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ABSTRACT 
International Journal of Exercise Science 13(4): 1072-1085, 2020. The purpose of this investigation was 
to examine the immediate and acute vertical jump performance responses throughout and following two different 
free-weight back squat exercise protocols. Fifteen resistance-trained women (mean ± SD: age = 21.8 ± 0.9 years; 
height = 164.6 ± 8.4 cm; mass = 68.5 ± 9.2 kg) performed vertical jumps before (Pre), immediately after each set (S1-
S5), and up to 20 minutes post squat exercise (Post0-Post20) of either a power-endurance (PE; 5×16 at 40% 1-RM) 
or controlled heavy (CHP; 5×8 at 80%) protocol. Participants’ jump height (JH), mean (MP), peak power (PP), mean 
(MV) and peak velocity (PV) were measured using a linear position transducer. 2-way repeated measures ANOVAs 
were run for all dependent variables. In the case of the violation of sphericity Greenhouse-Geisser results were 
reported. No significant intensity × time interactions were observed for any of the variables (p = 0.30-0.87). Main 
effects for time were observed (p ≤ 0.001, ηp2 = 0.52) for MP and MV, which were significantly lower than Pre at S2 
through S5-Post0 (p = 0.001-0.02) time points. Additionally, main effects for time were observed (p ≤ 0.001, ηp2 = 
0.43) for PP and PV, which were significantly lower than Pre at all time points (p = 0.001-0.03) with the exception 
of Post10 (p = 0.17-0.21). Lastly, JH was significantly lower than Pre for all time points (p ≤ 0.001-0.02) except for 
Post5 (p = 0.13) and Post10 (p = 0.25). This study suggests overall training volume and not training-load could have 
attributed to the similar fatigue and recovery-related responses that were observed. The present findings suggest 
that vertical jump performance may be negatively affected following moderate to heavy exercise for up to 20 
minutes.   
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INTRODUCTION 
 
Complex processes associated with brief bouts of muscular contractions (dynamic or otherwise) 
may lead to differences in subsequent performance responses. This may primarily depend upon 
the characteristics of muscle action/activation strategy or influences of task familiarity, resulting 
in enhanced muscular performance (postactivation potentiation), or deficits to any related 
performance characteristics (fatigue) (29). For example, previous lab-specific techniques (e.g., 
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isokinetic dynamometry) have resulted in maximal and rapid force/strength deficits following 
dynamic exercise protocols (leg press, squat, leg extension) (4, 5, 10, 16, 31). Although decreases 
(18-48%) (6, 31) in maximal strength post-exercise (measured upon completion of last set) have 
been reported, a greater emphasis on immediate (intraset, and within exercise bout) and acute 
recovery responses is needed for a variety of purposes (injury prevention, exercise program 
design, determining physiological responses).  
 
Training programs are certainly intended to improve specific variables (strength, speed, agility, 
lean body mass) over the course of various training blocks (meso, macro, micro cycles), however, 
understanding the potentially less intuitive (intraset and acute) responses to a multi-set bout of 
resistance training may help guide deliberate alterations to the program. Interestingly, due to 
the nature of commonly utilized traditional resistance exercise protocols, many authors have 
commonly focused on the accumulation effect of exercise (i.e. acute recovery) on performance. 
For example, Conchola et al. (5) observed decreased maximal and rapid strength (up to 30 
minutes) after performing work matched free-weight squat protocols in resistance trained 
males. Although a dissimilar exercise was utilized, Linnamo, Hakkinen, and Komi (16) reported 
greater force deficits (23.7%) after a maximal [5 × 10 at 80% One-repetition maximum (1-RM)] 
leg extension exercise protocol compared to its explosive (5 × 10 at 40% 1-RM) counterpart (11% 
force deficit). However, recent authors have utilized innovative augmented volume loading 
schemes, through paired-set training (the use of agonist and antagonist exercises performed in 
an alternating manner) and reduced rest intervals, to maximize time-efficiency compared to 
traditional-set training (all sets of the same exercise are performed before the execution of all 
sets of the next exercise) (22). Since most sport-related activity requires consistent dynamic effort 
across repetitive bouts of explosive tasks, measuring intraset performance may provide a more 
comprehensive illustration of the sub-accumulation effect of exercise/activity. Additionally, the 
utilization of practical assessments may assist with distinguishing task- or training-specific 
adaptations as alterations to programs (e.g., intensity, volume, rest intervals, etc.) are inevitably 
implemented.  
 
While the findings of the aforementioned authors have provided novel information, lab-specific 
techniques/assessments are often costly, difficult to replicate and/or are an unfamiliar task, and 
generally focus on a specific demographic (i.e., trained participants). Thus, functionally relevant 
assessments may allow for better interpretation of practical performance characteristics as well 
as an improved application for broader populations (sedentary, active, elderly). Specifically, the 
vertical jump [counter movement jump (CMJ), squat jump, drop jump] may serve as a simple, 
yet effective mode of assessing functional performance across a variety of individuals. Distinct 
baseline vertical jump characteristics [e.g. jump height (JH), peak velocity (PV), peak power (PP), 
etc.], have been used to differentiate athletic status/playing status, and create descriptive 
profiles (i.e. force-velocity; F-v) (18), which may be affected following dynamic exercise (3, 13, 
27). For example, Smilios et al. (27) reported vertical jump height was decreased following 
maximal velocity squats and leg press (4 × 10 based upon 10-RM). In contrast, Saez Saez de 
Villarreal, Gonzalez-Badillo, and Izquierdo (24) observed significant increases in vertical jump 
height following high intensity-based squats (>80% 1-RM). Interestingly, Gilbert and Lees (8) 
reported greater counter movement vertical jump height deficits following a maximal strength 



Int J Exerc Sci 13(4): 1072-1085, 2020 

International Journal of Exercise Science                                                          http://www.intjexersci.com 
1074 

(5 × 1-RM load) compared to a maximal power (5 × load at which participants developed 
maximum power) squat protocol. Taken together, although different exercise loads and 
intensities were used, diverse findings are present when assessing vertical jump performance 
following lower-extremity exercise protocols. These differences may be attributed to varying 
research questions (fatigue versus potentiation), lower-body exercises (leg press, leg extensions, 
back-squat), training volume, and/or training intensity utilized for example.   
 
Although the aforementioned studies assessed vertical jump performance following the 
completion of exercise (accumulating effects), interpreting immediate (intraset, and within-
exercise bout) responses may be just as important for a variety of populations (sedentary, 
recreationally active, athletic, etc.). For example, Hester et al. (13) examined the intraset effects 
of a high-volume power-oriented back squat protocol (5 × 16 at 40% 1-RM, 2-minute rest 
interval) on PP of the squat movement (measured by a linear transducer secured to the barbell). 
Interestingly, PP was significantly reduced from the first repetition to the last repetition, 
however, no differences were observed in the highest PP repetition between sets. While novel, 
it is important to note that a 2-minute rest period may be sufficient for recovery of PP between 
sets following a high-repetition squat protocol. The inclusion of another protocol using a 
different intensity or load may have revealed differential responses for PP (or other performance 
measures) within- and/or between-sets. A study by Walker, Davis, Avela, and Hakkinen (30) 
assessed the within-exercise bout effects of a maximal strength (15 sets at 1-RM) versus 
hypertrophic (5 sets at 10-RM) resistance loadings on concentric load and maximal isometric 
force pre-, mid-, and up to 30 minutes post-loading. However, to ensure successful lifts, 
concentric load had to be significantly reduced at set 10 and 15 of the maximal strength protocol, 
while the load was maintained during the hypertrophic protocol. Both protocols significantly 
reduced maximal isometric force from pre- to mid-loadings, however, the deficit remained 
unchanged from mid- to post-loading for the maximal protocol but continued to decrease 
during the hypertrophic protocol. While exercise design (maximal vs. hypertrophic) can elicit 
specific performance responses, the addition of a within-exercise bout assessment and across 
the acute recovery phase (5, 10, 20 minutes post exercise) may help further elucidate within-
exercise bout and acute (recovery) responses to exercise mode and design.   
 
Limited research has examined vertical jump performance post-exercise, and to our knowledge, 
only one study has assessed other variables besides PP and JH after performing a squat protocol 
(14). While power is a convenient assessment to examine functional performance, and is 
commonly reported with jump studies (14, 17), examining the within-exercise bout and acute 
(recovery) responses for PV could be beneficial in providing an additional degree of specificity 
on the impact squat protocols have on vertical jump performance. A variety of athletic jumps 
have been used in research (squat jump, drop jump, CMJ), however the CMJ, which utilizes the 
stretch-shortening cycle by a downward countermovement from a standing position, provides 
a practical movement pattern used by a variety of populations, and has been utilized to measure 
dynamic muscle function (3). For instance, Lowery et al. (17) utilized a volume-matched squat 
protocol, and while only one set was performed (low intensity 1 × 5 at 56%, moderate intensity 
1 × 4 at 70%, and high intensity 1 × 3 at 93% 1-RM), this study tracked CMJ performance (height 
and power) up to 12 minutes post-exercise. Their results revealed that while no changes in CMJ 
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performance occurred in the low intensity bout, the moderate and high intensity bouts showed 
an increase in CMJ performance (~5% and ~7%, respectively) at 4 minutes post-exercise and 
returned to baseline by 8 minutes post-exercise. Thus, the ability to identify direct and acute 
responses post-exercise may be important in further determining the impact different 
loadings/intensities have on functional performance. Therefore, the purpose of this 
investigation was to examine the immediate (within exercise bout) and acute (recovery) 
performance responses after performing two different (controlled heavy vs. power-endurance) 
free-weight back squat exercise protocols on vertical jump performance in females. 
 
METHODS 
 
Participants 
A power analysis conducted with G*Power 3.1.9.4 (Universitat Kiel, Germany) determined that 
7 participants were needed in the present study for a power of 0.80, with an effect size of 0.5 and 
an alpha level of 0.05. Fifteen resistance-trained women (mean ± SD: age = 21.8 ± 0.9 years; height 
= 164.6 ± 8.4 cm; mass = 68.5 ± 9.2 kg; 1-RM = 94.2 ± 20.8 kg; 1-RM to mass ratio = 1.4 ± 0.35) 
volunteered to participate in this investigation. All participants were engaged in a structured 
weight training program that involved the lower body (including the free-weight back squat 
exercise) for a minimum of at least 6 months prior to the study. None of the participants reported 
taking any ergogenic supplements (i.e. caffeine or creatine) prior to the study, nor reported any 
musculoskeletal injuries of the lower extremities, within 1 year prior to testing. This study was 
approved by the University Institutional Review Board for human subject’s research, and prior 
to any testing each participant voluntarily completed an informed consent document and health 
history questionnaire. This research was carried out fully in accordance to the ethical standards 
of the International Journal of Exercise Science (21). 
 
Protocol 
This study used a randomized, repeated measures design to investigate the immediate 
performance responses (within exercise bout) and acute (recovery) effects of two different free-
weight back squat exercise protocols on vertical jump performance: PP, mean power (MP), PV, 
mean velocity (MV), and JH. Participants visited the laboratory on three occasions separated by 
4-7 days. The first visit consisted of familiarization to testing procedures, and a 1-RM of the free-
weight back squat exercise was determined. On the second and third visit the participants were 
randomly assigned to either a power-endurance (PE; 5×16 at 40% 1-RM) or controlled heavy 
squat protocol (CHP; 5×8 at 80% 1-RM). Participants performed vertical jumps before (Pre), 
immediately after set one (S1), set two (S2), set three (S3), set four (S4), set five (S5/Post0), 5-
minutes (Post5), 10-minutes (Post10), 15-minutes (Post15), and 20-minutes (Post20) following 
either the PE or CHP.    
 
Back Squat 1-RM and Exercise Protocols: The back squat 1-RM and exercise protocols were 
performed in a multi-purpose adjustable Commercial Power Rack (RockSolid Fitness, Rutland, 
VT, USA) with a standard Olympic barbell (20.45 kg). With feet positioned shoulder width apart, 
participants used a high bar placement and squatted starting from an upright position and 
descending until a ~90° angle at the knees was achieved (23). An elastic band was set for each 
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participant to provide them with kinesthetic feedback of when a 90° knee angle was achieved in 
order to promote consistent squat depth for each repetition (5). Each back squat 1-RM 
assessment was performed at a cadence of 60 b·min-1 (using a digital metronome), resulting in 
a tempo of 2 seconds for both the eccentric and concentric contraction phases, ensuring a 
consistent duration of muscle tension throughout each repetition (12, 28). The following back 
squat 1-RM procedures were described by Brown (2). All participants achieved a 1-RM in ≤ 5 
trials, with 3 minutes rest after each trial. Testing began with a warm-up of 10 repetitions at 50% 
of the estimated maximal load. The 1-RM was determined by selecting an initial load that the 
participant estimated would be approximately 90% of their 1-RM and subsequently applying 
incrementally small (2.27-9.09 kg) loads until the participant could not complete a repetition 
using proper technique through the full range of motion or could no longer maintain the cadence 
(60 b·min-1) of the metronome. Additional trials were performed until the 1-RM was determined 
within 2.27 kg and using these procedures. 
 
The two different squat protocols were work-matched for an equal load volume to allow for 
potential protocol-specific characteristics to be demonstrated (power-endurance vs. controlled-
hypertrophic). The exercise protocols have been previously described (5, 13, 28). In short, 
participants were randomly assigned to either the PE or CHP squat protocol on separate 
occasions (4-7 days following 1-RM testing, with 7 days separating the experimental protocols). 
Each testing session was initiated with a 5-minute warm-up on a cycle ergometer (Monark 
Exercise 828E, Vansbro, Sweden), at a self-selected low-intensity (~50-60 rpm), followed by a set 
of 10 repetitions at 50% of participant’s 1-RM followed by either the PE or CHP exercise 
protocols. The protocols were matched for an equal load volume to allow for potential protocol-
specific characteristics to be demonstrated. During both protocols, 2 minutes of rest were 
allotted between each set. For the PE protocol a metronome was used to control tempo, in which 
a cadence of 60 b·min-1 was set for 2 seconds eccentric and an explosive concentric movement. 
All concentric portions of the repetitions were performed “as rapidly and explosively as 
possible” with one’s feet still on the ground, ending in a neutral and non-plantar flexed position. 
During the CHP protocol, a cadence of 60 b·min-1 was used for a controlled 2 second eccentric 
and 2 second concentric movement occurred for all repetitions.  
 
Countermovement Vertical Jumps (CMJ): On day one of the study (the familiarization day) 
countermovement jumps were performed by the participants, and the researcher was there to 
answer any questions, or critique any incorrect form or attempts. Participants performed two 
maximal CMJs at each time point with the best jump (based on PP) being used for data analysis. 
Jump height (cm) was measured based on flight time (ms) of the jump utilizing a jump mat (Just 
Jump Technologies, Huntsville, AL, USA). Flight time is defined as the amount of time between 
when the participant’s feet left the mat to when the participant’s feet returned back on the mat. 
Additionally, PP, MP, PV, and MV were simultaneously measured during each unloaded jump 
using a linear position transducer (LPT) (Tendo Sports Machines, Slovak Republic) that was 
placed directly behind the participant with the nylon string secured to a belt fastened around 
the participant’s waist. Prior to jump testing, each participant’s body mass (kg) was measured 
on a stadium scale (Detecto, Webb City, MO, USA) and entered into the linear transducer 
microcomputer (Tendo weightlifting analyzer V-207) so that power and velocity output could 
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be measured. Following each jump, MV, PV, MP, and PP were displayed by the microcomputer 
and were manually recorded. Test-retest reliability determined by intraclass correlation 
coefficients, SEM, and minimal difference was performed using pretest values from testing days 
for each dependent variable (Table 1). During each CMJ, participants began in an upright 
position with feet shoulder width apart and hands positioned on the hips. Previous authors have 
suggested that attempting to coordinate a rapid arm swing during a VJ may lead to greater 
within-subject variability and may not be appropriate when measuring the explosive properties 
of the lower extremity (19). Thus, any rapid/powerful arm swing movements were minimized 
(hands on hips) in order to limit within-subject variability as well as provide a more uniform 
assessment. Upon verbal command, participants initiated a downward countermovement 
followed by a vertical movement as explosively as possibly for all vertical jumps. Each 
participant was instructed to refrain from tucking their knees while in the air, as this could 
artificially extend the flight time and ultimately skew the JH data. 
 

Table 1. Reliability statistics for all vertical jump performance measures [peak power (PP), mean power (MP), 
peak velocity (PV), mean velocity (MV), and jump height (JH)] during the countermovement vertical jump. 

 PP MP PV MV JH 
P-value 0.76 0.57 1.00 0.48 0.62 
ICC2,1 0.98 0.95 0.98 0.95 0.98 
SEM 75.33 56.28 0.10 0.08 0.62 
SEM% 4.78 6.84 4.53 6.62 4.03 
P-value = type I error rate for the one-way repeated measures ANOVA across visits 2 and 3. ICC2,1 = intraclass 
correlation coefficient, model 2,1. SEM = standard error of measurement, expressed as absolute values and 
percentages of the mean. 

 
Statistical Analysis 
All data was analyzed using SPSS version 24.0 (SPSS Inc., Armonk, NY, USA). Separate 2-way 
repeated measure ANOVAs [Intensity (PE vs. CHP) × Time (Pre vs. S1 vs. S2 vs. S3 vs. S4 vs. 
S5/Post0] and [Intensity (PE vs. CHP) × Time (Pre vs. S5/Post0 vs. Post5 vs. Post10 vs. Post15 
vs. Post20] were run for all dependent variables (PP, MP, PV, MV, and JH). Partial eta squared 
(ηp2) values were reported to estimate ANOVA effect sizes (0.01 = small; 0.06 = medium; 0.14 = 
large). In the case of the violation of sphericity Greenhouse-Geisser results were reported. An 
alpha level of p ≤ 0.05 was used to determine statistical significance. 
 
RESULTS 
 
No significant intensity × time interaction was observed for MP (p = 0.87, ηp2 = 0.02), PP (p = 
0.30, ηp2 = 0.08), MV (p = 0.79, ηp2 = 0.03), PV (p = 0.36, ηp2 = 0.07), nor JH (p = 0.73, ηp2 = 0.05). 
However, main effects for time were observed for all variables; MP (p ≤ 0.001, ηp2 = 0.52), PP (p 
≤ 0.001, ηp2 = 0.43), MV (p ≤ 0.001, ηp2 = 0.54), PV (p ≤ 0.001, ηp2 = 0.43), and JH (p ≤ 0.001, ηp2 = 
0.65). 
 
Immediate Performance Responses (Figures 1-3): MP and MV were significantly lower 
following the completions of S2 through S5/Post0 (p = 0.001-0.02) compared to Pre. PP and PV 
were significantly lower following S1 through S5/Post0 (p = 0.001-0.03) time points compared 
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to Pre. Additionally, JH was significantly lower than Pre following S1 through S5/Post0 (p ≤ 
0.001). 
 
Acute Recovery Responses (Figures 1-3): While MP and MV were significantly reduced (p ≤ 0.01-
0.02) immediately following (S5/Post0) the squat protocols, no other recovery time points 
(Post5-Post20) were significantly different compared to Pre. However, PP and PV were 
significantly lower at S5/Post0, Post5, Post15, and Post20 (p ≤ 0.001-0.04), but not at Post10 (p = 
0.17-0.21), compared to Pre. In addition, while JH was significantly lower than Pre at S5/Post0, 
Post15, and Post20 (p ≤ 0.001-0.02), no differences were observed at the Post5 and Post10 (p = 
0.13-0.25) time points. 
 
 
 
 
 

 
 
Figure 1. Vertical Jump Height (JH) values (A) before (Pre) and following (Post 0-Post 20) the squat protocols. 
Vertical JH performance was significantly reduced at Post 0, Post 15, and Post 20 (p = 0.001-0.02). Vertical JH values 
(B) before (Pre) and following each set (S1-S5) of the experimental protocol. JH performance was significantly lower 
following all protocol sets (S1-S5) compared to Pre (p = 0.001). * Indicates significantly lower compared to Pre. 
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Figure 2. Vertical Jump MP (A) and PP (C) before (Pre) and following (Post 0-Post 20) the squat protocols as well 
as following individual sets of the experimental protocol (B; D). MP was significantly lower at Post 0 (p = 0.02) (A) 
and following S2-S5 (p = 0.002-0.01) (B) compared to Pre. Additionally, PP was significantly lower at Post 0, Post 5, 
Post 15, and Post 20 (p = 0.04) (C) and following all protocol sets S1- S5 compared to Pre (p = 0.001-0.03) (D). * 
Indicates significantly lower compared to Pre. 
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Figure 3. Vertical Jump MV (A) and PV (C) before (Pre) and following (Post 0-Post 20) the squat protocols as well 
as following individual sets of the experimental protocol (B; D). MV was significantly lower at Post 0 (p = 0.004) (A) 
and following S2-S5 (p = 0.001-0.02) (B) compared to Pre. Additionally, PV was significantly lower at Post 0, Post 5, 
Post 15, and Post 20 (p = 0.001-0.02) (C) and following all protocol sets S1- S5 compared to Pre (p ≤ 0.001-0.03) (D). 
* Indicates significantly lower compared to Pre. 
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DISCUSSION 
 
The purpose of this investigation was to examine the immediate (within exercise bout) and acute 
(recovery) vertical jump performance responses following two different volume-matched free-
weight back squat exercise protocols. Interestingly, the present study observed no differences 
between squat conditions (PE; 5×16 at 40% 1-RM vs. CHP; 5×8 at 80% 1-RM). A key finding from 
the present study was the immediate performance deficits (PP, PV, and JH) after performing 
only a single set of exercise, regardless of the intensity. However, when assessing acute recovery 
post-exercise bout, dissimilar recovery responses (partial recovery Post5-Post10) were observed 
between the performance variables (MP, MV, PP, PV, & JH). Nonetheless, the overall findings 
revealed decreased performance for 20 minutes post-exercise (Figures 1-3). These results 
demonstrate how explosive and rapid performance may be negatively impacted after 
completing one set of a designated exercise, and performance may be decreased up to 20 
minutes following the exercise bout.  
 
A novel finding of the present study was the immediate (after one set of squats) decrease in PP 
(~8), PV (~7%), and JH (~10%). These variables were further decreased following S5/Post0 by 
~13%, ~12%, and ~14%, respectively (Figure 2). In addition, the present study observed a ~7% 
decrease in both MP and MV following the second set of squats, where both MP and MV were 
reduced up to ~11% following S5/Post0 (Figure 2 & Figure 3). While several studies have 
investigated the acute effects (i.e. a single set or bout) of loaded squats (half, back, or jump 
squats) on vertical jump performance (11, 14, 15, 17, 20, 25, 26, 31), the intended purpose of these 
studies were to elicit post-activation potentiation responses. Furthermore, while the previous 
studies included squat based movements within their workout, to the authors knowledge, only 
two studies assessed vertical jumps directly following loaded back squats (15, 17). Nevertheless, 
in agreement with our findings, Jensen and Ebben (15) reported a significant decrease in JH for 
males and females (~11% and ~4%) immediately (10s) after performing a single set of 5-RM back 
squats. Additionally, Lowery et al. (17) observed significant decreases in JH and power output 
directly following volume-matched back squats using moderate (1 × 4 at 70% 1-RM) and high-
intensity (1 × 3 at 93% 1-RM) conditions. While the two previous studies only examined vertical 
jump performance after a single set of squats, Smilios et al. (26) investigated vertical jump 
performance across multiple sets with two different loading protocols (moderate loaded jump 
squats, 3 × 5 with 30-60% of 1-RM, and half squats 3 × 5 with 60% 1-RM). In contrast to the 
present study, Smilios et al. (26) observed a significant increase (~4%) in JH after the first and 
second sets. Differences between the present study’s findings and Smilios et al (26) could be 
attributed to squat protocols (regular squat vs. jump squats), overall volume (controlled for 
overall volume vs. non-controlled), intensity (40 and 80% 1-RM, vs. 30-60% 1-RM), rest periods 
between sets (2 min vs. 3 min), and purpose (assess responses post-sets, vs. potentiation 
responses). Interestingly, while dissimilar responses were observed post-exercise between these 
studies, future research may expand on these findings by examining within-set responses and 
varying intensities as well as exercises within a variety of populations.  
 
An interesting finding from the present study was the similar fatigue- and recovery-related 
responses between the two squat protocols after controlling for overall training volume. 
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Specifically, the present study observed a significant decrease (~7-14%) in all performance 
measures following the completion (S5/Post0) of both squat protocols (Figures 1-3). These 
findings are similar to those of Hester et al. (14) who reported no difference between a jump 
squat (10 × 20% 1-RM) or heavy (5 × 80% 1-RM) protocol on vertical jump performance (PP, PV, 
and JH). In addition, although Hanson et al. (11) was attempting to elicit potentiation, the 
authors found no significant differences in kinetic measures (net impulse, time of ground 
contact, and vertical ground reaction force) for vertical jumping following a low-intensity, fast 
velocity (1 × 8 at 40% of 1-RM) or high-intensity, slow velocity (1 × 4 at 80% of 1-RM) set of 
squats. Contrary to our findings, Lowery et al. (17) observed a significant increase in JH and PP 
4-8 minutes following their volume-matched moderate- and high-intensity back squat protocol. 
Differences between Lowery et al. (17) and the present study may be related to squat protocols 
(single set vs. multiple sets) purpose (induce potentiation vs. assess exercise responses) and sex 
(male vs. female). Interestingly, while the performance measures appeared to start recovering 
by Post10, PP, PV, and JH were significantly lower at Post15 (~6-7%) and Post20 (~6%) when 
compared with Pre (Figures 1-3). Similarly, Hester et al. (14) observed decreases in PP (~5%), PV 
(~5%), and JH (~4%) measured at 10 minutes following their heavy squat protocol. Thus, taken 
together, these findings suggest that vertical jump performance can be significantly reduced 
immediately following a bout of either power-endurance or controlled heavy squat protocols 
for resistance-trained females.  
 
The immediate and acute decreases in performance for the aforementioned as well as present 
study may be related to the effects of fatigue. While fatigue is a complex process that may 
involve both metabolic and neural physiological changes, it is plausible that repetitive 
repetitions of low- to high-intensity muscular contractions can induce peripheral fatigue. 
Mechanisms of neuromuscular fatigue have largely been characterized as being peripheral, 
likely occurring from an inability to restore Na+ (sodium) and K+ (potassium) gradients across 
the sarcolemma resulting in large amounts of K+ being depleted, thereby leading to impaired 
action potential conduction efficiency (9). The decreased Ca2+ (calcium) reuptake combined 
with an inhibition of the t-tubules which reduces sarcoplasmic reticulum calcium release may 
lead to decreased sensitivity at the cross-bridge binding sites (7). In addition to peripheral 
mechanisms, it is plausible that stimulation of group III and IV chemoreceptor afferent neurons 
may have occurred, which have inhibitory effects on the α-motoneurons innervating the 
fatigued muscle (1). Although performance deficits (PP, PV, JH) were observed after just a single 
set of back squats, we acknowledge that acute mechanical or viscoelastic tissue changes (e.g., 
stiffness, creep, elasticity) may have contributed to immediate alterations to the stretch-
shortening cycle (6). Due to the nature of the experimental protocols (controlled tempo during 
the eccentric phase), it is plausible that even acute bouts of mechanical loading may influence 
tissue compliance, thus affecting muscle force transmission and decreasing ballistic 
performance during the countermovement jump. However, while the present study did not 
directly assess these various physiological characteristics, future research is warranted for 
assessing the contributions of peripheral mechanisms and viscoelastic alterations on direct 
performance responses following functional mechanical loading.   
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The findings of this study revealed that both the power-endurance and controlled heavy squat 
protocol elicited significant decreases in vertical jump performance for resistance-trained 
women. Future research should compare different volumes, intensities, and types of exercises 
(e.g., weighted jumps, box jumps, depth jumps), which have unique stretch-shortening cycle 
patterns to determine their effects on vertical jump performance. In addition, to properly 
determine the immediate or direct effects protocols have on vertical jump performance within-
set measurements/assessments should be added. While the present investigation included 
resistance-trained individuals, the recovery responses may greatly differ compared to sedentary 
or older populations. Furthermore, the present study controlled for overall total volume 
between the training protocols. While this may be common for recreational and lab-based 
training, the present exercise protocols may not be applicable across all activity levels. 
 
Knowing that a variety of populations implement compound movements into their resistance 
training routines, the present findings suggest that vertical jump performance may be negatively 
affected following a power-endurance or controlled heavy squat protocol. Thus, assessing 
vertical jump performance variables (PP, MP, PV, MV, and JH) following exercise may be 
valuable in identifying the immediate and residual consequences of fatigue over an acute 
recovery period. Furthermore, a recovery period of up to 20 minutes may yield impaired 
physiological and functional characteristics for individuals who perform tasks similar to the 
present study. Thus, clinicians, practitioners, and strength and conditioning professionals may 
use caution when designing lower-extremity exercises, as dynamic/functional characteristics 
may be diminished after the first set and for an acute period of time (0-20 minutes) post-exercise. 
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