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Explosive Power in Football Players
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ABSTRACT

Pennington JM, Laubach LL, De Marco GM, Linderman JK. Determining the Optimal Load for Maximal Power Output for the Power Clean and Snatch in Collegiate Male Football Players. JEPonline 2010;13(2):10-19.  Explosive power is associated with performance in a multitude of sports. Olympic style explosive exercises (i.e. the snatch and power clean) are known to elicit the greatest power output, as well as simulate the multiple joint motions involved in many sports. Therefore, the purpose of the present research was to determine percentage of one repetition maximum (1 RM) that yielded maximal power output during the power clean and snatch.  The secondary purpose of this research was to determine differences in intra-team power characteristics between skill and non-skill classifications. Division I male football athletes (n=20) participated in this research. Body composition, as well as peak power output, average power output, peak velocity, and average velocity was measured from 30-90% of 1 RM in 10% increments for the power clean and snatch.  Peak power occurred at ≥ 80%-of 1 RM for the power clean (1859.3 ± 56.6 Watts) and snatch (1632.6 ± 64.3 Watts). Peak power output was significantly higher (p<0.05) for both exercises in the non-skill group, but the skilled group was significantly higher when power was adjusted for bodyweight.  However, no differences in power output were found when adjusted for lean body mass.  This study suggests the optimal load for producing the highest value of power output occurs at ≥80% of 1 RM. The current study also suggests that in neuro-muscularly trained athletes that lean body mass has an influence on maximal power output.

Key Words: Football, Athletic Performance, TENDO.
INTRODUCTION
Explosive power is a component associated with better performance in multiple sports. Training to increase maximal power output is widely disputed among many in the field of strength and conditioning (2,12).  Olympic style explosive exercises (i.e., the snatch and power clean) are known to elicit the greatest amount of power output, as well as simulate the motions involved in many sports such as football, track, soccer, and basketball (3,6). Hip extension, knee extension, and plantar flexion are key components in running and jumping, which are the primary movements involved in the explosive Olympic lifts. Wilson et al. and Kaneko et al. reported that training at a load that produces maximal power output produces the greatest amount of increases in maximal power (9,18).  Kawamori recommends that the percentage of one repetition maximum that yields maximal power output needs to be independently determined for each multi-joint exercise that involves different muscle groups (12). Several researchers have attempted to determine the percentage of one repetition maximum that yields maximal power output in the power clean and snatch but the results have varied between 70% to 80% (1,2,4,11,14). To date no one has attempted to establish the percentage of one repetition maximum that yields maximal power output for the snatch.
It is difficult to determine which load is more valid due to variations in the loads tested and the techniques used. Data interpretation may be further complicated when results are standardized to bodymass. Miller et al. reported that as body mass increased, power clean performance increased, and as body fat increased power clean performance decreased (p<0.05) (16).  Also, Schmidt compared lower body power using vertical jump in tight ends, linebackers, defensive backs, and defensive linemen. It was determined that defensive backs had a significantly higher lower body power output when compared to the other positions (p<0.05) (18), indicating that position may effect power output as well.
The purpose of this research was to answer the following questions: (1) What percentage of one repetition maximum yields maximal power output during the power clean and snatch; (2) Is there a difference in load yielding maximal power output between power clean and snatch; (3) Does skill classification affect power output?; (4)  Does lean body mass  account for the power output differences? 
METHODS

Subjects

Twenty male University of Dayton, OH DI non-scholarship football players 19-22 years of age volunteered to participate in this study, including athels from both skilled (n=8) and non-skilled (n=12) classifications.  Approval of all procedures used in this study by the University of Dayton Institutional Review Board was obtained before data collection began.  All subjects were cleared by a certified athletic trainer to participate in the study. Subjects were also required to have a current medical release form and sign an informed consent before data collection began to participate in the study.  
Procedures

Subjects attended four testing sessions during a one-week period. Subjects’ anthropometric measurements were taken in testing session one.  In testing session two the subjects’ one repetition maximum was obtained for the power clean and snatch. In testing sessions three and four peak power output, peak velocity, average power output, and average velocity of power clean and snatch were obtained at the loads of 30%, 40%, 50%, 60%, 70%, 80%, and 90% of one repetition max. Subjects were given 48 hours of rest between testing sessions two, three, and four. 

Anthropometric Measurements
Subjects’ height was recorded using a free standing stadiometer. Subjects were instructed to stand erect in bare feet, heels together with no forward or backward tilt in their head. Subjects were asked to inhale deeply and maintain this designated position while the technician placed a hinged level on the top-center part of their head. Height was recorded to the nearest 0.1 cm. 

Subjects’ weight was obtained on an electronic scale attached to the Bod Pod body composition analyzer. Subjects were asked to stand erect on the scale barefoot, in Lycra or spandex shorts. Subjects were asked to stand still with heels together, looking forward while the measurement was being taken. 

[image: image9.png]P (W/kg LBM)

25

20

15

10

skill

= = = Non-Skill

20%

40% 60% 80%

% aof1 RM

100%



Subjects’ body composition was taken using a Bod Pod body composition analyzer. Subjects were instructed to avoid diuretics, such as caffeine and supplements, abstain from drinking or exercise three hours prior to testing, and to void their bladders one hour prior to the test. Subjects were instructed to wear Lycra biking shorts or a Lycra swimsuit and to remove all metal objects from their bodies. A swim cap was placed over the subjects’ head and they were instructed to sit still and maintain normal breathing while the measurement was being taken. Thoracic lung volumes were estimated. The Siri equation was used to convert body density to body fat percentage.

1RM Testing
One repetition maximum (1RM) was obtained for both the power clean and snatch during testing session two. The order in which the exercises were tested was randomized and a 30 minute break was utilized between tests (19). Subjects underwent a light warm-up that involved 10 bodyweight squats and 10 bodyweight jump squats.  Subjects then engaged in a dynamic warm-up involving the actual movement of the power clean or snatch. The warm-up consisted of percentages of their predicted 1RM. The warm-up consisted of 5 reps at 30% 1RM, 4 reps at 50% 1RM, 3 reps at 70% 1RM, and 1 rep at 90% 1RM.The test administrator corrected any subjects with incorrect form during the warm-up to prevent incorrect form during the test and to reduce the risk of injury. From this point subjects were given four attempts to achieve their actual 1RM. A three-minute rest period was given between warm-up sets. This is procedure is as outlined by Winchester et al (20).

Determination of Power Output

Power output was determined using a TENDO FiTROdyne Powerlizer (Fitro-Dyne; Fitronic, Bratislava, Slovakia).  The TENDO unit has previously been reported to reliably measure power output (R=0.97) (8).  This device is considered a linear position transducer and, therefore, measures velocity and power in the vertical direction. Kraemer reported that if the horizontal movement from center is less than 7%, this effect is minimized and can be ignored (15). The proper technique of both the power clean and snatch emphasizes the bar moving in a straight, vertical path from start to finish, therefore the horizontal movement in both of these lifts should be minimized and the TENDO unit should be a reliable, valid measure of power output. A video camera positioned perpendicular to the athlete was used to determine lifts that deviate too far from center and those lifts were excluded. Linear velocity transducers have been significantly correlated with ground reaction force plates in measuring power output (17).
In testing sessions three and four peak power output, peak velocity, average power output, and average velocity of their power clean and snatch were obtained at the loads of 30%, 40%, 50%, 60%, 70%, 80%, and 90% of one repetition max. The order in which the exercises were performed was randomized between testing sessions three and four. Subjects underwent a light warm-up that involved 10 bodyweight squats and 10 bodyweight jump squats.  Subjects then engaged in a dynamic warm-up involving the actual movement of the power clean or snatch. The warm-up consisted of percentages of the participants’ 1RM. The warm-up consisted of 5 reps at 30% 1RM, 4 reps at 50% 1RM, and 3 reps at 70% 1RM.The test administrator corrected any subjects with incorrect form during the warm-up to prevent incorrect form during the test and to reduce the risk of injury. The order of the tested loads was also randomized for both testing sessions.
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Statistical Analyses

Once testing was completed the peak power output and average power output from each load was adjusted according to lean body mass. The units are represented by watts per kg of lean body mass. SPSS version 16.0 was used to determine all statistical calculations. Descriptive statistics were calculated for all variables. A repeated measures general linear model was used to determine if there were significant differences in peak power output, peak power output per kilogram of lean body mass, peak velocity, average power output, average power output per kilogram of lean body mass, and average velocity between the different loads for each exercise. LSD post-hocs were used when statistical significance was established. A one way ANOVA was used to test for significant differences in peak power output, peak power output per kilogram of lean body mass, peak velocity, average power output, average power output per kilogram of lean body mass, and average velocity between the skill classifications and between each exercise at each load. A p<0.05 was used for all statistical calculations to determine statistical significance. 
RESULTS

Subjects

Subject height, weight, and body composition are reported in Table 1. 

Power Clean 
When examining all subjects, 80%, 90%, and 100% of 1 RM yielded the peak power output (watts) (p < 0.05) (Figure 1).  When adjusted for body mass and lean body mass, the same statistical relationship was observed.  Power Clean Peak Velocity was highest at 30% of 1 RM and lowest at 100% of 1 RM (Table 2; p<0.05).  When adjusted for body mass and lean body mass, the same relationship was observed.
Snatch

For the whole group, snatch Peak Watts increased from 30-80% of 1 RM (Figure 1; p<0.05) but was not significantly greater from 80-100% of 1RM.  When adjusted for body mass and lean body mass, the same statistical relationship was observed. Snatch Peak Velocity is significantly different at all loads and is highest at 30% of 1 RM and lowest at 100% of 1 RM (Table 2; p < 0.05). 

Power Clean vs. Snatch
Power clean load was significantly higher than snatch load at all percentages of 1 RM (Table 2; p < 0.05). Power clean peak watts was significantly higher than snatch peak watts at all loads (p < 0.05). Snatch peak velocity was significantly higher than power clean peak velocity at all loads (p < 0.05). When matched for peak power, where the peak power for snatch and power clean were not significantly different, snatch peak velocity was significantly higher than power clean peak velocity (p<0.05).

Skill Classification
Power clean peak watts were significantly higher in the non-skill groups at ≥80% of 1 RM (Table 2 p < 0.05). Relative peak power (w/kg) in the skill group was significantly higher when compared to the non-skill group except at 80% 1 RM (p<0.05).  Relative peak power (w/kg LBM) was not significantly different for the power clean between skill and non-skill positions at any load (p<0.05). There were no significant differences between skill and non-skill positions in power clean peak velocity at any load (p<0.05).  Snatch load was significantly higher in the non-skill group at every load (p < 0.05). Snatch peak watts were significantly higher in the non-skill group at loads ≥ 40% of I RM (Table 2,; p < 0.05). Relative peak power (w/kg) in the skill group was significantly higher when compared to the non-skill group at all loads except for 40% 1 RM (p < 0.05).   When adjusted to lean mass there were no significant differences in snatch peak watts between skill and non-skill positions at any load (p < 0.05). There were no significant differences between skill and non-skill positions in snatch peak velocity at any load.
DISCUSSION

Optimal Loading

The primary purpose of this research was to determine the optimal load of 1 RM that yields the greatest power output in the power clean and snatch. In this particular population the optimal load to produce peak absolute and peak relative power output for the power clean was achieved at ≥ 80% (Figure1,Table 2).  Although power output continued to increase from 80% to 100% of 1RM, this difference was not statistically significant.

The results from this study are similar to previously published data. Previous research has found that in athletes, both at the collegiate and professional levels that the optimal percentage of 1 RM was achieved between 70% and 80% (2,12,14,20). In these studies, however maximal power output was much higher at all loads than the current study (Table 2). 
Few researchers have attempted to establish the percentage of one repetition maximum that yields maximal power output for the power clean. Results for each of these attempts have varied. Winchester et al. tested 18 division III athletes with at least a year of training experience in the power clean and found that the percentage of their one repetition maximum that yielded the highest average and peak power output was 70% (20). This value was significantly higher when compared to 50% and 90% of one repetition maximum (p < 0.05) (20). This study was lacking a wide range of loads as it only tested 50%, 70%, and 90% of one repetition maximum. Cormie et al. found that peak and average power output for the power clean was maximized at 80% of one repetition maximum when compared to 30%, 40%, 50%, 60%, 70%, and 90% of one repetition maximum  in two separate studies involving 10 and 12 division I athletes (p < 0.05) (1,2). Haff et al. used 8 trained men and tested their average and peak power output at 80%, 90%, and 100% of their one repetition maximum in the power clean and found that both variables peaked at 80% of their one repetition maximum and were significantly different (p < 0.05) (4). This study also failed to use a wide range of loads.
Kawamori et al. found similar results with a varied version of the power clean. These investigators studied 15 men that had at least six months’ experience performing the hang power clean and found that at 70% of one repetition maximum the average and peak power was significantly higher compared to 30%, 40%, 50%, 60%, 80%, and 90% of one repetition maximum (p < 0.05) (12). Kilduff et al. tested 12 professional rugby players and found that average and peak power was maximized at 80% of one repetition maximum in the hang power clean (14). Interestingly, there were no significant differences in power output between 50%, 60%, 70%, 80% and 90% of one repetition maximum. 

Table 2. Descriptive data at 100%, 90%, 80% 1 RM (mean ± SD)

	Exercise/Group
	Peak Power (Watts)
	Peak Power (Watts/Kg)
	Peak Power (Watts/Kg Lean Mass)
	Peak Velocity (m/s)
	Load (Kg)
	% of 1 RM

	Skill

	Power Clean
	1723.3 ( 106.8
	19.8 ( 1.2
	22.9 ( 1.1
	1.6 ( .08
	113.9 ( 9.2
	100%

	Snatch
	1582.8 ( 126.4
	18.3 ( 1.5
	21.1 ( 1.3
	2.1 ( .12
	78.1 ( 7.9
	100%

	Non-Skill

	Power Clean
	1949.9 ( 284.3
	17.3 ( 2.9
	22.6 ( 2.9
	1.6 ( .13
	123.8 ( 11.3
	100%

	Snatch
	1761.6 ( 240.7
	15.7 ( 2.7
	20.4 ( 2.7
	2.1 ( .20
	86.2 ( 8.4
	100%

	Skill

	Power Clean
	1758.1 ( 149.7
	20.3 ( 1.7
	23.4 ( 1.3
	1.8 ( .24
	102.9 ( 7.9
	90%

	Snatch
	1512.4 ( 105.1
	17.5 ( 1.2
	20.2 ( .86
	2.2 ( .12
	70.3 ( 6.9
	90%

	Non-Skill

	Power Clean
	1920.5 ( 290.2
	17.1 ( 3.2
	22.2 ( 2.9
	1.7 ( .15
	111.1 ( 9.9
	90%

	Snatch
	1709.0 ( 174.2
	15.2 ( 2.1
	19.8 ( 1.9
	2.3 ( .17
	77.5 ( 7.7
	90%

	Skill

	Power Clean
	1666.3 ( 121.2
	19.3 ( 1.7
	22.2 ( 1.3
	1.9 ( .13
	91.1 ( 7.4
	80%

	Snatch
	1431.3 ( 99.0
	16.5 ( 1.1
	19.1 ( .7
	2.4 ( .15
	62.5 ( 6.6
	80%

	Non-Skill

	Power Clean
	1891.8 ( 265.7
	16.9 ( 3.0
	21.9 ( 2.6
	1.9 ( .16
	98.8 ( 9.1
	80%

	Snatch
	1637.8 ( 161.1
	14.6 ( 1.9
	18.9 ( 1.7
	2.4 ( .18
	68.9 ( 6.6
	80%


Reported values from current literature range from 3,896.8 ± 1035.0 Watts to 4,467.0 ± 477.2 Watts (2,12,14,20). These values are more than doubled when compared to the values in this study (Figure 1,Table 2). Haff et al. (5) and Kawamori et al (7) examined the power clean pull and the hang power clean and found that peak absolute power output was achieved at 60% and 80% with peak power output values being 2228.9 ± 192.3 Watts and 2,440.2 ± 236.9 Watts (17,18). These peak power output values are closer to the peak values established in the current study (Figure 1, Table 2). Both of these studies factored out body weight when calculating peak power output. The method used in the current study also does not account for body weight, which would account for the wide variation in absolute peak power output values. 





Peak Velocities for all loads were similar with past data, but loads on average were higher in this study (Table 2). The variations in power output after factoring out bodyweight can only be explained by the different measuring techniques used in these studies, as well as the variations in the exercises. Three previous studies took measurements via force platforms while another used two linear position transducers to measure both vertical and horizontal displacements, the hang power clean and hang power clean pull were utilized as opposed to the power clean from the ground used in the current research (2,12,14,20). This study used only one linear velocity transducer to measure displacement in the vertical direction. The differences in measuring techniques and in the exercise techniques could lead to the variation seen in these results. 

Prior investigations have not examined the optimal percentage of 1 RM that yields the highest power output in the snatch or compared power output characteristics between the power clean and snatch. The current study found that both absolute and relative peak power output was maximized at 1≥ 80% of 1 RM in the snatch (Figure 1). 

When comparing the power clean and snatch, the power clean had significantly higher loads at all percentages of 1 RM and yielded the highest amount of power output due to this (Table 2). The snatch had significantly higher velocities at all loads of 1 RM and also had significantly higher velocities when the two exercises were matched for power (Table2). This is important to note because while training to increase power, one must train to improve peak velocity of an action and the peak force one can exert. In running and jumping sports, peak velocity of hip and knee extension and plantar flexion in the ankle, as well as the force exerted in these movements are emphasized. These are the same movements emphasized in the power clean and snatch movements, thus these exercise should be used in training to increase running and jumping performance at 80% 1 RM or above. 
Skill Class Comparison
The secondary purpose of this research was to determine differences in intra-team power characteristics between skill and non-skill classifications. Absolute peak power output was significantly higher in the non-skill group in both the snatch and power clean (Figure 2,3). Relative peak power output to body weight was significantly higher in the skill groups (Figure 2,3). This can be explained by the low body fat percentage observed in the skill group and the high amount of fat mass observed in the non-skill group (Table 1). Relative peak power output to lean body mass between the groups was not significantly different (Figure 2,3). Contrary to the current literature it appears that differences in power output variables could be explained by the amount of lean mass an athlete has and the extra fat mass an athlete is carrying. This could explain the differences in vertical jump between defensive backs and offensive linemen reported previously (18).  Miller et al. found that as body mass increased power clean performance increased (16). This agrees with the current study as the bigger non-skill group had greater absolute power clean performance. 

It has been reported that in untrained individuals, initial strength gain is due to neural adaptations and followed by hypertrophic adaptations (17). This accounts for there being no difference between the groups relative to lean body mass peak power output. All the participants involved in the current study had been participating in training for over a year; this would place them in a trained category. During the initial training of an athlete there seems to be an improvement of motor unit recruitment, rate coding, synchronization, and decreased neural inhibition (16). Following these initial improvements it would appear that peak power output is dependent on the accumulation of lean body mass, though it has been shown that neural adaptations still take place in highly trained athletes according to EMG measures (9). The current study was not designed to investigate the mechanism behind increases in strength and power, but the current data suggest that increased force production due to the accumulation of lean body mass is a contributory factor, as velocities were not different between the groups. (Table 2)

CONCLUSIONS

In this study the optimal load for producing the highest value of power output for the power clean and snatch occurred at ≥80% of1 RM.  While training athletes for maximal power production the load used should be 80% or above and change in a progressive fashion.  Findings of the present study further suggest that lean body mass influences maximal power output in neuro-muscularly trained athletes, likely due to the increases of force production associated with increases in lean body mass. 
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Figure 3. Absolute, relative to body weight, and relative to lean body mass peak power output for loads 30% to 100% for the snatch in each group.








Figure 2. Absolute, relative to body weight, and relative to lean body mass peak power output for loads 30% to 100% for the power clean in each group.





Table 1. Table 1. Descriptive data of the subjects. 


�
Height (cm)�
Weight (Kg)�
Body Fat%�
Lean Mass (Kg)�
Fat Mass (Kg)�
�
Skill Group(n=8)�
181.3 ( 2.9�
86.7 ( 3.2�
13.6 ( 3.2�
74.9 ( 3.6�
11.8 ( 2.9�
�
Non-Skill Group(n=12)�
188.0 ( 4.0�
113.3 ( 10.1�
23.4 ( 6.4�
86.5 ( 5.9�
26.9 ( 9.1�
�
Values are mean ± SD. 





Figure 1. Absolute, relative to body weight, and relative to lean body mass peak power output for loads 30% to 100% for the power clean and snatch.








Figure 1. Absolute, relative to body weight, and relative to lean body mass peak power output for loads 30% to 100% for the power clean and snatch.











