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Thesis Advisor: Dr. Michael C. Zourdos 
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 The purpose of this research was to investigate the effects of eccentric phase 

duration on concentric outcomes at 60% and 80% of one-repetition maximum (1RM) in 

the squat and bench press. Sixteen resistance-trained males completed four laboratory 

visits as follows: Day 1- 1RM testing; Day 2- establishment of normative eccentric 

durations; Days 3 and 4- randomized fast (0.75 times) or slow (2 times) eccentric 

duration variations, which were controlled by visual and auditory metronomes. Eccentric 

duration was significantly and inversely correlated with average concentric velocity 

(ACV) at 60% (r = 0.408) and 80% (r = -0.477) of 1RM squat and at 100% of 1RM 

bench press. At 60% of 1RM squat, both fast and slow eccentric conditions produced 

greater (p<0.001) peak concentric velocity (PCV) than normative duration with fast also 

producing greater PCV than slow (p=0.044). Therefore, fast eccentric durations may 

benefit concentric velocity. 
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I. INTRODUCTION

Athletic performance is determined by both concentric (muscle shortening) and 

eccentric (muscle lengthening) phases of muscle contraction. In resistance training, the 

eccentric phase precedes the concentric phase in most movements. Therefore, concentric 

performance in resistance training is the beneficiary of the stretch shortening cycle 

(SSC), or the contraction of a muscle in response to a stretch (2). Specifically, the SSC 

stipulates that muscle lengthening during the eccentric portion of an exercise results in 

increased force of muscular shortening during the concentric phase (4).  

Importantly, the degree to which concentric performance benefits from the SSC is 

determined by the magnitude and velocity of the eccentric phase. Specifically, Meylan et 

al. (2010) observed that faster and larger amplitude counter-movements (i.e. eccentrics) 

for bodyweight jump exercises improved concentric performance to a greater degree than 

slower counter-movements (32). These findings from Meylan et al. demonstrate that the 

benefits of the SSC are velocity-dependent, in that the faster the eccentric the greater the 

concentric performance 

However, there may be limitations to this principle, as Granata and England 

(2006) observed that faster trunk movement velocity led to altered body control and 

changes in spinal alignment (19), possibly demonstrating a point of diminishing returns 

for eccentric velocity benefits. Additionally, movement velocity has been shown to affect 

torso muscle recruitment and co-contraction, resulting in increased spinal load during fast 

paced lifting movements (20). Further, faster movement speed also increases tendon 
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strain and subsequently decreases muscle strain (16). Taken together, these findings 

demonstrate that even though a fast eccentric can lead to improved concentric 

performance there is not only a point of diminishing returns, but an increased risk of 

injury. To counter, athletes may perform lifts at slower velocities, but this results in 

greater fatigue from increased time under tension and decreased power output (40,46). 

Therefore, when performing a compound resistance training movement, such as the back 

squat, it seems that optimizing eccentric velocity is a balance between moving fast 

enough to maximize the SSC and limit fatigue, while also controlling the movement to 

avoid injury (i.e. changes in spinal alignment). Ultimately, elucidating the appropriate 

eccentric duration in relation to velocity is necessary to optimize performance and reduce 

injury in major compound resistance exercises. However, to our knowledge, there is no 

study that has examined the effects of various individualized eccentric durations on 

concentric performance in compound resistance training exercises. 

Therefore, the purpose of this study was to analyze how manipulating the 

eccentric duration of a back squat and bench press to 0.75 times (fast) and two times 

(slow) an individual’s normal eccentric duration influences concentric performance 

(velocity, barbell path, and rating of perceived exertion-RPE) compared to a normative 

duration at 60 and 80% of one-repetition maximum (1RM). It was hypothesized that 

faster eccentric durations would result in faster average (ACV) and peak concentric 

velocity (PCV) and lower RPE values, yet worse bar path and increased ROM than both a 

normative and slow eccentric duration. Further, we hypothesized that slow durations 

would result in the opposite concentric outcomes of the first hypothesis than the fast and 

normative eccentric conditions. 
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II. REVIEW OF LITERATURE

Velocity Based Resistance-Training 

Eccentric and Concentric Velocity  

The velocity at which eccentric and concentric muscle contractions are performed 

greatly influence resistance training performance and adaptations (3,30). As a result, it 

has become desirable to accurately measure free-weight lifting velocity to optimize 

athletic performance. The best way to achieve this is with linear position transducers, 

which often bear a large financial burden that limits their use to academic and 

professional sport settings. Recently, a relatively inexpensive and accurate linear position 

transducer in the Open Barbell System (Squats and Science, Brooklyn, USA) was 

created, further spreading the ability to measure lifting velocity to strength training 

specialists and individuals involved in resistance training. 

Measuring the load and velocity of resistance training movements has established 

a clear relationship between the two. Specifically, the velocity of concentric muscle 

contractions decrease with increasing load and force output (18,24,27,41), allowing 

practitioners to use one variable to accurately estimate the other (17). This was 

demonstrated when Gonzalez-Badillo and Sanchez-Medina (2010) observed that the 

mean velocity attained with a given absolute load in the bench press can be used to 

effectively estimate the relative load (i.e. %1RM) that load represents (18). Following 

this, Zourdos et al. (2016) observed a strong inverse relationship between ACV and RPE 

at all relative loads in both experienced and novice lifters in the back squat while 
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Ormsbee et al. (2017) observed the same relationship in the bench press (35,50). 

Additionally, Helms et al. (2016) demonstrated that ACV has a strong inverse correlation 

with both RPE and %1RM in the squat, bench press and deadlift in experienced 

powerlifters (24). Despite Helms et al. (2016) showing RPE to be an accurate measure of 

intensity, the objectivity of velocity likely makes it a better measure of intensity (18). 

Concentric movement velocity for free-weight barbell lifts can be measured via 

ACV and PCV (18,41). More specifically, ACV has been proposed as the most 

appropriate velocity measure for non-ballistic exercise (i.e. back squat) as it likely best 

represents an athlete’s ability to move a load through the entire concentric portion of a 

lift. Resultantly, PCV has been proposed as the best measure for ballistic exercise (i.e. 

squat jumps) as it represents the acceleration required to perform these movements 

(10,27).  

 While there is a plethora of data analyzing concentric muscle contraction velocity 

in resistance training, there is scarce data on eccentric velocity. Acutely, repetitions with 

longer eccentric duration increase muscle activation more than repetitions with shorter 

eccentric durations even when concentric duration is the same (31). Still, it remains 

unclear what specific eccentric velocities result in the best concentric phase outcomes for 

resistance-training exercises. 

 Much of the research assessing the relationship between controlled eccentric and 

concentric muscle contraction durations have looked at their effects on training 

adaptations (15), muscle damage (8), markers of muscle hypertrophy (39), and muscle 

conduction velocity (37), often performed using an isokinetic dynamometer such as a 

Biodex (Biodex Medical Systems, N.Y., USA). This machine directly controls the 



 5 

eccentric and concentric phase durations of a movement, making it highly effective for 

analyzing muscle contraction velocities. Unfortunately, findings on such a control-

capable device do not always translate to free-weight resistance training outcomes, 

warranting exploration of an accurate method for controlling eccentric and concentric 

velocity in common barbell exercises. 

 

Lifting Duration Controlled via Metronome 

Several of the studies that have evaluated the relationship of eccentric and 

concentric velocity have utilized a metronome to help subjects control the eccentric and 

concentric phases of their lifts. Using this method, Bentley et al. observed that force 

production was more dependent on descent (eccentric) speed than ascent (concentric) 

speed in the barbell back squat (3), indicating the impact of eccentric velocity on overall 

lifting performance. An important aspect that this study and many like it (1,12,38,42) 

lack is an objective validation that subjects effectively matched the metronome rate. 

Fortunately, Moras et al. observed that subjects accurately timed eccentric and concentric 

bench press phases to a metronome validated by a linear position transducer (34). 

However, Bentley et al. and Moras et al. controlled for both eccentric and concentric 

phases, leaving the question of how controlled eccentric durations may affect natural 

concentric velocity. 

 

Stretch Shortening Cycle 

 Plyometric and explosive exercise movements use a prestretch, or 

countermovement, that involves the stretch shortening cycle (SSC) to maximize 
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performance (47). Interestingly, SSC capabilities are independent of maximal strength in 

elite athletes (29), suggesting that SSC actions are unique skills that can be improved. 

Acutely, SSC actions increase mechanical efficiency, impulse, and power via elastic 

energy recovery while, chronically, these actions enhance neuromuscular activation and 

upregulate muscle stiffness (29,43) 

The SSC has two components that help increase the power produced during 

muscle contractions: 1) a mechanical model, the series elastic component, and 2) a 

neurophysiological model, the stretch reflex (4–6,28). 

 

Series Elastic Component 

  The series elastic component is comprised of the intrinsic behavior of muscle and 

tendons to store elastic energy when stretched. If a concentric action immediately follows 

the eccentric phase of stretching, the muscle releases the stored energy to increase force 

of the concentric contraction by naturally returning the muscles and tendons to their 

unstretched configuration (21). The force produced during this concentric contraction as 

the benefit of the series elastic component is greater than that of an isolated concentric 

muscle contraction (7,45). If no concentric contraction occurs following the stretch of the 

eccentric action, or if the eccentric phase is too long, the stored energy is lost as heat (21).  

 

Stretch Reflex 

 The neurophysiological model of the SSC involves the potentiation, or change in 

the force-velocity characteristics of the muscle’s contractile components because of 

stretch (13), of the concentric muscle contraction via the stretch reflex (4–6). 
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Specifically, the stretch reflex is the body’s involuntary response to an external stimulus 

that stretches muscles (22) and occurs in three phases. First, the eccentric phase causes 

stretching of the muscle and stimulates muscle spindles, which send signals to the ventral 

root of spinal cord via Type 1a afferent nerve fibers. This is followed by the amortization 

(transition) phase in which there is a delay between eccentric and concentric contractions 

and Type 1a afferent nerves synapse with the alpha motor neurons in the ventral root of 

the spinal cord. The alpha motor neurons then transmit signals to the agonist muscle 

group. Finally, in the concentric phase, alpha motor neurons stimulate the agonist muscle 

group, resulting in a reflexive concentric muscle contraction (21). 

 

Time Under Tension 

Benefits of the SSC are limited for free weight resistance exercises in that 

deliberately increasing squat velocity can alter body control and change spinal alignment 

(19). Therefore, there is likely a point of diminishing returns for the SSC in that too fast 

of an eccentric velocity harms concentric performance and reduces safety. As a result, 

athletes may purposely decrease the velocities at which they perform resistance training 

movements, which increases time under tension (TUT).  This creates a new set of issues 

as increased time under tension acutely increases fatigue and decreases power output 

(40,46) while chronically diminishing explosive capabilities from longer eccentric 

durations (33). Further, very slow lifts result in significantly less volume (23), which can 

negatively affect training adaptations (49). Therefore, it appears that optimizing eccentric 

velocity during a free-weight resistance training exercise is a balance between moving 



 8 

fast enough to get the full benefit of the SSC and minimize time under tension while 

moving slow enough to safely perform the lift in a controlled manner. 

 

Resistance Training Biomechanics 

Barbell Back Squat 

 The barbell back squat is a closed kinetic chain exercise (44,48) often utilized in 

strength training programs to improve lower limb strength, power and function (9,11). 

The beginning of the exercise starts with the lifter in an upright position with hips and 

knees near full extension (14) and continues with the lifter descending until “the top 

surface of the legs at the hip joint are lower than the top of the knees” (25). Following 

this, the lifter will complete the lift by ascending into the upright position he or she 

started in. Simultaneous flexion or extension of the hips, knees, and ankles is required to 

successfully complete the barbell back squat (36).  

 

Bench Press 

 The bench press is an open kinetic chain exercise commonly used in resistance 

training programs to increase upper body strength and size. The beginning of the exercise 

starts with the lifter laying face-up on a bench with their arms at full extension holding a 

barbell. The lifter will then simultaneously flex the elbow and horizontally extend the 

shoulder joints, lowering the barbell until the middle of it meets the chest. The lifter will 

then press the barbell up to the start position by extending the elbows and horizontally 

flexing the shoulders. Throughout the exercise, the lifter must keep the “head, shoulders 
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and buttocks in contact with the bench surface” and the “feet must be flat on the floor” 

for the lift to be valid (25). 

 

Conclusion 

While there is ample data analyzing eccentric velocity and concentric velocity 

independently, there is limited data assessing the effects of the former preceding the latter 

in free weight exercises. Studying this relationship for the barbell back squat and bench 

press, which are commonly used in resistance training programs, can help establish what 

eccentric velocities safely maximize concentric performance through the SSC. Using a 

metronome for athletes to time the eccentric phases of their lifts as well as an objective 

validation of accurate timing via a linear position transducer are likely effective tools in 

this effort.  

 



 10 

III. METHODOLOGY

Experimental Design 

The aim of this study was to examine the effects of varying eccentric durations on 

ACV, PCV, height at which peak velocity occurred (PCV%), and rating of perceived 

exertion (RPE) at 60% and 80% of 1RM in the squat and bench press. Subjects reported 

to the laboratory for a total of four sessions over an 8-day period. For the first visit, 

subjects completed an informed consent form, training history questionnaire, and health 

history questionnaire followed by anthropometric (height, body mass, and body fat 

percentage) measurements. After, subjects completed a standardized 5-minute dynamic 

warm-up designed to increase the body’s core temperature and prepare the muscles for 

the exercises that were performed. Following the dynamic warm-up subjects completed a 

squat-specific warm-up (20% projected 1RM x 5 repetitions, 50% x 3, 60% x 1, 70% x 1, 

80% x 1, 90% x 1) and 1RM testing for the squat (50). After determining the 1RM in the 

squat, subjects underwent a familiarization period in which they performed 1 repetition 

sets for both fast (0.75 times) and slow (2 times)-controlled eccentric phase squats at 60% 

and 80% of 1RM. Finally, subjects performed the same protocol for the bench press 

excluding the standardized dynamic warm-up. A bench-specific warm-up (same sets and 

repetitions as the squat warm-up) was followed by a 1RM test and controlled eccentric 

phase familiarization sets for the bench press to complete the first session. All sets after 

60% projected 1RM in the warm-ups were separated by 3 to 5-minute rest periods. 
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Seventy-two hours after the first visit, subjects performed the same dynamic 

warm-up as the first day and a lift-specific warm-up for squat (20% of 1RM x 5, 40% x 3, 

50% x 2 repetitions). The purpose of this visit was to determine each lifter’s normative 

eccentric duration at various intensities of 1RM in the squat and bench press. After the 

squat-specific warm-up, three single-repetition sets were completed at 60 and 80% of 

1RM to establish the normative eccentric durations at each intensity for each subject. 

Once normative sets were completed, familiarization sets (similar to visit 1) were 

performed. Following the squat protocol, subjects repeated the same sequence to 

establish normative eccentric durations on the bench press. Three to five minutes of rest 

were administered between each set. 

Forty-eight to 72 hours after visit two subjects returned to the lab for visit three, 

which served as the first experimental session. Following a warm-up, subjects completed 

either fast or slow (counterbalanced with fourth visit) eccentric velocity squat sets by 

matching the downward portion of their repetitions to a visual and auditory metronome 

(Metronome Beats, London, UK) to either 0.75 or 2 times the individual’s normative 

eccentric duration. Three to five-minutes rest were administered between every set. The 

2nd experimental session (visit four) occurred 48-72 hours after visit three and followed 

the exact same procedures as visit three except for performing the opposite duration. A 

timeline of the protocol can be seen in Table 1. 

Subjects were asked to provide an RPE value (Figure 1) (50), which corresponds 

to repetitions in reserve (RIR) following each set of every session. Further, during each 

set of every session the Open Barbell System (OBS) (Squats and Science, Brooklyn, NY) 

recorded the eccentric values of average velocity, ROM, and duration while a second 
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OBS recorded ACV, PCV, PCV%, and concentric ROM. Subjects were not allowed to 

view any concentric results until both experimental sessions were completed.  

 

 

Table 1. Timeline of Events 

Day 1 Day 2 (72hrs after Day 1) Day 3 (48-72hrs 

after Day 2) 

Day 4 (48-72hrs 

after Day 3) 

• HHQ 

• PAQ 

• IC 

• AM 

• Dynamic Warm-up 

• 1RM Squat Testing 

• Squat familiarization sets 

• 1RM Bench Testing 

• Bench familiarizations 

sets 

• Dynamic warm-up 

• Squat normative 60% sets 

• Squat normative 80% sets 

• Squat familiarization sets 

• Bench normative 60% sets 

• Bench normative 80% sets 

• Bench familiarization sets 

• Dynamic 

warm-up 

• Squat fast/slow 

60% sets 

• Squat fast/slow 

80% sets 

• Bench fast/slow 

60% sets 

• Bench fast/slow 

80% sets 

• Dynamic 

warm-up 

• Squat fast/slow 

60% sets 

• Squat fast/slow 

80% sets 

• Bench fast/slow 

60% sets 

• Bench fast/slow 

80% sets 

Health History Questionnaire (HHQ), Physical Activity Questionnaire (PAQ), Informed 

Consent (IC), Anthropometric Measurements (AM), 1-Repetition Maximum (1RM), All 

fast or all slow sets counterbalanced between days 3 and 4 (fast/slow). 

 

 

RESISTANCE EXERCISE-SPECIFIC RATING OF PERCIEVED EXERTION (RPE) 

Rating Description of Perceived Exertion 

10 Maximum effort 

9.5 No further repetitions but could increase load 

9 1 repetition remaining 

8.5 1-2 repetitions remaining 

8 2 repetitions remaining 

7.5 2-3 repetitions remaining 

7 3 repetitions remaining 

5-6 4-6 repetitions remaining 

3-4 Light effort 

1-2 Little to no effort 

Figure 1. Repetitions in Reserve-Based RPE Scale 
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Subjects 

 Subject characteristics are displayed in Table 2. Sixteen resistance trained males 

participated in the current study. However, only 15 subjects’ training ages were used for 

analysis as one subject failed to report specific training age. For inclusion, all subjects 

must have performed the squat and bench press exercises on average once per week for 

the previous two years as determined by a validated physical activity questionnaire (50). 

Subjects must have been able to squat 1.5 times their body mass (BM) and bench press at 

least their BM. Subjects who had contraindications to exercise (i.e. heart disease, serious 

musculoskeletal disorders, injuries, etc.) as determined via the Health History 

Questionnaire were excluded from participation. Additionally, subjects had to refrain 

from exercise 48 hours prior to the first session and for the duration of the study 

thereafter. The University’s Institutional Review Board approved this investigation prior 

to data collection and all subjects provided written consent prior to participation. 

 

Table 2. Subject Characteristics (N=16) 

 Age 

(y) 

Training 

Age (y) 

Height 

(cm) 

Body 

Mass (kg) 

Body 

Fat % 

Squat 

1RM (kg) 

Bench Press 

1RM (kg) 

Mean 23.25 6.99 171.82 81.96 9.73 151.8 119.7 

SD 2.57 3.59 7.48 12.16 4.61 49.6 26.2 

Max 30 15 184 106.04 19.58 278.5 187.5 

Min 20 2.83 161.8 60.26 3.97 91 80.5 

1RM= One Repetition Maximum. 
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Procedures 

Anthropometric Assessments  

Total BM (kg) was measured by a calibrated digital scale (Mettler-Toledo, 

Columbus, Ohio, USA) and body fat percentage (BF%) was estimated using the average 

sum of three skinfold thickness measurements acquired at three separate sites (chest, 

abdomen, anterior thigh). The Jackson Pollock equation was used to calculate BF% (26). 

All anthropometric measurements were assessed by the same investigator. 

 

Squat and Bench Press Execution  

For the squat, subjects stood straight with their hips and knees locked, and the 

barbell placed across their upper back/shoulders. After receiving an audible “squat” 

command from an investigator, they descended with the bending of the knees until the 

top of their leg at the hip joint was below the top of their knee. Then they returned to their 

starting position on their own volition and upon receiving an audible “rack” command 

returned the weight to the rack. For the bench press, subjects laid chest up on a flat bench 

with a barbell in their closed hands. After receiving an audible “start” command they 

descended with the bending of the elbows until the bar touched their chest in a controlled 

manner. Then they returned to their starting position upon their own volition and re-

racked the weight after receiving an audible “rack” command. 

 

One-Repetition Maximum (1RM) Testing  

All 1RM testing was conducted in accordance with previously validated 

procedures (50). Squat and bench press testing was completed in that order during the 
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first session in accordance to the National Strength and Conditioning Association 

(NSCA) guidelines, and both exercises were performed to the rules set by the United 

States of America Powerlifting (USAPL). Testing for each exercise began by the subject 

performing a lift-specific warm-up (20% projected 1RM x 5 repetitions, 50% x 3, 60% x 

1, 70% x 1, 80% x 1, 90% x 1) followed by increases in subsequent 1RM attempts with 

loads determined at the investigator’s discretion. To aid in attempt selection, ACV and 

rating of RPE were collected on each warm-up set and 1RM attempt. Subjects completed 

warm-up sets at their own volition until their 70% of projected 1RM set, at which point 

they were allowed 3 to 5-minute rest periods between sets until the completion of 1RM 

testing. A 1RM attempt was considered valid if one of the following conditions were met: 

1) Subject reported a ‘10’ on the RIR/RPE scale and the investigator determined a 

subsequent attempt with increased weight could not be successfully or safely completed, 

2) subject reported a ‘9.5’ on the RIR/RPE scale and missed the subsequent attempt with 

a load increase of 2.5kg or less, 3) subject reported a ‘9’ or lower on the RIR/RPE scale 

and failed the subsequent attempt with a load increase of 5kg or less. All successive 

increases in load following the 90% 1RM performance were required to be less than or 

equal to the previous attempt’s increase in load. Lastly, calibrated Eleiko barbells and 

lifting discs (Chicago, Illinois, USA) were used for valid measures of loads lifted. 

 

Fast and Slow Eccentric Duration Variations 

To control for eccentric duration, subjects squatted to both an auditory and visual 

metronome that was set to the appropriate tempo at which the desired eccentric duration 

would last between beats. For example, if a subject naturally completed the eccentric 
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phase in one second, then a metronome would be set to have 0.75 s between beats for the 

fast condition and two s between beats for the slow conditions, resulting in 80 and 30 

beats per minutes, respectively. Subjects were allowed off-beats to help them better pace 

their descent if requested. Subjects were encouraged to ascend as fast as possible during 

the concentric phase. The eccentric durations used for the familiarization period in the 

first session were the durations produced with loads closest to 60% and 80% of actual 

1RM during the warm-up sets. The eccentric durations used for the familiarization period 

in the second session as well as sessions 3 and 4 were the averages of the eccentric 

durations for the three normative sets completed in the second session. For the squat, the 

auditory and visual metronome was placed at a comfortable height determined by each 

subject on a bench in front of them. For the bench press, only the auditory feature of the 

metronome was used to avoid the hazard of placing equipment above the subjects during 

this lift. 

 

Statistical Analyses 

To examine differences between conditions (normative eccentric, fast eccentric, 

and slow eccentric) a one-way analysis of variance (ANOVA) was used for each outcome 

variable (ACV, PCV, PCV%, RPE, and concentric ROM). Further, Pearson’s product 

moment correlations were used to examine associations between eccentric phase duration 

and all outcomes variables at 60 and 80% of 1RM in the squat and bench press. 

Correlation coefficient r scores and their associated p values quantified these 

associations. Correlations were interpreted and reported as “weak” if they were less than 

or equal to 0.35, “moderate” if they were between 0.36 to 0.67, “strong” if they were 
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between 0.68 to 0.89, and “very strong” if they were equal or greater than .90. The 

coefficient of determination r2 score was also calculated to express the explained variance 

of the correlation coefficients.  To express the potential range of concentric outcome 

measures recorded at each intensity mean, standard deviation, and 90% confidence limits 

(CLs) were calculated. All statistical analyses were performed using Statistica for 

Windows (StatSoft; Tulsa, OK, USA) and the level of significance was set at p≤0.05. 
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IV. RESULTS

Compliance with Goal Eccentric Durations 

Prior to the assessment of any correlations, reliability analyses using paired t-tests 

were performed to ensure that subjects produced eccentric durations matching the goal 

eccentric durations for the experimental sets. All t-tests produced p-values 0.481, 

indicating no significant differences between the goal eccentric durations and actual 

eccentric durations produced by subjects during fast and slow eccentric duration 

conditions 

 

Normative Eccentric Durations 

At 1RM in squat and bench press the average eccentric durations were 1.401  

0.307 s and 1.191  0.252 s, respectively. Additionally, at 80% of 1RM squat and bench 

press the average eccentric durations for the normative profile were 1.324  0.309 s and 

1.107  0.279 s, respectively. At 60% of 1RM squat and bench press the average 

eccentric durations for the normative profile were 1.213  0.332 s and 1.056  0.317 s, 

respectively. Further, there were no significant differences for normative eccentric 

durations across all intensities for both squat (p=0.262) and bench press (p=0.405). 
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Relationship Between Eccentric Durations and Concentric Outcomes 

The bivariate correlations examined relationships between all eccentric durations 

and concentric outcomes across all three conditions (i.e. combined cohort). The 

associated r- and p-values for these correlations are displayed in Table 3. There were 

significant inverse correlations between eccentric duration with ACV at 60% (r = –0.408) 

and 80% (r = –0.477) of 1RM squat, indicating that a faster eccentric (i.e. shorter 

duration) was related to greater ACV. This relationship was also found in the bench press 

at 100% of 1RM (r = –0.604). The only other significant correlation was between 

eccentric duration and PCV% at 80% of 1RM squat (r = 0.318) , indicating that a faster 

eccentric was related to a lower PCV%. Correlations between eccentric duration and the 

following outcome measures approached significance: RPE at 80% of 1RM squat, ACV 

at 80% of 1RM bench press, PCV at both 80% and 100% of 1RM bench press, and 

PCV% at 60% of 1RM bench press. No significant relationships existed between 

eccentric durations and RPE, eccentric ROM, PCV, or concentric ROM (p>0.05). 

Significant correlations between eccentric durations and concentric outcomes are 

expressed as correlation regressions in Figure 2. 
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Table 3. Correlations Between Eccentric Duration and Outcome Measures for the Squat 

and Bench press (N=48) 

Ecc Duration 

Condition 
RPE Ecc ROM ACV PCV PCV% 

Con 

ROM 

60% 

Squat 

Correlation r 0.1800 -0.0991 -0.4078* -0.1483 0.0726 -0.0515 

P Value 0.221 0.503 0.004* 0.314 0.624 0.728 
80% 

Squat 

Correlation r 0.2725 -0.0646 -0.477* -0.1445 0.3175* -0.1123 

P Value 0.061** 0.663 0.001* 0.327 0.028* 0.447 

100% 

Squat # 

Correlation r -0.0291 -0.399 -0.0812 -0.0153 -0.3253 -0.3213 

P Value 0.918 0.141 0.773 0.957 0.237 0.243 

60% 

Bench 

Correlation r 0.1205 -0.2012 -0.1928 -0.1859 0.0977 -0.2160 

P Value 0.415 0.170 0.189 0.206 0.509** 0.140 

80% 

Bench 

Correlation r 0.2136 -0.0577 -0.2738 -0.2635 0.1523 -0.0807 

P Value 0.145 0.697 0.060** 0.070** 0.301 0.586 

100% 

Bench 

Correlation r 0.0590 -0.1866 -0.6035* -0.4748 0.1429 -0.0950 

P Value 0.828 0.489 0.013* 0.063** 0.598 0.726 

Bold*= Significant Correlation; **= Approaching Significant Correlation; #N=15; Ecc= 

Eccentric; Con = Concentric; RPE= Rating of Perceived Exertion; ROM= Range of 

Motion; ACV= Average Concentric Velocity; PCV= Peak Concentric Velocity; PCV%= 

Concentric height at which peak velocity occurred. Level of significance p0.05. 
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Figure 2. Significant Correlations Between Eccentric Duration and Outcome Measures 

in the Squat and Bench Press. ACV= Average Concentric Velocity; PCV%= height at 

which peak velocity occurred. A) 60% of 1RM Squat. B) 80% of 1RM Squat. C) 100% of 

1RM bench press. D) 80% of 1RM squat. 

 

Between Condition Comparisons 

Squat Comparisons 

The specific between values for between condition comparisons for all concentric 

outcomes can be seen in Table 4. For both 60% and 80% of 1RM squat, ACV from fast 

eccentric conditions was found to be significantly faster (p=0.033 and p=0.002, 
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respectively) than slow conditions and approaching significantly faster (p=0.081 and 

p=0.056, respectively) than normative conditions. At 60% of 1RM squat, both fast and 

slow eccentric conditions produced greater (p<0.001) PCV than normative with fast also 

producing greater (p=0.044) PCV than slow. The following comparisons approached a 

significant difference at 80% of 1RM in the squat: fast condition had greater PCV than 

normative, slow condition had higher PCV% than normative, and slow condition had 

higher RPE than normative.  

 

Bench Press Comparisons 

The only significant difference found between bench press conditions was 60% of 

1RM slow condition had greater (p=0.049) PCV than normative. The following 

comparisons approached a significant difference at 60% of 1RM in the bench press: fast 

condition had greater ACV than normative, fast condition had greater PCV than 

normative, and slow condition had higher PCV% than normative. There were no 

significant or approaching significant differences between conditions at 80% of 1RM 

bench press. 
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Table 4. ANOVA Between Condition Comparisons for Normative, Fast, and Slow 

Eccentric Duration Conditions in the Squat and Bench Press. 

Intensity 

and Lift 

Outcome 

Measure 

Condition Means  

standard 

deviation 

Finding Post-hoc 

P values 

Effect 

Size 

Percentage 

difference 

60% 

1RM 

Squat 

ACV 

(m•s-1) 

Normative 0.720  0.104 F > S 0.033* 0.84 9.16% 

Fast 0.778  0.088 F > N 0.081** 0.60 7.42% 

Slow 0.707  0.081  

PCV 

(m•s-1) 

Normative 0.720  0.104 F > N <0.001* 4.56 44.24% 

Fast 1.292  0.143 S > N <0.001* 3.04 39.08% 

Slow 1.183  0.188 F > S 0.044* 0.65 8.47% 

 

80% 

1RM 

Squat 

ACV 

(m•s-1) 

Normative 0.528  0.077 F > S 0.002* 1.19 14.98% 

Fast 0.580  0.071 F > N 0.056** 0.70 8.9% 

Slow 0.493  0.076  

PCV 

(m•s-1) 

Normative 0.959  0.160 F > N 0.067** 0.67 9.71% 

Fast 1.063  0.146  

Slow 0.980  0.161 

PCV% Normative 84.0  3.3 S > N 0.060** 0.64 2.25% 

Fast 84.9  2.4  

Slow 85.9  2.7 

RPE Normative 5.45  1.29 S > N 0.097** 0.68 14.58% 

Fast 5.81  1.86  

Slow 6.38  1.44 

60% 

1RM 

Bench 

Press 

ACV 

(m•s-1) 

Normative 0.563  0.083 F > N 0.062** 0.67 9.64% 

Fast 0.623  0.096  

Slow 0.614  0.086 

PCV 

(m•s-1) 

Normative 0.768  0.109 S > N 0.049* 0.71 10.24% 

Fast 0.845  0.120 F > N 0.082** 0.67 9.11% 

Slow 0.855  0.136  

PCV% Normative 66.9  14.2 S > N 0.089** 0.57 9.77% 

Fast 72.5  9.6  

Slow 74.2  11.2 

Table only shows post-hoc results, effect sizes, and percentage difference for significant 

or approaching significant findings. *= Significant Correlation. **= Approaching 

Significant Correlation. 1RM= One Repetition Maximum. ACV= Average Concentric 

Velocity. PCV= Peak Concentric Velocity. PCV%= Height at which peak concentric 

velocity occurred. RPE= Rating of Perceived Exertion. N= Normative Eccentric 

Condition. F= Fast Eccentric Condition. S= Slow Eccentric Condition.
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Figure 3. Differences in Average and Peak Concentric Velocity at 60% and 80% of One 

Repetition Maximum for Normative, Fast, and Slow Eccentric Duration Conditions in the 

Squat and Bench Press. Data presented as means  standard deviations. ACV = Average 

Concentric Velocity; PCV = Peak Concentric Velocity. A) ACV at 60% of 1RM Squat. 

*= significantly faster than Slow. # = approaching significantly faster than Normative. 

B) PCV at 60% of 1RM Squat. *= significantly faster than Normative. # = significantly 

faster than Slow. C) ACV at 80% of 1RM Squat. *= significantly faster than Slow. # = 

approaching significantly faster than Normative. D) PCV at 60% of 1RM Bench Press. 

*= significantly faster than Normative. # = approaching significantly faster than 

Normative. 
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V. DISCUSSION

To our knowledge, this is the first study to investigate the relationship between 

variations in eccentric phase duration and concentric outcomes in the squat and bench 

press. Our first hypothesis was partially supported in that fast eccentric durations 

produced faster ACV at 60% and 80% of 1RM squat and faster PCV at 60% of 1RM 

squat compared to slow and normative eccentric conditions. However, our second 

hypothesis was not supported in that slow eccentric durations did not result in slower 

ACV, slower PCV, higher RPE values, or decreased ROM compared to normative and 

fast conditions for either lift. Surprisingly, slow eccentric conditions produced several 

concentric outcomes more favorable than normative conditions; specifically, greater PCV 

at 60% of 1RM for both squat (p<0.001) and bench press (p<0.049). Overall, these data 

suggest that a fast eccentric phase on the squat and bench press is related to improved 

concentric performance, specifically as it relates to ACV, which is the most common 

velocity variable utilized by practitioners.  

The present findings revealed fast eccentric durations to produce 44.24% and 

8.47% faster PCV than normative and slow conditions, respectively, at 60% of 1RM 

squat. Further, fast eccentric durations produced 9.16% and 14.98% faster ACV than 

slow conditions at 60% and 80% of 1RM squat, respectively. Interestingly, despite 

achieving faster ACV and PCV during fast eccentric conditions, subjects did not record 

lower RPE scores (i.e. lower perception of effort) in the fast condition. On the other hand, 

RPE is a product of the entire movement (eccentric and concentric), and deliberately 
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altering a subjects’ eccentric movement velocity did not increase RPE scores. Further, 

previous data has indicated RIR-based RPE to decrease in accuracy with more RIR and 

when gauged  after only one repetition in a set (24,35,50), thus the improved ACV and 

stable RPE suggests a possible benefit of performing an eccentric squat at 0.75 times 

one’s normative rate. Interestingly, despite no differences in PCV between conditions, a 

significant correlation (r=0.318, p=0.028) was observed between eccentric duration and 

PCV% at 80% of 1RM squat, indicating that longer eccentric durations resulted in greater 

PCV%. Given that ACV increased with faster eccentric durations, this finding may 

indicate achieving PCV at a lower height increases ACV at 80% of 1RM squat. This 

likely resulted from the ACV being closer to PCV throughout more of the concentric 

ROM. Additionally, the fact that PCV did not change between conditions suggests a 

narrow PCV range exists at 80% of 1RM squat regardless of eccentric duration. 

 For the bench press exercise, our findings suggest that eccentric durations more 

greatly influenced concentric outcomes at 60% of 1RM compared to 80% of 1RM. This 

was evident from fast eccentric durations approaching significantly faster ACV (p=0.062, 

ES=0.667) and PCV (p=0.082, ES=0.671) versus the normative condition at 60%, with 

no meaningful difference between conditions at 80% of 1RM (ACV p=0.667; PCV 

p=0.325). Conversely, slow eccentric durations produced significantly faster PCV 

(p=0.049) than normative durations at this same intensity, perhaps indicating slower 

eccentric durations more effectively primed subjects’ explosive capabilities for the 

concentric phase. This counterintuitive finding suggests that the stretch shortening 

cycle’s effects on bench press performance are diminished at lighter intensities. At 

maximal intensity, however, the stretch shortening cycle appears to benefit concentric 
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performance as eccentric duration was moderately and inversely correlated (r=–0.604, 

p=0.013) with ACV at 100% of 1RM bench press. Interestingly, the four subjects who 

descended in the shortest duration at 1RM in the bench press also had the four fastest 

ACVs. Since ACV at a 1RM bench press decreases as an athlete becomes more 

experienced (35), this finding may indicate that faster eccentric durations increase ACV 

at a 1RM only when an athlete has achieved sufficient experience and technical mastery 

with the bench press.  

Collectively, our observation of no significant differences between normative 

eccentric durations at 60%, 80%, and 100% of 1RM for either squat or bench press are 

preliminary. Subjects produced greater eccentric durations at 100% of 1RM compared to 

60% of 1RM squat (p=0.11, ES=0.59), indicating greater eccentric control is required to 

complete a squat at 100% of 1RM compared to submaximal intensities. Interestingly, the 

least significant difference between normative eccentric durations occurred between 60% 

and 80% of 1RM bench press (p=0.612, ES=0.172), perhaps showing less variation in 

eccentric duration is required at submaximal repetitions in the bench press compared to 

the squat. Additionally, our finding that slow eccentric durations produced faster PCV at 

60% of 1RM for both squat (p=0.033) and bench press (p=0.049) indicate that resistance-

trained males do not produce maximal concentric effort during normative submaximal 

repetitions. This likely resulted from subjects being instructed to complete the normative 

repetitions on their own volitional effort, whereas they were encouraged to complete the 

concentric phases of their fast and slow eccentric repetitions with maximal effort. This 

protocol was used because during pilot testing investigators noticed subjects who were 

instructed to complete the concentric phase of their normative repetitions as fast as 
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possible often increased their eccentric velocity in this effort, and, ultimately, did not 

produce truly normative repetitions. However, if during the fast and slow conditions 

subjects were instructed to match the metronome pace during the eccentric phase and 

then complete the concentric phase on their own volition, this would not have represented 

their maximal possible capabilities in these conditions. This was likely the greatest 

contributing factor towards subjects producing greater PCV during slow eccentric 

repetitions at 60% of 1RM for both squat (39.08%, p<0.001) and bench press (10.24%, 

p=0.049) compared to normative repetitions.  

Several limitations existed in this study. Only using trained, college-aged males 

narrows the practical applications of these findings to that population. Additionally, the 

current study only analyzed the squat and bench press during single repetition sets, thus it 

is not known if the present results would be the similar in single-joint exercises or in 

multiple repetition sets. The present study only assessed 60% and 80% of 1RM and 0.75 

times and two times normative eccentric duration variations for each lift. It is possible 

that eccentric duration has a greater or diminished impact on concentric outcomes 

through the stretch-shortening cycle at different intensities and different variations of a 

lifter’s normative eccentric duration, which this study failed to assess.  

In summary, our data demonstrate that for some, but not all, a faster eccentric 

contraction may facilitate improved ACV in the squat and bench press at submaximal 

intensities. Importantly, individuals who already have a fast descent on the squat and 

bench press may have already maximized the stretch reflex, thus an even more rapid 

descent could be harmful. Presently we observed normative eccentric durations of 

approximately 1.0-1.4 s across conditions, thus if an individual’s eccentric duration is 
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already <1.0 s a faster duration cannot yet be recommended. Further, the present study 

did not explore the practicality of controlling for eccentric duration with a metronome at 

1RM in the bench press due to an assumed increased risk of injury with altering 

performance at maximal loads.  It must be stated that these results are preliminary and 

more data is needed to individualize eccentric durations. However, these results do 

suggest that an eccentric phase should be performed at a duration that maximizes 

concentric performance and that an auditory and visual metronome can be used to 

effectively accomplish this. 
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(stamped) o Protocol - Eccentric Protocol Form 1A Revision (stamped) 

• **Please note that any revision to previously approved materials or procedures, 

including modifications to numbers of subjects, must be approved by the IRB before it is 

initiated. Please use the amendment form to request IRB approval of a proposed revision.  
• All SERIOUS and UNEXPECTED adverse events must be reported to this office. Please 

use the appropriate adverse event forms for this procedure. All regulatory and sponsor 

reporting requirements should also be followed, if applicable.  
• Please report all NON-COMPLIANCE issues or COMPLAINTS regarding this study to this office. 

 
• Please note that all research records must be retained for a minimum of three years. 

 
• This approval is valid for one year. A Continuing Review form will be required prior to 

the expiration date if this project will continue beyond one year. 

 
 

- 1 - Generated on IRBNet
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If you have any questions or comments about this correspondence, please contact Donna Simonovitch at: 
 

Institutional Review Board  
Research Integrity/Division of Research  
Florida Atlantic University  
Boca Raton, FL 33431  
Phone: 561.297.1383  
researchintegrity@fau.edu 
 

* Please include your protocol number and title in all correspondence with this office. 
 
 
 

This letter has been electronically signed in accordance with all applicable regulations,  
and a copy is retained within our records. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

- 2 - Generated on IRBNet 
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Appendix B: Informed Consent 
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Appendix C: Health History Questionnaire 

  

1 

 

Florida Atlantic University 

Medical History Form 
 

Demographics: 

Name: ________________________________  Sport: ___________ Pos.: _______________ 

Date: ___________ Age: _______________ Birth Date: ____/____/____ 

 

Family History: 

Has anyone in your immediate family had any of the following:  Please circle yes or no. 

 

Heart Disease   Yes No  Diabetes   Yes No 

High Blood Pressure  Yes No  Cancer   Yes No 

Stroke    Yes No  Tuberculosis  Yes No 

Sudden Death (before 50)  Yes No  Asthma   Yes No 

Epilepsy    Yes No  Gout   Yes No  

Migraine Headaches  Yes No  Marfan’s Syndrome Yes No 

Eating Disorder   Yes No  Sickle Cell  Yes No 

 

Personal History: 

1.  Have you ever been hospitalized?      Yes No 

     Have you ever had surgery?       Yes No 

     Are you presently under a doctor’s care?      Yes No 

     Please explain and give dates for all “Yes” answers: ___________________________________ 

     _____________________________________________________________________________  

     _____________________________________________________________________________  

 

2.  Please list any medications you are currently taking and for what conditions.  _______________ 

     _____________________________________________________________________________  

 

3.  Please list any known allergies. ___________________________________________________  

     _____________________________________________________________________________  

 

4.  Have you ever had a head injury / concussion?    Yes No 

     Have you ever been knocked out or unconscious?    Yes No 

     Have you ever had a seizure, “fit”, or epilepsy?    Yes No 

     Have you ever had a stinger, burner, or pinched nerve?   Yes No 

     Do you have recurring headaches or migraines?    Yes No 

     Pleas explain and give dates of  “Yes” answers: _______________________________________ 

     _____________________________________________________________________________  

     _____________________________________________________________________________  

     _____________________________________________________________________________  

 

5.  Have you ever had the chicken pox?     Yes No 

    If yes, at what age? _________ 

 

6.  Have you ever had the mumps or measles?     Yes No 

 

7.  Do you have a history of asthma?     Yes No 

 

8.  Are you missing an eye, kidney, lung, or testicle?    Yes No 

 

9.  Do you have any problems with your eyes or vision?   Yes No 

 

10. Have you ever had any other medical problems (mononucleosis,  

          diabetes, anemia)?       Yes No 

 

11. Have you ever taken any supplements for improved performance?  Yes No 

 

12. Are you presently taking any supplements for diet or performance?  

          (creatine, protein, etc.)?      Yes No 

 If Yes then what substance? ___________________________  
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1 

 

13.What is the lowest weight you have been at in the last year _____,  

highest _____?  What is your ideal weight _______? 

 

14. Do you have any trouble breathing or do you cough during or after 

 practice?       Yes No 

 

15. Have you ever had heat cramps, heat illness, or muscle cramps?  Yes No 

 

16. Do you have any skin problems (itching, rashes, acne)?   Yes No 

 

Explain all “Yes” answers for questions 5 – 16: _________________________________________  

________________________________________________________ _______________________ 

_______________________________________________________________________________  

_______________________________________________________________________________  

________________________________________________________________________ _______ 

_______________________________________________________________________________  

 

17. Have you ever passed out during or after exercise?   Yes No 

      Have you ever been dizzy during or after exercise?   Yes No 

      Have you ever had chest pain during or after exercise?   Yes No 

      Have you ever had high blood pressure?     Yes No 

      Have you ever been told you have a heart murmur?   Yes No 

      Have you ever had racing of you heart or a skipped heart beat?  Yes No 

      Has anyone in your family died of heart problems or a sudden  

death before the age of 50?     Yes No 

      Have you ever had high cholesterol     Yes No 

      Have you ever had an EKG or echocardiogram?    Yes No 

Explain all “Yes” answers for question 17: _____________________________________________  

________________________________________________________________________________  

________________________________________________________________________________  

________________________________________________ ________________________________  

________________________________________________________________________________  

 

 

18. Have you ever sprained / strained, dislocated, fractured, or had repeated swelling or other injury of any bones or joints?  Explain any “Yes” 

answers. 

Head/Neck  Yes No __________________________________________________  

Shoulder  Yes No __________________________________________________  

Elbow & arm  Yes No __________________________________________________  

Wrist, hand & fingers Yes No __________________________________________________  

Back   Yes No __________________________________________________  

Hip / Thigh  Yes No __________________________________________________  

Knee   Yes No __________________________________________________  

Shin/Calf  Yes No __________________________________________________  

Ankle, foot, toes  Yes No __________________________________________________  

 

19. What is the average number of hours you sleep per night? ________________ 

 

20. What time do you usually go to sleep at night? And, what time do you usually wake-up in the morning? ________________ 

 

21. What time did you go to sleep last night and what time did you wake up this morning? ________________  

 

Would you like to speak further to the principal investigator regarding any topics or  

concerns? (i.e., nutrition, supplements, drugs, heart problems, weight loss/gain,  

sexual diseases, concussions, etc.,)?       Yes No 

If yes then what topic? ________________________________ _____________ 

 

Please sign: 

 I hereby state that, to the best of my knowledge, my answers to the above questions are correct. 

 __________________________________________________________________________  

  Athlete’s Signature      Date Signed 
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Appendix D: Physical Activity Questionnaire 

 

Appendix A: Physical Activity Questionnaire 

Think about all the exercise training in which you engage.  Use that information to appropriately 

answer the following questions. 

1. Have you competed before in strength competitions?   If so, how often? 

Yes or No  If so, ___________________ times/year 

a. If yes to #1: How long have you been training for strength competitions? 

______________ years. 

 

b. If yes to #1: When you compete, which sport do you compete in (Powerlifting, 

Strongman, or Bodybuilding)? 

Event:___________________________________  

 

2. Are you currently engaged in a structured resistance-training program?  If so, how long? 

Yes or No  If so, ___________________ years 

 

3. How many hours of resistance training do you perform on average each week?  

___________________ hours/week 

 

4. How many times do you resistance train per week?  Please indicate if you do more than 

once a day. 

___________________ days/week Average___________________ times/day 

 

5. How many times per week do you perform the following exercises? 

a. Barbell back squat: __________ times/week 

b. Barbell bench press: __________ times/week 

 

6. How many years of experience do you have with following exercises? What is your estimated 

1RM? 

a. Barbell back squat: __________ years; 1RM__________pounds 

 

b. Barbell bench press: __________ years; 1RM__________pounds 
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1. Please describe your average resistance training intensity based on your self-estimated 

maximum load.  

___________________ % your maximum         

      

2. Do you incorporate any aerobic training? If so, how many times per week? 

Yes or No  If so, ___________________ times/week 

 

3. Please describe your average aerobic training intensity on a scale below (as close as possible): 

1 2 3 4 5 6 7 8 9 10 

      Very Light           Light             Moderate                Intense     Very Intense 

 

4. Please best describe your occupation or daily activities other than your exercise training. 
 
 

11. Do you have any coaching by a certified professional in general resistance training? 
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