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Abstract

Athletic performance is the doorway to many opportunities, from professional sports to leading a
healthy lifestyle. Fatigue is known as the leading factor preventing people from training to their
full capacity and obtaining their desired athletic ability. Evidence has shown that exposure to
green light lowers chronic, tactile pain and possibly increases athletic performance in track
athletes. This study investigated the effect of exposure to green LED light on an isometric
exercise performance. Participants (N=15) performed 3 unilateral dumbbell holds (LDH) with
their dominant hand after one practice set with their non-dominant hand. The participants were
randomly split up into two different groups; Group one was exposed to green LED light first
while Group two was exposed to white LED light first. After at least four days the participants
performed the same exact procedure with the only change being the light they were exposed to.
We found that green LED light increased the duration participants were able to perform the LDH
hold by 10.05%; participants exposed to the green light had an average LDH hold for 75.3
seconds as opposed to white light where the average was 69 seconds (P=0.01). These results
have implications for utilizing green LED light for athletic training, specifically in regards to
isometric strength training. Further research is needed to determine the extent to which utilizing
green LED light can benefit athletes and people in general. More research needs to be done to
see if these results translate to other types of training.

Introduction

People naturally strive to improve their athletic performance—whether it's to enhance
overall health, pursue a career in professional sports, or simply gain more confidence in public.
With ongoing advancements in technology, increased access to biomechanical data, and the
development of new training methods, this goal is becoming increasingly achievable. In recent
years, research has explored not only the surprising influence of environmental factors, such as
vegetation and exposure to green light, on athletic performance, but also the critical role of
targeted physical preparation. Among these methods, strength training has emerged as one of
the most effective strategies for enhancing both physical capability and overall athletic potential

[1].

Strength training is a type of workout regimen designed to promote muscle hypertrophy,
increased strength, increased muscle tone and endurance by overloading muscle groups
through repeated contractions or static holds [2]. Strength training can also improve
cardiovascular health, tendon strength, ligament strength, bone density, metabolism, and lactate
threshold, [3]. The type of strength training program used varies, depending on the goal of each
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individual. Circuit training is a workout method that involves performing a series of weight
training exercises, each separated by short, timed rest intervals. Circuit training targets strength
building and muscular endurance [4] . Hypertrophy training creates microscopic tears in muscle
fibers through repeated contractions using challenging weight. This process stimulates the
repair and growth of muscle tissue, resulting in an increase in the size of skeletal muscles due
to the enlargement of individual muscle cells [5]. Isometric strength training utilizes a static
contraction of muscle without change in muscle length or joint angle; examples include static
wall sits, planks or static lunges [6]. Isometric exercises help maintain strength, aid recovery,
prevent injuries, improve stability and balance, and build muscle endurance [7]. The different
types of strength training used have demonstrated beneficial effects on athletic performance by
enhancing athletic ability, reducing the risk of injury, improving recovery and supporting overall
health [8]. Strength training has become a main focus for many coaches and athletes around
the world due to the beneficial effects on athletic performance, furthering the possibility of
obtaining a scholarship to universities, becoming a professional athlete, or just becoming a
better competitor on the field.

Pain and fatigue are both byproducts of physical exertion occurring during strength
training when surpassing what the individual human body is accustomed to [9]. Although these
two entities coexist, they are two separate and distinct concepts. Pain can be defined as a
feeling of either throbbing, sharp, or burning discomfort in a localized area; for example,
throbbing pain in the right shoulder [10]. Fatigue is defined as a subjective feeling of exhaustion
due to a range of factors and is for the most part generalized throughout the whole body [11].
Athletes can experience both of these entities with vigorous training regimens established to
challenge their athletic ability. Training pain and fatigue can often be misinterpreted as tissue
injury or illness by the athlete causing them to prematurely yield to the exercise without
obtaining the optimal benefits [9]. It has been observed that an athlete's ability to tolerate higher
training loads is more dependent on their central nervous system in comparison to their
cardiovascular system, indicating the brain may restrict the body's ability to perform at a higher
level [9]. Each individual’s central nervous system has the ability to tolerate weight training
depending on social, cultural, psychological and environmental factors [9]. A coach, for
example, could motivate athletes to push past their mental limits, while on the other hand, it is
possible one can be influenced by their peers to yield prematurely.

Using the fact that the central nervous system plays a major role in pain and fatigue
tolerance, researchers search for other ways to push the body past their previous athletic limits
by controlling the brain's susceptibility to pain. Studies have shown people who are exposed to
green scenery, such as a highly vegetative outdoor area when compared to a less vegetative
indoor area, have a faster walking pace and a lower perception of effort while walking [12].
Studies have also depicted similar results when it came to running: participants perceived a
lower self reported physical exertion when running outside and performed better as opposed to
running indoors on a treadmill [13]. A study done by the Western Colorado University also found
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that the peak power output (most amount of watts produced) while cycling was higher when
outdoors than indoors by 70.57 watts. They also found that the average watts produced while
cycling was also higher when outdoors compared to indoors [14]. Improved performance
potentially has correlation with the antinociceptive effects that exposure to green light provides.
Research on green light therapy has shown that rodents exposed to green light at 525 nm
ocularly for a prolonged amount of time (over 8 hours a day for 3-5 days), at an intensity of 200
lux, had an increase in their tactile pain thresholds through a natural process of opioid excretion
through the endogenous opioid system. This is due to the antinociceptive effects from these
released opioids [15].When ocular green light therapy was used to treat chronic pain in patients,
it was observed that there was a decrease in the activity of the anterior cingulate cortex (ACC)
region of the brain which is responsible for pain signaling and can contribute to anxiety and
depression if in a hyperactive state [16]. Green light therapy helps prevent hyperactivity of the
ACC which helps reduce the development of chronic pain [16]. This suggests that this
decreased activity in this region of the brain could correlate to athletes feeling less pain while
exercising with the same weight while viewing green light, allowing them to push further than
they would be able to in the absence of green light therapy.

In the present study, we focused on the effect of green light exposure on the time the
participant could perform isometric exercise. We gave participants a unilateral dumbbell hold
(LDH) task while they were exposed to either green LED light or white LED light as a control
condition. We investigated whether green LED light would affect the duration in which the
participants could maintain the LDH exercise indicating enhanced ability to sustain physical
effort. We did this by comparing the time they held the dumbbell while viewing green LED light
to white LED light. We hypothesized that participants exposed to green LED light would hold the
isometric hold for a longer duration than when exposed to white light.

Methods

In this study we recruited 15 participants, ages 15-18 (9 females, 6 males). The data was
collected at Shattuck St. Mary’s (SSM) Preparatory School under the BioScience Signature
Program. This study was approved by SSM’s Research Ethics Review Board. All participants
were required to fill out a consent form prior to their participation in the study. All participants
indicated on the consent form that they were free of any shoulder injuries prior to the study.
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Fig 1: Schematic representation of experimental design.

Equipment

Three white LED lights from a white LED strip (JM-BG-YK-06M, JNGMAIR) along with three
green lights from a green LED strip (B50N1, Yungo) were taped into the front inner portion of
the virtual reality (VR) Goggles (NVRG-02, NOON). Both lights were set to 225 lux intensities
using a LED dimmer (CA-K-018-BK, Weideer). All of the materials were purchased on Amazon.
Each participant sat erect with their feet flat on the floor and the dominant arm extended out
laterally as close to a 90 degree angle as possible, The poster behind the subject was marked
at the 90 degree angle between their dominant arm and the upper lateral side of the torso on the
coronal plane. This poster was made using a protractor, measuring tape and a marker. We also
extended a stick vertically on the poster indicating 80 degrees as our failure point. Participants
were given a 5 pound dumbbell for their unilateral dumbbell hold.

Procedure

Participants were randomly divided into two groups. Group one was exposed to green light in
the first trial and white light in the second trial (Group 1, Session A). Group 2 was exposed to
white light in the first trial and green light in the second trial (Group 2, Session B) (Fig 1).

Participants were seated in the chair with their back against the backrest and their feet flat on
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the floor. Participants were then asked which hand they wrote with (“dominant” hand). The LDH
was explained and demonstrated, followed by a practice session.

Practice set

Participants were told: “You will sit in the chair and put the GLED goggles on without light. You
will raise your arm laterally and completely straighten—there should be no bend at your elbow.
Once you are at 90 degrees | will hand the dumbbell to your non-dominant hand.” The
researcher demonstrated the correct technique, and participants were asked to demonstrate
that they understood how to perform the LDH. Participants performed the LDH with their
non-dominant arm to failure during the practice session. They were informed that time would not
be recorded, but they were to continue until failure. Once they reached failure, they lowered the
dumbbell to the floor. “Failure” was defined as the point when the participant could no longer
maintain the required joint angle (e.g., elbow fell below a threshold of 80°). When the elbow
passed this point, the timer was stopped, and participants were instructed to lower the dumbbell
to the floor.

Session 1: Training and Experimental Session 1

For the experimental LDH with the dominant arm, participants were informed that they would
wear goggles and view either white or green LED light, depending on their assigned group.
Goggles were placed on the participant’s head, and comfort and fit were adjusted as needed.
The participants proceeded to sit, optically viewing the green light or white light at 225 lux for
three minutes. The light was emitted from the goggles 1.9 inches from their eyes. Then the
five-pound dumbbell was provided to the dominant hand while the arm was abducted at 90
degrees, and participants were seated with their back flush against the chair and feet flat on the
floor. Participants simultaneously began the LDH until failure while the timer was started. When
failure was reached, the timer was stopped, and participants were instructed to lower the
dumbbell. The time was recorded. This part of the trial process was repeated three times to
evaluate the long term fatigue. Participants were then asked to schedule a date and time for the
next session. Participants were informed that they were free to leave. The dumbbell, chair, and
goggles were sanitized.

Session 2: Training and Experimental Session 2

Participants were met 4-14 days after the first session, steps (above) were repeated. Subjects in
Group 1 then participated in session B, Group 2 participated in session A.

Results
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Fig 2: Comparison of average LDH time (sec) of subjects exposed to green and white LED light

Difference in average seconds of LDH hold between GLED trials and white LED trials. We
conducted a paired-samples t-test with 15 participants to compare performance under GLED
light and white light conditions. There was a significant difference in the LDH hold average time
between the two trials (p=0.01). The mean duration of the isometric LDH exercise under GLED
lighting was 75.3 seconds, whereas the mean time under white light was 69.0 seconds,
representing a 10.05% increase in completion time under GLED conditions (Fig 2). The analysis
yielded a t-value of 2.98 and a p-value of 0.01. These results indicate a statistically significant
difference between the two lighting conditions (p < 0.05). Therefore, we reject the null
hypothesis and conclude that green LED light has a positive effect on isometric exercise
performance (LDH) in adolescents.

Discussion

The most effective type of medicine is preventive medicine, and physical exercise—regardless
of one's background—is one of the most effective preventive measures against many diseases.
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With the use of GLED light, we aim to reduce the fatigue that often accompanies this form of
preventative care and increase the ability of individuals to perform these exercises, making it
more accessible and sustainable for more people to achieve the well-being they deserve. The
experiment we conducted indicates that there is a 10.05% increase in performance while
executing the isometric exercise (LDH) when exposed to green light as opposed to white light.
This aligns with other research which focuses on the positive effects of exercising in vegetative
environments which correlates to green light due to the natural color of vegetation. When
examining the effects of walking outdoors on the perception of physical exertion the subject
experiences, it was concluded that walking in a natural environment their physical output was
higher while their perception of physical exertion was lower as opposed to an indoor
environment [12]. Similarly, athletes that trained on outdoor tracks reported a lower perceived
effort compared with treadmill running [13]. Similarly, it has been observed that the level of
vegetation in track fields is a huge indicator of athletic performance. Track athletes competing
on more vegetative tracks have been reported to perform at a higher level in terms of track and
field marks during their season as opposed to less vegetative tracks (p=0.000) [17]. It has been
proven time and time again that outdoor exercise yields better results than indoor exercise.
Clearly, green light exposure is a factor in decreasing perceived physical exertion and increased
athletic performance.

Research specifically examining green light has shown elevated pain threshold as a
result of visual exposure to GLED light. A study done at the University of Arizona showed that
mice that were exposed to green light for 8 hours a day, 5 days a week experienced an increase
in pain threshold when doing paw withdrawal testing compared to blue light, white light, room
light, dark room light and no light [15]. Pain reduction from exposure to green light has also been
observed in humans. Green light exposure was found to be an effective therapy to reduce pain
intensity, frequency of headaches and impact of daily life on migraine patients when visually
exposed to green LED light for one hour a day for four weeks, in conjunction with originally
prescribed medication [18]. Visually administered green light therapy for 1-2 hours a day for 10
weeks viewed as ambient green light reduced and improved osteoarthritis pain and improved
quality of life [19]. In our study we also viewed beneficial effects of green light in terms of the
duration participants were able to hold LDH. Green light effects on antinociception is a
possibility on why effects were observed in more vegetative environments.

The process in which antinociception occurs was widely unknown until 2023 when a
study was released in regards to examining the cerebral effects of green light on mice. It was
observed that the V2M region of the visual cortex, located in the occipital lobe, sends excitatory
(glutamatergic) signals to the anterior cingulate cortex (ACC), a part of the brain involved in pain
perception. These signals activate GABAergic neurons which are the main inhibitory
neurotransmitter in the brain within the ACC. In turn, these neurons release GABA, a
neurotransmitter that reduces neural activity. This inhibition decreases the likelihood that
neurons in the ACC will fire, ultimately helping to dampen the perception of pain [16]. While not
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directly measured in this study, it's possible that the effect of green light exposure on
antinociception resulted in participants in this study to reach what we determined as failure later
as their brain perceives less pain as research suggests that an athlete’s capacity to handle
higher training loads depends more on the central nervous system than on the cardiovascular
system [9]. Despite all the research on pain there is little research examining green light
exposure on perceived exertion and ability to perform exercise, specifically isometric training.
Though the duration exposure time and the way green light was viewed differs, similar results
were obtained. More research needs to be done with more definitive ways to obtain numerical
data and to see if these results translate to other types of exercise.

This study has several limitations that should be considered when interpreting the
findings. First, 15 participants is a relatively small sample size and reduces the generalizability
of the results and limits statistical power. Second, no physiological or biochemical markers were
used to objectively assess fatigue, making it difficult to fully understand the underlying
mechanisms driving the observed effects. Additionally, the researcher was aware of the light
viewed by the participants, which introduces a potential source of bias in outcome evaluation.
Finally, the determination of task failure was not determined by a machine but by human
perspective, which may have affected the consistency and reliability of the performance
measurements.

For future studies it would be beneficial to examine green light exposure on other types of
exercise such as hypertrophy training, circuit training or powerlifting. It would also be beneficial
to allow the participants to acclimate to the green light for longer periods of time and find the
optimal intensity and wavelength for this purpose.

References



Q Research Archive of

Rising Scholars (preprint) Where bright minds share their learnings

1. Lee, T.-T., Ko, B.-J., Chang, C.-H., & Cheng, I.-S. (2024). Free-Weight Resistance
Training Enhances Core Muscle Strength but Does Not Translate to Improved Athletic
Performance in Adolescent Canoe/Kayak
Athletes.https.//www.mdpi.com/2227-9067/11/10/1177

2. Pal, Chandra Prakash'; Agarwal, Vipul?; Srivastav, Richa®; Gupta, Mayur"; Singh, Sanjai‘.
Physiological Adaptations of Skeletal Muscle and Bone to Resistance Training and Its
Applications in Orthopedics: A Review. Journal of Bone and Joint Diseases 38(1):p 3-10,
Jan—Apr 2023. | DOI: 10.4103/jbjd.jbjd_9_23
https://journals.lww.com/jbjd/fulltext/2023/38010/physiological _adaptations of skeletal m
uscleand.2.aspx

3. The Power of Isometrics. (2024). How isometric exercises help build strength and
prevent injury. r/Sprinting.
https.//www.getphysical.com/blog/isometrics-benefits-methods-for-trainers-and-athletesE

4. Oranchuk DJ, Storey AG, Nelson AR, Cronin JB. Isometric training and long-term
adaptations: Effects of muscle length, intensity, and intent: A systematic review. Scand J
Med Sci Sports. 2019 Apr;29(4):484-503. doi: 10.1111/sms.13375. Epub 2019 Jan 13.
PMID: 30580468. https.://pubmed.ncbi.nlm.nih.qov/30580468/

5. Weerasinghe, K., Jayawardena, R. & Hills, A.P. Strength training as an effective strategy
for injury prevention and performance enhancement in team sports: a scoping review.
Sport Sci Health 22, 132 (2026). https://doi.org/10.1007/s11332-026-01714-9
https://link.springer.comy/article/10.1007/s11332-026-01714-9

6. Bernardez-Vazquez R, Raya-Gonzélez J, Castillo D, Beato M. Resistance Training
Variables for Optimization of Muscle Hypertrophy: An Umbrella Review. Front Sports Act
Living. 2022 Jul 4;4:949021. doi: 10.3389/fspor.2022.949021. PMID: 35873210; PMCID:
PMC9302196. https://pmc.ncbi.nim.nih.gov/articles/PMC9302196/

7. Ramos-Campo DJ, Andreu Caravaca L, Martinez-Rodriguez A, Rubio-Arias JA. Effects
of Resistance Circuit-Based Training on Body Composition, Strength and
Cardiorespiratory Fitness: A Systematic Review and Meta-Analysis. Biology (Basel).
2021 Apr 28;10(5):377. doi: 10.3390/biology10050377. PMID: 33924785; PMCID:
PMC8145598. https://pmc.ncbi.nlm.nih.gov/articles/PMC8145598/

8. Pollock. “What is the difference between Acute and Chronic Pain?” Medical News Today,
Healthline Media UK Ltd., 31 Mar. 2023,
https.//www.medicalnewstoday.com/articles/acute-vs-chronic-pain?utm_source=chatgpt.c
om

9. Alex Lloyd & George Havenith (2016): Interactions in human performance: an individual
and combined stressors approach, Temperature, DOI:10.1080/23328940.2016.1189991

FEull article: Interactions in human performance: An individual and combined stressors
approach



https://www.mdpi.com/2227-9067/11/10/1177
https://journals.lww.com/jbjd/fulltext/2023/38010/physiological_adaptations_of_skeletal_muscle_and.2.aspx
https://journals.lww.com/jbjd/fulltext/2023/38010/physiological_adaptations_of_skeletal_muscle_and.2.aspx
https://www.getphysical.com/blog/isometrics-benefits-methods-for-trainers-and-athletes
https://pubmed.ncbi.nlm.nih.gov/30580468/
https://doi.org/10.1007/s11332-026-01714-9
https://link.springer.com/article/10.1007/s11332-026-01714-9
https://pmc.ncbi.nlm.nih.gov/articles/PMC9302196/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8145598/
https://www.medicalnewstoday.com/articles/acute-vs-chronic-pain?utm_source=chatgpt.com
https://www.medicalnewstoday.com/articles/acute-vs-chronic-pain?utm_source=chatgpt.com
https://www.medicalnewstoday.com/articles/acute-vs-chronic-pain?utm_source=chatgpt.com
https://www.tandfonline.com/doi/full/10.1080/23328940.2016.1189991
https://www.tandfonline.com/doi/full/10.1080/23328940.2016.1189991

Q Research Archive of

Rising Scholars (preprint) Where bright minds share their learnings

10. O’Sullivan, Kieran, Peter B. O’Sullivan, and Tim J. Gabbett. "Pain and fatigue in sport:
are they so different?." British Journal of Sports Medicine 52.9 (2018): 56565-556
https://www.researchgate.net/publication/320519829 Pain_and fatigue in_sport _are th
ey_so_different

11. Gladwell, V.F., Brown, D.K., Wood, C. et al. The great outdoors: how a green exercise
environment can benefit all. Extrem Physiol Med 2, 3 (2013).
https.//link.springer.comy/article/10.186/2046-7648-2-3

12. Donnelly, Aoife A., et al. "Environmental influences on elite sport athletes well being:
From gold, silver, and bronze to blue green and gold." Frontiers in psychology 7 (2016):
1167.
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyq.2016.01167/full

13. Gouw, Aaron, Taylor Miller, and Hailey Parker. "Effects of Green Environment on
Anaerobic Performance." Effects of Green Environment on Anaerobic Performance

14. Ibrahim, Mohab M., et al. "Long-lasting antinociceptive effects of green light in acute and
chronic pain in rats." Pain 158.2 (2017): 347-360.
https.//www.researchgate.net/publication/311159492 Long-lasting_antinociceptive effect
s_of green_light_in_acute and chronic pain_in_rats

15. Cao, Peng, et al. "Green light induces antinociception via visual-somatosensory circuits."
Cell Reports 42.4 (2023).
https://www.cell.com/cell-reports/fulltext/S2211-1247%2823%2900301-7

16. DeWolfe, Jennifer, T. M. Waliczek, and J. M. Zajicek. "The relationship between levels of
greenery and landscaping at track and field sites, anxiety, and sports performance of
collegiate track and field athletes." HortTechnology 21.3 (2011): 329-335. The
Relationship between Levels of Greenery and Landscaping at Track and Field Sites,
Anxiety, and Sports Performance of Collegiate Track and Field Athletes in:
HortTechnology Volume 21 Issue 3 (2011)

17.Mahmood, A.; Baig, M.O.; Obaid, S.; Abualait, T.; Bashir, S. Green Light and Transcranial
Direct Current Stimulation in Migraine Patients: A Preliminary Randomized Control Trial.
Brain Sci. 2025, 15, 1209. https://doi.org/10.3390/brainsci15111209
https.:.//www.mdpi.com/2076-3425/15/11/1209

18.0'Brien MS, Amey S, DeBow C, Mukhida K, McDougall JJ. Ambient green light reduces
knee pain in osteoarthritis patients. Can J Pain. 2026 Jan 29;10(1):2598285. doi:
10.1080/24740527.2025.2598285. PMID: 41640822; PMCID: PMC12867406.
https://pmc.ncbi.nlm.nih.qov/articles/PMC 12867406/

10


https://www.researchgate.net/publication/320519829_Pain_and_fatigue_in_sport_are_they_so_different
https://www.researchgate.net/publication/320519829_Pain_and_fatigue_in_sport_are_they_so_different
https://link.springer.com/article/10.1186/2046-7648-2-3
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2016.01167/full
https://ijrep.org/wp-content/uploads/lana-downloads/2021/02/gouw.et_.al_.fall_.2020.pdf
https://www.researchgate.net/publication/311159492_Long-lasting_antinociceptive_effects_of_green_light_in_acute_and_chronic_pain_in_rats
https://www.researchgate.net/publication/311159492_Long-lasting_antinociceptive_effects_of_green_light_in_acute_and_chronic_pain_in_rats
https://www.cell.com/cell-reports/fulltext/S2211-1247%2823%2900301-7
https://journals.ashs.org/horttech/view/journals/horttech/21/3/article-p329.xml
https://journals.ashs.org/horttech/view/journals/horttech/21/3/article-p329.xml
https://journals.ashs.org/horttech/view/journals/horttech/21/3/article-p329.xml
https://journals.ashs.org/horttech/view/journals/horttech/21/3/article-p329.xml
https://www.mdpi.com/2076-3425/15/11/1209
https://pmc.ncbi.nlm.nih.gov/articles/PMC12867406/

Q Research Archive of

Rising Scholars (preprint) Where bright minds share their learnings

11



	Fig 1: Schematic representation of experimental design.  
	Equipment 
	Fig 2: Comparison of average LDH time (sec) of subjects exposed to green and white LED light  
	10.​O’Sullivan, Kieran, Peter B. O’Sullivan, and Tim J. Gabbett. "Pain and fatigue in sport: are they so different?." British Journal of Sports Medicine 52.9 (2018): 555-556 https://www.researchgate.net/publication/320519829_Pain_and_fatigue_in_sport_are_they_so_different 

