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Abstract

Both sports education and training interventions create a dose-response relationship in the
body which change the body composition. The aim of this study is to investigate the
relationship between pre-season body composition and physical performance parameters of
collegiate American football players. 23 American football players (age: 22.3+3.1 years,
height: 180.6+5.6 cm, weight: 94.2+16.9 kg) voluntarily participated in the study. The body
compositions of players were determined via Dual-Energy X-ray Absorptiometry (DEXA)
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device and countermovement jump (CMJ), 10 and 40-yard sprinting and pro-agility tests
were applied to evaluate physical performance. Pearson Correlation analysis was used to
determine whether there was a relationship between body composition parameters and field
tests. As a result, a statistically significant negative correlation (p < 0.05) was found between
body fat percentage (r =-.736; p <.001) and body fat mass (r =-.717; p <.001) with CMJ. A
statistically significant relationship (p<0.05) was found between body fat percentage (r = .622;
p <.002; r=-.759; p <.001) and body fat mass (r = .595; p <.003; r =-.736; p <.001) with
10 and 40-yard sprints respectively. Body fat percentage (r = .659; p < .001) and body fat
mass (r = .638; p <.001) also correlated with pro-agility. Our results support earlier research
by showing a direct correlation between body composition and power attributes and
performance in American football. Coaches were advised to pay attention to body adiposity
in terms of a decline in physical performance for this reason.

Keywords: Body fat percentage, Body fat mass, Countermovement jump, Sprint, Pro-agility
1. Introduction

The importance of body composition in athletic performance has been broadly examined in
relation to overall and regional fat and muscle ratios. Body composition is widely accepted to
significantly impact a player’s physiological parameters and game performance (Milanese et
al., 2011). In detail, having excess fat tissue harms activities that require players to move their
bodies against gravitational and drag forces several times during certain activities such as
accelerating, decelerating, jumping and sprinting; resulting in a decrease in performance and
higher energy demands depending on the activity (Reilly, 2003). Furthermore, by boosting
strength and power performance levels, lean muscle mass becomes another essential
contributor to power generation during activities requiring high performance (Mala et al.,
2015). As any kind of sports and physical education interventions and public health
applications create a dose-response relationship in the body which changes the body
composition (Segovia & Gutiérrez, 2020). Also, the trainability of motoric features such as
jumps, sprints and agility are important to overall performance and they are directly related to
body fat percentage and body composition in American football players (Lukaski &
Raymond-Pope, 2021).

American football has become more and more popular in many countries, including Turkey,
especially over the last two decades (Severo-Silveira et al., 2017; Ozkan et al., 2009;
Tatlicioglu et al., 2020). As an aggressive contact sport, American football involves many
collisions between players during the game, and players often impact the ground as well
(Turnagol, 2016). Therefore, players need to have many motoric features such as speed,
jumps, effective acceleration and deceleration, change of direction, strength, coordination,
reaction, perception and technical skills in the game (Robbins & Young, 2012; Nimphius et
al., 2013). Anthropometric and physical performance characteristics are more closely linked
to the successful execution of such movement structures (Fields et al., 2018).

Robbins and Young (2012) tested some of those movement structures (i.e., speed, jumps) of
American football players grouped in terms of playing positions and reported strong
relationships between sprint and jump tests. Numerous studies reported strong correlations
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between sprint and jump skills for different genders and sports, taking into account the need
for explosive strength in both the sprint and the jump abilities (Young et al., 2005; Cronin &
Hansen, 2005; Misjuk, 2007; Vescovi & McGuigan, 2008; Nimphius et al., 2013; Tatlicioglu
et al., 2020; Cerrah & Bayram, 2022). However, the number of studies comparing agility,
sprint and jump performance with detailed body composition parameters of American
football players is limited in the literature. Previous studies also investigated the
anthropometric and some physiological profiles of American football players based on their
Body Mass Index (BMI) and most of them neglected the sprint, strength and agility needs of
the game (Laurson & Eisenmann, 2007). In addition, most research failed to indicate whether
the measuring period was pre-season or throughout the season (Robbins & Young, 2012;
Tatlicioglu et al., 2020). Turnagdl (2016) compared whole and segmental body composition
and Bone Mineral Density (BMD) of collegiate American football players in terms of playing
positions and reported a higher fat percentage of linemen in parallel with the results of Bosch
et al. (2019). Even though American football players have been categorized as overweight or
obese (Harp & Hecht, 2005; Laurson & Eisenmann, 2007; Malina et al., 2007; Miller et al.,
2008; Selden et al., 2009; Tucker et al., 2009; Steffes et al., 2013) based on their BMI,
Lambert et al. (2012) reported that this BMI categorization could be misleading due to
increased body size and higher fat-free mass of those athletes.

Among others, skinfolds, Dual-Energy X-ray Absorptiometry (DEXA), and Bioelectrical
Impedance Analysis (BIA) are some of the most common procedures for measuring the body
composition of athletes (Suarez-Arrones et al., 2018). DEXA enables to determine of body
composition with high accuracy due to its 3-compartment [fat mass, lean mass and bone mass
(and density)] model and is considered as the gold standard (Oates et al., 2006; Bilsborough
et al., 2014) by the authorities for many years.

Many studies have been conducted to see how body composition impacts the performance of
American football players. Few research, however, has studied the links between jumping
ability, sprinting in different distances, agility performance and body composition, in young
male collegiate American football players. This study aims to investigate how body
composition affects agility, sprint and vertical jump performance in young male collegiate
American football players. The results of this prominent study might help coaches to assign
their players to the correct positions based on their body compositions. Besides, coaches can
either decrease the fatness of players or increase the explosive power of players with
appropriate training to develop effective performance in the team. These results could be
generalized to interpret both physical and sport education interventions.

2. Method
2.1 Participant (Subject) Characteristics

Twenty-three collegiate American football players (age: 22.3+3.1 years, body height:
180.6+5.6 cm, weight: 94.2+16.9 kg) participated in the study voluntarily. All the participants
were playing for the college-level teams in Turkish American football 1 league. They
regularly train for 60 to 90 minutes five days a week during competition season as their
normal training cycle. Players were at the in-season stage during the data collection process
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and injured players were excluded from the study. All the participants were informed verbally
first about the test procedures and then signed a consent form for participation. This study
was conducted in accordance with the principles of the Helsinki Declaration. As for the
ethical issues, the local Research Ethics Committee approved the research (Board approval
numbers: 15525).

2.2 Procedures

All measurements and tests were carried out at the beginning of the in-season period (August).
The test sessions were completed in two days between 9:00 and 12:00 a.m. On the first day,
anthropometry, body composition measurement and jumping performance were carried out at
the Laboratory of Kinanthropometry at the Faculty of Sport Sciences, Eskisehir Technical
University. On the second day, the Sprint (10, 40 yards) and pro-agility tests were carried out
on a natural grass football field. Subjects were warned not to take any drugs, drink coffee,
and get involved in vigorous physical activities at least 24 hours before the test day.

2.3 Anthropometric and Body Composition Analysis

A scale (Seca, Vogel & Halke, Hamburg) with a precision of 0.1 kg was used to measure the
body mass of participants (kg). The height of the players was measured barefoot, heads
placed in the Frankfurt plane using a stadiometer (Holtain Ltd., UK) with an accuracy of 0.1
cm.

As for the evaluation of regional and total body composition (fat percentage, muscle mass,
and fat mass) through DEXA, the researchers preferred a total body scanner called the
Dual-energy X-ray absorptiometry (Lunar Prodigy Pro; GE, Healthcare, Madison, WI, USA).
In addition, they used phantoms in order to calibrate the scanner in the morning before the
actual measurements by following the manufacturer’s standard guidelines. Consistency was
provided by performing all the scans and analyses with the same operator. Before the
measurements, the participants were asked not to wear any jewelry or have any metal objects
in their bodies while being screened. A standard supine position was achieved during the
scans by tying the subjects’ knees and ankles with a Velcro strap and their arms were
extended by their sides. Typically, the examinations lasted between 6 and 8 minutes
depending on the height of the participant.

2.4 Physical Performance Assessment
2.4.1 Vertical Jump Measurements

The testing was preceded by a standard warm-up procedure (5-minute self-paced running and
10 minutes of callisthenic and dynamic stretching). The participants were asked to perform
jump tests Counter Movement Jump (CMJ) in order to measure the explosive power of their
lower limbs by using a Smartspeed (Fusion Sport Pty Queensland, Australia). The
participants came to the CMJ from the standing position and were asked to do a maximal
vertical thrust (stretch-shortening cycle) by bending their knees to a 90° angle. Finally, the
participants were asked to keep their bodies straight and descend with their knees fully
extended during the jump. Any incorrectly performed jump was repeated. As in previous
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studies, a one-minute rest was allowed between consecutive trials, to minimize the effects of
fatigue (Copic et al., 2014). The measurements from the best performance of two trials were
recorded and expressed in “cm”.

2.4.2 Sprint (10, 40-Yards)

Players performed a 40-yard sprint test measured by timing gates (Smart Speed; Fusion Sport
Pty, Ltd., Brisbane, Queensland, Australia) with a 10-yard split. They performed a
self-determined 10-min easy jogging/running warm-up before the actual sprint tests. Two
submaximal sprints were performed by each player before the actual tests as a part of the
warm-up. There was a 3-min rest between the warm-up and actual tests. Each player ran two
maximal 40-yard distances with a 3 min rest interval where the best sprint time was
determined for further assessment (Nimphius et al., 2013; Tatlicioglu et al., 2020).

2.4.3 Pro-Agility

Specify all subjects were allowed to perform two trials for the pro-agility test as
familiarization. They ran 5 yards right, 10 yards left and 5 yards right again subsequently
constituting a total of 20 yards during two actual tests. This order was reversed for the second
trial with a 3-mins rest between each trial. The best out of two shuttle-run was recorded for
further evaluation. The test was repeated after a 3-mins resting period when the player failed
to cut off the light of the gate (Jones & Lorenzo, 2013).

Timing Gates
Timing Gates
8 * Timing Gates

* Direction 3, 5 yard i
> Finish *
|

! 1
1 »
1

1

1

<
* Direction 2, 10 yard

Start | Direction 1, 5 yard *

Figure 1. Pro-agility test

2.4.4 Statistical Analysis

The data were statistically analyzed by using SPSS 18 software (SPSS Inc., Chicago, IL,
USA) and presented in means and standard deviations. The level of significance was taken as
0.05 in the analyses. In order to test the normality of the data, the Shapiro-Wilk test was
applied. Finally, the Pearson correlation coefficient was used to analyze the correlation
between body composition, vertical jump, sprint and pro-agility test. The probability level
was taken as < 0.05.
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3. Results

Table 1 displays the descriptive statistics related to physical and total/regional body
composition while Table 2 presents the results of vertical jump, sprint and pro-agility test
results. Additionally, the relationship between total/regional and vertical jump, sprint, and
pro-agility tests are shown in Table 3. There was a significant negative correlation between
CMJ and percentage of body fat (BF%), leg fat percentage (LF%), arm fat percentage
(ARMF%), trunk fat percentage (TF%), android fat percentage (AF%), gynoid fat percentage
(GF%) and fat mass (FM) kg. However, no significant correlation was observed among CMJ
with another total/regional lean body mass weight. As another finding of this study, there was
a significant correlation between sprints and BF%, LF%, ARMF%, TF%, AF%, GF% and
FM kg. However, there was no statistically significant correlation (p < 0.05) between lean
body mass (LBM), leg mass, trunk mass, android and gynoid mass with sprint and pro-agility
tests.
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Table 1. The descriptive statistics of physical and total/regional body composition

Variable Meanztsd (n = 23) Minimum Maximum
Age (years) 22.30+3.1 18.4 30.5
Height (cm) 180.6+5.6 171.0 193.0
Weight (kg) 94.21£16.9 69.0 131.0
Body Mass Index (kg/m”) 8.88+2.2 20.8 36.3
Body Fat Percentage (%) 23.23+6.99 13.50 35.9
Body Fat Mass (kg) 21.86+10.2 9.3 42.3
Lean Body Mass (kg) 68.9348.5 52.9 86.4
Arm Fat Percentages (%) 20.10+7.40 10.5 353
Arm Fat Mass (kg) 2.67+1.98 1.0 8.1
Lean Arm Mass (kg) 9.65+3.26 6.8 22.4
Leg Fat Percentages (%) 23.19+6.28 14.1 343
Leg Fat Mass (kg) 7.66+3.43 33 14.8
Lean Leg Mass (kg) 24.18+3.87 18.1 31.9
Trunk Fat Percentages (%) 24.14+8.65 10.1 40.0
Trunk Fat Mass (kg) 11.48+7.66 3.1 37.9
Trunk Lean Mass (kg) 33.27+10.59 25.5 79.5
Android Fat Percentages (%) 27.41£13.20 8.4 46.0
Android Fat Mass (kg) 1.97+1.97 0.3 9.9
Lean Android Mass (kg) 4.70+.70 34 6.2
Gynoid Fat Percentages (%) 20.64+9.35 0.3 38.3
Gynoid Fat Mass (kg) 3.87+£2.71 1.2 14.3
Lean Gynoid Mass (kg) 10.72+1.25 8.8 13.3
Total BMC (kg) 3.37+.39 2.3 4.2
Whole BMD (g-cm®) 1.37+.11 1.1 1.6
Z-Score 1.30+.97 -0.4 3.5
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Note. BMC: Bone Mineral Content, BMD: Bone Mineral Density.

http://jei.macrothink.org



ISSN 2377-2263

\\ M acrothink Journal of Educational Issues
A Institute ™ 2022, Vol. 8, No. 2

Table 2. The results of the vertical jump, sprints and pro-agility test

Variable Meanztsd (n = 23) Minimum Maximum
Counter Movement Jump (cm) 47.18+£7.50 31.0 61.9
Sprint (10 yard) (s) 1.90+.08 1.79 2.14
Sprint (40 yard) (s) 5.39+.32 4.96 6.20
Pro-agility (s) 5.01+.21 4.59 5.43

Table 3. Relationship between total/regional tests and vertical jump, sprint, and pro-agility
tests for collegiate American football players

CMJ (cm) |Sprint (10yd) (s) | Sprint (40yd) (s) | Pro-agility (s)

Variables
r P r P r P r P

Body Fat Percentage (%) -736%%1.001|.622%*% |.002 |-.759*%* |.001 |.659** |.001
Body Fat Mass (kg) = 717%%1.001 | .595**% 1.003 |-.736*%* |.001 |.638** |.001
Lean Body Mass (kg) 209 .340|.260 231 [.308 241 |.162 460
Arm Fat Percentage (%) -.682*%1.001|.611%* |.002 |-.814** |.001 |.604** |.002
Arm Fat Mass (kg) -.678**%1.001|.665** |.001 |-.814** |.001 |.705** |.001
Lean Arm Mass (kg) A453%*% 1.001 |.440 .036 |.485* 019 |.580** |.005
Leg Fat Percentage (%) -.695%%1.001|.620%* |.002 |-.748** |.001 |.615%* |.002
Leg Fat (kg) -.606%*|.002 | .489* 018 |-.698** |.001 |.520* |.011
Lean Leg Mass (kg) .051 .818.056 789 |-.227 673 [.031 .887
Trunk Fat Percentage (%) - 713%%1.001|.577*% |.004 |-.694** |.001 |.656** |.001
Trunk Fat Mass (kg) -.607%%1.002 | .412 051 | -.489* 018 |[.403 .056
Trunk Lean Mass (kg) 161 464 .036 872 |.180 009 |[-.106 |.631
Android Fat Percentage (%) |-.526* |.010|.419* .047 |.493* .017 |.490* |.018
Android Fat Mass (kg) -.687*%1.001 | .424* .044 | 556** .006 |.605** |.002
Lean Android Mass (kg) -281 ].193].303 160 [.341 11 1.099 .654
Gynoid Fat Percentage (%) |-.681%%|.001|.657** 001 |.704%* 001 [.619%* |.002
Gynoid Fat Mass (kg) ~604**|.002 | .561** |.005 |.589%* 003 |.528* |.010
Lean Gynoid Mass (kg) 305 158 -.183 402 |-301 163 [.259 233

Note. CMJ = Countermovement Jump. * p <0.05, ** p <0.01.
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4. Discussion

The purpose of this study was to investigate the effect of body composition on physical
performance parameters in collegiate American football players. There was a negative
significant correlation (p < 0.05) between the percentage of whole body fat and body fat kg
and CMJ. There was also a statistically significant correlation between the percentage of total
body fat and body fat kg (p < 0.05) sprint and pro-agility test. There was no statistically
significant correlation (p < 0.05) between lean body mass, leg mass, trunk mass kg, sprint and
pro-agility tests. The results of the study showed that a higher %BF had a substantial negative
influence on some performance metrics of American football players. These metrics included
pro-agility, sprinting ability, and vertical jump.

Body mass and height values of football players were consistent with those reported in
previous studies (Oliver et al., 2012; Bilsborough et al., 2014; Boykin et al., 2021). Moreover,
the BF% found in this study (23.23%) was similar to those reported in some other studies
(Jacobson et al., 2016; Trexler et al., 2017; Oliver et al., 2012) however, it was found to be
lower compared to some other studies (Turnagol, 2016). This discrepancy was regarded to
stem from different methods used to obtain data on body fat percentage, different data
collection times (pre or during the season), and differences in training programs.

It was found in the study that there was a significant negative correlation between CMJ and
BF%, LF%, ARMF%, TF%, AF%, GF% and FM kg. These findings were similar to those of
several studies. For example, Silvestre et al., (2006) found a negative correlation between

BF% and vertical jump (r = -0.55). Their study also found that vertical jump correlated

moderately with total mass and lean tissue (r = -0.48; r = -0.54) in soccer players. In terms of
BF%, our research group has recently reported a negative large correlation between BF% and
fatigue index (r = -.785 p = .037) in female badminton players (Akdogan et al., 2022) as well.

Even though we did not report any correlation between LBM and any of the performance

tests, Ishida et al., (2021) reported significant moderate correlations between LBM and CMJ

jump height (p = 0.01, r = 0.50) in soccer players. Contrary to our study, Jacobsen et al. (2016)
did not find a significant relationship between body fat and vertical jump performance in their

study conducted with American football linemen players.

Our findings also showed no significant correlation among CMJ with another total/regional
lean body mass weight of collegiate American football players (p > 0.05). Supporting these
findings, Robbins and Young (2012) found no significant correlation between vertical jump
and body mass in lineman players. They also indicated that correlations between body mass
and jump ability were low in the running back football players group. The current results
show that an increase in total/regional BF% and weight negatively affects the vertical jump
performances of American football players. Therefore, the decrease in fat mass may
substantially improve elastic (reactive) power. Moss et al. (2015) recommended that greater
gluteal and calf girths were also beneficial for CMJ, suggesting that increased muscle mass in
these areas contributes to movements involving a strength and power component.

As another finding of this study, there was a significant correlation between sprints and BF%,
LF%, ARMF%, TF%, AF%, GF% and FM. However, there was no statistically significant
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correlation (p < 0.05) between LBM, leg mass, trunk mass, android and gynoid mass with
sprint and pro-agility tests. The findings of our study are consistent with those of previous
studies. For example, in the study of Ishida et al. (2021), they also reported statistically
significant moderate to large correlations between LBM and sprint times at 10 m (p = 0.03, r
= 0.44) and 20 m (p = 0.02, r = 0.50) in soccer players. Again, Robbins and Young (2012)
found moderate and large correlations between body mass and the various sprint times
(36.6-m) in the running back players group. Therefore, considering the relevant literature
(Potteiger et al., 2010; Robbins & Young, 2012; Ishida et al., 2021) and findings of the
previous studies, it can be concluded that improving lean body mass might positively impact
explosive performance, while the excess BF% and fat mass might cause vice versa.

The pro-agility test is widely used in football to assess quickness in the change of direction
manoeuvres (Mann et al., 2016). The amount of research designed to correlate
anthropometric variables and change of direction speed performance is quite limited.
Theoretically, body fat and body segment lengths are accepted among the factors that
contribute to agility performance. When two athletes of equal total body mass are compared,
the fatter one is not only likely to have less lean mass to contribute to the speed requirements
of agility performance but also will have a greater mass of excess fatty tissue (not lean body
mass) and inertia. Thus, a greater force production per unit of lean mass to produce a given
change in velocity or direction will be required (Sheppard & Young 2006).

The present study also showed a significant correlation between total/regional body fat and
agility performance. However, there are a few studies to correlate body composition variables
DEXA and agility in American football players as well. Due to limited research in the
literature similar studies were used to support the discussion. Chaouachi et al. (2009) found
that agility (T-test) performance was significantly related to body mass (r = 0.58; p = 0.03)
and percent body fat (r = 0.80; p < 0.001) in elite male professional basketball players.
Similar to the present study, Bartolomei et al. (2021) reported a high level of positive
correlations between body fat and both pro-agility and sprint (r = 0.58; p=0.012 and r = 0.61;
p = 0.009, respectively), in hockey players. Contrary to our study, Sattler et al. (2015)
reported no significant differences in body mass and FM% in males (American football,
basketball and handball) between achievement groups on the stop-and-go reactive agility and
stop-and-go change of direction speed (CODS) drills. Moreover, Atakan et al. (2017) found
no significant correlation between agility and body fat in football players. The results of this
research indicated a relationship between total/regional fat percentage and agility,
demonstrating that the higher the fat percentage, the lower the agility performance in football
players.

This significant difference might be due to the variety in the duration of the training and the
content of the practice. In addition, different protocols and the number of participants might
have caused such a difference. Further studies should be carried out with larger samples. It is
advised to conduct additional research on the data collected during the season to identify
trends in body composition and performance factors among American football players as
these variables were only measured before the season in this study.
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5. Conclusion

The findings of the study showed that there was a significant correlation between some
total/regional body composition, vertical jump, sprint and agility performance in collegiate
American football players. Body composition is considered as a significant factor that has an
impact on the physical performance level of football players since excess body fat may cause
a decrease in performance. Deriving from the findings of this study, it could be concluded
that football players with less body fat and increased lean mass percentage prior to the season
are advantageous for certain physical performance indicators. This comprehensive study is
expected to provide new insights to coaches in terms of leading their players into correct
playing positions regarding their body composition.

Acknowledgements

The study received neither grants nor other financial support for conduction. The authors
would like to express their appreciation to all the participants and their coach Mr. Jacop
Anderson for their time and support. All the authors contributed to the study equally.

References

Akdogan, E., Kanat, E. A., Simsek, D., Cerrah, A. O., Bidil, S., Bayram, 1., & Akt1, Y. (2022).
Relationship between Body Composition, Multiple Repeated Sprint Ability and Vertical Jump
Performance in Elite Badminton Players. International Journal of Morphology, 40(3),
720-727. https://doi.org/10.4067/S0717-95022022000300720

Atakan, M. M., Unver, E., Demirci, N., Bulut, S., & Turnagol, H. H. (2017). Effect of body
composition on fitness performance in young male football players. Turkish Journal of Sport
and Exercise, 19(1), 54-59.

Bartolomei, S., Nigro, F., Ciacci, S., Malagoli Lanzoni, 1., Treno, F., & Cortesi, M. (2021).
Relationships between Muscle Architecture and Performance in Division I Male Italian Field
Hockey Players. Applied Sciences, 11(10), 4394. https://doi.org/10.3390/app11104394

Bilsborough, J. C., Greenway, K., Opar, D., Livingstone, S., Cordy, J., & Coutts, A. J. (2014).
The accuracy and precision of DXA for assessing body composition in team sport athletes.
Journal of Sports Sciences, 32(19), 1821-1828. https://doi.org/10.1080/02640414.2014.
926380

Bosch, T. A., Carbuhn, A., Stanforth, P. R., Oliver, J. M., Keller, K. A., & Dengel, D. R.
(2019). Body composition and bone mineral density of division 1 collegiate football players,
a consortium of college athlete research (C-CAR) study. Journal of Strength and
Conditioning Research, 33(5), 1339. https://doi.org/10.1519/JSC.0000000000001888

Boykin, J. R., Tinsley, G. M., Harrison, C. M., Prather, J., Zaragoza, J., Tinnin, M., ... Taylor,
L. W. (2021). Offseason body composition changes detected by dual-energy x-ray
absorptiometry versus multifrequency bioelectrical impedance analysis in collegiate american
football athletes. Sports, 9(8), 112. https://doi.org/10.3390/sports9080112

Cerrah, A. O., & Bayram, 1. (2022). Relationship between isokinetic strength, vertical jump,

830 http://jei.macrothink.org



ISSN 2377-2263

\\ M acrothink Journal of Educational Issues
A Institute ™ 2022, Vol. 8, No. 2

sprint speed, agility and yo-yo intermittent recovery test performance in soccer players.
European Journal of Physical Education and Sport Science, 9(2). https://doi.org/10.46827/
ejpe.v9i2.4514

Chaouachi, A., Brughelli, M., Chamari, K., Levin, G. T., Abdelkrim, N. B., Laurencelle, L., &
Castagna, C. (2009). Lower limb maximal dynamic strength and agility determinants in elite
basketball players. The Journal of Strength & Conditioning Research, 23(5), 1570-1577.
https://doi.org/10.1519/JSC.0b013e3181a4e7{0

Copic, N., Dopsaj, M., Ivanovic, J., NeSic, G., & Jaric, S. (2014). Body composition and
muscle strength predictors of jumping performance: differences between elite female
volleyball competitors and nontrained individuals. The Journal of Strength & Conditioning
Research, 28(10), 2709-2716. https://doi.org/10.1519/JISC.0000000000000468

Cronin, J. B., & Hansen, K. T. (2005). Strength and power predictors of sports speed. The
Journal of Strength & Conditioning Research, 19(2), 349-357. https://doi.org/10.1519/
00124278-200505000-00019

Fields, J. B., Merrigan, J. J., White, J. B., & Jones, M. T. (2018). Body composition variables
by sport and sport-position in elite collegiate athletes. The Journal of Strength &
Conditioning Research, 32(11), 3153-3159. https://doi.org/10.1519/JSC.0000000000002865

Harp, J. B., & Hecht, L. (2005). Obesity in the national football league. Jama, 293(9),
1058-1062. https://doi.org/10.1001/jama.293.9.1061-b

Ishida, A., Travis, S. K., & Stone, M. H. (2021). Associations of body composition, maximum
strength, power characteristics with sprinting, jumping, and intermittent endurance
performance in male intercollegiate soccer players. Journal of Functional Morphology and
Kinesiology, 6(1), 7. https://doi.org/10.3390/jfmk6010007

Jacobson, B. H., Conchola, E. C., Smith, D. B., Akehi, K., & Glass, R. G. (2016).
Relationship between selected strength and power assessments to peak and average velocity
of the drive block in offensive line play. Journal of Strength & Conditioning Research, 30(8),
2202-2205. https://doi.org/10.1519/JSC.0000000000000552

Jones, M. T., & Lorenzo, D. C. (2013). Assessment of power, speed, and agility in athletic,
preadolescent youth. J Sports Med Phys Fitness, 53(6), 693-700.

Lambert, B. S., Oliver, J. M., Katts, G. R., Green, J. S., Martin, S. E., & Crouse, S. F. (2012).
DEXA or BMI: clinical considerations for evaluating obesity in collegiate division A
American football athletes. Clinical Journal of Sport Medicine, 22(5), 436-438.
https://doi.org/10.1097/JSM.0b013e31825d5d65

Laurson, K. R., & Eisenmann, J. C. (2007). Prevalence of overweight among high school
football linemen. Jama, 297(4), 359-364. https://doi.org/10.1001/jama.297.4.363

Lukaski, H., & Raymond-Pope, C. J. (2021). New frontiers of body composition in sport.
International Journal of Sports Medicine, 42(07), 588-601. https://doi.org/10.1055/a-1373-
5881

831 http://jei.macrothink.org



A ISSN 2377-2263
Institute™ 2022, Vol. 8, No. 2

Mala, L., Maly, T., Zahalka, F., Bunc, V., Kaplan, A., Jebavy, R., & Tuma, M. (2015). Body
composition of elite female players in five different sports games. Journal of Human Kinetics,
45, 207. https://doi.org/10.1515/hukin-2015-0021

\\ M ac rot h i n k Journal of Educational Issues

Malina, R. M., Morano, P. J., Barron, M., Miller, S. J., Cumming, S. P., Kontos, A. P., &
Little, B. B. (2007). Overweight and obesity among youth participants in American football.
The Journal of Pediatrics, 151(4), 378-382. https://doi.org/10.1016/].jpeds.2007.03.044

Mann, J. B., Ivey, P. A., Mayhew, J. L., Schumacher, R. M., & Brechue, W. F. (2016).
Relationship between agility tests and short sprints: Reliability and smallest worthwhile
difference in National Collegiate Athletic Association Division-I football players. The
Journal of Strength & Conditioning Research, 30(4), 893-900. https://doi.org/10.1519/JSC.
0000000000001329

Milanese, C., Piscitelli, F., Lampis, C., & Zancanaro, C. (2011). Anthropometry and body
composition of female handball players according to competitive level or the playing position.
Journal of Sports Sciences, 29(12), 1301-1309. https://doi.org/10.1080/02640414.2011.
591419

Miller, M. A., Croft, L. B., Belanger, A. R., Romero-Corral, A., Somers, V. K., Roberts, A. J.,
& Goldman, M. E. (2008). Prevalence of metabolic syndrome in retired National Football
League players. The American Journal of Cardiology, 101(9), 1281-1284. https://doi.org/
10.1016/j.amjcard.2007.12.029

Misjuk, M., & Viru, M. (2007). The relationships between jumping tests and speed abilities
among Estonian sprinters. Acta Academiae Olympiquae Estoniae, 15(1/2), 9-16.

Moss, S. L., McWhannell, N., Michalsik, L. B., & Twist, C. (2015). Anthropometric and
physical performance characteristics of top-elite, elite and non-elite youth female team
handball players. Journal of Sports Sciences, 33(17), 1780-1789. https://doi.org/10.1080/
02640414.2015.1012099

Nimphius, S., Geib, G, Spiteri, T., & Carlisle, D. (2013). Change of direction” deficit
measurement in Division I American football players. J Aust Strength Cond, 21(S2), 115-7.

Oates, M. K., Puhl, S., & Wacker, W. K. (2006). Total body% fat-Comparison of DXA with
other body composition methods. J Bone Miner Res, 21, S117.

Oliver, J. M., Lambert, B. S., Martin, S. E., Green, J. S., & Crouse, S. F. (2012). Predicting
football players’ dual-energy x-ray absorptiometry body composition using standard
anthropometric measures. Journal of Athletic Training, 47(3), 257-263. https://doi.org/
10.4085/1062-6050-47.3.12

Ozkan, A., Arburun, B., & Kin-Isler, A. (2009). Relationships of body composition,
isokinetic knee strength and anaerobic performance in American football players. Tiirkiye
Klinikleri Journal of Sports Science, 1(1), 47-52.

Potteiger, J. A., Smith, D. L., Maier, M. L., & Foster, T. S. (2010). Relationship between body
composition, leg strength, anaerobic power, and on-ice skating performance in division I

832 http://jei.macrothink.org



A ISSN 2377-2263
Institute™ 2022, Vol. 8, No. 2

men’s hockey athletes. The Journal of Strength & Conditioning Research, 24(7), 1755-1762.
https://doi.org/10.1519/JSC.0b013e3181e06cfb

\\ M ac rot h i n k Journal of Educational Issues

Reilly, T., & Doran, D. (2003). Fitness assessment. Science and soccer (pp. 29-54).
Routledge. https://doi.org/10.4324/9780203417553

Robbins, D. W., & Young, W. B. (2012). Positional relationships between various sprint and
jump abilities in elite American football players. The Journal of Strength & Conditioning
Research, 26(2), 388-397. https://doi.org/10.1519/JSC.0b013e318225b5fa

Sattler, T., Sekuli¢, D., Spasi¢, M., Peri¢, M., Krolo, A., Uljevi¢, O., & Kondri¢, M. (2015).
Analysis of the association between motor and anthropometric variables with change of

direction speed and reactive agility performance. Journal of Human Kinetics, 47, 137.
https://doi.org/10.1515/hukin-2015-0069

Segovia, Y., & Gutiérrez, D. (2020). Effect of a game-based high intensity interval training
program on body composition in primary education: comparison of the Sport Education
model and traditional methodology. Journal of Physical Education and Sport, 20(2),
791-799.

Selden, M. A., Helzberg, J. H., Waeckerle, J. F., Browne, J. E., Brewer, J. H., Monaco, M.
E., ... Okeefe, J. H. (2009). Cardiometabolic abnormalities in current National Football
League players. The American Journal of Cardiology, 103(7), 969-971. https://doi.org/
10.1016/j.amjcard.2008.12.046

Severo-Silveira, L., Fritsch, C. G., Marques, V. B., Dornelles, M. P., & Baroni, B. M. (2017).
Isokinetic performance of knee flexor and extensor muscles in American Football players
from Brazil. Revista Brasileira de Cineantropometria & Desempenho Humano, 19, 426-435.
https://doi.org/10.5007/1980-0037.2017v19n4p426

Sheppard, J. M., & Young, W. B. (2006). Agility literature review: Classifications, training
and testing. Journal of Sports Sciences, 24(9), 919-932. https://doi.org/10.1080/02640410500
457109

Silvestre, R., Kraemer, W. J., West, C., Judelson, D. A., Spiering, B. A., Vingren, J. L., ...
Maresh, C. M. (2006). Body composition and physical performance during a National
Collegiate Athletic Association Division I men’s soccer season. Journal of Strength and
Conditioning Research, 20(4), 962. https://doi.org/10.1519/R-18165.1

Steffes, G. D., Megura, A. E., Adams, J., Claytor, R. P., Ward, R. M., Horn, T. S., & Potteiger,
J. A. (2013). Prevalence of metabolic syndrome risk factors in high school and NCAA
division I football players. The Journal of Strength & Conditioning Research, 27(7),
1749-1757. https://doi.org/10.1519/JSC.0b013e31827367cd

Suarez-Arrones, L., Petri, C., Maldonado, R. A., Torreno, N., Munguia-Izquierdo, D., Di
Salvo, V., & Méndez-Villanueva, A. (2018). Body fat assessment in elite soccer players:
Cross-validation of different field methods. Science and Medicine in Football, 2(3), 203-208.
https://doi.org/10.1080/24733938.2018.1445871

833 http://jei.macrothink.org



A ISSN 2377-2263
Institute™ 2022, Vol. 8, No. 2

Tatlicioglu, E., Atalag, O., Kurt, C., & Acar, M. F. (2020). Investigation of the Relationships
between Isokinetic Leg Strength, Sprint and Agility Performance in Collegiate American
Football Players. Turkish Journal of Sports Medicine, 55(3). https://doi.org/10.5152/
tjsm.2020.175

\\ M ac rot h i n k Journal of Educational Issues

Trexler, E. T., Smith-Ryan, A. E., Mann, J. B., Ivey, P. A., Hirsch, K. R., & Mock, M. G
(2017). Longitudinal body composition changes in NCAA Division I college football players.
Journal of Strength and Conditioning Research, 31(1), 1. https://doi.org/10.1519/JSC.00000
00000001486

Tucker, A. M., Vogel, R. A., Lincoln, A. E., Dunn, R. E., Ahrensfield, D. C., Allen, T. W, ...
Yates, A. P. (2009). Prevalence of cardiovascular disease risk factors among National
Football League players. Jama, 301(20), 2111-2119. https://doi.org/10.1001/jama.2009.716

Turnagdl, H. H. (2016). Body composition and bone mineral density of collegiate American
football players. Journal of Human Kinetics, 51(1), 103-112. https://doi.org/10.1515/hukin-
2015-0164

Vescovi, J. D., & Mcguigan, M. R. (2008). Relationships between sprinting, agility, and jump
ability in female athletes. Journal of Sports Sciences, 26(1), 97-107. https://doi.org/10.1080/
02640410701348644

Young, W. B., Newton, R. U., Doyle, T. L., Chapman, D., Cormack, S., Stewart, C., &
Dawson, B. (2005). Physiological and anthropometric characteristics of starters and
non-starters and playing positions in elite Australian Rules football: A case study. Journal of
Science and Medicine in Sport, 8(3), 333-345. https://doi.org/10.1016/S1440-2440(05)
80044-1

Copyright Disclaimer

Copyright for this article is retained by the author(s), with first publication rights granted to
the journal.

This is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution license (http://creativecommons.org/licenses/by/3.0/).

834 http://jei.macrothink.org



