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Abstract 26 

Purpose: This study aims to investigate whether unilateral low-volume, 27 

high-intensity isometric strength activation (ISA) can enhance jump performance and 28 

bilateral isokinetic flexion and extension strength within 24 and 48 hours 29 

post-intervention. 30 

Method: A total of 68 participants (40 males and 28 females) were included, all 31 

free from muscle, ligament, or skeletal disorders that could affect physical 32 

performance, and none had undergone lower limb surgery due to injury in the past 33 

year. Participants were randomly assigned to either the experimental group or the 34 

control group using a balanced randomization scheme. Athletic performance was 35 

assessed using unloaded countermovement jump (CMJ), unloaded squat jump (SJ), 36 

and isokinetic knee flexion and extension strength tests. The experimental group 37 

received an isometric activation protocol, while the control group maintained their 38 

regular exercise routines. 39 

Results: The isometric activation protocol led to varying degrees of 40 

improvement across genders in the experimental group. Among male participants, 41 

there were significant increases in CMJ performance 24 hours post-activation, with 42 

flight time ((FT): +5%) and jump height ((JH): +9%) both showing statistical 43 

significance (p < 0.05). SJ performance also improved significantly, with FT (p < 0.01, 44 

ES = 1.101) and JH (p < 0.01, ES = 1.335) demonstrating large effect sizes. 45 

Furthermore, SJ performance remained significantly elevated 48 hours 46 

post-intervention compared to baseline (p < 0.05, JH: ES = 0.829). For female 47 



 

 

participants, SJ performance showed significant improvement 24 hours after 48 

activation (p < 0.05, FT: ES = 1.847; JH: ES = 1.789), although no other significant 49 

changes were observed.Regarding knee flexion and extension strength, at an angular 50 

velocity of 60°/s, the male group exhibited significantly greater strength at 48 hours 51 

post-intervention compared to 24 hours (p < 0.05, ES = 1.791). In the female group, 52 

bilateral knee strength significantly improved at both 24 and 48 hours 53 

post-intervention (p < 0.05, ES = 0.152). 54 

Conclusions: ISA interventions can enhance knee joint strength in both male and 55 

female participants within 24 and 48 hours post-intervention, and also induce a 56 

cross-activation effect. Therefore, when coaches aim to improve athletes' performance 57 

in subsequent training sessions or competition days, ISA can be considered as an 58 

effective method to activate lower limb strength. 59 

Key words: post-activation , jump height , knee joint torque , squat jump , co60 

untermovement jump 61 

 62 

 63 

 64 

 65 

Introduction 66 

Previous studies have shown that a single bout of exercise can significantly 67 

enhance muscle performance in the short term, with this enhancement effect lasting 68 

for a “window period” of approximately 24 to 48 hours [15],[37],[38],[45]. Among 69 



 

 

these, low-volume, high-intensity training has demonstrated particularly positive 70 

effects on neuromuscular performance within a short timeframe [11], [33], [37], [46]. 71 

This phenomenon is known as post-activation performance enhancement (PAPE). 72 

Although PAPE is commonly associated with dynamic strength training [25], Lum et 73 

al. [25] reported that isometric strength activation (ISA) can also effectively improve 74 

muscle strength and explosive power. 75 

In studies on ISA, it has been found that performing isometric contractions at 76 

specific knee joint angles (such as 90° and 140°) can improve vertical jump height, 77 

including performances in countermovement jump (CMJ) and squat jump (SJ) [2], [3], 78 

[46], [25]. CMJ, as a commonly used indicator for assessing muscle strength and 79 

explosive power, has been widely applied in the evaluation and analysis of athletic 80 

performance [12], [19], [39]. The critical role of muscle strength and power in 81 

executing movement has been well established and is recognized as a major 82 

determinant of various athletic performances [12], [18]. ISA typically involves 83 

activation of the quadriceps, hamstrings, and calf muscles. Stimulation methods 84 

include isometric squats [46], static stretching [12], and maximal voluntary 85 

contraction (MVC) [19], [25], etc. Evidence suggests that ISA has broad applicability 86 

in regulating lower limb strength, contributing not only to enhanced athletic 87 

performance but also to rehabilitation from sports-related injuries [40], [49], [53]. 88 

Additionally, reports indicate that the energy expenditure of the quadriceps during 89 

ISA is sustained compared to dynamic contraction training, thereby increasing the 90 



 

 

athlete's metabolic rate. In actual exercise, the energy demand is indirect, which 91 

reduces the athlete's sense of fatigue and extends exercise performance [16], [34].  92 

Although long-term ISA training has been clearly shown to promote muscle 93 

strength development [2], [19], [26], [49] research on the effects of short-term, 94 

low-volume, high-intensity ISA interventions—particularly their sustained effects 95 

within 24 to 48 hours post-intervention—remains limited [4], [46], [35]. According to 96 

Harrison et al. [15], a single bout of high-intensity activation exercise can induce a 97 

series of short-term physiological and neuromuscular adjustments within the 98 

neuromuscular system. These include enhanced muscle fiber excitability, improved 99 

motor unit recruitment, and increased neural conduction velocity. The duration of 100 

these effects may vary depending on factors such as an individual’s training status and 101 

the specific characteristics of the exercise modality, typically persisting for 24 to 48 102 

hours. Therefore, this time window is considered critical for understanding the 103 

potentiation effects associated with PAPE. This time window is critical for 104 

understanding the mechanisms of the PAPE effect. Moreover, in current ISA-related 105 

studies, the majority have adopted bilateral knee joint training protocols, while 106 

research focusing on unilateral knee joint ISA is relatively scarce [5], [52]. The 107 

limited available evidence suggests that unilateral training may not only be more 108 

effective in enhancing jump performance, but also in improving bilateral isokinetic 109 

strength [24]. A study by Gregory et al. further indicated that the total force output 110 

generated by training each leg separately may exceed that produced when both legs 111 



 

 

are trained simultaneously [5], [50]. This may be due to reduced neural drive during 112 

bilateral contractions, which limits the maximal activation potential of the muscles. 113 

PAPE has shown significant effects across various sports disciplines for athletes 114 

of different sexes. For example, the study by Pereira et al [36]. found that male 115 

sprinters experienced performance improvements after implementing a PAPE 116 

protocol. Similarly, Koźlenia[20] and Matusiński et al [30]. reported that PAPE had a 117 

positive impact on sprint and jump performance in female athletes. However, Tsolakis 118 

et al.[47] indicated that male athletes showed a decline in explosive performance 119 

following an isometric conditioning activity, while no significant changes were 120 

observed in females. Due to these conflicting findings, it is difficult to directly 121 

determine whether there are sex-specific differences in the effects of  ISA. 122 

Therefore, the purpose of this study is to investigate whether low-volume, 123 

high-intensity ISA can significantly improve lower limb jump performance and 124 

bilateral isokinetic strength at 24 and 48 hours post-intervention.We hypothesize 125 

that:(1) Lower limb strength will be significantly enhanced at 24 and 48 hours after 126 

ISA intervention; (2) Gender may play a moderating role in the strength enhancement 127 

response. 128 

Method 129 

Participants 130 

The sample size was calculated using G-power with the following 131 

parameters: Es = 0.25, αerr prob = 0.05, power (1-βerr prob) = 0.8. The results 132 



 

 

indicated that at least 30 samples were needed. Given that this study adopts a 133 

controlled design, at least 60 participants need to be recruited. To account for potential 134 

sample loss, an additional 13% was added, resulting in a final recruitment target of 68 135 

participants. In the experimental group ,there were 20 males (height: 179.8 ± 3.8 cm, 136 

weight: 69.7 ± 12.4 kg, age: 24.2 ± 2.9 years) and 14 females ( height: 168.5 ± 2.3 cm, 137 

weight: 58.6 ± 4.4 kg, age: 21.9 ± 2.1 years ).In the control group, there were 20 138 

males ( height: 178.6 ± 2.7 cm, weight: 69.1 ± 11.8 kg, age: 24.4 ± 4.1 years ) and 14 139 

females ( height: 168.3 ± 2.2 cm, weight: 69.2 ± 11.5 kg, age: 22.4 ± 2.0 140 

years ) .Participants are required to have at least one year of resistance training 141 

experience. The resistance experience includes at least three sessions per week of 142 

moderate-intensity exercises such as squats, half-squats, sled pushes, and clean power 143 

lifts. Participants verbally report their relevant training experience, which is recorded 144 

by the staff. Recruited athletes are from the College of Physical Education, 145 

specializing in 100m, 200m, high jump, or long jump. These athletes are required to 146 

have maintained at least three sessions per week of low to moderate intensity strength 147 

training—such as barbell squats, half squats, and 50m sprints—during the year prior 148 

to testing. Additionally, their last training session must have occurred no later than 72 149 

hours before testing to minimize any potential interference from regular training. 150 

Participants must also be in good physical health. Exclusion criteria include a history 151 

of lower limb surgery; diagnosis of muscle, ligament, bone, or joint diseases such as 152 

anterior cruciate ligament (ACL) or other joint ruptures; current neurological 153 

disorders such as spinal cord injuries; inability to freely extend and flex lower limb 154 



 

 

joints; sports injuries or chronic illnesses within the past year; and chronic 155 

cardiovascular, cerebrovascular, or endocrine diseases. The Ethics Review Committee 156 

of Shandong Normal University approved the experiment, and written consent was 157 

obtained from each participant. All procedures were in accordance with the Helsinki 158 

Declaration. 159 

Experimental Approach to the Problem 160 

This study adopts a repeated measures design to investigate the delayed 161 

potentiation effect of unilateral ISA on jump performance and changes in lower limb 162 

joint torque at 24 and 48 hours post-intervention. FT (flight time) and JH (jump height) 163 

were selected as the primary indicators for assessing jump performance, as their 164 

average values are more sensitive and accurate in reflecting neuromuscular function 165 

compared to other testing metrics [8]. Additionally, a baseline assessment was 166 

conducted for all participants (n=68) 36-120 hours before the isometric contraction 167 

intervention. This included the unloaded SJ and the unloaded CMJ, as well as the leg 168 

torques under the conditions of angular velocities of 60°/s and 120°/s, respectively. 169 

These tests were conducted in the sports biomechanics laboratory. 170 

To ensure the independence of the control group and minimize training 171 

interference, participants in this group were instructed to maintain their regular 172 

exercise routines throughout the study and were strictly prohibited from engaging in 173 

any high-intensity training. Compliance was monitored through training logs provided 174 

by each participant, with their activity content and training load reviewed regularly by 175 

the researchers to assess adherence to control group criteria and effectively control the 176 



 

 

risk of intervention contamination. 177 

Jump tests 178 

The jump tests include CMJ and SJ, performed on a force platform (9287B, 179 

Kistler, Swiss) with a frequency of 1,000 Hz. Each type of jump was performed three 180 

times in a random order, and the average value was recorded. The CMJ and SJ are 181 

executed in random order sequentially. 182 

During the SJ process, participants are required to stand on the force platform 183 

with their knee joint flexed to approximately 90° as the initial position. Participants 184 

are instructed to hold the squat position for 2-3 seconds before initiating the complete 185 

jump. Participants placed their hands at the sides of the pelvis to avoid applying extra 186 

force to the body with their arms during the jumping process. They perform the jump 187 

upon hearing the staff member give the command. After the jump, determine whether 188 

the participant engages in reverse motion by observing the force-velocity waveform 189 

data presented on the force platform [33]. 190 

During the CMJ process, the participants stood on the force plate with their feet 191 

shoulder-width apart. Their hands were placed in the same position as in the SJ.  192 

Before jumping, they maintained a standing position for 2-3 seconds. Upon hearing 193 

the command "start" from the staff, participants should perform a downward 194 

movement as deep and fast as possible. Upon reaching their personal lowest point, 195 

they should jump upward as quickly and as high as possible. The upper body was kept 196 

as upright as possible throughout the jumping process. 197 

Joint Moment test 198 



 

 

The joint moment during knee flexion–extension of the left and right leg was 199 

tested on a dynamometer (CON-TREX, Swiss). Participants were required to finish 200 

three flexion-extensions in concentric contraction model at an angular velocity of both 201 

60˚/s and 120°/s, randomly[9]. During the test, the non-testing leg was fixed to 202 

prevent assistance.Participants cross their arms over their chest, looked straight ahead, 203 

and maintained an approximately 90° angle between the spine and the quadriceps.The 204 

time interval between the two angular velocities is 2 minutes. Three repetitions at both 205 

angular speeds, respectively, were averaged as data to be utilized for analysis. 206 

Isometric contraction stimulus 207 

Isometric contraction stimulus can effectively induce ISA by generating tension 208 

without changes in muscle length, thereby enhancing neuromuscular recruitment 209 

efficiency and force output capacity. The subject first underwent dynamic warm-up 210 

and standardized measurements, followed by an isometric contraction stimulus. The 211 

subject sat on the ergometer with arms crossed over the chest and looked straight 212 

ahead, with the angle between the spine and the quadriceps approximately 90°. The 213 

right knee was fixed at a flexion angle of 150° (with full extension at 180°), while the 214 

left leg remained relaxed. After hearing the staff's "start" command, the participant 215 

extends their right knee forward with maximum force for 20 seconds.The interval 216 

between groups was 5 minutes, with 2-3 repetitions. 217 

The control group only participants in the testing phase and does not undergo 218 

isometric contraction stimulation. 219 

Procedures 220 



 

 

In the experimental procedure, the experimental group underwent unilateral  221 

ISA, while the control group performed only regular testing under the same warm-up 222 

and testing conditions, without any unilateral activation intervention. Both groups 223 

participated in jump tests and knee joint torque measurements at baseline, Post-24h, 224 

and Post-48h.After arriving at the laboratory, participants underwent measurements 225 

for height and weight, while age and training experience were self-reported and 226 

recorded. All measurements were conducted by the same staff. They then performed a 227 

warm-up lasting for over 5 minutes, which included 3 minutes of jump rope and at 228 

least 2 minutes of dynamic stretching to reduce the risk of exercise-related injuries 229 

[41,42]. Next, they completed jump tests, and the average value of each jump type 230 

was used for analysis. There was a 1-minute interval between each jump and a 231 

3-minute rest between the two types of jumps. After the jump test, participants rested 232 

5 minutes before undergoing knee joint torque testing based on their physical 233 

condition.First, bilateral torque was tested at an angular velocity of 120°/s. After 234 

completing these measurements, the experimental group performed 2-3 sets of ISA for 235 

the right knee. Pre-exercise jump tests and bilateral isokinetic torque measurements 236 

were repeated 24 and 48 hours post-training ( Fig.1 ). 237 

 238 

Figure 1. Experimental Design and Procedures for Isometric Strength Training. CMJ = CMJ; SJ = Squat Jump 239 



 

 

Statistical Analysis 240 

All statistical analysis were performed using SPSS (IBM SPSS Statistics, version 241 

23).Data were tested for normality using the Shapiro-Wilk test and for homogeneity 242 

of variance using Levene’s test. A one-way repeated measures ANOVA was conducted 243 

within each group to assess changes in bilateral knee joint concentric torque 244 

(MAT/kg), CMJ, and SJ (FT, JH) across three time points: pre-intervention (Pre), 24 245 

hours post-intervention (Post-24h), and 48 hours post-intervention (Post-48h). To 246 

examine between-group differences, a mixed-design repeated measures ANOVA was 247 

employed, with time (Pre, Post-24h, and Post-48h) as the within-subject factor, and 248 

group (experimental vs. control) and sex (male vs. female) as between-subject factors, 249 

in order to evaluate the influence of sex and its interaction effects on the experimental 250 

outcomes.When significant main or interaction effects were found, Tukey’s post hoc 251 

test was applied to determine pairwise differences between groups.Effect size (ES) 252 

were calculated using Cohen’s d, with thresholds of 0.2 (small), 0.5 (medium), 0.8 253 

(large) to interpret the magnitude of changes.Statistical significance was set at p＜254 

0.05, and all data are presented as mean±SD. 255 

Results 256 

Jump measurements 257 

In the CMJ, male participants experienced a significant increase in FT 24 hours 258 

after unilateral ISA (p = 0.04, ES = 1.26), with an increase of 0.028 seconds, 259 

approximately 5%. JH also increased significantly (p = 0.04, ES = 1.24), with an 260 

improvement of 0.038 meters, approximately 9%. However, no significant 261 



 

 

improvements were observed 48 hours post-intervention (FT: p = 0.38, ES = 0.36; JH: 262 

p = 0.37, ES = 0.36). No significant differences were observed in the female group. 263 

In the SJ, male participants showed significant increases in both FT and JH 24 264 

hours after the intervention (FT: p < 0.01, ES = 1.10; JH: p < 0.01, ES = 1.34). At 48 265 

hours post-intervention, JH remained significantly improved (p < 0.03, ES = 0.83), 266 

with an increase of 0.043 meters, approximately 13%. In the female group, significant 267 

improvements were also observed 24 hours after the intervention in both FT (p = 0.03, 268 

ES = 1.85) and JH (p = 0.03, ES = 1.79). No other parameters showed significant 269 

improvements (Table 1). 270 

No significant differences in the control group (p > 0.05). 271 



 

 

Table 1.Data analysis in the force-time profile in squat jump and CMJ in resistance priming( means±SD) 272 

Gender Jumps Variables Pre Post24h Post48 

Absolute Significance Comparison 

Post24h-Pre 

 

Post48h-Pre 

 

Post48h-Post24h 

 

Post24hvs.Pre 

(P) and (ES) 

Post48hvs.Pre 

(P)and (ES) 

Post48hvs.Post24h 

(P) and (ES) 

Male 

CMJ 
T(s) 0.56±0.04 0.59±0.03 0.57±0.04 0.028±0.02 0.012±0.03 -0.016±0.02 P:0.04*,ES:1.26 P:0.38,ES:0.36 P:0.24,ES:0.90 

H(m) 0.39±0.05 0.43±0.05 0.41±0.06 0.038±0.03 0.017±0.05 -0.219±0.02 P:0.04*,ES:1.24 P:0.37,ES:0.36 P:0.25,ES:0.91 

SJ 
T 0.53±0.04 0.56±0.04 0.55±0.05 0.037±0.03 0.024±0.04 -0.014±0.02 P:0.01**,ES:1.10 P:0.10,ES:0.62 P:0.36,ES:0.59 

H 0.33±0.05 0.39±0.06 0.37±0.06 0.061±0.05 0.043±0.05 -0.018±0.03 P:0.01**,ES:1.34 P:0.03*,ES:0.83 P:0.36,ES:0.58 

Female 

CMJ 
T 0.48±0.04 0.49±0.03 0.49±0.04 0.009±0.02 0.008±0.03 -0.002±0.01 P:0.53,ES:0.45 P:0.64,ES:0.34 P:0.91,ES:0.13 

H 0.29±0.04 0.3±0.04 0.3±0.05 0.01±0.02 0.008±0.02 -0.001±0.01 P:0.55,ES:0.44 P:0.64,ES:0.33 P:0.94,ES:0.08 

SJ 
T 0.48±0.04 0.51±0.04 0.49±0.05 0.039±0.02 0.01±0.01 -0.028±0.01 P:0.03*,ES:1.85 P:0.56,ES:0.57 P:0.10,ES:0.53 

H 0.28±0.05 0.33±0.06 0.3±0.06 0.047±0.03 0.012±0.02 -0.035±0.01 P:0.03*,ES:1.79 P:0.56,ES:0.33 P:0.12,ES:0.67 

*：There is a statistically significant difference between the two.p＜0.05；**：There is a statistically significant difference between the two.p＜273 

0.01；CMJ:CMJ；SJ:squat jump；T：flight time；H：jump height；Absolute=after-before；ES:Effect sizes 274 



 

 

 275 

Joint movement 276 

Under the condition of 60°/s angular velocity, male participants exhibited a 277 

significant increase in isokinetic torque during the extension phase of the left knee 24 278 

hours after the intervention (MAT/kg: p = 0.02, ES = 1.85), with an increase of 0.37 279 

Nm/kg, approximately a 14% improvement. However, at 48 hours post-intervention, 280 

MAT/kg during extension of the left knee in males decreased by 0.7 Nm/kg.Among 281 

female participants, a significant increase in MAT/kg during flexion of the left knee 282 

was observed at 24 hours post-intervention (p = 0.01, ES = 0.94). Furthermore, 283 

MAT/kg during left knee flexion remained significantly improved compared to 48 284 

hours post-intervention (p = 0.03, ES = 0.14) (see Figure 2). 285 

Under the condition of 120 ° /s angular velocity, male participants had 286 

significantly higher MAT/kg during left knee flexion 24 hours after the intervention 287 

compared to the control group (p = 0.04, ES = 0.74), with an increase of 0.37 Nm/kg, 288 

approximately a 31% improvement. At 48 hours post-intervention, the increase in 289 

MAT/kg was 0.34 Nm/kg, approximately a 28% improvement. In the female group, at 290 

48 hours post-intervention, MAT/kg of the right knee was significantly higher than 291 

that of the control group (p = 0.05, ES = 1.44). Additionally, MAT/kg of the right knee 292 

extensors increased by 0.27 Nm/kg compared to the control group (p = 0.02, ES = 293 

0.81). 294 



 

 

 295 

Figure 2 Comparison of isometric flexion and extension strength data before and after activation (mean±SD). 296 

Discussion 297 

The main findings of this study indicate that unilateral isometric knee strength 298 

training significantly improves lower limb strength and jumping performance by 299 

increasing muscle activation, and this cross-activation effect is evident within 24 to 48 300 

hours post-training. In the jump test, both the male and female groups showed 301 

significant improvements primarily within 24 hours, with increases ranging from 5% 302 

to 13%. In the CMJ test, only the male group showed a significant improvement in 303 

jump height, increasing by 0.04m or 10.3%, while the female group did not show 304 

significant changes. In the SJ test, both the male group (p ＜0.01) and the female 305 

group (p = 0.03) exhibited significant improvements in jump height. Interestingly, in 306 

the isometric torque test, significant improvements in strength were observed in both 307 

the male and female groups after 48 hours. In contrast, ISA may have a more 308 



 

 

immediate activation effect on muscle strength around a fixed knee angle within 24 309 

hours. Although these findings support the hypothesis that ISA enhances jumping 310 

ability and bilateral knee isometric torque 24 and 48 hours after training, the specific 311 

response mechanisms for different degrees and times for male and female groups 312 

were not further investigated. 313 

The mechanisms by which knee extension training affects isometric torque and 314 

jump height in both legs can be explored from multiple perspectives. Firstly, knee 315 

extension training primarily involves the activity of the quadriceps. Short-term fatigue 316 

of the quadriceps may impact the mechanical performance of the lower limbs, 317 

including isometric torque and jump height. Previous studies have reported [6] that 318 

under specific training conditions, unilateral interventions can lead to more significant 319 

muscle activation. The increased specificity of unilateral isometric strength can be 320 

explained by the enhanced activation of the quadriceps [6]. Additionally, isometric 321 

knee extension may directly affect muscle elasticity and force output, thereby 322 

influencing jumping performance. 323 

From a physiological perspective, unilateral knee extension training may induce 324 

indirect effects on the contralateral leg. Although the training is performed on one side, 325 

the biomechanics of the entire lower limb chain might be affected [5], [31], [52]. 326 

Additionally, the post-training recovery phase involves muscle damage repair and 327 

adaptation processes, which could influence the recovery of strength output and jump 328 

height. One explanation for the increase in strength of the non-dominant leg is that the 329 

mechanism of muscle strength growth is related to the athlete's hormonal state and 330 



 

 

their readiness for physical performance. An increase in the ratio of free testosterone 331 

to cortisol can enhance the athlete's strength and performance. If the negative changes 332 

in hormonal state can be counteracted during resistance training, the athlete's 333 

performance will improve [15]. Changes in hormone levels not only affect 334 

performance responses after resistance priming but also influence the contraction 335 

properties of the muscles themselves, such as increased sensitivity to calcium ions 336 

(Ca2+). This physiological change explains how the effects in a unilateral ISA context 337 

can transfer to the contralateral lower limb [21], [43], [48]. 338 

This study indicates that ISA contributes to lower limb muscle activation in both 339 

male and female groups at different levels at 24 and 48 hours post-training. ISA 340 

exhibits a post-activation enhancement effect [46], [51].The short-term activation and 341 

long-term adaptation of muscle strength growth are interconnected.Muscle strength 342 

growth is the result of the interaction between short-term activation and long-term 343 

training. During the short-term activation phase, high-intensity training stimulates the 344 

neuromuscular system, rapidly activating a large number of muscle fibers, especially 345 

fast-twitch fibers, enhancing strength output in the short term. This phase is primarily 346 

related to neural adaptation, which manifests as an improved ability of the nervous 347 

system to recruit and coordinate muscle fibers. Long-term training, on the other hand, 348 

induces structural and functional changes in the muscle, such as fiber hypertrophy, 349 

increased fiber count, and muscle volume growth, which typically take longer to 350 

appear. Short-term activation provides the foundation for long-term training, while 351 

long-term training ensures sustained muscle strength development. The two processes 352 



 

 

work together to drive the growth of strength. Our data indicate that significant 353 

changes in bilateral isokinetic torque were observed at 24 and 48 hours after the knee 354 

extension training. This result may be related to muscle fatigue and adaptive 355 

responses following the training. In this study, we used active dorsiflexion of the 356 

ankle joint during isometric knee strength training. Kim et al. [43] reported that the 357 

impact of different ankle joint angles on the quadriceps during ISA shows significant 358 

differences. This explanation seems to partially account for the phenomenon of 359 

increased bilateral isometric torque. According to Kim et al. [22], motor radiation 360 

from the center point can cause a sudden spread of muscle coactivation due to the 361 

intense movement of the ankle joint when the hip and knee joints are fixed in place. 362 

ISA, which stimulates the quadriceps, leads to a temporary fatigue effect that may 363 

influence bilateral isokinetic torque. According to some literature, a single session of 364 

high-intensity knee extension training can induce muscle fatigue, thereby affecting 365 

athletic performance and strength output [27]. At the same time, the recovery period 366 

following the training may be accompanied by partial restoration of muscle strength 367 

and function, which could also explain the changes observed at 48 hours [10], [28]. In 368 

the female group, 24 hours after the intervention, the muscles might still be in a 369 

fatigued state, so the reduction in bilateral isokinetic torque could be due to 370 

incomplete muscle recovery [7], [25], [23,24]. However, the changes in torque 371 

observed at 48 hours may be related to muscle adaptation and physiological 372 

adjustments induced by the training [10], [27,28]. This phenomenon has also been 373 

validated by previous research, which indicates that after experiencing fatigue in the 374 



 

 

short term, muscles typically undergo a recovery process. 375 

Regarding the changes in jump height, we observed significant variations within 376 

24 and 48 hours after training. Knee extension exercises may affect jump ability by 377 

altering the elasticity and strength output of the lower limb muscles. Research 378 

suggests that the effect of a single session of isometric knee strength training on jump 379 

ability may be due to a combination of muscle fatigue and physiological adaptive 380 

responses. This can help explain the increase in isokinetic torque observed in the 381 

female group at 48 hours [5], [6], [52]. The short-term decrease in strength and 382 

elasticity due to muscle fatigue may explain the reduction in jump height observed 383 

within 24 hours. At the same time, jump height 48 hours later may be influenced by 384 

enhanced compensation following activation, as well as muscle recovery and 385 

neuromuscular adaptation [13]. During the recovery period after training, the muscles 386 

and nervous system may gradually return to a state closer to that before training, 387 

thereby affecting the variation in jump height. Another explanation for the relatively 388 

poorer performance of women in jumping compared to men is that women generally 389 

have weaker neuromuscular control during the jumping process.From the perspective 390 

of hormones, estrogen and progesterone regulate physiological processes in women, 391 

but their effects on muscle growth and repair are not as pronounced as testosterone, 392 

which is much higher in men than in women [54]. Secondly, the menstrual cycle in 393 

women is also an important factor affecting athletic performance. The fluctuations in 394 

the menstrual cycle can cause individuals to experience a decrease in physical 395 

strength or other discomforting symptoms[29]. This results in insufficient dorsiflexion 396 



 

 

of the ankle joint and an increased occurrence of knee valgus [1]. According to 397 

research by Heweet et al., before puberty, boys and girls have similar neuromuscular 398 

control and strength. However, after puberty, women may experience a decline in 399 

strength and dynamic control of the knee joint compared to men [17]. This may, to 400 

some extent, explain the deficiencies in women's lower limb performance. 401 

This study has several limitations. First, the choice of unilateral knee joints is a 402 

limitation. The intervention in this study focused on the dominant right leg, and 403 

results may differ for the non-dominant leg. The second limitation is the choice of 404 

knee joint angle. The angle selected in this study is approximately 150° ( i.e., a knee 405 

flexion angle of 150°). Interventions at different angles might yield different results. 406 

Lastly, the knee joint torque experimental model used a concentric contraction model 407 

in this study. Results might vary with other contraction models, such as the commonly 408 

used isometric contraction model or eccentric contraction model for assessing knee 409 

joint torque and muscle damage[44]. Additionally, the 24-hour and 48-hour time 410 

frames chosen to assess the delayed enhancement effect of ISA may not fully capture 411 

all changes in neuromuscular performance, as observed in studies with time frames of 412 

6-36 hours [15], [32], [14]. Exploring different post-intervention time points could 413 

provide a more detailed understanding of the changes in lower limb neuromuscular 414 

strength. 415 

Practical Applications 416 

The findings of this study are significant for the fields of sports training and 417 

rehabilitation. Understanding the impact of knee extension training on isometric 418 



 

 

torque and jump height can aid in developing more effective training and 419 

rehabilitation programs. Single-joint isometric contraction can isolate and target 420 

specific muscle groups. It can compensate for deficiencies or imbalances during the 421 

strength development process and also enhance coordination to a certain extent.Future 422 

research could explore a variety of intervention measures, including different 423 

intensities, frequencies, and durations of training, to further investigate their effects on 424 

the athletic performance and muscle adaptation of Sprinters and high jump. 425 

Simultaneously, in the development of exercise aids, the results of this study and 426 

related research can be used to improve exercise equipment by considering the 427 

individual athletic characteristics of the athletes. 428 

Additionally, combining biomechanical analysis with electromyography studies 429 

can provide a deeper understanding of the specific effects of knee extension training 430 

on muscle function. Such research can offer more scientifically-based training 431 

recommendations for both athletes and recreational exercisers, optimizing 432 

performance and preventing exercise-related injuries. 433 
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