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Chewing Gum and Muscle Fatigue 

ABSTRACT 

Muscular fatigue as a result of physical stress is a normal phenomenon for skeletal muscles. 

Excitation and motor recruitment in the arms and legs can be elevated by strengthening one’s 

bite force. Previous studies have suggested a connection between skeletal muscle fatigue and 

chewing gum. The purpose of this study was to determine if chewing gum has an effect on 

fatigue. We hypothesized that chewing gum while performing an exercise would decrease 

participant fatigue. During this experiment, participants were asked to raise and hold a 10 lb. 

weight until they reached fatigue. Heart rate and time holding weight (isolated activity) were 

recorded. Muscular activity was measured using an electromyogram. Contrary to the hypothesis, 

this experiment found that the time holding weight was not significantly different between 

chewing gum and no gum conditions (p=0.4256, 95% CI). This was supported by self-reported 

fatigue levels of participants conducted at the end of each session (p=0.6632, 95% CI). However, 

heart rate was significant in the chewing gum condition, as compared to the no gum condition 

(p=0.0019, 95% CI). The results indicate that chewing gum has no obvious effect on skeletal 

muscle fatigue and, therefore, no influence on somatic neural control. This is likely because the 

participants maintained a static condition, rather than performed coordinate movement. Despite 

this, chewing gum does have a peripheral impact on heart rate, which suggests that it affects 

autonomic neural control.  

 

INTRODUCTION 

Muscular fatigue is a common physiological phenomenon that occurs during exercise and 

encompasses many forms, depending on the type of physical exertion. This sensation describes 

the failure to provide necessary force or power output during sustained contraction of muscle 

fibers (Gibson, 1985). It serves as a self-protecting mechanism for our bodies against constant 

muscle contraction and depletion of energy storage within our body. The behavioral and physical 

changes that accompany fatigue are thus critical for bodily order and the ability to reverse fatigue 

through rest (Ament et al. 2009). It has been established that fatigue involves multiple processes 
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that involve disturbances in both the central nervous system and peripheral factors of skeletal 

muscles (Fitts, 2008). The central mechanism of fatigue includes motivation, impaired 

transmission down the spinal cord and impaired recruitment of neurons. The peripheral factors 

mechanism involves impairment of the function of peripheral nerves, neuromuscular junction 

transmission or the electrical activity of the muscle fiber (Gibson, 1985).  

Insufficient oxygen in the blood causes the production of lactic acid, which contributes to 

muscular fatigue (Sahlin, 1986). The accumulation of lactates leads to decreases in intracellular 

pH of muscle fibers and thus is responsible for fatigue (Cifrek et al., 2009). Other factors that 

play into skeletal muscle fatigue involve the variability of muscle fibers. Of the four fibers 

present in the skeletal muscle, two (slow type I and fast type IIa) have the greatest resistance to 

fatigue (Fitts, 1994). Furthermore, muscle fatigue is precipitated by the introduction of physical 

stress such as the lifting of heavy objects. This results in the contraction of skeletal muscle, 

leading to an increased need for energy towards the area at the expense of energy stores 

elsewhere in the body (Ament et al., 2009).  

The addition of physical stress to an individual can have a visible application such as the 

voluntary use of specific skeletal muscles. Voluntarily clenching one’s teeth is a method used to 

reinforce tendon reflexes in the upper limbs while lifting heavy objects. Increasing bite force has 

been found to increase excitation and facilitation of muscles in the arms and legs (Boroojerdi et 

al., 2000). Though there is little research on the direct impact of mastication on muscle fatigue in 

other parts of the body, past studies have suggested that chewing gum can influence skeletal 

muscle control. For instance, the chewing rate has been shown to consistently couple with the 

walking speed of participants regardless of their age (Samulski et al., 2019). Other studies 
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mention that with the presence of chewing gum, there is an improvement in masticatory function 

when measuring bite force (Shirai et al., 2018). Chewing gum has also been linked to better 

physical performance and greater levels of testosterone in athletes (Paton et al., 2010). These 

studies suggest that there is a link between fatigue and chewing gum while experiencing physical 

stress. However, the lack of conclusive evidence in scientific literature requires further 

experimentation and study to determine the strength of the relationship between muscle fatigue 

in the arm and chewing gum. In this study, fatigue of the anterior deltoid (assisted by the serratus 

anterior, biceps brachii, and the clavicular portions of the pectoralis major) is being measured 

during isometric contraction. 

The three physiological variables observed in this study included peak-to-peak values 

(P-P) taken from electromyograms, time that the participant was able to hold a 10 lb. weight with 

their arm extended (T), and heart rate (HR). Muscular activity is able to be recorded using an 

electromyography (EMG) (Sadoyama et al., 1981). In this experiment, it was used to monitor 

muscular activity because past studies have shown that the amplitude of EMG readings increased 

while the subject lifted a weight. The change in amplitude indicates that there is an increase in 

the recruitment of motor units. When the muscles reach task failure – the point at which they 

cannot sustain an activity – the amplitude of the EMG decreases (Hunter et al., 2004). We 

measured the time that an individual was able to hold a 10 lb. weight in order to determine the 

onset of muscle fatigue (Cifrek et al., 2009). This fit the manifestation of muscle fatigue that 

refers to a failure to maintain the required or expected force. HR was used to measure the 

exertion of the physical activity on the participants. Recent studies have found that gum chewing 

stimulated sympathetic nervous activity and increased HR while enhancing physical and 
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physiological function (Hamada et al., 2018). Findings suggested that increased HR was 

correlated with exertion of muscle. 

In this study, we examined how chewing gum affected fatigue level of participants. Using 

data gathered from previous studies, we hypothesized that chewing gum would decrease 

participants’ fatigue while they masticated, as compared to when they did not chew gum. To 

determine whether chewing gum had an effect on fatigue, we measured the time the participant 

was able to hold up a 10 lb. weight, HR, and used an EMG to record muscular activity (Cifrek et 

al. 2009; Sadoyama et al., 1981; Hunter et al., 2004). The effect of gum on fatigue level was 

determined by comparing measurements from each participant when they were chewing gum to 

when they were not. 

 

METHODS AND MATERIALS 

Materials 

Three variables were observed in this experiment to determine the effects of chewing 

gum on time to fatigue. HR, ΔT, and with EMG, the difference between the maximum and 

minimum electrical signals during that time, P-P, was examined using two different 

measurement devices. HR was recorded in beats per minute (BPM) using a pulse 

oximeter/carbon dioxide detector (Model number: 9843; Serial Number: 1181022981; Made by 

Nonin Medical Inc., Minneapolis, MN, USA). EMG was conducted to obtain the difference 

between the maximum and minimum electrical signals in the arm during that activity (P-P). To 

complete the EMG, a BIOPAC Electrode Lead Set (Model: SS2B; SN: 908A8992; Made by 

BIOPAC systems, Inc., Goleta, CA) and 3 BIOPAC Disposable Electrodes (Model: EL503; 
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Made by BIOPAC systems, Inc., Goleta, CA) per participant each week were used to measure Δ

T in seconds (sec) and P-P in millivolts (mV). Data recording and analysis were accomplished 

using the BIOPAC Student Lab System (BSL 4 software, MP36) as well as direction from the 

BIOPAC Systems, Inc. Student Manual (BIOPAC Systems, Inc.; ISO: MANBSL4) for 

equipment setup. Sugar-free, spearmint gum was distributed to the participants prior the the 

study (Extra Sugar Free Gum, Spearmint; Made by Wrigley Company, Chicago, IL; Item 

Number: 845721; Bought from Costco in Madison, WI). Microsoft Excel (Microsoft 2018; 

Version 16.21.1 (190123)) was used to randomly assign participants into one of two groups 

using the formula “=RANDBETWEEN(1,2)”. Group 1 chewed gum the first week and not the 

second, and Group 2 did not chew gum during the first week, but did chew gum during the 

second. A 10 lb. weight provided by the Physiology department at UW-Madison was used for 

the physical exertion portion of the experiment. Participants were required to fill out a survey on 

their age, gender (male, female, or non-binary), and level of fatigue on a scale from 1-10 at the 

end of each session. 

Methods 

Participants 

Participants, ages 20 to 26, were recruited on a voluntary basis from the University of 

Wisconsin-Madison Physiology 435 class. Participant demographics are displayed in Table 1. 

Each participant was required to sign a consent form detailing the study schedule, confidentiality 

measures taken by the researchers during the study, and explanations of risks and benefits of 

participation. All measurements were taken in the UW-Madison Medical Sciences Building.  
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Procedure 

All participants in the study were required to have the midpoint circumference of their 

self-determined dominant arm measured. The midpoint was found using a soft tape measure to 

determine the length of the forearm from the distal radius to the cubital fossa (wrist to elbow) 

and dividing that value by two. During the first week of the study, all eligible participants were 

randomly assigned to either Group 1 or Group 2. The grouping determined which sessions the 

participants would chew sugar-free spearmint gum. When selected to chew gum, participants 

were required to chew gum for two minutes prior to the start of data collection and throughout 

the remainder of the session. After randomly assigning participants to their groups using 

Microsoft Excel, participants were hooked to a BIOPAC electrode lead set via disposable 

electrodes on their dominant arm and a pulse oximeter on the ring finger of their non-dominant 

hand. Electrode placement for the EMG can be seen in Figure 1. The participants were instructed 

to not speak with the researchers present at the time of the study in order to limit new 

confounding variables from being introduced. Likewise, none of the variables being measured 

were made visible to the participants. Upon indication of readiness, participants were required to 

hold out their dominant arm with palm facing downwards for forty-five seconds. After forty-five 

seconds had passed, a researcher handed a 10 lb weight to the participant. An example of this can 

be seen in Figure 2. The duration the weight was held is referred to as isolated activity. The 

weight was removed only when the participant indicated that they were no longer able to hold on 

to it. Following the removal of the weight, the participant continued to hold their dominant arm 

straight with the palm facing downwards for forty-five seconds. The forty-five second period 

before and after holding the weight served as baselines to confirm that the addition and removal 
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of the weight induced physiological changes. At this point, data collection was stopped, the wires 

from the measurement tools were unhooked, and the participant was given a survey that 

requested information on their age, identified gender, and level of fatigue on a scale from 1-10. 

This was repeated the following week during the second session, with participants opposing their 

week one assignment of chewing or not chewing gum. An experimental design outline with 

time-specific stages is shown in Figure 3. A sample EMG recording with variables labeled can 

be seen in Figure 4.  

Data Analysis 

HR taken during exercise of the first and second sessions were compared to determine if 

chewing gum had a significant effect. The P-P values were also evaluated to determine if there 

was a change in muscle output during exercise.  The third measure analyzed using session 1 and 

session 2 was T. This measure views duration of activity while factoring out time that it takes to 

grab and remove the weight. Using the session without gum as a baseline, tests to determine the 

statistical significance of the difference between the sessions were conducted. Delta T ( T) wasΔ  

the change in time between the two conditions (gum and no gum). T was calculated by takingΔ  

the difference in duration of time the weight was held between the two conditions. Indicators of 

greater fatigue were increased HR and T. If P-P were similar, data sets from the twoΔ  

conditions could be compared. The measurements of forearm diameter were evaluated with the 

overall data to reject other confounding variables. 

Positive Controls 

Positive control tests were conducted on the researchers to ensure that the equipment was 

functioning properly and methodology was sufficient for gathering data. Data was analyzed 
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using t-tests to determine statistical significance between the two sessions. HR (before, during 

application of the weight, and after removal of the weight), T, and muscular electrical activityΔ  

throughout the trial (via EMG) were measured for each researcher. For all researchers, HR 

increased from baseline during application of the weight and decreased slightly when the weight 

was removed (but remained above the original baseline), as expected. Muscular electrical 

activity also increased from baseline during application of the weight and returned to baseline 

once weight was removed for all participants. This recovered data demonstrates that the 

equipment used was functional. Positive control results from the EMG can be seen in Figure 5 

and positive control results from the pulse-oximeter can be seen in Table 2. 

Negative Controls 

Each participant acted as their own negative control when they held the weight without 

chewing gum. This took anatomical and physiological differences between individuals into 

account. Measurements of HR, T and muscular electrical activity were compared to examineΔ  

whether chewing gum would correlate with significant differences between the two trials per 

participant. To reduce the effects of confounds, participants were randomly assigned to chew 

gum.  

 

RESULTS 

In order to analyze T and HR measurements, P-P values needed to be determinedΔ  

insignificant. A baseline experiment (n=3) was run to simulate a significant difference in muscle 

tension output by asking researchers to clench dynamometers first with a light force, and then a 

heavy force. Table 3 shows the relationship between P-P and clench force. The average percent 
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change between P-P of light and heavy force was 373.12% (Table 3). The trend can be seen 

visually in Figure 6. Percent changes in P-P above 373.12% suggests a possible change in T,Δ  

reflecting a difference in muscle exertion between the weeks. In contrast, percent changes below 

373.12% suggest that an outside factor, such as chewing gum, affected T. All participants forΔ  

this experiment were found to be below this cutoff. Thus P-P was insignificant in this 

experiment. 

A paired T-test with a 95% confidence interval was performed to compare T and HRΔ  

between conditions, with a P-value of 0.05 or less accepted as a significant result.  

There was no significant difference in T: the difference in time between chewing gumΔ  

and not chewing gum (p=.4256; 95% CI). The average T for the no gum condition was 33.13 

seconds. The average T for the gum condition was 33.91778 seconds. Figure 7 depicts this 

outcome. 

There was a significant difference in HR between the two conditions; while chewing gum 

versus not chewing gum (p=.0019; 95% CI). The average HR for the no gum condition was 

108.36 beats per minute. The average HR for the gum condition was 114.36 beats per minute. 

Figure 8 depicts this outcomes. The baseline HR before and after the isolated activity presents a 

similar trend.  

There was no significance in the subjective evaluation of fatigue between chewing gum 

and not chewing gum (p=0.6632, 95% CI). The average score out of 10 for the no gum condition 

was 6.48. The average score for the gum condition was 6.4. Figure 9 shows this outcome 

visually.  
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DISCUSSION 

Previous studies indicate some degree of connection between chewing gum and muscle 

fatigue, concluding the relationship to be causal in nature. Further, studies have established a link 

between chewing gum and physiological variables like HR. Analysis of our data reveals that the 

suggested causal relationship is not statistically significant. We also considered incorporating a 

within-person normalization of time the weight was held. This analysis can evaluate trends in the 

data despite variability between participants. However, a two-sample t-test was conducted on 

these values and results approached significance, but did not reach it (p=.1725). That is to say, Δ

T was not a sufficient indicator of fatigue since it did not affect somatic control as we were 

testing a static condition.  However, our findings indicate a statistical significance in HR in line 

with results of Hamada et al. in 2018, which mention that chewing gum has an increasatory 

effect on HR. This demonstrates that mastication influences autonomic neural control.   

Potential confounding factors in the physiology of the participants may have influenced 

our results. This experiment did not account for workouts or exercises the participants may have 

recently executed prior to performing the experiment. If the individual had performed an exercise 

within close proximity to data collection one week but not another, this could have masked 

potential effects of gum chewing on muscle fatigue. Another physiological factor to take into 

consideration was the standard of participant health. Willing participants were not surveyed or 

screened for pre-existing muscular or cardiovascular conditions and injuries that may impact the 

results of the study. These circumstances could have potentially affected the participants’ TΔ  
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values as well as their rated fatigue levels. However, other oversights in the methodology may 

have also affected the same results. 

 Though the experiment was blinded for the first session, participants walking into their 

second session were aware of the experimental condition they were randomly assigned to. Their 

understanding of the study could have impacted the duration of time they held the weight for. 

Another limitation of the study was the subjective metric by which we measured a participant’s 

perceived muscular fatigue in their arm. Self-reporting has the potential to be unreliable for data 

analysis because it is an arbitrarily-determined number, rather than something that can be 

recorded with an unbiased and consistent scale.  

Going forward, it would be best to conduct additional studies regarding the effect of gum 

on muscle fatigue with methodological changes to account for these aforementioned 

confounding factors. These should include stricter exclusionary and inclusionary criteria. Due to 

the broad criteria for percent change in P-P, all participants were included in the dataset. With a 

range so large, it is possible that we missed physiologically relevant differences in muscle 

activity between conditions for some participants. By lowering the percent change in P-P 

required to determine a significant difference, future studies could focus on individuals who 

showed no physiological difference in muscle activity between trials. In the future, study 

eligibility should also entail that individuals have no history of muscular or cardiovascular 

disease, no recent hospitalizations due to injury, and no vigorous exercise near the time of the 

experiment. A larger sample size could also work to minimize the effects of the confounds of our 

study. 
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The real world implications of this study center primarily on athletes. In many athletics, 

including a broad range from sports like track and field or baseball, to higher intensity sports 

such as football or weight lifting, gum chewing is a common factor. If chewing gum was found 

to decrease muscle fatigue, athletic performance would be positively impacted. This association 

does not only benefit players but also the athletic industry and chewing gum companies. While 

our results do not conclusively state a causal relationship between chewing gum and fatigue, they 

serve as a basis for the interest of these groups. 

In context of the Physiology 435 course at UW-Madison, this experiment further explores 

skeletal muscle and its’ fibers. As part of the experiment, participants undergo isometric 

contraction in the arm while they hold out the weight. By inspecting the relationship between 

muscle fatigue and chewing gum, we were able to learn a new facet to material covered in 

lecture. Over the course of the study, we became more familiar with the particulars of skeletal 

muscle fibers, in particular slow type I and fast type IIa, which have the greatest resistance to 

fatigue. Further, we have discovered a linear trend between P-P and force, which set the basis for 

our comparison between the two conditions (chewing gum and no gum). This finding helped us 

connect laboratory work with lecture material as the two reinforced each other.  
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TABLES: 

Characteristic  

Sample size(n) 50 

Age(±SD) 21.58 (.97) 

Gender Male 18 (36%) 

Female 31 (62%) 

Non-binary 1 (2%) 

Table 1: Characterics of Participants. Includes background information of the participants 
collected 

 

Heart Rate (BPM) 

 Baseline During isolated activity 

Subject  87 104 

Table 2: Heart Rate Positive Control. Using n=6, positive control data of heart rate (bpm) 
shown for a subject. Measurements using the pulse oximeter were taken before activity and right 
after completion of isolated activity of holding the weight. 
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 Subject 1 Subject 2 Subject 3 

 P-P KG P-P KG P-P KG 

Light 1.474 7 0.85 2 1.628 7 

Medium 5.234 23 2.859 12 2.092 11 

Heavy 8.333 50 4.976 16 4.373 20 

Table 3: Muscle Tension vs. P-P values. With n=3 muscle tension (kg) and P-P was evaluated 
under three clench conditions: light, medium and heavy.  

 

 P-Value  Interpretation 

TΔ  0.4256 Not significant 

Heart Rate 0.0019 Significant 

Subjective evaluation 0.6632 Not significant 

Table 4: Statistical Analysis: Result of T-Test. Table shows all statistical analysis of collected 
data. A paired T-test with a 95% confidence interval was performed to compare T and HR 
between conditions, with a P-value of 0.05 or less accepted as a significant result. 
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FIGURES: 

Figure 1: Electrode Attachment for EMG for Right Handed Subject.  The black lead was 
connected to electrode A, the red to electrode B, and the white to electrode C. 

 

 

 
Figure 2: Example of a participant during the experiment. This shows a participant holding 
the 10 pound weight at a 90° angle, in front of their body.  
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Figure 3: Experimental Timeline. Time-specific stages for experimental design  
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Figure 4: Sample EMG with Variables Labeled. Example of EMG recording of a participant 
who was not chewing gum while holding the weight. The peaks between the two black bars 
represent the isolated activity of holding up the weight; this gives analysis of the time of isolated 
activity and the P-P values (difference between the maximum amplitude value in the selected 
area and the minimum amplitude). There was a 45 second baseline before and after the isolated 
activity as shown.  

 

 

Figure 5: Positive Control of EMG and Pulse-Oximeter. Positive control showing that each 
the pulse-oximeter and BIOPAC-EMG measures its intended metric.  
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Figure 6: Baseline Relationship Between Muscle Tension and P-P Values. The amount of 
muscle tension output measured by the dynamometer (x-value) plotted against the corresponding 
P-P value (y-value). Linear lines of best fit for Subjects 1-3 are also displayed. 
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Figure 7: T For Each Participant. The change in time for each participant (n=50) betweenΔ  
chewing gum and not chewing gum.  
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Figure 8: Average Heart Rate During Experimental Conditions. The HR change for each 
participant shown between no gum and gum conditions. The dot represents the mean of 
respective condition, while the bar represents the SEM. The no gum condition had a mean of 
106.82 and SEM of 1.78. The gum condition had a mean of 115.9 and SEM of 1.86. 
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Figure 9: Subjective Evaluation of Fatigue Levels. The subjective score of fatigue change for 
each participant shown between no gum and gum conditions. The dot represents the mean of 
respective condition, while the bar represents the SEM. The mean for no gum was 6.48 and SEM 
was 0.206. The mean for gum was 6.4 and SEM was 0.279. 
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