
                     Journal of Human Kinetics volume xx/xxxx, x–x   DOI: 10.5114/jhk/208389 x 
                       Section II – Exercise Physiology and Sports Medicine 
 

 

 
1 Coaching Education Department, Faculty of Sport Science, Gaziantep University, Gaziantep, Turkey. 
2 Physical Education and Sports Teaching Department, Faculty of Sport Science, Gaziantep University, Gaziantep, Turkey. 
3 Sport Management Department, Faculty of Sport Science, Gaziantep University, Gaziantep, Turkey. 
* Correspondence: demiryolmete@gmail.com 

  

 High-Dose Caffeine Mouth Rinse Is an Effective Strategy  
for Isokinetic Strength Generation in Soccer Players 

by 

Mehmet Vural 1, Mustafa Ozdal 1, Cemre Didem Eyipınar 2, Mete Berk Demiryol 3,* 

Caffeine supplementation is one of the most commonly used ergogenic aids among soccer players. However, 
research shows conflicting results regarding the effects of different caffeine forms on muscle strength and power. This 
study investigated the impact of a high-dose caffeine mouth rinse on isokinetic knee extensor and flexor strength of the 
dominant leg at high (180°/s−1) and low (60°/s−1) angular velocities. Eight young male soccer players were randomly 
assigned to three conditions. Ten seconds before the isokinetic strength tests, participants either rinsed with an aspartame 
solution containing 750 mg of caffeine (Experimental), a calorie-free aspartame solution (Placebo) or did not use any 
solution (Control). Participants continued the mouth rinse for 10 s. Isokinetic strength measurements were performed at 
angular velocities of 60°/s−1 (5 repetitions) and 180°/s−1 (15 repetitions) in all interventions. Peak torque (Nm), the H/Q 
ratio, time to peak torque (ms), and average peak torque (Nm) in extension and flexion were analyzed. Data were tested 
for normality using the Shapiro-Wilk test, followed by one-way ANOVA and LSD post hoc tests (significance set at p < 
0.05). According to the results, a significant difference was found in the H/Q ratio and time to peak torque at the angular 
velocity of 60°/s−1 (p < 0.05, η² = 0.290; 0.306). At the angular velocity of 180°/s−1, no significant differences were found 
among the interventions (p > 0.05). These findings suggest that a high dose of the caffeine mouth rinse was effective at 
the lower angular velocity (60°/s−1), but had no effect on peak torque at the higher angular velocity (180°/s−1). 
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Introduction 

Caffeine is an alkaloid derived from 
methylxanthines and is one of the most widely 
used psychoactive drugs globally. It is well known 
for its ergogenic properties which help athletes 
perform better (Baltazar-Martins et al., 2020; 
Giráldez-Costas et al., 2023; Guest et al., 2021). 
Despite its performance-enhancing effects, some 
individuals may experience adverse reactions, 
such as nervousness, headaches, and high blood 
pressure, after consuming caffeine. Therefore, the 
caffeine mouth rinse has been studied as an 
alternative and effective method that bypasses 
gastrointestinal absorption and metabolism. In 
caffeine mouth rinsing, caffeine is swished in the 
mouth for 5 to 20 s without swallowing (Karayigit 

et al., 2021; Pallares et al., 2013; Van Cutsem et al., 
2018). The ergogenic effects of the caffeine mouth 
rinse remain debatable and require further 
investigation (Ehlert et al., 2020). 

Research has shown that the potential 
performance-enhancing effects of caffeine mouth 
rinsing may occur through several mechanisms. 
The primary mechanism involves caffeine binding 
to adenosine receptors in the buccal mucosa, which 
promotes an increase in the release of 
neurotransmitters. The secondary mechanism 
involves caffeine interacting with bitter-taste 
receptors in the oral cavity. These receptors may 
stimulate nerves connected to the cerebral cortex 
(da Silva et al., 2023). According to the literature, 
several studies have found that bitter-tasting  
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substances can improve performance by signaling 
to the brain that the body is ready to take action. 
Furthermore, buccal mucosa-mediated absorption 
of caffeine has led researchers to examine the effect 
of caffeine mouth rinsing on athletic performance 
(Pickering, 2019). 

In soccer, lower-body muscle power and 
strength are essential for athletic performance. 
Isokinetic strength tests have recently gained 
importance in evaluating athletic capacity and 
determining performance requirements. The 
strength output obtained through isokinetic 
contractions can be interpreted as the maximal 
force that muscles can produce (Impellizzeri et al., 
2008). The knee joint is the most commonly tested 
site for isokinetic strength evaluations. In addition 
to the force generated at this joint, the ratio 
between the opposing muscles, hamstrings, and 
quadriceps, is also significant for sports. This ratio 
provides insight into muscle balance, which is 
necessary for effective performance and reduced 
injury risk. Furthermore, the maximal strength 
values produced by the muscles offer valuable 
information about the athlete’s suitability for 
physical loading and their potential to reach 
optimal performance levels. 

In summary, studies on isokinetic strength 
and related variables suggest that isokinetic 
measurements provide important information 
about athletes' injury risk, readiness levels, and 
muscle balance. Such measurements have been 
examined across various sports, age groups, 
athletes categories and competitive levels (Cheung 
et al., 2012; França et al., 2024 Grygorowicz et al., 
2010; Kim and Hong, 2011). In addition to 
evaluating knee isokinetic strength, some studies 
have investigated the mechanisms influencing 
improvements in isokinetic test results. Various 
warm-up types have been explored in this context, 
and multiple methods have been developed to 
improve isokinetic strength and muscle balance 
(Ferreira-Júnior et al., 2013). 

Several randomized, double-blind, 
placebo-controlled crossover studies have also 
examined the effects of caffeine consumption and 
acute caffeine supplementation on isokinetic 
performance over the years (Ali et al., 2016; 
Bazzucchi et al., 2011; Grgic et al., 2022; Timmins 
and Saunders, 2014). In light of this evidence, it can 
be stated that strength output obtained from 
isokinetic tests is critical and that mechanisms that  
 

 
may enhance isokinetic strength are of particular 
interest, as these values are directly linked to field 
performance. 

Recent research has demonstrated that the 
administration of placebos in experimental studies 
can also elicit an ergogenic effect (Grgic et al., 
2020b; 2021). When examining current 
randomized, double- or single-blind, placebo-
controlled crossover studies on the caffeine mouth 
rinse, it is evident that comparisons are generally 
made between experimental and placebo groups. 
However, the limited number of studies including 
a control group is noteworthy. This aspect has not 
been adequately examined in the context of 
alternative forms of caffeine supplementation and 
their effects on isokinetic strength (Barbosa et al., 
2020; de Albuquerque Melo et al., 2021; Marinho et 
al., 2024; Nabuco et al., 2021). This is important, as 
mouth rinsing minimizes the potential side effects 
of caffeine (since it is not swallowed) and allows 
for rapid action via the buccal mucosa. 

According to the occupancy hypothesis, 
higher doses of caffeine excite a greater number of 
adenosine and bitter taste receptors in the buccal 
mucosa, leading to improved muscular 
performance (Clark, 1926). In line with this 
hypothesis, the specific effect of a high dose of 
caffeine mouth rinse on isokinetic strength remains 
unknown, indicating a need for further 
investigation into its efficacy compared to other 
caffeine delivery methods (Ehlert et al., 2020). 
Additionally, no study to date has analyzed the 
effects of an alternative form of caffeine (e.g., 
mouth rinsing) on isokinetic strength at both low 
and high angular velocities. 

Our study aimed to address this gap in the 
literature and provide preliminary findings for 
future research. In this context, we investigated the 
effects of high doses of the caffeine mouth rinse on 
the isokinetic strength of knee extensors and 
flexors of the dominant leg at high (180°/s−1) and 
low (60°/s−1) angular velocities in soccer players. 
We hypothesized that this alternative form of 
caffeine supplementation (mouth rinsing) might 
improve isokinetic muscle strength performance, 
which is particularly important in soccer. 
Moreover, it was hypothesized that caffeine mouth 
rinses at the high angular velocity (180°/s−1) will 
enhance rapid strength performance, which is 
critical for actions such as acceleration, changing 
direction, shooting, and pressing in soccer,  
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whereas supplementation at the low angular 
velocity (60°/s−1) would improve maximal strength, 
important for jumping, passing, shooting, and 
short-distance sprints. 

Methods 
Participants 

The number of participants in this study 
was determined based on a previous study (Grgic 
et al., 2022), which examined whether caffeine had 
a significant effect on isokinetic strength, power, 
and endurance. That study reported an effect size 
of 0.7708429 for peak torque in isokinetic knee 
extension at 60°/s−1, and as a result of statistical 
power analysis using G*Power 3 software, it was 
determined that at least seven participants were 
needed for this study, with an alpha value of 0.05 
and a power value of 0.95. To ensure an adequate 
sample size, eight participants were selected for 
this study. Based on this analysis, eight amateur 
soccer players volunteered (age: 20 ± 1 years; body 
height: 180.5 ± 6.785 cm; body mass: 72.75 ± 7.92 
kg), each with approximately seven years of soccer 
training experience and a minimum of three 
exercise sessions per week. The anthropometric 
characteristics of participants, including body 
mass, body height, and age, were thoroughly 
documented to provide the essential context for 
this study (Table 1). 

To mitigate the potential confounding 
effects of caffeine consumption, participants were 
provided with detailed information regarding 
common food and beverage products that contain 
caffeine and were instructed to refrain from 
consuming these products throughout the study 
period. Furthermore, participants abstained from 
supplements, medications, tobacco, alcohol, and 
caffeinated beverages prior to the commencement 
of data collection and throughout the experimental 
period. 

To minimize variability in measurements 
due to individual differences, the eight volunteers 
were randomly assigned to different interventions 
on separate days, with measurements conducted 
accordingly. The angular velocity at which 
isokinetic measurements would be performed, 
along with the specific application, was 
determined on the test day. All participants were 
given a clear explanation of the study, including 
the potential risks and benefits of participation, 
and signed an informed consent form prior to  
 

 
participation. Ethical approval for the study was 
obtained from the Gaziantep University Social and 
Human Sciences Ethics Committee, Gaziantep, 
Turkey (approval code: 347008/28, approval date: 
06 July 2023), and the study was conducted 
following the Helsinki Declaration. 

Measures 

Mouth Rinse Protocol 

Immediately before the test began, 
participants were given a 25-mL mouth rinse 
solution in a transparent plastic cup and asked to 
swish the solution around in their mouths for 10 s. 
A 10-s rinse has been shown not to raise blood 
caffeine levels (Doering et al., 2014). The 
experimental group used 25 mL of a 3% caffeine 
solution containing 750 mg of anhydrous caffeine 
(Nature’s Supreme Caffeine, TR) and 18 mg of 
aspartame (Canderel, Merisant, TR). For the 
placebo rinse, distilled water was used with 18 mg 
of the non-caloric artificial sweetener aspartame. 
The control group did not rinse their mouths. 
Aspartame was included in all solutions to ensure 
similarity in taste and appearance. 

The caffeine dosage of 750 mg was selected 
because it has been demonstrated to be effective for 
muscular strength (Karayigit et al., 2021). All 
solutions were administered immediately before 
the trials. Before each trial, participants refrained 
from caffeine intake and strenuous exercise for 48 
hours. A two-day washout period was 
implemented between each intervention (Figure 1). 

Isokinetic Measurement Protocol 

Isokinetic strength testing was performed 
using a CSMI-brand isokinetic device (Humac 
Norm Testing and Rehabilitation System, CSMI, 
USA) at the Performance Measurement and 
Physiology Laboratory, Faculty of Sports Sciences, 
Gaziantep University. The device recorded 
measurements on a connected computer. Although 
there are several different methods for measuring 
the variables required in studies, it is beneficial to 
use measurement methods that have been tested 
for validity and reliability. Therefore, it is advisable 
to choose the test that best suits the biomechanical 
properties necessary for achieving functional goals 
or success (Juan-Recio et al., 2024). The system 
used in this study has demonstrated validity and 
reliability (ICC: 0.74 to 0.89) at angular velocities of 
60°/s−1 and 180°/s−1 during knee extension and  
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flexion (Habets et al., 2018). 

Before the primary test measurements, 
participants performed 10 warm-up repetitions at 
300°/s−1 to familiarize themselves with the device 
and the resistance. Participants were positioned 
according to standard isokinetic measurement 
protocols. The dynamometer and supporting 
apparatus were adjusted to match the specified 
angles. Knee joint motion angles were set to 90° in 
flexion and 0° in extension. The arm axis of the 
dynamometer was aligned parallel to the subject's 
leg, with the pivot point placed at the lateral 
condyle of the femur. Adjustments were made for 
individual physical differences. Exercises were 
performed at all angular velocities based on these 
settings. The participants' bodies and measured 
extremities were secured to the chair with straps 
that did not interfere with muscle output. Two 
mechanical stoppers at the flexion and extension 
points ensured the joint remained within the 
predetermined range of motion (Cabri, 1991). 

Isokinetic strength measurements were 
conducted at two different angular velocities: 
60°/s−1 (5 repetitions) and 180°/s−1 (15 repetitions), 
with rest periods of 30 s between sets and 60 s 
between angular velocities. The recorded values 
included the H/Q ratio (%), peak torque (PT, Nm), 
average peak torque (AP, Nm), and time to peak 
torque (ms). 

Design and Procedures 

This study was designed as a randomized, 
controlled, double-blind crossover experiment 
(Figure 1). Randomization was performed using a 
complete randomization method. Participants 
were asked to draw colored cards, each 
representing a different intervention. Upon 
arriving at the lab, each participant randomly 
selected a card without knowing which treatment 
it represented and completed the corresponding 
application that day. 

The study was double-blinded: 
participants were unaware of which supplement 
they received, and a separate researcher was also 
blind to the treatment assignments. A two-day 
washout period was employed between 
interventions. This washout period allowed for the 
clearance of the active ingredient from the body 
before initiating a new trial. 

As illustrated in Figure 1, the study was 
completed over one week. Participants visited the  
 

 
laboratory on three occasions. During the first visit, 
age, body height, and body mass were recorded. 
The intervention and isokinetic measurement for 
each day were determined by randomly drawn 
cards, and the isokinetic test was performed 
immediately afterward. The three treatments were: 
a caffeine mouth rinse, a placebo rinse, and a 
control condition (no rinse), all randomized in 
order. Isokinetic tests were conducted at two 
angular velocities: 60°/s−1 (5 repetitions) and 
180°/s−1 (15 repetitions). 

Statistical Analysis 

Statistical analysis was performed using 
SPSS version 22.0 (SPSS Inc., Chicago, IL, USA). 
Values were presented as minimum, maximum, 
mean, and standard deviation. The significance 
level was set at 0.05. The Shapiro-Wilk test was 
used to assess normality. One-way ANOVA and 
LSD post hoc tests were conducted to evaluate 
differences between trials. Effect sizes were 
analyzed using the partial eta-squared (η²) statistic. 
According to this classification, effect sizes were 
considered non-significant (< 0.10), moderate 
(0.25–0.39), or large (≥ 0.40). 

Results 
Data were collected from eight 

participants who completed all three treatments on 
separate days. These data were analyzed using a 
statistical software program. Based on the 
isokinetic measurement device output, the 
following variables were obtained: the hamstring-
to-quadriceps (H/Q) ratio, extension peak torque, 
flexion peak torque, extension average peak 
torque, flexion average peak torque, and time to 
peak torque, each measured at angular velocities of 
60°/s−1 and 180°/s−1 during both extension and 
flexion movements. 

After confirming normality using the 
Shapiro-Wilk test, a one-way ANOVA was applied 
to compare group differences. When significant 
differences were found, the LSD post hoc test was 
used to determine which treatment conditions 
differed. Effect sizes were calculated using eta 
squared (η²) to indicate the magnitude of 
significant effects. 

Table 2 presents the statistical analysis 
results comparing the three treatments at both 
60°/s−1 and 180°/s−1 angular velocities. 

At 60°/s−1, a statistically significant  
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difference was observed between treatments for 
the H/Q ratio, favoring the experimental group (p 
< 0.05; η² = 0.290), indicating a moderate effect size. 
Additionally, time to peak torque at this velocity 
showed a significant difference with a moderate 
effect (p < 0.05; η² = 0.306), again favoring the 
experimental condition. 

However, at 180°/s−1, no significant 
differences were found among treatments for any 
of the following variables: the H/Q ratio, extension 
peak torque, flexion peak torque, extension  
average peak torque, flexion average peak torque, 
or time to peak torque (p > 0.05). Similarly, at 
60°/s−1, no significant treatment differences were 
found for extension peak torque, flexion peak 
torque, extension average peak torque, or flexion 
average peak torque (p > 0.05). 
Figures 1 and 2 illustrate the group-wise 
comparisons and trends for all measured variables 
at both angular velocities, offering a clearer visual 
interpretation of the results. 

Discussion 
This study is the first to investigate the 

acute effects of high-dose caffeine mouth rinsing  

 
on knee isokinetic strength, offering an alternative 
to traditional caffeine supplementation methods 
that may have systemic side effects. While 
previous research has explored the impact of high-
dose caffeine in ingestion or gum forms on 
muscular endurance and knee extensor/flexor 
strength, no prior study has specifically assessed 
the effects of caffeine mouth rinsing on isokinetic 
performance (Bond et al., 1986; Grgic and 
Pickering, 2019; Teimouri-Korani et al., 2025; 
Venier et al., 2019b). Thus, this study aimed to fill 
a critical gap by evaluating the impact of the 
caffeine mouth rinse on maximal muscle force 
during isokinetic contractions. 

The results revealed significant differences 
in the H/Q ratio and time to peak torque at 60°/s−1, 
favoring the caffeine mouth rinse intervention. 
Time to peak torque is a critical metric that reflects 
how quickly peak force is generated and is 
associated with explosive strength and 
neuromuscular efficiency (Maciel et al., 2023). The 
observed improvements at this angular velocity 
suggest that caffeine mouth rinsing may enhance 
early-phase force production. 

 
 

 

 

 
Table 1.  Descriptive statistics of demographic characteristics of the participants. 

 
 N Minimum Maximum Mean 

(X̄) 
Std. Deviation 

(SD) 

Age (year) 

8 

19 22 20.50 1.195 

Body mass (kg) 60 85 72.75 7.924 

Body height (cm) 168 187 180.5 6.845 

Note: kg: kilogram; cm: centimeter 
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Table 2. Comparison of isokinetic strength averages obtained at 60°/s−1 and 180°/s−1 angular velocities 
between interventions. 

 Mean Std. 
D. 

Std. E. F p 
η2

180°/s−1 

H/Q(%) 
Con. 62.00 10.13 3.58 

3.074 0.067 0.234 Exp. 50.25 7.76 2.74 
Plc. 60.63 12.63 4.46 

Ptex (Nm) 
Con. 144.00 26.20 9.26 

0.365 0.698 0.034 Exp. 156.13 31.07 10.98 
Plc. 149.75 27.67 9.78 

APex(Nm) 
Con. 254.75 54.40 19.23 

0.118 0.889 0.011 Exp. 267.88 58.07 20.53 
Plc. 266.25 63.89 22.59 

Time to peak 
torqueex (Ms) 

Con. 0.24 0.03 0.01 
0.813 0.457 0.066 Exp. 0.26 0.04 0.01 

Plc. 0.25 0.04 0.01 

Ptflx (Nm) 
Con. 89.25 22.07 7.80 

0.444 0.648 0.040 Exp. 79.88 25.65 9.07 
Plc. 90.13 24.53 8.67 

APflx (Nm) 
Con. 159.50 46.59 16.47 

0.237 0.791 0.022 Exp. 144.00 57.40 20.29 
Plc. 161.25 60.63 21.44 

Time to peak 
torqueflx (Ms) 

Con. 0.27 0.04 0.02 
0.270 0.766 0.031 Exp. 0.27 0.03 0.01 

Plc. 0.26 0.04 0.01 

60°/s−1 

H/Q (%) 
Con. 62.00a 8.43 2.98 

4.292 0.027* 0.290 Exp. 51.13 10.30 3.64 
Plc. 63.38a 8.63 3.05 

Ptex (Nm) 
Con. 221.75 39.60 14.00 

1.257 0.305 0.010 Exp. 248.25 38.44 13.59 
Plc. 219.75 42.25 14.94 

APex (Nm) 
Con. 155.13 31.62 11.18 

1.410 0.266 0.013 Exp. 176.75 28.84 10.20 
Plc. 155.75 27.32 9.66 

Time to peak 
torqueex (Ms) 

Con. 0.48 0.08 0.03 
4.682 0.021* 0.306 Exp. 0.58 0.04 0.01 

Plc. 0.48 0.10 0.03 

Ptflx (Nm) 
Con. 135.25 17.41 6.15 

0.707 0.504 0.063 Exp. 125.75 25.82 9.13 
Plc. 137.00 16.55 5.85 

APflx (Nm) 
Con. 109.00 17.07 6.04 

1.205 0.319 0.012 Exp. 97.13 19.05 6.74 
Plc. 107.88 14.19 5.02 

Time to peak 
torqueflx (Ms) 

Con. 0.51 0.14 0.05 
0.517 0.604 0.046 Exp. 0.48 0.14 0.05 

Plc. 0.44 0.09 0.03 
Note: *: Significant difference between groups (p < 0.05); H/Q: Hamstring/Quadriceps; Ptex: Extension Peak Torque; 
Ptflx: Flexion Peak Torque; APex:  Extension Average Peak Torque; APflx: Flexion Average Peak Torque; Ex: Extension; 

Flx: Flexion; Nm: Newtonmeter; Ms: Millisecond; a: Significant difference compared to the experimental group;  Con: 
Control group; Exp: Experimental group (Caffeine Mouth rinse); Plc: Placebo Rinse Group 
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Figure 1.  Schematic representation of the experimental process. 

 
 
 
 
 
 

 
Figure 2. Comparison of participants' isokinetic variables at the 60°/s−1 angular velocity 

among interventions. 
Ms: Millisecond; Nm: Newtonmeter;  Ex: Extension; Flx: Flexion; %: Percent; Avpex60: Average peak torque 
extension at the 60°/s−1 angular velocity; Avpflx60:  Average peak torque flexion at the 60°/s−1 angular velocity; 

Tptex60: Time to peak torque extension at the 60°/s−1 angular velocity; Tptflx60: Time to peak torque flexion at the 
60°/s−1 angular velocity; Ptex60: Peak torque extension at the 60°/s−1 angular velocity; Ptflx60: Peak torque flexion at 

the 60°/s−1 angular velocity; *: significant difference compared to the experimental group (p < 0.05) 
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Figure 3. Comparison of participants' isokinetic variables at the 180°/s−1 angular velocity among 

interventions. 
Ms: Millisecond; Nm: Newtonmeter;  Ex: Extension; Flx: Flexion; %: Percent; Avpex180: Average peak torque 

extension at the 180°/s−1 angular velocity; Avpflx180:  Average peak torque flexion at the 180°/s−1 angular velocity; 
Tptex180: Time to peak torque extension at the 180°/s−1 angular velocity; Tptflx180: Time to peak torque flexion at the 
180°/s−1 angular velocity; Ptex180: Peak torque extension at the 180°/s−1 angular velocity; Ptflx180: Peak torque flexion 

at the 180°/s−1 angular velocity 
 

 
 
 
 

Prior studies have mostly focused on the 
acute or chronic effects of caffeine ingestion across 
various doses, with limited attention given to the 
mouth rinse form (Grgic et al., 2022). A meta-
analysis has shown that caffeine ingestion can 
improve both upper and lower body strength and 
muscular endurance, with significant effects on 
lower limb strength at doses of 6 mg/kg or higher 
(Wu et al., 2024). Similarly, other trials have 
demonstrated improvements in psychomotor 
skills and muscular endurance following caffeine 
ingestion in athletic populations (Pereira et al., 
2020; Santos et al., 2014). 

However, the effects of caffeine on 
isokinetic performance remain mixed. Grgic and 
Pickering (2019) found in a meta-analysis that  
caffeine had a small but significant effect on 
isokinetic peak torque, particularly in the knee  
 

extensors at higher angular velocities. Other 
studies have reported greater effects in eccentric 
versus concentric contractions (Wilk et al., 2019) 
and dose-dependent improvements in maximal 
force output in women (Filip-Stachnik et al., 2021). 

Caffeine's ergogenic effects are thought to 
operate through several mechanisms. As an 
adenosine receptor antagonist, caffeine reduces 
perceived exertion and delays fatigue by 
increasing neurotransmitter release and motor unit 
recruitment (Cristina-Souza et al., 2022; Ryan et al., 
2013). Moreover, recent findings suggest that 
caffeine may enhance neuromuscular activation 
and training efficiency, thereby contributing to 
improved performance outcomes during 
resistance exercise (Paoli et al., 2024). Caffeine also 
facilitates calcium ion mobilization from the 
sarcoplasmic reticulum, improving cross-bridge  
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cycling and force production (Fryer and Neering, 
1989; Tallis et al., 2012). Peripheral actions include 
enhancement of Na+/K+ pump function and 
increased calcium bioavailability, further 
supporting its role in muscle performance 
(Gonzalez et al., 2020). 

Regarding the H/Q ratio, this metric is vital 
for assessing muscle balance. A balanced H/Q ratio 
(typically between 0.50 and 0.80) reflects 
coordinated function between agonist and 
antagonist muscle groups, reducing injury risk and 
enhancing performance (Maly et al., 2011). In this 
study, although extension peak torque was higher 
in the experimental group, the H/Q ratio appeared 
lower, likely due to greater caffeine-induced 
enhancement of quadriceps strength compared to 
hamstrings. This pattern may reflect training 
specificity, as participants (soccer players) are 
generally more accustomed to extension 
movements in traditional strength routines. 

Similar trends have been noted in the 
literature. Warren et al. (2010) reported greater 
caffeine effects in the knee extensors than flexors. 
This may again be attributed to calcium-related 
mechanisms or habitual movement patterns 
favoring quadriceps activation. A meta-analysis in 
resistance-trained men also supported caffeine’s 
ergogenic effects, although H/Q ratios were not a 
direct focus (Grgic et al., 2018). 

Despite these promising findings, no 
significant treatment differences were observed for 
extension/flexion peak torque or average peak 
torque at either 60°/s−1 or 180°/s−1 nor for the H/Q 
ratio and time to peak torque at 180°/s−1. These null 
findings align with previous research that has 
shown inconsistent responses to caffeine ingestion, 
particularly when using different doses or delivery 
methods. For instance, Venier et al. (2019a) 
reported improved peak and average torque with 
300 mg caffeine gel, while Astorino et al. (2010) 
found that a 5 mg/kg dose enhanced peak knee 
flexion torque, but a 2 mg/kg dose did not,  
highlighting the importance of the dose and the 
administration method. 

These inconsistencies suggest that 
individual variability, including genetic factors 
(e.g., ADORA2A polymorphisms), caffeine 
tolerance, and taste sensitivity, may influence the 
ergogenic response to caffeine (da Silva et al., 2023; 
Grgic et al., 2020a). Further research is warranted 
to determine the optimal caffeine mouth rinse  
 

 
dose, the timing relative to exercise, and the  
influence of individual characteristics on 
performance outcomes. 

While the current study had a small 
sample size, it provides valuable preliminary 
insight into the potential of the caffeine mouth 
rinse as a practical ergogenic aid in isokinetic 
strength performance. 

Conclusions 
As a result of the study, it was observed 

that caffeine mouth rinsing caused significant 
differences in time to peak torque of the knee 
extensors and in the H/Q ratio at the angular 
velocity of 60°/s−1 in isokinetic variables, with these 
differences favoring the experimental group. 
Caffeine mouth rinsing did not affect extension 
and flexion peak torque or mean power at angular 
velocities of 180°/s−1 and 60°/s−1. Conducting the 
study with control, experimental, and placebo 
groups and examining the acute effects of mouth 
rinsing on isokinetic variables distinguished this 
study from others in the literature. It contributed to 
the field by approaching the topic from a specific 
perspective. Further studies should assess the 
effects of additional variables such as the ideal 
dose of caffeine, timing between the last meal and 
exercise, training level, and inter-individual 
variation in the ability to detect bitter taste on the 
effectiveness of the caffeine mouth rinse (da Silva 
et al., 2023). Alternatively, future research could 
investigate dose-response relationships or 
different forms of caffeine supplementation on 
isokinetic performance at various angular 
velocities (e.g., 30–45°/s−1 or 120°/s−1). 

Additionally, variations among subjects in 
the muscle fiber type, motivation, and caffeine 
responses should be investigated. Moreover, 
recent research suggests that genetic  
polymorphisms in carriers of the ADORA2A gene 
C allele (CC or CT genotype) affect the caffeine 
response after exercise (Grgic et al., 2020a). This 
highlights the need for more extensive trials and a  
deeper understanding of caffeine’s appropriate 
consumption. 

This study has several limitations. First, 
the sample size was small. Another limitation is 
that, due to economic constraints, we were unable 
to assess participants’ blood caffeine 
concentrations and genetic status. These factors 
may have influenced the findings, emphasizing the  
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importance of improving blinding techniques in  
future research to enhance methodological  
accuracy and reliability. Finally, caffeine  
consumption habits were not evaluated in this 
study. However, several studies have shown no 
effect of habitual caffeine consumption on sporting 
performance (Clarke and Richardson, 2021; Dodd  
 

 
et al., 1991; Gonçalves et al., 2017; Tarnopolsky and 
Cupido, 2000). 

Soccer players might consider using a 
high-dose caffeine mouth rinse during isokinetic 
training instead of caffeine ingestion, which 
requires about 60 minutes to metabolize and may 
have potential adverse effects.
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