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Effects of a 4-Week Passive Stretching Program on Flexibility and Range of Motion in Older Adults

Parkpoom Jangphonak1, Suttirak Nasome1, Thanumporn Thonglong1, Rittirong Unjana1 

1Departmant of Sports Science, Faculty of Science, Udon Thani Rajabhat University, Udon Thani, Thailand

ABSTRACT


Jangphonak P, Nasome S, Thonglong T, Unjana R. Effects of a 4-Week Passive Stretching Program on Flexibility and Range of Motion in Older Adults. JEPonline 2024;27(5):43-49. The purpose of this study was to evaluate the effects of a passive stretching exercise program on flexibility and range of motion in older adults. Forty elderly farmers 60 to 75 years of age who live in Ban Mad Community, Sam Phrao Subdistrict, Mueang District, Udon Thani Province in Thailand were divided into the Experimental Group (n = 20) that performed a passive stretching program and the Control Group (n = 20). The Experimental Group worked out 3 times·wk-1, 30 min·d-1 for 4 weeks. Their flexibility (evaluated by the Back Extension Test and Sit and reach Test) and their range of motion in the hips and shoulders (goniometer) were measured before and after 4 weeks. The findings indicate that several variables in flexibility and range of motion were statistically significantly different between the Experimental Group and the Control Group. The older adults in the Experimental Group had greater improvement in their back flexibility as well as their hip and shoulder range of motion. Thus, the findings indicate that the passive stretching program resulted in an increase in flexibility and range of motion in the older adults. 
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INTRODUCTION

As adults around the world get older, the challenges associated with maintaining physical health and functionality become increasingly difficult to deal with. Older adults commonly experience various problems with their physical health, such as a decrease in muscle mass, bone density, and cardiovascular efficiency. These age-related changes can significantly impact mobility, balance, and overall quality of life due to the increased risk of falls, fractures, and disabilities. However, evidence suggests that regular physical exercise can play a crucial role in mitigating these problems while also enhancing health outcomes in older adults (3,8,10).


When regular exercise is tailored to the needs and capabilities of older adults, it can help counteract the loss of muscle mass and bone density, improve cardiovascular health, and enhance overall functional ability (5). Resistance training, flexibility exercises, balance exercises, and aerobic workouts are especially helpful in maintaining and improving physical function, thereby contributing to a higher quality of life and greater independence (11). Given these potential benefits, it is important to promote and support regular physical activity among the elderly. In fact, it is essential that older adults are engaged in regular exercise to deal effectively with the challenges associated with aging. 


For older adults, engaging in regular stretching exercises can be a crucial component of a well-rounded fitness routine. Stretching not only helps in improving flexibility but also plays a vital role in reducing the risk of falls, enhancing muscle function, and supporting overall joint health. Research has shown that incorporating stretching exercises into the daily routine of older adults can lead to significant improvements in balance, range of motion, and quality of life (13,15). Passive stretching can be particularly beneficial for older adults, who may experience decreased flexibility and mobility due to age-related changes in muscle elasticity and joint function (6). This method not only helps in achieving a greater range of motion but also ensures that the stretches are performed correctly and safely to minimize the risk of an injury.


Research indicates that assisted stretching can improved flexibility, reduced muscle tension, and enhanced physical function in older adults (1,14,15). By incorporating professional assistance, older adults can benefit from personalized stretching routines tailored to their specific needs and limitations. This type of stretching can also promote better joint health and overall physical well-being, which contributes to a more active and independent lifestyle (12). Thus, assisted stretching represents a valuable tool in promoting physical health and quality of life among the elderly. The purpose of this research was to determine the effects of a passive stretching exercise program on flexibility and range of motion in older adults. In addition, the increase in physical activity can improve physical health and movement in older adults.

METHODS

Subjects

The sample consisted of male and female older adults from Ban Mad, Sam Phrao Subdistrict, Mueang District, Udon Thani Province, Thailand. A power analysis, with a significance level of 0.05, a power of 0.80, and an estimated effect size of 0.60 indicated that the required sample size was 18 participants. To account for potential dropouts, an additional 2 participants (10% of the minimum sample size) were included. Consequently, the total sample size for this study was 40 participants with 20 in each Group. The participants were allocated to either the Experimental Group or the Control Group, each consisting of 20 participants. The Experimental Group received the passive stretching program, while the Control Group did not.

The participants in this study were 60 to 75 years of age who were eligible to participate after undergoing pre-screening using the Physical Activity Readiness Questionnaire (PAR-Q) and after demonstrating the ability to walk independently. The Exclusion Criteria included any neuromuscular or skeletal injury related to the lower extremities and/or lower back within the previous 6 months. After being informed about the testing and training procedures, the participants provided a written informed consent to participate, which was approved by the Research Ethics Review Committee of Udon Thani Rajabhat University in accordance with the 2013 revision of the Declaration of Helsinki.


Procedures


Intervention

The participants engaged in a passive stretching program for the following upper body muscles that included the deltoids, triceps brachii, external obliques, rectus abdominis, pectoralis major, and the low back muscles. The program was also designed to stretch the lower body muscles that included primarily the muscles at the hips, the quadriceps, the hamstrings, and the gastrocnemius. The duration of training was 30 minutes a day, using 10 stretching postures for a period of 4 weeks, 3 times a week, doing 3 sets of 20 seconds per position, 10 seconds of rest per set, and 20 seconds of rest per pose.

Instruments


The following instruments were used: (a) Demographic Data Form, developed by one of the researchers, was used to collect information on age, weight, height, and BMI; (b) Upper body back flexibility was tested using the Back Extension Test (1). Lower body flexibility was tested using the Sit-and-Reach Test (12). The subjects’ range of motion was tested using a Goniometer for flexion and extension of the left and the right hip joints and the shoulder joints (12). All tests were measured at Pre-Test and Post-Test of training.


Statistical Analyses

An independent t-test was used to analyze the differences in height, weight, age, and body mass index between the 2 Groups. Data normality was evaluated by using the Kolmogorov-Smirnov. Non-normally distributed data within the Groups were evaluated with the Wilcoxon Signed-Rank Test and between Groups with the Mann-Whitney U Test. A type I error of 5% was used to determine statistical significance. The data were analyzed using IBM SPSS Statistics for Windows, version 21.0 (IBM Corp., 2012).


RESULTS

Age, weight, and height differences between the subjects in the Experimental Group and the Control Group were not statistically significant, as shown in Table 1.


Table 1. Characteristics of the Subjects.

		

		Experimental Group


(n = 20)

		Control Group


(n = 20)

		P - value



		Age (Yr)

		63.45 + 3.45

		62.35 + 4.88 

		0.416



		Weight (kg)

		55.53 + 7.07

		59.77 + 5.54

		0.171



		Height (cm)

		     152.60 + 6.98

		      154.05 + 7.49

		0.531



		BMI (kg·m-2)

		23.99 + 3.64

		25.31 + 5.16

		0.353





Values are mean ± SD. BMI = Body Mass Index.

Differences Between the Experimental Group and the Control Group at Pre-Test and Post-Test

The subjects’ flexibility and range of motion is shown in Table 2. All outcome variables were significantly different after intervention in the Experimental Group. The flexibility of the back and sit and reach increased, the range of motion of the hip and shoulder joints increased from baseline in the Experimental Group. There were no significant improvements in the Control Group variables. All outcome variables in the Post-Test of the Experimental Group were significantly different from the Control Group at the end of the study.


Table 2. Mean Score of Outcome Variables.

		

		Experimental Group




		        Control Group






		

		

Pre-Test

		Post-Test

		Pre-Test

		Post-Test



		  Range of Motion



		   Right Shoulder Flexion (º)

		101.47 + 7.22

		 122.38 + 10.54*#

		102.52 + 8.51

		 94.90 + 14.35*



		   Left Shoulder Flexion (º)

		108.49 + 8.26

		 120.42 + 11.51*#

		106.67 + 9.33

		  95.00 + 11.72*



		   Right Shoulder Extension (º)

		 15.33 + 5.60

		 26.80 + 5.10*#

		16.71 + 4.48

		   17.90 + 2.80



		   Left Shoulder Extension (º)

		12.85 + 4.62

		 27.85 + 8.56*#

		13.33 + 4.83

		17.76 + 3.16*



		   Right Hip Flexion (º)

		 119.95 + 9.35

		131.52 + 8.81*#

		123.05 + 10.98

		122.47 + 10.60



		   Left Hip Flexion (º)

		124.47 + 11.41

		136.47 + 9.38*#

		128.28 + 12.24

		128.50 + 10.25



		   Right Hip Extension (º)

		  45.61 + 10.02

		  52.52 + 6.75*#

		  44.67 + 10.52

		46.14 + 9.81



		   Left Hip Extension (º)

		  50.42 + 12.44

		    50.42 + 55.28*#

		  49.47 + 11.61

		  46.23 + 12.44



		Flexibility

		

		

		

		



		   Back Extension (cm)

		  2.53 + 4.64

		15.85 + 6.06*#

		 2.68 + 4.72

		 3.97 + 2.81



		   Sit and Reach (cm)

		21.83 + 4.47

		32.46 + 8.91*#

		22.28 + 7.92

		20.47 + 5.02





*Significant P < 0.05 (pre vs. post), #Significant P < 0.05 (Experimental vs. Control).


DISCUSSION


The findings of this study indicate that after 4 weeks of training, the results showed positive benefits from the passive stretching program. The subjects in the Experimental (passive stretching program) Group showed improvements in flexibility and ROM in the older adults compared to the older adults in the Control Group. After passive stretching, it is likely that the viscoelastic stress relaxation that occurs when the muscle tissue is kept stretched in a fixed position contributes to an increase in tendon elasticity and a decrease in muscle viscosity.


This result may be attributed to the external force stretching program, which targets the muscles in both the upper and lower extremities. The program was implemented for 4 weeks, with sessions held 3 times a week, each lasting 30 minutes, and involving 2 sets of 10 to 20 seconds of stretching per muscle group. During stretching, tension is created in the muscle tendons; a response mediated by stretch receptors. These receptors detect changes in muscle length and speed, sending signals to the nerves, which then relay the information. The stretch reflex acts to inhibit excessive changes in muscle length by causing the muscles to contract. To maintain muscle tension and prevent injury, the sarcomeres contract, increasing the overlap between thick myosin filaments and thin actin filaments. Conversely, during stretching, the overlap between the myosin and the actin filaments decreases, which leads to lengthening of the muscles. This process results in increased flexibility and a greater range of motion in the joints.

Feland and Johnson (4) conducted one of the few studies on older adults that assessed the increase in flexibility of the knee flexors by measuring knee-extension range of motion (ROM) after stretching. They found that knee-extension ROM increased by an average of 14.4 degrees following passive stretching. In contrast, in this study, the knee flexors were also stretched, but using an eccentric active form, resulting in a mean increase of 10 degrees. It is interesting to note that in the Feland and Johnson study, stretching was performed every day for 6 weeks; whereas, in this study stretching was performed 2 times a week for 4 weeks. The comparison between these two studies indicates that, although active stretching was done only twice a week for 4 weeks, it was as effective as 6 weeks of daily passive stretching in bringing about muscle adaptations in the older adults. The Johnson et al. study (9) and the stretching protocol of Gajdosik and Stabell (7) significantly improved ankle dorsiflexion ROM in the elderly. These results suggest that even with a reduced frequency of stretching, muscle adaptation in aging skeletal muscle can begin as early as 4 weeks (2).

The results of this research indicate that after 4 weeks of passive stretching training, the flexibility, and ROM of older adult were improved. It is an important exercise to use in healthcare to help prevent falls, reduce the incidence of diseases and disabilities, and enhance the quality of life of the older adults.

CONCLUSIONS

The findings demonstrate that the 4-week passive stretching program examined in this study had positive effects on flexibility and range of motion in the shoulder and hip joints, which allowed for an increase in movement efficiency in the older adults.
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ABSTRACT


Haile L, Olenick AA, Andreacci JL, Porter HJ, Dixon CB. Validation of a Wrist-Worn Optical Heart Rate Monitor During Maximal Treadmill Exercise Testing. JEPonline 2024;27(5): 50-56. Heart rate (HR) watches using photoplethysmography (PPG) are a popular, portable, and practical alternative to electrocardiogram (ECG) for HR monitoring. The purpose of this study was to determine validity for a PPM watch for measuring HR during incremental treadmill exercise using ECG as the criterion. Twenty-two subjects (13 men, 9 women; 35.8 ± 6.3 yr) performed a Bruce treadmill protocol exercise test. HR was recorded at rest and each minute with the Mio Alpha PPM and ECG simultaneously. HR was compared between methods using paired-samples t-tests. Validity coefficients were determined using Pearson correlations. HR had a significant correlation between methods overall (r = 0.97). Significant correlations were observed for rest and each stage (r values from 0.67 to 0.96). HR was significantly different between methods for rest (ECG = 66 ± 13 b·min-1, Mio = 68 ± 16 b·min-1), stage 3 (ECG = 144 ± 13 b·min-1, Mio = 143 ± 13 b·min-1), stage 4 (ECG = 168 ± 13 b·min-1, Mio = 164 ± 14 b·min-1), and stage 5 (ECG = 178 ± 12 b·min-1, Mio = 173 ± 18 b·min-1). There was a strong agreement between the HR methods and mean differences did not exceed 3 b·min-1 except for stage 5. Therefore, a PPM watch may provide accurate HR monitoring at most exercise intensities.

Key Words: Exercise, heart rate, electrocardiogram, V̇O2 max

INTRODUCTION


Heart rate (HR) is the most commonly employed indicator of physiological intensity during exercise. When measured during a maximal graded exercise test, HR can be used to determine optimal training intensity due to its strong linear relationship with oxygen consumption (V̇O2). Exercise prescriptions are often based on the target HR or target HR range corresponding to the desired percent of maximal oxygen consumption (V̇O2 max). However, there is still a need for improved access to accurate HR monitoring technology for real-time regulation of safe and effective exercise intensity. Although well-validated HR monitoring methods have been commonly used in hospital and research settings, many are not affordable for individuals in the community or for mass purchase for use in community programs or physical activity classes. In addition, the technology should be easy to use, not requiring any advanced skill or time-consuming education.


The gold-standard 12-lead electrocardiogram (ECG) is rarely used outside of the clinic or laboratory. Single-lead ECG technology has been harnessed for use in common chest strap HR monitors such as those produced by Polar (8) and Under Armour (3). These devices include an ECG signal transmitter housed within a chest strap that encircles the torso at heart level and a wrist watch receiver with a display. They have strong evidence for validity compared to traditional ECG (3,8) and are relatively affordable. However, anecdotal reports of their use often include chest strap discomfort and chaffing. In addition, there are issues with their fit and comfort in obese individuals.


The Mio Alpha (MA) is a wrist watch only HR monitor using photoplethysmography (PPG) technology, also known as optical HR (OHR). Light-emitting diodes (LEDs) are located on the back of the watch display against the skin. An electro-optical cell detects the pulsing volume of capillary blood to sense heart rate. These HR monitors avoid any discomfort from a chest strap and are becoming more affordable each year. In addition, they are reported by the manufacturer to measure ECG-accurate HR at fast speeds. However, independent validation of MA accuracy in comparison to ECG during maximal exercise testing has not been reported. Therefore, the purpose of this investigation was to test the validity of MA during maximal treadmill exercise testing using traditional ECG as the criterion measure.


METHODS



Subjects


Active young to middle-aged adults were recruited for this investigation by word of mouth through a regional trail running community. Participant characteristics are shown in Table 1 for the overall sample and separately for men and women. After the informed consent, participants completed the Physical Activity Readiness Questionnaire (PAR-Q), a medical history questionnaire, and a physical activity questionnaire. Inclusion criteria included all negative responses on the PAR-Q, suggesting no cardiovascular risk for exercise, and no responses on the medical history questionnaire indicating any potential reasons not to exercise. Exclusion criteria included any positive responses on the PAR-Q, indicating potential cardiovascular risk, and any responses to the medical history questionnaire indicating a potential reason not to exercise. 


Table 1. Participant Characteristics.

		

		Overall 

(n = 22)

		Men 

(n = 13)

		Women 

(n = 9)



		Age 

(yr)

		36.1 ± 6.4

(19-45)

		36.0 ± 7.3

(19-45)

		35.6 ± 5.1

(28-42)



		Body fat 

(%)

		14.6 ± 6.2

(5.5-24.2)

		11.0 ± 5.0

(5.5-24.1)

		20.3 ± 3.2

(16.8-24.2)



		V̇O2 max 

(ml·kg-1·min-1)

		55.2 ± 8.9

(40.7-75.3)

		60.4 ± 8.2

(43.7-75.3)

		48.4 ± 5.3

(40.7-54.4)





Procedures


Height was measured with a wall-mounted stadiometer. Body mass and body fat percent were assessed with a Tanita Bioelectrical Impedance Analyzer. The participants were then prepared for ECG analysis (Schiller AT-102) using the functional placement of the limb leads. Once continuous ECG monitoring was confirmed, the MA was placed on the left arm proximal to the wrist. Participants then sat for 5 minutes of quiet rest, after which they were prepared for respiratory-metabolic measurement (ParvoMedics TrueOne 2400). The Bruce treadmill protocol was used for the load-incremented maximal exercise test, which allowed HR to be obtained across the entire physiological intensity range for each participant. HR from MA and ECG were recorded simultaneously at seated rest, standing rest, and at the end of each minute of exercise. HR was recorded by two separate test administrators without knowledge of the HR obtained from the other device. These methods were approved by the university’s Institutional Review Board for the Ethical Treatment of Human Subjects as per the standards of the Helsinki Declaration. 


Statistical Analyses


Pearson correlations were used to analyze the relation between HR measured by MA and ECG for the overall data and separately for rest and each exercise test stage. Paired-samples t-tests were used to compare HR between MA and ECG at rest and for each exercise test stage. Statistical significance was set a priori at P < 0.05. Power analysis was conducted for the paired samples t-test analysis, revealing that a moderate effect size of d = 0.55, alpha of 0.05, and power of 0.8 resulted in a sample of 22 subjects (G*Power 3.1.9.7).

RESULTS


Figure 2 displays the Pearson correlation analysis for the total data set, from rest to maximal exercise, which included 360 total data points. A strong positive correlation was found between HR measured by MA and ECG (r = 0.972, P < 0.05). Figure 2 displays a Bland-Altman plot of the mean difference between HR measured by MA and ECG for the entire data set (1). On average, HR measured using MA underestimated HR measured using ECG by 1.2 b·min-1 (mean difference = -1.2 ± 9.1 b·min-1, 95% CI: -2.1 to -0.3, P < 0.05). Table 2 displays the data comparing HR measured by MA and ECG at rest and during each exercise test stage. The difference between MA and ECG was significant at rest and during stages 3, 4, and 5 of the treadmill test. The greatest difference was seen during stage 5, where MA significantly underestimated ECG an average of 5.2 b·min-1 (P < 0.05).
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Figure 1. Pearson Correlation Analysis of HR Measured by ECG Versus MA. For the total data set (n = 360), r = 0.972 (P < 0.05).
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Figure 2. Bland-Altman Plot Displaying the Difference Between HR Measured by MA and ECG. The overall mean difference was -1.2 ± 9.1 b·min-1 (95% CI: -2.1 to -0.3), indicated by the solid black line. Dashed lines indicate ± 2 SD, -19.4 to 17.0 b·min-1.


Table 2. Mean Difference and Pearson Correlation Data for HR Measured by MA Versus ECG at Rest and During Each Exercise Test Stage.


		Stage

		n

		ECG Range 

(b·min-1)

		Mean ECG


(b·min-1)

		Mean MA

(b·min-1)

		Mean Difference


(b·min-1)

		r



		Rest

		43

		  39-102

		  66.2

		  68.3

		 2.1*

		.934



		WU+Stage 1

		88

		  63-119

		  92.0

		  92.7

		0.6

		.737



		Stage 2

		66

		  93-129

		115.0

		114.0

		-0.9

		.893



		Stage 3

		63

		119-160

		143.9

		142.6

		 -1.2*

		.957



		Stage 4

		64

		143-188

		166.8

		164.4

		 -2.3*

		.896



		Stage 5

		32

		 160-201

		177.9

		172.8

		 -5.2*

		.671



		Overall

		360

		  39-201

		124.5

		123.3

		 -1.2*

		.972





DISCUSSION


The purpose of this investigation was to test the validity of MA during maximal treadmill exercise testing using ECG as the criterion measure. The results indicate that MA is a valid device to measure HR during rest and graded treadmill exercise testing in comparison to ECG. This was shown by the strong positive correlation between HR measured by MA and ECG, as well as the mean difference of only 1.2 b·min-1 across all rest and exercise test data. 


The correlational analysis in the current study found strong agreement between the measurement methods overall, as well as individually at rest and during each exercise test stage. A strong correlation between MA and ECG was found for the entire range of intensities experienced (r = .97). This result is similar to the chest transmitter-based HR monitors in comparison to ECG during graded exercise. For example, the Polar Vantage and the Polar Accurex exhibited correlations with r > 0.90 (8), while the Under Armour Armour39 exhibited r > 0.99 (3).


Mean comparison data from individual rest and exercise time-points could call MA validity into question. There were significant differences between HR measured by MA and ECG at rest and during stages 3, 4, and 5 of the Bruce protocol treadmill tests. In addition, the -1.2 b·min-1 overall mean difference was, in fact, statistically significant, suggesting a slight underestimation of HR by MA on average. However, from a practical standpoint, the differences between MA and ECG did not exceed 3 b·min-1 except during stage 5, indicating that MA is reasonably accurate for most intensities of walking and jogging. The stage 5 data resulted in a mean difference of -5.2 b·min-1, indicating that MA often underestimated ECG and may not provide accurate HR monitoring during high-intensity exercise, which is similar to previous reports (2,4,5,6,9).


Proper fit of the MA on the wrist is an important characteristic to help ensure optimal measurement (7). When too loose, contact with the skin is not maintained and HR measurement is lost. When too tight, blood flow to that region of the skin may be disrupted and fluctuations in capillary blood flow are not consistent with HR. When fit is either too loose or too tight, the HR measurement is typically underestimated. Therefore, it is recommended that the MA has a snug fit and that the display is checked periodically to confirm proper function.


CONCLUSIONS


The results of this investigation indicate that OHR is a valid method for monitoring HR during most intensities of treadmill exercise. The usefulness of a portable, inexpensive, and comfortable HR monitor may allow greater integration of this technology into exercise for health-fitness and sport. Future research should include further tests of OHR validation during high-intensity exercise. The potential loss of PPG signal and the underestimation of HR during high-intensity or sprint-interval exercise may not allow for accurate HR monitoring.
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ABSTRACT


Kordi M, Ollano V, Girouard T, Mercer JA. The Use of Heated Garments as a Warm-Up for Sprint and Submaximal Effort Cycling. JEPonline 2024;27(5):57-69. The purpose of the study was to compare physiological and biomechanical responses using passive and active warm-up techniques. Two separate cycling experiments were conducted differing in intensity: 1) maximal effort, sprint cycling; 2) Submaximal steady state cycling. The 2 experiments were completed with different groups of subjects in separate labs. The sprint subjects (Sprint: n = 7, 22.2 ± 2.6 yrs, 78.6 ± 15.0 kg, 174.4 ± 10.8 cm) completed a 6-sec sprint test and a 30-sec sprint test with peak power output, maximum torque, and maximal cadence measured. The submaximal subjects (47.5 ± 14.4 yrs, 76.4 ± 12.9 kg, 169.3 ± 9.6 cm) completed a 10-min submaximal effort at a fixed intensity with physiological variables (rate of oxygen consumption, rate of carbon dioxide expired, and heart rate) measured. Each experiment consisted of subjects completing a passive warm-up using heated trousers as well as an active warm-up. Sprint results: peak power output and maximum torque were greater pre- vs. post-passive, but not following the active warm-up during the 2nd 6-sec (P < 0.05). For the 30-sec test, neither the peak power output nor the average power was different between the passive and the active warm-up (P > 0.05). Submaximal results: none of the physiological variables were different between the warm-up conditions (P > 0.05). Overall, it was determined that the passive warm-up could be a substitute for the active warm-up for sprint and/or submaximal cycling efforts.

Key Words: Body Temperature, Cycling Performance, Cycling Power
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INTRODUCTION

The importance of a warm-up (WU) prior to exercise has long been documented (2,8). A principal purpose of the WU is to prepare the body to withstand the upcoming strenuous physical exercise and maximize performance (3). A WU elicits many different types of physiological effects, such as an elevated core temperature, elevated skin temperature, increased heart rate, increased muscle fiber contraction velocity, and increased ventilatory measures (6). For example, previous researchers have suggested that a 1° C increase in muscle temperature can improve performance 2 to 5% (1,7). 


WU routines are generally placed into two categories: 1) Active warm-up (ACT-WU); and 2) passive warm-up (PAS-WU) (2,4). An ACT-WU requires physical tasks that usually progress in intensity and the movements are largely specific to the sport to elevate muscle and body temperature. A PAS-WU attempts to increase muscle and body temperature by using some external mechanism without the depletion of internal energetic substrates that occurs in an ACT-WU. For example, the application of a heating unit to the surface of the skin would be considered a PAS-WU device.


Battery powered heated garments are relatively new PAS-WU devices that have become readily available to athletes, coaches, and practitioners. These heated garments can be used to perform a PAS-WU relatively easily. The concept of these devices is that they aim to increase muscle temperature and possibly core temperature in a way that would have a positive influence VO2 max, running economy, and cycling economy as well as attenuating the drop in muscle temperature post-warm-up to help improve sprint cycling performance (2,5). However, to the authors’ knowledge, there is a gap in the literature exploring the efficacy of an exclusive PAS-WU compared to an ACT-WU in terms of physiology measures and/or sport performance. Furthermore, it is not clear if the PAS-WU offers any advantage over the ACT-WU (or vice versa). A challenge in this type of work is that the type of warm-up that would influence performance may depend on the intensity and duration of the intended performance. For example, it is not clear if the PAS-WU using heated garments would influence sprint and endurance performances (at a submaximal effort) in a similar manner, if at all. 

Therefore, the purpose of this study was to compare physiological and biomechanical responses using a PAS-WU (using heated garments) and an ACT-WU techniques. To address this purpose, 2 separate experiments were conducted. The first experiment was focused on the influence of heated garments on maximal effort, sprint cycling (Part 1) the second experiment (Part 2) was focused on the influence of heated garments (trousers) on steady state, submaximal effort cycling. The 2 experiments were conducted separately using different research teams, different subjects, and different laboratories.  


METHODS



Part 1: Sprint Cycling


Subjects


Seven subjects (n = 5 women, n = 2 males; Group mean ± standard deviation: 22.2 ± 2.6 yrs; 78.6 ± 14.4 kg; 174.4 ± 10.8 cm; Table 1) volunteered to participate in this study. At the time of testing, all the subjects were competing internationally or nationally with the study taking place during the racing season in between competitions. As such, all the subjects were training full-time. Prior to participating in this study, the subjects had the purpose and the protocol of the study explained to them before they gave consent to participate. The study was approved by the Institutional Review Board at the host institution.  

Table 1. Subject Characteristics.

		

		Sex

		Age 

(yrs)

		Height 

(cm)

		Mass 

(kg)



		

		Female = 5

		21.6 ± 3.0

		168.6 ± 6.3

		70.4 ± 5.8



		Experiment 1

		Male = 2

		24.0 ± 1.1

		  188.8 ± 10.8

		99.3 ± 3.3



		

		Total = 7

		22.2 ± 2.6

		  174.4 ± 10.8

		  78.6 ± 14.4



		

		Female = 3

		49.7 ± 17.9

		157.5 ± 0.5

		67.9 ± 6.4



		Experiment 2

		Male = 7

		  46.6 ± 14.2

		174.3 ± 6.2

		  80.1 ± 13.6



		

		Total = 10

		  47.5 ± 14.4

		169.3 ± 9.6

		  76.4 ± 12.9





Means and standard deviations for subjects in Experiment 1 (Sprint Cycling) and Experiment 2 (Submaximal Cycling).


Sprint Assessment Procedures

Each test session (i.e., morning and afternoon) started with two 6-sec sprints followed by a 30-sec all-out sprint performance test on a cycling ergometer. For the 6-sec sprints, the male subjects performed the sprints on gear 8 and the women on gear 6. For the 30-sec sprint assessment, all the subjects started from 40 RPM with the men using gear 11 and the women using gear 10 as per their own sprint cycling assessments. 


All maximal sprint assessments were performed on the same ergometer (SRM Ergometer), which had instrumented cranks that measured cumulative torque, cadence, and power at 10 Hz. The sprints were isoinertial that maintained a constant inertia throughout the range of motion, facilitating a constant resistance and maximal muscle in every angle. The ergometer was adjusted to match the subject’s track cycling position and all efforts were performed with hands on the ‘drops’. 


Body temperature (TB) was measured using an ingestible core temperature pill (eCelcius, Performance capsule, BodyCap, France). The subjects were instructed to swallow the pill at least 6 hours prior to the testing session. Upon reporting to the laboratory, their height and body mass were recorded (Seca, Birmingham, United Kingdom). Body temperature was measured, recorded, and used for analysis throughout each test (every 30 sec) immediately before the warm-up, the 6-sec test, and the 30-sec test.


All subjects completed a 1-day test consisting of 2 cycling test sessions: 1) morning (AM) and 2) afternoon (PM). Each testing session included one type of WU: 1) ACT-WU, and 2) PAS-WU. The order of the WU was randomized. The testing sessions were separated by 4 hours of passive recovery. The subjects wore their standard training attire: training top, bib shorts, and leg warmers with their personal cleated cycling shoes. The subjects changed into a fresh set of training clothes for the second session of the day and had a meal between the 2 sessions at approximately 1 hour after the AM session. No caffeine was allowed between tests and the subjects were instructed to refrain from caffeine 24 hours before the test day. All tests were performed in the laboratory where the conditions were 18.2 ± 0.4o C and 45.0 ± 6.0% humidity. 


All the subjects were familiar with the performance testing protocol as it was used as their regular testing battery to assess training and performance throughout the season. All the subjects had performed the testing protocol at least 4 times prior to participation in the study. 


ACT-WU Protocol


The ACT-WU protocol was a modified version of a sprint cycling specific WU that has previously been shown to improve sprint cycling performance compared to a traditional sprint cycling WU (8). Briefly, the subjects started the ACT-WU on a cycling ergometer (Wattbike Pro, Wattbike, United Kingdom). The protocol required the subjects to perform 3 consecutive 5-min blocks of progressing intensity of submaximal cycling (using relative predicted maximum heart rate as a gauge for intensity) where the cadence was kept between 90 and 100 RPM. Once this was completed, the cadence was brought down to 60 RPM and over a period of 30 sec the rider tried to accelerate the cadence up to 140 RPM. During the 3 min of passive rest, the subjects then mounted an SRM cycling ergometer to performed 2, 6-sec sprints separated by 3 min of passive rest. 


PAS-WU Protocol


There were 2 major differences between the ACT-WU and the PAS-WU protocols. First, the progressive submaximal cycling and acceleration that was prescribed in the ACT-WU was replaced by the subjects sitting upright on a chair. Second, heated trousers (Heated Trousers II, Huub Design, Derby, United Kingdom) were worn and turned on to their maximum setting (45o C) throughout the WU until the final 6-sec effort was completed (total of 21 min 42-sec). Both ACT-WU and PAS-WU protocols are summarized in Table 2a. 


Table 2a. Sprint Cycling Protocol.

		

		

		ACT-WU

		Passive Heating



		Time (m;ss)

		

		Instruction

		Instruction



		0:00 - 5:00

		General Warm up

		60% of HRmax*

		Passive heating



		5:00 - 10:00

		

		65% of HRmax*

		Passive heating



		10:00 - 15:00

		

		70% of HRmax*

		Passive heating



		15:00 - 15:30

		Acceleration

		140 RPM

		Passive heating



		15:30 - 18:30 

		Rest

		PAS-WU

		Passive heating



		18:00 - 18:36

		6-sec Sprint

		Maximal

		Maximal



		18:36 - 21:36

		Rest

		PAS-WU

		Passive heating



		21:36 – 21:42

		6-sec Sprint

		Maximal

		Maximal



		21:42 – 26:42

		Recovery

		PAS-WU

		Passive heating



		26:42 - 27:12

		30-sec Sprint

		Maximal

		Maximal





Sprint Experiment protocol for the active warm-up (ACT-WU) and passive warm-up (PAS-WU) and performance tests.


Data Analysis 


Peak power output (PPO), maximum extrapolated torque (TMAX), and maximum extrapolated cadence (CMAX) were recorded from the underpinning torque-cadence relationship and used for analysis for the 6-sec sprint. PPO, average power, and fatigue index calculated by: [peak power output – minimum power output] / 30) of the 30-sec sprint assessment (Figure 1) were recorded and analyzed for the 30-sec sprint test. 


Figure 1. Power Output during the 30-sec Sprint Test. 
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Mean ± SD of the power outputs at each data point (10 Hz) throughout the 30-sec performance test.

Statistical Analysis


For the 2, 6-sec sprints, PPO, TMAX and CMAX, and changes in body temperature were analyzed using two-way repeated-measures ANOVA (condition (PAS-WU, ACT-WU) x time (1st, 2nd 6-sec test) were analyzed. Should any significant differences be identified, post hoc Tukey t-test was conducted. 


For the 30-sec test, paired t-tests were used to compare the PPO, average power, and fatigue index between the ACT-WU and PAS-WU conditions. One-way ANOVAs were used to compare body temperature following the PAS-WU and the ACT-WU, respectively, between baseline, 6-sec tests, and 30-sec test. Post hoc tests were conducted to compare body temperature between baseline and for each sprint test.


Core temperature was compared using a two-way repeated measures ANOVA (condition (PAS-WU, ACT-WU) x time (1st 6-sec test, 2nd 6-sec test, and 30 sec test). If there was a significant interaction, post hoc comparisons were conducted to compare each test to baseline body temperature. Significance for all tests was set at an alpha level of 0.05.


Part 2: Submaximal, Steady State Cycling

Subjects

Ten subjects (n = 3 females, n = 7 males; Group mean ± standard deviation: age: 47.5 ± 14.4 years old; mass: 76.4 ± 12.9 kg; height: 169.3 ± 9.6 cm; refer to Table 1) volunteered for the study. All the subjects were either active triathletes or cyclists and were free from any lower extremity injury that would interfere with cycling. This study was approved by the Institutional Review Board at the host institution. 


Procedures

All testing was completed during a 1-day test lasting approximately 2 hours. Body composition assessments (InBody, 770, Biospace Co, Ltd., Seoul, Korea) were measured prior to any activity. The subjects were instructed to mount their own personal bike to a smart trainer and were given time to familiarize themselves with the smart trainer to assure that their bike set-up was how they wanted. They were then fit with a heart rate monitor and a body/skin temperature sensor (Greentag AG, Hofwisenstr. 50A, CH-8153 Ruemlang Zurich, Switzerland) that was attached to the heart rate monitor strap and put on a pair of trousers that would be used to deliver heat during the PAS-WU condition. Then, the subjects were fit with appropriate size breathing mask to measure ventilatory measures during testing (ParvoMedics Inc., Sandy, UT, USA).


The experiment consisted of having the subjects complete the ACT-WU and the PAS-WU conditions in a counterbalanced order (Table 2b). In between the 2 protocols, the subjects were disconnected from the metabolic cart, asked to sit down and not consume any food or liquids other than water. Body temperature was continuously monitored (CORE body temperature sensor app). The subjects began the next protocol when their body temperature returned within 1° C of resting baseline. The procedures are summarized in Table 2b.


Table 2b: Submaximal Cycling Protocol.

		

		

		ACT-WU

		Passive Heating



		Time (min;ss)

		

		Instruction

		Instruction



		0:00 - 5:00

		

		40-50% HRmax

		Passive heating



		5:00 - 10:00

		

		50%-60% HRmax

		Passive heating



		10:00 - 15:00

		

		70% HRmax

		Passive heating



		15:00 – 20:00

		Rest

		

		



		20:00 – 25:00 

		Test

		70% FTP

		70% FTP





Submaximal Cycling Experiment protocol for the active warm-up (ACT-WU) and the passive warm-up (PAS-WU) and performance tests. ACT-WU intensities were set at a percentage of the age predicted maximal heart rate. The performance test was completed at a fixed power of 70% of the self-reported functional threshold power (FTP).


ACT-WU Protocol

The subjects mounted their bicycle on the smart trainer while wearing the heated trousers (turned off) (Huub Design, Derby, UK). They cycled on the smart trainer at a comfortable resistance in the following sequence of intensities which were based upon age-predicted heart rate: the first 5-min at 40 to 50% of HRmax, 5-min at 50 to 60% of HRmax, and lastly 5-min at 60 to 70% of HRmax. Then, the researchers allowed the subjects to rest while sitting on the bike to allow their heart rate to come down for the next 5 min. Following the 5-min rest period, the researchers increased the intensity to 70% of the subjects self-reported FTP. The subjects sustained the intensity for 10-min at a cadence between 80 to 90 RPM. Rate of oxygen consumption (VO2), rate of carbon dioxide exhaled (VCO2), respiratory exchange ratio (RER), heart rate, body temperature, and skin temperature were measured during the 10-min ride. Following the 10-min submaximal cycling exercise, they then performed a cool down for the next 5-min at a self-selected intensity and cadence.


PAS-WU Protocol

The heated trousers were turned on while the subjects sat wearing the trousers for a total of 15 min. Following the 15-min, the trousers were turned off and the subjects mounted their bike on the smart trainer. Using the Wahoo app interface, the intensity was set to 70% of each subject’s self-reported functional threshold power (FTP). The subjects were asked to sustain this intensity for 10 min at a cadence of 80 to 90 RPM. VO2, VCO2, RER, heart rate, body temperature, and skin temperature were measured during the 10-min ride. Following the 10-min submaximal cycling exercise, the subjects performed a cool-down for 5 min at a self-selected intensity and cadence. 


Data Analysis


The last 5 min of each dependent variable (body temperature, skin temperature, VO2, CO2, RER, and heart rate) during the 10-min test ride was averaged and used for data analysis. 


Statistical Analysis

Each dependent variable was analyzed using paired t-tests (ACT-WU vs. PAS-WU). Statistical analyses were performed using SPSS 28th Edition (IBM SPSS Statistics Data Editor, SPSS Version 28.01.00) and statistical significance was set at an alpha level of 0.05.


RESULTS


Part 1: Sprint Cycling 


The 6-sec PPO and the TMAX were influenced by the interaction of time (i.e., 1st and 2nd 6-sec test) and warm-up (i.e., ACT-WU and PAS-WU) (Table 3, P < 0.05). Using post hoc tests, it was determined that PPO and TMAX were greater during the 2nd 6-sec following the PAS-WU (P < 0.05) but not different following the ACT-WU (P > 0.05). The 6-sec CMAX was not influenced by the interaction of time and WU (P > 0.05), and there was no time or WU main effect (P > 0.05). 


Table 3. Experiment 1 Spring Cycling Results.

		

		6-sec Effort 1

		    6-sec Effort 2



		

		ACT-WU

		PAS-WU

		ACT-WU

		PAS-WU



		PPO (Watts)

		  1273 ± 281#

		1228 ± 283

		1293 ± 286#*

		 1278 ± 291#



		TMAX (Nm)

		 207 ± 33

		200 ± 32

		219 ± 47*

		219 ± 49



		CMAX (RPM)

		       224 ± 7

		  222 ± 9

		          222 ± 14

		222 ± 12





Experiment 1 (Sprint Cycling) 6-sec sprint results for peak power output (PPO), maximum torque (TMAX), and maximum cadence (CMAX). Note: #denotes significant difference from effort 1 from the Passive warm-up (PAS-WU, P < 0.05); *denotes significant difference between Active warm-up (ACT-WU) and PAS-WU (P < 0.05). 


For the 30-sec test, neither the PPO (PAS-WU: 1044 ± 232 W vs. ACT-WU: 1034 ± 199 W) nor the average power (PAS-WU: 829 ± 151W vs. ACT-WU: 814 ± 143 W) were different between the ACT-WU and the PAS-WU (P > 0.05). Likewise, the fatigue index was not different between the ACT-WU and the PAS-WU (18.8 ± 2.2 W/sec and17.9 ± 4.3 W/sec, respectively).


Body temperature was influenced by the interaction of the warm-up type and time (P < 0.05). Using post hoc testing, it was determined that both the PAS-WU and the ACT-WU did change across time for ACT-WU (i.e., immediately before the first and the second 6-sec sprint and the 30-sec sprint, refer to Figure 2). For the PAS-WU, only immediately prior to the 30-sec test was a significant difference measured from baseline measures (Figure 2). 

Figure 2: Body temperature during Sprint Cycling Protocol.

Body temperature change from baseline measure immediately before the start of warm-up (WU) to the first 6-sec, the second 6-sec, and the 30-sec performance sprint. 
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Note: # denotes significant difference from active measures to baseline; *denotes significant difference between body temperature at the 30-sec performance test in comparison to baseline. 


Part 2: Submaximal Cycling


Body temperature during submaximal cycling was not different between the ACT-WU and the PAS-WU (ACT-WU: 37.6 ± 0.68 °C, PAS-WU: 37.4 ± 0.52 °C) (Table 4; P > 0.05). Furthermore, skin temperature (ACT-WU: 33.9 ± 1.6 °C, PAS-WU: 34.4 ± 1.6 °C) (P > 0.05), VO2 (ACT-WU: 1.89 ± 0.64 L/min, PAS-WU: 1.98 ± 0.58 L/min.) (P > 0.05), CO2 (ACT-WU: 1.64 ± 0.49 L/min., PAS-WU: 1.75 ± 0.49 L/min.) (P > 0.05), RER (ACT-WU: 0.87 ± 0.05, PAS-WU: 0.89 ± 0.06) (P > 0.05), nor heart rate (ACT-WU: 136 ± 21 bpm, PAS-WU: 131 ± 19 bpm) (P > 0.05) were different between the WU conditions (Table 4). 


Table 4. Experiment 2 Submaximal Cycling Results.

		Conditions

		     ACT-WU

		            PAS-WU

		     p-value



		Body Temperature (° C)

		 37.6 ± 0.68

		  37.4 ± 0.52

		P > 0.05



		Skin Temperature (° C)

		33.9 ± 1.6

		34.4 ± 1.6

		P > 0.05



		VO2 (L/min)

		  1.89 ± 0.64 

		  1.98 ± 0.58 

		P > 0.05



		CO2 (L/min)

		  1.64 ± 0.49 

		  1.75 ± 0.49 

		P > 0.05



		RER

		  0.87 ± 0.05

		  0.89 ± 0.06

		P > 0.05



		Heart Rate (bpm)

		136 ± 21 

		131 ± 19 

		P > 0.05





There were no differences for any variable between warm up conditions (P > 0.05).


DISCUSSION


The purpose of this study was to compare physiological and biomechanical responses using PAS-WU (using heated garments) and ACT-WU techniques. The underlying thought was to determine if the type of warm-up used would influence sprint and/or submaximal cycling effort similarly or differently. Two separate experiments were conducted in separate laboratories with unique subjects. One experiment focused on maximal effort during sprint cycling. The other experiment focused on submaximal steady state effort during cycling. 


The most important observation of the sprint cycling experiment was that a PAS-WU was as effective as an ACT-WU provided that a 6-sec maximal sprint was performed after the warm-up.  An exclusive PAS-WU shows that from a power-cadence and torque-cadence viewpoint, the CMAX (which is a crude measure of co-ordination and muscle fiber conduction velocity) was not different when the first 6-sec sprint was performed, but PPO was lower during the PAS-WU which was due to lower TMAX. Once the first 6-sec sprint was performed, the next one showed similar TMAX, CMAX, and PPO, meaning that the 6-sec sprint could act as a post-activation potentiation (PAP) or a primer as a PAS-WU that means there are no muscle contractions or movements specific to the task or movement – as body temperature. 


The most important observation of the submaximal effort, steady state cycling experiment, was that there were no differences in any of the parameters (body temperature, skin temperature, VO2, CO2, RER, and heart rate) measured between the warm-up conditions – again, suggesting that the PAS-WU was as equally effective as the ACT-WU. Thus, the ACT-WU and the PAS-WU yielded similar physiological results during the submaximal cycling efforts.


Regarding the Sprint experiment, the findings indicate that PPO and TMAX significantly increased during the second 6-sec sprint following the PAS-WU, unlike the ACT-WU, where no significant differences were observed. This suggests that the PAS-WU may be more effective in enhancing short-term, high-intensity performance, which aligns with Faulkner et al. (3) who reported improved sprint cycling performance with maintained muscle temperature post-warm-up. 

However, for the 30-sec test, no significant differences were found between the PAS-WU and the ACT-WU in terms of PPO, average power, or fatigue index, which indicates that the advantage of the PAS-WU may be more pronounced in very short, explosive efforts rather than in slightly longer sprint efforts. The results of the Submaximal experiment are in line with this hypothesis since this experiment was focused on a 10-min submaximal, steady state cycling session, and there were no differences in the physiological responses between the warm-up types. However, it is important to note that when using a group statistical design, individual responses may be masked. For example, in the Submaximal experiment, 4 subjects (of 10) had greater cycling economy following the PAS-WU vs. the ACT-WU; whereas, a different 4 subjects had greater cycling economy following the ACT-WU vs. the PAS-WU. Further research using a single-subject statistical design is needed to better understand individual responses to warm-up conditions. Nevertheless, based upon the statistical approach of this experiment, it was determined that, on average, the physiological parameters were not influenced by the warm-up type.  

The literature has been mixed on the efficacy of the PAS-WU. Bishop (2) and Gray et al. (4) suggested potential benefits of the PAS-WU on performance measures like VO2 max and running economy. But the results of our study did not demonstrate a clear advantage of the PAS-WU over the ACT-WU in terms of physiological measures during the submaximal effort cycling. This discrepancy may point to the specificity of the PAS-WU effects depending on the duration and intensity of the subsequent exercise task, as suggested by the varied impact on sprint versus submaximal performances observed in this study. 

Limitation in this Study


A limitation of this study is the use of different research teams and subjects for the 2 parts of the study. We recognize that this might introduce variability in the results when examining sprint and submaximal efforts. Additionally, the present study focused exclusively on cycling performance, and the findings may not be directly applicable to other sports or physical activities.

CONCLUSIONS


Based upon the analysis of the results, it seems that athletes and coaches could consider incorporating the PAS-WU using heated garments as part of the warm-up routine for sports or events that require short-duration, high-intensity efforts. The observed benefits in PPO and TMAX during the 2nd 6-sec sprint highlight the potential of the PAS-WU to enhance explosive performance capabilities. However, for events requiring a sustained physical effort or endurance performance, the choice between the PAS-WU and the ACT-WU might be less critical, as no significant differences were found in physiological measures in the submaximal cycling test. 

Future research should aim to expand on these findings by exploring the effects of PAS-WU across a variety of sports and physical activities, considering different durations and intensities of performance tasks. Additionally, investigating the long-term effects of regular PAS-WU on training adaptations and performance, as well as the psychological and physiological responses to different warm-up protocols, would provide valuable insights for athletes, coaches, and sports scientists.


Overall, it was determined that the PAS-WU could be a substitute for the ACT-WU for high intensity cycling efforts. For submaximal effort cycling, neither the PAS-WU nor the ACT-WU offered an advantage and, therefore, neither warm-up type was detrimental to physiological responses. Thus, the PAS-WU using heated garments seems like a suitable warm-up to employ.
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ABSTRACT



Ramyarangsi P, Bennett SJ, Nanbancha A, Pokaisasawan A, Noppongsakit P, Ajjimaporn A. Eye Movements and Visual Abilities Characteristics in Gymnasts, Soccer Players, and Esports Athletes: A Comparative Study. JEPonline 2024;27(5):70-80. This study investigated the differences in eye movements and visual ability among female athletes from gymnastics, soccer, and esports. Forty-two female athletes (14 per Group) participated. Eye movements were recorded using Tobii Pro Glasses 2 while the participants viewed standardized video stimuli. Fixation count, fixation duration, and saccade amplitude were analyzed. Visual abilities were assessed through tasks measuring visual working memory, peripheral vision, and near-far accommodation. Gymnasts exhibited significantly longer fixation duration compared to soccer players for single object stimuli. Gymnasts also showed longer total fixation duration compared to both soccer and esports athletes. Esports athletes demonstrated faster mean reaction times in the near-far accommodation task compared to gymnasts. The findings indicate that sport-specific visual demands influence eye movement patterns and performance. The gymnasts exhibited detailed visual analysis, while the soccer players prioritized rapid scanning. The esports athletes demonstrated superior near-far accommodation. These findings highlight the need for sport-specific visual training.
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INTRODUCTION



The eyes play a crucial role in athletic success. Visual skills encompass a range of abilities, such as working memory, peripheral vision, and near-far accommodation that are essential for optimal performance (7). Visual working memory involves the capacity to retain and manipulate visual information over short periods, which is vital for making quick decisions and adjusting strategies in sports (8). Peripheral vision enables athletes to detect and respond to stimuli outside their direct line of sight, which is an important skill for maintaining spatial awareness and anticipating opponents' movements in dynamic sports like soccer (28). Similarly, near-far accommodation, the ability to rapidly and accurately switch focus between objects at different distances, is critical for sports that require quick shifts in visual attention, such as gymnastics and esports (23,27). Previous research has underscored the importance of these visual abilities in enhancing athletic performance. For example, Kruger et al. (17) demonstrated the role of visual attention in expert cricket players, while Gobet and Simon (10) highlighted the significance of visual working memory in high-level chess players.



Recent advancements in eye-tracking technology have enabled researchers to analyze ocular movements and gain insights into gaze patterns and cognitive demands (6). Parameters such as the number of fixations and fixation duration can reveal decision-making processes in sports, particularly in complex situations (6). Studies have shown correlations between fixation patterns and information processing during matches, especially in highly skilled midfield soccer players compared to amateur players. This suggests that sport-specific adaptations in visual processing exist (3). 



Different sports demand specific visual skills, which can vary significantly depending on the nature of the sport. For example, gymnastics requires exceptional visual acuity and coordination, soccer emphasizes field awareness and quick decision-making, and esports focuses on rapid visual processing of screen-based information (5,14,18,19). Most existing studies on visual function have compared experts and novices within a single sport, highlighting the vision expertise developed through training [e.g., Abernethy & Wood, 2001] (2). However, there is a need for further examination of whether the specific visual demands of different sports lead to unique visual abilities and functions.



This study hypothesized that athletes from diverse sports exhibit distinct visual processing adaptations due to the specific visual demands of their respective disciplines. By analyzing ocular movements using eye-tracking technology and assessing visual abilities through targeted tests, this study aims to identify these sport-specific adaptations. Additionally, it explores the correlations between ocular movements and visual performance within each sport. By enhancing our understanding of how athletes adapt to the unique visual demands of their respective sports, this study seeks to inform tailored training strategies and interventions aimed at optimizing visual skills and overall performance. The findings could have significant implications for developing sport-specific training protocols that enhance cognitive abilities and decision-making processes in elite athletes.







METHODS

	

Subjects

Forty-two female professional athletes participated in this study, comprising 14 gymnasts, 14 soccer players, and 14 esports athletes. All participants had over 3 years of competitive experience in their respective sports, were aged between 18 and 25, and had normal or corrected-to-normal vision. Physical attributes (age, weight, height, and BMI) were comparable across groups. Informed consent was obtained from all participants, and the study was approved by the Mahidol University Ethics Committee (MU-CIRB 2021/485.2311), adhering to the principles of the Helsinki Declaration.



Procedures

The participants attended a laboratory session at 9:00 a.m. for an assessment of physical attributes, followed by testing for ocular movement and visual ability.



Assessments

Ocular Movement Recording

Ocular movements from both eyes were recorded using Tobii Pro Glasses 2 while participants watched experimental video stimuli. The participants were seated 60 cm from a 17-inch monitor with a head support to minimize head movement (12).  Eye-tracking data were analyzed using Tobii Pro Lab Analyzer for fixation count, average fixation duration, and total fixation duration. The video stimuli included single and multiple-athlete running videos, each lasting 30 sec (Figure 1). Eye-tracking data were collected at 50 Hz with a spatial resolution of 240 x 960 pixels 21. The front-facing scene camera operated at 25 Hz with a spatial resolution of 1920 x 1080 pixels. The fixation circle size was set to 100%, and the raw gaze filter was used to capture all eye movements. Areas of interest (AOIs) were defined within the video stimuli to extract fixation metrics (13).



































Figure 1. Illustration of Eye-Movement Recording Setting; Left: Eye-Movement Recording During One Object’s Video Stimulus; Right: Eye-Movement Recording During Multiple Object’s Video Stimulus.

Visual Ability Tests

Near-Far Accommodation Test: The accommodation facility was measured using a Near-Far Quickness Test. A black Landolt ring was presented on far (1 meter) and near (40 cm) screens alternately. The participants pressed the arrow key corresponding to the direction of the gap in the Landolt ring. The first ring was always presented on the far screen, alternating with the near screen following each response (24). There were 20 trials (10 at each distance), recording accuracy (in percentage) and response time (in milliseconds) (Figure 2A).



[bookmark: _Hlk177809633]Visual Working Memory (N-Back Task): The participants completed 1-back and 2-back tasks with continuous image sequences, responding by pressing the space bar for matching stimuli 16.  ach task consisted of nine 30-second blocks with 15 stimuli per block (1,500 ms presentation, 105 ms inter-stimulus interval). A 12-second instructional phase preceded each block (25) (Figure 2b).
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Figure 2. Illustration of Visual Ability Tests (i.e., Near-Far Accommodation, Visual Memory, and Peripheral Vision Tests).  

 

Peripheral Vision Test: Dynamic peripheral visual ability was assessed using a task with 7 colored circles (targets and non-targets). The participants were seated in a comfortable chair with an adjustable height to keep their eyes centered on the screen and were positioned 53 cm away from the screen. During the test, 7 circles, each of a different color (yellow, white, red, green, brown, blue, and black) were assigned as either a target or non-target. Three out of 5 objects must be the same color as were target or otherwise, it was a non-target. The test session had 56 trials comprised of 13 target trials and 43 non-target trials (20). Once the participants perceived the target pattern, they were required to press the space bar as quickly as possible. They were instructed not to move their eyes to scan the display, which was confirmed by observing the eye-tracker. This peripheral visual performance was described by the accuracy. In the test session, the following events were considered: true positive (TP) indicated successfully pressing the target; true negative (TN) referred to correctly ignoring a non-target; false positive (FP) was recorded when a non-target mistaken clicked; false negative (FN) stood for ignoring a target. The events described above were used to compute the accuracy as defined in Equation (1), where "T" represented the total number of targets, and "NT" represented the total number of non-targets (20) (Figure 2C).









Statistical Analyses



Sample size calculations, based on Cohen's effect size of 0.5, an alpha level of 0.05, and a power of 0.8 from a previous study (19) by using G Power v3.1, determined a required sample size of 14 participants per Group. The participant demographic characteristics were described using mean ± standard deviation. The normality of dependent measures from the visual oddball paradigm and visual skill tests was assessed using the Shapiro-Wilk Test. One-way ANOVA was employed to compare demographic characteristics, visual skill test results, and AOI data from the multiple object stimulus condition across the 3 Groups of athletes. Given non-normal distributions in the AOI data for the single object stimulus condition, Kruskal-Wallis Tests were used for these comparisons. Pearson correlation coefficients were calculated to examine the relationship between eye-tracking metrics (fixation count, average fixation duration, total fixation duration) and visual performance (visual working memory, peripheral vision, and near-far accommodation scores). The values of the magnitude of the differences, F value and Chi-Square (χ2), the effect size partial eta-square (η2), and the P-value were calculated. The level of significance was set at P < 0.05 for all analyses. Statistical computations were performed using GraphPad Prism 9 software version 9.5.1.



RESULTS



General Characteristics

Demographic data including age, height, weight, and BMI did not differ significantly between gymnasts (mean age = 20 ± 1 years, height = 1.62 ± 0.02 m, weight = 57.6 ± 4.0 kg, BMI = 22.0 ± 1.5 kg/m²), soccer players (mean age = 21 ± 1 years, height = 1.60 ± 0.06 m, weight = 53.4 ± 7.3 kg, BMI = 20.8 ± 2.5 kg/m²), and esports athletes (mean age = 21 ± 2 years, height = 1.62 ± 0.06 m, weight = 56.8 ± 10.6 kg, BMI = 21.5 ± 3.3 kg/m²). These findings suggest that observed differences in eye movements and visual performance are likely attributable to sport-specific demands rather than demographic factors.







Eye Movement Analysis (Figure 3)

One Object Stimulus

Gymnasts exhibited significantly longer total (Gymnasts = 376.9 ± 85.1 ms, Soccer = 98.38 ± 49.5 ms, Esports= 229.3 ± 76.53 ms, χ2 (3,42) = 6.897, P = 0.03) and average fixation durations (Gymnasts = 306.6 ± 73.6 ms, Soccer = 85.8 ± 47.6 ms, Esports = 152.4 ± 40.3 ms, χ2 (3,42) = 8.510, P = 0.01) at the area of interest (AOI) compared to soccer players. No significant differences in fixation count were observed.



Multiple Object Stimuli 

[image: A group of black and white graphs

Description automatically generated]Gymnasts demonstrated a significantly longer total fixation duration at the second object's AOI compared to both soccer players and esports athletes (Gymnasts = 1832.0 ± 496.1 ms, Soccer = 280.8 ± 67.6 ms, Esports = 283.9 ± 80.7 ms, F(2,43) = 10.60, P < 0.01, η² = 0.19). No significant differences were found in average fixation duration or fixation count.

Figure 3. Comparisons of: (a) Total Duration of Fixation AOI of One Object Stimulus; (b) Average Duration of Fixation AOI of One Object Stimulus; (c) Fixation Count of One Object Stimulus; (d) Total Duration of Fixation AOI of Multiple Object Stimulus; (e) Average Duration of Fixation AOI of Multiple Object Stimulus; and (f) Fixation Count of Multiple Object Stimulus for the Gymnasts, the Soccer, and the Esports. The data are shown as means ± SEM. n = 14 for each Group. *P < 0.05.



Visual Ability

Near-Far Accommodation

Esports athletes exhibited significantly faster mean reaction times compared to gymnasts (Gymnasts = 1331.0 ± 58.6 ms, Soccer = 1195.0 ± 87.2 ms, Esports = 1061.0 ± 48.4 ms, F(2,39) = 4.07, P = 0.02, η² = 0.17). No significant differences were observed in accuracy (Gymnasts = 92.9 ± 2.33%, Soccer = 95.0 ± 1.9%, Esports = 97.8 ± 0.9%).



Peripheral Vision and Visual Working Memory 

No significant differences were found between Groups in accuracy for either task. (Visual Working Memory (n1-back): Gymnasts = 99.11 ± 0.9%, Soccer = 85.16 ± 3.47%, Esports = 91.41 ± 2.7%, Visual Working Memory (n2-back): Gymnasts = 75.7 ± 4.8%, Soccer = 67.2 ± 4.7%, Esports= 69.2 ± 7.1% and Peripheral Vision Gymnasts = 99.5 ± 0.5%, Soccer = 96.6 ± 1.7%, Esports= 96.6 ± 1.7%). No significant differences were observed between Groups in mean response time for either task. (Visual Working Memory (n1-back): Gymnasts = 475.3 ± 11.27 ms, Soccer = 469.4 ± 17.21 ms, Esports = 472.8 ± 12.12 ms, Visual Working Memory (n2-back): Gymnasts = 539.5 ± 14.53 ms, Soccer = 514.3 ± 28.71 ms, Esports = 498.5 ± 31.05 ms and Peripheral Vision Gymnasts = 602.7 ± 8.7 ms, Soccer = 597.6 ± 14.94 ms, Esports = 616.4 ± 17.2 ms).
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Figure 4. Comparisons of: (a) Mean Response Time of Near-Far Accommodation; (b) Percentage Accuracy of Near-Far Accommodation; (c) Mean Response Time of Peripheral Vision; (d) Percentage Accuracy of Peripheral Vision; (e) Mean Response Time of Visual Working Memory (n1-back); (f) Percentage Accuracy of Visual Working Memory (n1-back); (g) Mean Response Time of Visual Working Memory (n2-back), and Percentage Accuracy of Visual Working Memory (n2-back) for the Gymnasts, the Soccer, and the Esports. The data are shown as means ± SEM. n = 14 for each Group. *P < 0.05.





DISCUSSION



This study examined the differences in eye movements and visual abilities among female athletes from 3 distinct sports: gymnastics, soccer, and esports. The findings indicated sport-specific adaptations in ocular movements, suggesting that the unique demands of each sport shape visual processing. However, no significant differences were found in general visual abilities across the Groups.



The analysis of ocular movements highlighted significant variations in eye movement patterns between the Groups. Gymnasts exhibited significantly longer fixation durations compared to soccer players for both single and multiple object stimuli. This suggests that gymnasts may need more time to process visual information, likely due to the complex visual-motor coordination required in their sport (4). Additionally, the longer fixation durations at the second object's area of interest (AOI) in the multiple-object stimuli condition indicate that gymnasts may prioritize key visual cues during complex visual tasks (1). This behavior could reflect their enhanced ability to anticipate and respond to dynamic environmental cues, which is critical for executing intricate routines (29). Furthermore, the gymnasts' tendency to focus on relevant and necessary information within AOIs could explain the prolonged fixation durations observed (4). The meticulous attention to relevant information within AOIs is characteristic of gymnasts, who typically compete individually and demonstrate high internal focus (22). 



Conversely, soccer players exhibited the shortest fixation durations, suggesting a preference for rapid visual scanning. This behavior aligns with the dynamic nature of soccer, where players must continuously monitor their surroundings to track the ball, teammates, and opponents (3). The ability to quickly gather and process visual information is essential for making fast decisions and maintaining situational awareness on the field (26). The shorter fixation durations observed in soccer players may indicate their proficiency in rapidly switching attention between visual targets, a necessary skill for high-level performance in a fast-paced and unpredictable sport (28).



Esports athletes demonstrated superior performance in the near-far accommodation task, as evidenced by their significantly faster reaction times compared to gymnasts. This finding underscores the impact of sport-specific training on visual skills (11). Esports athletes, who are accustomed to rapid visual processing in a fast-paced digital environment, have developed the ability to quickly shift visual focus between different on-screen elements (15). This skill is crucial for success in esports, where players must respond swiftly to in-game events (9). The near-far accommodation task results highlight the visual adaptations esports athletes undergo, emphasizing their capacity for quick and accurate visual adjustments (27).



Despite these differences in eye movements, no significant variation was found between gymnastics, soccer, and esports athletes in visual abilities, such as visual working memory and peripheral vision. This suggests that these skills may be less influenced by the specific demands of each sport and more generalized across different athletic domains (11). For example, gymnasts rely heavily on precise visual-motor coordination but may not need heightened peripheral vision, as their routines are performed in controlled environments with focused visual targets. Soccer players, on the other hand, depend on peripheral vision to monitor their surroundings and maintain situational awareness on the field, yet this study did not show superior peripheral vision compared to the other Groups. Similarly, esports athletes, who are accustomed to rapidly processing in-game stimuli, did not exhibit significant differences in visual working memory despite the fast-paced nature of their tasks.



While certain visual skills, such as fixation duration and near-far accommodation, appear highly specialized, our findings indicate that visual working memory and peripheral vision may not vary as much between these sports as initially expected. This might be due to the generalized importance of these abilities across multiple sports, where the need to retain and manipulate visual information or detect changes outside the central field of vision is essential, regardless of specific sporting contexts. Future research should explore the role of visual memory in sports like chess and solitaire that depend heavily on cognitive processing, to further understand how these visual skills are developed and whether they can be further specialized in different athletic or cognitive contexts.



Limitations in this Study



This study has several limitations. Controlling for confounding variables, such as cognitive abilities and training intensity, would provide a more comprehensive understanding of the observed differences. Furthermore, the assessment tools used to measure visual abilities in this study may not fully reflect the real-world demands encountered in actual sports situations. The controlled laboratory conditions, while useful for isolating specific variables, may not capture the complexity and dynamic nature of visual processing required during competition. As a result, this could have affected the ecological validity of the findings. Future research should incorporate more sport-specific assessment tools or simulations to better replicate the visual challenges athletes face in their respective sports.



CONCLUSIONS



This study highlights the influence of sport-specific demands on visual processing and performance. Tailored training programs that target specific visual skills could enhance athletic performance. Future research should explore the neural mechanisms underlying these adaptations and develop interventions to improve visual abilities across a variety of sports.
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ABSTRACT

Yapapha S, Sukdee N, Sumnuan P, Piayura K, Boonkrob W, Jamrern R. Effects of Cognitive Performance Strategies on Success in Thai Combat Sports. JEPonline 2024;27(5):1-11. This study investigated the effects of cognitive performance strategies on Thai combat sports success, and to compare the cognitive performance of both successful and unsuccessful combat sports athletes. A purposive sampling method selected 400 participants that comprised 200 successful combat sports athletes and 200 unsuccessful combat sports athletes. The participants’ cognitive performance was tested using a computerized cognitive test battery that consisted of 6 subtests: (a) Simple Reaction Time Test (SRT); (b) Choice Reaction Time Test (CRT); (c) Trail-Making Test (TMT); (d) Flanker Test (FKT); (e) Design Fluency Test (DFT); and (f) a Mental Rotation Test (MRT). The successful combat sports athletes possessed greater cognitive performance than the unsuccessful ones in terms of SRT, the accuracy rate of CRT, and the response time of congruent and incongruent tasks in the FKT and the MRT.  The findings indicate that the cognitive performance of the successful combat sports athletes was better than the unsuccessful athletes in terms of perceptual-cognitive, information processing, inhibition, attention, spatial ability, and executive function.  

Key Words: Cognitive Performance, Cognitive Test, Combat Sports, Successful

INTRODUCTION 

Human resource development is an important fundamental for the development of a country because a country with a potential population will develop quickly. Another factor that can aid in population development is sports. Furthermore, athletes with exceptional abilities in each sport can contribute to the nation's international recognition and acceptance. Sports are diverse and can be divided into many types. There are competitions at the youth, national, and international levels. The main goal of competitions at various levels is for the athletes to win and succeed, which means they must train hard to develop their potential to the maximum in every aspect, and they must be ready for competitions to achieve success.


The athlete's potential consists of many aspects. Cognitive performance is another aspect that influences success in sports competitions. Woo and Yomgtawee (31) found a correlation between cognitive functions and athletic abilities in their study. The elite athletes had better cognitive functions than the general athletes in terms of attention, inhibitory control, working memory, cognitive flexibility, creativity, and information processing speed, which are defined as sports intelligence. Gould et al. (10) conducted a study on the psychological characteristics of Olympic champions who exhibited sporting intelligence, identifying this as a distinct type. It was found that sports intelligence consisted of “crude data responsiveness," such as the ability to analyze, innovation creation, athletics, good decision-making, understanding the nature of great sports, and fast learning. Pruna and Bahdua (22) studied the cognitive functions enabling athletes to demonstrate their highest athletic abilities throughout the competition period, including intelligence, perception, attention, judgment, anticipation, working memory, reaction time, reflex, experience, shifting, pattern recognition, and spatial ability. Grive and Bahdur (11) conducted a study on the cognitive skills of elite footballers as essential for developing high efficiency and reducing recovery time after an injury. Their findings indicated that the player's decision-making ability influenced the athletes’ performance. The decision-making process in football is very complex that requires a high level of skills, information processing, and several elements such as perceptual skills, knowledge base, environmental influences, decision-making, and motor skills that can have a significant influence on sports performance. 

The brain plays a crucial role in human life, also known as human identity, feeling, and thinking. Many people may think that feelings come from the heart. It may be due to the actions expressed by the heart. When feeling sad, happy, disappointed, afraid, or in pain, the heart will respond to the feelings, such as strong heartbeats, shortness of breath, and rapid heartbeats. However, in science and physiology, the symptoms appear in the brain first. The brain will receive external or internal stimuli. Following this, the brain analyzes and responds to commands sent through the nerves to the receptors, enabling that part of the organ to react to the stimuli. Heart racing, crying, tenseness, and sweating are all symptoms of the brain’s response. The cerebral cortex of the human brain, located in the frontal lobe, has significantly developed as the center for identity perception, setting it apart from the brains of animals. The cerebral cortex is the part that creates thinking ability and rationality, resulting in emotional control. It is this ability that makes humans different from other animals. The cerebral cortex primarily functions to verify the intelligence index, or IQ. 

Understanding the brain provides an advantage in understanding human behavior, which is crucial for self-awareness. It is also useful in organizing learning and training athletes so that they can exhibit their highest potential when competing (8,12,19,20,27). Physiological abilities combined with body movement control, perception, and brain function are essential for a high level of sports performance. Scharfen and Memmert (23) examined the relationship between cognitive functions and sport-specific motor skills in elite youth soccer players. The study revealed that expert youth soccer players had better cognitive functions than non-proficient and amateur players.


Combat sports gain popularity in both national and international competitions, which can be divided into many types with different characteristics. These non-continuous, high-intensity activities are characterized by sophisticated skills and short-term tactical performance (15,17,25), powerful attacks and responses (26), precise timing (17), coordination (28), and physical performance (7). They are also associated with high levels of competition among male and female athletes. Over the past 4 decades, researchers have studied athletes of various combat sports to improve their competitive performance (3,4,13,15,24). They discovered a significant relationship between general intelligence and the motoric intelligence unique to Taekwondo, with a significance level of 0.01. Intelligence is also an important component for combat sports athletes because they must use effort in addition to their mental intelligence and maximum physical fitness. A lack of intelligence can influence the athletes’ performance in many dimensions (9). 


These research findings have demonstrated the role and influence of cognitive performance on sports performance, sports expertise, sports talent, and success in sports combat. However, the current research review reveals that Thailand has not produced any studies on cognitive performance in combat sports. Particularly in combat sports, the factors associated with cognitive performance at different levels of competition have received little attention. There is also a lack of knowledge and research related to cognitive performance that influences success in combat sports, which is especially necessary for coaches, sport scientists, and psychologists to further develop the abilities of combat sports athletes at the international level. Therefore, studying the cognitive performance that influences the success of combat sports athletes is crucial for cognitive development, as well as for researchers and sports personnel. Developing the abilities of combat sports athletes at all levels necessitates a thorough study and understanding of interdisciplinary knowledge in all aspects of sports science, ensuring its appropriate application across various combat sports and age groups. Coaches, team managers, teachers, and other relevant individuals play a crucial role in promoting and supporting athletes who possess the ability and tendency to succeed in the future. 


METHODS

Participants


The population consisted of combat sports athletes registered with the Sports Association of Thailand and the Sports Authority of Thailand. The sample size was determined by using the G*Power program. The two-tailed test was characterized by an effect size of 0.5, a statistical significance level of 0.05, and a power of 0.95. Each group had a sample size of 88, for a total of 176 people. We increased the sample size of each group to 200 people to prevent sample loss, resulting in a total of 400 participants. The participants in this study were both successful and unsuccessful combat sports athletes who registered with the Sports Association of Thailand and the Sports Authority of Thailand, namely amateur Muay Thai, international boxing, wrestling, judo, jiu-jitsu, sumo, karate, fencing, taekwondo, and pencak silat. Of these, there were 214 males and 188 females with an average age of 22.26 ± 0.26, classified into 358 right-handed participants and 42 left-handed participants. 

The Inclusion Criteria included: (a) successful and unsuccessful combat sports athletes 16 to 30 years of age who were willing to participate in the research; (b) who received permission from their trainers or team managers; and who had the initial health check. The Exclusion Criteria included: (a) successful and unsuccessful combat sports athletes diagnosed by medical personnel as unfit for exercise or who have serious complications and could not participate in the activity. This research was subjected to ethical review by the Ethics Board of the Thailand National Sports University (TNSU 043/2022).

 


Study Organization


The study of the influence of cognitive performance on the success of combat sports athletes was divided into two phases. 


Phase 1 involved studying the concepts, theories, and functions of cognitive performance related to the success of the combat sports athletes, using the following steps:


1. Studying cognitive performance concepts, theories, and functions in relation to the success of combat sports athletes.

2. Developing an interview protocol to investigate the role of cognitive performance in combat sports athletes' success.

3. Interviewing with 30 stakeholders, including combat sports coaches, athletes, team managers, psychologists, brain specialists, sport scientists, and physical educators.

4. The selection of cognitive performance tests to influence the success of combat sports athletes.


Phase 2 involved the assessment of cognitive performance and its influence on the success of the combat sports athletes, using the following steps:


1. Explaining the test process to the participants prior to the administration of the test.

2. Assessing the cognitive performance of 400 combat sports athletes that represented various combat sports.

3. Recording the data obtained from the cognitive performance tests in the cognitive performance record form for further data analysis.

Statistical Analysis


The statistical analyses were conducted using SPSS 25 (IBM Corp., IBM SPSS Statistics for Windows, Version 25.0; Armonk, NY: IBM Corp). Descriptive statistics that included the mean, percentage, and standard deviation were used to analyze the general information of the samples in each type of combat sport. An independent t-test with statistical significance at the .05 level compared the cognitive performance of the successful and the unsuccessful combat sports athletes that influenced their success.

RESULTS

The findings on concepts, theories, and the roles of cognitive performance in the success of combat sports athletes indicate that the successful combat sports athletes out performed the unsuccessful athletes in the following cognitive domains:


1. Inhibitory Control: The athletes can accurately determine the optimal moments for offensive or defensive actions and properly control emotions such as anger or irritation while competing.


2. Cognitive Flexibility: The athletes can use and adapt their skills appropriately in response to different situations and adjust strategies according to each competition.


3. Memory: The athletes can remember techniques or tactics learned during the training and coaching sessions precisely and effectively apply them during the competition.


4. Information Processing: The athletes can perceive external stimuli from the opponent and move the body accordingly to avoid or respond to that stimulus quickly and accurately.


5. Spatial Ability: The athletes can perceive the stimuli generated by the opponent, demonstrate quick and precise anticipation of their opponents’ movements, and know the strategies used by the opponent and the ways to avoid and attack the opponent.


6. Concentration and Attention: The athletes can be consistently focused on the competition, despite the presence of distractions impacting their concentration.


7. Executive Function: The athletes can recall the strategies they have learned during training and apply them when faced with different situations during the competition. They can also make choices about whether to take offensive or defensive actions, along with being able to respond quickly and accurately to the situations. It is apparent that successful combat sports athletes have greater cognitive performance than unsuccessful combat sports athletes. For this reason, trainers or coaches should focus on the cognitive performance of combat sports athletes to maximize their potential for success at national and international competitions. 


The cognitive performance test results influence combat sports athletes' success. The test results of cognitive performance influencing combat sports athletes’ success were analyzed and presented in Table 1. 


1. Simple Reaction Time Test: The successful combat sports athletes had better reaction times. They also processed a greater mean response time and accurate rate compared to the unsuccessful athletes, with a significant difference at the 0.05 level.


2. Choice Reaction Time Test: The successful combat sports athletes had greater performance in choice reaction time, characterized by higher accuracy rates than the unsuccessful athletes, with a significant difference at the 0.05 level.


3. Trail Making Test: The successful combat sports athletes performed faster on Trail making tests A and B than the unsuccessful combat sports athletes. The completion times (B – A = differences between completion times B and A) and the ratio of the time spent in the tests (B / A ratio) were higher than those of the unsuccessful combat sports athletes. However, the .05 level revealed no significant difference in the results.


4. Flanker Test: The successful combat sports athletes had faster response times than the unsuccessful combat sports athletes, with a significant difference at the.05 level for both congruent and incongruent tasks. However, no differences were found between the two groups regarding response accuracy rates for both congruent and incongruent tasks. 


5. Design Fluency Test: Successful combat sports athletes demonstrated superior performance in the design fluency test, particularly in areas such as filled dots, empty dots, and switching dots. However, there were no differences between the successful and the unsuccessful combat sports athletes. 


6. Mental Rotation Test: The successful combat sports athletes had a higher capacity for mental rotation than the unsuccessful combat sports athletes, with a significant difference at the 0.05 level.


Table 1. Comparative Analysis of Cognitive Performance Test Results Between Successful and Unsuccessful Combat Sports Athletes.

		Cognitive 

Performance Tests

		Successful 

Group


(n = 200)

		Unsuccessful Group 

(n = 200)

		t

		P-value



		

		Mean

		SD

		Mean

		SD

		

		



		Simple Reaction Time Test



		Reaction time

		238.16

		24.64

		274.48

		36.82

		  2.46

		.001*



		Accurate rate

		  98.80

		  2.12

		  95.64

		  4.24

		18.28

		.001*



		Choice Reaction Time Test

		

		

		

		

		

		



		Reaction time

		398.52

		28.62

		409.86

		 46.76

		  8.38

		.001*



		Accurate rate

		  97.46

		  4.12

		  91.84

		10.28

		16.26

		.001*



		Trail Making 



		Trail making A

		 32.46

		  5.62

		34.54

		  6.12

		4.82

		.160



		Trail making B

		 64.18

		16.54

		65.84

		16.82

		4.12

		.214



		Differences (Trail making B- Trail making A)

		 33.58

		14.26

		34.02

		13.86

		6.04

		.246



		Ratio


Trail making B/Trail making A 

		  2.24

		  0.68

		  2.02

		  0.51

		8.26

		.462



		Flanker Test 



		Response time


(Congruent)

		387.12

		32.74

		403.56

		34.26

		2.72

		.021*



		Accurate rate


(Congruent)

		  96.52

		  2.84

		  96.10

		  3.02

		3.48

		.846



		Response time


(Incongruent)

		 449.28

		25.32

		467.84

		40.28

		7.62

		.014*



		Accurate rate


(Incongruent)

		  89.14

		  9.08

		  88.42

		  9.16

		4.02

		.412



		Design Fluency Test



		Fill dots 

		10.26

		2.14

		11.02

		2.48

		  6.18

		.426



		Empty dots 

		11.42

		2.48

		10.86

		2.06

		14.60

		.482



		Switching dots 

		  8.06

		2.62

		  7.76

		2.74

		  8.68

		.764



		Total score 

		29.74

		6.02

		29.64

		5.96

		12.38

		.680



		Mental Rotation Test



		Total score 

		 9.46

		4.20

		 8.12

		3.86

		  4.20

		.014*





*Significant P < 0.05 (successful vs. unsuccessful combat sports athletes).

DISCUSSION


The findings of the study of cognitive performance influencing the combat sports athletes’ success revealed that the successful combat sports athletes possessed greater cognitive performance than the unsuccessful athletes in every aspect, including inhibitory control, cognitive flexibility, memory, information processing, spatial ability, concentration and attention, and executive function. In addition, the assessment of cognitive performance showed that the successful combat sports athletes had better response times than the unsuccessful athletes on the Simple Reaction Time Test and the Choice Reaction Time Test in terms of accuracy rate, the Flanker Test, the Design Fluency Test, the Mental Rotation Test, and the Spatial Visualization Test. It is apparent that cognitive performance plays an important role in sports performance and directly influences the success of athletes. This is consistent with a study by Prien et al. (21) investigating the neurocognitive performance of elite male and female football players. It was found that both male and female players had greater cognitive performance in various areas, namely memory, psychomotor speed, reaction time, complex attention, cognitive flexibility, and processing speed, when compared to the US norm. 

Cona et al. (6) also examined cognitive function to predict the athletic performance of marathon athletes. The findings revealed that faster ultra-marathon runners had greater learning and inhibitory control compared to slower runners. Yongtawee et al. (32) also conducted a systematic review of the relationship between sports performance and cognitive functions and found that athletes processed better cognitive functions than those who were not athletes. The higher the sports specialization, the higher the cognitive function. The cognitive functions were different according to the sport types. Mihaela et al. (18) investigated the relationship between general intelligence and motor skills learning specific to combat sports and revealed that general intelligence was related to motor skills learning specific to combat sports. Alves et al. (1) conducted a study on the perceptual-cognitive expertise of elite volleyball players with the aim of investigating the relationship between sport expertise and perceptual and cognitive skills. The findings revealed that athletes demonstrated greater cognitive performance on executive control, memory, and visuo-spatial attention than non-athletes. Vestburgh et al. (29) investigated the role of executive functions in predicting the success of top soccer players and found that executive functions can predict the success of soccer players.

The results of the comparison of cognitive performance influencing combat sports athletes’ success can be presented as follows. The successful combat sports athletes had a better response time and accuracy rate when compared to the unsuccessful athletes in the simple Reaction Time Test and the Choice Reaction Time Test. The successful combat sports athletes had better response times than the unsuccessful athletes in the Flanker Test regarding both congruent and incongruent tasks, and the successful combat sports athletes also exhibited greater proficiency in the Mental Rotation Test compared to the unsuccessful athletes. The findings also pointed out that perceptual-cognitive, information processing, executive function, inhibition, attention, and spatial ability had an influence on the combat sports athletes’ success. This is in line with a study by Martínez de Quel and Bennett (16), that reviewed the literature on perceptual-cognitive expertise in combat sports. It was found that skilled combat sport athletes better predicted their opponent’s actions by relying on the information they perceived before and during the attack. This ability was enhanced by experts using a gaze fixation strategy (i.e., visual pivot). Wang et al. (30) conducted a study on open and closed skill sports and the modulation of inhibitory control and pointed out that fundamental inhibitory control in athletes would benefit from open skill training. 

Cojocariu (5) examined the simple and choice reaction times to visual stimuli for the upper limbs of the athletes practicing Qwan Ki Do. The findings indicate that those with extensive experience in practicing Qwan Ki Do had a better choice reaction time than those with little experience in Qwan Ki Do and those who had never practiced it. Bianco et al. (2) studied different proactive and reactive action control in the brains of fencers and boxers with the aim of examining if specific sport practice may affect the preparation-perception-action stages of processing during a visuo-motor task requiring perceptual discrimination and fast response. It was found that fencers and boxers showed quicker reaction times compared to non-athletes. Moreover, Huijgen et al. (14) conducted a study on cognitive functions in elite and sub-elite youth soccer players 13 to 17 years of age to examine the relationship between cognitive function and performance level. It was found that the elite youth soccer players had greater inhibitory control, cognitive flexibility, and particularly metacognition than the sub-elite soccer players. 


 


CONCLUSIONS

The findings showed that the successful combat sports athletes had better cognitive performance compared to the unsuccessful ones in various areas, namely inhibitory control, cognitive flexibility, memory, information processing, spatial ability, attention and concentration, and executive function. The results of the cognitive performance tests also point out that the successful combat sports athletes demonstrated greater response time and accuracy rates, especially in the simple reaction time test and the choice reaction time test. In addition, the successful combat sports athletes demonstrated superior response time in the Flanker Test for both congruent and incongruent tasks, as well as greater ability in the Mental Rotation Test. Hence, the athletes’ cognitive performance is critical for athletic performance and cognitive performance directly influences athletes' success. For these reasons, cognitive performance development is critical for combat sports athletes who want to achieve a high level of success.
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ABSTRACT 

Sumnuan P, Ruksasub S, Yapapha S, Chansomkoy I, Boonsri C, Noorach H, Sukdee N. The Influence of a Thai Folk Play Model to Enhance the Cognitive Performance of Primary School Students in Grades 4 Through 6. JEPonline 2024;27(5):12-25. Cognitive performance is a determinant of children's long-term success that encompasses achievements in learning, adherence to appropriate conduct, mental and body well-being, and potential occupational accomplishments. The purpose of this research was to develop and investigate the influence of a Thai Folk Play Model to enhance the cognitive performance of primary school students 10 to 12 years of age in grades 4 through 6. The study involved a total of 60 participants who were divided into the Experimental Group (30 students) and the Control Group (30 students). The samples were acquired by the method of stratified random sampling (SRT). The research instruments utilized in the study included a model of a Thai folk drama, a structured interview form, and a computer-based cognitive ability test that comprised a Simple Reaction Test (SRT), a Choice Reaction Time Test (CRT), a Trail-Making Test (TMT), a Flanker Test (FKT), and a Design Fluency Test (DFT). The Thai Folk Play Model was implemented by the Experimental Group for a period of 8 weeks that consisted of 3, 60- minute sessions per week. Both the Experimental Group and the Control group underwent pre-test and post-test assessments to evaluate the subjects’ cognitive function. We conducted an analysis and comparison of the variables to be examined using a dependent and independent t-test, which yielded a 95% confidence interval. The results revealed that the Thai Folk Play Model achieved a high index of item objective congruence, specifically 0.95. Additionally, the cognitive performance of the Experimental Group showed an improvement in the post-test compared to the pre-test. The Experimental Group exhibited a statistically significant increase in cognitive performance compared to the Control Group. Additionally, the Control Group showed an increase in cognitive performance from pre-test to post-test, but the increase was not statistically significant. These finding indicate the Thai Folk Play Model is an educational method that enhances the cognitive skills (such as attention, working memory, executive function, and information processing) of students in grades 4 through 6.  

Keywords: Attention, Cognitive Performance, Executive Function, Flexibility, Thai Folk Play, Working Memory

Introduction


Cognitive performance is crucial for a country's growth, especially since it encompasses an individual's cognitive talents such as thinking, memory, attention, interruption, computation, cognitive flexibility, emotional control, planning, problem-solving, and knowledge application. In the absence of cerebral commands or when the brain's functioning is impaired, the execution of tasks becomes impossible, leading to diminished capacities and an inability to achieve success. Promoting students' intellectual capacities is essential for their future contribution to the country's development. Hence, it is important for schools to prioritize fostering the growth of the students' intellects and skills in all areas since in engaging in physical activity that emphasizes movement improves several aspects of physical well-being, such as the respiratory and circulatory systems, lean muscle size, strength, and endurance, body composition, flexibility, and responsiveness. 

Other research findings (18,22,23) indicate that regular physical activity enhances the efficacy of both small and large muscles, while also stimulating the neurological system, fostering flexibility in movement, optimizing the functioning of the cognitive part of the brain, promoting mental well-being, and alleviating stress in youngsters. Engaging children in physical activities that encourage their active participation, independent thinking, and strategic planning can generate novel experiences and enhance their cognitive abilities for reasoning and planning. In fact, it is imperative that schools support the use of physical activities to improve the cognitive faculties in the children enrolled in the 4th through the 6th grades of elementary school since they enhance the students’ capabilities and lay the groundwork for their future success as adults. 

A study conducted by Ardoy et al. (2) examined the effects of a physical education trial on the cognitive performance and academic achievement of adolescents. Their study reported that groups engaging in up to 4 intense physical activities per week experienced statistically significant improvements in brain capacity and learning efficiency. In agreement, Mandolesi et al. (20) conducted a study on the effects of physical exercise on cognitive functioning and wellbeing and found that physical exercise has an impact on brain skills during both youth and adulthood. Thus, physical exercise has the potential to enhance memory, focus, and the ability to control impulses. Moreover, it has been reported that pupils who engaged in regular exercise exhibited enhanced command and cognition abilities. As an example, Hötting and Röder (15) concluded that physical exercise has a positive impact on neuroplasticity and cognition. Their findings indicated that exercise enhanced brain function and academic performance, particularly in individuals who engaged in limited physical activity (15). 

Ishihara et al. (16) conducted a study to examine the positive impacts of game-based exercise, specifically age-appropriate tennis lessons on the executive functions of children 6 to 12 years of age. The study found that engaging in tennis and practicing related skills led to an improvement in executive function versus simply watching TV or using games as a basis for tennis instruction. Training for tennis skills alone resulted in an improvement in executive function. It is evident that engaging in physical activities and different types of exercise can improve memory, thinking skills, focus, decision-making abilities, and self-control in individuals of all ages. These cognitive enhancements are crucial for the future survival and development of the nation.  

Thai Folk Play is a form of physical activity that emphasizes continuous movement of the body to promote holistic well-being across various dimensions that include physical, mental, social, intellectual, and emotional aspects. Engaging in Thai Folk Play offers an enjoyable experience centered on amusement rather than emphasizing outcomes such as winning, losing, behavior, and social dynamics. The participants cultivate self-assurance, recognize their worth, engage in bold and fearless thinking, express themselves courageously, adapt to others with contentment, acquire the skills to be cooperative followers, and foster mutual assistance. Furthermore, Thai traditional practices have the potential to enhance cognitive abilities, strategic thinking, emotional regulation, life skills, and overall personal growth. 

Madteh (19) conducted a study to explore the impact of traditional game training on early childhood development. The findings indicated that traditional games have the potential to enhance motor skills, physical fitness, and academic accomplishment. Prasertsuk and Sivabaedya (27) conducted a study to determine the impact of Thai Folk plays on individuals' problem-solving skills. The researchers found that primary school students, specifically the students in the age range of 9 to 10, who participated in Thai Folk performances exhibited a notable increase in their problem-solving skills following the experiment. This improvement was statistically significant and higher compared to both their pre-experimental abilities and the Control Group. 

Patummanee (24) examined the impact of engaging in Thai traditional plays while exercising on the intelligence quotient (IQ) of primary school students in grades 4 through 6. The results indicated a significant influence on the students' IQ. A 12-week post-workout period allowed for a more effective comparison with the sample group. The 12-week post-workout period was more effective than the 6-week period that followed. Exercise before a workout is more beneficial after 6 weeks of consistent exercise, compared to starting the exercise routine before. Ganpai et al. (12) investigated the impact of involvement in Thai traditional play on the first-grade pupils' self-control. The study found that the Experimental Group exhibited elevated levels of self-control scores compared to the previous scores, and the Experimental Group outperformed the students in the Control Group after participating in Thai traditional play.

Thai Folk playing has the potential to enhance a diverse array of players' talents. However, there has been no research conducted on Thai Folk playing, a distinctive aspect of Thailand's culture. This activity plays a crucial role in enhancing intellectual capabilities, which are essential skills that should be encouraged among schoolchildren. By engaging in Thai Folk playing, children can improve their mental abilities in various areas such as attention, cognitive flexibility, memory executive function, information processing, and inhibition. These skills are vital for their future success in their academic and professional endeavors, as well as for becoming influential contributors to the nation's development. 


METHODS 

Study Participants

The study included 60 primary school students in grades 4 through 6 from a school in the Udonthani province, Thailand. The participants were divided into 2 groups: an Experimental Group of 30 students (12 males, 18 females) with an average age of 11.08 ± 1.64 years, an average height of 129.42 ± 2.30 centimeters, and an average weight of 24.64 ± 1.04 kilograms, and a Control Group of 30 students (10 males, 20 females) with an average age of 11.26 ± 1.80 years, an average height of 127.84 ± 1.82 centimeters, and an average weight of 25.04 ± 1.26 kilograms. The participants were selected using a stratified random sampling method. The inclusion criteria required that the students have no neurological, movement, communication, vision, or hearing problems that would prevent them from participation in Thai Folk activities. Furthermore, the participants were required to seek explicit consent from their parents to partake in the study. The research was authorized by the Ethics Committee of the Thailand National Sports University (TNSU-EDU 014-2023).


Procedure 

The purpose of this study was to develop and investigate the influence of a Thai Folk Play Model on improving the cognitive performance of primary school students in grades 4 through 6. The research process was divided into 3 phases:  


Phase 1 of the study examined the fundamental principles, theories, and concepts of the Thai Folk Play Model specifically designed for children in primary school in grades 4 through 6. The primary researcher carried out the investigation by adhering to the following procedures:


1. Analyze the principles, theories, and information pertaining to Thai Folk Play Model physical activities, cognitive performance, growth, potential, and limitations of primary school students in grades 4 through 6 from academic publications, books, textbooks, journals, and relevant research.


2. Create a systematic interview form to examine the Thai Folk Play Model and the patterns and cognitive abilities of the students in grades 4 through 6

3. Use the structured interview form created by the primary researcher to conduct the comprehensive interview with the students in grades 4 through 6. The group of 30 individuals included 3 parents, 6 primary school teachers, 2 school administrators, 8 physical education teachers, 3 physiologists, 2 psychologists, and 6 sports scientists.


4. Use the data derived from the examination of principles, theories, and content sourced from academic articles, books, textbooks, journals, and relevant research, including findings from comprehensive interviews, to scrutinize, integrate, and deduce the principles, concepts, theories, and significance of the Thai Folk Play Model in enhancing the cognitive abilities of primary school students in grades 4 through 6. 


Phase 2 of the study consisted of the researchers creating a Thai Folk Play Model with the purpose of improving the cognitive performance of the primary school students in grades 4 through 6. The researchers conducted the study employing the following procedures:


1. Analysis, synthesis, and development techniques were used to create a Thai Folk Play Model based on the findings of Phase 1 of the research project. The purpose of the model was to improve the cognitive performance of the primary school students in grades 4 through 6.


2. Use the Thai Folk Play Model created by the researchers to assess the Index of Item Objective Congruence (IOC) with the input of 5 specialists in psychology, physiology, sport science, and physical education.


3. Obtain recommendations from the experts to enhance and rectify the Thai Folk Play framework aimed at enhancing the cognitive abilities of the primary school pupils in grades 4 through 6. 

4. Conduct trials with the Control Group that possess similar features to the Experimental Group that consisted of 30 individuals.


Phase 3 of the study consisted of the following steps: 

1. The primary school students in grades 4 through 6 preparedness was evaluated for engaging in physical activities by using the physical activity readiness questionnaire (PAR-Q) prior to the trial.


2. Cognitive performance of the Experimental Group and the Control Group was evaluated before the trial with a computerized test battery using the following tests: 

(a) The Simple Reaction Time Test (SRT). The test Press the "/" button on the computer keyboard as quickly as possible to perform the test if the target object, a red circle, appears in the center of the screen. The target object will appear a total of 20 times; (b) The Choice Reaction Time Test (CRT). Use your index finger to conduct the test when the "red circle" appears in the middle of the computer screen. The exam necessitates using the left hand to quickly and precisely hit the "Z" button on the computer keyboard. To assess the computer's functionality, use your index finger to detect the presence of a "blue circle" in the middle of the screen. Depress the "/" key on the computer keyboard with accuracy and swiftness. If the computer detects a "yellow circle" in the center of the screen, it will proceed with its operations without performing any tests. Either press any buttons or refrain from responding. Sixty consecutive trials were conducted, each with a distinct objective, and 20 instances were displayed; (c) There are two types of the Trail-Making Test (TMT). Trail-making test Type A. The test takers must use the mouse to click on the numbers they want to find in order from 1 to 25, forming Type B. The test takers used the mouse to click on the numbers (1–13) alternating with English letters (A–L) in the correct order (1->A->2->B->C...L->13). The test result will be used in the analysis. Time to complete: second; (d) The Flanker Test (FKT) consisted of 2 types. The “congruent trails” where the target is the centered arrow in the same direction as the other four arrows. (< < < < <) or (> > > > >), and the “incongruent trails” in which the target is the centered arrow pointing in the same direction as the remaining 4 arrows. If the middle arrow pointed to the left, the Z button was pressed, and if it pointed to the right, the / button was pressed. The test result applied in the analysis was the average response time of the correct response: milliseconds; and (e) The Design Fluency Tests (DFT). The test required drawing 4 straight lines to create the image. The rendered image must exhibit no blurring, and it is imperative to obtain the maximum number of photographs within a 1-minute timeframe for each of the sub-tests, which included the Filled Dot Traction Test (filled dots), the Empty Dot Connection Drag Test (empty dots), and the Drag Test that links black and white dots (Switching dots) (4-6,10,11,17,26,29).   


3. The researcher will implement a trial of a Thai Folk Play Model with the Experimental Group, adhering to the experimental protocol that was previously devised. The project investigated 9 specific Thai Folk Play Models, namely Wing-peaw, Teeluklor, Kradod-chuak, Teejub, Lingching-luk, Sua-karmhuay, Chingluk-chai, Tuey, and Mark-keb. The program comprised 3 sequential stages: (a) preliminary warm-up; (b) participatory Thai Folk-play exercise; and (c) the concluding cool-down. The duration of the activity spanned 8 weeks with 60-minute sessions 3 times each week.

4. Evaluate cognitive performance of the Experimental Group and the Control Group after the trial with the computerized test battery cognitive performance using the Simple Reaction Time Test (SRT), Choice Reaction Time Test (CRT), Trail Making Test (TMT), the Flanker Test (FKT), and the Design Fluency Tests (DFT)

5. The test results of the Experimental Group and the Control Group received from the trial were used for statistical analysis to summarize the trial's findings and provide recommendations. 

Instruments 


The researcher created a trial instrument, namely a model of a Thai folk play. This model was subjected to a content validation assessment by five specialists in the fields of psychology, physiology, sport science, and physical education. The evaluation resulted in an index of item objective congruence (IOC) of 0.95, indicating a satisfactory validation. We incorporated the recommendations for improvement and conducted a trial on a representative sample of 30 participants. The data collection process involved the use of a structured interview form and the physical activity readiness questionnaire (PAR-Q). Five experts in the field evaluated the quality of these instruments, assessing their content validity. The Index of Item Objective Congruence (IOC) yielded a result ranging from 0.5 to 1.00. The computerized test battery assesses cognitive performance using the Simple Reaction Time Test (SRT), Choice Reaction Time Test (CRT), Trail Making Test (TMT), Flanker Test (FKT), and Design Fluency Tests (DFT).

Statistical Analysis 


The process of data analysis in this study was carried out as follows. The analysis and synthesis of the content were carried out by gathering information on the principles, theories, and subjects related to Thai Folk play, physical activities, cognitive performance, growth, potential, and limitations of primary school students in grades 4 through 6. We obtained the information through in-depth interviews with parents, teachers, school administrators, physical education teachers, psychologists, physiologists, sports scientists, and individuals associated with primary school students. The term's descriptive statistics, typical of simplicity, included the means and standard deviations. Independent and dependent t-tests were used to examine the differences in average cognitive performance scores between and within the Experimental Group and the Control Group, both before and after the trial. For all statistical analyses, an alpha level of .05 was used to determine statistical significance. 

RESULTS

The development of a Thai Folk Play Model to enhance the cognitive performance of primary school students in grades 4 through 6 was based on the principles of Thai Folk play, physical activity, cognitive performance, as well as principles of physical organization, development, and the constraints of physical activity practices among kids in grades 4 through 6. The 4 essential elements consisted of the key concepts and principles, purpose, the process for carrying out Thai Folk performances, and evaluating cognitive abilities. Thai traditional games have 9 distinct models: Wing-peaw, Teeluklor, Kradod-chuak, Teejub, Lingching-luk, Sua-karmhuay, Chingluk-chai, Tuey, and Mark-keb. The program consisted of 3 consecutive stages: (a) an initial warm-up; (b) a participation Thai Folk-play activity; and (c) a final cool-down. The duration of the exercise was 8 weeks with 60-minute sessions taking place 3 times per week. We conducted a content validation evaluation on the Thai Folk Play Model, resulting in an item objective congruence (IOC) index of 0.95. Then, we implemented the recommended improvements and conducted a trial with a representative sample of 30 participants. 


With regards to the influence of the Thai Folk Play Model to enhance cognitive performance of the primary school students in grades 4 through 6, the research findings are presented Tables 1 and 2. The results of the Simple Reaction Time Test indicated that there was a statistically significant (P = 0.05) decrease in average reaction time for correct responses after the trial compared to before the trial. Additionally, there was a statistically significant (P = 0.05) increase in the accuracy rate of responses after the trial compared to before the trial. The Choice Reaction Time Test revealed that there was a statistically significant (P = 0.05) decrease in average reaction time for correct responses after the trial compared to before the trial. Additionally, the accuracy rate of responses after the trial was shown to be statistically significantly (P = 0.05) higher than before the trial. The Trail Making Test revealed that both trail making A and trail making B were completed more quickly and with fewer errors after the trail compared to before. This difference was statistically significant (P = 0.05). Additionally, the trail making B-A difference and trail making B/A ratio showed a decrease in time after the trail compared to before, the difference was statistically significant (P = 0.05). The Flanker Test revealed that the average reaction time for correct answers was significantly shorter after the trial than before, with a significance level of.05. This was true for both congruent and incongruent responses. Additionally, there was a statistically significant (P = 0.05) increase in the accuracy rate of responses after the trial compared to before the trial. Also, as indicated in Table 1, the Design Fluency Test revealed there was a statistically significant (P = 0.05) increase in the number of correct unique designs after the trial compared to before the trial.

Table 1. The Mean, Standard Deviation, and t-Test Results for the Cognitive Performance Test Results of the Experimental Group, both Before and After the Trial.


		Task

		Before the Trial

		After the Trial

		t



		

		Mean

		SD

		Mean

		SD

		



		Simple Reaction Time

		Average reaction times of correct responses (msec)

		377.53

		63.94

		337.26

		52.81

		  4.37*



		

		Accuracy rate (%)

		 58.66

		10.83

		  60.50

		12.28

		21.89*





		Choice Reaction Time

		Average reaction times of correct responses (msec)

		545.53

		52.50

		498.56

		51.77

		12.72*





		

		Accuracy rate (%)

		 63.53

		12.85

		  56.66

		10.38

		24.39*





		Trail Making

		A : Time to complete (sec)

		 63.92

		16.90

		  54.66

		14.65

		  2.92*



		

		A : Error response (times)

		   4.36

		  1.54

		    3.26

		  1.68

		23.09*



		

		B : Time to complete (sec)

		125.34

		25.61

		108.14

		19.29

		  2.24*



		

		B : Error response (times)

		    8.70

		  3.91

		    5.96

		  2.57

		  3.93*



		

		Time difference (B – A) (sec) 

		  61.41

		20.25

		  48.70

		15.65

		  5.04*



		

		B/A ratio (sec) 

		    2.04

		  0.42

		    1.92

		  0.37

		  6.81*





		Flanker

		Congruent: average reaction times of correct responses (msec)

		535.26

		66.89

		517.00

		63.47

		  3.00*



		

		Congruent: accuracy rate (%)

		  58.66

		10.83

		  88.60

		  7.62

		  2.95*



		

		Incongruent: average reaction times of correct responses (msec)

		577.50

		  6.66

		553.03

		75.00

		10.23*



		

		Incongruent: accuracy rate (%)



		 52.50

		  9.16

		 85.26

		 5.32

		  2.44*



		Design Fluency

		Filled dots (score)

		   2.83

		  1.01

		   7.10

		1.66

		  5.94*



		

		Empty dots (score)

		   3.46

		  1.07

		   8.10

		1.09

		  9.60*



		

		Switching dots (score)

		   6.70

		  0.91

		   5.33

		1.56

		  5.46*



		

		Total score 

		   7.30

		  1.23

		 21.46

		1.99

		  4.60*







*Significant Changes between Before and After the Trail of the Experimental Group.


Data analysis of the cognitive performance test results of the Experimental Group and the Control Group after the trial found that the results of the Simple Reaction Time Test revealed that there was a statistically significant (P = 0.05) difference in the average reaction time for correct responses in the Experimental Group after the trial compared to the Control Group. Additionally, the accuracy rate of responses in the Experimental Group was shown to be statistically significantly (P = 0.05) higher than the Control Group.


The Choice Reaction Time Test revealed that there was a statistically significant (P = 0.05) difference in average reaction time for correct responses in the Experimental Group after the trial compared to the Control Group. Additionally, the accuracy rate of responses in the Experimental Group was shown to be statistically significantly (P = 0.05) higher than the Control Group. The Trail-Making Test revealed that both Trail-Making A and Trail-Making B were completed more quickly and with fewer errors by the Experimental Group compared to the Control Group. This difference was statistically significant at a significance level of.05. Additionally, the Trail Making B-A difference and Trail Making B/A ratio showed a decrease in time for the Experimental Group compared to the Control Group; the difference was statistically significant at a significance level of 0.05. 


The Flanker Test revealed that the average reaction time for correct answers was significantly (P = 0.05) shorter in the Experimental Group compared to the Control Group. This was true for both the congruent and the incongruent responses. Additionally, there was a statistically significant (P = 0.05) increase in the accuracy rate of responses in the Experimental Group compared to the Control Group. The Design Fluency Test revealed that there was a statistically significant (P = 0.05) increase in the number of correct unique designs in the Experimental Group compared to the Control Group (as presented in Table 2).    

Table 2. The Mean, Standard Deviation, and t-Test Results for the Cognitive Performance Test Results of the Experimental Group and the Control Group.

		Task

		Experimental  

		Control 

		t



		

		Mean

		SD

		Mean

		SD

		



		Simple Reaction Time

		Average reaction times of correct responses (msec)

		337.26

		52.81

		377.26

		61.58

		1.02*



		

		Accuracy rate (%)

		  60.50

		12.28

		34.66

		14.26

		7.25*





		Choice Reaction Time

		Average reaction times of correct responses (msec)

		498.56

		51.77

		534.56

		50.70

		 8.93*



		

		Accuracy rate (%)

		  56.66

		10.38

		63.60

		11.94

		 5.26*





		Trail Making

		A : Time to complete (sec)

		  54.66

		14.65

		63.70

		12.63

		 0.96*



		

		A : Error response (times)

		    3.26

		  1.68

		    3.56

		  1.88

		  5.60*



		

		B : Time to complete (sec)

		108.14

		19.29

		133.16

		18.26

		14.99*



		

		B : Error response (times)

		   5.96

		  2.57

		  7.23

		  3.12

		 6.51*



		

		Time difference (B – A) (sec)

		 48.70

		15.65

		69.47

		20.84

		 4.24*



		

		B/A ratio (sec) 

		   1.92

		  0.37

		  2.16

		  0.52

		 1.04*





		Flanker

		Congruent: average reaction times of correct responses (msec)

		517.00

		63.47

		526.26

		72.52

		 0.17*



		

		Congruent: accuracy rate (%)

		  88.60

		  7.62

		  77.50

		  6.66

		 6.91*



		

		Incongruent: average reaction times of correct responses (msec)

		553.03

		75.00

		532.46

		70.29

		34.59*



		

		Incongruent: accuracy rate (%)



		  85.26

		5.32

		75.33

		6.28

		  2.57*



		Design Fluency

		Filled dots (score)

		    7.10

		1.66

		  5.10

		2.18

		17.24*



		

		Empty dots (score)

		    8.10

		1.09

		  4.73

		2.11

		  2.92*



		

		Switching dots (score)

		    5.33

		1.56

		  6.36

		1.49

		  3.84*



		

		Total score 

		  21.46

		1.99

		11.93

		1.43

		  4.24*







*Significant Changes between the Experimental Group and the Control Group After the Trail.


DISCUSSION

The Thai Folk Play Model was developed to improve the cognitive performance of primary school students 10 to 12 years of age in grades 4 through 6, which was achieved by using the concepts and theories of Thai Folk Play, physical activity, intellectual capacity, development of fellowship, and constraints in their physical practice. The content validity of the model was assessed. The Index of Item Objective Congruence (IOC) is currently 0.95 that serves as a means of obtaining feedback from qualified students for the purpose of updating and correcting, as well as testing on groups that are comparable to the sample. 

The Thai Folk Play Model that has been established is of excellent quality, and it is suitable for the improvement of cognitive performance of the primary school pupils in grades 4 through 6, as determined by the IOC. Thai Folk Play is a recreational activity that enhances physical mobility that leads to the activation of the neurological and muscular systems to enhance brain-derived neurotropic factor (BDNF) in children. This effect is influenced by the length, frequency, and intensity of the play as well as the regularity of bodily motion, the blend of physical activity, exercise, and frequent localized relaxation that enhances the general well-being of the students in grades 4 through 6.  

The Thai Folk Play Model enhances the operation of multiple bodily systems, decreases surplus body fat, and enhances cognitive capacities and life skills. It is consistent with the study by Hillman et al. (14) regarding the relationship between aerobic fitness and the improvement in cognitive function in preadolescent children. Moreover, it proposed that physical fitness may exert a more significant influence on brain health in both children and adults. De Greeff et al. (9) conducted a meta-analysis examining the impact of physical activity on executive functioning, attention, and academic achievement in preadolescent children. The findings indicated that engaging in short-term exercise has a favorable impact on attention and learning results, while participating in a prolonged exercise regimen had advantageous effects on cognitive functions related to management. 

Also, the study by Ploughman's (25) regarding the correlation between physical activity and cognitive function supports these findings it revealed that exercise enhances the synthesis of neurotransmitters. Likewise, the study by Morris et al. (21) investigated the effects of modest aerobic exercise on executive function and cortical excitability and reported the presence of brain stimulation. Engaging in light aerobic exercise resulted in notable enhancements in response times during concurrent workouts and an elevation in cerebrospinal excitement (ICF). Engaging in light aerobics can modify the composition of the brain membrane and impact some cognitive abilities known as executive functions. 

Verburgh et al. (30) did a meta-analysis investigation regarding the relationship between physical activity and executive functioning in preadolescent children, adolescents, and young adults. The findings indicated that acute physical activity had a positive impact on the cognitive abilities related to decision-making and problem-solving in preadolescent children, adolescents, and young adults. The study conducted by Alsubaie et al. (1) investigated the relationship between different types of physical activity and cognitive function and quality of life. The findings revealed that cognitive function and quality of life are more closely associated with exercise activities that are moderate in intensity, as opposed to walking or high-fatigue exercises. The study conducted by Hillman et al. (13) examined the impact of exercise on the brain and cognition. The researchers concluded that engaging in aerobic exercise enhances many cognitive functions. The absence of physical activity, particularly among youngsters in wealthy nations, is a primary factor contributing to the prevalence of obesity. Engaging in physical exercise can enhance not only one's physical well-being, but also positively impact academic performance.

With regards to the cognitive performance of the primary school students in grades 4 through 6, the Experimental Group exhibited enhancement following their participation in the Thai Folk Play Model (i.e., in contrast to their initial state prior to the trial). Furthermore, after the trial, the Experimental Group demonstrated higher cognitive performance in comparison to the Control Group. All tests showed statistically significant (P < 0.05) findings. Participation in the Thai Folk Play Model allows the body to do several types of movements, including non-locomotors, locomotors, and manipulative motions that are essential for the general development of the human body. 

Cognitive function governs the initiation and regulation of various forms of physical activity. The nervous system controls bodily movement by utilizing sensory receptors to detect stimuli from the environment. These receptors convey signals to the sensory nerve systems, which subsequently communicate information to the central nervous system situated in the spinal cord. The central nervous system gathers information from peripheral nerves and analyzes it in the brain, where instructions are produced. Subsequently, these orders are conveyed to the motor nerve system, facilitating accurate muscle movement and the Thai Folk theater serves as a catalyst for players to achieve satisfaction, experience pleasure, and recognize its importance (28). 

The study by Cooper et al. (7) investigated the effects of sprint-based exercise on cognitive performance in adolescents. The body's reaction time indicates that physical activity can improve cognitive performance. Engaging in a significant amount of vigorous physical activity throughout the day can enhance cognitive and overall abilities in adolescents. Byun et al. (3) examined how acute mild exercise can enhance executive function by stimulating prefrontal activations associated with alertness. The study found that engaging in moderate intense exercise improves cognitive function. This improvement is associated with increased arousal levels, and it is achieved by stimulating the lateral and frontal parts of the brain. 

In a similar vein, Davis et al. (8) examined the impact of exercise on executive function and achievement, as well as its effect on brain activation in overweight children. The results indicated that physical activity can enhance cognitive abilities, achievement, and neural reactivity in children who are overweight. A study conducted by Vhavle et al. (31) examined the impact of yoga and physical activity on executive function, attention, and working memory in teenage schoolchildren. The study concluded that yoga enhances executive function, attention, and working memory in teenage schoolchildren, which is comparable to the effects of exercise.

This study emphasizes the specific topics that necessitate further examination and the constraints that were encountered. Age, gender, weight, and level of physical activity are important factors that can impact changes in individuals. Moreover, a prolonged period of physical activity is required. Also, the frequency, length, and severity of an action might lead to more significant alterations. It is imperative to do a comprehensive evaluation of the appropriateness and security of the activity and the individuals involved. Moreover, we can ascertain the underlying reason for changes by exercising authority over or observing supplementary aspects, such as weather conditions, dietary habits, level of hydration, and duration of sleep. 


CONCLUSIONS 


The Thai Folk Play Model activity promotes student participation in physical exercise. It enhances the brain's motor control, sensory neurons, and motor neurons, which in turn promotes the growth of the nervous system by engaging both small and large muscles. It improves the cognitive abilities of students in grades 4 through 6 in various areas, including attention, flexibility, working memory, executive function, and information processing. Moreover, engaging in Thai traditional play activities helps students to make social connection with peers of the same age, derive enjoyment, and promote community harmony. Hence, the researchers' development of the Thai Folk Play Model can enhance brain function and improve the functioning of many bodily systems. The brain's command process enables the development of skills necessary for fluent and flexible use of body parts, as well as the ability to respond to and distinguish stimuli. These skills are important for improving the coordination of bodily systems that rely on synchronized movements to function accurately and effectively. As a result, the brain's overall performance is enhanced.  
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ABSTRACT


Paiyarat K, Techakriengkrai T, Jamphon A, Penglee N, Polyai N, Jaikaeo C, Khulasittijinda N, Techakriengkrai W. The Impact of Carbohydrate Loading and Muscle Glycogen Supercompensation on Anaerobic Performance in Elite Jiu-Jitsu Athletes. JEPonline 2024;27(5):26-42. The purpose of this study was to examine the effect of dietary patterns on muscle glycogen storage in Jiu-Jitsu athletes and to explore the relationship between muscle glycogen levels and athletic performance. A randomized controlled trial (RCT) design was employed that involved 10 Thai national Jiu-Jitsu athletes (5 males and 5 females; Mean = 22.80 years, SD = 3.35, Max = 27 years, Min = 18 years). The participants were randomly divided into 2 groups of 5: a Control Group (Mean = 23.20 years, SD = 4.08, Max = 27 years, Min = 18 years) and a Carbohydrate Loading Group (Mean = 22.40 years, SD = 2.88, Max = 26 years, Min = 19 years). Data collection consisted of 3 days of 24-hour dietary recall and body composition measurements, were used to develop a 4-day diet plan based on individualized estimated energy requirements (EER). The Control Group received a balanced diet while the Carbohydrate Loading Group was provided with a high-carbohydrate diet, paired with high-intensity intermittent training. Ultrasound scans using image segmentation methods assessed initial muscle glycogen levels concurrent with the Running-Based Anaerobic Sprint Test (RAST) protocol. The data were analyzed using means, standard deviations, and percentages. Differences in mean scores of the RAST were compared using a t-test, with statistical significance set at an alpha level of 0.05. The research results were as follows: (a) The Carbohydrate Loading Group consumed significantly higher quantities of carbohydrates (7.29 ± 0.67 g/kg/day) compared to the Control Group (4.32 ± 1.18 g/kg/day). (b) Glycogen storage in the carbohydrate loading group increased significantly by 43.30% (P < 0.05). (c) This increase in glycogen storage exhibited a strong negative correlation with the fatigue index (r = -0.998, P < 0.05). In conclusion, participants in the Carbohydrate Loading Group who consumed a high-carbohydrate diet for 4 days and underwent high-intensity intermittent exercise showed a significant increase in muscle glycogen stores, which was associated with a reduced fatigue index that indicated a decrease in muscle fatigue, potentially reflecting enhanced lactate tolerance and improved utilization of the anaerobic energy system in athletes.

Key Words: Carbohydrate Loading, Glycogen Storage, Jiu-Jitsu, Anaerobic 

Performance

INTRODUCTION

The correlation between dietary carbohydrate (CHO) intake and skeletal muscle glycogen content has been acknowledged for over half a century. In high-intensity exercise, glycogen levels affect athletic performance (1,4,8,16). During high-intensity exercise, CHO serves as the primary energy substrate, making glycogen depletion a crucial determinant of performance limitations (1,4,7,11,19).


Carbohydrate loading, facilitated by increased dietary CHO intake, has been established as a method to induce skeletal muscle glycogen supercompensation (7,16,19). Previous investigations have explored both classic 7-day carbohydrate loading protocols and modified 3-day variations. Findings from these studies indicate comparable levels of supercompensated muscle glycogen stores (19). Present guidelines recommend a 36 to 48-hour period of elevated CHO consumption at a rate of 8 to 12 g/kg/day, as sufficient for achieving muscle glycogen supercompensation during a tapering phase (7,8,16,28).


The Jiu-Jitsu match is characterized by intermittent, high-intensity efforts interspersed with short rest periods that require high metabolic and neuromuscular demands to execute specific tasks and movements (4,29). In terms of physiological demand, while the Jiu-Jitsu match depends primarily on aerobic metabolism nevertheless, it is recognized that anaerobic sources also play a role in providing energy for high-intensity actions during the match (29). Muscle glycogen content has been correlated with muscle performance, and its depletion through high-intensity exercise is linked to a decrease in performance commonly referred to as muscle fatigue (4,7,19,23).


In the study conducted by Subekti et al. (31), the measurement of anaerobic capacity (anaerobic power) in martial arts athletes was carried out using the Running-Based Anaerobic Sprint Test (RAST) with a focus on assessing fatigue index. The RAST, developed by Wolverhampton University (United Kingdom), was adapted from the original Wingate Test (WAnT) to evaluate anaerobic power. The RAST protocol involves 6 maximal sprints that cover a 35 m distance with a 10-second recovery period between each sprint. The outcomes derived from the RAST estimate the neuromuscular and energy-related factors contributing to maximal anaerobic performance (31,36).


Ultrasound is a versatile imaging tool used in medicine and exercise physiology for its portability, cost-effectiveness, real-time imaging, and safety benefits (9). It effectively assesses hydration status in body tissues, particularly muscles, which are 70 to 80% water (28). Olsson and Saltin (22) proposed that 1 gm of muscle glycogen binds approximately 3 to 4 gm of water. Increased glycogen storage correlates with elevated body water content due to glycogen's hydrophilic nature (9,27,28). Studies by Hill and San Millán (10) and Nieman et al. (20) found a strong correlation between ultrasound measurements and muscle biopsy glycogen levels. Given the diverse training locations of athletes, a portable and straightforward method like ultrasound for assessing muscle glycogen content is essential.


The purpose of this study was to investigate whether extending the carbohydrate loading period to 4 days would enhance muscle glycogen supercompensation in trained athletes. The research hypothesis suggest that a 4-day period of increased total carbohydrate intake amplifies the capability for glycogen storage, facilitating repeated muscle glycogen supercompensation and ultimately leading to enhanced performance.


METHODS

Participants 


Ten healthy Jiu-Jitsu athletes (5 males and 5 females) were selected from the Thailand Jiu-Jitsu Association for this study. The participants adhered to the principles outlined in the Declaration of Helsinki and obtained approval from the Kasetsart University Research Ethics Committee (COA No. COA66/030). The inclusion criteria mandated that the participants would be current Jiu-Jitsu athletes with at least 1 year of training experience and no history of heart disease. 

During the general preparation phase for the national competition, the participants adhered to a consistent training regimen that consisted of 5 days per week with 3 and ½ hours of training per day, characterized by a moderate to high level of physical activity. Informed consent was obtained from each participant before his or her engagement in the study.


Research Design
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Figure 1. Nutritional Intervention Design. The Study Protocol Includes Measuring Ultrasound Scans Before and After Each Trial, While Recording RAST Data During Each Trial.


This research is an experimental study employing a randomized control trial (RCT) design. Ten Jiu-Jitsu athletes were divided into 2 groups: (a) 5 athletes in the Control Group (2 males and 3 females); and (b) 5 athletes in the Carbohydrate Loading Group (3 males and 2 females). The data were collected between October and December 2023. The participants completed a 3-day 24-hour dietary recall. Subsequently, the subjects visited the laboratory after an overnight fast to undergo body composition measurements.


One week after the initial data collection, all the participants (n = 10) began a 4-day baseline. During this period, the participants were provided with nutritious meals tailored for Jiu-Jitsu athletes, ensuring that the meals met the prescribed criteria for intake of carbohydrates, protein, and fat. On the morning of the 5th day following the baseline, the participants were instructed to assume a supine position with both legs extended. Ultrasound scans of the left and right vastus lateralis muscles were conducted (pre) before engaging in the RAST protocol to assess anaerobic power. Following the protocol, the participants underwent a subsequent ultrasound examination (post).


The subsequent week, half of the participants were randomly allocated to the Carbohydrate Loading Group (n = 5) meanwhile, the remaining participants underwent the Control Group (n = 5). Over the ensuing 4 days, the participants in this group were supplied with carbohydrate loading meals. Strict adherence to the dietary regimen was emphasized, with water intake permitted ad libitum. On the 5th day, the participants underwent ultrasound examinations and RAST protocol, mirroring the procedures of the initial experiment.


Nutritional Intervention


The nutritional intervention schedule, outlined in Figure 1, details the carbohydrate loading trials which spanned a 4-day interval and consisted of 3 main meals and 1 snack each day. This structure was based on the participants’ usual food consumption patterns to ensure that their dietary intake remained as close to their daily habits as possible, thus minimizing disruption and discomfort during their participation in the project. High carbohydrate diets were tailored for each participant based on data obtained from their 24-hour dietary recall. Adjustments were made to ensure that the participants did not exceed their estimated energy requirement (EER) to prevent overeating. All meals and snacks were provided to the participants, with the weight of all foods measured before packaging to estimate carbohydrate consumption. The participants were instructed to consume only the provided foods and to restrict their exercise to activities associated with the study. Water consumption was permitted ad libitum, and any omitted foods were accounted for in the final nutrient analysis.


Assessment of Energy and Macronutrient Intakes


Habitual energy and macronutrient intakes were assessed through a 24-hour dietary recall conducted over 2 weekdays and 1 weekend day preceding the week-long nutritional intervention. This evaluation used 3-day estimated food diaries obtained during the training phase, concurrent with the body composition assessment. Total energy (kcals) and macronutrient intake (g) were analyzed using the INMUCAL-Nutrients V.4.0 software program. To adjust for variations in body mass, relative energy and macronutrient intakes were normalized to body mass (g/kg/d).


Measurement of Physical Activity


Physical activity throughout the trial period was assessed using a calculated activity factor over 24 hours based on the metabolic equivalents (METs) associated with each type of exercise. Physical activity intensity thresholds were defined according to established guidelines: (a) light (<3.0 METs); (b) moderate (3.0 to 5.9 METs); and (c) vigorous (≥6.0 METs) (17,35). The participants adhered to the same physical activities and training protocols throughout all trials. The resting metabolic rate was estimated using an estimation equation (18), and the estimated energy requirement was calculated by multiplying the resting metabolic rate by a fixed activity factor of 1.82 (12).


Measurement of Body Composition, and Muscle Glycogen Concentration


Body composition assessments were conducted during the same week as the collection of the participants' 24-hour dietary recall data, and performed in the morning after an overnight fast of 8 to 12 hours. Bio-Impedance Analysis (BIA) was utilized for these assessments, employing the TANITA MC-780 device. The participants stood barefoot on the scale, wearing light sportswear, after cleaning the soles of their feet and palms. Body composition measurements were performed according to the manufacturer's instructions.
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Figure 2. Displays Ultrasound Image Analysis Utilizing Ultrasound Image Segmentation Methods.

Muscle glycogen concentrations were assessed using ultrasound measurements, which relied on skeletal muscle echogenicity reflecting intracellular glycogen and water dynamics. Specific locations on the vastus lateralis were marked with indelible ink, and 3 ultrasound measurements were taken at each site by a trained technician using a Philips Lumify L12-4 Android Linear Array transducer (12-4 MHz). The muscle area was isolated using a center crop within the muscle section, 25 mm from the top muscle sheath. Glycogen storage was calculated using ultrasound image segmentation methods. Image segmentation is a crucial stage in image processing and analysis, aimed at partitioning a region of interest (ROI) based on certain characteristics and attributes. Thresholding, the most basic segmentation method, involved setting an intensity value as a threshold to separate objects according to their intensity. In this study, we focused on the processing and selection of image analysis in areas of high intensity that corresponded to darker regions. This approach aligned with the ultrasound readings reported by Nieman et al. (20), Greene et al. (9), Sanders et al. (26), San-Millán et al. (27), and Shiose et al. (28) (Figure 2). The mean pixel intensity was averaged from the 3 cropped and segmented scans and expressed as a percentage (5,6).


Running-Based Anaerobic Sprint Test (RAST)


The RAST tests were conducted on day 5 in the morning following a nutritional intervention. Initially, the participants' body mass was measured while wearing all clothing intended for the RAST Test. The RAST protocol involved participants performing six 35-meter maximal sprints with a 10-second interval between each sprint (Figure 1). The duration of each run was measured by 2 timekeepers, and the start of each sprint (at the 10-second interval) was signaled by a beep from the whistle equipment. Subsequently, the power generated in each sprint was calculated using the formula: Power = (Body Mass x Distance2) / Time3 (31,36). 


Statistical Analysis

The data are presented as mean ± standard deviation (SD). Normality of distributions and homogeneity of variance were assessed using the Shapiro-Wilk and Levene's tests, respectively. An independent t-test was applied to compare the characteristics, vastus lateralis glycogen content, and Running-Based Anaerobic Sprint Test (RAST) results between the 2 Groups. A paired t-test was employed to assess within-group differences. Pearson correlation coefficients were calculated to examine the relationship between glycogen content and RAST results, with the strength and direction of the linear relationship represented by Pearson’s correlation coefficient (R). Statistical significance was set at a P-value of < 0.05. Sample size was determined through a power analysis using an effect size of 2.53, an alpha level of 0.05, a power of 0.95, and 95% confidence limits, performed with G*Power 3.1.9.7 software (Dusseldorf, Germany).

RESULTS


The characteristics of the participants are presented in Table 1. There were no significant differences in any descriptive variables between the 2 Groups at baseline period (P > 0.05).


Table 1. Descriptive Characteristics of Participants at Baseline.


		Characteristics

		Control

(n=5)

		CHO Loading (n=5)

		p-value



		Age (years)

		23.20 ( 4.09

		22.40 ( 2.88

		0.730



		Body mass (kg)

		63.62 ( 10.21

		61.12 ( 5.75

		0.173



		Body height (cm)

		164.60 ( 3.21

		163.80 ( 7.56

		0.836



		BMI (kg/m2)

		23.50 ( 3.95

		22.78 ( 1.19

		0.300



		Body Fat (kg)

		15.48 ( 10.48

		10.06 ( 6.14

		0.348



		Bogy Fat (%)

		23.26 ( 13.26

		16.82 ( 11.19

		0.174



		Muscle Mass (kg)

		45.36 ( 5.93

		48.30 ( 9.48

		0.573



		Skeletal Muscle Mass (kg)

		26.84 ( 4.10

		29.68 ( 6.43

		0.429



		Skeletal Muscle Mass (%)

		42.36 ( 6.95

		48.30 ( 8.17

		0.251



		Skeletal Muscle Mass Index (kg/m2)

		8.34 ( 1.25

		8.93 ( 1.04

		0.443



		Resting Metabolic Rate (kcal)

		1444.80 ( 180.58

		1496.40 ( 227.22

		0.701





In the Control Group, the participants significantly increased their carbohydrate intake (g/d) relative to their habitual intake, while significantly reducing their fat consumption (%). The Carbohydrate Loading Group demonstrated a significant increase in carbohydrate intake (g/d, g/kg/d, %) compared to their habitual intake, accompanied by a significant decrease in protein (%) and fat intake (g/d, g/kg/d, %). When comparing the Carbohydrate-Loading Group to the Control Group, the former consumed significantly more carbohydrates and significantly less fat. However, there was no significant difference in total daily energy intake between the 2 Groups. A detailed summary of the dietary intake analysis is presented in Table 2.


Table 2. Dietary Intake Analysis.


		Variable

		Control Group

(n = 5)



		CHO Loading Group

(n = 5)





		

		Habitual

		Control

		Habitual

		CHO 

Loading



		CHO

		g/d

		208.88 ( 33.81b

		268.73 ( 53.40Ya

		198.83 ( 33.73d 

		444.99 ( 49.31Xc



		

		g/kg/d

		3.37 ( 0.85

		4.32 ( 1.18Y

		3.28 ( 0.66d

		7.29 ( 0.67Xc



		

		%




		43.83 ( 7.39




		49.81 ( 0.26Y




		40.29 ( 7.61d




		70.97 ( 0.56Xc






		PRO

		g/d

		94.94 ( 29.79

		117.94 ( 21.82X

		109.88 ( 21.45

		88.61 ( 8.32Y



		

		g/kg/d

		1.50 ( 0.47

		1.89 ( 0.48

		1.81 ( 0.38

		1.45 ( 0.13



		

		%

		19.37 ( 3.41




		21.90 ( 0.19X




		21.99 ( 2.33c




		14.16 ( 0.48Yd






		FAT

		g/d

		82.88 ( 37.75

		63.78 ( 12.72X

		83.79 ( 20.38c

		43.32 ( 5.06Yd



		

		g/kg/d

		1.33 ( 0.68

		1.02 ( 0.28X

		1.38 ( 0.38c

		0.71 ( 0.10Yd



		

		%




		36.79 ( 6.25a




		26.60 ( 0.16Xb




		37.71 ( 6.24c




		15.56 ( 0.74Yd






		Total Energy


Intake

		kcal/d

		1961.27 ( 554.23

		2156.08 ( 417.44

		1989.05 ( 245.47d

		  2507.03 ( 266.72c





CHO = Carbohydrate, PRO = Protein


a,b Within a row, means significantly different within the Control Group (P < 0.05). 


c,d Within a row, means significantly different within the CHO Loading Group (P < 0.05).


X,YWithin a row, means significantly different between the Control Group and the CHO Loading Group (P < 0.05).
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Figure 3. Ultrasound Images of Glycogen Storage in the Vastus Lateralis Muscles of the Control Group and the CHO Loading Group.


Baseline


· Figure 3A, 3E: Pre-exercise ultrasound image shows the initial glycogen storage levels.


· Figure 3B, 3F: Post-exercise ultrasound image shows glycogen depletion after the RAST.


Control Group:


· Figure 3C: Pre-exercise ultrasound image shows the glycogen storage levels after dietary intervention.


· Figure 3D: Post-exercise ultrasound image shows glycogen depletion after the RAST.


CHO Loading Group:


· Figure 3G: Pre-exercise ultrasound image shows the glycogen storage levels after carbohydrate loading.


· Figure 3H: Post-exercise ultrasound image shows glycogen depletion after the RAST.


This comparison reveals significant increases in glycogen storage in the CHO Loading Group pre-exercise compared to baseline, as well as notable glycogen depletion post-exercise. The Control Group shows less pronounced changes in glycogen storage across the same stages.


Glycogen storage in the vastus lateralis muscles of the Control Group increased by only 1.80% from baseline; whereas, the Carbohydrate Loading Group showed a significant increase of 43.40%. The difference in glycogen storage between the Control Group and the Carbohydrate Loading Group was statistically significant, as indicated in Table 3.


Table 3. Results of Vastus Lateralis Glycogen Content.

		Variable

		Glycogen Storage 

(%)





		

		Control Group

(n = 5)

		CHO Loading Group 

(n = 5)



		Baseline

		 50.86 ( 11.89

		 53.77 ( 9.95Y



		After Intervention

		51.77 ( 10.26b

		 77.05 ( 14.57Xa



		In Group Change 

(%)

		0.91 ( 2.89b


(1.80%)

		23.28 ( 15.02a


(43.30%)





a,b Within a row, means significantly different between the Control Group and the CHO Loading Group (P < 0.05).


X,YWithin a column, means significantly different within the Group (P < 0.05).                                                                                                                                                                     

No significant differences were observed between the Control Group and the Carbohydrate Loading Group in the results of the Running-Based Anaerobic Sprint Test (RAST). However, the values in the Carbohydrate Loading Group showed a slight improvement compared to the Control Group, as indicated in Table 4.


Table 4. Results of Running Anaerobic Sprint Test (RAST).


		

		Running-Based Anaerobic Sprint Test



		

		Max Power (W)

		AP (W)

		Min Power (W)

		FI (W/s)



		Control Group (n = 5)

		Pre-test

		1132.00 ( 160.23

		903.80 ( 167.68

		675.20 ( 176.28

		16.92 ( 2.74



		

		Post-test

		1125.80 ( 149.30

		908.60 ( 151.61

		678.20 ( 153.23

		16.67 ( 2.57



		

		In Group Change (%)

		-6.20 ( 20.41


(-0.54%)

		4.80 ( 32.85

(0.53%)

		3.00 ( 33.23


(0.44%)

		-0.25 ( 0.33


(-1.47%)



		CHO Loading Group (n = 5)

		Pre-test

		1138.60 ( 100.06

		909.00 ( 124.18

		719.20 ( 133.14

		15.92 ( 1.83



		

		Post-test

		1152.80 ( 74.17

		944.00 ( 83.71

		753.60 ( 94.64

		15.37 ( 1.46



		

		In Group Change (%)

		14.20 ( 26.52

(1.24%)

		35.00 ( 40.63

(3.85%)

		34.40 ( 39.75


(4.78%)

		-0.55 ( 0.60


(-3.45%)





Max Power = Maximum Power, AP = Average Power, Min Power = Minimum Power, FI = Fatigue Index, W = Watts, s = second


Following the adjustment of the participants' baseline diets to their estimated energy requirements, a strong and statistically significant correlation was observed between the glycogen storage levels and maximum power output during the RAST in both the Control Group and the Carbohydrate Loading Group (r = 0.895 and r = 0.893, respectively). Additionally, in the Carbohydrate Loading Group, a very strong negative correlation was identified between glycogen storage and the fatigue index, as well as between glycogen decrease and the fatigue index (r = -0.893 and r = -0.998, respectively), both of which were statistically significant, as indicated in Table 5.

Table 5. Correlation Analysis Between Vastus Lateralis Glycogen Content and the Running-Based Anaerobic Sprint Test (RAST).


		

		Running-Based Anaerobic Sprint Test

		Vastus Lateralis Glycogen Content



		

		

		Week 1 (Baseline)

		Week 2 (Intervention)



		

		

		Glycogen


Storage

		Glycogen Depletion

		Glycogen


Storage

		Glycogen Depletion



		Control Group


(n = 5)

		Max Power (W)

		  0.895*

		0.312

		0.780

		0.181



		

		AP (W)

		0.857

		0.357

		0.790

		0.238



		

		Min Power (W)

		0.784

		0.354

		0.691

		0.210



		

		FI (Watts/sec)




		0.174




		-0.116




		0.205




		-0.057






		CHO Loading Group


(n = 5)

		Max Power (W)

		  0.893*

		0.246

		0.687

		0.333



		

		AP (W)

		0.871

		0.312

		0.685

		0.616



		

		Min Power (W)

		0.772

		0.292

		0.588

		0.712



		

		FI (Watts/sec)

		0.208

		-0.515

		 -0.893*

		  -0.998**





Max Power = Maximum Power, AP = Average Power, Min Power = Minimum Power, FI = Fatigue Index, W = Watts, Glycogen depletion = The amount of glycogen used during the test was calculated by subtracting the remaining glycogen after the test from the amount accumulated before the test. **Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed). Strength of correlation very weak: <0.20; weak: 0.20-0.39; moderate: 0.40-0.59; strong: 0.60-0.79; very strong: >0.80

DISCUSSION


This report compares carbohydrate loading in elite Jiu-Jitsu athletes consuming a high-carbohydrate diet (7.29 ( 0.67 g/kg/day) with a Control Group. However, the athletes' intake fell below recommended levels of 8 to 12 g/kg/day, which hindered muscle glycogen supercompensation (7,8,16,28). Upon examining the Carbohydrate Loading Group data individually, it was apparent that only the male athletes met the carbohydrate intake threshold, while the female athletes fell short of the 6.78 g/kg/day standard. This likely contributed to the observed lower average carbohydrate intake in the Group. A limitation arises from suboptimal food consumption, evident in the 24-hour dietary recall data (24), of which confirmation of this fact can be sourced from Table 2 where it is evident that the habitual Group's carbohydrate intake was merely 3.37 ( 0.85 and 3.28 ( 0.66 g/kg/day. Prompting adjustment using estimated energy requirements starting from daily energy intake prevents excess energy issues (13,24) crucial for Jiu-Jitsu athletes' performance. However, allocating 70% to carbohydrates, 15% to protein, and 15% to fat (21,25) presents challenges, given the athletes' average estimated energy requirements (females: 2454.45 kcal) and males (2890.52 kcal) (24). Adjusting the energy distribution to increase carbohydrate intake presents another limitation. As a result, daily carbohydrate consumption may fall short of intended levels, which is especially challenging for female athletes experiencing excessive satiety. Despite calculations based on daily energy intake, portion sizes may remain difficult to consume entirely. As discussed by Tarnopolsky et al. (32), the female athletes would need to increase their caloric intake to 2,700 kcal/day for 3 to 4 days with 78% of the energy derived from CHO. Similarly, as discussed by Walker et al. (34), 5 out of 6 female athletes experienced a significant increase after the 7-day experimental period with a high carbohydrate (75 to 80% CHO) and tapering regimen.


Nevertheless, both the habitual and carbohydrate loading groups showed no significant differences in protein (g/d, g/kg/d). This observation is consistent with the 24-hour dietary recall survey outcomes, which revealed that athletes consumed protein within the recommended limits (24). However, it can be observed that the lower fat content in the Carbohydrate Loading Group was a result of adjustments made to align with the daily energy requirements and the distribution of energy from carbohydrates, which was up to 70%. Consequently, calories from fat needed to be restricted. Choosing lean meat and using healthier cooking methods like steaming, poaching, or boiling instead of frying can improve meal nutrition. 


Over the years, ultrasound techniques have been widely used in studies to assess the athletes' muscle glycogen stores, before conducting ultrasound analysis, images were compared following the protocol outlined by Nieman et al. (20). It was observed that the ultrasound images taken before the RAST exhibited darker shades, which indicated higher glycogen storage levels (Figures 3A, 3C, 3E, 3G). In contrast, post-RAST ultrasound images displayed brighter shades that suggested a decrease in glycogen levels (Figures 3B, 3D, 3F, 3H). This observation aligns with previous research findings that attribute the brightness contrast in ultrasound images to ultrasound velocity, which effectively assesses tissue hydration, especially in muscles rich in water content. Early studies proposed that each gram of muscle glycogen binds to 3 to 4 grams of water, thus darker areas in ultrasound images reflect higher levels of glycogen-bound water; whereas, brighter areas indicate lower levels of water (9,26,27,28). 

This study utilized ultrasound image segmentation methods to better understand the storage of glycogen, drawing upon the principles established in the research of Bass et al. (5) and Bunyaviorch and Thanyawet (6). This image analysis technique involves isolating objects by converting grayscale images into binary images. Given that ultrasound images are binary, segmentation is conducted based on specific characteristics and attributes. Thresholding, the fundamental segmentation method, involves setting an intensity value to separate objects according to their intensity. The analysis of glycogen storage in the Carbohydrate Loading Group revealed a 43.30% increase despite the carbohydrate consumption not meeting loading criteria. This can be attributed to the rigorous training regimen that is typical of national team athletes, which may induce minor muscle cell injuries and the sustaining of physiological stress that is linked to enhancing glycogen accumulation to supercompensation levels upon receiving elevated carbohydrate quantities. This phenomenon aligns with the principles of the supercompensation cycle (14).


The Running-Based Anaerobic Sprint Test (RAST) measures anaerobic power and capacity that involves high-intensity exercise beyond the anaerobic threshold, which results in explosive power (36). This leads to increased lactate levels, decreased pH, and muscle fatigue due to elevated oxygen demand. Muscles adapt to short-duration, maximal, and supramaximal activities to sustain anaerobic capacity characterized by fatigue (30,33). In activities requiring maximal energy generation that last around 90 seconds, the ATP-CP system and anaerobic breakdown of muscle glycogen predominantly supply energy (30). Andreato et al. (2) found that Jiu-Jitsu contests involve 4 high-intensity actions every 117 seconds that is crucial for performance and the neuromuscular component of combat sports. Table 4 displays the results of the RAST, which indicates that the intra-group changes within the carbohydrate loading group demonstrated greater development compared to the slight changes observed in the Control Group when assessing percentage values. However, this disparity was not statistically significant. Moreover, the 3.45% decrease in the fatigue index indicates a decrease in muscle fatigue. A lower fatigue index value suggests enhanced lactate tolerance that enables the body to endure higher levels of lactate accumulation. Consistent with the findings from the analysis of the relationship between vastus lateralis glycogen content and the RAST in the CHO Loading Group reveals a strong negative correlation between glycogen storage and glycogen depletion with the fatigue index. 


Based on the lack of differences observed between the Groups, the data collection for this research encompassed the entire available population that presented limitations in dividing the Groups. Notably, the fitness test results did not show a statistically significant difference. In the Carbohydrate Loading Group, the male athletes achieved better running times than the female athletes. This influenced the strength and fatigue index, as males typically exhibit higher anaerobic power values compared to females due to advantages in muscle mass (24), muscle fiber type, dimension, and electro-mechanical characteristics. Additionally, the males generally have a superior capacity for glycogen utilization that further enhances their anaerobic performance (33). This discrepancy contributes to the higher-than-usual standard deviation observed in the intra-group changes column of Table 4. It was also found that the relatively small sample size and high interindividual variability in the data may have contributed to the observed results. Gender differences, which affect food intake and physical capabilities, may have contributed to inaccuracies in determining the experiment's average performance.


The correlation between the vastus lateralis glycogen content and the RAST indicates that during the baseline period, both the Control Group and the Carbohydrate Loading Group exhibited a strong relationship between glycogen storage and maximum power from the RAST. However, following the intervention, a decrease in the glycogen accumulation and maximum power was observed specifically in the Carbohydrate Loading Group, despite an expected increase in glycogen levels. This outcome suggests challenges in achieving significant physiological changes in elite athletes within a short 4-day period, given their already optimized body composition. Consuming the right amount of food ensures that the body receives essential nutrients that can serve as energy sources during competition. However, nutrition alone does not solely determine physical development. Combining proper nutrition with disciplined training is essential to prepare the body effectively for competitive performance. For future research, the study groups should be separated by gender to ensure more accurate analysis values.


CONCLUSIONS


This study underscores the potential for muscle glycogen supercompensation through a high-carbohydrate intake combined with an exercise training regimen. We observed a significant increase in muscle glycogen concentration following a 4-day high-carbohydrate diet. Additionally, glycogen storage demonstrated a negative correlation with the fatigue index that suggests a decrease in muscle fatigue that was likely due to the enhanced lactate tolerance and improved utilization of the anaerobic energy system. Although the carbohydrate loading strategy showed a modest advantage in maintaining anaerobic performance during the RAST, the difference did not reach statistical significance.
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