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Development of the Hawaii Anaerobic Power Test for Division 1-A Football
Athletes.

This study examined a new stair climb task to determine anaerobic power. Fifty-
eight football players volunteered to participate (mean = SD age =20.2 + 1.8 yrs, ht =
184.1 £ 7.7 cm, wt=102.5 + 19.4 kg). Subjects were tested for vertical jump, 1-RM
bench press, 36.6 M dash, and the Hawaii Anaerobic Power Test (HAPT). Intraclass
correlation coefficients (ICC) were used to determine test-retest reliability for the HAPT
(ICC values for average and peak power were 0.94 and 0.85). ANOVA was used to test
for group differences. Average and peak powers were: 1452.0 + 132.8, 1674.5 + 300.8;
1519.2 £ 191.8, 1712.6 + 251.5; and 1263.0 + 195.6, 1388.6 + 251.5 W; for the LB,
LINE and SKILL groups, respectively. The LB and LINE were found to be more
powerful than the SKILL group. It was concluded that the HAPT was a valid and

reliable test.
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INTRODUCTION:

Football has been described as a highly explosive sport consisting of sprinting,
jumping, and colliding activities; making it one of the few sports that rely heavily on
anaerobic power for success (Seiler, 1990). This type of power relies on the phosphagen
energy system (ATP and creatine phosphate) for its energy, allowing for quick
movements lasting from a fraction of a second to around five seconds (Seiler, 1990).
Therefore, coaches and recruiters spend time, effort, and resources evaluating the
anaerobic power of athletes; hoping to quantify an athletes’ potential for success on the
playing field (Sawyer, 2002). Numerous tests exist that could be used to indirectly
measure anaerobic power including: the Margaria-Kalamen step test, 40 yard dash,
Wingate Anaerobic Cycle Test, vertical jump, broad jump, one repetition maximum tests,
squat, power clean and Olympic snatch.

Anaerobic power tests have been divided into five categories based on the
duration and number of repetitions (Semenick, 1984). Category III anaerobic power field
tests included multiple sprint activities lasting less than 15 seconds in duration, separated
by a timed interval. These types of tests were the most specific to the running demands
of a football game; in that a single play can last up to 5 seconds, with 30 seconds of rest
between plays, and a series of 10 or more consecutive plays being common (Semenick,
1984).

When considering which of the available tests to use, the Margaria-Kalamen Step
Test, the Wingate Anaerobic Cycle Test and the vertical jump test results can be

conveniently converted to units of anaerobic power (Watts). Vertical jump has been
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shown to be a good measure of vertical power, but does not factor in horizontal power, a

critical component in football muscular force development (Seiler 1990). The Wingate
Anaerobic Cycle Test is not specific to football. However, the Margaria-Kalamen step
test has been shown to measure both horizontal and vertical power, potentially making it
a more accurate predictor of football playing ability (Séiler 1990).

Margaria, Aghemo and Roveli (1966), when developing the Margaria Anaerobic
Power Step Test, found that the speed of progression up the steps increases from the start
to reach a maximum constant value in about 1.5 to 2.0 seconds, and then the speed
remains constant for the following 4-5 seconds. Total work was found to be constant
from the beginning of the exercise; therefore, the energy released during the initial five
seconds of maximal exercise is an expression of the maximal anaerobic power over a
very short measured vertical distance (0.70 m) (Margaria et al., 1966). Watson (1983)
pointed out that highly coordinated individuals are able to devise a strategy for
“cheating” the timing device and this can inflate their scores by up to 10%. Intuitively, it
seems logical that a longer test, one lasting at least two seconds may better represent the
achievable anaerobic power in football players, and decrease the ability of subjects to
inflate their scores. If the average time to complete a play in football is about five
seconds and average speed increases for the first 1.5 to 2.0 seconds, then a test that lasts
over two seconds may give a better indication of functional power for these athletes.

Beckenholdt and Mayhew (1983) recommended that further research should be
conducted in an effort to eliminate the role that motor skill plays in the evaluation of
anaerobic power. When performing a stair climb test, fairly large increases in anaerobic

power can occur due to learning. When subjects are trained to perform the task,



performance has been shown to increase as the subjects learned the task, without
increasing explosive power (Schwegler et al., 1985). Although the Margaria Test
involves a high amount of skill, football players commonly use stair climbing as a
training tool. All of the subjects in the present study were highly trained in stair climbing
having performed numerous repetitions in their off season conditioning program prior to
data collection.

When evaluating the anaerobic fitness of football players, a point of interest is the
athletes’ ability to continue to perform at high power levels for every play. Recently,
Stuart, Powers, and Nelson (Powers and Howley, 2003) developed a running test of
anaerobic fitness. After a warm-up the athletes perform a series of ten 40-yard sprints
with a 25 second recovery period, designed to simulate the elapsed time between plays in
a football game. When the data were plotted there was a negative slope in the
relationship between running speed and trial number (they got slower). The authors state
that athletes who were better conditioned would be able to maintain faster times and they
provided a rating scale based on the percentage of maximal velocity maintained.
However, only wide receivers and defensive backs would be expected to perform in a
similar fashion during competition. For many players short power bursts are more
common than longer sprints. Therefore, a modification of the Margaria test may be more
sports specific for many players than 40-yard dashes. Watson (1983) suggests using at
least 10 trials to calculate power in the Margaria test; however, many studies involving
football players have used fewer trials to measure anaerobic power (Beckenholdt and
Mayhew (1983) used 3 trials, Seiler et al. (1990) used 5 trials, and Arnold et al. (1980)

used 8 trials). Using an approach similar to the running test by Stewart et al, it was
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hypothesized that 25 trials would result in fatigue allowing for assessment of anaerobic

conditioning.

In summary, a number of tests exist to evaluate anaerobic power in football
athletes. Previous studies have suggested that it takes about 1.5 to 2 seconds for subjects
to reach maximal velocity when stair climbing; and that better conditioned athletes will
be able to maintain a higher percentage of their maximal velocity in repetitive tests.
Therefore, the present study was designed to investigate a modification of the Margaria-
Kalamen test such that the test can be performed in approximately two seconds and to
have a sufficient number of repetitions to complete to allow athletes to fatigue.

Methodology

Subjects: Fifty-eight male NCAA Division I-A college football players
volunteered to participate in this study. The subjects had the following characteristics
(mean £ SD): age = 20.2 + 1.8 years, stature = 184.1 + 7.7 cm, and body mass = 102.5 +
19.4 kgs. Prior to participation in this study, all subjects were screened for injuries or
medical conditions via a health history questionnaire. Subjects read and signed an
informed consent form approved by the University Institutional Review Board,
Committee on Human Studies, prior to data collection.

Antropometric measurements: Stature was determined using a stedometer
(Country Technology, Model #67032). The subjects were weighed on a Cardinal Detecto
Certifier Scale (Model #442). Skinfolds were taken using a Lange caliper. The skinfolds
were measured in duplicate, in a rotational order, to the nearest 0.5 millimeter. If the
difference between the measurements was greater than one millimeter, a third

measurement was taken. The Jackson and Pollock (1985) 7-site skinfold equation was



used to estimate body density and this value was converted to % body fat using Siri’s
Equation (1959).

Coaches Ratings: The position coaches were given a list of the subjects divided
by position and asked to rank order the athletes based on their depth charts. Each coach
rated only the players under their direct supervision.

Development of the modified protocol: A pilot study was conducted using
former football athletes and athletes from other sports (n=6). Variations of a stair-
climbing test were evaluated for subsequent use with the experimental subject population.
Both two- and three-step increments were appraised for possible use. Due to the high
number of errors associated with the three-step increment (when testing pilot subjects),
the two-step protocol was adopted. Additionally, the pilot study used various numbers
of trials (repetitions) of the stair-climbing task evaluating the use of 10, 15, 20, and 25
trials. Based on the pilot subjects’ response, the number of trials was set at 25.

Modified Margaria-Kalamen Test: Based on the pilot data, the following
modifications were made to the Margaria-Kalaman Anaerobic Power Test. Prior to
beginning the test, the subjects were instructed to stretch and warm-up on their own. A
limitation to the present study was that warm-up was not controlled. All subjects were
experienced with running stairs, as it was a part of their conditioning program. Subjects
were instructed to run up an ordinary flight of stairs, two steps at a time, as fast as they
could with a six-meter run up. The flight of stairs was located outdoors and the timed
distance consisted of 20 steps (3.12 M). The starting position and the even numbered
stairs were marked with colored chalk, so subjects knew where to start and which steps to

use. An electronic timing system (Lafayette Instruments, model #54035A) was used to
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time the trials. Switch pads were used to start and stop the timing devise with the start

pad secured to the second step and a stop pad to the twentieth step with double-sided
outdoor carpet tape. The time for each trial was recorded to the nearest thousandth of a
second and subsequently used to calculate power. Power was calculated as: Body Mass
(kg) * (9.8 m's™)* (vertical distance*time™). Subjects were tested in random groups of
three. The subjects participated in the test in a rotational order, separated by fifteen
seconds, which allotted approximately 30 - 40 seconds of rest between trials. A total of
25 trials were completed for each subject. To evaluate reliability, thirty-four subjects
repeated this test within a week of the first testing session, with a minimum of 48 hours
between trials. Additionally, subject errors were tracked and recorded as: touched with
hand or missed timing pad, stumbles, or omitted trials due to fatigue. Trials where errors
occurred were eliminated from the analysis.
| 1-RM Bench Press: One-RM bench press data were collected supine on a flat
bench via a standard Olympic bar. Prior to data collection wooden calipers were used to
measure drop distances using shoulder-width grip positions, with the arms fully extended
and horizontally flexed 90° from the chest. Data collection began after a 5-10 repetition
warm up at approximately 75% of the previous 1-RM bench press load. The highest 1-
RM load of four to five attempts was used as the criterion value.

Vertical Jump: Vertical jump data were collected using the Vertec Vertical Jump
Tester. Subjects were given five trials to determine maximal vertical displacement. The
corrected Harman (1991) formula was used to convert vertical jump values to power

measurements.



36.6 Meter Dash Test: The 36.6 meter (40 yard) dash data were collected
outdoors on a calm day on a MONDO rubberized track surface via a SPEEDTRAP 11
Wireless Timing System (Brower Timing Systems), which recorded time to the nearest
0.01 second. The start of each trial was self initiated with the release of a start pad
initiating the electronic timer and ended when subjects ran through the infrared beam.
The fastest time of five attempts was recorded.

Allometric Scaling: The allometric scaling procedure employed in the present
study was previously described by Vanderburgh, et. al. (1995). Briefly, the equation
y=bx" [y = outcome variable (power), X = anthropometric variable (body mass), b is the
constant multiplier, and a is a constant exponent] was transformed into a log linear model
so that the linear regression could be used to solve for the value of a (the allometric
exponent) for each of the variables of interest. Vanderbugh, et. al. (1994) state that one
“litmus test” to check the validity of the equation is to correlate the resulting variable
with body weight and the resulting » should not be significantly different from zero.

Statistical Analysis: Descriptive statistics and correlations were generated using
SPSS v12.0. Intraclass correlation coefficients were used to test reliability. Subjects
were divided into three groups by position (group I = linebackers (LB), group I =
offensive and defensive lineman (LINE), and group III = quarterbacks, wide receivers,
running backs, defensive backs and kickers (SKILL)). Differences between groups were
evaluated using a one-way ANOVA. Where differences were found the Duncan Multiple
Range test was used to determine which group values were significantly different. An
ANOVA was also performed to test for differences in peak and average power across

time for the 25 trials. A regression analysis (maximum R-square improvement



procedure) was performed to predict depth chart ratings by the position coaches using
results of the HAPT, 1-RM bench press, vertical jump, and 36.6 m-dash as the
independent variables. The alpha level was set at 0.05.
Results
Fifty-eight subjects from a Division I-A football program volunteered to
participate in the present study. Descriptive data by group are presented in Table 1.

Table 1. Descriptive: Age. Height and Body Mass data by group (mean + StD)

Group n Age(yrs) Height (cm) Body Mass (kg)
LB 10 19.7+1.2 180.8 7.7 1012+ 7.8
LINE - 19 20.0+1.7 189.7+5.8 1234+ 175
SKILL 29 20.6+2.2 1814+ 7.6 892+ 23
GRAND MEANS = 58 202+1.8 184.1+7.7 102.5+19.4

LB = linebackers, Line = offensive and defensive lineman, and Skill = quarterbacks, defensive backs wide
receivers, running backs and kickers.

The average and peak times (seconds) were significantly different between groups
(average time, p <0.0001; peak time p= 0.0008); the post hoc test revealed that the
linebackers and skill groups were significantly faster than the lineman. The average and
peak velocities (m'sec) were also significantly different between groups (average
velocity, p <0.001; peak velocity, p = 0.0034); the post hoc test revealed that the
linebackers and skill groups had significantly greater velocities than the lineman. The
average and peak power (watts) were also significantly different between groups (average
power, p = 0.0028; peak power, p <0.0001); the post hoc test revealed that the
linebackers and lineman were significantly more powerful than the skill group for both

average and peak power. The mean and peak power data were also analyzed by group
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and over trials by creating a time variable. The ANOVA for repeated measures revealed

significant differences over time (p<0.001) indicating that the subjects’ responses
changed over the 25 trials. Results of the modified stair climb test are presented in Table

2.

Table 2. Mean + StD and Peak + StD data reported for: time. velocity, and power by

groups.

Group n Mean Time (sec) Peak Time (sec)
LB 10 2.153+0.119 a 1.885+0.243 a
LINE 19 2.511+£0.302 b 2221+0.284b
SKILL 29 2.220+0.242 a 1.991 £0.204 a
GRAND MEAN 58 2.294 4+ 2.890 2.048 £ 0.267
Group n Mean Velocity ( m.sec'l) Peak Velocim(m.sec'l)
LB 10 146+0.07 a 1.69+0.29 a
LINE 19 127+0.15 b 143£020b
SKILL 29 1444+0.16  a 1.58 +0.17 a
GRAND MEAN 58 1.39+0.17 1.55+£0.220
Group n Mean Power (W) Peak Power (W)
LB 10 1452.0+132.8 a 1674.5 +300.8 a
LINE 19 15192 +191.8a 1712.6 £251.5a
SKILL 29 1263.0+195.6b 1388.6 +251.5b
GRAND MEAN 58 1379.5 +218.0 1544.0 +284.2

a, b = different letters indicate significant differences (P<0.05)
LB = linebackers, Line = offensive and defensive lineman, and Skill = quarterbacks, defensive backs, wide
receivers, running backs, and kickers.
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Test-retest results for average and peak times were analyzed using Intraclass

Correlation Coefficients to determine reliability of the tests (n= 34). The Intraclass
Correlation Coefficients were 0.955 and 0.908 for the average and peak time,
respectively, indicating that 96% and 91% of the variance between trials was reliable.
The Intraclass Correlation Coefficients were 0.941 and 0.872 for the average and peak
velocity, respectively, indicating that 94% and 87% of the variance between trials was
reliable. The Intraclass Correlation Coefficients were 0.945 and 0.845 for the average and
peak power (Watts), respectively; indicating that 95% and 85% of the variance between
trials was reliable.

Therefore, the test was judged to be a reliable measure of anaerobic power for
Division I-A football athletes. Correlations between trials were r = 0.915, 0.892, and
0.897 for mean time, velocity, and power, respectively. Correlations between trials were
r=10.832, 0.777, and 0.745 for peak time, velocity, and power, respectively. Allometric
power units were calculated using an allometric exponent of 0.0705, which resulted in a
correlation between the allometric power units and body mass of r = 0.00038. The
ANOVA failed to reveal differences between groups for Allometric Power Units (p =
0.0573).

Peak power data were correlated with the subjects’ 1-RM bench press (n = 53),
vertical jump (n = 51), and the 36.6 M dash (40 yard) (n = 39). The mean values for the
three tests were: 1-RM bench press = 144.3 + 30.4 kg, vertical jump = 6039.1 + 627.1
watts, and 36.6 m dash = 5.2 + 0.4 seconds. Group values are reported in Table 3. The
correlations with the HAPT were r = 0.44 (p = 0.009), r = 0.41 (p =0.0027) and r = 0.45

(p = 0.0041) for 1-RM bench press, vertical jump and 36.6 M dash, respectively. Thus,
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the correlations between the HAPT and various tests of power were similar and

statistically significant. However, the strength of the correlations was only moderate.

Table 3. Means £ StD for 1-RM Bench Press, Vertical Jump, and 36.6-m dash

presented by group.
Group n Bench (kg) Vert. Jump(W) 36.6-m_(s)
LB 10 159.4+24.3 5820.5+373.3 5.1+0.1
LINE 19 157.7+12.2 6422.5 +794.7 55+0.3
SKILL 29 122.0+26.9 5662.6 + 682.9 5.0£0.3
GRAND MEANS 58 131.8+49.9 6039.1 £ 627.1 52+ 4

LB = linebackers, Line = offensive and defensive lineman, and Skill = quarterbacks, defensive backs, wide
receivers, running backs, and kickers.

Results of the regression analysis to determine which tests could be used to
accurately predict depth chart rankings resulted in a relatively low R? 0f 0.42. The most
parsimonious model included the 36.6-m dash and the peak power variable from the
HAPT. The best predictor was 36.6 m-dash time, which accounted for 35% of the
variance. The addition of the HAPT peak power variable accounted for an additional 7%
of the variance of coaches ratings.

Subject errors were tracked and recorded as: touched with hand or missed timing
pad, stumbles, omitted trials due to fatigue, or a technical error with the timing apparatus.

Data for errors are presented in Table 4.
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Table 4. Errors Occurring by Group for 58 subjects over 25 trials (1450 total trials).

TYPES OF ERRORS
Groups Trips MP/TP _ Rest Tech Errors Total Errors
LB 2 9 3 0 14
LINE 8 12 27 0 47
SKILL 29 36 0 0 65
GRAND TOTAL 39 57 30 0 126

LB = linebackers, Line = offensive and defensive lineman, and Skill = quarterbacks, defensive backs wide
receivers, running backs and kickers.
MP/TP= missed or touched pad with hand

Discussion
The major finding of this study was that a modification of the Margaria stair-
climb test (the HAPT), designed to be of sufficient duration to capture peak velocities of
Division I-A collegiate football players, was found to be a reliable test. When reliability
was assessed using Intraclass correlation coefficients, a high percentage of the variance
between test-retest trials was found to be reliable. Figures 1-3 present a comparison
between tests for average and peak time, average and peak velocity and average and peak

power (£ StD).



Figure 1. Comparing Average and Peak Time Between Test 1 and Test 2

Time in sec

Average and Peak Time Data for Test 1 and Test 2

Average Time Test Average Time Test Peak Time Test 1 Peak Time Test 2
1 2

Figure 2. Comparing Average and Peak Velocity Between Test 1 and Test 2

Velocity (M per sec)

Average and Peak Velocity for Test 1 and Test 2

Average Velocity Average Velocity Peak Velocity Test Peak Velocity Test
Test 1 Test 2 1 2

Figure 3. Comparing Average and Peak Power Between Test 1 and Test 2

Power (W)

Average and Peak Power Data for Test 1 and Test 2

Average Power  Average Power Peak Power Test Peak Power Test
Test 1 (W) Test 2 (W) 1(W) 2 (W)

13
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In their original paper, Margaria et al, (1966) reported that “speed” increased from
the start to reach a maximum constant value in 1.5 — 2 seconds. Kalamen (1968)
modified the Margaria test, instead of running up the stairs two steps at a time, test
subjects had to run up stairs using a three step interval; therefore, time was measured
from the third to ninth step. A later study by Huskey et al, (1989) reported that both
males and females reach maximum velocity with the addition of a six or ten meter run-up
distance. Therefore, a six-meter run-up was employed in the present study. The present
study required the subjects to run up the stairs, two at a time, but increased the measured
vertical component (20 stairs, 3.12 M) such that the average measured times were about
2.3 seconds. The two-stair increment was chosen due to the large number of errors
associated with the three-stair increment in the pilot tests. Use of the two-stair increment
also seems justifiable due to the fact that football players are coached to take small steps
and to keep their feet moving during the performance of various skills such as blocking
and tackling.

The initial study by Margaria et al, (1966) also determined that speed would then
remain constant for 4-5 seconds following the initial acceleration period. The energy
released during this time period (4-5 seconds after the initial acceleration) was found to
be an expression of maximal anaerobic power. Measuring the vertical component of
speed between the 2" _ 4% second of the run allowed one to calculate a maximum
anaerobic power while eliminating the energy used for the initial acceleration. With that
in mind, it is curious as to why power measurements have been derived from such short

distances as 70 cm, which takes an athlete approximately .4-.5 seconds to complete.
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Watson (1983) suggested that it is possible to “cheat” the timing device in such a short

test and inflate scores by up to 10%. Mayhew et al., 1986, reported that when their
subjects were trained to cheat the test, the difference was about 0.1 seconds, resulting in
an approximate 24% increase in power. Because of the increased time it takes to
complete the HAPT, a decrease of 0.1 seconds would result in about a 5% increase in
power. Therefore, the length of the HAPT would make such a practice less influential on
the results of the test.

Stuart, Powers and Nelson proposed a fitness test for football athletes consisting
of ten repeated timed 40-yard dashes (36.6 m). Each repetition was separated by 25
seconds of rest, to simulate the conditions of a normal football game. It was noted that
running speed for all athletes steadily declined with each additional 40-yard dash (36.6
m). Stuart et al. concluded that better conditioned athletes would be able to maintain
faster 40 yard dash (36.6m) times over the 10 trials when compared to less conditioned
athletes, thereby having a less negative fatigue slope. In the present study it was
hypothesized that the athletes would fatigue and times would get slower over the 25
trials, but this was not the case. Goodness of fit for linear and 2™ order polynomial trend
lines were compared using R?. The 2™ order polynomial consistently produced a higher
R? than the linear models for power (R? = 0.90, 0.48, and 0.45 for the Skill, Line and LB
groups respectively). Polynomial trend lines (2™ power) indicated that the times
improved and power increased over the 25 trials for the Skill and LB groups, but
plateaued at about trial number 17 for the Line group. Figures 4 and 5 show the average

velocity and average power (w) over the 25 trials.
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Test not long enough to show fatigue, in fact the times continued to improve for
the LB and Skill groups, indicating a need to increase the amount of repetitions to
evaluate true peak power. Recently studies have been published suggesting that intense
warm-up is needed to elicit maximal running speed or jumping height.

A study done by Seiler et al, (1990) categorized football players into three groups
based on similarities in performance tasks in football. They found that linebacker and
back (skill) positions did not have significantly different performances sprint and
jumping tests, while linemen had significantly lower results. Using ratio scaled power
data (power*body mass™); they reported that linemen in their study had pbwer outputs
similar or less than data reported for untrained males. They hypothesized that their
finding was due to increased body fat for the lineman. In the present study, the same
categories were used to divide the subjects; revealing LB and skill positions did not have
significantly different velocities during the HAPT, while linemen achieved significantly
lower velocities. Lineman in both studies also had significantly lower ratio scaled power
outputs than LB or Skill groups. However, these results may be misleading, see table 5.

It is commonly recognized that when comparing strength or power values,
uncorrected data have a positive correlation with body mass. This was seen in the present
study where the correlation between BM and peak power was r = 0.59. Traditionally,
comparisons between individuals of different body size have used ratio scaling as the
basis for comparison. Ratio scaling involves dividing the strength or power data by body
mass. This has been commonly shown to be an over-correction, as the scaling results in a

negative correlation with body mass. This over-correction was also seen in the present
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study where the correlation between BM and Peak power in Watts«kgBM™ was

r=-0.57. Winter (1992) states that it is clear that ratio standards can and do mislead,
and yet much of our supposed understanding of mechanisms has been based on their use.
Thus, power functions such as allometric scaling or second-order polynomials have been
used in a number of studies to scale strength in a way that eliminates the confounding
effects of body mass (e.g. the correlation between the scaled variable and body mass
approaches zero) (Vanderburgh et al. 1994, Vanderburgh and Batterman, 1999; Dooman
et al. 2000). Nevill (1997) stated that allometric scaling is an elegant way to adjust for
body size and overcome the undesirable distributional characteristics within a log-linear
model. When data from the present study were corrected allometrically, the correlation
between body mass and the scaled variable was r = 0.00038. When the allometric power
data were analyzed, the groups were not found to be significantly different (p = 0.0573).
Therefore, the conclusions of Seiler et al. (1990) that lineman have lower power outputs
due to increased body fat is not supported by allometric manipulation of the data in the
present study. Lineman and LB were not significantly different in terms of absolute
power (Watts) in either study, even though the Lineman weighed about 18 kg more than
the LB in Seiler et al. study and 22.2 kg more than the LB in the present study. Based on
ratio scaling of their data, Seiler et al. suggested that backs and LBs are powerful due to a
combination of mass and speed factors, while lineman rely primarily on greater body
mass. Allometric manipulation of the data in the present study does not support this

statement, as there were no group differences in the Allometric Power Units.
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Table 5. Mean + StD for Watts /kg and Allometric Units

Group n Mean Power (W/kg) Peak Power (W/kg)
LB 10 143+0.7a 166 £2.8 a

LINE 19 124+15b 14019 b
SKILL 29 141+1.5a 155 +1.6 a
GRAND MEAN 58 13.6+1.6 152+2.1

Group n Peak Power - Allometric units

LB 10 64.6+11.0

LINE 19 57.7+17.0

SKILL 29 584+6.6

GRAND MEAN 58 59.2+17.9

a, b = different letters indicate significant differences (P<0.05) LB = linebackers, Line = offensive and
defensive lineman, and Skill = quarterbacks, defensive backs, wide receivers, running backs,
and kickers.

Beckenholdt and Mayhew (1983) collected Margaria — Kalamen data on 50
collegiate athletes with a mean body mass of 79.47 kg. They reported absolute peak
power values of 1535.7 £ 256.7 W. In the present study, the grand mean for peak power
was 1544.0 + 284.2 W. However, power output for this test seems lower when compared
to other studies of anaerobic power involving the Margaria-Kalamen step testusing
football athletes. Arnold et al. reported mean data, which was used to calculate a mean
peak power of 2100.3 W. Seiler et al. (1990) reported a mean peak power of 2256 W.
Differences between peak power results in these studies and the present study may be due

to the increased vertical displacement of test used in the present study. However, it has
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previously been shown that velocities remain constant over this time period (Margarita

et al., 1966). A more plausible explanation would be due to the fact that that two-step
increments were used instead of the three-step increments commonly employed in the
Margaria - Kalamen Step Test. This required the subjects to take 3.5 steps to cover the
same distance covered in two steps in the traditional test. A third explanation would be
that the subject populations where more powerful in the other two studies. This is
supported by the fact that the subjects in the Seiler et al study had greater vertical
displacement in the vertical jump test than subjects in the present study (70.9 + 8.6 cm vs
66.2 £ 10.4 cm). The study by Arnold et al. (1980) reported 36.6 M times that were
faster than those for subjects in the present study (4.9 .2 s vs 5.2+ 0.4 s).

Seiler et al, also found strong “inter” correlations among the various power tests
administered: Wingate, Margaria-Kalamen test (with and without a run up), and 5 and 35
yard dash, indicating that all test share a common component which was assumed to be
lower body anaerobic power. Common variance between tests, showed great range,
revealing no one test could be used to quantify anaerobic power. The present study
revealed only moderate correlations between the HAPT, and the other administered
power tests: 1-RM bench press, vertical jump, and 36.6 m dash.

The regression analysis revealed that the 36.6 m dash to accounted for the greatest
amount of variance (35%) in the coaches’ rankings. In contrast, Seiler (1990)state that
due to the low common variance between 5-yard dash and 35 yard dash times, that the 40
yard dash is a poor indicator of initial acceleration and therefore not specific to the
demands of most position in football. Sawyer et al. (2002) reported that the vertical

jump was a strong predictor of football playing ability when compared to coach’s
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rankings. However, vertical jump was not included in the most parsimonious model

predicting depth chart rank in the present study.

Examination of the error pattern (see table 4) suggests that the two-step increment
may not have been appropriate for the skill position players, many of which commented
that a three-step test would have been better for them. However, the LB and Line groups
were comfortable with the two-step increment. None of the subjects were injured during
administration of the test.

Conclusion:

It was concluded that the HAPT was reliable and accounted for a significant
portion of the variance in players’ depth chart rating.
Practical Applications

The HAPT was found to be reliable and may be more specific to the demands of a
football game than other anaerobic power tests. Data from the HAPT test may not be
directly comparable to Margaria — Kalamen Step Test result that have been reported in
the literature. The length of the HAPT reduces the effect of the subjects’ ability to
“cheat” the test. To achieve maximal power a greater number of trials may be needed

than has been previously reported.
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Part 2. Review of Literature

Overview Of Margaria Kalamen Test and Factors that affect the Margaria Kalamen Test:

Margaria, Aghemo and Rovelli (1966) developed a maximum anaerobic power
test. Subjects were instructed to run up ordinary stairs two steps at a time, each step
measured 17.5 cm in height. The time to cover an even number of jumps was measured
using two photoelectric cells and an electronic clock (sensitive to the nearest .01 second).

The result of this study revealed speed reached a maximum value in 1.5-2.0
seconds, remaining constant for the following 4.0-5.0 seconds. Therefore, the anaerobic
test developed by these authors utilized power measurements from the fourth to the sixth
jump allowing constant speed levels to be obtained, avoiding the calculation of energy
employed for initial acceleration.

Two additional factors found to affect power output in stair climbing was step
height and age. Optimal step height of was found to be 30-38 cm + 5 c¢m since increased
step height elevated the force required to climb stairs and decreased step height resulted
in sub-maximal power development. The ability to climb stairs coordinatéd with age,
peaking at 20-30 years after which power decreased progressively.

The test developed was found to be reliable, with repeated tests values never
exceeding +/- 4% of the average. This test was found to be valid with the results
coinciding with a different anaerobic power test.

Huskey, Mayhew, Ball and Arnold (1989) conducted a study to determine the
effects of various approach distances and vertical ascent methods on approach velocity,
vertical velocity and power output of the Margaria-Kalamen anaerobic power test.

Subjects included 43 male and 53 female college students. Testing involved a traditional
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and modified Magaria-Kalamen test. The modified Margaria-Kalamen test utilized a

ramp set up, eliminating the use of stairs. The angle of incline of the ramp was 30.5°.
Approach distances of 2, 6 and 10 meters were used for both test protocols. The average
of 5 trials for each of the approach distances was used to calculate anaerobic power. A 2
X 2 X 3 ANOVA with repeated measures was used to determine significance. A Tukey
post hoc was used to identify differences when significance was found.

The results of this study showed females and males achieved peak power using an
approach distance of 6 or 10 meters. The modified Margaria-Kalamen test had
significantly decreased times when compared to the traditional Margaria-Kalamen test.

Huskey et al. concluded that an approach distance of 6 or 10 meters was not
significantly different with both approach distances allowing one to reach peak power.
The traditional Margaria-Kalamen test was found to involve a large skill component that
can be eliminated with the use of a ramp. The authors concluded that the use of the ramp

set up allowed a more accurate measurement of anaerobic power.

Margaria Kalamen Test and Collegiate Football Athletes:

Seiler, Taylor, Diane, Layes, Newton and Brown (1999) conducted a study
investigating anaerobic power output of collegiate football players. Forty-one athletes
from the University of Arkansas Division I football team participated in this study.
Subjects were divided into three groups related to their position: backs, linebackers and
linemen. Seven various lower extremity anaerobic test including: the Wingate, vertical
jump, standing five jump test, standing long jump, Margaria Kalamen (with and without a

run up) and the 40 yard dash were administered. Testing was done on four consecutive
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days after a five-day cessation of activities. Two versions of the Margaria-Kalamen

test were administered, one with a six meter run up and one without. Subjects were told
to contact the third stair after one lead step with the preferred leg. Each test was
completed five times. A one-way ANOVA followed by Scheffe post hoc tests were used
to determine differences between groups. A product moment correlation matrix was used
to determine interrelationships among performance variables.

The results from this study revealed backs and linebackers to have similar
performance scores, while, linemen showed decreased performance scores in comparison
to the two previous groups. Forty-four of 45 correlations among power variables were
found to be significant (p<.05); indicating all seven test share a common component,
which was assumed to be lower body anaerobic power. However, common variance
between tests ranged in score from 0.22 to 0.81 revealing high specificity among tests.
This confirms previous research stating no one test can quantify anaerobic power in
football athletes. A dependent T test between the two versions of the Margaria-Kalamen
revealed no difference in variability between the two tests, due to the similarity between
the tests. The authors concluded that no single anaerobic power test is specific to
quantify the combination of speed and strength required for football. Also, linemen may
need to be evaluated differently to more accurately show their playing potential.

Arnold, Brown, Peter, Micheli and Coker (1980) conducted a study using
historical data to investigate the value of anatomical, power, strength and balance
measurements in determining football-playing ability. Data collected on fifty-six
scholarship football players on the University of Arkansas squad in 1975 were analyzed.

Anatomical measurements included genu varum, tibial torsion, internal hip rotation, and
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external hip rotation. Hip abduction, knee extension/flexion and plantar flexion

strength measurements were taken via a cable tensiometer. Balance was measured using
the Fleishmann’s static balance test. The Margaria-Kalamen and 40-yard dash were used
to measure power. The Margaria Kalamen test utilized nine stairs with timing pads
placed on the 3 and 9™ step and a 15-meter running start. Subjects participated in eight
trials of the Margaria-Kalamen with the best time recorded and used for analysis.

The results of this study revealed tibial torsion, genu varum, standing height, body
weight and the Margaria-Kalamen test to be good measurements to predict football
playing ability. Strength measurements using a cable tensiometer and the Fleishmann’s
static balance test were found to be poor indicators of football playing ability.

Fry and Kraemer (1991) conducted a study to compare five various performance
tests of collegiate football athletes by position and positional groups to see if caliber of
play and playing ability could be predicted. Caliber of play was determined via NCAA
competition categories (Division I, Division IT or Division IIl). Playing ability was
determined by respective football coaching staffs as first, second or third string athletes.

Collegiate football strength and conditioning coaches (all members of NSCA)
from 30 different colleges were solicited to participate in this survey study. Nineteen of
the 30 surveys were returned which included: 6 Division I colleges, 7 Division II colleges
and 6 Division III colleges. Data were collected during the 1987 season and included the
1 RM bench press, 1 RM back squat, 1 RM power clean, 40-yard dash and the vertical
jump. Colleges used various strength tests, therefore, protocols that did not meet the
survey requirements were excluded leading to various sample sizes for differing

performance tests.
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Data were analyzed via a one way ANOVA to compare test performance by

caliber of play and player position by caliber of play. A 2 way ANOVA was used to
evaluate positional groups by player ability with caliber of play. A Tukey post hoc test
were used to determine significance.

The results from this study reveal significant correlations for most performance
measurements when compared to caliber of play or playing ability. Also, the bench
press, power clean, 40-yard dash and vertical jump allowed one to differentiate division

~of play and playing ability with the back squat being a poor differentiator. However,
conditioning programs did not equally emphasize all performance tests assessed in this
study.

Miller, White, Kinley, Congelton and Clark (2002) investigated the relationship
among body composition, body weight, player position and training time in relation to
common football physical tests. Subjects included 261 football players who participated
in the Texas A&M University strength and conditioning program between the years of
1993-1998. Football positions were divided into the following three groups: A: wide
receiver, defensive backs and running backs, B: linebackers, kickers, tight ends, quarter
backs and specialist and C: linemen. The subjects participated in the following
performance tests: bench press (BP), back squat, power clean (PC), vertical jump (VJ),
40-yard dash and 20-yard dash sprint. The results of this study revealed that increased
body weight was correlated with increased BP and PC performance for all groups. Also,
increased body fat negatively correlated with PC and VJ for all groups. For group C,

increased body fat was negatively correlated with the 20 and 40-yard dash. Group and
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training time had no linear effect with any performance tests. The authors concluded

more objective performance tests are needed if one is trying to measure anaerobic power.

Mayhew, Piper and Ware (1993) investigated the relationship between
anthropometric measurements and strength performance. Subjects included 58 college
football athletes. Anthropometric measurements included standing /seated height, body
mass, three muscle circumference measurements and 6 skinfold measurements. Strength
performance measurements included the bench press, squat and dead lift. The Schwartz
coefficient was applied to each lift to equate individuals of different body mass. In
addition, partial correlations were used to assess the effects of confounding variables in
the relationship between anthropometric measurements and strength performance. The
results of this study indicate the possibility of a significant relationship between body
dimensions and strength performance. Muscle cross sectional area, via muscle
circumference measurements, was the primary determinant of strength performance.
When body weight was taken into account, the relationship between muscle cross
sectional area and strength was reduced for the squat and dead lift. Mayhew et al.
concluded that bigger size did not always indicate greater lifting ability for the squat or
dead lift.

Sawyer, Ostarello, Suess and Dempsey (2002) investigated Division I football
athletes to find the relationship between football playing ability and various performance
measurements. Subjects included 40 returning Division I football athletes divided into
offensive (n=21) and defensive (n=19) groups and by three positional groups: 1,
offensive and defensive linemen, 2, wide receivers ad defensive backs and 3, running

backs, tight ends and linebackers. Athletes performed eight various test including the:
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vertical jump, 10 and 20 yard dash, pro shuttle run, power clean, Olympic snatch,

bench press and squat. Four coaches (2 offensive and 2 defensive) ranked players
according to football playing ability offensive (1-21) and defensive (1-19).

The results from this study indicate vertical jump to be significantly correlated
with football playing ability as determined by coach’s rankings. Eleven of 50
correlations were important to football playing ability; however, 5 of the 11 correlations
were related to the vertical jump. Sawyer et al. concluded that the vertical jump could be
used to identify better football athletes.

ANALYSIS OF COLLEGIC FOOTBALL ATHLETES WITHOUT THE MARGARIA

KALAMEN TEST:

Black and Roundy (1994) investigated the relationship between various predictor
variables, playing status and player position of NCAA Division I-A football athietes.
Strength and conditioning coaches from 44 Division I-A schools were contacted to
participate in this study. Data were obtained from 11 universities on 1,618 players.
Information regarding body weight, 1 RM bench press, back squat, vertical jump and
36.6 m dash were requested for the years 1987-1991. Players were divided into 16
playing positions including: nose tackle, defensive tackle, defensive end, inside
linebacker, outside linebacker, cornerback, free safety, strong safety, offensive center,
offensive guard, offensive tackle, tight end, wide receiver, quarterback, full back, and
running back. Starters and non starters were defined accordingly: starters were players
who were designated as first team for at least half of the game and non starters included

the rest of the playing squad.
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The results of this study reveal significant differences between starters and non-

starters with regards to player position and predictor variables. Black and Roundy
concluded that various predictor variables can be related to starter and non starter status

at different positions.

EVALUATION OF ANAEROBIC POWER TESTS:

Patton and Duggan (1987) investigated the relationship between various
anaerobic power tests. Subjects included 14 Army Personnel Research Establishment
trial section soldiers who reported to a lab daily for a two-week period. The subjects
underwent a Wingate test, isokinetic endurance test and sprint tests including the
Margaria test, 50 meter and 200 meter sprint tests. The Wingate test involved maximal
velocity cycling for 30 seconds against a resistance determined using the subjects body
weight. The isokinetic endurance test involved 50 knee extension contractions on the
Cybex II isokinetic dynamometer. The Margaria test included a 6-meter run-up with
subjects maneuvering two steps at a time. Power was calculated using the time measured
between the 6" and 12 step. The 50 and 200-meter sprints were completed on separate
days. Significant correlations were found between the Wingate test and the sprint tests
including: the 50 and 200-meter sprint test and the Margaria test.

Patton and Duggan concluded that the significant relationship among the various
anaerobic tests suggest all are measuring some common underlying factor of anaerobic
power. However, differences in the relative strengths of the correlations indicate that

each test is also measuring a different component in the anaerobic spectrum.
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Beckenholdt and Mayhew (1983) evaluated various anaerobic tests among

trained male athletes. Subjects (n=50) included football (n=14), soccer (n=12), baseball
(n=10), basketball (n=8), and wrestling (n=6) athletes. Prior to testing, height, weight,
two skinfolds, one muscle circumference and three skeletal diameters were taken and
used to calculate percent body fat and lean body mass. Testing included the vertical
jump, standing broad jump, and the Margaria Kalamen test. Testing order was randomly
assigned for the previously mentioned test. Testing concluded with the administration of
the 40-yard dash. Each test consisted of a practice trial followed by three test trials. The
Margaria Kalamen test used electronic switch mats placed on the 3™ and 9" step or an
ordinary staircase. Time was recorded to the nearest thousandth of a second. A 6 meter
approach distance was allotted before subjects ran up the stairs 3 steps at a time for a
vertical distance of 1.02 meters. Vertical jump was measured using the method as
described by Maximenko and Demerkov. Standing broad jump was performed as
described by Clarke. The 40-yard dash was run on an indoor Tartan track and timed
using photoelectric cells.

The results of this study revealed a significant trials effect for the 40-yard dash
and M-K test. Therefore, the average of the 3 times for the 40-yard dash time was used.
After discarding the 1 trial of the M-K the trial effect was found to be insignificant;
therefore times for the 2" and 3" trigl were averaged and utilized. A one way ANOVA
revealed significant differences on 12 of 14 variables between athletic teams, (illustrating
the distribution of sports along the aerobic and anaerobic continuum).

Fourteen of the 21 interrelationships among the power tests were significant with

40-yard dash, SBJ and V] all being similar. The VJ power and M-K power were highly
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related when expressed in absolute terms; however, with body weight taken into

consideration this relationship significantly decreased. Factor analysis of the current
power tests revealed two major components: speed and mass.

The authors coﬁcluded that anaerobic power tests couldn’t be used
interchangeably. It was also found that there is an underlying skill phenomenon present in
these tests. In other words, those who showed poor motor coordination during the MK
tests also appeared to have difficulty during the VJ or SBJ. This effect could confound
the interpretations of the results of the anaerobic tests applied.

Validity and Reliability of Other anaerobic power test:

Krustrup, Mohr, Amstrup, Rysgaard, Johansen, Stenberg, Pedersen and Bangsbo
(2003) investigated the reproducibility and the validity of the Yo-Yo intermittent
recovery test. Krustrup et al. also evaluated the physiological response during the test
and examined potential factors causing fatigue during repeated intense exercise. Subjects
were divided into two groups. Group 1 included 17 male subjects who provided
information on test-retest reproducibility and the physiological response during the Yo
Yo test. Group 2 included 37 male professional elite soccer players in which information
on seasonal and positional differences during match play was compared to performance
during the Yo Yo test.
The Yo Yo intermittent recovery test consisted of repeated 2 X 20 m runs back and forth
at an increased speed controlled by audio bleeps from a tape recorder. A 10 second active
rest period consisting of a 2 X 5m jog was allotted between each run. When subjects
failed to reach the finish line twice within the allotted time the distance covered was

recorded and represented the end test result. The following protocol was followed during
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this study: four running bouts at 10-13 km/h, followed by seven runs at 13.5-14 km/h,

with a stepwise increment of 0.5 km/h after every eight running bouts until exhaustion.
The physiological measurements taken during this test included heart rate, blood samples
and muscle biopsies. Within one week of the first test 13 of the 17 subjects repeated the
Yo Yo test for re-test purposes. The results of this study revealed that this test was highly
reproducible.

Summary and Conclusions:

A number of investigators have studied anaerobic power using various methods.
The Margaria-Kalamen test has been widely used to access anaerobic power and has been
shown to be both valid and reliable. It is possible to “cheat” the Margaria-Kalamen test.

Further research on the Margaria-Kalamen seems warranted.
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Medical History Form for Activity Courscs 33
Name Date of Birth
Parents' Names Date
Address
Home Phone Work Phone Other

Emergency contact person (if parents arc not available).

Name Relationship
Home Phone - Work Phone
Hospital Preference Phonc
Doctor Preference Office Phone

Please identify any condition that you have or had that might restrict your participation in physical activity. If you answer yes 10 any of the
following, plcasc describe the proper aid requirements on the back of this sheet.

Circle Circle One Circle Ciecle Oac
One or Both Once or Hoth

A. Ceneral Conditions B. Injurics
I Fainting Spciis Yes No  Past Present _t1.Toes Yes No  Past Presest
2. Hcadaches Yes No  fast Present 2. Feet Yes No  Past Present
3. Convulsions/cpilepsy Yes No  Past Present 3. Ankles Yes No  I*ast Present
4. Asthma Yes No  Past Present 4. Lower Legs Yes No  i*ast fresent
5 thigh blood pressurc Yes No  Past Present 5. Knees Yes No  Past Present
6 Kidney problems Yes No  Past Present 6. Thighs Yes No  Past Present
7 intestinal disorder Yes No  Past Present 7 Hips Yes No  Past Present
R fiermia : Yes No Past Present 8. Lower Back Yes No  [ast Present
9 Diabetes Yes No Past Present 9. Upper Back Yes No  Past Present
10 Hean discase/disorder Yes No  Past Present 10. Ribs Yes No  Past Present
11 Dentalplate Yes No fast Present 11. Abdomen Yes No  P'ast [resent
12 Poor vision Ycs No  Past Present £2 Chest Yes Na  Past Presemt
13 Poor hearing Ycs No Past Present 13. Neck Yes No  Past Present
14, Skin disorder Yes No  Past Present 14. Fingers Yes No  Past Present
15 Allergies Yes No  Past Present i5. Hands Yes No  Past Prescnt
specific Past Present 16. Wrists Yes No I*ast Present
R 17. Forcarms Yes No  Past Present
16 Joint dislocation 18. Elbows Yes No  Past Present
Of Scparations Yes No 19. Uppcr arms Yecs No  Past Present
Speailfy ’ Past 'resent 20. Shouldcers Yes No  Past Present
. Past Fresent 2t Head Yes No fPast freseot
17 Othes Iast Present Speafy — —
[ Past Present 22 Others fPast Present

Past Present

(avi K



AGREEMENT TO PARTICIPATE IN ”

Prediction of Isotonic Bench Press Power via [sokinetic Exercise, Margaria-Kalamen

Step tests, and Arm Volume

Joy K. Nakasuji, BS, ATC, CSCS
Graduate Student
University of Hawaii
College of Education
Department of Kinesiology and Leisure Science
1337 Lower Campus Road, PE/A Complex, Room 231
‘ Honolulu, HI 96822

Phone #: 956-7 144

1) Description

2)

Thank you for participating in Fred Greener's study (thesis) “prediction Equations
as an Altemnative to 1-RM Testing.” This “Agreement to Participate™ represents
an addition of 3 measurements, (o Fred’s study, isokinetic bench press, step test,
and arm volume assessment. The principle investigator for this study (thesis) is a
graduate student pursing a Master’s degree in Athletic Training. The purpose of
this study is to assess power using a Biodex System 3 Isokinetic Dynamometer
Margaria-Kalamen step-test and arm volume. This information will be utilized to
formulate prediction equations to determine | -repetition maximum (1-RM) bench
press. Isokinetic exercise involves muscle contraction at a constant
speed/velocity. The actual test will include maximal repeuitions at 3
speeds/velocities. The Margarnia-Kalamen step test involves a timed sprint up 4 9
step staircase three steps at a time.

Procedures

Thank you for agreeing to participate in this additional piece of the study. Thus
far you should have completed a medical history questionnaire, and PAR-Q
(participation questionnaire) with Fred Greenér. The first thing that you will be
asked to do is to place your arm up to the arm pit in a rectangular column fillcd
with room temperature water to measure the volume of your aim. Arm volume
measurement will take S minutes. The next part of this study will include the
isokinetic bench press test. Prior (o the actual test, you will participate in a
practice session to familiarize you with the Biodex System [II Isokinetic
Dynamometer and how isokinetic exercise feels at the 3 test speeds/velocities. _
The protocol for the familianization and actual test are the same. The protocol will
consist of three sets of fifteen repetitions at 60, 90, and 180 degrees per second.
At least five minutes of rest will be provided to you between the
familianizauon/practice, the test will take 20 minutes to complete.  The last pan
of this study involves the Margana-Kalamen step test. This is a timed sprint up 9
stairs 3 steps at a time that begins with a 6 meter sprint to the base of the staircasc.



3)

4)

5)

6)

A timing system (touch plates) will be utilized to record your start to finish time.
Prior to the actual step test, you will be instructed on the test procedures and 33
allowed a practice, the practice and test sessions will take no more than 5 minutes.
The total time for these additional measurements will be 30 minutes and will be
performed in the Department of Kinesiology & Leisure Science Research
Laboratory (B-108), located across the Duke Kahanamoku Swimming Complex.

Confidentiality

The entire protocol will be held confidential. The researchers and you will be the
only persons present in the laboratory while these measurements are being
assessed, your name or identity will not be shown or indicated on any report of
these data. All data and subject (identity) information will be kept under lock and
key in the Department of Kinesiology & Leisure Science Research Laboratory.
These matenals will be permanently disposed of in a period not longer than 5
years.

Right to Withdraw

This exercise is strictly voluntary and you may withdraw at any time without
prejudice.

Benefits

Upon completion of the study, you will receive a better understanding of your
strength and power. After the study is finished your results will be provided to
you upon request. The proposed research is aimed at formulating an accurate
prediction equation for a -RM bench press, an indicator of muscular power.
Participating in this research may increase your strength gains by allowing the
strength and conditioning specialists to have a more accurate measurement of
muscular power.

Risks

Due to the high intensity of the activity involved, there is always the nisk of
injury; and, aithough very remotc, possibly a cardiac event. In the cvent of any
physical injury from the research procedure, only immediate and essential
medical treatment is available. You should understand that if you are injured in
the course of this research procedure that you alone may be responsible for the
costs of treating your injuries.

Certification



I certify that I have read and that I understand the foregoing, that [ have been 36
given satisfactory answers to my inquiries concerning project procedures and
other matters and that I have been advised that I am free to withdraw my consent
and to discontinue participation in the project or activity at any time without
prejudice. -

I herewith give my consent to participate in this project with the understanding
that such consent does not waive any of my legal rights. nor does it release the
principal investigator or the institution or any employee or agent thereof from
liability for negligence.

Signature of Participant: ' Date:

Signature of Investigator: Date:

If you cannot obtain satisfactory answers to your questions or have comments or
complaints about your treatment in this study, contact: Committee on Human
Studies, University of Hawaii, Spalding Hall 252B, 2540 Maile Way, Honolulu,

HI 96822

Phone: (808) 956-5007



Committee on Human Studies

MEMORANDUM 31

December 11, 2002

TO: Joy K. Nakasuji, ATC, CSCS
Principal Investigator
Department of Kinesiology & Leisure Science

FROM: William H. Dendle ‘ )
Executive Secretary

SUBJECT: CHS #12116- “Predictions of Isotonic Bench Press Power Via Isokinetic
Exercise, Margaria-Kalamen Step Tests & Arms Volume”

Your project identified above was reviewed by the Chair of the Committee on Human Studies
through Expedited Review procedures. The project qualifies for expedited review by CFR
46.110 and 21 CFR 56.110, Category (7) of the DHHS list of expedited review categories.

This project was approved on December 10, 2002, for one year. If in the active development of
your project you intend to change the involvement of humans from plans indicated in the
materials presented for review, prior approval must be received from the CHS before proceeding.
If unanticipated problems arise involving the risks to subjects or others, report must be made
promptly to the CHS, either to its Chairperson or to this office. This is required in order that (1)
updating of protective measures for humans involved may be accomplished, and (2) prompt
report to DHHS and FDA may be made by the University if required.

In accordance with the University policy, you are expected to maintain, as an essential part of
your project records, all records pertaining to the involvement of humans in this project, including
any summaries of information conveyed, data, complaints, correspondence, and any executed
forms. These records must be retained for at least three years from the expiration/termination
date of this study.

The CHS approval period for this project will expire on December 10, 2003. If your project
continues beyond this date, you must submit a continuation application to the CHS at least four
weeks prior to the expiration of this study.

We wish you success in this endeavor and are ready to assist you and your project personnel at
any time.

Enclosed is your certification for this project.

Enclosure



Appendix D-1 Subject demographic raw data

Athlete Number |Position {Group [Height (cm) [Weight (k Age
1]QB 3 180.34 86.184] 20
21K 3 181.356 94.8024] 20
3IRB 3 166.37 81648, 19
4{DL 2 187.96 107.0496] 22
5iLB 1 176.784 08.4312{ 19
6IRB 3 184.15 97.9776f 20
7{0L 2 196.85 136.08f 20
8{0L 2 183.896 123.8328] 19
9jWR 3 174.625 84.3696 19

10jWR 3 173.99 89.3592] 18
11]DL 2 182.88 107.0496] 21
12108 3 182.88 87.5448{ 20
13{0OL 2 189.992 136.08] 22
14]LB 1 180.34 111.5856] 21
15]0L 2 184.15 121.5648] 18
16{WR 3 176.53 825552 22
17{LB 1 170.815 87.5448] 19
18{DB 3 177.8 87.0912] 18
19{RB 3 180.34 98.4312] 20
201K 3 180.34 92.988] 21
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Appendix D-2 Subject's time data for test 1 of the Hawaii Anaerobic Power Test
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Appendix D-3 Subject's re-test raw time data for the Hawaii Anaerobic Power Test
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Appendix D-4 Subject's raw power data (W) for test 1 of the Hawaii Anaerobic Power Test
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Appendix D-5 Subject's re-test raw power data (W) for the Hawaii Anaerobic Power Test
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Appendix D-7 Subject's re-test raw velocity data for the Hawaii Anaerobic Power Test
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Appendix D-8 1-RM bench press, vertical jump, 40 yard dash and coaches rankings raw data 45

Athlete Number |1 RM Bench press |Vertical Jump (W) 140 yard dash (sec) jCoaches Rankings |
1 265 5132.661 5.04 3
2 345 5600.1494 1
3 335 5991.334 4.58 1
4 315 5569.3706 5.36 6
5 365 5416.3342 - 5.06 1
6 275 5871.6826 5.15 3
7 325 5671.109 5.95 10
8 335 4915.7578 5.68 3
9 295 5932.0856 5.1

10 305 6190.3242 4.6 1
11 355 6748.5656 482 4
12 315 6125.0058 6
13 385 6221.4 5.69 7
14 475 6361.5706 5.27 3
15 385 5698.8528 5.42 6
16 315 5630.9282 4.89 2
17 315 5731.9408 5.2 9
18 405 6344.5152 4.9 5
19 245 5180.4952 4
20 205 2
21 315 5871.6826 7
22 365 7605.6552 5.75 2
23 335 5405.3488 448 4
24 245 5919.5168 5.3 5
25 315 6123.4224 5.96 8
26 135 5586.8548 517 4
27 355 5719.372 5.37 7
28 335 7243.369 54 5
29 245 4939.7408 5.15 1
30 225 5089.7422 5.19 7
31 215 5839.0234 5.21 6
32 335 6331.2206 476 3
33 315 6343.3606 2
34 8
35 355 6640.3284 4.84 1
36 315 5910.4118 49 2
37 315 5321.3916 8
38 225 6203.6188 3
39 315 7197.4152 ) 5.39 4
40 265] 6030.0632 5
41 275 5696.2466 4.82 1
42 325 - 6429.1982 5
43 315 6718.9414 513

44 365 6417.784 4.91 4
45 300 6101.4516 4.9 2
46 315 6519.5224 5.65 8
47 375 6404.4894 522 6
48 235 3
49 225 5144.1952 4
50 385 5988.596 5.87 9
51 365 7161.721 5.39 1
52 495 7488.313 52 2
53 9
54 315 6282.2318 2
55 445 5987.1444 3
56

57

58 5




References

1.

10.

12.

13.

Amold, J.A., Brown, B., Micheli, R.P., Coker, T.P. (1980). Anatomical and
physiologic characteristics to predict football ability. The American Journal of
Sports Medicine, 8(2), 119-122.

Baker,‘ D., Nance, S., Moore, M. (2001). The load that maximizes the average
mechanical power output during explosive bench press throws in highly trained
athletes. Journal of Strength and Conditioning Research, 15, 20-24.

Beckenholdt, S.E. and Mayhew J.L.. (1983). Specificity among anaerobic
power tests in male athletes. Journal of Sports Medicine, 23, 326-332.

Bernard, T., Giacomoni, M., Gavarry, O., Seymat, M., Falgairette, G. (1998).
Time-of-day effects in maximal anaerobic leg exercises. European Journal of
Applied Physiology, 77, 133-138.

Black W, Roundy, E. (1994). Comparisons of size, strength, speed and power
in NCAA Division I-A football players. Journal of Strength and Conditioning
Research, 8(2), 80-85.

Cronin, J.B., McNair, P.J., Marshall, RN. (2000). The role of maximal
strength and load on initial power production. Medicine and Science in Sports
and Exercise,1, 1763-1769.

Dooman, C.S., Vanderburgh, P.M. (2000). Allometric modeling of the bench
press and squat: Who is the strongest regardless of body mass?. Journal of
Strength and Conditioning Research, 14(1), 32-36.

Fry, A.C.,, Kraemr, W.J. (1991). Physical performance characteristics of
American collegiate football players. Journal of Applied Sport Science
Research, 5(3), 126-138.

Harman, E.A., Rosenstein, M.T., Frykman, P.N. Rosenstein, R. M., Kraemer,
W.J. (1991). Estimation of human power output from vertical jump. Journal
of Applied Sport Science Research, 5, 116-120.

Huskey, T., Mayhew, J.L., Ball, T.E., Amold M.D. (1989). Factors affecting
anaerobic power output in the Margaria-Kalamen test. Ergonomics, 32(8), 959-
965.

Krustrup, P., Mohr, M., Amstrup, T., Rysgaard, T., Johansen, J., Steensberg,
A., Pedersen, P.K., Bangsbo, J. (2003). The Yo-Yo Intermittent Recover Test:
physiological response, reliability and validity. Medicine and Science in
Sports and Exercise, 35(4), 697-705.

Manning, J.M. Dooly-Manning C., Perrin D.H. (1988). Factor analysis of
various anaerobic power tests. Journal of Sports Medicine and Physical
Fitness, 28(2), 138-144.



14. Margaria, R., Aghemo, P., Rovelli, E. (1966). Measruement of muscular
power (anerobic) in man. Journal of Applied Physiology, 21(5), 1662-1664.

15. Margaria, R., Aghemo, P, Rovelli, E. (1965). Indirect determination of
maximal O2 consumption in man. Journal of Applied Physiology, 20(5),
1070-1073.

47





