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ABSTRACT 

This study aimed to investigate the practicality of unstable loads and their effect on post-

activation performance enhancement (PAPE), observed through force time kinematic 

variables in the countermovement jump (CMJ). Thirty-four collegiate male athletes 

participated in a randomized crossover experiment. Athletes were randomly assigned to first 

complete either the 20.4 kg barbell stable (ST) or 20.4 kg water bag unstable (US) load 

protocol After a 20-minute rest period, the subjects completed the other protocol. Protocols 

consisted of a baseline jump, two sets of three consecutive jumps with the load, then a second 

jump to retest. Force plate data were sampled at 1,000 Hz and predetermined landmarks of 

the force time curve were utilized to calculate key performance indicators. A two-way 

repeated measures ANOVA with condition (ST, US) and time (pre, post) as independent 

variables was used to assess outcome variables. Statistical significance was set at p < .05. No 

significant interaction or condition effects were present in findings (p > .05). Peak and average 

braking force (p = .001; p < .001 respectively), braking impulse (p < .001), takeoff velocity 

(p = .005), jump height (p = .006), center of mass (COM) depth (p = .006), and rate of force 

development (RFD) (p = .009)  were all significantly different between the first and second 

jump for both ST and US conditions. The results of this study suggest that either stable or 

unstable loads may produce a PAPE effect, thus increasing the number of modalities available 

to achieve this outcome. 
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1. Introduction  

One method to improve performance in an acute setting is through the use 

of validated strategies to promote post-activation performance enhancement 

(PAPE). In a review conducted by Blazevich & Babault (4), they reported that 

three of the most well documented ways in accomplishing PAPE are through 

increases in muscle temperature, muscle blood flow, and muscle activation 

primed through neural drive. This is not to be confused with post-activation 

potentiation (PAP), a term that once also encapsulated short-term performance 

increases until a recent differentiation proposed in 2017 by Cuenca-Fernandez 

and colleagues (8) categorized the two separately. Now, the definition for PAP 

stands as the result of action potentials on the muscle membrane that stimulate 

calcium ions in the sarcoplasmic reticulum to facilitate muscular contractions 

that were signaled through prior voluntary contractions and/or electrical 

stimulation (19, 21, 27); and though it is a byproduct of voluntary muscular 

contractions, the increased saturation of Ca2+ ions alone do not seem to play a 

factor in increased performance  (24). Additionally, the effects of PAP are 

observed for mere seconds to a few minutes, while the effects of PAPE can be 

observed for an appreciably longer amount of time (33). 

Recent literature has looked deeper into stimulus modalities that can 

maximally increase acute performance in activities such as the 

countermovement jump (CMJ). There are a number of force-time variables 

within the jump that can be observed through force plates that would indicate 

PAPE being actuated. Beato and colleagues (3) investigated the use of eccentric 

overload on PAPE by measuring jump height, peak power, impulse, and peak 

force at multiple time points post intervention and had observed significant 

differences between the control and experimental groups from the 3 through 9 

minute timestamps. Another study conducted by Siero and colleagues (23) 

manipulated load and rest times and observed how these variables affected 

PAPE in the CMJ. Four different conditions were utilized in a half squat 

programmed off a five-repetition max. They consisted of a maximal load, a 65% 

load, and the other two conditions used the same loads but included an inter-set 

rest. A bar speed tracker was used to ensure maximal intent was performed each 

rep. Their findings concluded that working at heavier loads in a traditional 

manner had a significant effect on PAPE through jump height, rather than the 

other three conditions which displayed minor improvements. One modality with 

respect to PAPE with minimal evidence is the implementation of instability, 

which can exist as both an unstable surface and/or an unstable load. 

https://doi.org/10.63750/f390w842
https://gjses.org/


The Global Journal of Sport and Exercise Science (GJSES)     ISSN (Print): 3080-0307        DOI: https://doi.org/10.63750/f390w842 

                                                                                                          ISSN (Online): 3107-037X  
 

  https://gjses.org          GJSES    Volume: 1 | Number: 2 | 31 December, 2025                           113 

 

More often than not, instability implementation references an unstable 

surface. Current literature in an acute setting has observed force production 

decreasing by levels greater than 30% when performing exercises on unstable 

surfaces (9, 20). When investigating their effect on PAPE, these findings remain 

consistent as they did not outperform their stable counterparts in the CMJ (10, 

22). At this moment, little data exist in regard to unstable loads and their effect 

on acute changes in performance, including force production. Most of the current 

literature that does exist pertains to electromyography and muscle activation on 

primary movers and muscles classified as stabilizers. Research to this point has 

yielded similar findings to that of unstable surfaces in that there is greater 

recruitment of the musculature in the trunk and distal muscles of the leg, 

specifically in the soleus, gluteus medius, and transverse abdominus (14, 32). To 

this point, only one study, conducted by Jirovska and colleagues (11), did test a 

stable and unstable load, via a squat, and its effect on a subsequent CMJ, but 

found no data of significance in jump height, peak concentric power, and peak 

rate of force development. Currently there is no literature that has utilized stable 

and unstable loaded plyometrics while evaluating their effects via the CMJ. 

With the relative novelty to unstable load training via water bags, this study 

aimed to determine the effects of how stable and unstable loads affect post 

activation performance enhancement through the CMJ force-time curves and 

kinematic variables. 

2. Methods 

• Experimental Approach to the Problem 

 A randomized crossover experiment was utilized to determine whether 

differences existed between stable and unstable loading conditions in regard to 

their potential PAPE effects. Kinematic variables measured from a CMJ were 

calculated to determine these effects.   

• Subjects 

A total of 36 collegiate male athletes (age 20.44 ± 1.69 yrs; height 1.84 ± .09 

m; mass 90.94 ± 13.27 kg) were recruited for this study, two of which were 

dismissed after participating for having invalid data, leaving a total of 34 

participants for full analysis. To qualify for participation, athletes needed to be 

a current NCAA, NJCAA, or NAIA athlete and in good health, meaning they 

were not recovering from an injury within the last year that would affect their 

performance. Additionally, the athlete had to have a resistance training age of at 
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least one year. Athletes were instructed to avoid strenuous and high intensity 

activity prior to the experiment on that calendar day. This research was approved 

by the university’s Institutional Review Board. All procedures were conducted 

according to the Declaration of Helsinki for studies involving human subjects. 

All subjects completed the informed consent process prior to study participation. 

• Procedures 

Subjects began the protocol by going through a light warm up, that 

consisted of walking on a treadmill at 5 km/h for 5 minutes. No movements were 

done prior that would have potentiated the CMJ from similar neuromechanical 

patterning, like bodyweight squats or lunges. Once finished, participants were 

randomly assigned to either the stable (ST) or unstable (US) condition, which 

would signify the protocol to be completed first. Both protocols were identical 

in structure with recording a baseline CMJ on force plates. Baseline jumps were 

then followed by two sets of squat jumps with either the stable (standard 20.4kg 

barbell) or unstable (20.4kg water bag) (Tidal Tank, Beaumont, TX, USA) load 

(Figure 1, Figure 2). Each set consisted of three consecutive jumps with 90-

seconds of rest between sets. Both loads were positioned on the subjects’ upper 

back, similar to a high bar back squat, when performing the jumps. Following 

completion of the two sets under the assigned condition, CMJ performance was 

re-tested on the force plates. After the post-intervention CMJs, a twenty minute 

break was taken before the subject performed the other study condition. This 

break was employed to minimize the carryover effect from the current PAPE 

leading into the next condition (33). At the end of the break, participants 

underwent the same protocol with the other intervention, excluding the five-

minute warmup.  
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Figure 1. sable load 
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Figure 2. Unstable load 

• Countermovement Jump 

 CMJ performance was assessed using a pair of GRF plates (PASCO PS-

2141, Roseville, GA, USA). Participants were instructed to stand in an athletic 

position with one foot fully on each plate. Following a countdown by the 

researcher, subjects performed a maximal CMJ with their hands on their hips. 

Subjects were instructed to jump as high as possible. CMJ data collection was 

ceased following the successful landing of the subject. All GRF data were 

sampled at a frequency of 1000Hz and then exported to a .csv file and subsequent 

calculations were completed through a custom MatLab script (Mathworks, 

Natick, MA, USA). 
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• Data Analysis 

Identification of countermovement jump phases and force-time 

calculations followed methods described by McMahon et al. (15) and Chavda et 

al. (5). The weighing phase used 1 second of quiet standing to calculate the 

subject’s bodyweight. Mass was calculated from bodyweight. The unweighting 

phase began at the onset of movement, calculated as 30 milliseconds prior to the 

time the vGRF was 5SD less than bodyweight (18). This phase ended at the 

instant force equaled bodyweight. The braking phase began at the end of the 

unweighting phase. The end of the braking phase was defined as the instant 

velocity equaled zero. The propulsion phase began at the end of the braking 

phase and ended at the instant of take-off. The end of the propulsion phase (take-

off) was defined as the instant vertical ground reaction force was less than 5SD 

of a 300 ms portion of the flight vGRF (13). The flight phase was defined as the 

end of the propulsion phase to the start of the landing phase. The landing phase 

began at the instant vGRF was greater than 5SD of a 300 ms portion of the flight 

vGRF (13). The landing phase ended when the velocity of the center of mass 

was equal to zero.  

The following metrics were calculated for analysis as outcome variables: 

takeoff velocity, jump height, mean braking force, braking net impulse, mean 

propulsive force, propulsive net impulse, braking phase rate of force 

development, center of mass (COM) depth, time to takeoff, braking phase 

duration, and propulsive phase duration. Jump height was calculated using the 

takeoff velocity method. Net force was calculated as the vGRF minus 

bodyweight. Net impulse was calculated by integrating the area under the net 

force-time curve. Velocity was calculated by integrating the acceleration-time 

curve. COM displacement was calculated as the integration of velocity over 

time.  

• Statistical Analysis 

Mean and standard deviation are presented for each variable. Data were 

checked for normality using Shapiro-Wilk test and visual inspection of Q-Q 

residual plots. A two-way repeated measures ANOVA with condition (ST, US) 

and time (pre, post) as independent variables was used to assess outcome 

variables. Statistical significance was set at p < .05. Effect sizes were calculated 

as partial eta squared, and interpreted as small = 0.01, moderate = 0.06, and large 

= 0.14. All statistical analyses were performed using JASP (version 0.19.2). 
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3. RESULTS 

There were no observed interaction effects in any of the performance 

metrics (p > .05). Moreover, there were no significant condition main effects (p 

> .05). Main effects for time are presented in Table 1. No significant main effects 

for time were found for mean propulsive force (F(1,33) = 1.24, p = 0.27), time 

to takeoff (F(1,33) = 2.06, p = 0.16), or braking phase duration (F(1,33) = 2.19, 

p = 0.14). 

  Both conditions exhibited significant changes from pre- to post-

intervention in a variety of CMJ outcomes. Takeoff velocity (F(1,33) = 8.98, p 

= 0.005, ηp² = 0.214) and jump height (F(1,33) = 8.75, p = 0.006, ηp² = 0.210) 

were significantly higher in the post-intervention jump in both conditions. Both 

groups also exhibited significant changes from pre- to post-jumps in mean 

braking force (F(1,33) = 16.17, p < 0.001, ηp² = 0.329) and braking net impulse 

(F(1,33) = 23.43, p < 0.001, ηp² = 0.415), both with large effect sizes. Propulsive 

duration (F(1,33) = 6.47, p = 0.016, ηp² = 0.164) and propulsive net impulse 

(F(1,33) = 8.69, p = 0.006, ηp² = 0.208), were significantly greater in both 

conditions. Countermovement depth was greater after the intervention (F(1,33) 

= 8.53, p = 0.006, ηp² = 0.205). Braking phase rate of force development was 

greater following the intervention (F(1,33) = 7.27, p = 0.011, ηp² = 0.180). While 

no statistically significant interaction was observed for takeoff velocity (p = 

0.09), the effect size was moderate (ηp² = 0.090). While no statistically 

significant interaction was observed for propulsive net impulse (p = 0.078), the 

effect size was moderate (ηp² = 0.091). Force time curves are presented in Figure 

3. 

Table 1.  Jump height and force-time characteristics 

 Stable Unstable Time Condition Interaction 

Variables Pre Post Pre Post p ηp² p ηp² p ηp² 

Jump height (m) 0.342 

± 

0.083 

0.348 

± 

0.071 

0.335 

± 

0.068 

0.360 

± 

0.063 

0.006 0.21

0 

0.63

9 

0.007 0.06

6 

0.09

8 

Takeoff velocity 

(m/s) 

2.57 

± 

0.34 

2.60 

± 

0.28 

2.55 

± 

0.26 

2.65 

± 

0.24 

0.005 0.21

4 

0.47

2 

0.016 0.09

0 

0.08

5 
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Mean braking 

force (N) 

1351 

± 203 

1417 

± 242 

1359 

± 191 

1429 

± 256 

<0.00

1 

0.32

9 

0.60

3 

0.008 0.85

0 

0.00

1 

Braking net 

impulse (Ns) 

92 ± 

22 

100 ± 

26 

91 ± 

23 

102 ± 

24 

<0.00

1 

0.41

5 

0.88

7 

<0.00

1 

0.81

1 

0.02

4 

Mean propulsive 

force (N) 

1769 

± 201 

1774 

± 207 

1769 

± 226 

1788 

± 247 

0.274 0.03

6 

0.66

2 

0.006 0.34

2 

0.02

7 

Propulsive net 

impulse (Ns) 

229 ± 

28 

232 ± 

25 

227 ± 

27 

237 ± 

27 

0.006 0.20

8 

0.47

3 

0.016 0.07

8 

0.09

1 

COM depth (m) -

0.299 

± 

0.078 

-

0.325 

± 

0.086 

-

0.314 

± 

0.072 

-

0.330 

± 

0.074 

0.006 0.20

5 

0.28

0 

0.035 0.49

9 

0.01

4 

Time to takeoff 

(s) 

.889 

± 

.125 

.875 

± 

.115 

.892 

± 

.145 

.871 

± 

117 

0.161 0.05

9 

0.93

6 

<.001 0.64

5 

0.00

7 

Braking phase 

(% of time to 

takeoff) 

24.0 

± 4.6 

23.0 

± 3.9 

23.2 

± 4.7 

22.7 

± 3.7 

0.148 0.06

2 

0.35

2 

0.026 0.61

3 

0.00

8 

Propulsive phase 

(% of time to 

takeoff) 

30.0 

± 3.7 

30.5 

± 3.5 

29.9 

± 4.0 

31.0 

± 3.4 

0.016 0.16

4 

0.69

6 

0.005 0.39

3 

0.02

2 

Rate of force 

development 

braking phase 

(N/s) 

4351 

± 

2143 

4976 

± 

2399 

4701 

± 

2189 

5111 

± 

2677 

0.011 0.18

0 

0.35

0 

0.027 0.55

2 

0.01

1 
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Figure 3. Force-time curves for stable and unstable loading conditions 

 

4. DISCUSSION 

 The present study aimed to observe how PAPE was affected between 

stable and unstable loads through changes in force-time variables in the CMJ 

with respect to time, condition, and interaction. The results of this experiment 

indicated that there were significant findings with respect to time in jump height, 

takeoff velocity, mean braking force, braking impulse, propulsive impulse, 

COM depth, propulsive duration, and braking rate of force development. These 

outcomes demonstrate an effect on acute PAPE regardless of condition when 

utilizing loaded plyometrics. 

  Though this is the first study of its kind to investigate plyometrics with 

unstable loads and their effects on PAPE relative to stable loads. Our study 

differs from previous research conducted by Jirovska et al. (11) who utilized 

stable and unstable back squats to potentiate the CMJ, resulting in no significant 

findings between condition or time, including jump height. Squats were 

programmed at 85% of the participants’ one repetition maximum (1RM) for both 

conditions, with the unstable condition accounting for 15% of that total load. 

Based on previously researched training modalities, this may not have been a 

high enough relative threshold to warrant a different stimulus from stable 

loading. Previous studies have suggested that a load exceeding 20% of the 
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cumulative weight may be required to evoke a different adaptation versus a 

traditionally loaded resistance (25, 29). The water bag utilized in our study 

inherently consists of 100% unstable load and subjects in our study performed 

squat jumps instead of high intensity back squats. However, these differences 

warranted no significant outcomes between conditions.  

Another component we aimed to correct in the protocol was utilizing the 

SAID principle by having participants perform sets of continuous squat jumps 

rather than a loaded squat pattern. Though squats at high intensities have shown 

a great effect on muscular recruitment (6, 34), there have been mixed results on 

their potentiating abilities of subsequent CMJs. Some findings observed 

significant efficacy (2, 31) while others report no significant findings (12, 16). 

In a study that compared muscle activation between the back squat and squat 

jump, it was observed that the squat jump provided greater muscular recruitment 

than the back squats at loads equal to around 60% of the participants’ 1RM (26). 

Though this load is less than what Jirovska and colleagues (11) had programmed, 

it provides insight to the recruitment demands that may occur between loaded 

resistance exercises and plyometrics. This difference in muscular recruitment is 

supported by the mechanical loading continuum, which suggests that plyometric 

training imposes a greater mechanical stimulus than traditional resistance 

training (17). Thus, these different training modalities may have unique effects 

on PAPE. Additionally, Wezenbeek and colleagues (32) utilized water bags and 

observed greater recruitment in stabilizer muscles in the soleus and glute medius 

when compared to a stable dowel. However, they did not evaluate a jump post 

intervention to investigate if the increased recruitment led to any kinematic 

changes in CMJ performance. Findings translated similarly to the upper body 

where Crosbie et al. (7) investigated bar speed variance and muscle activation 

between stable and unstable bench presses. Greater recruitment occurred in the 

unstable condition but bar speed suffered as a result of the instability of the load. 

No testing was performed outside of the intervention, making it unclear if either 

intervention had an effect on any PAPE characteristics.  

In this study, the braking phase of the CMJ underwent the most change 

from pre- to post- jump. Mean force, impulse, and rate of force development, 

with respect to the braking phase, all exhibited significant changes post 

intervention regardless of condition. The protocol would be the likely 

explanation for why this may have been the case. In a continuous squat jump, 

the emphasis is on quickly absorbing momentum and reversing it rapidly into 

another jump. Out of the three jumps in each set, two of them required landing 

https://doi.org/10.63750/f390w842
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from elevation from the prior jump, presenting a greater relative intensity during 

the braking phase of the jump as compared to a conventional CMJ for one 

repetition (29). This specific protocol may impose a greater emphasis on the 

braking phase of the jump compared to prior CMJ PAPE research, and may help 

explain our unique braking phase findings. Another consideration worth noting 

is that retest occurred directly after the protocol, and though it is unclear whether 

or not strategy is affected with time, past research has suggested that PAPE has 

demonstrated its greatest effect in the 3-9 minute window (1, 2, 3). Evidently, 

our findings did demonstrate improvements directly after intervention, sooner 

than that of previously reported windows of time. Though the results were not 

significant between conditions , it is worth noting that the unstable protocol 

witnessed a greater increase in jump height, on average, by 2.5cm, compared to 

the stable which observed a 0.6cm improvement. This may stem from the 

increased muscle fiber recruitment in stabilizing muscles, which was observed 

in the Wezenbeek (32) study that also utilized a water bag. This enhanced 

recruitment could allow for more force production from muscles that may not 

have been stimulated to the same degree from the stable condition in the barbell. 

The rationale behind the selection of water bags as the medium for the 

unstable intervention is due to a number of reasons. For one, the usage of them 

is growing rapidly in a number of sports and rehabilitation settings (28). While 

evidence does support the justification for their use in a rehabilitation setting 

(32), little data has been published in regard to the efficacy of their usage relating 

to sports performance enhancement, despite claims. Furthermore, water bag 

usage can be a versatile and viable option when conventional gym equipment is 

not readily accessible, like on a field of competition. 

Limitations 

A potential limitation to the experiment could have been the level of 

perceived resistance from participants. Other studies programmed the load off 

the participants’ one repetition maximum, whereas in this study a constant 20.4 

kg load was used in both conditions, despite varying levels of strength and power 

in each participant. Additionally, only one jump was recorded after each 

intervention, which occurred shortly after the second set of jumps for each 

protocol whereas other research collected data at multiple time points post 

intervention. 

Future research could investigate these modalities in other planes of 

motion, such as the frontal plane or in a more sport-specific setting through 

rotational sports and their effect on performance during competition. 
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Investigation over a chronic training setting may be worth studying to determine 

if there is a variance in adaptive changes over a longer period of time, as 

participants become more acclimatized to an unstable load and how that may 

affect their force production. 

5. PRACTICAL APPLICATIONS 

With there being no data of significance between conditions, practitioners 

can utilize more unconventional methods to get a similar PAPE effect when 

conventional gym equipment is not readily available pre-competition for a 

trained population. Though effectiveness was demonstrated in accomplishing a 

similar outcome among conditions, this does not indicate that unstable loads 

should or can replace conventional stable loads, rather they act as a supplemental 

and complementary modality to them. And while in this instance, water bags are 

more portable and practical in a competitive environment, more data needs to be 

collected before performing strenuous movements that may be viewed as 

unorthodox. 
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