago, IL.).   
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RESULTS 

The effects of IRR on bar path are presented in Figures 13-21.  Significant differences 

in horizontal displacement were found between repetition 1 and repetition 6 for the first and 

second set of P0.  During the first set of P0, the catch position in repetition 6 was in a 

significantly more forward position compared to repetition 1.  In addition, during the second 

set of P0, the first pull was significantly more forward during repetition 6 compared to 

repetition 1.  During the third set of P0, position values approached significance during the 

first and second pull phases of the lift.  No significant differences were found between 

repetition 1 and repetition 6 in all sets of P20.  During the second set of P40, significant 

differences in horizontal displacement were found between repetition 1 and repetition 6.  The 

second pull and loop was significantly more forward during repetition 6 compared to 

repetition 1.  In set 3 of P40, significant differences in horizontal displacement were found 

between repetition 1 and repetition 6 during the first pull, transition, and beginning of the 

second pull. 
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Figure 7. Bar Path for Set 1 of P0. P0 = 0 seconds IRR.  BP 1 = bar path of repetition 1.  BP 

6 = bar path of repetition 6.  * Significant differences in horizontal displacement were found 

between repetition 1 and repetition 6 for the first set of P0 (p ≤ 0.05). The catch position in 

repetition 6 was in a significantly more forward position compared to repetition 1. 
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Figure 8. Bar Path for Set 2 of P0.  P0 = 0 seconds IRR.  BP 1 = bar path of repetition 1.  BP 

6 = bar path of repetition 6.  * Significant differences in horizontal displacement were found 

between repetition 1 and repetition 6 (p ≤ 0.05).  The first and second pull were significantly 

more forward during repetition 6 compared to repetition 1.  
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Figure 9. Bar Path for Set 3 of P0.  P0 = 0 seconds IRR.  BP 1 = bar path of repetition 1.  BP 

6 = bar path of repetition 6.  No significant differences in horizontal displacement were found 

between repetition 1 and repetition 6.   
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Figure 10. Bar Path for Set 1 of P20.  P20 = 20 seconds IRR.  BP 1 = bar path of repetition 1.  

BP 6 = bar path of repetition 6.  No significant differences in horizontal displacement were 

found between repetition 1 and repetition 6.  
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Figure 11. Bar Path for Set 2 of P20.  P20 = 20 seconds IRR.  BP 1 = bar path of repetition 1.  

BP 6 = bar path of repetition 6.  No significant differences in horizontal displacement were 

found between repetition 1 and repetition 6. 
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Figure 12. Bar Path for Set 3 of P20.  P20 = 20 seconds IRR.  BP 1 = bar path of repetition 1.  

BP 6 = bar path of repetition 6.  No significant differences in horizontal displacement were 

found between repetition 1 and repetition 6. 

 

P20 - Set 3

Horizontal Displacement (m)
-0.04 -0.02 0.00 0.02 0.04 0.06 0.08

V
er

tic
al

 D
is

pl
ac

em
en

t (
m

)

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

BP 1
BP 6

 

 

 



 

40 
 

Figure 13. Bar Path for Set 1 of P40.  P40 = 40 seconds IRR.  BP 1 = bar path of repetition 1.  

BP 6 = bar path of repetition 6.  No significant differences in horizontal displacement were 

found between repetition 1 and repetition 6. 
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Figure 14. Bar Path Set 2 of P40.  P40 = 40 seconds IRR.  BP 1 = bar path of repetition 1.  

BP 6 = bar path of repetition 6.  * Significant differences in horizontal displacement were 

found between repetition 1 and repetition 6 (p ≤ 0.05).  The second pull and loop were 

significantly more forward during repetition 6 compared to repetition 1.  
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Figure 15. Bar Path for Set 3 of P40.  P40 = 40 seconds IRR.  BP 1 = bar path of repetition 1.  

BP 6 = bar path of repetition 6.  * Significant differences in horizontal displacement were 

found between repetition 1 and repetition 6 (p ≤ 0.05).  The first pull, transition, and 

beginning of the second pull were significantly more forward during repetition 6 compared to 

repetition 1. 
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DISCUSSION 

It is generally accepted that fatigue decreases the quality of performance through 

manipulations to exercise technique, which may also reduce the effectiveness of muscular 

power development (52).  Two studies have examined the effect of IRR and found 

attenuation of fatigue when compared to a continuous set configuration.  However, neither 

study examined the effect of IRR on bar path.  The current investigation is the first to: 1) 

analyze bar path in the power clean exercise over multiple repetitions and 2) to examine the 

effects on inter-repetition rest on bar path variability.   

 

The results demonstrate that during all protocols, subjects were able to display 

appropriate bar path despite the level of fatigue achieved.  This is seen by the horizontal 

displacement patterns for the barbell of towards the lifter, away from the lifter, and back 

towards the lifter in all exercise protocols (56, 61, 62).  However, performing multiple 

continuous repetitions in the power clean led to variations in bar path.  Stone et al. (56) 

identified several factors that contributed to successful versus unsuccessful lifting technique 

in the weightlifting movements.  Two key factors are: 1) the amount of looping should not be 

excessive and 2) a net rearward barbell displacement of ≤ 20 cm (56).  Therefore, the more 

forward positions seen in the first pull, second pull, and catch of P0 indicate poorer lifting 

technique.  During the first set of P0, the degree of looping increased, which resulted in a 

more forward catch position.  Additionally, during the second set of P0, the lifters were in a 

more forward position during the first and second pulls.  These changes in bar path are most 

likely due to the increased fatigue associated with no rest between repetitions.  These 
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findings are in agreeance with previous literature concerning changes to exercise technique 

during fatigue.   

 

Duffey and Challis (24) examined the effects of submaximal, continuous repetitions 

to failure on bench press kinematics.  The authors found: 1) movement patterns differed 

between a single maximal repetition and multiple submaximal repetitions and 2) bar 

kinematics changed during the submaximal, continuous repetitions to failure (24).  It has 

been suggested that as fatigue increases, a lifter may adopt a more efficient technique; 

however, Duffey and Challis (24) found both measures of bar path straightness to increase 

with fatigue.  Similarly, Madigan and Pidcoe (45) demonstrated a decrease in vertical ground 

impact forces and an increase in maximum joint flexion during landing with fatigue.  

Collectively, these two studies indicate that lifters adopt a less efficient lifting strategy which 

results in performance decrements.  Therefore, methods to maintain appropriate lifting 

technique and performance are of interest to athletics.   

 

It has been suggested that the addition of IRR may not only allow the replenishment 

of energy substrates, but also an increase in the quality of repetitions (30).  Haff et al. (32) 

demonstrated that lifters were able to maintain barbell velocity and displacement over 

multiple repetitions in the clean pull; however, bar path was not examined.  The current study 

demonstrates that the addition of 20 seconds IRR lead to maintenance of bar path over 

multiple repetitions.  As seen in Figures 16-18, during each set of P20 bar paths were nearly 

identical for repetitions 1 and 6.  The maintenance of bar path may be speculated to be due to 

decreased levels of fatigue.  
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It is thought that fatigue may reduce the effectiveness of power development through 

manipulations to exercise technique (52); however, few studies have examined the effect of 

exercise technique on variables such as power, force, or velocity.  Winchester et al. (62) 

found that as exercise technique in the power snatch improved, there were also increases in 

peak power and peak force.  The current investigation demonstrated decreases in exercise 

technique with a continuous set configuration and the maintenance of bar path with the use of 

IRR.  With respect to the research by Winchester et al. (62), it can be speculated that as bar 

path variations increased, there may have been decreases in peak power and force.  

Conversely, the maintenance of bar path may have been associated with maintenance of peak 

power and force across repetitions.  Therefore, reductions in proper exercise technique during 

multiple repetitions may provide an inferior stimulus for the development of muscular power.  

Collectively, this demonstrates the importance of maintaining proper exercise technique 

throughout a set with regard to muscular power.   

 

Conclusions 

It has been suggested that if the kinematics of a lift at the end of a set are different 

from the desired movement pattern, it may not be beneficial to train to muscular fatigue (24).  

The results from this investigation demonstrate that a continuous set configuration resulted in 

variations to bar path; whereas, IRR periods of 20 seconds resulted in the maintenance of bar 

path.  The use of IRR may be a practical methodology to increase the effectiveness of power 

training through the maintenance of exercise technique.  Future research should examine the 

longitudinal effects of IRR in a periodized strength-training program. 
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Practical Application 

  These findings have applications in the development of athletes of all levels.  First, in 

the beginning phases of technique development it may be advantageous to include IRR to 

reinforce proper movement mechanics.  Second, in sports that require a high level of 

mechanical proficiency, such as weightlifting, it could be recommended that brief IRR be 

implemented during multiple repetition efforts.  Future research should examine the effect of 

IRR on exercise technique and muscle recruitment patterns. 
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CONCLUSION 

 

The results from these investigations provide insight to the effects of IRR on exercise 

performance during a multiple set and repetition protocol in the power clean.  Kaneko et al. 

(42) demonstrated that the development of muscular power is greatest when training at the 

intensity at which power is maximized (42).  The results from this study demonstrate that 20 

to 40 seconds IRR can maintain power, force, and velocity during a multiple set protocol.  

Therefore, it could be speculated that this training methodology would induce a greater 

training stimulus when compared to a continuous set configuration.  This may be 

advantageous for individuals seeking a greater training response with regard to the 

development of muscular power.   

 

Furthermore, it has been suggested that if the kinematics of a lift at the end of a set 

are different from the desired movement patter, it may not be beneficial to train to muscular 

fatigue (24).  The results from this investigation demonstrate that a continuous set 

configuration resulted in variations to bar path; whereas, IRR periods of 20 seconds resulted 

in the maintenance of bar path.  Therefore, the use of IRR may be a practical methodology to 

maintain bar path during multiple repetitions in the power clean exercise. 

 

Collectively, this study demonstrated that continuous repetitions in the power clean 

resulted in significant decreases to power, force, and velocity, which coincided with 
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increases in bar path variations.  Conversely, IRR lead to maintenance of power, force, and 

velocity while minimizing variations in bar path.  The differences seen in the exercise 

protocols may be explained by the different levels of fatigue achieved during exercise; 

however, this study did not directly measure markers associated with fatigue. Future research 

should examine this limitation.  It can only be concluded that changes in bar path manifested 

changes to power, force, and velocity.  Therefore, it seems reasonable that to increase the 

effectiveness of power training, one should be concerned with the maintenance of power, 

force, and velocity while maintaining exercise technique.   

 

 

 

 



 

49 
 

 

 

 

REFERENCES 

 

1. Apriantono T, Nunome H, Ikegami Y, and Sano S. The effect of muscle fatigue on 
instep kicking kinetics and kinematics in association football. J Sports Sciences 24: 
951-960, 2006. 

2. Baker D. Comparison of upper-body strength and power between professional and 
college-aged rugby league players. J Strength Cond Res 15: 30-35, 2001. 

3. Baker D. A series of studies on the training of high-intensity muscle power in rugby 
league football players. J Strength Cond Res 15: 198-209, 2001. 

4. Baker D, Nance S, and Moore M. The load that maximizes the average mechanical 
power output during explosive bench press throws in highly trained athletes. J 
Strength Cond Res 15: 20-24, 2001. 

5. Baker D, Nance S, and Moore M. The load that maximizes the average mechanical 
power output during jump squats in power-trained athletes. J Strength Cond Res 15: 
92-97, 2001. 

6. Baumann W, Gross V, Quade K, Galbierz P, and Schwirtz A. The snatch technique of 
world class weightlifters at the 1985 world championships. Int J Sport Biomech 4: 68-
89, 1988. 

7. Bevan HR, Bunce PJ, Owen NJ, Bennett MA, Cook CJ, Cunningham DJ, Newton 
RU, and Kilduff LP. Optimal loading for the development of peak power output in 
professional rugby players. J Strength Cond Res 24: 43-47, 2010. 

8. Bogdanis GC, Nevill ME, Boobis LH, Lakomy HK, and Nevill AM. Recovery of 
power output and muscle metabolites following 30 s of maximal sprint cycling in 
man. J Physiol 482 ( Pt 2): 467-480, 1995. 



 

50 
 

9. Bottinelli R, Pellegrino MA, Canepari M, Rossi R, and Reggiani C. Specific 
contributions of various muscle fibre types to human muscle performance: an in vitro 
study. J Electromyo Kinesiol 9: 87-95, 1999. 

10. Burdett RG. Biomechanics of the snatch technique of highly skilled and skilled 
weightlifters. Res Q Exerc Sport 53: 193-197, 1982. 

11. Canavan PK, Garret GE, and Armstrong LE. Kinematic and kinetic relationships 
between an olympic-style lift and the vertical jump. J Strength Cond Res 10: 127-130, 
1996. 

12. Chen Y. Changes in lifting dynamics after localized arm fatigue. International 
Journal of Industrial Ergonomics 25: 611-619, 2000. 

13. Cormie P, McBride JM, and McCaulley GO. Validation of power measurement 
techniques in dynamic lower body resistance exercises. J Appl Biomech 23: 103-118, 
2007. 

14. Cormie P, McCaulley GO, Triplett NT, and McBride JM. Optimal loading for 
maximal power output during lower-body resistance exercises. Med Sci Sports Exerc 
39: 340-349, 2007. 

15. Cormie P, McGuigan MR, and Newton RU. Adaptations in athletic performance after 
ballistic power versus strength training. Med Sci Sports Exerc 42: 1582-1598, 2010. 

16. Cormie P, McGuigan MR, and Newton RU. Developing Maximal Neuromuscular 
Power: Part 1 - Biology Basis of Maximal Power Production. Sports Med 41: 17-38, 
2011. 

17. Cormie P, McGuigan MR, and Newton RU. Influence of strength on magnitude and 
mechanisms of adaptation to power training. Med Sci Sports Exerc 42: 1566-1581, 
2010. 

18. Cronin JB, McNair PJ, and Marshall RM. Developing explosive power: a comparison 
of technique and training. J Sci Med Sport 4: 59-70, 2001. 

19. Dayne AM, McBride JM, Nuzzo JL, Triplett NT, Skinner JS, and Burr A. Power 
output in the jump squat in adolescent male atheltes. J Strength Cond Res 25: 585-
589, 2011. 



 

51 
 

20. de Haan A, Jones DA, and Sargeant AJ. Changes in velocity of shortening, power 
output and relaxation rate during fatigue of rat medial gastrocnemius muscle. Pflugers 
Arch 413: 422-428, 1989. 

21. de Ruiter CJ, Jones DA, Sargeant AJ, and De Haan A. The measurement of 
force/velocity relationships of fresh and fatigued human adductor pollicis muscle. Eur 
J Appl Physiol Occup Physiol 80: 386-393, 1999. 

22. Drinkwater EJ, Galna B, McKenna MJ, Hunt PH, and Pyne D. Validation of an 
optical encoder during free weight resistance movements and analysis of bench press 
sticking point power during fatigue. J Strength Cond Res 21: 510-517, 2007. 

23. Duchateau J and Hainaut K. Isometric or dynamic training: differential effects on 
mechanical properties of a human muscle. J Appl Physiol 56: 296-301, 1984. 

24. Duffey MJ and Challis JH. Fatigue effects on bar kinematics during the bench press. J 
Strength Cond Res 21: 556-560, 2007. 

25. Edwards RH. Biochemical basis of fatigue in exercise performance: catastrophe 
theory of muscular fatigue. In: Biochemistry of Exercise, edited by Knuttgen HG. 
Champaigne, IL: Human Kinetics, 1983, p. 3-28. 

26. Fitts RH. Cellular mechanisms of muscle fatigue. Physiol Rev 74: 49-94, 1994. 

27. Frolov VI, Lellikov SI, Efimov NM, and Vanagas MP. Snatch technique of top-class 
weight-lifters. Sov Sports Rev 14: 24-29, 1979. 

28. Gabbett TJ. Influence of fatigue on tackling technique in rugby league players. J 
Strength Cond Res 22: 625-632, 2008. 

29. Garhammer J. Power clean: kinesiological evaluation. Nat Strength Cond Assoc J 6: 
61, 1984. 

30. Haff GG, Hobbs RT, Haff EE, Sands WA, Pierce KC, and Stone MH. Cluster 
training: a novel method for introducing training program variation. Nat Strength 
Cond Assoc J 30: 67-76, 2008. 



 

52 
 

31. Haff GG, Stone M, O'Bryant HS, Harman E, Dinan C, Johnson R, and Han KH. 
Force-time dependent characteristics of dynamic and isometric muscle actions. J 
Strength Cond Res 11: 269-272, 1997. 

32. Haff GG, Whitley A, McCoy LB, O'Bryant HS, Kilgore JL, Haff EE, Pierce K, and 
Stone MH. Effects of different set configurations on barbell velocity and 
displacement during a clean pull. J Strength Cond Res 17: 95-103, 2003. 

33. Haff GG, Whitley A, and Potteiger J. A brief review: Explosive exercises and sports 
performance. J Strength Cond Res 23: 13-20, 2001. 

34. Halil T, Nurtekin E, Serdar B, Turgut K, Ahmet S, and Dede B. EFFECTS OF 
FATIGUE ON THE BALANCE PERFORMANCE AS MEASURED BY 
BALANCE ERROR SCORRING SYSTEM IN VOLLEYBALL PLAYERS. Ovidius 
University Annals, Series Physical Education & Sport/Science, Movement & Health 
9: 128-134, 2009. 

35. Harris RC, Edwards RH, Hultman E, Nordesjo LO, Nylind B, and Sahlin K. The time 
course of phosphorylcreatine resynthesis during recovery of the quadriceps muscle in 
man. Pflugers Arch 367: 137-142, 1976. 

36. Hill AV. The Heat of Shortening and the Dynamic Constants of Muscle. Proceedings 
of the Royal Society of London Series B - Biological Sciences 126: 136-195, 1938. 

37. Isaka T, Okada J, and Funato K. Kinematics analysis of the barbell during the snatch 
movement of elite Asian weightlifters. Int J Sport Biomech 12: 508-516, 1996. 

38. Izquierdo M, Gonzalez-Badillo JJ, Hakkinen K, Ibanez J, Kraemer WJ, Altadill A, 
Eslava J, and Gorostiaga EM. Effect of loading on unintentional lifting velocity 
declines during single sets of repetitions to failure during upper and lower extremity 
muscle actions. Int J Sports Med 27: 718-724, 2006. 

39. Izquierdo M, Hakkinen K, Anton A, Garrues M, Ibanez J, Ruesta M, and Gorostiaga 
EM. Maximal strength and power, endurance performance, and serum hormones in 
middle-aged and elderly men. Med Sci Sports Exerc 33, 2001. 

40. Izquierdo M, Hakkinen K, Gonzalez-Badillo JJ, Ibanez J, and Gorostiaga EM. Effects 
of long-term training specificity on maximal strength and power of the upper and 
lower extremities in athletes from different sports. Eur J Appl Physiol 87: 264-271, 
2002. 



 

53 
 

41. Jones DA, de Ruiter CJ, and de Haan A. Change in contractile properties of human 
muscle in relationship to the loss of power and slowing of relaxation seen with 
fatigue. J Physiol 576: 913-922, 2006. 

42. Kaneko M, Fuchimoto T, Toji H, and Suei K. Training effect of different loads on the 
force-velocity relationship and mechanical power output in human muscle. Scand J 
Sports Sci 5: 50-55, 1983. 

43. Kawamori N, Crum AJ, Blumert PA, Kulik JR, Childers JT, Wood JA, Stone MH, 
and Haff GG. Influence of different relative intensities on power output during the 
hang power clean: identification of the optimal load. J Strength Cond Res 19: 698-
708, 2005. 

44. Lawton TW, Cronin JB, and Lindsell RP. Effect of interrepetition rest intervals on 
weight training repetition power output. J Strength Cond Res 20: 172-176, 2006. 

45. Madigan ML and Pidcoe PE. Changes in landing biomechanics during a fatiguing 
landing activity. J Electromyogr Kinesiol 13: 491-498, 2003. 

46. Mayhew JL, Ware JS, Johns RA, and Bemben MG. Changes in upper body power 
following heavy-resistance strength training in college men. Int J Sports Med 18: 
519-520, 1997. 

47. McBride JM, Triplett-McBride T, Davie A, and Newton RU. A comparison of 
strength and power characteristics between power lifters, Olympic lifters, and 
sprinters. J Strength Cond Res 13: 58-66, 1999. 

48. Newton RU and Kraemer WJ. Developing explosive muscular power: implications 
for a mixed methods training strategy. Nat Strength Cond Assoc J 16: 20-31, 1994. 

49. Newton RU, Murphy AJ, Humphries BJ, Wilson GJ, Kraemer WJ, and Hakkinen K. 
Influence of load and stretch shortening cycle on the kinematics, kinetics and muscle 
activation that occurs during explosive upper-body movements. Eur J App Physiol 
Occup Physiol 75: 333-342, 1997. 

50. Pearson D. Enhancing athletic performance. Nat Strength Cond Assoc J 22: 74-75, 
2000. 



 

54 
 

51. Pereira G, Almeida AG, Rodacki AL, Ugrinowitsch C, Fowler NE, and Kokubun E. 
The influence of resting period length on jumping performance. J Strength Cond Res 
22: 1259-1264, 2008. 

52. Sakamoto A and Sinclair PJ. Effect of movement velocity on the relationship between 
training load and the number of repetitions of bench press. J Strength Cond Res 20: 
523-527, 2006. 

53. Sargeant AJ, Hoinville E, and Young A. Maximum leg force and power output during 
short-term dynamic exercise. J Appl Physiol 51: 1175-1182, 1981. 

54. Siegel JA, Gilders RM, Staron RS, and Hagerman FC. Human muscle power output 
during upper- and lower-body exercises. J Strength Cond Res 16: 173-178, 2002. 

55. Stone KJ and Oliver JL. The Effect of 45 Minutes of Soccer-Specific Exercise on the 
Performance of Soccer Skills. Int J Sports Physiol Perf 4: 163-175, 2009. 

56. Stone MH, O'Bryant HS, Pierce K, Williams FE, and Johnson RL. Analysis of bar 
paths during the snatch in elite male weightlifters. Nat Strength Cond Assoc J 20: 30-
38, 1998. 

57. Thomas M, MA. F, and R.A. F. Leg power in young women: relationship to body 
composition, strength, and function. Med Sci Sports Exerc 28: 1321-1326, 1996. 

58. Toji H and Kaneko M. Effect of multiple-load training on the force-velocity 
relationship. J Strength Cond Res 18: 792-795, 2004. 

59. Toji H, Suei K, and Kaneko M. Effects of combined training loads on relations 
among force, velocity, and power development. Can J Appl Physiol 22: 328-336, 
1997. 

60. van Leeuwen JL. Optimum power output and structural design of sarcomeres. J Theor 
Biol 149: 229-256, 1991. 

61. Winchester JB, Erickson TM, Blaak JB, and McBride JM. Changes in bar-path 
kinematics and kinetics after power-clean training. J Strength Cond Res 19: 177-183, 
2005. 



 

55 
 

62. Winchester JB, Porter JM, and McBride JM. Changes in bar path kinematics and 
kinetics through the use of summary feedback in power snatch training. J Strength 
Cond Res 23: 444-454, 2009. 

 

 



 

56 
 

 

 

 

APPENDIX A 

 

 

 

 

 

INSTITUTIONAL REVIEW BOARD DOCUMENTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

57 
 

APPALACHIAN STATE UNIVERSITY  
Official Use Only _____-____ 

 
REQUEST FOR REVIEW OF HUMAN PARTICIPANTS RESEARCH 

 
Please complete and send the form electronically to irb@appstate.edu.  The first page with signatures must be 
submitted to IRB, Research & Graduate Studies, John E. Thomas Building. 
 
1.  Date:  07/19/10__ 
 
2.  Project Title:  Effect of Inter-Set and Inter-Repetition Rest Period Length on Kinetic and Kinematic 
Variables in the Power Clean. 
 
3.  Principal Investigator(s):  Justin Hardee 
 
4.  Phone:  850-449-0088     Email:  hardeej@appstate.edu     
 
5.  Academic Department/Unit:   Health, Leisure, and Exercise Science    
 
6.  ASU Status: Faculty/Staff         Graduate Student   X        Undergraduate Student             Other 
          
7.  If student, name of faculty mentor:  Dr. N. Travis Triplett, Dr. Jeffrey M. McBride   
 
8.  Faculty mentor’s e-mail address:  triplttnt@appstate.edu      
                                             Phone:   7148       
 
9.  This is: Honors or Master’s Thesis     x        Capstone or Project of Learning              Dissertation  
         Faculty Research                  Other ___ ___________________   
 
10.  Project Support:   X   Non-Sponsored 
 
                                       Sponsored:       Sponsor    Proposal #    
                                                                  Pending              Funded      
 
11.  Plan to publish or present off-campus:  Yes    X                  No   
 
12.   Projected data collection dates:  8/01/10       to  02/01/11___     
 
13. Does this research involve any out-of-country travel?      Yes                No X  
 
Proposals cannot be considered until the researchers have completed the online CITI Training 
(http://www.citiprogram.org/default.asp?language=english) required for human subject research.   
 
I have read Appalachian State University’s Policy and Procedures on Human Subjects Research and agree to 
abide them.  I also agree to report any significant and relevant changes in procedures and instruments as they 
relate to participants to the Chairperson of the Institutional Review Board. 
 
_________________             ___________          _________________              ___________                  
PI                                                   Date                      Co-investigator                          Date 
 
_________________             ___________          _________________              ___________ 
If PI is student, Faculty Mentor    Date                       Co-investigator                          Date 

 

mailto:irb@appstate.edu�
mailto:triplttnt@appstate.edu�
http://www.citiprogram.org/default.asp?language=english�


 

58 
 

APPALACHIAN STATE UNIVERSITY                                       
 
Informed Consent for Participants in  
Research Projects Involving Human Subjects 
 
Title of Project: Effect of Inter-Set and Inter-Repetition Rest Periods on Kinetic and 

Kinematic Variables in the Power Clean. 
Investigator(s): Justin Hardee, Dr. N. Travis Triplett, Dr. Jeffrey M. McBride 
I. Purpose of this Research/Project: 
The primary purpose of this study is to identify how power output and perceived exertion is 
affected during various inter-set and inter-repetition rest interval lengths the power clean 
exercise. This resistance exercise is commonly used for athlete training and is also used in 
the competitive sport of Olympic Weightlifting. A repetition is one completed movement 
pattern of the lift and a set is a series of repetitions in sequence. 
II. Procedures: 
All testing will take place in the Neuromuscular Lab at the Convocation Center one 
individual at a time.  You will be asked to participate in four testing sessions over a two week 
period with each session separated by at least 48 hours.  During the first session demographic 
and anthropometric information (age, height, weight) will be obtained, and you will become 
oriented to the testing procedures. You will then be tested for your one repetition maximum 
(1RM), which is a measure of your strength, in the power clean exercise. You will also be 
familiarized to a perceived exertion scale called the CR-10 scale.  During the second, third, 
and fourth testing session, you will perform one lifting protocol per session.  The lifting 
protocol will include three sets of six repetitions at 80% of your 1RM with either 0, 20, or 40 
seconds rest between repetitions.  After completion of each set you will be asked to rate your 
perceived exertion using the CR-10 scale.  Three minutes rest will be given between each set.  
All power cleans will be performed on force plate with two linear position transducers 
attached to the barbell.  A force plate measure how much force you exert during you lift and 
the linear position transducers tell us how the barbell is moving during the lift.  During all 
testing laboratory assistants, which will be certified strength and conditioning specialists and 
certified in CPR and first aid, will ensure proper lifting technique and ensure safety.  
III. Risks: 
There are minimal risks to you during the testing conducted in this study.  There may be 
some discomfort and/or soreness in your muscles due to the nature of resistance exercise.  
There is also a small risk of musculoskeletal injury.  All procedures for the testing are 
outlined in the standards for Strength and Conditioning as supported by the National Strength 
and Conditioning Association.  To provide the utmost safety for you, the primary investigator 
is a Certified Strength and Conditioning Specialist (CSCS) through the National Strength and 
Conditioning Association and certified in CPR/AED and First Aid through the American Red 
Cross.  No monies have been set aside for medical care resulting from injuries occurring 
while participating. 
 
 IV. Benefits: 
You will be given your individual results which may assist you in developing your own 
resistance exercise program for improvement in muscle power.  In addition, you will be 

 
Institutional Review Board  
Study #: 11-0020 

  
 



 

59 
 

assisting in an important contribution to expanding the current body of knowledge in this 
area of research.    
V. Extent of Anonymity and Confidentiality: 
Your identity will not be disclosed in any published documents or shared with anyone but the 
experimenters.  All information collected will be kept confidential and disguised so that no 
personal identification can be made and all experimental data will be identified by number 
only.  Confidentiality of all subjects will be maintained by keeping subject files under lock 
and key. Individual data will not be reported in results of final publication.  Data will be 
analyzed and be reported in manuscript format and submitted to a peer-reviewed journal for 
publication.  Data will be stored for a period of five years.  Papers will be shredded and data 
files deleted at this time.  
VI. Compensation: 
You will be compensated twenty-five dollars for completion of the entire study.  However, 
no funds for any injury or illness resulting from participation in this study have been allotted.  
In the event of physical injury resulting from the research procedures, immediate first-aid is 
provided free of charge.   
Current University policy requires the collection of Social Security numbers (or Appalachian 
Banner ID numbers) if study compensation is more than $20 for a single study or $599 for 
participation in multiple studies in a calendar year.  Since the compensation for this study is 
more than $20, you will need to provide your address and Social Security number (or 
Appalachian Banner ID number) when you complete the form for payment. 
VII. Freedom to Withdraw: 
I understand that participation is voluntary and this consent may be withdrawn at any time 
without prejudice, penalty, or loss of benefits to which I am entitled.  I have been given the 
right to ask questions and have had any questions asked answered to my satisfaction.  I may 
terminate my participation in the study at anytime and for any reason. 
VIII. Approval of Research  
This research project has been approved, as required, by the Institutional Review Board of 
Appalachian State University and _____________________________________ (if others, 
i.e., school or school system, hospital, daycare center, multi-institutional project etc.).  
 
____8/23/2010 ___________  ________7/29/2011____________  
IRB Approval Date    Approval Expiration Date  
 
IX. Subject's Responsibilities  
 
I voluntarily agree to participate in this study. I have the following responsibilities:  

• Complete four 1.5-hour testing sessions involving maximum lifting. 
 

 

 



 

60 
 

 

 

 

VITA 

 

 Justin Perry Hardee was born in Pensacola, Florida, on December 14, 1985.  

Following graduation at Gulf Breeze High School, he attended Pensacola Junior College to 

obtain an Associate of Arts and the University of West Florida to obtain a Bachelor of 

Science in Exercise Science.   

 In August 2009, Justin accepted a research and teaching assistantship in the 

Biochemistry and Human Performance Laboratories at Appalachian State University and 

began study toward a Master of Science in Exercise Science.  The M.S. was awarded May 

2011.  Following graduation Mr. Hardee will commence work toward his Ph.D in Applied 

Physiology at the University of South Carolina in Columbia, South Carolina. 


	A Thesis
	Submitted to the Graduate School
	A Thesis
	Copyright by Justin Perry Hardee 2011
	DEDICATION
	To my thesis committee chairperson, Dr. Travis N. Triplett, thank you for all of your guidance during my graduate career at Appalachian State University.  You have always been a great teacher and friend.  You are an inspiration, and I hope to be half...
	To the members of my thesis committee Dr. Jeffrey M. McBride and Dr. Alan Utter, thank you for your excellent review and support throughout the entire process.  Dr. McBride, I am grateful for your time, expertise, and critical analysis.  Not only hav...
	To my family, Mom, Dad, and Ashley, whose unconditional love and support has provided me with the tools to succeed.  I thank you for staying by my side for this roller coaster of a ride.  Your guidance and unconditional love will always be cherished. ...
	TABLE OF CONTENTS
	ABSTRACT iv
	DEDICATION vi
	LIST OF TABLES ix
	LIST OF FIGURES x
	INTRODUCTION 1
	EXPERIMENT 1 – EFFECT OF INTER-REPETITION REST PERIODS ON POWER PRODUCTION IN THE POWER CLEAN
	INTRODUCTION 5
	METHODOLOGY 9
	RESULTS 12
	DISCUSSION 21
	EXPERIMENT 2 – EFFECT OF INTER-REPETITION REST PERIODS ON POWER CLEAN TECHNIQUE
	INTRODUCTION 27
	METHODOLOGY 30
	RESULTS 33
	DISCUSSION 43
	CONCLUSION 47
	REFERENCES 49
	APPENDIX A – Institutional Review Board Documents 56
	VITA… 60
	LIST OF TABLES
	Table 1.  Subject Characteristics 14
	LIST OF FIGURES
	Figure 1.  Mean power output across protocols 15
	ABSTRACT
	Previous investigations have shown power contributes to athletic performance and is therefore a focus of many strength and conditioning training programs.  The contribution of fatigue to increase power with training is unknown.  Manipulations of inter...
	INTRODUCTION
	METHODOLOGY
	Experimental Approach to the Problem
	Subjects
	Preliminary Testing (Session 1)
	Protocol Testing (Sessions 2-4)
	Instrumentation
	Statistical Analysis
	RESULTS
	Table 1. Subject Characteristics.  Ten male, recreational weightlifters (n = 10) participated in this study.  Subjects had at least 4 years of weight training and 1 year of weightlifting experience and were required to display proper technique of the...
	DISCUSSION
	Conclusions
	Practical Application
	ABSTRACT
	INTRODUCTION
	Experimental Approach to the Problem
	Subjects
	Preliminary Testing (Session 1)
	Protocol Testing (Sessions 2-4)
	Instrumentation
	Statistical Analysis
	RESULTS
	Figure 7. Bar Path for Set 1 of P0. P0 = 0 seconds IRR.  BP 1 = bar path of repetition 1.  BP 6 = bar path of repetition 6.  * Significant differences in horizontal displacement were found between repetition 1 and repetition 6 for the first set of P0...
	DISCUSSION
	Conclusions
	Practical Application
	CONCLUSION
	REFERENCES
	APPENDIX A
	INSTITUTIONAL REVIEW BOARD DOCUMENTS
	VITA
	Justin Perry Hardee was born in Pensacola, Florida, on December 14, 1985.  Following graduation at Gulf Breeze High School, he attended Pensacola Junior College to obtain an Associate of Arts and the University of West Florida to obtain a Bachelor of...
	In August 2009, Justin accepted a research and teaching assistantship in the Biochemistry and Human Performance Laboratories at Appalachian State University and began study toward a Master of Science in Exercise Science.  The M.S. was awarded May 201...

