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[bookmark: _Hlk182222318][bookmark: _Hlk181177381]Smith RW, Arnett JE, Ortega DG, Roberts TD, Pioske JS, Schmidt RJ, Housh TJ. Effects of Whey Protein and Leucine Supplementation on Muscular Strength, Endurance, and Size During Eight Weeks of Dynamic Constant External Resistance Training. JEPonline 2014;27(6):36-63. This study examined the effects of resistance training combined with whey protein and leucine blends on muscular strength (1-RM), endurance (repetitions to failure [RTF]), cross-sectional area (CSA), perceived exertion (RPE), and body mass (BM). Thirty-nine men (age = 20.6 ± 1.5 yrs) were randomly assigned to 1 of 3 Groups: (a) 1 dose of 40 g of whey protein and 6.2 g of total leucine (1PRO+L, n = 13); (b) 2 doses of 20 g of whey protein and 6.2 g of total leucine per dose (2PRO+L, n = 12); or (c) placebo (PLA, n = 14). The dependent variables were assessed before and after 8 weeks of high-intensity resistance training 3 d·wk-1. Mixed factorial ANOVAs revealed significant (P < 0.001) increases in BP and LE 1-RM and RTF, VL CSA, a reduction in RPE, and no change in BM (P > 0.05), with no between Group differences. Individual analyses indicated that a greater proportion of the 1PRO+L Group exceeded the minimal important difference for LE 1-RM and RTF compared to those in the 2PRO+L and PLA Groups (P < 0.05). No other differences were observed for the individual responses. These findings indicate that 40 g of whey protein with 6.2 g of total leucine increased LE 1-RM and RTF more than 2 doses of 20 g of whey protein with 6.2 g of total leucine or PLA.
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INTRODUCTION



Resistance training significantly impacts muscle protein synthesis (MPS) (46), and has been shown to increase muscle hypertrophy and muscular strength. For muscle hypertrophy to occur, MPS must exceed muscle protein breakdown (MPB), creating a positive net protein balance (NPB = MPS – MPB). This process involves incorporating amino acids (AAs) into bound skeletal muscle proteins (41,52). However, without sufficient protein intake (36), post- exercise NPB remains negative. Consequently, it is common to consume commercial protein supplements immediately after resistance training. 

Research indicates that MPS is further stimulated, and MPB rates are inhibited when individuals consume a high biological value protein that provides at least ~10 g of essential amino acids (EAAs), particularly leucine, within 2-hour post-exercise (5,8,34,45). Leucine plays a crucial role as a primary EAA in activating the mammalian target of rapamycin complex-1 (mTOR), a key protein responsible for triggering MPS (35). It is suggested that MPS begins to increase with around 3 g of leucine and plateaus at approximately 15 to 18 g (9,13). For example, Coburn et al. (11) reported that consuming 20 g of a whey protein blend with 6.2 g of leucine, combined with 8 weeks of unilateral leg extension dynamic constant external resistance (DCER) training resulted in greater increases in muscular strength compared to a PLA group. Therefore, it is recommended to consume whey protein with optimal leucine content following resistance training to maximize MPS (47).

Previous research suggests that there is no further stimulation of MPS beyond a dose of 20 to 25 g of protein with a high biological value following exercise and that increasing the dose to 40 g of protein leads to increased AA oxidation (29,53). However, a recent study by Trommelen et al. (48) demonstrated that consumption of a single dose of 100 g of milk protein led to greater and longer-lasting increases in post-prandial plasma AA availability, whole-body net protein balance, and the circulating levels of mixed muscle, myofibrillar, muscle connective, and plasma proteins compared to a dose of 25 g of milk protein. 

Furthermore, a previous study by Macnaughton et al. (26) showed that MPS was stimulated more effectively with 40 g of protein than with 20 g of protein following an acute bout of whole-body DCER training. The authors suggested that with whole-body training the available AAs from the ingested protein needed to be distributed among a greater muscle mass than isolated muscle training, necessitating a larger protein intake to adequately stimulate MPS (26). Consequently, the use of a single, larger dose of protein may lead to a greater muscular adaptation following whole-body DCER training compared to a smaller, albeit “optimal,” dose of protein.

Currently, most nutritional supplement interventions have evaluated their results by comparing the mean responses of different test groups. However, there is a growing acknowledgement that inferences drawn from group-based statistical analyses can be constrained by both intra- and inter-individual variability in how subjects respond to supplements and training interventions (38,42,52). This variability presents a challenge for coaches, practitioners, and sports scientists in determining whether athletes are adapting to training or benefiting from supplementation, particularly when relying solely on mean group responses rather than individual subject data. 



Consequently, there is an increasing movement within exercise science and sports nutrition to focus on individual outcomes using other parameters, such as 95% confidence intervals (42), smallest worthwhile change (14,18,42), the minimal important difference (MID) (12,22,32), minimal clinically important difference (7,12,15), and minimal difference (49). For instance, several recent studies have used these quantitative analyses to investigate the effects of various nutritional supplements on individual muscular performance (3,31), to assess interlimb differences in the lower body (6), and to examine muscle excitation and performance of the leg extensors in individual athletes (17). 

In practical terms, coaches, and personal trainers may find this information valuable, especially since most contemporary resistance training programs are tailored to the individual. Moreover, individual consumers considering the use of nutritional supplements in conjunction with their resistance training will benefit from understanding their unique responses rather than relying on group averages. Therefore, adopting an objective and quantitative statistical method to evaluate the effects of supplementation and resistance training on individual outcomes could provide coaches, practitioners, and athletes with valuable insights that complement traditional group-based analyses.



Previous research (11) has investigated the effects of a whey protein blend with leucine on unilateral leg extension (LE) strength and quadriceps size following 8 weeks of unilateral training. Additionally, a study compared the impact of a whey protein blend with leucine and a carbohydrate supplement on muscular strength, muscular endurance, and body composition following 8 weeks of both upper- and lower-body DCER training (28). However, neither study analyzed individual responses to resistance training and supplementation. While several studies have reported beneficial effects of protein and/or EAA supplementation on muscular performance and muscle size at the group level, there has been no examination of the effects of protein supplementation combined with leucine on individual responses following a supplementation and resistance training intervention. Furthermore, it remains unclear whether increasing the amount of leucine in conjunction with adequate protein dosage would yield more effective results. 



Therefore, the purpose of this study was to examine the effects of 3 supplementation protocols: (a) One dose of 40 g of whey protein with a total of 6.2 g of leucine taken once daily (1PRO+L); (b) 20 g of whey protein with a total of 6.2 g of leucine per dose taken twice daily (yielding a total of 40 g of whey protein and 12.4 g of leucine per day) [2PRO+L]); and (c) placebo (PLA) on bench press (BP) and LE one-repetition maximum (1-RM) and repetitions to failure (RTF), muscle cross-sectional area (CSA), ratings of perceived exertion (RPE), and body mass (BM) following 8 weeks of DCER training and supplementation. 



Based on the findings of previous studies (11,13,23,26,28,48), the following hypotheses were made: (a) A dose of 40 g of whey protein with a total of 6.2 g of leucine taken once daily would significantly improve muscular strength and endurance as well as increase muscle size and BM following the 8-week training intervention; (b) The 40 g of whey protein with a total of 6.2 g of leucine once daily would yield effects on muscular strength and endurance as well as muscle size and BM comparable to those from the 20 g of whey protein and 6.2 g of leucine taken twice daily; and (c) Both the 40 g of whey protein plus 6.2 g of leucine once daily and the 20 g of whey protein plus 6.2 g of leucine taken twice daily would significantly improve muscular strength, muscular endurance, and muscle size for individual subjects in comparison to the placebo group.
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METHODS



Study Design

The present study used a double-blind, placebo-controlled parallel group design to investigate the effects of 8 weeks of supplementation with a whey protein blend with added leucine once daily (1PRO+L), twice daily (2PRO+L), or PLA plus DCER training on muscular strength, muscular endurance, muscle CSA, RPE, and BM. Thirty-nine men were randomly assigned to 1PRO+L (n = 13), 2PRO+L (n = 12), or PLA (n = 14). The subjects visited the exercise physiology laboratory for a familiarization visit where they were oriented to the testing procedures. During the pre-intervention test visit, a baseline measure of muscle CSA from the vastus lateralis (VL) and BM were recorded. This was followed by BP 1-RM, LE 1-RM, and performance of RTF for both BP and LE exercises at 80% 1-RM. RPE was also recorded at task failure during the muscular endurance tests. The subjects then completed an 8-wk training intervention that included warm-up sets followed by one set of progressively increasing BP and LE DCER training to failure that began at 80% of the pre-intervention 1-RM for 3 d·wk-1 along with daily supplementation. During the post-intervention test-visit, measurements of muscular strength, muscular endurance, muscle CSA, RPE, and BM were conducted in the same manner as during the pre-intervention test visit.

Subjects

The age, height, and BM of the 39 men volunteers are presented in Table 1. An a priori analysis (G*Power version 3.1.9.7, Düsseldorf, Germany) indicated that an estimated effect size consistent with previously published data (1,11) for resistance training induced increases in BP 1-RM and LE 1-RM of 0.6 and a power of 0.80 at P < 0.05 required 12 subjects per group. The study was approved by the University Institutional Review Board for Human Subjects (IRB approval #: 20210721118FB), and prior to testing, the subjects signed a written Informed Consent and completed a Health History Questionnaire that included information regarding exercise participation and dietary supplementation. 



The subjects were eligible for the study provided they were recreationally active (27), had not consumed a dietary supplement (i.e., protein supplements, creatine monohydrate, ribose, androstenedione or dehydroepiandrosterone) in the past 6 weeks, and were free of any cardiovascular, metabolic, pulmonary, or musculoskeletal disorders. Forty-three men originally volunteered to participate in this study. However, 4 subjects were discontinued due to non-compliance with the training and supplementation protocol (n = 1), muscle soreness related to the BP and the subject decided not to continue (n = 1), a lower body injury unrelated to the study (n = 1), and for reasons unrelated to the study (n = 1). Therefore, 39 men completed the study, and their data were used for analyses.



Familiarization Visit

The first visit served as an orientation for the subjects to become familiar with the testing procedures to be completed during the subsequent test visits. During this visit, the subjects performed BP DCER exercises with a submaximal load on a standard free-weight bench (Body Power, Williamsburg, VA, USA) with a traditional Olympic barbell. The subjects then performed bilateral LE DCER exercises, on a seated, plate loaded LE machine (Body Solid Inc., Forest Park, IL) with a submaximal load to practice the movement. 



The subjects were familiarized with the Omnibus-Resistance Exercise 10-point RPE scale (OMNI-RES) (37), where a ‘0’ indicated no exertion and a ‘10’ indicated maximal exertion. At the end of the familiarization visit, the subjects were asked to complete and return a 3-day dietary recall form by the day of the subsequent test visit, and to abstain from exercise 24 hours prior to the test visit. All dietary information was analyzed using the Nutritionix software (Syndigo LLC, Chicago, IL, USA).



Pre-Intervention Test Visit

During the pre-intervention test visit, the subjects returned their 3-day dietary recall form. Subsequently, the VL muscle CSA was measured using ultrasound, and BM was assessed using a digital scale (SECA model 769 Digital Column Scale, Chino, CA, USA). The subjects then performed 1-RM testing for both the BP and LE exercises. For the BP, following an initial lift off from a spotter, the subjects were instructed to lower the barbell in a controlled manner until it contacted their chest, at which point they would lift the barbell back to a locked-out position. 



Throughout all BP repetitions, a spotter stood behind the bench (Figure 1) to assist the subject in case they were unable to successfully complete a repetition. For the LE exercise, a goniometer was positioned over the lateral patellofemoral joint to determine the range of motion (180° corresponded to full extension) on the LE machine. A ruler attached to an adjustable tripod stand (Figure 1) marked the point of full extension for each subject, thus indicating the successful completion of a repetition and standardizing the full range of motion individually for each subject. 



Figure 1. Experimental Setup for the Bench Press and Leg Extension Testing and Training.

[bookmark: _Hlk181177105]The 1-RM for the BP and LE were performed according to the guidelines established by the National Strength and Conditioning Association (16). Each subject began with a warm-up set consisting of 5 to 10 repetitions at 50% of their estimated 1-RM, followed by 2 to 3 heavier warm- up sets of 2 to 5 repetitions with loads increasing 10 to 20% for each set. After a rest of period of 2 minutes, the subjects proceeded to perform sets of 1 repetition with progressively heavier loads (5 to 10%) until they could no longer complete a successful repetition. Two minutes of rest were provided between trials. The highest load (in kg) successfully lifted through the entire range of motion with proper technique was considered a 1-RM. The 1-RM was determined within 3 to 5 trials.   

After 5 minutes of rest, muscle endurance was assessed by subjects performing one set of RTF with a load corresponding to 80% of their BP and LE 1-RM. Two minutes of rest were provided between the tests. Failure was defined as the inability to complete a successful repetition (16). Immediately at task failure during the RTF tests, the subjects provided an RPE value that reflected their perception of the exertion associated with the final repetition. Strong verbal encouragement was provided during the 1-RM and RTF assessments. Previous test-retest reliability analyses from our laboratory reflected excellent reliability with ICCs of 0.944 and 0.900 for BP 1-RM and BP RTF, respectively (1).



Supplementation and Training Intervention

Following the pre-intervention test visit, the subjects were randomly assigned to 1 of 3 Groups (1PRO+L, 2PRO+L, or PLA) and instructed to consume either: (a) One dose of 40 g of whey protein (GNC Holdings, LLC, Pittsburgh, PA, USA) with a total of 6.2 g of leucine once daily and one dose of 2 g of cellulose once daily (1PRO+L); (b) 20 g of whey protein with a total of 6.2 g of leucine per dose twice daily (total of 40 g of whey protein and 12.4 g of leucine daily) (2PRO+L); or (c) 2 g of cellulose twice daily (PLA) for 56 days. A 40 g dose of whey protein isolate naturally contains around 4.2 g of leucine; whereas, the 20 g dose provides 2.1 g of leucine, therefore 2 g and 4.1 g of additional L-leucine was included for each supplement, respectively. 



[bookmark: _Hlk181177603]On training days, the subjects were provided with their supplement and consumed it immediately after training. The subjects were instructed to consume the second dose of their supplement within 2 to 4 hours before or after the training session. On non-training days, the subjects were instructed to ingest their supplement at least 2 hours, but no more than 4 hours apart. The supplements and PLA were in powder form and packaged in individual foil-lined packets, which correspond to one serving. The subjects were provided with a 2-week supply of their supplement that was to be consumed on non-training days and 2 to 4 hours before or after training. All used or unused packets were returned to the investigators on a bi-weekly basis and a new 2-week supply of supplement or PLA was distributed.



The resistance training visits were supervised and conducted 3 d·wk-1 for 8 weeks. Prior to the start of each training session, an investigator confirmed that the subjects had not experienced any adverse events since their last visit. During each training visit, the subjects began with a warm up consisting of 2 sets of 8 repetitions at approximately 50% and 70% 1-RM, then they completed 1 set of BP and LE exercises to failure with loads that initially corresponded to 80% of their pre-intervention 1-RM. Throughout the training, if a subject was able to complete 8 or more repetitions on their set to failure, 2.3 to 4.5 kg and 4.5 to 11.3 kg were added to each set for the next training session for the BP and LE, respectively. 



Strong verbal encouragement was provided during each set to failure and two minutes of rest was allotted between sets and exercises. In the last week of the intervention, the subjects were instructed to complete and return a second 3-day dietary recall form at the subsequent test visit. On the final resistance training visit, prior to training, the subjects performed one set of BP and LE exercises for the same number of repetitions performed during the pre-intervention test visit with the load corresponding to 80% of their pre-intervention 1-RM for each exercise. Post- intervention RPE values were recorded immediately after the final repetitions of the BP and LE sets.



Post-Intervention Test Visit

Following 8 weeks of training and supplementation, the subjects underwent a post-intervention test visit using the same testing procedures as the pre-intervention test visit. Prior to the muscular strength and muscular endurance assessments, the subjects returned their final package of supplements or PLA (used and unused). The BM of the subjects was recorded and ultrasound measurements of VL CSA were then assessed. Finally, the subjects performed a 1-RM for the BP and LE exercises as well as RTF for the BP and LE exercises at 80% of the pre-intervention 1-RM.







Ultrasound Assessment of Muscle Size

To assess muscle size, assessments of muscle CSA for the VL were conducted at the beginning of the pre-intervention and post-intervention test visits. Ultrasound images of the VL of the dominant leg (based on kicking preference) were obtained using a portable brightness mode (B-mode) ultrasound-imaging device (GE Logiq, Wauwatosa, WI, USA) with a multifrequency linear-array probe (12 L-Rs; 5-13 MHz; 38.4 mm field-of-view). All ultrasound images were performed at a sampling rate of 10 MHz at a gain of 58 dB. Ultrasound images were analyzed using ImageJ software (Version 1.53t., National 130 Institutes of Health, Bethesda, MD, USA), and prior to all analyses, the images were scaled from pixels to centimeters using the straight-line function in ImageJ. 



The CSA of the VL was assessed at 50% of the distance between the lateral condyle and greater trochanter of the femur in accordance with the measurement area used by Ruas et al (39). The CSA of the VL was determined by moving the probe from the most lateral to the most medial aspect of the thigh using the panoramic mode on the ultrasound and calculated using the polygon function in ImageJ (Figure 2). All images were taken by the same investigator while the subject was seated in a semi-recumbent position with the leg supported and the arms in a relaxed position. Great care was taken to ensure that consistent, minimal pressure was applied with the probe to limit compression of the muscle. To enhance acoustic coupling and reduce near field artifacts, a generous amount of water-soluble transmission gel was applied to the skin prior to each measurement.
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Figure 2. Ultrasound Image for the Determination of the Cross-Sectional Area of the Vastus Lateralis at 50% of the Distance Between the Lateral Condyle and Greater Trochanter of the Femur.





Statistical Analyses



Pre-intervention between-group mean differences for age, height, and BM were analyzed using one-way ANOVAs. Supplement compliance (%) and training compliance (%) between group mean differences were analyzed using one-way ANOVAs. Separate 3 (Group: 1PRO+L, 2PRO+L, and PLA) × 2 (Time: Pre-Intervention and Post-Intervention) mixed factorial ANOVAs were used to compare pre-intervention to post-intervention changes by group for BP and LE 1-RM, RTF for BP and LE, VL CSA, RPE, and BM as well as total calories, carbohydrate, protein, and fat intake. To determine minimal important changes in 1-RM and RTF for BP and LE as well as VL CSA and BM for individual subjects, the MID values were calculated as (2,3,32):

[image: ]







Where SDpooled was the pre-supplementation between-subjects standard deviation and 0.5 reflects a moderate effect size necessary to be considered an important change (12,32). The proportion of subjects that exceeded the MID for BP and LE 1-RM, RTF for BP and LE, VL CSA, and BM were examined between each group using separate Chi-squared (X2) tests. Effect sizes were calculated using partial eta squared (ηp2) or Cohen’s d for each mixed factorial ANOVA and main effect comparison, respectively, and an alpha value of P ≤ 0.05 was considered statistically significant. All statistical analyses were performed using IBM SPSS v 29 (Armonk, NY, USA).
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Subject Demographics, Dietary Recall, Supplementation Compliance, and Training Compliance

There was no pre-intervention mean differences (P = 0.070-0.483, ηp2 = 0.040-0.137) between the Groups for age, height, or BM. Furthermore, there was no significant two-way interaction (P = 0.961, ηp2 = 0.002), or main effects for Time (P = 0.541, ηp2 = 0.010) or Group (P = 0.284, ηp2 = 0.067) for BM. In addition, analyses for dietary intake indicated no significant two-way interactions (P = 0.075-0.937, ηp2 = 0.001-0.134), or main effects for Time (P = 0.064-0.233, ηp2 = 0.039-0.092) or Group (P = 0.093-0.431, ηp2 = 0.046-0.124) for total calories, carbohydrate, protein, or fat. All the subjects had a compliance rate between 90% and 100% for supplement consumption and all the subjects completed between 83% and 100% of the 24 training sessions. Furthermore, there were no mean differences between the Groups for supplement compliance (P = 0.894, ηp2 = 0.006) or training compliance (P = 0.745, ηp2 = 0.016) (Table 1).



1-RM, Repetitions-to-Failure, and Ratings of Perceived Exertion

The 3×2 mixed factorial ANOVA for BP 1-RM indicated no significant (P = 0.123, ηp2[image: ] = 0.110) two-way interaction or main effect for Group (P = 0.123, ηp2 = 0.110), but there was a significant main effect for Time (P < 0.001, ηp2 = 0.846). The main effect for Time, collapsed across Group, indicated that BP 1-RM increased significantly from pre-intervention to post- intervention (85.6 ± 19.8 vs. 98.6 ± 19.4 kg; P < 0.001, d = 0.663) (Figure 3). 
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Figure 3. Pre-Intervention and Post-Intervention (Mean ± SD) Bench Press One- Repetition Maximum (BP 1-RM [kg]), Collapsed across Group. *The Main Effect for Time, Collapsed Across Group, Indicated a Significant (P < 0.001, d = 0.663) Increase in BP 1-RM from Pre-Intervention to Post-Intervention (85.6 ± 19.8 vs. 98.6 ± 19.4 Kg).







For LE 1-RM, the 3×2 mixed factorial ANOVA indicated no significant (P = 0.263, ηp2 = 0.072) two-way interaction or main effect for Group (P = 0.844, ηp2 = 0.009), but there was a significant main effect for Time (P < 0.001, ηp2 = 0.619). The main effect for Time, collapsed across Group, indicated that LE 1-RM increased significantly from pre-intervention to post-intervention (129.2 ± 24.9 vs. 161.5 ± 25.3 kg; P < 0.001, d = 1.287) (Figure 4).
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Figure 4. Pre-Intervention and Post-Intervention (Mean ± SD) Leg Extension One- Repetition Maximum (LE 1-RM [kg]), Collapsed Across Group. *The Main Effect for Time, Collapsed Across Group, indicated a Significant (P < 0.001, d = 1.287) Increase in LE 1-RM from Pre-Intervention to Post-Intervention (129.2 ± 24.9 vs. 161.5 ± 25.3 kg).



The 3×2 mixed factorial ANOVA for BP RTF indicated a significant (P = 0.049, ηp2 = 0.155) two-way interaction that was decomposed by Group. Follow-up analyses indicated that BP RTF increased significantly from pre-intervention to post-intervention for 1PRO+L (6.6 ± 1.3 vs. 15.0 ± 4.5 repetitions; P < 0.001, d = 1.999), 2PRO+L (7.6 ± 1.7 vs. 12.7 ± 1.7 repetitions; P < 0.001, d = 2.703), and PLA (6.9 ± 1.4 vs. 13.7 ± 2.8 repetitions, P < 0.001, d = 2.241), with no differences between Groups (Figure 5). For LE RTF, the 3×2 mixed factorial ANOVA indicated no significant (P = 0.644, ηp2 = 0.024) two-way interaction or main effect for Group (P = 0.537, ηp2 = 0.034), but there was a significant main effect for Time (P < 0.001, ηp2 = 0.479). The main effect for Time, collapsed across Group, indicated that LE RTF increased significantly from pre-intervention to post-intervention (10.1 ± 3.2 vs. 19.3 ± 9.2 repetitions; P < 0.001, d = 1.336) (Figure 6).
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Figure 5. Pre-Intervention and Post-Intervention (Mean ± SD) Bench Press (BP) Repetitions-to-Failure (Repetitions) for 1PRO+L Group (One Dose of 40 g of Whey Protein with 6.2 g of Total Leucine Taken Once Daily and One Dose of 2 g of Cellulose Taken Once Daily), 2PRO+L Group (One Dose of 20 g of Whey Protein with 6.2 g of Total Leucine Taken Twice Daily [Total of 40 g of Whey Protein and 12.4 g of Leucine]), and PLA Group (One Dose of 2 g Of Cellulose Taken Twice Daily). *ANOVA with Follow-Up Analyses Indicated a Significant Increase in BP Repetitions-to-Failure from Pre-Intervention to Post-Intervention 1PRO+L (6.6 ± 1.3 vs. 15.0 ± 4.5 Repetitions; P < 0.001, d = 1.999), 2PRO+L (7.6 ± 1.7 vs. 12.7 ± 1.7 Repetitions; P < 0.001, d = 2.703), and PLA (6.9 ± 1.4 vs. 13.7 ± 2.8 Repetitions, P < 0.001, d = 2.241).

10











*



30





25LE Repetitions-to-Failure (repetitions)







20





15





10





5





0

            



         

            Pre-Intervention	                                 Post-Intervention



Figure 6. Pre-Intervention and Post-Intervention (Mean ± SD) Leg Extension (LE) Repetitions-to-Failure (Repetitions), Collapsed across Group. *The Main Effect for Time, Collapsed Across Group, Indicated a Significant (P < 0.001, d = 1.336) Increase in LE Repetitions from Pre-Intervention to Post-Intervention (10.1 ± 3.2 vs. 19.3 ± 9.2 repetitions).



The 3×2 mixed factorial ANOVA for BP RPE indicated no significant (P = 0.321, ηp2 = 0.061) two-way interaction, but there were significant main effects for Time (P < 0.001, ηp2 = 0.913) and Group (P = 0.009, ηp2 = 0.230). Main effect comparisons indicated that RPE significantly decreased from pre-intervention to post-intervention for 1PRO+L (8.9 ± 0.9 vs. 4.5 ± 0.8; P < 0.001, d = 3.723), 2PRO+L (9.7 ± 0.7 vs. 5.7 ± 1.5; P < 0.001, d = 2.708), and PLA (9.3 ± 0.8

vs. 4.4 ± 1.5; P < 0.001, d = 3.110) (Figure 7). 



Collapsed across Time, there were no mean differences between the Groups in BP RPE (P = 0.162, ηp2 = 0.096). The 3×2 mixed factorial ANOVA for LE RPE indicated no significant (P = 0.909, ηp2 = 0.005) two-way interaction or main effect for Group (P = 0.909, ηp2 = 0.005), but there was a significant main effect for Time (P < 0.001, ηp2 = 0.831). The main effect for Time, collapsed across Group, indicated RPE decreased significantly from pre-intervention to post-intervention (9.3 ± 0.8 vs. 4.6 ± 2.2; P < 0.001, d = 2.839) (Figure 8).
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Figure 7. Pre-Intervention and Post-Intervention (Mean ± SD) Bench Press Ratings of Perceived Exertion (BP RPE) for 1PRO+L Group (One Dose of 40 g of Whey Protein with 6.2 g of Total Leucine Taken Once Daily and One Dose of 2 g of Cellulose Taken Once Daily), 2PRO+L Group (One Dose of 20 g of Whey Protein with 6.2 g of Total Leucine Taken Twice Daily [Total of 40 g of Whey Protein and 12.4 g of Leucine]), and PLA Group (One Dose of 2 g of Cellulose Taken Twice Daily). *ANOVA with Follow-Up Analyses indicated a Significant Decrease in BP RPE from Pre-Intervention to Post- Intervention for 1PRO+L (8.9 ± 0.9 vs. 4.5 ± 0.8; P < 0.001, d = 3.723), 2PRO+L (9.7 ± 0.7 vs. 5.7 ± 1.5; P < 0.001, d = 2.708), and PLA (9.3 ± 0.8 vs. 4.4 ± 1.5; P < 0.001, d = 3.110).
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Figure 8. Pre-Intervention and Post-Intervention (Mean ± SD) Leg Extension Ratings of Perceived Exertion (LE RPE), Collapsed across Group. *The Main Effect for Time, collapsed across Group, indicated a Significant (P < 0.001, d = 2.839) Decrease in LE RPE from Pre-Intervention to Post-Intervention (9.3 ± 0.8 vs. 4.6 ± 2.2).



Vastus Lateralis Cross-Sectional Area

The 3×2 mixed factorial ANOVA for VL CSA indicated no significant (P = 0.307, ηp2 = 0.063) two-way interaction or main effect for Group (P = 0.508, ηp2 = 0.037), but there was a significant main effect for Time (P < 0.001, ηp2 = 0.581). The main effect for Time, collapsed across Group, indicated that VL CSA increased significantly from pre-intervention to post- intervention (31.7 ± 7.6 vs. 34.3 ± 7.6 cm2; P < 0.001, d = 0.343) (Figure 9).
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Figure 9. Pre-Intervention and Post-Intervention (Mean ± SD) Vastus Lateralis Cross- Sectional Area (VL CSA [cm2]), Collapsed Across Group. *The Main Effect for Time, Collapsed Across Group, Indicated a Significant (P < 0.001, d = 0.343) Increase in VL CSA from Pre-Intervention to Post-Intervention (31.7 ± 7.6 vs. 34.3 ± 7.6 cm2).



Minimal Important Difference for 1-RM, Repetitions-to-Failure, Vastus Lateralis Cross- Sectional Area, and Body Mass

[bookmark: _Hlk181181591][bookmark: _Hlk181185118]The MID for 1-RM BP was 9.9 kg, which was exceeded by 11 of 13 subjects (84.6%) for the 1PRO+L Group, 6 of 12 subjects (50.0%) for the 2PRO+L Group, and 12 of 14 subjects (85.7%) for the PLA Group (Table 2). The results of the X2 analyses demonstrated no differences in the proportion of subjects that exceeded the MID between the 1PRO+L Group and 2PRO+L Group (P = 0.936) or 1PRO+L and PLA Group (P = 0.064). There was, however, a significantly (P = 0.049) greater proportion of subjects that exceeded the MID for the PLA Group (85.7%) than the 2PRO+L Group (50.0%). The MID for 1-RM LE was 12.5 kg, which was exceeded by 13 of 13 subjects (100.0%) for the 1PRO+L Group, 7 of 12 subjects (58.3%) for the 2PRO+L Group, and 10 of 14 subjects (71.4%) for the PLA Group (Table 3). The results of the X2 analyses demonstrated that a significantly greater proportion of subjects exceeded the MID for the 1PRO+L Group (100.0%) than the 2PRO+L Group (58.33%; P = 0.009) and PLA Group (71.4%; P = 0.037). There was no difference in the proportion of subjects that exceeded the MID between the PLA Group and 2PRO+L Group (P = 0.484).



The MID for BP RTF was 0.7 repetitions, which was exceeded by all the subjects (100%) in each Group (Table 4). The MID for LE RTF was 1.6 repetitions, which was exceeded by 13 of 13 subjects (100.0%) for the 1PRO+L Group, 8 of 12 subjects (66.7%) for the 2PRO+L Group, and 10 of 14 subjects (71.4%) for the PLA Group (Table 5). The results of the X2 analyses demonstrated that a significantly greater proportion of subjects exceeded the MID for the



1PRO+L Group (100.0%) than the 2PRO+L Group (66.7%; P = 0.023) and PLA (71.4%; P = 0.037) Groups. There was no difference, however, in the proportion of subjects that exceeded the MID between the PLA Group and 2PRO+L Group (P = 0.793).

The MID for VL CSA was 3.8 cm2, which was exceeded by 2 of 13 subjects (15.4%) for the 1PRO+L Group, 4 of 12 subjects (33.3%) for the 2PRO+L Group, and 4 of 14 subjects (28.6%) for the PLA Group (Table 6). The results of the X2 analyses demonstrated no differences between the 1PRO+L and 2PRO+L Groups (P = 0.294), 1PRO+L and PLA Groups (P = 0.410), or 2PRO+L and PLA Groups (P = 0.793).

The MID for BM was 6.9 kg, which was not exceeded by any of the subjects for the 1PRO+L Group, 2PRO+L Group, or PLA Group (Table 7). The results of the X2 analyses demonstrated no differences (P > 0.05) between the 1PRO+L and 2PRO+L Groups, 1PRO+L and PLA Groups, or 2PRO+L and PLA Groups.



[bookmark: DISCUSSION]DISCUSSION



The findings of the present study revealed pre-intervention to post-intervention mean increases in BP 1-RM and RTF (Figures 3 and 5), LE 1-RM and RTF (Figures 4 and 6), and VL CSA (Figure 9). Conversely, there were mean decreases in BP RPE (Figure 7) and LE RPE (Figure 8). No changes in BM were noted (Table 1), nor were there any significant differences between the Groups for any of the variables measured (1PRO+L = 2PRO+L = PLA). These findings indicate that, when compared to the PLA, the whey protein supplementation (40 g daily for the 1PRO+L and the 2PRO+L Groups), timing of the supplementation (immediately after and/or separated from training), and dose of leucine (daily dose of 6.2 g for 1PRO+L or daily dose of 12.4 g for 2PRO+L) had no effects on the resistance training-induced mean changes in muscular strength and endurance, muscle size, RPE, or BM.



Numerous studies (4,19-21,24,25,28,33,43,50,51) have reported inconsistent findings regarding the effects of protein and/or leucine supplementation, or protein timing when paired with resistance training on MPS, muscular strength and endurance, and muscle hypertrophy. The effectiveness of protein supplementation for enhancing muscular performance and muscle hypertrophy is influenced by many factors, including the intensity, volume, and progression of the resistance training program, length of the intervention, training status of the subjects, dietary caloric intake, and quality and quantity of protein intake (23). 



It has been suggested that protein and/or leucine supplementation is not effective for augmenting the effects of resistance training on muscular strength and muscle hypertrophy when the dietary protein intake meets or exceeds the recommended levels, 1.2 to 2 gkg-1d-1, for promoting muscular adaptations (23,44). Moreover, a meta-analysis by Schoenfeld et al. (40) on the effects of protein timing on muscular strength and muscle hypertrophy indicated that protein timing had a small, but significant effect on muscle hypertrophy, but no effect on muscular strength. When controlled for dietary protein intake, however, the sub-analysis indicated that the significant effect was due to greater protein intake for the protein supplemented groups versus the control groups, not protein timing (40). Consequently, the researchers concluded that adequate protein intake, rather than the timing of ingestion, is crucial for achieving the desired muscular adaptations alongside resistance training (40).



		Table 1. Supplementation Group Characteristics (Mean ± SD).



		

Group

		

1PRO+L 



(n = 13)

		

2PRO+L 



(n = 12)

		

PLA 



(n = 14)

		

Composite 



(n = 39)





		

Age (yrs)

		

20.6 ± 1.3

		 

 19.9 ± 1.3

		 

 21.2 ± 1.7

		 

 20.6 ± 1.5



		Height (cm)

		               183.4 ± 7.9

		181.3 ± 6.5

		179.7 ± 7.4

		181.5 ± 7.3



		Supplement Compliance (%)

		97.6 ± 2.1

		 98.1 ± 3.1

		 98.0 ± 3.0

		 97.9 ± 2.7



		Training Compliance (%)

		91.3 ± 4.7

		 91.5 ± 6.0

		 89.9 ± 7.0

		 90.8 ± 5.9





		Pre-Intervention





		Body Mass (kg)

		 86.7 ± 17.2

		 78.0 ± 9.8

		  83.3 ± 12.7

		  82.8 ± 13.8



		Total Calories (kcal)

		2683.2 ± 509.3

		  2234.8 ± 466.4

		  2628.3 ± 484.0

		  2525.5 ± 513.9



		Carbohydrate (g)

		253.3 ± 70.7

		 220.9 ± 61.8

		 282.7 ± 93.4

		 253.9 ± 79.5



		Fat (g)

		123.9 ± 24.5

		  98.9 ± 27.2

		 110.2 ± 18.3

		 111.3 ± 24.9



		Protein (g)

		138.6 ± 30.2

		 115.2 ± 24.6

		 126.4 ± 34.0

		 127.0 ± 30.8





		Post-Intervention





		Body Mass (kg)

		 86.9 ± 17.6

		 78.2 ± 9.2

		  83.3 ± 12.4

		  82.9 ± 13.7



		Total Calories (kcal)

		2512.9 ± 429.5

		  2237.8 ± 563.0

		  2231.2 ± 560.4

		  2327.2 ± 524.5



		Carbohydrate (g)

		245.5 ± 72.3

		 224.1 ± 61.7

		 210.0 ± 62.5

		 226.2 ± 65.7



		Fat (g)

		112.6 ± 17.6

		 100.9 ± 30.2

		 101.4 ± 36.1

		 105.0 ± 29.0



		Protein (g)

		129.3 ± 24.0

		 108.3 ± 28.4

		 119.6 ± 46.9

		 119.4 ± 35.2



		Note: There were no differences (P > 0.05) between the Groups for any variables and no changes from pre-intervention to post-intervention in body mass or dietary intake for any Group. 1PRO+L = one dose of 40 g of whey protein with a total of 6.2 g of leucine taken once daily and one dose of 2 g of cellulose taken once daily; 2PRO+L = one dose of 20 g of whey protein with a total of 6.2 g of leucine per dose taken twice daily; PLA = one dose of 2 g of cellulose taken twice daily.
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		Table 2. Absolute Change (Post-Intervention - Pre-Intervention) Values for Bench Press One-Repetition Maximum

with Identification of the Individual Subjects that Exceeded the Minimal Important Difference.



		

Group

		

Subject

		

BP 1-RM Change (kg)

		

Group

		

Subject

		

BP 1-RM Change (kg)

		

Group

		

Subject



		

BP 1-RM Change 

           (kg)



		1PRO+L

		1

		29.5a

		2PRO+L 

		1

		6.8

		PLA

		1

		11.3a



		

		2

		20.4a

		

		2

		6.8

		

		2

		13.6a



		

		3

		11.3a

		

		3

		11.3a

		

		3

		22.7a



		

		4

		18.1a

		

		4

		9.1

		

		4

		11.3a



		

		5

		13.6a

		

		5

		11.3a

		

		5

		11.3a



		

		6

		13.6a

		

		6

		9.1

		

		6

		13.6a



		

		7

		9.1

		

		7

		15.9a

		

		7

		27.2a



		

		8

		11.3a

		

		8

		13.6a

		

		8

		15.9a



		

		9

		2.3

		

		9

		4.5

		

		9

		18.1a



		

		10

		15.9a

		

		10

		9.1

		

		10

		               6.8



		

		11

		11.3a

		

		11

		11.3a

		

		11

		13.6a



		

		12

		18.1a

		

		12

		13.6a

		

		12

		15.9a



		

		13

		18.1a

		

		

		

		

		13

		              0.0



		

		

		

		

		

		

		

		14

		11.3a



		

Mean ± SD

		

		

14.8 ± 6.5

		

		

		

10.2 ± 3.3

		

		

		

13.8 ± 6.5



		

Proportion Exceeding MID

		

11 of 13 

(84.6%)

		

		

		

6 of 12 

(50.0%)

		

		

		

12 of 14 

(85.7%)b





		Note: BP 1-RM = Bench press one-repetition maximum; MID = Minimal important difference; 1PRO+L = one dose of 40 g of whey protein with a total of 6.2 g of leucine taken once daily and one dose of 2 g of cellulose taken once daily; 2PRO+L = one dose of 20 g of whey protein with a total of 6.2 g of leucine per dose taken twice daily; PLA = one dose of 2 g of cellulose taken twice daily. aIndicates an increase in BP 1-RM from pre-intervention to post-intervention that exceeded the minimal important difference (pooled pre-intervention SD = 19.8 kg × 0.5 effect size = 9.9 kg). bIndicates a significantly (P = 0.049) greater proportion of individual subjects in the PLA Group that exceeded the minimal important difference than the 2PRO+L Group as determined by the X2 analyses.









		Table 3. Absolute Change (Post-Intervention - Pre-Intervention) Values for Leg Extension One-Repetition Maximum

with Identification of the Individual Subjects that Exceeded the Minimal Important Difference.



		

Group

		

Subject

		

BP 1-RM Change 

         (kg)

		

Group

		

Subject

		

BP 1-RM Change (kg)

		

Group

		

Subject

		

     BP 1-RM Change 

(kg)







		1PRO+L

		1

		61.2a

		2PRO+L

		1

		43.1a

		PLA

		1

		 18.1a



		

		2

		93.0a

		

		2

		63.5a

		

		2

		 77.1a



		

		3

		73.7a

		

		3

		97.5a

		

		3

		 47.6a



		

		4

		15.9a

		

		4

		4.5

		

		4

		 31.8a



		

		5

		31.8a

		

		5

		38.6a

		

		5

		 29.5a



		

		6

		22.7a

		

		6

		4.5

		

		6

		 34.0a



		

		7

		24.9a

		

		7

		13.6a

		

		7

		 38.6a



		

		8

		36.3a

		

		8

		2.3

		

		8

		 20.4a



		

		9

		20.4a

		

		9

		            -4.5

		

		9

		         11.3



		

		10

		65.8a

		

		10

		0

		

		10

		         -9.1



		

		11

		15.9a

		

		11

		27.2a

		

		11

		         11.3



		

		12

		70.3a

		

		12

		56.7a

		

		12

		         11.3



		

		13

		15.9a

		

		

		

		

		13

		 24.9a



		

		

		

		

		

		

		

		14

		 18.1a



		

Mean ± SD

		

		

42.1 ± 26.9

		

		

		

28.9 ± 31.7

		

		

		

26.1 ± 20.3



		

Proportion Exceeding MID

		

		

13 of 13     (100.0%)c,d



		

		

		

7 of 12 

(58.3%)

		

		

		

10 of 14

(71.4%)



		Note: LE 1-RM = Leg extension one-repetition maximum; MID = Minimal important difference; 1PRO+L = one dose of 40 g of whey protein with a total of 6.2 g of leucine taken once daily and one dose of 2 g of cellulose taken once daily; 2PRO+L = one dose of 20 g of whey protein with a total of 6.2 g of leucine per dose taken twice daily; PLA = one dose of 2 g of cellulose taken twice daily. aIndicates an increase in leg extension one-repetition maximum from pre-intervention to post-intervention that exceeded the minimal important difference (pooled pre-intervention SD = 25.0 kg × 0.5 effect size = 12.5 kg). cIndicates a significantly (P = 0.009) greater proportion of individual subjects in the 1PRO+L Group that exceeded the minimal important difference than the 2PRO+L Group as determined by the X2 analyses. dIndicates a significantly (P = 0.037) greater proportion of individual subjects in the 1PRO+L Group that exceeded the minimal important difference than the PLA Group as determined by the X2 analyses.









		Table 4. Absolute Change (Post-Intervention - Pre-Intervention) Values for Bench Press Repetitions-to-Failure with

Identification of the Individual Subjects that Exceeded the Minimal Important Difference.



		

Group

		

Subject

		

BP RTF Change 

(reps)



		

Group

		

Subject

		



BP RTF Change 



       (reps)

		

Group

		

Subject

		



BP RTF Change   



        (reps)





		1PRO+L

		1

		11.0a

		2PRO+L

		1

		5.0a

		PLA

		1

		 4.0a



		

		2

		 9.0a

		

		2

		4.0a

		

		2

		 8.0a



		

		3

		18.0a

		

		3

		4.0a

		

		3

		 9.0a



		

		4

		 9.0a

		

		4

		3.0a

		

		4

		 3.0a



		

		5

		 5.0a

		

		5

		7.0a

		

		5

		 5.0a



		

		6

		 4.0a

		

		6

		5.0a

		

		6

		 7.0a



		

		7

		 5.0a

		

		7

		7.0a

		

		7

		11.0a



		

		8

		 5.0a

		

		8

		5.0a

		

		8

		 9.0a



		

		9

		 5.0a

		

		9

		3.0a

		

		9

		10.0a



		

		10

		14.0a

		

		10

		3.0a

		

		10

		 2.0a



		

		11

		 7.0a

		

		11

		6.0a

		

		11

		11.0a



		

		12

		11.0a

		

		12

		9.0a

		

		12

		 6.0a



		

		13

		 6.0a

		

		

		

		

		13

		 3.0a



		

		

		

		

		

		

		

		14

		 8.0a



		

Mean ± SD

		

		

8.4 ± 4.2

		

		

		

5.1 ± 1.9

		

		

		

6.9 ± 3.1



		Proportion Exceeding MID

		13 of 13

(100.0%)

		

		

		12 of 12 

(100.0%)

		

		

		14 of 14 

(100.0%)





		Note: BP RTF = Bench press repetitions-to-failure; reps = Repetitions; MID = Minimal important difference; 1PRO+L = one dose of 40 g of whey protein with a total of 6.2 g of leucine taken once daily and one dose of 2 g of cellulose taken once daily; 2PRO+L = one dose of 20 g of whey protein with a total of 6.2 g of leucine per dose taken twice daily; PLA = one dose of 2 g of cellulose taken twice daily. aIndicates an increase in bench press repetitions-to-failure from pre-intervention to post-intervention that exceeded the minimal important difference (pooled pre-intervention SD = 1.4 repetitions × 0.5 effect size = 0.7 repetitions).









		Table 5. Absolute Change (Post-Intervention - Pre-Intervention) Values for Leg Extension Repetitions-to-Failure

with Identification of the Individual Subjects that Exceeded the Minimal Important Difference.



		

Group

		

Subject

		

LE RTF Change 



       (reps)

		

Group

		

Subject

		

LE RTF Change 



       (reps)

		

Group

		

Subject

		

LE RTF Change 



       (reps)





		1PRO+L

		1

		12.0a

		2PRO+L

		1

		 5.0a

		PLA

		1

		21.0a



		

		2

		17.0a

		

		2

		23.0a

		

		2

		16.0a



		

		3

		29.0a

		

		3

		41.0a

		

		3

		20.0a



		

		4

		14.0a

		

		4

		 2.0a

		

		4

		 8.0a



		

		5

		12.0a

		

		5

		10.0a

		

		5

		 4.0a



		

		6

		 4.0a

		

		6

		 1.0

		

		6

		 0.0



		

		7

		 9.0a

		

		7

		  9.0a

		

		7

		 4.0a



		

		8

		14.0a

		

		8

		  0.0

		

		8

		 3.0a



		

		9

		 6.0a

		

		9

		 -4.0

		

		9

		 0.0



		

		10

		 4.0a

		

		10

		 -7.0

		

		10

		-4.0



		

		11

		 9.0a

		

		11

		  3.0a

		

		11

		15.0a



		

		12

		13.0a

		

		12

		 27.0a

		

		12

		 1.0



		

		13

		 2.0a

		

		

		

		

		13

		 5.0a



		

		

		

		

		

		

		

		14

		12.0a



		

Mean ± SD

		

		

11.2 ± 7.0

		

		

		

9.2 ± 14.2

		

		

		

7.5 ± 8.0



		

Proportion Exceeding MID

		

13 of 13 

(100.0%)c,d

		

		

		

8 of 12

(66.7%)

		

		

		

10 of 14 

(71.4%)





		Note: LE RTF = Leg extension repetitions-to-failure; reps = Repetitions; MID = Minimal important difference; 1PRO+L = one dose of 40 g of whey protein with a total of 6.2 g of leucine taken once daily and one dose of 2 g of cellulose taken once daily; 2PRO+L = one dose of 20 g of whey protein with a total of 6.2 g of leucine per dose taken twice daily; PLA = one dose of 2 g of cellulose taken twice daily. aIndicates an increase in leg extension one-repetition maximum from pre-intervention to post-intervention that exceeded the minimal important difference (pooled pre-intervention SD = 3.2 repetitions × 0.5 effect size = 1.6 repetitions). cIndicates a significantly (P = 0.023) greater proportion of individual subjects in the 1PRO+L Group that exceeded the minimal important difference than the 2PRO+L Group as determined by the X2 analyses. dIndicates a significantly (P = 0.037) greater proportion of individual subjects in the 1PRO+L Group that exceeded the minimal important difference than the PLA Group as determined by the X2 analyses.









		Table 6. Absolute Change (Post-Intervention - Pre-Intervention) Values for Vastus Lateralis Cross-Sectional Area

with Identification of the Individual Subjects that Exceeded the Minimal Important Difference.



		

Group

		

Subject

		

VL CSA Change 



         (cm2)



		

Group

		

Subject

		

VL CSA Change 



        (cm2)

		

Group

		

Subject

		

VL CSA Change 



        (cm2)





		1PRO+L

		1

		 0.2

		2PRO+ L

		 1

		3.5

		PLA

		1

		-1.1



		

		2

		-0.4

		

		 2

		 5.5a

		

		2

		 -0.6



		

		3

		 1.6

		

		 3

		1.9

		

		3

		 -0.4



		

		4

		 0.7

		

		 4

		1.4

		

		4

		  7.1a



		

		5

		 0.7

		

		 5

		2.6

		

		5

		  1.4



		

		6

		 2.5

		

		 6

		0.2

		

		6

		  5.6a



		

		7

		-0.9

		

		 7

		 6.1a

		

		7

		  3.7



		

		8

		 1.2

		

		 8

		0.9

		

		8

		  1.2



		

		9

		 2.5

		

		 9

		2.4

		

		9

		  2.9



		

		10

		 2.4

		

		10

		2.6

		

		10

		  3.7



		

		11

		 5.3a

		

		11

		 6.9a

		

		11

		  2.6



		

		12

		 5.8a

		

		12

		 4.2a

		

		12

		  1.5



		

		13

		1.9

		

		

		

		

		13

		  6.8a



		

		

		

		

		

		

		

		14

		  5.3a



		

Mean ± SD

		

		

1.8 ± 2.0

		

		

		

3.2 ± 2.1

		

		

		

2.8 ± 2.7





		Proportion Exceeding MID

		

		2 of 13 

(15.4%)

		

		

		4 of 12 

(33.3%)

		

		

		4 of 14 

(28.6%)





		Note: VL = Vastus lateralis; CSA = Cross-sectional area; MID = minimal important difference; 1PRO+L = one dose of 40 g of whey protein with a total of 6.2 g of leucine taken once daily and one dose of 2 g of cellulose taken once daily; 2PRO+L = one dose of 20 g of whey protein with a total of 6.2 g of leucine per dose taken twice daily; PLA = one dose of 2 g of cellulose taken twice daily. aIndicates an increase in vastus lateralis cross-sectional area from pre-intervention to post-intervention that exceeded the minimal important difference (pooled pre-intervention SD = 7.6 cm2 × 0.5 effect size = 3.8 cm2).









		Table 7. Absolute Change (Post-Intervention - Pre-Intervention) Values for Body Mass with Identification of the

Individual Subjects that Exceeded the Minimal Important Difference.



		

Group

		

Subject

		

BM Change 

(kg)

		

Group

		

Subject

		

BM Change 

(kg)

		

Group

		

Subject

		

BM Change 

(kg)





		1PRO+L

		1

		 3.1

		2PRO+L

		1

		 0.4

		PLA

		1

		-1.9



		

		2

		 2.5

		

		2

		 0.2

		

		2

		 0.5



		

		3

		-1.2

		

		3

		 0.7

		

		3

		-3.7



		

		4

		 5.1

		

		4

		-3.8

		

		4

		0.6



		

		5

		 1.8

		

		5

		 1.5

		

		5

		2.9



		

		6

		 1.2

		

		6

		2

		

		6

		-1



		

		7

		-0.9

		

		7

		-0.6

		

		7

		1.8



		

		8

		-3.3

		

		8

		    0

		

		8

		0.3



		

		9

		-0.4

		

		9

		0.5

		

		9

		3.2



		

		10

		 2.7

		

		10

		0.4

		

		10

		-1.1



		

		11

		                     0

		

		11

		3.5

		

		11

		 3.4



		

		12

		0.3

		

		12

		2.2

		

		12

		-1.5



		

		13

		3.3

		

		

		

		

		13

		 0.6



		

		

		

		

		

		

		

		14

		-0.4



		

Mean ± SD

		

		

1.1 ± 2.3

		

		

		

0.6 ± 1.8

		

		

		

0.6 ± 2.0



		Proportion Exceeding MID

		

0 of 13 

(0.0%)

		

		

		

0 of 12 

(0.0%)

		

		

		

0 of 14 

(0.0%)





		Note: BM = Body mass; MID = minimal important difference; 1PRO+L = one dose of 40 g of whey protein with a total of 6.2 g of leucine taken once daily and one dose of 2 g of cellulose taken once daily; 2PRO+L = one dose of 20 g of whey protein with a total of 6.2 g of leucine per dose taken twice daily; PLA = one dose of 2 g of cellulose taken twice daily. aIndicates an increase in body mass from pre-intervention to post-intervention that exceeded the minimal important difference (pooled pre-intervention S.D. = 13.8 kg × 0.5 effect size = 6.9 kg).







Based on the dietary recall surveys in the present study (Table 1), the subjects consumed an average of 1.44 gkg-1d-1 of protein, which was within the suggested range of protein intake needed for promoting muscular adaptations. In addition, when the 40 g per day of whey protein supplementation for the 1PRO+L and 2PRO+L Groups was added to their dietary intake, those subjects consumed an average of approximately 1.90-1.95 gkg-1d-1. Therefore, for the mean comparisons by Groups, the protein plus leucine supplementation provided no synergistic effects with resistance training for increases in LE 1-RM and RTF, BP 1-RM and RTF, VL CSA, or BM likely because the subjects already consumed sufficient protein in their diets.



The present study also contributed insights regarding the effect of whey protein with leucine supplementation on perceived exertion in response to a single set of BP and LE exercises as measured by changes in RPE responses before and after the 8 weeks of resistance training. The supplementation had no effect on the resistance training-induced decreases in perception of exertion following one set of BP and LE exercises at approximately 80% of the pre-training 1-RM loads (Figure 8). Thus, the pre-intervention to post-intervention decreases in RPE, without between group mean differences, were consistent with the findings for BP 1- RM and RTF, LE 1-RM and RTF, VL CSA.



Several studies (18,32,38,42,49) have emphasized the importance of examining individual subject responses in conjunction with group mean parametric and non-parametric inferential analyses to provide a more comprehensive interpretation of the effects of various interventions on performance-related exercise and nutritional outcomes (3,6,17,31,38), medical research and patient outcomes (7,14,22), and the outcomes of rehabilitation procedures (6,14,15). However, there remains no consensus regarding which statistical procedure provides the most valid determination of the MID to assess individual subject responses. Therefore, given the design of the present study, a moderate effect size of 0.5 (12) multiplied by the pre-intervention pooled standard deviation values for each dependent variable was selected (3).



In contrast to the Group mean results, the individual responses observed in the present study revealed that the 1PRO+L Group demonstrated enhanced training-induced improvements in LE 1-RM and RTF compared to the 2PRO+L and PLA Groups. Specifically, the combination of supplementation and resistance training led to increases in LE 1-RM (15.9 to 93.0 kg) and RTF (2 to 29 repetitions) that surpassed the MID values for all subjects in the 1PRO+L Group (LE 1-RM = 100%; RFT = 100%). In contrast, significantly (P < 0.05) fewer subjects in the 2PRO+L Group (LE 1-RM = 58.3%; RTF = 66.7%) and PLA Group (LE 1-RM = 71.4%; RTF = 71.4%) exceeded the MID values (Tables 3 and 5). 



These findings suggested that supplementation with 40 g of whey protein and 6.2 g total of leucine taken once daily contributed to meaningful increases in LE 1-RM and RTF for more of the individual subjects than supplementation with 20 g of whey protein and 6.2 g total of leucine taken twice daily or the PLA. Although Group mean differences were not found, it is plausible that the larger post- training dose of 40 g of whey protein for the 1PRO+L Group compared to the 20 g of whey protein in the 2PRO+L Group or the PLA differentially influenced MPS and, therefore, the frequency and magnitude of the muscular strength and muscular endurance responses for individual subjects. 



For example, Macnaughton et al. (26) reported that consumption of 40 g of protein immediately after upper and lower body resistance exercise elicited a greater MPS response than a 20 g dose by 19% for up to 300 minutes post-exercise. It was hypothesized that the 20 g dose may not have been sufficient to meet the demand for AAs to stimulate MPS in all involved muscle groups, while the 40 g dose provided a sufficient supply of AAs to stimulate MPS (26). Consequently, it is possible that for the individual subjects, the MPS responses in the present study were more consistently influenced by the post-training 40 g of whey protein consumption in the 1PRO+L Group than by the 20 g in the 2PRO+L Group or PLA.



The individual responses for BP 1-RM and RTF (Tables 2 and 4), VL CSA (Table 6), and BM (Table 7) were consistent with the Group mean results and demonstrated no additional positive effects of supplementation for the 1PRO+L or 2PRO+L Groups compared to the PLA Group. Notably, the significantly greater number of subjects in the 1PRO+L Group than the 2PRO+L and PLA Groups that exceeded the MID for LE 1-RM and RTF, but not for BP 1-RM and RTF indicated muscle Group-specific responses for the individual subjects. The exact mechanism underlying these findings remains unclear, and muscle Group-specific MPS responses to acute resistance exercise or resistance training have not been conclusively characterized. 



For instance, acute response studies by Churchward-Venne et al. (10), Morton et al. (30), and Witard et al. (53) demonstrated that ingestion of 20 to 25 g of protein after exercise was sufficient to maximally stimulate MPS. Conversely, Macnaughton et al. (26) demonstrated an enhanced MPS response following the acute ingestion of 40 g of protein compared to 20 g of protein. Furthermore, it remains uncertain whether whole-body resistance exercise, as shown in Macnaughton et al. (26), affects MPS differently than isolated movements such as bilateral (29) or unilateral (53) leg extensions. Thus, in the present study, it is possible that there were differences in MPS for the muscles involved with the LE training compared to the BP training which influenced the frequency and magnitude of the individual responses, but were not manifested in Group mean differences. Perhaps, the current findings can serve as the foundation for future resistance training and supplementation studies to examine individual MPS, muscular strength, and muscular endurance responses in various muscle groups.



In the present study, there were no group mean or individual subject differences in the responses among the 1PRO+L, 2PRO+L, and PLA Groups for VL CSA or BM. Specifically, there were no differences between Groups or changes due to the interventions for BM (Table 1 and Figure 7). However, VL CSA increased for all Groups (Figure 9), with no between Group differences in the proportions of individual subjects that exceeded the MID (Table 6). Consequently, the findings for BM were not consistent with any of the other dependent variables, while those for the VL CSA were consistent with those for BP 1-RM and RTF, but not the LE 1-RM and RTF. It is important to note that the assessment of muscle size was limited to the CSA of the VL at one location. Therefore, unlike LE 1-RM and RTF (Tables 3 and 5), this measure may not have been sensitive enough to detect between Group differences in the proportion of subjects that exceeded the MID (Table 6). Future studies should further explore the effects of the supplementation and resistance training procedures used in this study on the CSA of muscles associated with the BP and LE as well as other leg extensor muscles at various locations.



The findings of this study are limited to recreationally active, college-aged men. Additional research is needed to examine the effects of the timing of ingestion with various combinations of whey protein and leucine blends, as well as different resistance training programs (i.e., volume, duration, load, movements, etc.) on muscular strength, muscular endurance, and muscle size in men and women across a variety of ages and fitness levels. 



Additionally, dependent variables associated with DCER tests such as power and movement velocity should also be assessed to provide a more comprehensive understanding of the adaptations induced by the resistance training intervention. Furthermore, study designs could also incorporate repeated testing sessions to generate data that allow for multiple calculations of the MID (17,38,42,49).



[bookmark: CONCLUSIONS]CONCLUSIONS



The finding in this study indicates that there was no pre-intervention to post-intervention Group mean differences (P > 0.05) for BP 1-RM and RTF, LE 1-RM and RTF, VL CSA, BP RPE, LE RPE, or BM. The individual subject responses for the LE 1-RM and RTF, however, demonstrated a significantly (P < 0.05) greater proportion of subjects that exceeded the MID for the 1PRO+L Group than the 2PRO+L and PLA Groups. It is possible that ingesting 40 g of whey protein with 6.2 g total of leucine once daily by the 1PRO+L Group had a more positive effect on MPS than ingesting 20 g of whey protein with 6.2 g total of leucine twice daily by the 2PRO+L Group or PLA. These findings provide unique information regarding the number of individual subjects that exceeded the MID for the 1PRO+L and 2PRO+L Groups versus the PLA Group. This study provides information that consumers, coaches, practitioners, and athletes can use to inform their decisions regarding supplementation.
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Intensity Interval: 80 — 85 % HRR
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‘Week 5-6: 40 minutes

Week 7-8: 45 minutes

Abbreviation: HRR = heart rate reserve
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ABSTRACT

Sonchan W, Sonchan S, Songtrakul S, Longrak R. Eight-Week Battle Rope Interval Training Did Not Affect Body Compositions but Improved the Cardiometabolic Risk Factors in Overweight Individuals. JEPonline 2024;27(6):64-73. Obesity is a major risk factor for cardiovascular diseases, and Battle Rope Interval Training (BRIT) has emerged as a potential alternative to high-intensity exercise for overweight individuals. The purpose of this study was to investigate the effects of an 8-week BRIT program on body compositions and cardiometabolic risk factors in overweight individuals. Seventeen overweight individuals (BMI ≥ 25 kg·m-2) completed an 8-week BRIT program, training 3 times· wk-1. The interval-to-rest duration was progressively increased every 2 weeks. Body composition, LDL cholesterol, total cholesterol, and VO2 max were measured before and after the intervention. Paired-samples t-tests were used to analyze changes. The results indicate that no significant changes were found in body composition (P > 0.05), although LDL cholesterol was significantly decreased by 7.75% (95% CI = -15.44 – -2.09 mg·dL-1, P = 0.013, ES = Small), total cholesterol by 5.84% (95% CI = -22.30 – -0.28 mg·dL-1, P = 0.045, ES = Small), and VO2 max was significantly increased by 12.52% (95% CI = 1.20 - 6.18 mL·kg-1·min-1, P = 0.001, ES = Moderate). In conclusion, BRIT significantly improved cardiometabolic risk factors, including the lowering of total cholesterol and LDL cholesterol levels, as well as the increase in VO2 max, but it had no significant influence on body compositions in the overweight individuals.

Key Words: Battle Rope, Cholesterol, HIIT, VO2 Max


INTRODUCTION

Obesity is a significant risk factor that contributes to the pathogenesis of cardiovascular disease (CVD), which encompasses conditions such as type 2 diabetes, hypertension, and dyslipidemia (13). The World Health Organization (WHO) reports that chronic non-communicable diseases (NCDs) account for 41 million deaths annually, representing 71% of all global fatalities (27). Among these, CVD stands out as the leading NCDs, highlighting the urgent need for effective prevention and intervention strategies.


Cardiometabolic risk factors, such as a low maximum oxygen consumption (VO2 max), being overweight, and/or having a high level of blood total cholesterol and low-density lipoprotein cholesterol, can further contribute to CVD (12). These factors are often exacerbated by unhealthy lack-of-physical-activity habits. To combat obesity and reduce the associated risk factors of developing NCDs, efforts must focus on increasing physical activity, as well as implementing behavioral and nutritional controls (10). The WHO recently recommended various forms of physical activity for children and adolescents, such as moderate-intensity and vigorous-intensity aerobic exercises to promote metabolic health benefits (28).


High-Intensity Interval Training (HIIT) has emerged as an effective method for enhancing cardiorespiratory fitness (1) and improving cardiometabolic risk factors (4). Meta-analysis indicates that HIIT significantly increases VO2 max, reduces blood pressure, and decreases body fat percentage in the overweight populations (4). Traditionally, HIIT is performed on treadmills or stationary bicycles, which can place considerable strain on the lower extremity muscles (20). For some overweight individuals, the high-intensity exercise may be discouraging and too challenging to maintain over the long term. Moreover, activities like sprinting intervals may not be suitable for overweight individuals due to the risk of joint injuries, particularly to the knees and ankles (3). Therefore, exploring an alternative form of HIIT that is more accessible and less intimidating for this population is essential.


In the exercise physiology literature, battle rope training has gained attention due to its unique ability to engage the upper body muscles while keeping the legs stationary, making it a potentially less strenuous option for overweight individuals compared to high-impact activities like running (6,7). This exercise modality involves swinging ropes in patterns such as double waves, which can burn up to 170 kilocalories in just 10 sets of 30-second intervals (25). Despite its potential as an effective workout, studies on the impact of battle rope training on body composition and cardiometabolic risk factors are very limited. Therefore, the purpose of this study was to fill this gap by investigating the effects of a Battle Rope Interval Training (BRIT) program on body composition and metabolic risk factors in overweight individuals.


METHODS

Study Design


This study used a single-group experimental design to evaluate the effects of Battle Rope Interval Training (BRIT) on body composition and cardiometabolic risk factors in overweight individuals. The participants were overweight young male and female subjects with a body mass index (BMI) of ≥25 kg·m-2. Body composition, VO2 max, and blood lipid tests were measured before and after the training intervention. All the participants were informed of the study procedures, benefits, and risks, and they provided written informed consent. The study adhered to the principles set forth by the Research and Innovation Administration of Burapha University Ethics Committee (Code: IRB1-107/2562) and the guidelines of the Declaration of Helsinki.


Subjects

Utilizing G*power 3.1.9.7 for sample size calculation (with a priori power analyses including t-test family: Means: Difference between two dependent means (matched pairs) with Tail(s) = Two, Effect size = 0.80, α = 0.05, Power = 0.80), the initial sample size was 15 with considering 15% dropout rate allowed. Thus, the total number of participants in this study was 17 overweight males and females (age = 20.71+0.85 years; body weight = 83.89+18.56 kg; BMI = 29.12+4.96 kg·m-2; height = 169.12+8.25 cm). The Inclusion criteria ensured that the participants had no functional limitations, and no history of severe medical conditions that impeded exercising at high intensity. General health screenings were conducted by a registered physician, and written informed consent was obtained from all the participants.

Procedures


For body composition assessment, body weight, body mass index, body fat percentage, fat mass, BMI, and visceral fat were measured using bioelectrical impedance analysis (X-contact 356; Jawon Medical Co, Seoul, South Korea). Assessments were conducted 3 days before the experiment began and 3 days after the final training session. 


For measuring blood lipids, blood samples were taken at the university hospital's physiology laboratory 3 days before the experiment and 3 days after the last training session. The participants were instructed to fast for at least 6 hours and refrain from exercise for 24 hours prior to testing. A blood sample of 5 mL was taken from all participants to assess low-density lipoprotein cholesterol and total cholesterol levels. Blood analyses were performed at the university hospital’s pathology laboratory. 


For maximum oxygen consumption (VO2 max) measurement, VO2 max was determined through an incremental exercise test conducted on a manually adjustable bicycle ergometer (Monark, 828E, Sweden). The participants began with a 3-minute warm-up at a workload of 25 watts, after which the resistance was increased by 25 watts every minute. The test continued until the participants reached voluntary exhaustion due to fatigue. Oxygen consumption was measured using a breath-by-breath portable system (Oxycon mobile portable system, Hoechberg, Germany). The VO2 data were recorded every 30 seconds, with the highest 30-second value attained during the test being recorded as VO2 max (14)

Battle Rope Interval Training (BRIT) Program


The participants trained at the controlled laboratory of the Faculty of Sport Science building for 3 times·wk-1 on non-consecutive days. They performed the BRIT program in the morning around 10.00 to 11.00 after eating their first meal for at least 1 hour. Each session began with 5 minutes of light walking on a treadmill (T7-0, Life Fitness, Illinois, USA) at a speed of 3 to 4 km·h-1. This was followed by joint mobilization exercises, which included: 1) shoulder around the world, 2) glute bridge, 3) T-spine rotation, and 4) sumo deep squat. The exercises were performed for 2 sets of 15 repetitions each. Afterward, the participants engaged in the BRIT by hitting the 2 inch battle rope (POWER GUIDANCE, Denver, USA) in a double wave manner at a fast pace until their heart rate reached 80 to 85% of their heart rate reserve (HRR), maintaining that intensity for 30 seconds. The HRR for each participant was calculated using the Karvonen’s formula: HRR = (HRmax - HRrest), where HRmax is the predicted maximum heart rate (220 - age) and HRrest is the resting heart rate. The participants then slowed down the rope-hitting tempo for recovery. The heart rate was continuously monitored throughout the test using a heart rate band (H10, Polar, Finland). Training progression involved increasing the interval duration by 5 seconds every 2 weeks. By the final 2 weeks, the work-to-rest ratio was 45 seconds of high-intensity effort followed by 135 seconds of active recovery for a total of 15 sets (Figure 1).




Figure 1. Battle Rope Interval Training Program.


Statistical Analyses


The Shapiro-Wilk Test was used to analyze the normal distribution of data while descriptive statistics was used to calculate the mean and standard deviation for the participants’ baseline characteristics. Paired-samples t-tests were conducted to compare the participants' body composition variables (Body weight, Body fat percentage, Fat mass) and cardiometabolic risk factor variables (Visceral fat, LDL cholesterol, Total cholesterol, VO2 max) between pre-training and post-training. Changes and 95% Confidence Intervals (95% CI) were presented. Moreover, Cohen’s d effect sizes were calculated using the formula: mean change/pooled SD with interpretations based on conventional criteria of 0.00-0.19 was considered as Trivial, 0.20-0.49 as Small, 0.50-0.79 as Moderate, and ≥0.80 as Large (9). Statistical analyses were performed using IBM SPSS Statistics version 21 with a significance level set at α = 0.05.

RESULTS


All 17 participants completed the study with 100% adherence. No significant differences were observed in body composition from pre-training to post-training (all P > 0.05) (Table 1). However, the results indicate significant improvement in cardiometabolic risk factors following

Table 1. Changes in Body Compositions and Cardiometabolic Risk Factors.

		Measurement


(N = 17)

		Pre-

Training


(mean ± SD)

		Post-

Training


(mean ± SD)

		∆


(95%CI)

		P

		d



		      Body Compositions



		Body Weight (kg)

		  83.89 ± 18.55

		83.62 ± 18.72

		-0.27


(-2.21; 1.67)

		0.77

		-0.01



		Body Fat (%)

		31.50 ± 5.43

		  31.18 ± 5.83

		-0.32


(-1.69; 1.06)

		0.63

		-0.06



		Fat Mass (kg)

		26.70 ± 8.33

		  26.32 ± 8.28

		-0.38


(-2.37; 1.61)

		0.69

		-0.05



		Visceral Fat (cm2)

		 96.65 ± 32.95

		95.35 ± 33.15

		-1.30


(-11.64; 9.06)

		0.79

		-0.04



		BMI (kg·m-2)

		29.13 ± 4.96

		  29.02 ± 4.91

		-0.11


(-0.73; 0.50)

		0.70

		-0.02



		      Cardiometabolic Risk Factors



		LDL Cholesterol (mg·dL-1)

		113.00 ± 30.44

		104.24 ± 31.54*

		-8.76


(-15.44; -2.09)

		0.013

		-0.28



		Total Cholesterol (mg·dL-1)

		193.47 ± 39.14

		182.18 ± 37.55*

		-11.29


(-22.30; -0.28)

		0.045

		-0.29



		VO2 max (mL·kg-1·min-1)



		29.39 ± 6.67

		33.07 ± 6.80*

		3.68


(1.20; 6.18)

		0.001

		0.55





*Indicated significantly different from Pre-training (P < 0.05). Abbreviation: CI = Confidence Interval; VO2 max = Maximum oxygen consumption; LDL = Low-density lipoprotein

8 weeks of training. Specifically, LDL cholesterol significantly decreased by 7.75% (95% CI = -15.44 to -2.09 mg·dL-1, P = 0.013, ES = Small), Total cholesterol significantly decreased by 5.84% (95% CI = -22.30 to -0.28 mg·dL-1, P = 0.045, ES = Small), and VO2 max significantly increased by 12.52% (95% CI = 1.20 to 6.18 mL·kg-1·min-1, P = 0.001, ES = Moderate) (Figure 2).



Figure 2. Percentage Improvements of Cardiometabolic Risk Factors in Overweight Individuals After 8-Weeks of Training. BW = Body Weight; BF% = Body Fat Percentage; FM = Fat Mass, VF = Visceral Fat; LCL-C = Low-Density Lipoprotein Cholesterol; TC = Total Cholesterol; VO2 max = Maximum Oxygen Consumption

DISCUSSION


The present study demonstrated that while body composition did not change, 8 weeks of BRIT significantly improved cardiometabolic risk factors by reducing LDL cholesterol and total cholesterol along with an increase in VO2 max in the overweight participants. These findings offer new insight into the efficacy of the battle rope exercises for reducing the risk of CVD for overweight individuals.

A study by Kong and team (16) reported that the participants who completed 60 bouts of 8-second all-out cycling with 12-second passive rest intervals experienced a 2.3 mL·kg-1·min-1 improvement in VO2 max (P = 0.045) after 5 weeks of training (16). These results are consistent with the VO2 max improvements observed in the present study (3.7 mL·kg-1·min-1, P = 0.001). Such increases in cardiorespiratory fitness aligns with the enhancements in VO2 max commonly seen after leg-dominant exercises, such as treadmill running and cycling (2,11,18), which suggest that BRIT offers an important alternative for aerobic capacity development.


However, unlike Kong’s study, which found no significant changes in lipid profiles, our research demonstrates a significant reduction in LDL cholesterol and total cholesterol in addition to cardiorespiratory improvements. This difference may be attributed to the longer interval durations in our protocol, where each bout lasted between 30 to 45 seconds. The extended duration, rather than intensity alone, could have been a crucial factor in eliciting reductions in LDL and total cholesterol (5).


This concept was supported by Mitranun and colleagues who demonstrated that longer high-intensity intervals, such as six 1-minute bouts of running at 85% VO2 max resulted in a 29 mg·dL-1 reduction in LDL cholesterol after 12 weeks (21). Similarly, Winn and team (26) and Shepherd and team (23) reported significant reductions in LDL cholesterol following high-intensity intervals of longer durations. These findings suggested that prolonged high-intensity efforts may be particularly effective for improving lipid profiles. Furthermore, a recent meta-analysis reported a linear correlation between elevated levels of total cholesterol and LDL cholesterol with increased risk of CVD mortality (15). Additionally, the previous meta-analysis found that for every 19 mg·dL-1 reduction in LDL, the risk of major vascular events decreased by approximately 10% (22). These findings collectively suggested that BRIT could be an effective exercise option for overweight individuals to reduce their risk of CVD.


Moreover physiologically, the repeated high-intensity intervals in BRIT could also have stimulated anaerobic glycolysis to meet the energy demands that leads to increased blood lactate levels during and post-exercise (8). Such metabolic stress was known to activate the AMP-activated protein kinase signaling pathway (24), which in turn triggered beneficial adaptations, including increased mitochondrial biogenesis and angiogenesis (19). These molecular responses might have partially contributed to the observed increase in VO2 max, although our study did not specifically investigate these mechanisms. Future research should explore the molecular underpinnings of BRIT to better understand how these pathways influence cardiometabolic health.


In addition to cardiometabolic benefits, BRIT may also promote strength and power gains. Bornath and Kenno (6) found that 6 weeks of battle rope training significantly increased shoulder flexion and extension strength by 6.5% and 5.3%, respectively. In the same way, Chen and team (7) also reported an increase in explosive power following battle rope training. These findings suggest that overweight individuals engaging in BRIT could experience a range of multidimensional adaptations beyond improvements in body composition and cardiovascular health.


Limitations in this Study


One limitation of this study was its limited generalizability to other populations. Future research examining the BRIT program in diverse groups, such as the elderly or youth, would be valuable. Also, extending the training duration more than 8 weeks is recommended. 

CONCLUSIONS


The findings of this study conclude that BRIT was a viable alternative to traditional HIIT for improving cardiometabolic risk factors. Although body composition did not change significantly, the improvements in total cholesterol, LDL cholesterol, and VO2 max indicated that BRIT could provide substantial cardiometabolic benefits for overweight individuals.
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ABSTRACT

Jamrern R, Intacharoen P, Siriken N, Kumsri N, Namboonlue S. Body Dimension and Body Composition of Youth Taekwondo Athletes in the Thailand National Youth Games. JEPonline 2024;27(6):74-88. The purpose of this research was to compare the body dimension and body composition of the youth taekwondo athletes who qualified for Semi-Final, quarter Final, and Round of 16 in the Thailand National Youth Games. The subjects were 281 high-potential youth taekwondo athletes aged 15 to 17 years. They were selected by a purposive sampling method, divided into 142 male athletes in 10 weight categories and 139 female athletes in 10 weight categories. Weight, height, arm span, leg length, sitting height, body fat percentage, and skeletal muscle mass were measured. The findings revealed that the mean height of the male youth taekwondo athletes was significantly different at the .05 level when comparing between Semi-Final vs. Quarter-Final, and Semi-Final vs. Round of 16 (P = 0.003 and P = 0.001, respectively). Also, the arm span, length of right leg, and length of left leg were significantly different at the .05 level when comparing between Semi-Final vs. Round of 16 (P = 0.005, P = 0.018, and P = 0.017, respectively). In addition, among the female youth taekwondo athletes, the mean sitting height was significantly different at the .05 level when comparing between Semi-Final vs. Round of 16 (P = 0.046). Also, when comparing between Semi-Final vs. Quarter-Final, and Semi-Final vs. Round of 16, the height (P = 0.001 and P = 0.001), arm span (P = 0.040 and P = 0.001), length of right leg (P = 0.015 and P = 0.001), and length of left leg (P = 0.007 and P = 0.001) were significantly different, respectively. Anthropometric factors are considered important determinants affecting the athletes’ success in competitions. Therefore, coaches and relevant people should consider using body dimension and composition data in the selection of athletes, which is an important initial process in their development of the athletes in the long term to achieve success at the national and international competitions.

Key Words: Anthropometry, Body Composition, Body Dimension, Taekwondo Athletes, Thailand National Youth Games  

INTRODUCTION

Taekwondo is an international sport in the combat sport category that is widely popular worldwide. Currently, the World Taekwondo has 213 member countries. Taekwondo is included in the international sporting events, namely the Olympic Games, Asian Games, and SEA Games (15), as well as various international competitions. In Thailand, Taekwondo is a sport with the hope for Olympic medals due to the achievements of Thai national athletes who have continuously earned medals in the 2004-2024 Olympic Games. These achievements are the result of systematic long-term planning in developing the potential of athletes and promoting various aspects in the Thailand National Youth Games to select talented athletes to represent the national team. 

The selection is based on the ranking of scores, gold medals, silver medals, and bronze medals in each weight category. Athletes are brought together to train and then eliminated again by the coaching team, based on the results of the competition, the potential of the athletes, and the body dimension and composition that are advantageous in each weight category to get the athletes with the potential and the opportunity to win in international competitions and to replace the senior athletes. At present, the electronic body protector (electronic scoring system) is used in Taekwondo, so the athletes’ talent and appropriate body composition are considered to have a great impact on the success of the competition.     

In assessing talented athletes, Hoare (6) stated that the process of selecting youth athletes involves the use of physical, physiological tests, and sport skill tests as criteria for classifying the athletes’ potential for success in their chosen sport. Pieter (13) suggested that the selection of the elite athletes in the United States must consider 6 dimensions: growth rate, physical characteristics, body composition, skill-related physical fitness, psychology, and skills. Norjali et al. (11) stated that the selection of elite taekwondo athletes in Belgium involved 3 aspects: anthropometric characteristics, skill-related physical fitness, and movement mechanics. Similarly, Moreira et al. (10) mentioned that the selection of talented taekwondo athletes in Portugal involved a selection process that included anthropometric characteristics, body composition, growth rates, and skill-related physical fitness. This is consistent with the study of Rangsarit Jamrern (7) that found 4 indicators of talented youth taekwondo athletes in Thailand: body composition, anthropometric characteristics, skill-related physical fitness, competitive ability, and psychology. It is apparent that in selecting athletes with talent or special abilities, body dimensions, and body composition must be assessed.         

As the electronic body protector (electronic scoring system) is used in the current Taekwondo competition, there are advantages and disadvantages in terms of height and weight of athletes. Athletes who are believed to be talented and have a high chance of winning all over the world must have an advantage in terms of height and length of legs and arms. Therefore, to select Thai national athletes, the consideration must be given to height, which has an advantage in that weight category. Athletes must have long arms and legs to gain an advantage in scoring and defending. They must also be strong and highly agile. A study by Kazemi et al. (9) compared the body dimension and composition of the athletes competing in the Olympic Games and the Youth Olympic Games found that medalists and non-medalists had different body dimensions and compositions.  

From the aforementioned information, it is evident that body dimension size and body composition are important data used in the selection of athletes with high talent and the ability for long-term development of taekwondo athletes to achieve success at the international level. For this reason, we were interested in studying and comparing the body dimensions and body composition of youth taekwondo medalists and non-medalists. 

The research was conducted among black belt taekwondo athletes who were selected to be provincial and regional athletes of Thailand to participate in the Thailand National Youth Games 2024. Obtaining such information on these athletes will allow for a better understanding of the body dimension and body composition of the Thai youth taekwondo athletes with high ability. The obtained information will also be used by the Sports Authority of Thailand and the Taekwondo Association of Thailand in the development and enhancement of body dimension and body composition consistent with the results of competitions. It is also useful information for trainers in developing the athletes in the long term, which will influence the development of the potential of Thai taekwondo athletes.  

METHODS



Subjects


The subjects consisted of 281 black belt youth Taekwondo athletes 15 to 17 years of age who were selected to be provincial and regional representatives of Thailand to participate in the Thailand National Youth Games 2024 in Ratchaburi Province. They were divided as follows: (a) 142 male athletes in 10 weight categories: under 45 kg, 45-48 kg, 48-51 kg, 51-55 kg, 55-59 kg, 59-63 kg, 63-68 kg, 68-73 kg, 73-78 kg and over 78 kg; and (b) 139 female athletes in 10 weight categories: under 42 kg, 42-44 kg, 44-46 kg, 46-49 kg, 49-52 kg, 52-55 kg, 55-59 kg, 59-63 kg, 63-68 kg and over 68 kg. The subjects were selected by a purposive sampling method. This research was approved for the Human Research Ethics Review by the Human Research Ethics Committee, Burapha University. The research project reference number was HS002/2024.  

Study Organization

The research procedures were as follows (Figure 1). 

1. The use of devices and instruments to test and measure body dimensions and body composition, including weight, height, arm span, leg length, sitting height, body fat percentage, and skeletal muscle mass. 

2. The test record form and the instruments were tried out among 10 youth taekwondo athletes who were not subjects in this research study. The instruments used in this research were a tape measure (in centimeters) used for arm span and leg length measurements, a height measuring device, and a body composition analyzer (body composition, ACCUNIQ BC300, Korea).   

3. A letter requesting permission to collect data at the Thailand National Youth Games 2024 in Ratchaburi Province was submitted to the Sports Authority of Thailand and the Taekwondo Association of Thailand.

4. The venue, the testing equipment, and the test record form for data collection between March 24th and 29th of 2024 were prepared.

5. The details about research ethics, testing, and procedures were shared with the athletes, their parents and coaches, and the subjects at the team manager and coach meeting.

6. The research assistants performed the tests by measuring weight, height, arm span, leg length, sitting height, body fat percentage, and skeletal muscle mass. The results were recorded in the test record form. 

Statistical Analyses


Statistical calculations were performed using SPSS 25 (IBM Corp., Armonk, USA). The data were expressed as mean ± and standard deviation (SD). Weight, height, arm span, leg length, sitting height, body fat percentage, and skeletal muscle mass of the male athletes in 10 weight categories and the female athletes in 10 weight categories who entered Semi-Final, Quarter-Final, and Round of 16 were compared using One-way ANOVA with Bonferroni method (a post-hoc Bonferroni adjustment). The statistical significance was set at an alpha level of P ≤ 0.05 level. 
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Figure 1.  Testing Schedule.


RESULTS


Table 1 and Table 2 show the means and standard deviations of age, competition experience, height, weight, BMI, %Fat, SMM, sitting height, arm span, length of right leg, length of left leg of male and female youth taekwondo athletes according to weight categories.  

Table 1. Means and Standard Deviations of Age, Competition Experience, Height, Weight, BMI, %Fat, SMM, Sitting Height, Arm Span, Length of Right Leg, and Length of Left Leg of the Male Youth Taekwondo Athletes According to Weight Categories. 

		Weight Category (kg)

		< 45 (kg)

		45 - 48 (kg)

		48 - 51 (kg)

		51 - 55 (kg)

		55 - 59 (kg)

		59 - 63 (kg)

		63 - 68 (kg)

		68 - 73 (kg)

		73 - 78 (kg)

		> 78 (kg)



		Age (years)

		15.42±0.51

		15.42±0.75

		16.07±0.91

		16.26±0.79

		16.30±0.75

		16.20±0.77

		16.35±0.63

		15.92±0.73

		16.42±0.51

		16.13±0.7



		Experience (years)

		6.71±2.39

		9.00±1.41

		9.35±1.90

		7.20±2.14

		9.69±1.70

		7.86±1.99

		8.85±1.79

		8.00±1.92

		8.21±2.19

		8.26±2.05



		Height (cm)

		163.21±4.40

		168.85±4.25

		171.35±3.91

		174.40±2.79

		175.53±3.52

		178.53±4.56

		178.78±3.90

		178.50±5.93

		181.00±3.08

		173.71±4.27



		Weight (kg)

		45.51±0.98

		47.38±0.86

		51.52±0.64

		54.00±1.04

		58.13±1.08

		62.09±1.67

		65.95±1.29

		72.34±2.44

		75.18±0.38

		95.71±10.07



		BMI (kg·m-2)

		17.42±0.77

		16.64±0.71

		17.59±0.89

		17.75±0.50

		18.73±0.79

		19.52±0.88

		20.66±0.80

		22.67±1.14

		22.98±0.65

		31.75±3.67



		% Fat (%)

		8.11±1.18

		2.35±0.66

		3.76±1.42

		4.20±1.39

		4.88±2.11

		6.64±2.33

		8.60±2.06

		12.25±1.54

		12.22±1.41

		28.10±6.79



		SMM (kg)

		20.84±0.58

		16.64±0.71

		26.80±0.76

		27.96±1.05

		27.98±6.92

		31.07±1.68

		32.05±1.30

		33.55±1.70

		35.56±1.06

		37.38±2.31



		Sitting Height (cm)

		82.78±1.62

		85.92±2.49

		86.85±1.46

		87.86±1.84

		88.92±2.10

		90.20±2.42

		88.50±2.87

		90.71±4.66

		94.40±4.09

		87.28±3.68



		Arm Span (cm)

		161.85±7.15

		169.50±4.91

		171.14±6.74

		172.80±9.15

		170.53±14.33

		180.0±5.47

		179.92±3.56

		176.85±5.90

		176.80±4.32

		175.28±6.29



		Length of Right Leg (cm)

		92.57±2.62

		96.57±3.81

		97.57±5.03

		97.26±3.86

		99.38±1.93

		101.86±3.84

		95.78±3.46

		101.07±5.63

		102.00±1.73

		99.57±4.54



		Length of Left Leg (cm)



		92.42±2.92

		95.92±4.26

		97.71±5.28

		97.40±4.40

		100.23±2.24

		101.93±4.11

		95.64±2.76

		101.14±5.31

		101.80±1.30

		99.57±3.95





Values are shown as mean ± SD. Abbreviations: BMI = Body Mass Index; SMM = Skeletal Muscle Mass 


Table 2. Means and Standard Deviations of Age, Competition Experience, Height, Weight, BMI, %Fat, SMM, Sitting Height, Arm Span, Length of Right Leg, and Length of Left Leg of the Female Youth Taekwondo Athletes According to Weight Categories.    

		Weight Category (kg)

		< 42 (kg)

		42 - 44 (kg)

		44 - 46 (kg)

		46 - 49 (kg)

		49 - 52 (kg)

		52 - 55 (kg)

		55 - 59 (kg)

		59 - 63 (kg)

		63 - 68 (kg)

		> 68 (kg)



		Age (years)

		15.53±0.74

		15.80±1.01

		15.46±0.63

		15.71±0.91

		15.85±0.86

		16.22±0.84

		15.93±0.96

		16.00±0.91

		16.10±0.87

		15.84±0.89



		Experience (years)

		5.13±2.50

		7.46±2.23

		6.66±2.31

		6.50±1.78

		7.42±1.28

		7.53±2.41

		8.13±1.95

		8.00±2.61

		7.10±1.85

		5.53±2.02



		Height (cm)

		159.86±2.77

		162.06±3.61

		163.00±4.32

		165.42±4.34

		167.28±4.77

		165.20±7.80

		166.33±4.13

		169.38±4.95

		167.70±6.03

		167.53±3.84



		Weight (kg)

		41.48±0.53

		43.28±0.97

		45.39±1.05

		48.61±0.52

		51.93±0.44

		54.38±0.73

		57.32±1.57

		60.45±1.87

		62.98±5.08

		76.60±8.50



		BMI (kg·m-2)

		16.24±0.44

		16.52±0.83

		17.40±0.75

		17.79±0.96

		18.37±1.07

		20.04±1.95

		20.75±1.01

		21.12±1.32

		23.06±1.68

		27.33±3.14



		% Fat (%)

		5.81±0.63

		6.84±0.01

		8.10±1.14

		8.91±1.27

		10.30±1.27

		12.66±1.88

		12.52±2.94

		14.62±2.14

		17.98±2.22

		21.84±10.28



		SMM (kg)

		19.92±0.45

		20.34±0.76

		20.78±0.60

		22.10±0.73

		22.87±0.74

		23.14±1.22

		24.51±1.07

		25.39±1.27

		25.82±1.25

		27.33±3.14



		Sitting Height (cm)

		79.2±9.37

		83.06±2.49

		82.80±1.56

		83.07±1.97

		86.71±2.55

		85.93±2.68

		83.06±3.30

		86.30±2.42

		85.70±2.31

		85.69±2.32



		Arm Span (cm)

		156.13±5.06

		159.86±5.34

		161.80±6.89

		161.28±7.81

		165.57±6.02

		163.53±12.96

		163.80±4.09

		169.53±6.50

		169.90±9.06

		168.61±7.58



		Length of Right Leg (cm)

		91.26±2.73

		87.33±24.37

		92.46±2.55

		93.00±4.11

		93.78±9.51

		94.73±6.62

		91.80±3.27

		97.92±3.54

		97.00±4.18

		96.38±3.52



		Length of Left Leg (cm)



		91.4±2.89

		94.00±4.05

		92.40±2.82

		93.71±3.93

		96.14±4.95

		94.73±6.90

		90.93±3.43

		98.46±3.23

		96.60±3.77

		96.92±3.75





Values are shown as mean ± SD. Abbreviations: BMI = Body Mass Index; SMM = Skeletal Muscle Mass

The comparison of means and standard deviations of the male youth taekwondo athletes showed that the mean height was significantly different at the .05 level when comparing between Semi-Final vs. Quarter-Final, and Semi-Final vs. Round of 16 (P = 0.003 and P = 0.001, respectively). In addition, the arm span, length of the right leg, and length of the left leg were significantly different at the .05 level when comparing between Semi-Final vs. Round of 16 (P = 0.005, P = 0.018, and P = 0.017, respectively), as shown in Table 3 and Figure 2.   

Additionally, the comparison of means and standard deviations of the female youth taekwondo athletes revealed that the mean sitting height was significantly different at the .05 level when comparing between Semi-Final vs. Round of 16 (P = 0.046. When comparing between Semi-Final vs. Quarter-Final, and Semi-Final vs. Round of 16, it was found that height (P = 0.001 and P = 0.001), arm span (P = 0.040 and P = 0.001), length of right leg (P = 0.015 and P = 0.001), and length of left leg (P = 0.007 and P = 0.001) were significantly different, as shown in Table 4 and Figure 3. 

Table 3. Comparison of the Means and Standard Deviations of Age, Height, Weight, BMI, %Fat, SMM, Sitting Height, Arm Span, Length of Right Leg and Length of Left Leg of the Male Youth Taekwondo Athletes during Semi-Final, Quarter Final, and Round of 16 Competitions. 

		

		Competition Round



		Variables

		Semi-Final




		Quarter-Final




		Round of 16

 



		

		(n = 40)



		(n = 40)



		(n = 63)





		Weight (kg)

		63.30 

		± 13.15

		63.12

		± 16.01

		62.86

		± 15.49



		Height (cm)

		178.22 

		± 6.85*#

		173.45

		± 5.90

		173.24

		± 6.33



		

		(*P = 0.003, 

  #P = 0.001)

		

		

		

		



		BMI (kg·m-2)

		19.34 

		± 4.13

		20.86

		± 4.93

		20.82

		± 4.69



		Body Fat (%)

		7.91 

		± 5.49

		9.79

		± 8.21

		9.53

		± 7.95



		Skeletal Muscle Mass (kg)

		30.92 

		± 5.12

		29.78

		± 4.89

		29.86

		± 4.91



		Sitting Height (cm)

		89.16 

		± 3.73

		87.80

		± 3.87

		88.03

		± 3.98



		Arm Span (cm)

		178.30 

		± 9.28#

		173.85

		± 8.27

		172.90

		± 7.59



		

		(#P = 0.005)

		

		

		

		



		Length of Right Leg (cm)

		100.38 

		± 5.36#

		97.85

		± 4.45

		97.66

		± 4.63



		

		(#P = 0.018)

		

		

		

		



		Length of Left Leg (cm)

		100.40 

		± 5.42#

		98.02

		± 4.59

		97.15

		± 6.45



		

		(#P = 0.017)



		

		





Values are presented as mean ± SD. *P < 0.05 Semi-Final vs. Quarter-Final, #P < 0.05 Semi-Final vs. Round of 16

		

		Competition Round



		Variables

		Semi-Final

		     Quarter-Final

		Round of 16 



		

		

		

		



		

		(n = 40)




		(n = 40)




		(n = 58)






		Weight (kg)

		53.80

		± 9.57

		54.09

		± 10.10

		52.98

		± 11.53



		Height (cm)

		168.60

		± 4.90*#

		164.55

		± 5.10

		163.28

		± 5.06



		

		(*P = 0.001, 


  #P = 0.001)

		

		

		

		



		BMI (kg·m-2)

		19.15

		± 3.15

		19.97

		± 3.64

		19.79

		± 3.68



		Body Fat (%)

		11.74

		± 5.43

		10.95

		± 5.66

		11.95

		± 6.36



		Skeletal Muscle Mass (kg)

		23.62

		± 2.57

		22.36

		± 3.95

		22.78

		± 2.98



		Sitting Height (cm)

		85.10

		± 3.00#

		84.30

		± 2.95

		82.93

		± 5.62



		

		(#P = 0.046)

		

		

		

		



		Arm Span (cm)

		167.50

		± 8.05*#

		162.98

		± 7.61

		162.47

		± 8.38



		

		(*P = 0.040, 


  #P = 0.001)

		

		

		

		



		Length of Right Leg (cm)

		96.53

		± 4.08*#

		93.83

		± 4.21

		92.84

		± 4.39



		

		(*P = 0.015, 


  #P = 0.001)

		

		

		

		



		Length of Left Leg (cm)

		96.98

		± 4.32*#

		93.93

		± 4.34

		92.88

		± 4.47



		

		(*P = .007, 


     #P = 0.001)

 

		

		





Table 4. Comparison of Means and Standard Deviations of Age, Height, Weight, BMI, %Fat, SMM, Sitting Height, Arm Span, Length of Right Leg and Length of Left Leg of the Female Youth Taekwondo Athletes during Semi-Final, Quarter Final, and Round of 16 Competitions.

Values are present as mean ± SD. *P < 0.05 Semi-Final vs. Quarter-Final, #P < 0.05 Semi-Final vs. Round of 16

[image: image2.jpg]Distance (cm)

] Semi-Final
1 Quarter-Final
HEE Round of 16

#
200 -  r— #
i — 1
LT 1 T
150 -
# #
1  —
100 - L T L T
50 -
0 T T T T
X
é’§ G_,Q’bo v.\'\Q:Q s{\,\zg
> (@ {\Q K\G
v & °
$ &
e V4






Figure 2. Distance of Height, Arm Span, Length of Right Leg, and Length of Left Leg in Male Youth Taekwondo Athletes. Values are presented as mean ± SD. *P < 0.05 Semi-Final vs. Quarter-Final, #P < 0.05 Semi-Final vs. Round of 16
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Figure 3. Distance of Height, Sitting Height, Arm Span, Length of Right Leg, and Length of Left Leg in Female Youth Taekwondo Athletes. Values are presented as mean ± SD. *P < 0.05 Semi-Final vs. Quarter-Final, #P < 0.05 Semi-Final vs. Round of 16

DISCUSSION


The purpose of this study was to compare body dimension and body composition among youth taekwondo athletes who qualified for Semi-Final, Quarter Final, and Round of 16 competitions. Like other studies about body dimension and body composition among high-potential taekwondo athletes (4,9,10,12), height, weight, BMI, %Fat, SMM, sitting height, arm span, length of right leg, length of left leg were studied given that they are important components in showing the competitive ability of athletes in Semi-Final, Quarter Final, and Round of 16 (4,10,12).

The results of the comparison of means and standard deviations of the body weight, height, BMI, %Fat, SMM, sitting height, arm span, length of right leg, length of left leg of the male youth taekwondo athletes during Semi-Final, Quarter Final, and Round of 16 competitions revealed that their height, arm span, length of right leg, length of left leg were significantly different at the .05 level. This is in line with the study by Kazemi et al. (9) on body composition data of the taekwondo athletes who won medals at the 2000 Olympic Games that found the male winners had a higher mean height than the non-winners. Boraczyński et al. (2) and Bridge et al. (3) also stated that strength and power performance are components of physical fitness that have an influence on the performance of professional athletes, which are related to the athletes’ skeletal muscle mass. 

In terms of anthropometric characteristics regarding arm span, length of right leg, and length of left leg, there were significant differences in the 3 test items (2,3). This is consistent with Jamrern et al. (8), and Kazemi et al. (9) who conducted the comparative study on body composition regarding arm span and leg length between successful and unsuccessful taekwondo athletes and found that the arm span and leg length of the successful athletes were significantly different. Clearly, body composition is a very important determinant in selecting athletes with high ability (10,12). Furthermore, the means of body weight, BMI, and body fat were not different because the analysis was done based on weight categories that the athletes controlled their weight to be in their own weight categories. For this reason, the results of body weight, BMI, and body fat tests were not different (4).    


According to the comparison of the means and standard deviations of body weight, height, BMI, body fat, SMM, sitting height, arm span, length of right leg, and length of left leg of the female youth taekwondo athletes in Semi-Final, Quarter Final, and Round of 16 competitions, it was found that their height, sitting height, arm span, length of right leg, and length of left leg were significantly different at the .05 level. This is consistent with a study by Formalioni et al. (5), which found that the height of experienced female athletes was significantly different from that of the female beginners. Height is an important factor affecting athletes’ level and ability (1). 

A study by Can et al. (4) tested sitting height among elite athletes and found significant differences across weight categories. In addition, arm span, length of right leg and length of left leg were significantly different among the athletes competing in Semi-Final, Quarter Final, and Round of 16 competitions. This aligns with a comparative study by Jamrern et al. (8) and Kazemi et al. (9) who evaluated body composition in terms of arm span, leg length between successful and unsuccessful taekwondo athletes. They found that successful athletes had significantly different arm span and leg length, which agrees with Singnoi et al. (14) and their findings that both have a significant effect on the performance of the round kick among taekwondo athletes (14). 

CONCLUSIONS


This study on the body dimension and body composition of the taekwondo athletes participating in the Thailand National Youth Games revealed that high-performance male and female taekwondo athletes who qualified for Semi-Final had significant differences in height, arm span, length of right leg, and length of left leg when compared to Round of 16. Additionally, the sitting height of the female taekwondo athletes was significantly different compared to Round of 16. Therefore, it is apparent that anthropometric factors are important elements that influence the success of athletes in competitions. Coaches and relevant people should consider using body dimension and body composition data in the selection of athletes, which is an important process to be used in the long-term development of athletes to achieve success at the national and international competitions. Also, research on the body dimension and body composition of athletes at international levels, such as the Olympic Games, Asian Games, and/or international competitions should also be conducted to use the research results as information for comparison and development of Thai taekwondo athletes to achieve success in international competitions.   
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Influence of An Overhead Goal on Asymmetry During Countermovement Jump 

Cordero Roche1, Alina Swafford1, John A. Mercer 1,2

1UNLV Sports Innovation Institute, University of Nevada - Las Vegas, NV, 2Department of Kinesiology & Nutrition Sciences, University of Nevada – Las Vegas, Las Vegas, NV, USA 

ABSTRACT 

Roche C, Swafford A, Mercer JA. Influence of An Overhead Goal on Asymmetry During Countermovement Jump. JEPonline 2024;27(6):89-95. This study determined if jump height (JH), peak ground reaction force (GRF), and GRF asymmetry are influenced by using an overhead goal (OG). A repeated-measures design with 2 conditions: (a) countermovement jump (CMJ) with an OG; and (b) countermovement jump no overhead goal (NOG) was used. Sixteen participants (n = 11 males; age 30.5 ± 8.9 yrs; height 173.7 ± 6.1 cm; mass 84.6 ± 19.8 kg; percent body fat 20.6 ± 10.8%; n = 5 females; age 29.8 ± 9.3 yrs; height 157.4 ± 1.8 cm; mass 54.5 ± 3.8 kg; percent body fat 26.5 ± 6.9%) took part in the study. The participants performed maximal effort CMJ with NOG first followed by CMJ with OG. The data were collected with 2 force platforms with each foot on separate force platforms. The variables of interest were JH, peak GRF normalized to body weight and peak GRF asymmetry. Peak GRF asymmetry was calculated using the formula: Asymmetry Index = (right leg – left leg) / (right leg + left leg) *100. A dependent t-test was used to compare each dependent variable between jump conditions (( = 0.05). It was determined that JH (t(15) = -2.565, P = 0.022) was different between conditions producing higher values with an OG. Neither peak GRF (t(15) = -1.574, P = 0.136) nor asymmetry (t(15) = -1.894, P = 0.078) were different between conditions. The findings indicate that jump height was greater using an OG, but asymmetry during maximal effort vertical jump was consistent when using or not using an OG.

Key Words: Asymmetry, Force, Jump Performance     


INTRODUCTION

Various abilities and techniques have been used to improve jumping, which is considered an important measure of athletic ability (7). Plyometrics is a common exercise strategy that involves rapid eccentric and concentric contractions used to improve athletic performance (5,9,15). The countermovement jump (CMJ) is an example of a plyometric exercise that is commonly used by athletes to achieve maximal vertical jump performance (3). The CMJ is defined as a vertical jump that is preceded by a rapid stretch-shorten cycle (4). Incorporating plyometric exercises, such as the CMJ into a training program can have a positive effect on performance testing and athletic development long-term (4). Using plyometric jumps in a training program increases power output through the elasticity of muscle fibers that store and release energy during different phases of jumps (15). The CMJ is most effective at achieving maximal jump height (JH) through its utilization of elastic strain energy and natural muscle augmentation (3,11). 


Incorporating an external focus to plyometrics can have a positive influence on jump performance (9,17). In fact, it has been reported that the use of an external focus resulted in an increase in movement efficiency that help in speeding up the learning process of a countermovement jump (17). Specifically, it has been reported that there is an increase in impulse, joint moments, and center of mass (COM) vertical displacement when participants were directed to reach for an overhead goal (OG), or an object directed for them to reach overhead during CMJ (17). Using an OG increases the effort in vertical jump performance opposed to no overhead goal (NOG) (9). Interestingly, it has been reported the type of OG used for external focus during vertical jump testing would have similar outcomes whether reaching for a physical OG or a virtual OG (10). This may be related to the fact that arm swing was allowed, which contributes at least 10% to the vertical jump performance (11). Despite the type of an OG used, the participants typically jumped using both legs simultaneously along with arm swing to maximize their performance (9).


To maximize jump performance during a vertical jump test, the jumps are normally performed bilaterally (i.e., both legs used at the same time) (5). There is an interest in understanding how similarly the person uses both limbs during a vertical jump. Symmetry is defined as evenly matched characteristics between two participating sides (4,5). In contrast asymmetry is used to describe when characteristics of a particular parameter favor one limb (1). Asymmetry can be task specific in relation to the demands of the activity that is being performed (2,12). 


Researchers have hypothesized that asymmetry has a negative impact on overall athletic performance (5). Research on asymmetry during movement typically involves measuring the same parameter simultaneously for both sides during a specific task. The parameter is then compared between sides. For example, peak ground reaction force (GRF) asymmetry has been reported to favor the dominant leg over the nondominant leg during CMJ (1,5). However, there is a paucity of research whether the use of an OG influences asymmetry. Therefore, the purpose of this study was to determine whether Peak GRF, peak GRF Asymmetry, and JH are influenced during CMJ with an OG vs. NOG. We hypothesized that each variable would differ between the jumping conditions.

METHODS

Participants

A total of 16 participants (n = 11 males; age 30.5 ± 8.9 yrs; height 173.7 ± 6.1 cm; mass 84.6 ± 19.8 kg; percent body fat 20.6 ± 10.8%; n = 5 females; age 29.8 ± 9.3 yrs; height 157.4 ± 1.8 cm; mass 54.5 ± 3.8 kg; percent body fat 26.5 ± 6.9%) volunteered to participate. They were free from any injury and/or illness that would restrict them from exercising. All the participants were recreationally active or at least participated in a form of recreational exercise at least 3 d·wk-1 for a year. The participants were required to report for one day of testing. The Institutional Review Board of the host university approved this study.  


Test Protocol


The testing protocol consisted of a single session. Upon arrival, the participants’ age, height, weight, and body composition were recorded. Body composition was measured using a bioelectric impedance scale (InBody 570). After collection of the anthropometric data, the participants were allowed up to 10 minutes for a self-selected warmup. Following the warmup, the CMJ was explained, and practice trials were allowed for familiarization. 


Three successful trials of the NOG and the OG jumping condition were used for data analysis with the NOG first. The NOG condition was performed first to determine the height of the OG. For the OG conditions a ball was suspended above the subject and the height was adjusted just out of reach (9). For both conditions, the CMJ was performed by having the participants stand with each foot on separate force platforms (Kistler Instruments Corp., Amherst, NY, sample rate: 1000 Hz). The CMJ began with the participants lowering themself in a squat to preferred depth then immediately followed by a maximal vertical jump reaching overhead with both arms. During trials with the suspended ball, the participants were instructed to try and grasp the ball with both hands at the top of the jump (Figure 1). Three successful trials of each condition were collected. A trial was deemed successful when the participants began standing still on the force platforms to initially landing on the force platforms. 
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Figure 1. Image of a Participant Performing a Countermovement Jump (CMJ) Reaching for an Overhead Goal (OG).

The data were processed with a custom laboratory program (MATLAB, R2024a; The Mathworks, Inc, Natick, MA). All the data were smoothed using a fourth-order low pass Butterworth digital filter with a cutoff frequency of 50 Hz. All trials began with the participants standing motionless with a foot on each force plate. All the GRF data were normalized to body weight. The greatest magnitude of GRF before takeoff was identified as peak GRF for each leg. The sum of both peaks was used to find the total GRF. For JH, the GRF data for both legs were combined to create one total GRF data profile. Flight data were extracted starting with ± 20 N (GRF ≥ 20 N) GRF before takeoff phase to ± 20 N to landing phase (GRF ≥ 20 N). Flight time was calculated using the time of landing and takeoff. The JH was calculated using the following formula: JH = 0.5 x g (0.5 x flight time)2, while g is acceleration due to the force of gravity (-9.8 m/s2). Asymmetry for the peak of the GRF was calculated using the formula (High Value – Low Value) / (Total Value) *100 (6,16). The highest value produced between the right and the left side was always placed in the equation first. This equation yielded an absolute value of asymmetry.

Statistical Analyses


Statistical analysis was done using SPSS (version 29). A repeated-measures design was used to determine the effects of an overhead goal during the countermovement jump performance. The dependent performance variable in this study was maximum jump height (JH). The dependent biomechanical variables were Peak GRF and peak GRF asymmetry. The independent variable in this study was overhead goal. There were 2 conditions of overhead goal: the use of a suspended ball directly above the participant for OG and nothing above the participant for NOG. These conditions followed the order of NOG first to determine the height of the suspended ball for OG. Each dependent variable was averaged across trials and then compared between CMJ NOG and CMJ OG using a dependent t-test. Statistical significance was set at α = 0.05.


RESULTS


There was a significant difference observed for JH between OG and NOG (t(15) = -2.565, P = 0.022) with JH being higher for OG. There was no significant difference for Peak GRF (t(15) = -1.574, P = 0.136) or peak GRF Asymmetry (t(15) = -1.894, P = 0.078) between OG and NOG (Table 1). 


Table 1.  Descriptive Statistics for the Countermovement Jump with No Overhead Goal (NOG) and Overhead Goal (OG). *Significant difference at P ≤ 0.05

		Variables

		NOG


(Mean ± SD)

		OG


(Mean ± SD)



		Jump Height (m)

		 0.322 ± 0.099*

		 0.345 ± 0.125*



		Peak Ground Reaction Force (BW)

		2.405 ± 0.645

		2.461 ± 0.678



		Ground Reaction Force Asymmetry (%)

		2.085 ± 1.529

		 2.499 ± 1.659





DISCUSSION


The most important observation was that JH was greater during OG than during NOG, but asymmetry was not different between the jump conditions. Furthermore, there was no difference in peak GRF between the jump conditions, which suggests that the higher jump height for OG was achieved through some other GRF parameter other than peak GRF. This seems to indicate that whatever symmetry used during the maximal effort jump was consistent even when jumping with an OG or NOG. 


The lack of difference of peak GRF between conditions is consistent with findings from the previous literature. Ford et al. (9) reported no difference in GRF between drop vertical jumps with and without OG for women. However, when they compared between genders, they found that the males did produce a higher force than the females when reaching for OG. Although they did use a suspended ball placed directly over the athlete, they compared results between genders vs. asymmetry. Also, in their study they used drop vertical jumps from a 31 cm platform and for our study we used CMJ only. Further research is needed to determine if genders differ when performing CMJ with NOG vs. OG. 


One reason asymmetry may exist between legs is due to coordination. Jumping is a complex action that requires coordination of the lower limbs and the upper limbs during movement of the body. The magnitude of GRF that is produced is ultimately dependent on the jumping technique, which reflects the coordination between the arms and the legs as well as both sides (8). Based upon the results of the present study, it seems whatever asymmetry that existed for the NOG was the same during OG. However, it is important to note that a group statistical design can often mask individual responses. Nevertheless, the difference in JH between NOG and OG was not due to a change in asymmetry between the conditions.  

The incorporation of an extrinsic motivator has been used to increase effort level in jump performance (10). Researchers determined JH was higher when reaching for OG vs. NOG while performing drop vertical jumps for both male and female subjects (9). Yet, while performing drop vertical jumps with a physical OG vs. a virtual OG, JH was not different despite the type of OG that was used (10). Our findings agree that JH increased when determining performance with the OG vs. the NOG. Using any form of extrinsic motivator (i.e., virtual or physical) as an OG increases effort overall. It is recommended that the use of a physical OG would be the preferred option for increasing maximal JH. Implementing an external focus to plyometric training during a mesocycle or macrocycle could maximize the performance benefits and improve coordination for an athlete (17). Interestingly, the change in JH between conditions was not associated with changes in asymmetry. 


Our study measured CMJ using recreational athletes who had a variety of athletic experiences. We are not able to generalize the results to other athletes of specific sports due to jump experience or lack thereof. For example, we do not know if the results of the study would be different if participants with more defined jump experience (e.g., basketball, volleyball players) were included in the present study. Further research should focus on a specific population to better generalize the results to more experienced athletes. 


CONCLUSIONS


The findings indicate that JH was increased when using OG for jump performance. Furthermore, the peak GRF and GRF asymmetry remained unchanged when performing a maximal effort vertical jump with or without an overhead goal. 
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ABSTRACT 

Phitcha Phagawan, Surasa Khongprasert. Star Excursion Balance Training with a Device-Assisted Support on Muscle Strength and Balance in Older Women. JEPonline 2024;27 (6):96-109. The Star Excursion Balance Test (SEBT) is widely recognized as an effective tool for assessing balance. In this study, the purpose was to implement the SEBT as part of an exercise program with device-assisted support for older women. A total of thirty-six older women were randomly assigned to either the Star Excursion Balance Training with a device-assisted support (SEBTD) Group or a Control Group (CG). The SEBTD program was conducted 3 times a week over an 8-week period. Both dynamic balance and lower-extremity strength were assessed at baseline and at the end of the training period. The results demonstrated that the SEBTD Group experienced significant improvements in dynamic balance and isometric muscle strength of the hip and knee (P < 0.05). These findings indicate that SEB training, particularly when combined with a device-assisted support, is effective in enhancing balance and lower-extremity strength in older adult women, making it an important intervention for improving functional mobility and reducing fall risk in this population.

Key Words: Muscle Strength, Older Women, Star Excursion 


Balance Training

INTRODUCTION

The Star Excursion Balance Test (SEBT) is a widely used tool for assessing dynamic postural control through single-leg, multidirectional reaching tasks that demand strength, flexibility, and proprioception. It has been shown to reliably predict lower extremity injury risk, emphasizing the role of balance and neuromuscular training in injury prevention 
 ADDIN EN.CITE 

(1-3
). Initially,  developed for rehabilitation, the SEBT challenges individuals to maintain a single-leg stance while reaching in various directions, assessing dynamic control (4). The Star Excursion Balance practice is an effective multidimensional approach to improving balance, stability, and functional movement. It integrates several key components of fitness, including strength training (6), proprioceptive (8) and neuromuscular training (16), flexibility (14) and functional movement to enhance overall lower limb stability.


The SEBT requires significant engagement of various muscle groups to maintain balance and reach effectively (5). The primary muscles involved include the hip abductors and adductors, quadriceps, hamstrings, gluteus medius and maximus, and the muscles across the front and back of the ankle joint, such as the tibialis anterior and gastrocnemius (6). The SEBT requires coordinated activation of the lower limb muscles to control the body's center of mass over the stance leg. Research indicates that muscle activity is high and synergistic, ensuring smooth and controlled movements in multiple directions (6). The SEBT involves balancing on one leg while reaching as far as possible with the other leg in multiple directions, typically 8 points of a star pattern around the standing leg (1). The one-leg squat is a functional exercise that serves as an indicator of balance and fall risk, particularly in older adults (1,7). Several studies have evaluated its utility in assessing balance, lower extremity strength (8), and the risk of falls in this population (7,9). However, there are also limitations and considerations specific to the older adults.  


The SEBT is an effective tool not only for assessing but also for improving dynamic balance (1,2,10-13). By challenging the body's proprioception (1,2,14,15), muscle coordination (1,13), and dynamic stability (2,14), regular SEBT practice can lead to a significant improvement in balance, while decreasing the risk of falls and enhancing functional performance. The knee joint's angular kinematics are crucial for effective performance in the SEBT. Proper control and stability of the knee joint during the various reach directions of the SEBT ensure effective balance and help prevent compensatory movements that could lead to injury (2,11). To reap the benefits of exercise, older adults need careful implementation to avoid exercise-induced injuries or the risk of falls (16). Regarding the focus on gender differences, the review indicated that older women experience a greater decline in balance and lower limb strength compared to older men. Therefore, the purpose of this study was to develop and evaluate the feasibility of Star Excursion Balance Training with a device-assisted support in older women.


METHODS

Participants 


We recruited older women from local communities. Thirty-six older women volunteered for this study. The eligibility criteria included: (a) age range between 65 and 75 years; (b) body mass index (BMI) of <24.9 Kg·m-2; and (3) the ability to maintain a single-leg stance (SLS) for 30 sec. The exclusion criteria included: (a) history of hip or knee surgery; (b) present neurological problems; (c) severe musculoskeletal or neurological conditions affecting balance or strength; (d) severe visual impairments; and (e) recent lower limb injuries. The older women who met the eligibility criteria were informed of the purpose and protocol of the study prior to signing the consent form. The participants were matched by age and time to maintain SLS and randomly assigned to either the SEBTD Group (n = 18) or the Control Group (n = 18). The ethical committee of Chulalongkorn University approved the study (Approval number 104/66).


Procedures


Each participant performed baseline SEBT and isometric muscle strength of both limbs. They were instructed not to increase or decrease their physical activity levels during the 8 weeks. After 8 weeks, posttest SEBT and isometric muscle strength were tested in all participants. The testing and training sessions took place in exercise physiology research laboratory.

The Star Excursion Balance Test (SEBT) 


The SEBT is a measure of dynamic balance. The 8 SEBT directions that we measured were anterior (A), anteromedial (AM), medial (M), posteromedial (PM), posterior (P), posterolateral (PL), lateral (L), and anterolateral (AL). The participants were asked to stand barefoot on one leg with the tip of their big toe placed at the center point of the grid where the 8 lines intersect. While maintaining balance, with hands on hips, the participants reach as far as possible with the other leg along each designated line. They lightly touch the line with the farthest point of their foot without transferring weight to or resting on the reaching foot. After touching the line, they return the reaching leg to the starting position in the center of the grid, resuming a bilateral stance. Reach distances normalized by participant leg length to account for individual differences. Leg length can be measured from the anterior superior iliac spine (ASIS) to the medial malleolus (1). 


The Isometric Muscle Strength Test


All isometric strength testing was performed using a Hand-Held Dynamometer (HHD (Lafayette Manual Muscle Testing System, Lafayette Instrument Co, Lafayette, Indiana). Hand-held dynamometry is a valid and reliable measure of hip strength (17). Calibration of the HHD was confirmed by placing known weights on the HHD and comparing this to the HHD’s reported weight. Accuracy was verified after every 10th testing session. The HHD was customized by attaching a nonelastic belt to resist movement. Strong verbal encouragement was provided to ensure maximal effort. The average value of 2 measurements was used in the statistical analysis.


Hip Muscle Strength

The participants performed strength assessments using a handheld dynamometer in specific positions to target different hip muscle groups. For hip flexor strength, the participants lay supine with their hip flexed to 90º. While the dynamometer was positioned against the anterior thigh, they were instructed to push upwards. To assess hip abductor strength, the participants lay on their side with the test leg on top, with the dynamometer placed against the lateral thigh, and were instructed to lift their leg upwards. For hip adductor strength, the participants lay on their side with the test leg on the bottom, with the dynamometer positioned against the medial thigh, and were instructed to lift their leg upwards. For hip extensor strength, the participants lay prone with their knees flexed to 90º. The dynamometer was placed against the posterior thigh as the participants were instructed to push upwards. 

Knee Muscle Strength

The participants sat with their knees flexed to 90º to assess knee muscle strength using a handheld dynamometer. For knee flexor strength, the dynamometer was positioned against the posterior aspect of the leg just above the ankle while the participants were instructed to pull their leg backward. For knee extensor strength, the dynamometer was placed against the anterior aspect of the leg just above the ankle while the participants were instructed to push their leg forward.



Ankle Muscle Strength

The participants sat with their ankles in a neutral position to assess ankle muscle strength using a handheld dynamometer. For plantar flexor strength, the dynamometer was positioned against the plantar surface of the foot while the participants were instructed to push downward. For dorsiflexor strength, the dynamometer was placed against the dorsum of the foot while the participants were instructed to pull upward. 

The Device-Assisted Support 


The device-assisted support used in this study consisted of 3 main components: (a) circular mat; (b) handlebar; and (c) knee monitor.


1. Circular Mat: A foam circular mat formed the base of the device, featuring 8 evenly spaced directional grids for performing reach tasks. Each grid was marked with 4 distance levels 20 cm, 40 cm, 60 cm, and 80 cm from the center distinguished by color contrast to enhance visibility and assist the participants in gauging their progress. This mat facilitated multi-directional dynamic balance training by providing clear targets for movement (Figure 1B).


2. Handlebar: A stainless-steel handlebar served as a stable support structure, allowing the participants to maintain balance during the exercise. This component ensured safety and provided confidence for the participants with limited stability (Figure 1A). 

3. Knee Monitor: A PVC pipe attached at knee joint height functioned as a knee monitor, guiding the participants to maintain proper knee alignment during exercises. This component helped to reduce the compensatory movements, thus promoting the correct biomechanical movements to enhance the effectiveness of the training (Figure 1C).


The integration of these components provided a comprehensive system for improving dynamic balance and neuromuscular control, with consistent feedback and progression tracking during the intervention.


The Intervention 


The participants in the SEBTD Group performed single-leg stance exercises, reaching the non-stance leg toward 8 different directions: anterior (A); anteromedial (AM); medial (M); posteromedial (PM); posterior (P); posterolateral (PL); lateral (L); and anterolateral (AL) with each direction performed slowly and under control for 8 repetitions before switching to the opposite leg. Training progression was achieved by increasing the reach distance every 2 weeks, guided by the circular mat’s 4 color-coded distance levels (20 cm, 40 cm, 60 cm, and 80 cm). The handlebar provided stability during exercises, while the knee monitor ensured proper alignment of the stance leg to prevent compensatory movements, thereby enhancing the training's effectiveness in improving dynamic balance and neuromuscular control.



Figure 1. A Device-Assisted Support. A: Handlebar, B: Circular Mat, C: SEBTD with Knee Monitor. Participant’s Image with Permission.

Statistical Analyses


Baseline characteristics were summarized using either means or standard deviations, as appropriate. The effects of the SEBTD program on muscle strength and balance were assessed using a two-way mixed-design ANOVA, which included one within-subjects factor (representing repeated measures over time) and one between-groups factor (comparing the Intervention Group and the Control Group). Baseline characteristics were summarized using means or standard deviations, depending on the type of data. The statistical significance was determined with a threshold of P < 0.05. All analyses were performed using SPSS Statistics for Windows (version 26.0; IBM, Armonk, NY, USA).

RESULTS


A total of 36 participants were recruited meeting the inclusion criteria and took part in the randomization process. The participants reported no pain or training-related injuries. No significant baseline differences were found (P < 0.001). A summary of the participant characteristics for each intervention and the Control Group at baseline is shown in Table 1. Table 2 compares the SEBTD in 8 directions. Descriptive values of the hip, knee, and ankle isometric muscle strength are shown in Table 3. 

Table 1.  Comparison of the Participants with PD Demographics Data.

		Variables

		SEBTDG 

(n = 18) 

		CG 

(n = 18)

		P



		

		Pre-Tests

		Pre-Tests

		



		Age (Yrs)

		     69 ( 3.39

		 69.77 ( 3.49

		0.503



		RHR (beats·min-1)

		76.44 [image: image2.png]



 3.14

		77.33 ( 2.8

		0.378



		SBP (mmHg)

		   130.44 [image: image4.png]



 2.35

		131.66 ( 2.89

		0.173



		DBP (mmHg)

		 76.22 [image: image6.png]



 5.07

		  77.88 ( 4.29

		0.295



		Height (Cm)

		155.94 [image: image8.png]



 3.81

		155.44 ( 4.04

		0.705



		Weight (Kg)

		  52.46 [image: image10.png]



 3.76

		  53.77 [image: image12.png]



 3.43

		0.281



		BMI (Kg·m-2)

		21.57 ( 1.61

		22.25 [image: image14.png]



 1.18

		0.159



		Lean Mass (Kg)

		33.49 ( 2.97

		34.05 [image: image16.png]



 2.11

		0.522



		Fat Mass (Kg)

		16.44 ( 1.62

		17.48 [image: image18.png]



 1.91

		0.087



		Fat Percent (%)

		31.35 ( 2.17

		32.55 [image: image20.png]



 2.83

		0.176



		WHR

		  0.87 ( 0.04

		 0.86 [image: image22.png]



 0.02

		0.379



		Single Leg Stance (Repetition)

		21.11 [image: image24.png]



 4.67

		20.72 [image: image26.png]



 4.84

		0.808





Abbreviations: RHR = Resting Heart Rate, SBP = Systolic Blood Pressure, DBP = Diastolic Blood Pressure and BMI = Body Mass Index, WHR = Wasit Hip Ratio, SEBTD = Star Excursion Training with Device-Assisted Support Group, CG = Control Group

Table 2. Comparison between the SEBTD Group and the Control Group after 8-Weeks of Training on Star Excursion Balance Test.

		SEBT


Direction (R/L)

		SEBTDG (n = 18) 

		Control Group (n = 18)

		P



		

		Pre-Tests

		Post-Tests

		Pre-Tests

		Post-Tests

		



		A

		R

		72.11 [image: image28.png]



 6.99

		 99.39 [image: image30.png]



 4.47*†

		73.76 [image: image32.png]



 7.34

		72.89 [image: image34.png]



 7.12

		Ps <0.001


Pc <0.001


PSC <0.001



		

		L

		72.76 [image: image36.png]



 7.76

		 98.18 [image: image38.png]



 4.21*†

		  73.2 [image: image40.png]



 6.26

		71.83 [image: image42.png]



 6.08

		Ps <0.001

Pc <0.001

PSC <0.001



		Al

		R

		 76.13 [image: image44.png]



 6.6

		 101.39 [image: image46.png]



 3.5*†

		75.42 [image: image48.png]



 7.65

		  76.3 [image: image50.png]



 7.44

		Ps <0.001


Pc <0.001


PSC <0.001



		

		L

		75.35 [image: image52.png]



 6.73

		101.48 [image: image54.png]



 3.61*†

		 77.07 [image: image56.png]



 9.2

		77.81 [image: image58.png]



 9.02

		Ps <0.001


Pc <0.001


PSC <0.001



		L

		R

		72.2 [image: image60.png]



 8.8

		 97.71 [image: image62.png]



 5.66*†

		73.16 [image: image64.png]



 9.72

		  74.32 [image: image66.png]



 8.1

		Ps <0.001

Pc <0.001

PSC <0.001



		

		L

		72.26 [image: image68.png]



 8.95

		 99.93 [image: image70.png]



 4.52*†

		72.88 [image: image72.png]



 9.89

		 73.69 [image: image74.png]



 7.69

		Ps <0.001

Pc <0.001

PSC <0.001



		Pl

		R

		72.83 [image: image76.png]



 10.37

		98.21 [image: image78.png]



 6.9*†

		73.04 [image: image80.png]



 8.36

		71.89 [image: image82.png]



 12.4

		Ps <0.001


Pc <0.001


PSC <0.001



		

		L

		 73.67 [image: image84.png]



 9.1

		98.73 [image: image86.png]



 5.77*†

		73.24 [image: image88.png]



 8.97

		70.29 [image: image90.png]



 8.1

		Ps <0.001


Pc <0.001


PSC <0.001



		P

		R

		 67.62 [image: image92.png]



 8.77

		98.34 [image: image94.png]



 7.12*†

		66.63 [image: image96.png]



13.15

		68.32 [image: image98.png]



 10.86

		Ps <0.001


Pc <0.001


PSC <0.001



		

		L

		 69.02 [image: image100.png]



 6.4

		97.28 [image: image102.png]



 5.68*†

		70.05 [image: image104.png]



 7.69

		71.05 [image: image106.png]



 6.45

		Ps <0.001


Pc <0.001


PSC <0.001





S Represent sequence (Time): The sequence is a within-subjects factor that can be divided into pre and post-tests, C Represent category (Group): The category is a between-subjects factor that can be divided into SEG and Control Group, SC Represent category x sequence (Time x Group). The category x sequence indicates the interaction between category and sequence. * = significant between groups at the same time. † Represent to a significant between Group pre-post-test. Abbreviations: BW: Body weight.

Table 3. Comparison between the SEBTD Group and the Control Group after 8-Weeks of training on Lower Extremity Strength Tests with Handheld Dynamometer Tests.


		HHD


(R/L)

		SEBTDG (n = 18) 

		CG (n = 18)

		P



		

		Pre-Tests

		Post-Tests

		Pre-Tests

		Post-Tests

		



		Knee Extensors






		Kilogram/force


(Kg)

		R

		19.0 [image: image108.png]



 82.41

		    25 [image: image110.png]



 1.65*†

		19.03 [image: image112.png]



 2.49

		17.14 [image: image114.png]



 2.08*

		Ps <0.001

Pc <0.001

PSC <0.001



		

		L

		18.44 [image: image116.png]



 2.99

		23.87 [image: image118.png]



 2.18*†

		18.77 [image: image120.png]



 3.16

		  16.8 [image: image122.png]



 2.53*

		Ps 0.003


Pc <0.001

PSC <0.001



		Normalization


(Kg/BW)

		R

		  0.37 [image: image124.png]



 0.05

		  0.46 [image: image126.png]



 0.28*†

		  0.35 [image: image128.png]



 0.04

		 0.32 [image: image130.png]



 0.04*

		Ps <0.001

Pc <0.001

PSC <0.001



		

		L

		  0.35 [image: image132.png]



 0.05

		  0.44 [image: image134.png]



 0.03*†

		  0.35 [image: image136.png]



 0.05

		 0.31 [image: image138.png]



 0.05*

		Ps 0.017


Pc <0.001

PSC <0.001



		Knee Flexors






		Kilogram/force


(Kg)

		R

		10.89 [image: image140.png]



 2.05

		13.11 [image: image142.png]



 1.54*†

		10.21 [image: image144.png]



 2.22

		9.48 [image: image146.png]



 1.87

		Ps 0.018


Pc <0.001

PSC <0.001



		

		L

		10.33 [image: image148.png]



 2.26

		 12.4 [image: image150.png]



 1.97*†

		  9.93 [image: image152.png]



 2

		10.02 [image: image154.png]



 1.41

		Ps <0.001

Pc 0.019

PSC 0.003



		Normalization


(Kg/BW)

		R

		    0.2 [image: image156.png]



 0.03

		  0.24 [image: image158.png]



 0.03*†

		  0.19 [image: image160.png]



 0.03

		0.17 [image: image162.png]



 0.03

		Ps 0.072

Pc <0.001

PSC <0.001



		

		L

		  0.19 [image: image164.png]



 0.04

		  0.23 [image: image166.png]



 0.03*†

		  0.18 [image: image168.png]



 0.04

		0.18 [image: image170.png]



 0.02

		Ps 0.007

Pc 0.014 

PSC 0.007







		HHD


(R/L)

		SEBTDG (n = 18) 

		CG (n = 18)

		P



		

		Pre-Tests

		Post-Tests

		Pre-Tests

		Post-Tests

		



		Hip Flexors






		Kilogram/force


(Kg)

		R

		11.18 [image: image172.png]



 1.82

		14.44 [image: image174.png]



 1.72*†

		11.71 [image: image176.png]



 1.64

		10.20 [image: image178.png]



 1.52*

		Ps 0.021

Pc <0.001

PSC <0.001



		

		L

		10.34 [image: image180.png]



 1.87

		14.67 [image: image182.png]



 2.03*†

		10.28 [image: image184.png]



 1.91

		10.53 [image: image186.png]



 2.11

		Ps <0.001

Pc <0.001

PSC <0.001



		Normalization


(Kg/BW)

		R

		 0.21 [image: image188.png]



 0.04

		  0.27 [image: image190.png]



 0.04*†

		  0.22 [image: image192.png]



 0.04

		  0.19 [image: image194.png]



 0.03*

		Ps 0.064 

Pc <0.001

PSC <0.001



		

		L

		   0.2 [image: image196.png]



 0.03

		  0.27 [image: image198.png]



 0.04*†

		  0.19 [image: image200.png]



 0.03

		   0.2 [image: image202.png]



 0.43

		Ps <0.001

Pc <0.001

PSC <0.001



		Hip Extensors






		Kilogram/force


(Kg)

		R

		12.96 [image: image204.png]



 3.2

		16.69 [image: image206.png]



 2.26*†

		11.63 [image: image208.png]



 2.3

		10.35 [image: image210.png]



 2.08*

		Ps 0.003

Pc <0.001

PSC <0.001



		

		L

		 12.15 [image: image212.png]



 3.27

		15.71 [image: image214.png]



 2.9*†

		 10.88 [image: image216.png]



 2.48

		10.71 [image: image218.png]



 2.95

		Ps 0.014

Pc <0.001

PSC 0.007



		Normalization


(Kg/BW)

		R

		  0.24 [image: image220.png]



 0.03

		 0.31 [image: image222.png]



 0.04*†

		   0.21 [image: image224.png]



 0.04

		 0.19 [image: image226.png]



 0.04*

		Ps 0.018

Pc <0.001

PSC <0.001
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Pc <0.001

PSC 0.049
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S Represent sequence (Time): The sequence is a within-subjects factor that can be divided into pre and post-tests, C Represent category (Group): The category is a between-subjects factor that can be divided into SEG and Control Group, SC Represent category x sequence (Time x Group). The category x sequence indicates the interaction between category and sequence, * = significant between groups at the same time, † Represent to a significant between group pre-post-test. Abbreviations: BW: Body weight.

DISCUSSION


The present study investigated the effects of Star Excursion Balance training with device-assisted support on balance and muscle strength in elderly women. The results indicate significant improvement in balance performance as evidenced by enhanced scores on the Star Excursion Balance Test (SEBT) and increased isometric muscle strength measures. These findings suggest that the SEBTD is an effective intervention for improving balance and muscle strength in older women. 


Balance


Age-related changes in postural control are well-documented. Various physiological and biomechanical factors contribute to alterations in postural control mechanisms. These include declines in muscle mass and strength, changes in sensory perception (such as proprioception and vestibular function), and alterations in neuromuscular coordination. These age-related changes often result in diminished postural stability (18). 


The development and implementation of our device including handles and non-slip surfaces have demonstrated both feasibility and effectiveness in the targeted application. Our findings indicate that using a stable bar during single-leg training is recommended to ensure safety and effectiveness (19,20). Balance training can induce neural adaptations specific to the tasks performed, affecting both the spinal and supraspinal levels of the nervous system. These adaptations may lead to a decrease in spinal reflex excitability, such as the muscle stretch reflex during postural activities, thereby resulting in fewer destabilizing movements.


Muscle Strength


This study found a significant increase in the isometric strength of the knee and hip muscles following an 8-week training program. This finding aligns with existing research that highlights the benefits of targeted exercises on muscle strength. The positive impact of single-leg stance exercises on knee strength is well-documented. Studies have consistently shown that balance exercises, such as the single-leg stance, engage the stabilizing muscles around the knee, leading to an increase in strength and stability.


SEB training with the device-assisted support requires maintaining balance while performing multidirectional reaches, which challenges the stabilizing and engaging different muscle groups around the hip, including the gluteus medius, the gluteus maximus, and the hip flexors. Regularly performing SEB training can improve proprioception, which is the body's ability to sense its position in space. Enhanced proprioception can lead to better muscle activation and coordination that contributes to an increase in strength and stability.  


Additionally, differences in muscle mass and distribution between men and women may play a role in the observed decline in balance and lower limb strength. On average, men tend to have greater muscle mass and strength compared to women, which may provide a protective factor against age-related declines in physical function.  


This study provides compelling evidence that Star Excursion Balance (SEB) training with the device-assisted support significantly enhances balance and muscle strength in older women. The improvements observed in the Star Excursion Balance Test (SEBT) scores and isometric muscle strength measures underscore the effectiveness of this intervention. Age-related declines in postural stability and muscle strength are well-documented, and our findings suggest that SEB training can mitigate these declines by inducing neural adaptations, improving proprioception, and engaging key stabilizing muscle groups around the knee and hip.


The device-assisted support, equipped with handles and non-slip surfaces, ensures both safety and effectiveness during single-leg training. This is crucial for the elderly population, where stability and confidence in performing balance exercises are paramount. The study also highlights the importance of regular balance training to maintain and enhance postural control and muscle strength, which are critical for preventing falls and maintaining functional independence in older adults.


CONCLUSIONS


The Star Excursion Balance Training with device-assisted support (SEBTD) is an effective intervention for enhancing both balance and muscle strength in elderly women. The device offers a safe environment for older adults to practice challenging single-leg standing exercises, incorporating multidirectional reaches in 8 different directions.
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ABSTRACT

Al- Dababseh M, AbuEid S, Abu Dari A, Abu Altaieb M, Bayyat M, Mazahreh J, Melhem Z. The Impact of Implementing a Multi-Level Teaching Approach on Front Crawl Swimming Technique and Emotional Intelligence. JEPonline 2024;27(6):1-11. This study evaluated the effectiveness of a multi-level teaching approach in enhancing the students’ front crawl in swimming and emotional intelligence (EI). The study involved 21 students enrolled in a level-one swimming course who were randomly assigned to either the Experimental Group (n = 11) or the Control Group (n = 10). The Experimental Group received instructions through a multi-level teaching method, while the Control Group was taught using traditional methods. Over a 6-wk period, both Groups attended 3, 60-min sessions per week that focused on assessing swimming performance using standardized criteria with data reported as mean ± SD, and EI levels were measured through validated surveys. Results showed that the multi-level teaching method led to a significant improvement in front crawl performance compared to the Control Group. However, no significant difference was observed between the Groups regarding their EI levels. The findings highlight the potential of multi-level teaching strategies to enhance swimming performance.

Key Words: Emotional Intelligence (EI), Front Crawl Swimming Technique, Swimming Performance

INTRODUCTION

In recent educational paradigms, a significant emphasis has been placed on centering the learning process around students to encourage their active participation. This shift in focus is seen as crucial for redefining the role of educators, who are now tasked with designing optimal learning environments, facilitating interactive exchanges between themselves and students, and promoting student engagement in both learning and assessment activities (27). Unlike traditional approaches that relied heavily on lectures, contemporary teaching methods prioritize guiding students towards resources, fostering self-directed learning. Educators are thus responsible for creating conducive learning conditions, supporting students in achieving predefined objectives, and evaluating their progress (3).


Arends (5) categorizes educational objectives into cognitive, emotional, and psychomotor domains, all of which are integral to human behavior. Johnson et al. (16) further highlighted the correlation between a learner’s preferred learning style and their performance in skill acquisition, noting that individual differences in characteristics, desires, and cognitive abilities significantly influenced these preferences. Hanif and Mardesia (15) emphasized the necessity for teachers to employ diverse instructional strategies in developing students' swimming skills with the aim to achieve goals related to social, cognitive, motor, and psychological aspects. The effectiveness of swimming instruction is closely linked to factors such as self-concept, motivation, and emotional intelligence (EI), with a strong emphasis on motivating students to reach desired performance levels.


Effective swimming instruction requires students to recall stored information, as the body's motor responses are directed by the brain's commands to navigate various forces such as gravity, buoyancy, and muscular tension. Therefore, the ability to retrieve and apply information is a critical component of learning, underscoring the pivotal role of memory in the educational process (18). In Jordanian universities, swimming courses are mandatory for physical education majors, and the choice of teaching methods in these courses is paramount in enhancing the teaching-learning process (1,2,6,7,12).


The multi-level teaching method is particularly notable for its ability to bridge the gap between the students' ambitions and their actual performance levels. This approach accommodates various proficiency levels by providing each learner the opportunity to start at a level appropriate to his or her capabilities and to progress accordingly independent of their peers (25). Moston and Ashworth (21) describe the multi-level teaching method as one that targets different performance levels while engaging all students in the same task, thus addressing individual differences. This method is particularly effective in swimming, where students are encouraged to practice skills such as the front crawl according to their own abilities, fostering creativity and independent thinking.


The multi-level teaching method in swimming education is designed to allow the students to perform exercises at varying levels of difficulty, which enables them to choose tasks that aligns with their abilities and creative thinking. This method not only respects individual differences, it also encourages students to succeed by promoting self-assessment and self-reliance that enhances their enjoyment and engagement in the learning process. The instructor remains responsible for planning and teaching decisions, while the students are empowered to make choices regarding their learning pace and assessment (20).


Given these advantages, the multi-level teaching method supports learners in exercising autonomy in their educational journey, particularly in practicing front crawl swimming skills at levels suited to their abilities. Various instructional models emphasize different aspects of learning, including interest, achievement, and process with the researchers exploring the connections between the models, learning theories, and outcomes (31). For instance, Hanif and Mardesia (15) found that students who were taught the breaststroke using the multi-level method outperformed students taught with the conventional methods, suggesting a superior impact on skill acquisition.


Similarly, Boyce (9) demonstrated that the multi-level method is more effective than the reciprocal or homework methods in teaching specific sports skills. However, it is important to note that the teaching method alone does not guarantee success. Psychological factors, particularly emotional intelligence (EI), play a crucial role in the teaching-learning process. Emotional intelligence involves the ability to manage emotions effectively, which is essential for directing the students’ behaviours in a desired manner (28).


Parker et al. (26) defined emotional intelligence as the capacity to accurately assess, express, and regulate emotions in oneself and in interactions with others. Goleman (13) expands this definition to include the use of emotions in making sound decisions during skill learning. Alkhawaldeh (4) argues that emotional intelligence is a key determinant of success, influencing one's ability to adapt socially and manage emotions constructively. In sports, emotional intelligence is particularly important since it affects how athletes perceive and control their emotional responses, which in turn can impact their performance (11). Sadri and Janani (28) found a strong relationship between emotional intelligence and self-regulation among male swimmers that further highlights the importance of EI in sports education. 


The Purpose of this Study:


1. Evaluate the impact of conventional educational programs on the performance of front crawl swimming skills and emotional intelligence among sports science students at the University of Jordan.


2. Assess the effects of the multi-level teaching method on the same variables within the same student population.


3. Determine whether significant differences exist between the Control Group and the Experimental Group in terms of swimming performance and emotional intelligence, attributable to the teaching method employed.


Research Questions:


1. How does the multi-level teaching method compare to the conventional methods in influencing the performance of front crawl swimming skills among the sports science students at the University of Jordan?


2. In what ways does the multi-level teaching method influence the students' emotional intelligence (EI) compared to the traditional teaching methods in swimming instruction?


3. Are there significant differences in the improvement of front crawl swimming skills and emotional intelligence between the students taught using the multi-level method and those taught with the conventional methods?


METHODS



Subjects

This study employed an experimental design to assess the effects of different teaching methods on the front crawl swimming technique and emotional intelligence among university students. The sample included 21 students enrolled in a first-year swimming course at the School of Sport Sciences, University of Jordan, during the second semester of the 2023/2024 academic year. The participants were divided into 2 Groups: the Control Group of 10 students, who were taught using traditional methods, and the Experimental Group of 11 students, who received instruction through the multi-level teaching method. Prior to their participation, all the students were informed of the study's benefits and risks and provided written informed consent. The study adhered to the ethical guidelines set forth by the International Journal of Exercise Science (24) and aligned with the Helsinki Declaration to ensure the protection of participants' rights and well-being.


To determine the appropriate sample size, a power analysis was conducted using an effect size of d = 0.5, which aligns with Cohen’s (10) recommendations for a medium effect size. This choice was informed by Kamran et al. (17), who reported similar effect sizes in their research on the impact of teaching methods on learning outcomes. Specifically, Cohen's d was calculated at 0.67, indicating a medium to large effect. The alpha level was set at 0.05, and a power of 0.80 was targeted, in line with standard practices in educational research (10, 14). These parameters were chosen to ensure adequate sensitivity for detecting significant differences between the Control and Experimental Groups.


Demographic data were collected, revealing that the Control Group had an average age of 23 ± 2.4 years, a mean weight of 71.7 ± 8.4 kg, and an average height of 1.74 ± 0.068 meters. The Experimental Croup had an average age of 22.4 ± 1.2 years, a mean weight of 70.1 ± 12.3 kg, and an average height of 1.75 ± 0.079 meters.


The arithmetic mean, standard deviations, and t-tests were utilized to examine differences in front crawl swimming technique and emotional intelligence between the 2 Groups during the pre-assessment. The t-test results indicated no significant differences, confirming that the 2 Groups were equivalent, as shown in Table 1.


Table 1. The Arithmetic Mean, Standard Deviation, and (t) Value Denote the Differences in the Front Crawl Swimming Technique and the Emotional Intelligence Between the 2 Groups in Pre-Measurement. 


		Variable

		Group

		    Mean ( SD

		  t Value

		     Sign



		Emotional Intelligence

		Control

		2.54 ( 0.65

		0.07

		0.37



		

		Experimental

		2.52 ( 0.88

		

		



		Front Crawl Swimming Technique

		Control

		8.9 ( 2.7

		0.65

		0.5



		

		Experimental

		7.9 ( 3.9

		

		





*Significance P > 0.05


Procedures


The study involved a 6-week intervention that consisted of 3, 60-min sessions per week. These sessions were conducted by 2 researchers who remained consistent throughout the study to ensure methodological consistency. The front crawl swimming technique was assessed on a scale with a maximum score of 30 points. Additionally, emotional intelligence was measured using the Arabic version of the Schutte Self-Report Emotional Intelligence Test (SSREIS) (Table 2), a tool proven reliable and valid for this population (23). The SSREIS includes 16 items divided into 3 subscales: (a) Optimism (items 1, 2, 3, 6, 7, 8, 9, 10, and 14); (b) Awareness of Emotions (items 12 and 16); and (c) Use of Emotions (items 4, 5, 11, 13, and 15). The test was administered as a pre-test to establish baseline measurements, with reliability (Cronbach’s alpha) for the subscales reported as 0.76, 0.72, and 0.55, respectively. The participants rated their agreement with each statement on a 5-point Likert scale, ranging from 1 (Strongly Disagree) to 5 (Strongly Agree). Following the intervention, the front crawl swimming technique and the emotional intelligence were re-evaluated in a post-test under the same conditions as the pre-test.


Table 2. Bilingual English – Arabic version Schutte Self-Report Emotional Intelligence Scale (SSREIS).

		

		Variable

		Strongly Disagree

		Disagree

		Neutral

		Agree

		Strongly Agree



		1

		I know when to speak about my personal problems to others

		

		

		

		

		



		2

		When I am faced with obstacles, I remember times I faced similar obstacles and overcame them.

		

		

		

		

		



		3

		 I expect that I will do well on most things I try

		

		

		

		

		



		4

		When my mood changes, I see new possibilities.

		

		

		

		

		



		5

		Emotions are one of the things that make my life worth living

		

		

		

		

		



		6

		I expect good things to happen.

		

		

		

		

		



		7

		When I experience a positive emotion, I know how to make it last.

		

		

		

		

		



		8

		I arrange events others enjoy.




		

		

		

		

		



		9

		 I seek out activities that make me happy. 

		

		

		

		

		



		10

		I present myself in a way that makes a good impression on others. 

		

		

		

		

		



		11

		When I am in a positive mood, solving problems is easy for me. 

		

		

		

		

		



		12

		By looking at their facial expressions, I recognize the emotions people are experiencing. 

		

		

		

		

		



		13

		When I am in a positive mood, I am able to come up with new ideas.

		

		

		

		

		



		14

		I easily recognize my emotions as I experience them. 

		

		

		

		

		



		15

		 When another person tells me about an important event in his or her life, I almost feel as though I experienced this event myself.

		

		

		

		

		



		16

		I know what other people are feeling just by looking at them.

		

		

		

		

		





Statistical Analyses


Data analysis was performed using SPSS software, focusing on the dependent variables of front crawl swimming technique and emotional intelligence, including its subscales of Optimism, Awareness of Emotions, and Use of Emotions. Arithmetic means, standard deviations, and t-tests were employed to compare pre- and post-intervention scores between the Control Group and the Experimental Group. The reliability of the emotional intelligence subscales was assessed using Cronbach’s alpha. Statistical significance was set an alpha level of P ≤ 0.05 to determine significant differences between the 2 Groups. Additionally, the study considered statistical power when determining the sample size, aiming for a power of 0.80 to ensure the sensitivity of the tests in detecting meaningful effects. This comprehensive statistical approach provides a detailed framework, facilitating the replication of the study’s findings.

RESULTS


Table 3 presents the arithmetic means, standard deviations, and t-values for the study variables measured before and after the intervention in the Control Group. Significant differences (P ≤ 0.05) were observed between the pre- and post-measurements for both the emotional intelligence and the front crawl swimming technique, with post-measurement scores showing improvement in both variables. 

Table 3. The Arithmetic Means, Standard Deviations, and (t) Value of the Study Variables in Pre- and Post-Measurements in the Control Group.

		Variable

		Measurement

		Mean ( SD

		   t Value

		        Sign



		Emotional Intelligence

		Pre-Measure  

		 2.54 ( 0.65

		3.46

		0.001*



		

		Post-Measure

		3.41 ( 0.68

		

		



		Front Crawl Swimming Technique

		Pre-Measure  

		8.9 ( 2.7

		3.2

		0.001*



		

		Post-Measure

		16.7 ( 5.6

		

		





 *Significant difference at the P < 0.05


Table 4 provides the arithmetic means, standard deviations, and t-values for the pre- and post-measurements in the Experimental Group. The results indicate statistically significant differences (P ≤ 0.05) in both the emotional intelligence and the front crawl swimming technique, with the post-measurement scores favoring improvement.


Table 4. The Arithmetic Means, Standard Deviations, and (t) Value of the Study Variables in Pre- and Post-Measurements in the Experimental Group.

		Variable

		Measurement

		Mean ( SD

		   t Value

		          Sign



		Emotional Intelligence

		Pre-Measure  

		2.54 ( 0.88

		5.1

		0.001*



		

		Post-Measure

		3.58 ( 0.58

		

		



		Front Crawl Swimming Technique

		Pre-Measure  

		7.9 ( 3.9

		11

		0.001*



		

		Post-Measure

		21.7 ( 4.5

		

		





 *Significant difference at the P < 0.05


Table 5 compares the post-measurement results between the Control Group and the Experimental Group. No significant differences (P > 0.05) were found in emotional intelligence between the 2 Groups. However, significant differences (P ≤ 0.05) were identified in the front crawl swimming technique, with the Experimental Group outperforming the Control Group. These findings suggest that while both teaching methods enhanced emotional intelligence, the multi-level teaching method was particularly effective in improving the front crawl swimming technique.


Table 5. The Arithmetic Means, Standard Deviations, and (t) Value of the Study Variables in Post-Measurements in the Study Group.

		Variable

		Measurement

		Mean ( SD

		  t Value

		    Sign



		Emotional Intelligence

		Control

		3.41 ( 0.68

		0.63

		0.53



		

		Experimental

		3.58 ( 0.58

		

		



		Front Crawl Swimming Technique

		Control

		16.7 ( 5.6

		2.2

		 0.03*



		

		Experimental

		21.7 ( 4.5

		

		





 *Significant difference at the P < 0.05

DISCUSSION


The study reveals notable improvements in both the front crawl swimming skills and the emotional intelligence (EI) following the intervention, particularly within the Experimental Group. This underscores the effectiveness of employing diverse teaching methods, including command-based and reciprocal approaches, which provide immediate feedback and correction. These methods enhance skill acquisition through consistent practice and peer observation, aligning with Mohammad's (22) emphasis on the significance of clear learning outcomes. Integrating these methods into the teaching process has enriched the learning experience, fostering both skill development and EI. As Goleman (13) notes, excitement—driven by emotional responses in the aquatic environment is a key component of EI.


Further analysis highlights the adaptability of the multi-level teaching method in addressing individual differences, significantly boosting both technical performance and EI. This method emphasizes personalized learning paths by adjusting difficulty levels, which encourages deeper engagement with the material. It also creates an optimal environment for both skill mastery and emotional growth. The ability to tailor learning experiences not only enhances performance, as evidenced by Beckett (8) and Salvara (29), but also helps learners better manage psychological challenges like fear and anxiety, which are often encountered in aquatic environments. This, in turn, improves their EI (11,19).


The comparative analysis between the Experimental Group and the Control Group further validates the superiority of the multi-level teaching method over traditional approaches. The method’s effectiveness in achieving educational goals more efficiently is evident, supporting findings by Hanif and Mardesia (15), who also observed the advantages of the multi-level method in skill acquisition. This method’s strength lies in its ability to support self-paced learning and self-assessment, accommodating the diverse abilities of students (21).


Interestingly, the study found no significant difference in EI between the Control Group and the Experimental Group, suggesting that both conventional and multi-level teaching methods contribute equally to EI development. This finding implies that the emotional challenges inherent to aquatic environments might play a critical role in shaping learners’ EI, irrespective of the teaching method used. Both teaching approaches have proven effective in enhancing logical thinking, fostering interaction with the environment, and managing positive emotional responses, all of which are essential for mastering swimming skills and coping with the stressors associated with competitive sports (11).


CONCLUSIONS


While the multi-level teaching method distinctly improves front crawl swimming skills, its impact on EI highlights the complexity of emotional development within the physical education settings. This study enriches the discourse on teaching methodologies in sports science, advocating for integrating multi-level teaching approaches to address technical skill acquisition and the nuanced development of emotional intelligence, offering a comprehensive educational experience.  
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ABSTRACT


Jamrern R, Chainok P, Choi C, Nakkanueng H. Analysis of Performance and Physiological Responses of Thailand’s National Taekwondo Athletes: Simulated Taekwondo Combat Conditions. JEPonline 2024;27(6):12-25. This study analyzed the strategies and physiology that influence the performance of Thailand’s national taekwondo athletes. The study participants consisted of 20 Thailand’s national taekwondo athletes (16 males and 4 females), selected by a purposive sampling method. The samples’ average age was 19.12 ± 2.48 years. The average competition experience was 10.82 ± 3.97 years. Body composition testing and functional movement screening were performed. Competition situations were simulated based on the international taekwondo rules to test physiological variables such as blood lactate (La), heart rate (HR), Borg’s rate of perceived exertion (RPE) and maximal oxygen consumption (VO2max). The matches were recorded using two video cameras at a frequency of 50 Hz to analyze strategies and tactics during competitions. In terms of body composition, the study participants’ body mass index was 21.40 ± 1.51 kg/m2 and the body fat mass was 17.67 ± 5.18%. Regarding body types, 14 people with ectomorph, 4 people with mesomorph, and 2 people with endomorph body types were found. When comparing the mean scores of attacking targets in every round, 3 items were significantly different (P < 0.05): head guard (3.07 ± 1.67 times; 14.25%) and trunk protector (18.80 ± 4.72 times; 85.75%), technique kicks (17.48 ± 5.22 times; 79.12%) and delayed kicks (4.37 ± 3.59 times; 20.88%), and offensive kicks (15.27 ± 5.48 times; 70.73%) and defensive kicks (7.01 ± 4.00 times; 29.27%), respectively. When comparing the competition between Round 1, Round 2, and Round 3, it was found that the average amount of La, HR, and RPE were significantly different (P < 0.05) between Round 1 and Round 3. Hence, the study analyzing the strategies and physiological responses affecting the performance of Thailand’s national taekwondo athletes shows the important strategies affecting competition results as well as the physiological principles that can be used to plan the development of individual athlete’s training styles for future success. 


Key Words: Performance, Physiological Response, Simulation Competition, Strategies, Taekwondo 

INTRODUCTION

Taekwondo is a widely popular international sport in the combat sports category. At present, more than 213 countries worldwide are members of the World Taekwondo (WT). Taekwondo matches consist of 3 rounds, lasting 2 minutes each, with a 1-minute break between rounds (12). An athlete’s performance can be determined by techniques and tactics used in competition, physiological system, psychology, and physical fitness (2). Good physical fitness affects the development of Taekwondo athletes, especially agility, flexibility, muscle endurance, and maximal oxygen consumption (1,3,6,24). Taekwondo coaches focus on developing these competencies by understanding the physiology of training to develop various aspects of fitness and plan appropriately to succeed when competing at the international competitions.


During taekwondo competitions, variety of tactics are used, and they are changed when it comes to offense and defense. Athletes must be trained to cope with competitions involving a variety of strategies. It is also important that athletes should have efficient thought processes and processing during training and competition (11). Studying the tactics used by elite athletes is appropriate for coaches and athletes to apply training strategies to be more effective in scoring during competition, such as attacking and defending, counterattacking, and kicking in various situations (18). It is obvious that the physiological process is very important and should be studied for the development of athletes in preparation and planning for both short-term and long-term training. It is also useful and important information for both coaches and athletes. 

In this study, the researchers were interested in studying and analyzing the performance and physiology of Thailand's national taekwondo athletes, who are recognized as talented athletes. The research findings will provide information for coaches, athletes, and the Taekwondo Association of Thailand in planning long-term athlete development and training to achieve the greatest success of the athletes at international competitions. 


METHODS



Subjects

The study participants were 20 of Thailand’s national taekwondo athletes who were trained to participate in the international competitions between 2019 and 2020. They were aged 18 years and over, and they were obtained through purposive sampling. The inclusion criteria included male and female taekwondo athletes from the Thailand national team in every weight class, aged 18 years and over, who held a black belt at level 1 or higher, had competed for at least 5 years, had strong physical fitness, and had not sustained any injuries from their training. The exclusion criteria included being terminated as Thailand’s national taekwondo athlete in any case during data collection, being injured before the test, and being diagnosed by a doctor to rest during data collection. All the participants were measured at baseline (i.e., the morning session) and simulated competition (the afternoon session encompasses the pre-simulated competition, the simulated competition period, and the post-simulated competition session) (Figure 1). This research study was approved by the Human Research Ethics Committee, Burapha University (HS075/2020).

Body Composition Test  


The Body Composition Test consisted of measuring body weight, BMI, and percentage of body fat (body composition; ACCUNIQ BC300, Korea). The subjects were asked to stand on the machine with their shoes off.


Functional Movement Screening  


The Functional Movement Screening (FMSTM) consisted of 7 testing positions that included the following: 1) deep squat, 2) hurdle step, 3) inline lunge, 4) shoulder mobility, 5) active straight-leg raise, 6) trunk stability push up, and 7) rotary stability (5). The Y-Balance Test assessed static balance in 3 right-left directions: 1) anterior, 2) posterior-lateral, and 3) posterior-medial.


Simulation Competition 


According to the international regulations, athletes wear heart rate monitors that can analyze heart rate variability (HRV). The research assistant tested the athletes’ La through blood test using Portable Lactate Scout (LS, SensLab GmbH, Germany), resting HR using Polar V800 (Polar Electro Oy, Kempele, Finland), RPE and VO2max using a portable gas analyzer (K5 Portable Gas Analyzer, Rome Italy). The data were collected during a 3-minute rest period. The athletes competed in Round 1 using electric shields. They were scored according to the real scoring system. When the athletes rested for 1 minute between rounds and throughout all 3 rounds of the competition, the following measurements were performed: 1) La, 2) resting HR, 3) RPE, and 4) VO2max. After that, the athletes recovered using the passive recovery method for a total of 15 minutes. The measurements of the studied variables were repeated at the 3rd, 5th, 7th, and 15th minutes.
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Figure 1. Outline of Training and Testing Schedules. Abbreviations: RPE = Rate of Perceived Exertion; VO2 max = Maximal Oxygen Consumption


Statistical Analysis

Statistical analyses were performed using the SPSS 26 (IBM Corp. IBM SPSS Statistics for Windows, Version 26.0. Armonk, NY: IBM Corp). Mean and standard deviation (SD) were used to analyze the athletes’ general data, physical variables, physiological responses from physical fitness test of the simulation competition, and temporal structure variables to classify the time-period in the competition, the offense, the defense, or the steps in each round. Percentage was used to analyze the tactics in competition (forms used in the competition, actions used to score, and skills used to score). One-way analysis of variance was employed to compare the differences in the means of physiological variables with the statistical significance at the .05 level.  

RESULTS


Regarding the means and standard deviations of the 20 taekwondo athletes’ gender, age, and competition experience, the study participants were 19.12 ± 2.48 years of age with a mean competition experience of 10.82 ± 3.97 years. Of these, there were 16 males with a mean age of 19.33 ± 2.25 years, and a mean competition experience of 11.06 ± 4.65 years, and 4 females with a mean age of 22.00 ± 1.41 years and a mean competition experience of 13.50 ± 1.91 years. Table 1 shows the means and standard deviations of the body structure and composition of the Thailand’s national taekwondo athletes.


Table 1. Body Structure and Composition of Thailand’s National Taekwondo Athletes. Values are shown as mean ± SD. Abbreviations: BMI = Body Mass Index 


		Characteristics



		        (n = 20)



		Height (cm)

		178.56

		± 6.54



		Weight (kg)

		68.47

		± 8.43



		BMI (kg/m2)

		21.40

		± 1.51



		Arm Span (cm)

		179.11

		± 9.60



		Right Leg Length (cm)

		92.50

		± 3.97



		Left Leg Length (cm)

		92.84

		± 3.75



		Fat Mass (%)

		17.67

		± 5.18





In general, the body types of the Thailand’s national taekwondo athletes in this study are as follows: (a) 14 people with ectomorph with a mean score of 3.59 ± 0.82 (70%); (b) 4 people with mesomorph with a mean score of 3.24 ± 1.22 (20%); and (c) 2 people with endomorph with a mean score of 2.50 ± 0.91 (10%), respectively.


Table 2 shows the means and standard deviations of the Functional Movement Screening Test items. The test item with the highest mean score was Active Straight Leg Raise (2.94 ± 0.22 points) and the item with the lowest mean score was Rotary Stability (2.05 ± 0.22 points). In addition, from the 3 items of the Y-Balance Test, the total mean right leg test was 84.32 ± 8.07 cm and that of the left leg was 80.01 ± 8.85 cm (Table 3). 

Table 2. Mean and Standard Deviation of Functional Movement Screening. 

		Functional Movement Screening



		(n = 20)



		Deep Squat

		2.42

		± 0.50



		Hurdle Step

		2.63

		± 0.49



		In Line Lunge

		2.78

		± 0.41



		Shoulder Mobility

		2.52

		± 0.69



		Active Straight Leg Raise

		2.94

		± 0.22



		Trunk Stability

		2.47

		± 0.51



		Rotary Stability

		2.05

		± 0.22





Table 3. Mean and Standard Deviation of Y-Balance Test.  

		Functional Movement Screening

		(n = 20)



		

		Right

		Left





		Ankle Dorsiflexion

		68.31

		± 8.89

		69.31

		± 8.79



		Ankle Plantar Flexion

		92.15

		± 7.17

		89.84

		± 9.33



		Straight Leg Raise

		92.52

		± 8.15

		89.89

		± 8.44



		Total

		84.32

		± 8.07

		80.01

		± 8.85





Table 4 shows that the head guard and trunk protector areas were the scoring points, with a mean of 3.07 ± 1.67 times and 18.80 ± 4.72 times, respectively. The means of attack and defense techniques were 15.27 ± 5.48 times and 7.01 ± 4.00 times, respectively. The front and back legs' means of attack and defense were 11.98 ± 5.00 times and 9.93 ± 5.77 times, respectively. The mean contact time used to score was 54.21 ± 11.80 seconds, and that of footwork was 65.79 ± 11.80 seconds. Furthermore, the kicking patterns used to score included speed kicks with a mean of 17.48 ± 5.22 times and delayed kicks with a mean of 4.37 ± 3.59 times.


Table 4. Mean, Standard Deviation and Percentage of the Total Number of Times of the Strategies Used in the Simulation Competition. 


		Variables

		       



		

		Number 

(times)



		Mean ± SD

(n = 20)

		Percentage



		Scoring Points

		

		

		

		



		Head Guard

		   203

		3.07

		± 1.67

		14.25



		Trunk Protector 

		1,222

		18.80

		± 4.72

		85.75



		Attack-Defense Techniques 

		

		

		

		



		Attack

		1008

		15.27

		± 5.48

		70.73



		Defense 

		  417

		7.01

		± 4.00

		29.27



		Legs Used for Attacking and Defending

		

		

		

		



		Front Leg 

		  791

		11.98

		± 5.00

		55.50



		Back Leg 

		  634

		9.93

		± 5.77

		44.50



		Contact Time

		

		

		

		



		Contact 

		3578

		54.21

		± 11.80

		45.17



		Footwork  

		4342

		65.79

		± 11.80

		54.83



		Kicking Patterns

		

		

		

		



		Speed  

		1,136

		17.48

		± 5.22

		79.12



		Delayed 

		   289

		4.37

		± 3.59

		20.88








Also, Table 5, demonstrates the number of times all the techniques were used in the simulation competition. The most used technique was the round kick with a mean of 13.55 ± 4.40 times (58.74%), and the least used technique was the turning round kick with a mean of 0.09 ± 0.35 times (0.56%). 


Table 5. Mean, Standard Deviation and Percentage of the Number of Times of All Techniques Used in the Simulation Competition of Thailand’s National Taekwondo Athletes. 


		Variables

		                          (n = 20)





		

		Number (times)

		Mean ± SD

		Percentage



		Punch 

		103

		1.70

		± 1.15

		  7.23



		Cut Kick 

		254

		3.31

		± 3.12

		17.82



		Chop Kick

		121

		1.59

		± 1.33

		  8.49



		Round Kick

		837

		13.55

		± 4.40

		58.74



		Hock Kick

		  56

		0.53

		± 0.74

		  3.93



		Back Kick

		  33

		0.38

		± 0.73

		  2.32



		Turning Round Kick

		    8

		0.09

		± 0.35

		  0.56



		Back Hook Kick

		  13

		0.16

		± 0.37

		  0.91



		Total

		1,425

		

		

		100





Table 6 shows that after the simulation competition of all 3 rounds, the mean of La before the test was 1.38 ± 0.39 mmol/L. After Round 3, it increased to 8.06 ± 2.05 mmol/L, and during the 15-minute rest period, it decreased to 6.19 ± 2.50 mmol/L, respectively. The mean of HR before the test was 91.68 ± 17.34 beats/min. After Round 3, it increased to 176.59 ± 10.38 beats/min, and during the 15-minute rest period, it decreased to 100.45 ± 11.40 beats/min. Likewise, the mean of RPE before the test was 7.72 ± 1.66. After Round 3, it increased to 15.81 ± 2.50, and during the 15-minute rest period, it decreased to 7.20 ± 1.36. In particular, the mean VO2 max in Round 1 was 35.78 ± 4.57 ml/kg/min. In Round 2, it was 38.18 ± 4.91 ml/kg/min. In Round 3, it was 34.52 ± 4.81 ml/kg/min. 

Table 6. Mean and Standard Deviation of Blood Lactate, Heart Rate, Borg’s Rate of Perceived Exertion, and Maximal Oxygen Consumption in the 3 Rounds of Simulation Competition of Thailand’s National Taekwondo Athletes.   


		Variables

		Before

		Round 1

		Round 2

		Round 3

		3-minute rest

		5minute rest

		7-minute rest

		15-minute rest



		

		Mean

		SD

		Mean

		SD

		Mean

		SD

		Mean

		SD

		Mean

		SD

		Mean

		SD

		Mean

		SD

		Mean

		SD



		La (mmol/L)



		1.38

		0.39

		4.71

		1.30

		6.95

		1.87*

		8.06

		2.05†

		7.93

		1.77

		7.84

		2.53

		7.3238

		2.40

		6.19

		2.50






		HR


(beat/min)



		91.68

		17.34

		168.10

		10.05

		174.28

		10.77

		176.59

		10.38#

		116.19

		12.14

		111.04

		13.24

		106.95

		12.60

		100.45

		11.40



		RPE




		7.72

		1.66

		12.68

		1.98

		14.22

		2.18

		15.81

		2.50#

		11.31

		2.66

		9.27

		2.51

		8.47

		1.91

		7.20

		1.36



		VO2 max (ml/kg/min)



		-

		-

		35.78

		4.57

		38.18

		4.91

		34.52

		4.81

		-

		-

		-

		-

		-

		-

		-

		-





Description: La = Blood Lactate, HR = Heart Rate, RPE = Borg’s Rate of Perceived Exertion, VO2 max = Maximal Oxygen Consumption, *Significant P < 0.05 (Round 1 vs. Round 2), #Significant P < 0.05 (Round 1 vs. Round 3), †Significant P < 0.05 (Round 2 vs. Round 3)

The comparison results of all 3 rounds indicated that the mean La in Round 1 was different from that of Round 2 (P = 0.001) and that of Round 2 was different from that of Round 3 (P = 0.001) with statistical significance at the .05 level. Also, the mean HR of Round 1 was significantly different from that of Round 3 at the .05 level (P = 0.03).  The mean of RPE in Round 1 was also significantly different from that of Round 3 (P = 0.001) at the .05 level. However, the means of VO2 max of all 3 rounds were not significantly different at the .05 level (Figure 2).   
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Figure 2. Mean and Standard Deviation of Physiological Response in the 3 Rounds of Simulation Competition of Thailand’s National Taekwondo Athletes. Values are present as mean ± SD. *Significant P < 0.05 (Round 1 vs. Round 2), #Significant P < 0.05 (Round 1 vs. Round 3), †Significant P < 0.05 (Round 2 vs. Round 3)

DISCUSSION


This research revealed that the following three body types were found among taekwondo athletes: ectomorph (70%), mesomorph (20%), and endomorph (10%). A study by Pena-Sanchez et al. (21) also found that the most common body types of taekwondo athletes were mesomorph and ectomorph. Compared to the previous research, the athletes' body type in the present study was more prone to being ectomorph, possibly due to their body weight. A study by Mirali et al. (19) study showed the importance of weigh division for weight classes used in competitions. The athletes competing in lower weight classes tended to have an ectomorph body type or less weight. Also, the elite athletes were found to have longer lower extremities (19). When compared to the present study where the average weight of athletes was 68.47 kilograms, the athletes tended to be able to compete in the weight classes of less than 68 kilograms and less than 63 kilograms. The previous study also showed that the average body fat percentages of athletes in the weight classes of less than 68 kilograms and less than 63 kilograms were 11.2% and 10.9%, different from that of the present study, which was 17.67%. However, the assessment period is also important, especially for the athletes’ body composition, because changes in body composition are relatively easier among athletes (16), and preparation for weight training affects changes in body composition quickly. Nevertheless, elite Olympic taekwondo athletes tend to have a relatively lower fat mass while having a higher lower limb muscle mass (22).

The analysis results of the physical fitness of Thailand’s national taekwondo athletes regarding the functional movement screening revealed that Active Straight Leg Raise gained the highest mean score, and Rotary Stability gained the lowest mean score. The mean scores of all 7 testing positions were higher than 17 points (out of a total of 21 points), which is considered the standard score for taekwondo athletes. It can also be used as a reference in designing and evaluating training programs or the movement and flexibility performance of athletes, and it many decrease injuries from taekwondo if the athletes’ total scores are more than 14 points (14). As for balance performance assessed by the Y-Balance test, it was found to be quite standard for taekwondo athletes, and the difference in the mean scores for the right and left sides was approximately 4 units. That is, taekwondo athletes will practice skills that use their legs quite a lot. Side-witching in training will effectively improve the athletes’ balance performance, and it will have a positive impact on the biomechanical assessment (12). Implementing a training program to develop flexibility and balance may be achieved by using plyometric training programs for practicing balance movement and anaerobic resistance training (4).

In terms of the tactics affecting the simulation competition of the samples, approximately 80% of the scores was from trunk protector. A study by Luk et al. (15) showed that the ratio of the trunk to head scores was approximately 90% to 10%, respectively. From 21 matches in 1999 and research of the technical and tactical actions used to score, it was found that athletes mostly used trunk kicks to score 1 point. Although 2 points can be scored from head kicks, the obtained 2 points were mostly from countering with a spinning kick technique (18). This may be caused by the training behavior strategies and the physiological responses during competition. A more physical scoring ratio can be applied to the offensive and the defensive strategies. According to the experiment in this study, the attack score rate was approximately 70%. The front legs averaged slightly more points during attacks, and the continuous kicks accounted for more than 70% of the scores, which may have an influence on improving the kicking ability of athletes to make attacks more effective. 


Regarding the tactics used in scoring, round kick, cut kick, and chop kick gained the highest frequency from the experiment in this study, respectively. A study by Luk et al. (15) found that the round kick gained the highest ratio during competition roundhouse kick (72%) and double roundhouse kick (11%), respectively, focusing more on back legs. The present study also found an increased frequency of kicks, so the frequency of using both legs was similar. Additionally, a study by Menescardi et al. (17) identified movement techniques for scoring points. Circular movements, such as round kick was the most effective for scoring 1 point at the trunk. Linear movements, such as kick and punch were most effective for making 3 points. Spinning movements were most effective for 2-points and 4-points. According to scoring areas, attacks were expected to be 1-2 points at the trunk and 3-4 points at the headguard (17). This study also found that the back leg was the most effective for scoring 1, 2, and 4 points. 

Later, Gutiérrez-Santiago et al. (9) stated that there were three patterns of tactics used to score kicks: the direct attack, the counterattack, and the rectification technique. It was also recommended that the athletes should focus on direct attacks. Kicks at the trunk are found to have a high weight in scoring. Practicing effective dodging before counterattacks will increase success rate in scoring during counterattacks. Menescardi et al. (17) divided counterattacks into the anticipated counterattack, the simultaneous counterattack, and the posterior counterattack. It was found the simultaneous counterattack had a high 2-point scoring rate. The posterior counterattack was effective for 3-point scoring when aimed at the head (17). Previous studies and the present study have demonstrated the frequency and the rate of scoring techniques, so athletes and coaches can adapt these strategies and tactics for expected scoring. These strategies and tactics can also be the guidelines for developing the fitness and physiological systems of athletes to be effective.         

In terms of the physiological factors in this study, it may be because in this simulation competition, ATP-PCr was used (20). A study by Franchini (7) reported the relationship between La and VO2 max. When VO2 max was high, athletes tended to increase their lactate threshold (LT). In addition, this study found that taekwondo used a relatively high proportion of ATP-PCr compared to other types of combat sports. The average was 30% in each round (Oxidative: 66%, and Glycolytic: 4%). The higher the intensity of competition, the higher the proportion of energy used from ATP-PCr. Moreover, noncontinuous movements are found in taekwondo competitions, so changes in the energy system are quite varied. 

The present study also found that VO2 max in the 3rd round was related to the athletes’ HR. Hence, it is important that the athletes develop cardiorespiratory endurance (23). Improving cardiorespiratory endurance fitness may affect cognitive performance and analytical thinking (25). High-intensity or intermittent training is an effective form of training for improving cardiorespiratory fitness (8). In terms of power performance in the competition, effective explosive power starts with the muscles with effective contract ability. Resistance training that is explosive and velocity-based can be used by athletes in their training styles (10,13), especially for the muscles of lower limbs to improve the kicking techniques.  

CONCLUSIONS


Understanding the physiology and strategies used by elite athletes is important for improving physical fitness and energy systems, as well as preventing injuries during training and competition. Testing physical fitness and studying tactics to regularly adjust to the athletes’ strategies can help identify specific training criteria to efficiently develop the athletes’ potential to achieve success. 
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ABSTRACT



[bookmark: _Hlk182220867]Moore JL, Salem GJ. Methodological Considerations for the Equilibration of Physiologic Effort during Running and Cycling HIIT Protocols. JEPonline 2024;27(6):26-35. This study presents a method of equilibrating physiological effort across two modalities, stationary cycling and treadmill running, using cadence and percent heart rate maximum (%HRmax), as equalizing factors. Twenty-six young healthy adults (13 females and 13 males) completed a HRmax test on a treadmill while instrumented with shoe insoles to measure cadence. The cadence that elicited ~90%HRmax, as measured by the shoe insoles, was used as the RPM for the cycling APs ±5 RPM. All participants completed the treadmill and stationary cycling HIIT protocols. The HIIT session was a 4 x 4 30-minute protocol with 4 intervals of 4-minutes at high-intensity followed by 3-minutes of active recovery.  Heart rate and rating of perceived exertion were collected during the middle of each active and recovery period during the protocols. The results indicate that an average heart rate during the active periods of the treadmill and cycling protocols was 90.6 ± 4.1% and 85.0 ± 6.2% (P < 0.001), respectively. Although the average heart rate was significantly different between the 2 protocols, the 5% difference does not warrant clinical significance and both values are classified as vigorous activity per ACSM’s exercise recommendations (vigorous activity = 76 to 96% heart rate maximum). There was no difference in perceived exertion during the protocols (Borg: TM 14.9 ± 0.62 vs. CE 14.5 ± 1.34). The findings in this study may assist researchers and clinicians when measuring outcome variables across exercise modalities within a single study or clinical populations.
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INTRODUCTION

High-intensity interval training protocols (HIIT) are increasingly used for training purposes in recreationally active individuals (13), in competitive athletes (15), and in persons with cardiovascular disease and cancer (6,14,20). Moreover, HIIT has been successfully used with various exercise modalities, such as swimming (2), rowing (8), cycling (9), running (11), and skiing (25). HIIT protocols have several advantages over more traditional, longer-duration aerobic protocols because:



1. They can be easily modified and adjusted to match the fitness and physical capabilities of a range of athletes and patients.

2. [bookmark: _Hlk179966824]They can be performed in shorter time periods than the traditional endurance training programs.

3. They are feasibly performed in a clinic and/or laboratory settings, and

4. They have shown similar improvements in cardiorespiratory fitness to steady state exercise (10).



Understanding the physiological effects and adaptations associated with training across different modalities allows clinicians greater flexibility in their exercise prescriptions and allows them to avoid modalities that might be contraindicated. For example, although running is a modality often used for cardiovascular health, it may be contraindicated for patients with total knee or hip replacement (17). However, if appropriately prescribed, patients can make similar improvements in cardiovascular health by cycling at equal physiological efforts during their rehabilitation. For patients concerned about the inflammatory effects of exercise, modalities that result in a tapered inflammatory response may be preferred. Thus, there is the need to better understand and compare the physiological responses among different HIIT modalities.  But, to make valid comparisons, it is necessary to equalize the physiologic demand used among the tested modalities. 



Kouvelioti et al. (16) compared cycling and running modalities, and equilibrated effort using percent heart rate maximum (%HRmax). A limitation of their comparison, however, is that they did not consider resistance or cadence differences between the two exercise modes and they did not use a cross-over design with the same participants using both modalities. Similarly, when comparing cycling and running, Couvert et al. (3) equilibrated effort by equalizing energy expenditure in 5 pilot participants using a portable metabolic testing device. They had the participants perform a cycling HIIT protocol followed by a running HIIT protocol 48 hours later. Then, they measured how many intervals it took to produce the same energy expenditure across modalities. They reported that 10 cycling intervals were equivalent to 9 running intervals. However, they did not consider cadence or resistance differences between HIIT protocols, nor did they use subject-specific data to equalize effort (e.g., heart rate or VO2). 



[bookmark: _Hlk179968331]Only a few studies have used cross-over designs, subject-specific data, and a single subject pool to compare responses to different exercise modalities (1,4,7,23), such as running versus rowing, endurance versus resistance, and different forms of HIIT. In these studies, the investigators used the same time duration for both modalities, but they did not equalize the physiological effort because doing so can be challenging when comparing different modalities given that various aerobic activities elicit different breathing patterns, postures, cadences, and muscle activation patterns. Moreover, interpreting reported physiological-response differences between exercise modalities may be muddled across studies that: (a) use different participant pools for each modality; (b) do not use subject-specific data to equalize effort; and (c) employ various data collection methodologies and equipment. 



[bookmark: _Hlk179969033]Using a cross-over design with subject-specific data and HRmax and cadence as equalizing factors, we report a feasible method of equalizing physiological effort during vigorous-intensity exercise as defined by the American College of Sports Medicine (18) (76 to 96% HRmax) between cycling and running HIIT protocols.  Equalizing the physiological effort associated with exercise using different modalities provides a valid method for comparing the modality-dependent physiological responses associated HIIT exercise. The methodology was ultimately used to compare the inflammatory responses associated with cycling and running HIIT protocols in healthy young adult males and females (age 18 to 35 years) who were recreationally active.   



METHODS



Participants

The study was approved by the USC Institutional Review Board (#HS-21-00222). Twenty-six healthy young adult males and females (age 18 to 35 years) were enrolled and provided informed consent before participating. The participants’ demographics and anthropometrics are presented in Table 1.



Table 1: Participant Demographics and Anthropometrics. 

		Age (years)

		26.92 ± 3.27



		Sex (F, M)

		  13, 13



		

Race

		18 White

  7 Asian

  1 Black 



		Height (cm)

		 172.22 ± 10.35



		Weight (kg)

		    71.16 ± 15.32 



		BMI

		 23.76 ± 2.93



		Lean Mass (kg)

		31.68 ± 8.72



		Fat Mass (kg)

		14.64 ± 5.27



		Percent Body Fat

		21.58 ± 7.31



		Waist-to-Hip Ratio

		  0.76 ± 0.05







Procedures

Heart Rate Maximum Test

At the first visit to the lab, a HRmax test was used to build the HIIT protocols, by determining the treadmill speed and cycling cadence/resistance at which approximately 90% HRmax was achieved. Heart rate and blood pressure were measured at rest using a electronic blood pressure cuff to ensure that the participants were not hypertensive nor had an elevated or depressed HR prior to performing the maximal test on a treadmill. Heart rate was measured using Polar H10 (Polar, Finland) with sensors placed across the chest according to manufacturer instructions. The protocol included a 5-minute warmup at a brisk walk (3 to 4 mph) before beginning the incremental test. After the warmup, the treadmill belt speed was set at 5 mph. The belt speed was then increased by 0.5 mph every 30 seconds until HRmax was achieved. The HRmax protocol ended if the participant stopped the protocol or when heart rate did not increase after 2 consecutive increases in belt speed. Heart rate was assessed during the middle 10 seconds of each interval. 



HIIT Protocols

The 4 x 4 HIIT protocols began with a 5-minute warm up followed by 4 repetitions of 4-minute, high intensity (~90% HRmax) active periods (AP). Each AP was followed by a 3-minute recovery period (RP) at approximately 65% HRmax (Figure 1). The treadmill speed used during the HIIT protocols was the speed that generated 90% measured HRmax during the HIIT high-intensity APs. Using this running speed, the number of foot strikes, as determined using insole load/pressure sensors (Moticon, Denmark), was averaged across limbs during the middle 15 seconds of the APs. The cadence was multiplied by 4 to determine the number of foot strikes per minute. This cadence value was then used as the RPM  5 for the HIIT cycling protocol. For example, if the participant used an average of 80 foot-strikes per minute to achieve 90% HRmax during running, the cycling cadence was set at 75 to 85 RPM and the resistance of the cycle adjusted to elicit 90% HRmax. The cycling sessions were performed on a Monark stationary bike and seat height was adjusted to the participant’s greater trochanter while standing next to the bike to prevent knee hyperextension. Handlebar position was adjusted for each participant’s comfort level. The resistance was initially set between 1 and 1.5 kPa and adjusted to sustain the appropriate 90% HRmax during the 4-minute APs. The participant’s HR and rating of perceived exertion (RPE; Borg scale 6 to 20 [1]) were measured during the middle 10 seconds of each period. For all data collections, the participants wore a standardized shoe model provided by the investigators (New Balance; Boston, MA) and water was provided ad libitum during the HIIT protocols.



[image: ]

Figure 1. HIIT Protocol (Modified from Taylor et al., 2019 [26]).



Statistical Analyses

The %HRmax and RPE were averaged across the 4 active periods. All the data were examined for normality prior to statistical testing. Paired t tests were performed to compare the two modalities for %HRmax and RPE. Pearson’s correlations were performed using the average measured HR value and RPE. The data are presented as mean ± standard deviation.



RESULTS

There was a significant difference between %HRmax achieved during the APs for running and cycling (Figure 2, P < 0.001), however, the difference was only 5% between the protocols and both were within the study defined range of 85 to 95% HRmax (TM = 90.6 ± 4.1%, CE = 85.0 ± 6.2%).





P < 0.001





Figure 2. %HRmax During Active Periods (AP) for Treadmill (TM) and Cycling (CE) HIIT.



There was no significant difference during AP for RPE between the two protocols (Figure 3, P = 0.539). The average AP for RPE for treadmill and cycling were 14.9 ± 0.62 and 14.5 ± 1.34, respectively.





Figure 3. RPE During Active Periods (AP) for Treadmill (TM) and Cycling (CE) HIIT.



DISCUSSION

Equilibrating Cadence

The primary purpose of the larger parent study was to characterize and compare the inflammatory response associated with two 4 x 4 HIIT protocols, cycling and running, performed by recreationally active participants. In this methodological study, we provided a mechanism to equilibrate the physiological effort between the 2 protocols using HR and cadence.

  

The results of this study demonstrated: (a) the participants’ ability, who are recreationally active, to complete the HIIT protocol on both the treadmill and the stationary bike; and (b) their ability to equilibrate physiologic effort, across running and cycling exercise paradigms using %HRmax and cadence as an equalizing parameter. The participants were able to maintain a %HRmax of 90.6 ± 4.1% and 85.0 ± 6.2% for the treadmill and cycling HIIT protocols during the APs, respectively. Although there was a statistically significant difference in %HRmax between the exercise modalities, the 5% difference does not suggest a clinically important difference. As previously stated, ACSM defines vigorous activity as 76 to 96% HRmax (18), therefore, the results of this study for both exercise modalities can be classified in this category. The similarity in physiological effort between the two modalities is further supported by the nonsignificant difference found in perceived effort. Both protocols elicited a perceived effort of ~15 on the Borg scale, which corresponds to ‘hard’ exercise (1).





High-Intensity Interval Training

The HIIT protocols have demonstrated the ability to provide similar or even greater aerobic fitness improvements compared to longer duration aerobic exercise (19). Furthermore, the participants reported similar physical activity enjoyment with the HIIIT protocols compared to the continuous exercise (22).  The flexibility in tailoring HIIT protocol designs to various clinical populations with disease-specific limitations has allowed researchers to examine the use of the HIIT protocols in patients with cancer (21), cardiovascular disease (27), diabetes (5), and knee osteoarthritis (12).  	Comment by George Salem: This contradicts your previous sentence that there is greater response with HIIT	Comment by Juliet Moore: How so? The first sentence is physiologic improvement and this is discussing psychological comparisons.	Comment by George Salem: I miss read it as reduced Effect not Affect.  What reduced affect are you talking about?  



This study was successful in eliciting similar physiologic and perceived effort responses between the two exercise modalities using %HRmax and cadence as equilibrating factors. By equilibrating by cadence, in addition to %HRmax, the participants used the same number of limb movements during each HIIT protocol. This may be important in determining the effects of other parameters (e.g., ground impact forces, muscle recruitment patterns, and joint kinematics) on participant outcomes.  



Future Studies



To more precisely measure the physiological effort, future studies may repeat this investigation using a metabolic cart and measuring VO2 utilization. However, it must be emphasized that previous research has demonstrated the linear relationship of HR at specific %VO2 levels during aerobic exercise (24). Also, this study measured the results in young (18 to 35 years of age) recreationally active participants (<8 hours per week activity). Future research should focus on expanding these protocols to other participant populations including different age groups, activity levels, and clinical populations. Although this study used shoe insoles to measure cadence, this can be achieved in a simpler manner by having a researcher tally the foot strike numbers during each interval of the maximal test.  



[bookmark: _Hlk179878812]CONCLUSIONS

The methodology used in this study was the first to equilibrate physiological effort during running and cycling HIIT protocols, using %HRmax and cadence as equilibrating factors. This novel methodology may help researchers investigate the effects of different exercise modalities in the same participant pool rather than relying on comparisons with other studies that may have different participant populations, protocols, and measurement techniques. Further, the methodology can be of use in exercise program development, acute exercise research protocols, and inclusive kinesiology practices.
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