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 BODY MASS AS THE OPTIMAL LOAD PREDICTOR FOR POWER CLEAN 

VARIATIONS: A PRACTICAL APPROACH 

 

 

MARCEL LOPES DOS SANTOS 

28 Pages 

 The purpose of this study was to identify the optimal load of the Hang Power Clean 

(HPC), Hang High Pull (HHP), and Mid-thigh Clean Pull (MTP) based on a relative percentage 

of the subjects’ body mass (BM). Fifteen males with experience in weightlifting (age: 21.8 ± 1.9 

years; BM: 83.2 ± 9.0 kg; height: 175.4 ± 6.0 cm; 1-repetition maximum [1RM]: 93.0 ± 12.7 kg; 

1RM to BM ratio: 1.12 ± 0.13) performed HPC, HHP, and MTP at intensities of 30, 40, 50, 60, 

70, 80, and 90% BM. Kinematic data were collected through a 16-camera infrared motion 

capture system and processed based on a three-dimensional lower-extremity model. Kinetic data 

were collected from two force plates. Peak power was found at 80, 80, and 90% BM for HPC, 

HHP, and MTP, respectively. Highest peak power output was found during the HHP for all 

intensities when compared to HPC and MTP. Power production was higher in the MTP from 30-

70% BM when compared to HPC, but at 80-90% BM this shifted toward HPC prevalence over 

MTP. Results of the present study indicate that relative percentages of body mass presented as a 

reliable alternative for prescribing loads for the HPC, HHP, and MTP for healthy males with 

experience in resistance training. This information is relevant for load prescription for exercises 

without the catch phase (HHP, MTP) in which trainers and coaches rely on 1RM tests in 

exercises with more technical complexity such as the power clean (PC) and HPC. 



KEYWORDS: weightlifting derivatives, hang power clean, hang high pull, olympic weightlifting, 

mid-thigh clean pull, power training 
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CHAPTER I: BODY MASS AS THE OPTIMAL LOAD PREDICTOR FOR POWER CLEAN 

VARIATIONS: A PRACTICAL APPROACH 

Introduction 

 Several factors contribute to success in sports. In addition to technical and tactical 

aspects, physical fitness can be considered a key factor during training. Athletes’ success in a 

wide range of sports is intimately linked to their capacity for producing muscular power 

effectively (11,14). Effective muscular power production is essential to performance, especially 

in sports modalities that involve sprints, jumping, and change of directions (3,14,15,26). Hence, 

specific training strategies that address the enhancement of athletes’ individual capacity to 

produce muscular power have become fundamental (22,24).   

 Muscular power is resultant from muscular force and its contraction velocity. Both neural 

and muscular adaptations achieved through resistance training will contribute to an improvement 

in the muscular power production (10,11,37). Nevertheless, the literature has shown that 

muscular power production enhancement is optimized when the activities included in the training 

program are similar to motions commonly performed in game situations (4,9,11,37). Power 

output values are determined by the force applied during the motion, normally through global 

ground reaction force (GRF), and the velocity of the system (barbell + body) movement. Thus, 

power training strategies that target not only force but also the velocity component have become 

attractive (1,2,12,14,37). Consequently, plyometric and weightlifting training have been 

introduced as major components in training programs because they work the same musculature 

utilized in sport-specific motions (31,37) and result in more improvements in performance when 

compared to resistance training alone (2,12,14,25,30). 
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 However, to maximize the power output in a specific motion it is expected that the 

athletes train at the intensity in which they elicit the peak power output, also known as the 

optimal load (17,29). Optimal load identification requires a 1-repetition maximum (1RM) test 

and execution of the exercise at four to eight relative percentages of the 1RM to determine the 

intensity at which the peak power output occurs for that specific exercise. Although this is the 

best way to determine the optimal load, injuries may occur due to lifting very heavy loads during 

a complex move and an exceedingly amount of time is required to be exclusively dedicated for 

testing. 1RM testing commonly begins with a rest period of 24 hours that is followed by the 

1RM test and another 48-72 hours of rest precedes a second 1RM test in which the value 

obtained during the first test will be confirmed. Moreover, following the two 1RM tests, four to 

eight relative percentages of the 1RM are tested on a lab setting to determine the percentage of 

1RM that elicits the peak power output. This session is also preceded by a 24-hour rest period. 

This entire process may take up to ten days to complete. Furthermore, training loads must 

continually be adjusted due to athletes´ neuromuscular adaptations to training, requiring 

additional testing time and compromising the number of actual training sessions of a program. 

 Weightlifting derivatives such as the Power Clean (PC), Hang Power Clean (HPC), Hang 

High Pull (HHP), Mid-thigh Clean Pull (MTP), and Jump Shrug (JS) emphasize different phases 

of the pull and/or throw and can promote a considerable increase in muscular power production 

levels and therefore improvements in sports performance (11,14). However, the optimal load 

determination for these exercises in training programs is not a simple task. For weightlifting 

derivatives without the catch phase (i.e., JS, HHP, MTP), it is not possible to accurately assess 

the complete range of motion and therefore the 1RM test is not a viable option. Consequently, 

the strategy that has largely been used to determine the training load for these exercises is using 
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percentages of the PC or HPC (6,27,33). However, the application of this method requires the 

individual to become very proficient in a more complex exercise to determine the training load 

of less complex exercises (5,20,34). 

Given the disadvantages of performing 1RM tests to determine the optimal load, other 

methods such as body mass (BM) utilization as the main parameter presents as a viable option. 

Loturco et al., present a relation between BM and the intensity at which the optimal load is 

identified with ballistic and non-ballistic exercises. For instance, peak power outputs were found 

at 80%, 100%, 35%, and 40% BM, for the jump squat, half squat, bench throw, and bench press, 

respectively (24).   

 Following preliminary analyzes in different publications, we observed that even in 

diverse athletic populations (e.g., different sports, genders, years of practice) results from body 

mass percentages can be extrapolated for weightlifting derivatives (5,7–9,17,19,32,34). 

Notwithstanding, utilization of the BM as the parameter to determine the training load for 

weightlifting derivatives have not been tested yet and it presents as a practical and safe 

alternative that could benefit both trainers and athletes. Using BM to determine the optimal load 

for each exercise would exclude the need for the athlete to learn a more technical exercise (PC or 

HPC) to determine the training load for simpler exercises (HHP, MTP, JS). Only one effortless 

assessment session in which the athlete’s BM is measured would be required to identify the 

training load. More importantly, the athletes will be able to train at the respective training loads 

for each exercise regardless of their proficiency in the PC or HPC. Therefore, the aim of this 

study was to identify the optimal load of weightlifting derivatives (HPC, HHP, and MTP) based 

on a relative percentage of the total BM. 
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Methods 

Experimental Approach to the Problem  

 This study used a repeated measures design to assess power output at several submaximal 

intensities based on percentages of body mass. Subjects participated in four separate sessions. In 

the first session subjects performed a 1RM for the HPC and were familiarized with HHP and 

MTP. During the second, third, and fourth sessions the subjects performed the HPC, HHP, and 

MTP at weights equivalent to 30, 40, 50, 60, 70, 80, and 90% of their BM in order to determine 

the percentage at which peak power output was achieved. Testing occurred in different days but 

on the same time of the day, with at least 48 hours between sessions. Testing sessions occurred at 

least 48 hours after the 1RM HPC. 

 

Subjects 

 Fifteen healthy males familiar with weightlifting derivatives participated in this study. All 

subjects were engaged in resistance training for more than 2 years and were proficient in PC 

and/or HPC. Subjects’ descriptive characteristics are listed in Table 1. Subjects were asked to 

refrain from strenuous exercise, alcohol and caffeine at least 24 hours before the testing sessions. 

This study was approved by the Illinois State University Institutional Review Board. Before 

participation, subjects’ medical history was assessed, they were informed of the possible risks of 

the study, provided written informed consent, and had all questions related to the study 

answered. 
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Procedures 

 Subjects participated in four testing sessions. Testing sessions occurred on different days 

over the period of three weeks with at least 48 hours between each testing session. A standard 

dynamic warm-up preceded each session and consisted of five minutes of light jogging on the 

treadmill followed by stretching, and two sets of a few repetitions of the exercise that was being 

performed that day (HPC, HHP or MTP).  One set was performed with the bar only and the other 

with 50% of their BM.  In session one, subjects completed a 1RM for the HPC and were 

familiarized with HHP and MTP. In sessions two, three, and four subjects performed 3 

repetitions of HPC, HHP or MTP at seven intensities (30, 40, 50, 60, 70, 80, and 90% BM). Both 

exercise order and intensities were randomized to minimize biased responses. 

 

1-Repetition Maximum Hang Power Clean Protocol 

 Subjects were asked to estimate their HPC 1RM and that load was used as their first try 

during the testing. If the subjects were not sure about their estimated 1RM HPC, the initial load 

was equal to their total BM. Subjects were asked to refrain from strenuous exercise for at least 24 

hours prior to the test. The 1RM test was preceded by a standard dynamic warm-up protocol in 

which the subjects jogged for 5 minutes on a treadmill, stretched, and performed HPCs without 

any plates on the barbell until self-reported ready. After that, subjects were asked to execute 8 

HPC repetitions at 50% BM followed by 3 HPC repetitions at 70% BM with 2 minutes and 30 

seconds of rest between trials. The first load for all subjects was set at 100% of their BM. 

Following that, two to five kg were added or removed after each trial until a true 1RM HPC was 

found.  Failed attempts were followed by a second attempt with the same load. In case of a 

second failed attempt, the highest successful attempt was considered as the subjects’ 1RM HPC. 
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A rest period of at least 2 minutes and 30 seconds was provided between all trials. A trial was 

considered successful if the HPC execution was in agreement with the National Strength and 

Conditioning Association (NSCA) guidelines (28) and unsuccessful if the subject’s thigh went 

below parallel to the floor during the catch phase. After the 1RM HPC was established, each 

subject was familiarized with the HHP and MTP techniques. 

 

Hang Power Clean  

 The HPC began with the barbell and weight resting on two weightlifting boxes and the 

subjects standing with shins making contact with the middle of the bar (Figure 1).  Subjects were 

standing on two force plates with each foot on a force plate. Subjects were instructed to maintain 

a flat back and pull their shoulder blades together while squatting down and grasping the bar 

with a pronated grip slightly wider than shoulder-width and straight arms with elbows pointed 

out. Then, the subjects were instructed to slowly extend the knees to elevate the bar to just above 

the knees and, as the bar passed the knees, to extend their hips. At this point the subjects were in 

the starting position. The HPC procedure began with the subjects lowering the bar to the top of 

their knees by flexing their hips. With shoulders in front of the bar, back flat, arms extended with 

elbows pointed out, and knees slightly bent, they explosively extended their hips, knees, and 

ankles in order to accelerate the barbell upward while quickly pulling their body under the bar. 

Then, subjects flexed their hips backward, sat in a quarter squat position to absorb the weight of 

the bar, and rotated the elbows down and up ahead to catch the bar on the front portion of the 

shoulders. Finally, the subjects stood erect with feet flat on the force plates. A trial was 

considered unsuccessful if the subjects had their hips and upper thighs going below parallel to 

the floor (90°). 
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Hang High Pull 

 The starting position for the HHP followed the HPC procedures described above. With 

the bar right above their knees, the subjects extended onto the balls of their feet and shrugged 

shoulders straight up, pulling the bar upward to neck height while keeping the bar close to the 

body with arms straight and elbows pointed out until the body was fully extended (Figure 2). 

Then, they went back to the starting position by lowering the bar slowly with the elbows slightly 

flexed. 

 

Mid-thigh Pull 

 Starting position for the MTP also followed the HPC procedures described above. 

However, instead of having the bar resting right above their knees, subjects had the bar in 

between knees and hips, at mid-thigh height (Figure 3). During the upward phase, they 

explosively performed a triple extension in order to accelerate the bar while shrugging their 

shoulders with elbows straight and bar close to the body. 

 

Power Assessment 

 During power assessment, subjects performed three repetitions at seven intensities (30% 

through 90% of BM) in random order. The bar was resting on two wood blocks adjusted to each 

subjects’ knee height and, after performance of the three repetitions at a given intensity, a rest 

period of at least 2 minutes and 30 seconds was provided to prevent fatigue. Subjects were asked 

to return the bar to the starting position after each repetition and to avoid countermovement 

before starting the movement. In case of a failed attempt, additional trials with the same load 

were performed following the same rest period and the highest value obtained during the three 
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repetitions was considered the peak power output for each intensity of each exercise. Only the 

concentric phase of the pull for each repetition of each exercise was analyzed. Power output was 

measured based on a combination of kinetic: ground reaction force (GRF)-time data and 

kinematic: center of mass velocity (COMv) of the system (barbell + body). It has been reported 

that this combination in addition to a proper biomechanical modeling is required for accurate 

measures of power in human motions (21).  

 Kinematic data were collected during all repetitions of all trials and processed based on a 

three-dimensional lower-extremity model with Visual 3D biomechanics software (C-Motion Inc, 

Germantown, Maryland, USA). A Vicon 16-camera infrared motion capture system (ViconMX, 

Los Angeles, California, USA) sampling at 200 Hz captured the movement based on reflective 

markers placed on the lower body of the subjects. A total of 33 reflective markers were placed on 

subjects for kinematic data calculation. Markers were attached to anterior superior iliac spines of 

the pelvis (2x), sacrum (1x), trochanters of the femur (2x), lateral mid-thighs (8x), medial and 

lateral epicondyles of the knees (4x), lateral shanks (6x) medial and lateral malleoli of the ankles 

(4x), 2nd and 5th metatarsals (4x), and heels (2x) (Figure 4). Reflective markers were attached 

with double-sided tape and secured with extra tape as necessary. Data collection started with a 

static trial in which the subjects stood in an anatomically neutral position. Kinetic data were 

collected from two force plates (Advanced Mechanical Technology Inc, Watertown, MA, USA) 

sampling at 1000 Hz. Subjects were asked to keep each foot on a single force plate throughout 

every trial. Results from each force plate were summed to form the GRF value and data were 

resampled to 200 Hz to match the kinematic sampling. Reflective markers, kinematic and GRF 

data were lowpass filtered at 6 Hz in Visual 3D.  
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Statistical Analysis 

 Normality of the data was assessed by Shapiro-Wilk’s test. A repeated measures one-way 

ANOVA was used to examine significant differences in power (W) during the HPC, HHP, and 

MTP. Follow-up analysis included Bonferroni post hoc comparisons. A two-way ANOVA with 

Bonferroni’s post hoc multiple comparisons test was used to assess interaction effects for load by 

exercise. Data were reported as mean ± standard deviation (SD) and statistical significance level 

was set at p ≤ 0.05. All statistics were performed using IBM SPSS 23 (IBM, New York, NY, 

USA) and GraphPad Prism 7.01 (GraphPad Software, La Jolla, California, USA). In addition, 

multi-variate (partial η2) effect sizes and statistical power (power) are presented. 

 

Results 

Overall Peak Power 

 HPC peak power occurred at 80% BM and it was significantly different than 60, 50, 40, 

and 30% BM (p = 0.0006) whereas not statistically different than 70 and 90% BM. HHP peak 

power occurred at 80% BM and it was statistically different than 30% BM (p = 0.002) whereas 

not statistically different than 90, 70, 60, 50, and 40% BM. MTP peak power occurred at 90% 

BM and it was not statistically different than 80, 70, 60, 50, 40, and 30% BM whereas 70 and 

60% were statistically different than 30% BM (p = 0.04). Results for HPC, HHP and MTP are 

displayed in Table 2 and Figure 6. Statistical results for the 2-way ANOVA indicated a 

significant interaction effect for load by exercise (F (12, 266) = 14.26, p = 0.0001). Estimated 

effect sizes of η2 = 0.965, 0.934, and 0.942 at observed power levels of 1.000, 1.000, and 1.000 

were found for peak power during HPC, HHP, and MTP, respectively. Results for HPC, HHP, 

and MTP comparisons are displayed in Figure 5. 
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Discussion 

 This study aimed to identify the optimal load for three weightlifting derivatives (HPC, 

HHP, and MTP) based on one’s body mass. Peak power values were found at 80%, 80%, and 

90% BM for the HPC, HHP, and MTP, respectively. 

 

Hang Power Clean  

 Several studies have investigated the optimal training load for the HPC. HPC peak power 

has widely been reported to be at 65-80% 1RM HPC (17,19,32,34,35) with very little variation 

among studies, and in most cases with no statistical difference to intensities near the highest 

obtained value. It should be noted that when converting the same values to percentages of the 

subjects’ body mass in each of these previous studies, the values are in line with the ones found 

in the present study (80% of BM). For example, Kawamori et al. (16), Suchomel et al. (34,35), 

Kilduff et al. (19), and Kipp et al. (20), have reported HPC peak power at 70, 65, 80, and 70% 

1RM HPC, or approximate values of 83, 82, 84, and 87% BM, respectively. This consistency 

among studies indicates that BM might be a useful tool in training load prescription as long as 

the subjects have proficiency in the HPC. 

 

Hang High Pull 

 Although peak power for the HHP was found at 80% BM, it was only statistically 

different than 30% BM and therefore it can be assumed that optimal load for HHP was found at 

40-90% BM. This results are in line with Thomas et al. (36) who reported no statistical 

difference in HHP peak power  across 30-60% 1RM for both genders. In another study, 
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Suchomel et al. (33), found a peak power output for the HHP during 45% 1RM HPC, although it 

was not statistically different than 30% 1RM. Since there was no significant difference from 40-

90% BM in the present study, it can be assumed that subjects produced similar mechanical 

power despite the increase in load. In other words, the lack of difference in mechanical power 

across loads higher than 40% BM for the HHP suggests that training at a low to moderate 

intensity may be enough to provide proper stimuli to enhance one’s power performance. 

Although the optimal load for the HHP encompasses a wide range of intensities, overall 

mechanical power is influenced by fluctuations in force and velocity. Peak force in the HHP has 

been suggested to be achieved at 80% 1RM HPC whereas peak velocity is achieved at 30% 1RM 

HPC (33). From a training perspective, this can be critical when prescribing the HHP, especially 

when it comes to the transferability of training outcomes to sport-specific motions (e.g., 

sprinting, jumping, throwing, etc). 

 

Mid-thigh Clean Pull  

 MTP peak power was found at the heaviest load tested in this study (90% BM). However, 

it was not statistically different than any of the other intensities. MTP peak power reported in this 

study is in line with the one reported by Kawamori et al. (18). In their study, MTP peak power 

was obtained at 60% 1RM PC (~84% BM) but not statistically different than 30, 90, and 120% 

1RM PC. However, they presented a positive correlation between the peak force at 90% MTP 

and peak force, peak power, and peak rate of force development during the static vertical jump. 

This shows the importance of the force component in power training for that specific motion. 

Therefore, training at higher intensities during the MTP might be more efficient for that 

particular movement. Our results are also in line with Haff et al. (13), who reported a peak power 
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at 80% 1RM PC (~96% BM) for the MTP, however only intensities 80, 90, and 100% 1RM PC 

were tested. There is a possibility that higher values for power would have been found if 

additional lighter intensities were tested. Ultimately, there is value in comparing the outcomes of 

these studies with the ones reported in this study but comparison with these studies should be 

made with caution. Other studies have suggested that the optimal power for the MTP occurs at 

40-60% 1RM PC (5,6), but these studies used the 1RM PC as the reference to determine the 

percentages in which the MTP would be tested, and we should be careful when interpreting the 

outcomes, as stated by Kawamori et al. (18). A more effective alternative would be determining 

the 1RM MTP prior to determine a relative percentage at which the peak power output for that 

exercise occurs. 

 

Optimal Load based on BM in Different Weightlifting Derivatives 

 Although body mass has previously been suggested as a possible practical strategy to 

prescribe training load for weightlifting derivatives (9,33), to the authors knowledge, this is the 

first study that investigated relative percentages of the subjects’ body mass as the parameter to 

determine the optimal load. Another unique aspect of this study is the comparison of the peak 

power among three different exercises that emphasize the same aspects of the lift during the 

second pull in the concentric phase with rapid and explosive triple extension of the lower-body 

joints and use of similar musculature. Peak power outputs for the three exercises differ 

significantly from each other in the majority of the intensities (Figure 5). Highest peak power 

output was found during the HHP for all intensities when compared to HPC and MTP. 

Interestingly, power production was higher in the MTP from 30-70% BM when compared to 

HPC, but at 80-90% BM this shifted toward HPC prevalence over MTP. As stated before, there 



13 

are several factors such as rate of force development (6), impulse (6,23), propulsion (34) and 

joint internal power output (20) that contribute to effective levels of power production. That 

reinforces the idea of prescribing not only the exercises that work the same musculature/joints 

but also the ones that are more similar in nature with sport-specific moves, so the athlete can 

enhance performance more effectively. Although subjects in this study were proficient in HPC, 

they were only required to have at least 2 years of experience in resistance training. We believe 

that in more homogeneous groups this relationship will be even stronger due to the longevity of 

training and similarities in training routines. 

 

Practical Applications 

 The results of the present study indicate that relative percentages of body mass presented 

as a reliable alternative for load prescription for the HPC, HHP, and MTP for healthy males with 

experience in resistance training. This information is relevant for load prescription for exercises 

without the catch phase (HHP, MTP) in which trainers and coaches rely on 1RM tests in 

exercises with more technical complexity such as PC and HPC. HHP and MTP have specific 

characteristics and training at each athlete’s respective optimal loads can be prescribed not only 

for overall enhancement of power but for improvement of variables that contribute to an 

effective power output such as impulse, rate of force development, and propulsion. Moreover, 

using a relative percentage of BM to determine the training load excludes the need for mastering 

complex lifts in situations in which HHP and MTP are the best option. Using relative 

percentages of BM is also less time-consuming and potential risks of injury in lifting heavy loads 

during complex exercises can be avoided. Such a strategy can be used in groups of athletes for 

which 1RM tests are not the most viable option.  
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APPENDIX: FIGURES AND TABLES 

 

Figure Legends 

Figure 1. Hang Power Clean. 

Figure 2. Hang High Pull. 

Figure 3. Mid-thigh Clean Pull. 

Figure 4. Reflective markers placement. 

Figure 5. HPC, HHP, and MTP average peak power for all loads. * Significant difference 

between HPC and HHP (p ≤ 0.005); † Significant difference between HPC and MTP (p ≤ 0.005); 

# Significant difference between HHP and MTP (p ≤ 0.005). 

Figure 6. Hang Power Clean (A), Hang High Pull (B), and Mid-thigh Clean Pull (C) average 

peak power. * Statistically different than 60, 70, 80, and 90% (p ≤ 0.003); ** Statistically 

different than 80 and 90% (p ≤ 0.02); # Statistically different than 30% (p ≤ 0.05).  
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Table 1. Subjects descriptive characteristics 

 

 

 

 

 

 

 

 

 

 

 

 

* BM = body mass 

** 1RM HPC = 1 repetition maximum hang power clean 

 

 

Variable Mean ± SD  

Age (y) 21.8 ± 1.9  

BM (kg)* 83.2 ± 9.0  

Height (cm) 175.4 ± 6.0  

1RM HPC (kg)** 93.0 ± 12.7  

1RM to BM ratio 1.12 ± 0.13  



 

 

2
8
 

 

Table 2. Peak power based on body mass percentages for the Hang Power Clean (HPC), Hang High Pull (HHP), and Mid-thigh Clean 

Pull (MTP). 

* Statistically different than 60, 70, 80, and 90% (p ≤ 0.003) 

** Statistically different than 80 and 90% (p ≤ 0.02) 

# Statistically different than 30% (p ≤ 0.05) 

 

 

 

 

  

 Percentage of Body Mass 

Variable  30% 40% 50% 60% 70% 80% 90% 

HPC (W) 984.58 ± 82.12* 1119.31 ± 82.41* 1287.46 ± 94.45** 1475.86 ± 85.17** 1749.68 ± 123.56 1931.15 ± 102.28 1916.20 ± 137.95 

HHP (W) 1570.61 ± 121.97 1755.07 ± 120.99 1857.83 ± 121.31# 1924.00 ± 159.28# 2049.40 ± 181.08# 2137.03 ± 174.36# 2086.24 ± 167.68# 

MTP (W) 1453.16 ± 131.45 1583.50 ± 145.06 1560.02 ± 149.64 1718.89 ± 120.65# 1791.88 ± 141.32# 1770.41 ± 111.28 1814.81 ± 132.96 
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