INFRASTERNAL ANGLE AND ASSOCIATED EXTERNAL LOAD IN NCAA DIVISION I

FOOTBALL PLAYERS

by

Malia Shipsey

Bachelor of Science in Human Physiology, 2022
University of Oregon

Eugene, Oregon

A Thesis
Submitted to the Faculty of
Harris College of Nursing and Health Sciences
Texas Christian University

in partial fulfillment of the requirements for the degree of

Master of Science

C

Spring 2024



APPROVAL
INFRASTERNAL ANGLE AND EXTERNAL LOAD IN NCAA DIVISION I FOOTBALL
PLAYERS
by

Malia Shipsey

Thesis approved:

s, TR

7y

Dr. Ryan Porter, Major Professor

Dr. Robyn Trocchio, Committee Member

%WCW

Dr. Joshua Carr, Committee Member



Copyright by
Malia Shipsey

2024



ACKNOWLEDGEMENTS

I would like to express the utmost gratitude to my major professor, Dr. Ryan Porter, for his
constant support, invaluable guidance, and dedication to my academic success. This thesis

process would not have been possible without his encouragement, faith, and expertise.

I am incredibly thankful to the members of my thesis committee, Dr. Joshua Carr and Dr. Robyn
Trocchio, for generously sharing their knowledge and expertise in their respective fields. Their

involvement in my development as a student does not go unnoticed.

I am grateful to the Kinesiology Department at Texas Christian University for providing me with
a space to maximize my learning. I appreciate the access I was given to various opportunities,

resources, and a positive academic environment conducive to conducting this research.

The unwavering support, understanding, and encouragement of my friends and family has been
critical throughout this journey. Special thanks to my parents for all the sacrifices they have
made to give me an incredible education. Thank you to my peers in this program who have
inspired me as a student and provided me with encouragement and moral support during this

challenging yet rewarding endeavor.

Finally, I extend my heartfelt gratitude to all those who directly or indirectly contributed to the

completion of this thesis. Your support and encouragement have been invaluable.



LIST OF FIGURES
Figure 1. ISA measurement using DXA scan and Adobe Acrobat measuring tool.
Figure 2: ISA and the highest maximum speed averaged monthly across the 2022 competitive
season of Collegiate Division I Football demonstrating an inverse relationship between the

variables.



LIST OF TABLES
Table 2. Average Monthly Maximum Speed and ISA measures during a 2022 competitive
season of Collegiate Division I Football
Table 3. Average maximum speed (mph) across a 2022 competitive season of Collegiate

Division [ Football



Table of Contents

ACKNOWLEDGEMENTS .....ooiiimunncsimsnsssmnnsssssmnsssssssssssssnssssssnssssssnssssssmssssssmssssssassssssnssssssasssss 4
LIST OF FIGURES .....ooouuiinnsesesnnssesnssssssnssssssnssssssnssssssnssssssnssssssnssssssnssssssnsssssssssssssassssssnssssssasssss 5
LIST OF TABLES ..oo..ouunusinnnesisnnssssnssssssssssssnsssssssssssssssssssnssssssnssssssnssssssnssssssmssssssassssssnssssssnsssss 6
ABSTRACT ...oovviiennessinnnsssesnssssannsssssssssssssssssassssssssssssssssssssssnsssssssssssssmssssssnssssssassssssassssssnssssssasssss 8
L INTRODUCTION ...oooooeecimnnssmnnssssnssssssmnsssssssnssssssnssssssnssssssnssssssnssssssnssssssmssssssassssssnssssssnsssss 9
IL METHODS.....oooesoounuesennsssemmnsssssmnsssssssssssssnssssssssssssmsssssssssssssssssssssssssssssssssssssssssasssssassssssssassss 16
IL RESULTS .uooovueeiisunsessesnssssmnnessssnnsssssssssssssmssssssssssssmsssssssssssssssssssssssssssssssssssssssssmssssssssssssssassss 20
IV. DISCUSSION......ccoeisoemnssemmnssssmnnsssssssssssssmsssssnssssssmsssssssssssssssssssssssssssssssssssssssssmssssssnsssssssassss 23
REFERENCES........o0eesounnuesmnnsssnssssssnssssssnsssssssssssssssssssssssssssssssssssssssssnssssssssssssssssssssssssssssassssassss 28




ABSTRACT
INFRASTERNAL ANGLE AND EXTERNAL LOAD IN NCAA DIVISION I FOOTBALL
PLAYERS
By
Malia Shipsey
Bachelor of Science in Human Physiology, University of Oregon 2022

Dr. Ryan Porter

Optimization of training and performance is the ultimate goal of sport performance and
strength and conditioning practitioners. Anthropometric measures and performance in athletics is
a rapidly growing area of research, but there is yet to be any investigation on thorax shape,
specifically infrasternal angle (ISA), and its potential correlation with performance. The present
study explored the relationship between ISA and external load metrics in NCAA Division I
Football players. We utilized dual x-ray absorptiometry (DXA) scans to obtain ISA, and
StatSports Apex GPS devices to collect external load data for nine athletes (M= 20.43 + 1.31)
across various positions. Results confirm the hypothesis that a smaller ISA is associated with
greater maximum speeds, suggesting the importance of thorax shape in athletic performance. No
significant correlations were identified between ISA and any other external load metrics. One-
way ANOVA test revealed significant differences in maximum speed between position
classifications of big, power, and skill. The results of this study have implications for player
position specification and tailored training programs, contributing to the understanding of ISA in

athletic performance.



I. Introduction

In 2022, the highest total revenue from a single National Collegiate Athletics Association
(NCAA) Division I football team summed to $251,615,345.00 (National Collegiate Athletics
Association, 2023). Considering the substantial revenue generated by a winning football
program, universities invest considerable resources towards enhancing athletic performance.
Strength and conditioning programs are dedicated to optimizing training and promoting body
composition changes advantageous to sport demands. Universities with football programs have
significantly larger strength and conditioning facilities and staff sizes (Trexler et al., 2017).
Thorough understanding of the sport’s demands and requirements on the body is crucial in
developing a successful athlete. American football is distinctive in its range of technical
requirements, consequently requiring unique physiological attributes based on position.
Anthropometry has continued to emerge as a significant predictor of sport performance and
refers to the systematic measurement of human physiological components to assess body
composition and size (Tur & Bibiloni, 2019). In considering thorax anthropometry, infrasternal
angle (ISA) has surfaced within physical therapy settings as an indicator for respiratory patterns
and training compensations. The rising interest in ISA has spread to strength and conditioning
settings but requires scientific investigation to support current practice.

In considering anthropometry and athletic performance, Zaccagni et al., (2019) found
anthropometric traits of body fat and height to be homogenous in elite sprint athletes.
Furthermore, Knechtle (2014) discovered anthropometric traits such as body mass, body fat,
skinfold thicknesses, body height, length, and circumferences of limbs to be significant
predictors of race performance. Muscle mass is an anthropometric measure particularly

applicable to football performance as increases in muscle mass are positively correlated with



power and speed (Miller et al., 2002). Previous literature has confirmed anthropometry as a
determinant of sport performance however, investigations specifically on thorax anthropometry,
ISA, and athleticism are limited. A more comprehensive analysis of ISA and performance would
improve the ability for strength and conditioning coaches, athletic trainers, and sport medicine
staff to aid in athletic development.

ISA is utilized to assess thorax shape, which can indicate an athlete’s ability to abduct
and protract the scapula, which has varying applications to shoulder movements specific to sport
demand (Kesson & Atkins, 1999). The ISA is measured from the xiphoid process to the medial
margin of the ribs. Lee (2018) confirms that despite the inability of the xiphoid process to be
identified on anterior-posterior radiographic images, radiographic measurement of ISA has a
significant correlation with the popularly used method of goniometric measurement. Researchers
found the radiographic method to be a highly reliable and valid measurement method for ISA
measurement (Lee, 2018). A larger ISA visually corresponds to a wider individual and vice
versa. Stefanovic et al. (2012) expands on this concept, finding that elite athletes across several
sports in the Athletic Federation of Serbia have significantly wider ISA’s than nonathletes. ISA
degree relates to asthenic, barrel-shaped, or normosthenic chest shapes; a smaller ISA creates an
asthenic shape, a wide ISA relates to barrel-shaped, and an average ISA is normosthenic. An
asthenic chest shape is characterized by a slender build; individuals with this chest shape
typically have a narrow ISA and visible ribs. The wide ISA of a barrel-shaped individual results
in an increased anteroposterior diameter. Finally, the normosthenic chest shape has a transverse
diameter greater than their anteroposterior diameter. Stefanovi¢ et al. (2012) furthers the
relationship of ISA and thorax shape to overall body type, or somatotype, which quantifies

human body shape and composition.
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Viewing an athlete holistically translates these chest shapes into the full-body
somatotypes of ectomorphic, endomorphic, and mesomorphic. Ectomorphs appear slim and tend
to have a lower muscle mass, a rapid energy expenditure, and lower fat mass. Oppositely, the
endomorphs have the capacity to increase muscle mass but typically have high fat mass. The
mesomorph describes an “athletic build” and is highly responsive to resistance training with the
ability to significantly increase muscle mass (T6th et al., 2014). Furthermore, To6th et al. (2014)
translated these somatotypes into sport, comparing bodybuilding and basketball athletes’
tendency to align with a somatotype; the bodybuilding athletes localized in the endomorphic and
mesomorphic categories where basketball athletes had a wide distribution across the somatoplot
(Toth et al., 2014). Considering the results of the study should be done understanding the vast
differences between bodybuilding and basketball, especially in considering that a basketball team
has various positions requiring various body types. Sukantana (2014) provides further
consideration of somatotype, comparing college-aged athletes to nonathletes finding that athletes
averaged an ectomorph-mesomorph somatotype, contributing to their higher muscle mass
compared to the endomorph somatotype of nonathletes. This study additionally revealed a
significant positive correlation between the ectomorph mesomorph somatotype, skeletal muscle
mass, and leg explosiveness and power. While this study fills a large gap in literature regarding
somatotype and performance, the “athletes” used in this study were university students who had
regular physical activity as a requirement of their degree. The physiological demands of sport for
an elite athlete are not comparable to a recreational exerciser. While the ectomorph mesomorph
somatotype may be the average among the athlete group in this study, authors fail to include

what type of sport or activity they are participating in; preferable somatotypes based on sport

11



demand may vary according to the aerobic or anaerobic energy systems primarily utilized in that
sport.

American football predominantly employs the phosphocreatine (PCr) and the anaerobic
glycolytic system energy pathways (Pincivero & Bompa, 1997). Ryan-Stewart et al. (2018),
studied the relationship between somatotype and anaerobic performance by assessing 3-
repetition maximums for both bench press and back squat and a 30-second maximal sprinting
test. Mesomorphy was ultimately the strongest predictor of bench press performance, and an
ectomorph mesomorph somatotype was the best predictor of back squat performance.
Additionally, higher mesomorphy values are correlated with a higher minimum power value in
anaerobic sprinting which has applications in power output maintenance. Based on previous
literature, a mesomorphic build would be more advantageous to high sprint load positions, such
as defensive backs or wide receivers in American football, as the demand for maintaining speed
is more relevant than for a lineman (Ward et al., 2018).

Unlike other sports, American football has a range of anthropometric trends and
somatotypes across a team based on position. In studying offensive position players’
anthropometric profiles, Martinez et al. found that linemen averaged an endomorph-mesomorph
somatotype; running backs and wide receivers tended to be ectomorph-mesomorphs (2014). As
previously mentioned, endomorphs have the capacity to increase muscle mass but typically have
high fat mass (Téth et al., 2014). Linemen are traditionally characterized as the largest players on
the team and typically have the capacity to carry the highest muscle mass based on their large
frame. There is a positive correlation between muscle mass and force production; as muscle fiber
cross-sectional area (CSA) increases, so does maximal isometric force production (Gilliver et al.,

2009). Therefore, athletes with the capacity of greater muscle mass should theoretically be able
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to produce more force as seen by Miller et al. noting that linemen produce greater force values
despite lower heights in the vertical jump test compared to other positions (Miller et al., 2002).
Robbins (2011) notes that while “big” positions, such as offensive and defensive linemen, have a
greater force ability, they demonstrate inferior performance in sprint, jump, and change-of-
direction ability measures. Conversely, “skill” players, such as wide receivers and defensive
backs, are the strongest performers in sprint, jump, and change-of-direction ability measures as
seen in the National Football League (NFL) combine. The differing positional demands required
of big, power, and skill players correspond with varying physiological preferences. While muscle
mass is a crucial component of athlete strength, it has a diverse magnitude of importance for
each position. Ultimately, force capacity in relation to muscle mass is associated with
performance measures and may be an indicator of success in a position.

For skill players who average an ectomorph-mesomorph somatotype, their limited
capacity to increase muscle mass compared to linemen requires increased reliance on alternative
mechanisms of force production, such as tendon stiffness or the stretch-shortening cycle (SSC).
Tendons store elastic energy that aids in force production; a stiffer or longer tendon can carry
more elastic energy to aid in a more efficient concentric contraction (Brumitt & Cuddeford,
2015; Witvrouw et al., 2007). Tendon stiffness is a secondary mechanism that can assist in force
production, especially for positions that require greater bouts of speed and quickness.
Additionally, the SSC enhances performance in such movements as sprinting or jumping and is
characterized as a spring-like cycle of eccentric muscle contraction prior to the concentric
contraction required for the desired performance outcome. The stretch-induced increase in
muscle force, or residual force enhancement, allows for increased force production in the

shortening phase of SSC (Groeber et al., 2020). Larger muscle mass indicates a greater density of
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myofibrils, containing the myofilaments actin and myosin, which form cross-bridges to produce
force during a muscle contraction (Fenwick et al., 2017). Skill players with a lower average
muscle mass compared to bigs may preferentially utilize SSC based on their position-specific
skills requiring more speed and quickness (Pincivero & Bompa, 1997). SSC allows athletes with
a smaller muscle mass to potentially produce a similar magnitude of force that an athlete of
greater muscle mass could produce with pure reliance on myosin-actin crossbridge cycling.
While skill positions may tend to engage secondary mechanisms of force enhancement like SSC
and tendon stiffness more frequently, it is important to note that these mechanisms are also
present in big and power positions. The physiological constraints of an athlete are a strong
determinant in their ability to perform and therefore indicate positions that are preferential to
their individual build.

Examining positional differences in American football reveals varying external load
measures determined by wearable global positioning system (GPS) devices, such as the

STATSports® Apex device. Ward et al. studied NFL players during fall camp training sessions,

finding that defensive backs and wide receivers had the highest PlayerLoad metrics, indicating
their greater positional demand for running compared to other positions (2018). Oppositely,
offensive and defensive linemen had decreased demand for running but, their high total inertial
movement (IMA) accounts for non-running activities, such as accelerations, decelerations,
impacts, and change of direction (Ward et al., 2018). GPS monitoring of external load
consistently reports that such skill positions as defensive backs and wide receivers have differing
game demands compared to linemen. Understanding varying game demands allows strength and
conditioning and position coaches to prescribe training more advantageous to the demands of

their position. Although similar patterns exist within positions, considering an athlete’s
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individual physiology can further improve practitioner’s ability to maximize performance. ISA is
a promising method of predicting physiological capacities of athletes and furthermore
understanding how to customize training according to speed or power capacities.

ISA has surfaced in practical strength and conditioning settings as a potential indicator
for predicting the ideal muscle mass capacity of an individual and therefore performance
capabilities; this concept has yet to be supported by any scientific research. This study aimed to
examine the relationship between infrasternal angle and wearable GPS device metrics including
total distance, sprint distance, relative high-speed running, explosive efforts, relative explosive
distance, high metabolic load (HML) efforts, and HML distance in NCAA Division I football
athletes. This study additionally included an exploratory analysis of differences in ISA and speed
metrics between position classifications of big, power, and skill athletes. Our primary hypothesis
is that larger infrasternal angles will be associated with athletes in the big position classification
and therefore will have lower load metrics based on positional demand. We additionally
hypothesize that a larger infrasternal angle will be correlated with lower measures of speed
metrics, and a smaller infrasternal angle will be correlated with greater measures of speed
metrics. Lastly, we hypothesize that there will be a significant difference in both ISA and speed

metrics between position classifications.
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II. Methods

Participants

Nine NCAA Division I football players were included in this study. Participants ranged
in position including running back (n=1), linebacker (n=2), tight end (n=1), safety (n=2), and
defensive line (n=3). Players were further classified into big, power, and skill position types, as
commonly done in practice. Defensive linemen were in the big group, linebackers and tight ends
were in the power group, and skill positions included running backs and safeties. Classification
distribution was evenly spread: bigs (n=3), power (n=3), and skill (n=3). Professional strength
and conditioning coaches associated with the football team designed and supervised a periodized
strength and conditioning program for participants to complete throughout the season. Their
program was progressive, including both position and sport-specific training. The competitive
2022 season incorporated a greater load of football-specific training in preparation for upcoming
games, with a decreased load of conditioning and resistance training. Resistance training
components included horizontal and vertical pulling exercises, clean & snatch, clean & snatch
variations, bench press, and squat. In addition to these main lifts, strength and conditioning
coaches incorporated lower-body isometric training with split squat variations, straight leg hip
bridges, squats, wall sits, and single-leg calf raises. Strength and conditioning coaches
determined program progression based on exercise competency, velocity-based assessments, and
repetition completions beyond prescription. All procedures were approved by the University’s
Institutional Review Board and each participant signed an approved informed consent document

prior to participation.
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Measures and variables

Dual X-ray Absorptiometry (DXA). Body composition assessments were completed
utilizing a DXA (Lunar iDXA, enCORE 14.10.002, GE Medical Systems, Madison, WI) scan.
Prior to initiating scans, the certified DXA operator recorded the participant's age, height,
weight, sex, and ethnicity. During the scan, participants were in a supine position with their arms
at their sides and palms facing down. For the purpose of this study, the only measure utilized
from the DXA scans was the infrasternal angle (ISA). The infrasternal angle was determined by
measuring the angle between the xiphoid process and the medial margin of the rib on each side.
Given the inability to identify the xiphoid process on radiographic images, ISA was determined
by finding the margin of the eighth rib and tracing its vertebral insertion point. The measurement
tool function in Adobe Acrobat, allowed for angle measurement from the vertebral insertion
point to the margin of the eighth rib. This measurement was completed three times for each

athlete, an ISA was the average of these three measurements.

Figure 1. ISA measurement using DXA scan and Adobe Acrobat measuring tool.

17



STATSports® Apex GPS. The wearable STATSports® Apex GPS devices are utilized

during practice to collect real-time performance data. This device offers several output measures
including maximum speed, total distance, sprint distance, relative high-speed running, explosive
efforts, relative explosive distance, high metabolic load (HML) efforts, and HML distance
(HMLD). Sprint distance includes the meters at which athletes reach their designated sprint
speed and maintain it for more than one second. High-speed running measures the distance
covered over 5.5m/s (19.8km/h), this is a relative measure as it considers the individual’s
athlete's max speed. Explosive efforts record the repetitions for which an athlete performs
accelerations, decelerations, and change of direction movements; similarly, relative explosive
distance is the number of meters covered performing these actions. Lastly, HML efforts is the

repetition count of instances whereby an athlete consumes power above 25.5 W-kg™?,
corresponding to a velocity of 5.5 m-s™* on grass, and HMLD reports these repetitions in

distance covered (Garcia-Calvo et al., 2022). This variable considers high velocity running,
accelerations, and decelerations. To consider varying practice demands throughout the training
period, external load measures were averaged per player across their total sessions for the month.
Procedure

Prior to any data collection, Institutional Review Board (IRB) approval was confirmed,
and participants signed the informed consent. Study information was communicated to the
football team as voluntary by football strength and conditioning staff members. This cross-
sectional study examines one of four visits included in a longitudinal study across a traditional
collegiate football season. Participants reported to the on-campus laboratory space to complete

their DXA body composition scan and external load was monitored using global navigation

satellite systems (GPS) Apex (STATSports®).
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Infrasternal angle was measured using Adobe Acrobat with the DXA imaging provided
from the scans. To limit error, the same researcher performed three measurements of ISA and
used the average of the three. Football strength and conditioning coaches associated with the
team monitored GPS data collection. To provide a comprehensive understanding of average
external load, measures were averaged by month from daily practices in the competitive 2022
season from September, October, November, and December of 2022.

Statistical analysis

A Spearman’s non-parametric correlation test was used to examine the relationship
between ISA and monthly averages of all GPS external load metrics (total distance, sprint
distance, relative high-speed running, explosive efforts, relative explosive distance, high
metabolic load (HML) efforts, and HML distance). The 2022 competitive season encompassed
months of September, October, November, and December. External load measures from each
month were averaged to provide one monthly average of each metric. Kruskal-Wallis one-way
analysis of variance (ANOVA) was used to determine if there was a difference in maximum
speed based on position classification - big, power, or skill. All statistical tests were run by

utilizing computer statistical software (JASP Team 2023, Version 0.18.1). Alpha was set at 0.05.
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III.  Results

Participants in this study were all NCAA college-aged male athletes (M=20.43 + 1.31)
with average height (M=73.56 in. + 2.01) and weight (M=240.23 lbs + 49.38). Our subject pool
was 89% African American, with only one Caucasian participant. Spearman correlation tests
among external load metrics revealed one notable finding; a non-significant, strong, negative
correlation between ISA and maximum speed, p(8)=-0.533, p=0.148. Additionally, ISA had a
very strong negative correlation with position p(8)=-0.787, p=0.012. There were no significant
correlations between height (p=0.948), weight (p=0.086), age (p=0.966) with ISA. In considering
other body composition metrics provided by the DXA scan, there was no significant correlation
between ISA and bone mineral density (BMD) (p=0.148) or total mass (p=0.086). Position
classification of big, power, or skill had no significant relationship with ISA (p=0.258). Although
the Spearman correlation test revealed no significance between ISA and position classification,
the strong yet non-significant relationship between ISA and average maximum speed lent itself
to further investigation into average maximum speed values. A Kruskal-Wallis ANOVA
revealed that the differences in maximum speed between classifications of 20.47 mph (Skill),
18.99 (Power), and 18.11 (Big) were significant, H(2, n=9) =14.97, p<.001. Post hoc
comparisons were conducted using Dunn’s tests with a Bonferroni adjusted alpha level of .016
(0.05 + 3). The mean maximum speed for the big position classification (M=18.11 £ 1.59) was
significantly lower than the skill players (M=20.60 £ 1.163), pgont < .001, z =3.788. Additionally,
the mean maximum speed for skill players is significantly higher than power positions (M=18.99

+ 0.86), pBonf < .03, z=2.577.
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Table 1. Participant Demographic Information by Position Classification

Position classification

Big

Power

Skill

Height (in.) Weight (Ibs.) Age (years)
M SD M SD M SD
7433 1.53 29498 2556 1947 1.36
7433  2.08 236.50  20.75 21.63 0.80
72.00  2.00 189.22  15.83  20.20 0.87

Table 2. Average Monthly Maximum Speed and ISA measures during a 2022 competitive
season of Collegiate Division I Football
CLASSIFICATION POSITION ISA Average Max Speed (mph)
Safety 121.81 21.60
SKILL Safety 123.53 23.06
Running back 134.85 20.76
Linebacker 113.85 20.29
POWER Linebacker 123.95 20.05
Tight end 125.90 18.83
Defensive line 125.63 21.27
BIG Defensive line 134.07 17.53
Defensive line 136.38 19.66

21




ISA and Maximum Speed Averaged Monthly over 2022 season
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Figure 2: ISA and the highest maximum speed averaged monthly across the 2022 competitive

season of Collegiate Division I Football demonstrating an inverse relationship between the

variables.
Table 3. Average maximum speed (mph) across a 2022 competitive season of Collegiate
Division I Football
CLASSIFICATION M (mph) SD
SKILL 20.47 +1.163
POWER 18.99 +0.86
BIG 18.11 +1.59
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IV.  Discussion

The current study examined the relationship between ISA and external load (maximum
speed, total distance, sprint distance, relative high-speed running, explosive efforts, relative
explosive distance, high metabolic load (HML) efforts, and HML distance) in NCAA Division [
Football players. The statistically insignificant correlation between ISA and maximum speed is
likely attributed to the limited number of participants in this study. However, the correlation
exhibited a strong negative trend, suggesting potential significance with a larger sample size;
future research is necessary to validate this significance. The strength and negative direction of
the correlation between ISA and maximum speeds supports our original hypothesis that a smaller
ISA is associated with greater maximum speeds, though significance remains elusive. There was
no significant correlation between ISA and any other external load (total distance, sprint
distance, relative high-speed running, explosive efforts, relative explosive distance, high
metabolic load (HML) efforts, and HML distance) metrics gathered via StatSports Apex
wearable GPS device. While there was no relationship between player position or their position
classification of big, power, or skill with ISA, there was a significant difference in average
maximum speeds between position classifications as seen in Table 2. The big players have
significantly lower maximum speeds than the skill players, and the skill positions are
significantly faster than the power positions.

Higher maximum speeds in skill players are expected based on positional demands, but
the relationship between thorax shape based on ISA has yet to be discussed in the literature. As
discussed in previous literature, various thorax shapes have different implications for muscle
mass capacity based on their corresponding somatotype (Stefanovi¢ et al., 2012; Sukanta, 2014;

Toth et al., 2014). Providing ISA measures for an athlete population significantly enhances the
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current literature, as there are essentially no studies that examined ISA and none that study an
athlete population. This study suggests the potential for a relationship between ISA and
performance, specifically monthly average maximum speed via GPS.

While this study did not include a somatotype analysis of participants, one could infer
that skill players would likely be ectomorph-mesomorphs, power players would be
mesomorphic, and bigs would be endomorph-mesomorphs. Similar to how athletes are not
constrained to one somatotype and have the potential to be described as an endomorph-
mesomorph, etc., their position classifications can do the same. ISA does not delineate between
what position they play, but it may describe differences within position groups. For example,
within the power classification, a linebacker who was originally a defensive back, a skill
position. This athlete has the smallest ISA of 113.85°, and the fastest monthly average of 20.29
mph in the power group as seen in Figure 2 and Table 2. Although this athlete is a linebacker, a
power position, an ISA of this width is more common of a skill position. Given the speed
capacity of this power position athlete, they could be classified as a speed-power player.
Similarly, one of the skill athletes had one of the largest ISAs at 134.85° and is a running back,
who requires higher average strength feats than another skill position such as a quarterback or
wide receiver (Sawyer et al., 2002). In examining Figure 2, this athlete falls on the far-right end
of the x-axis, among the defensive linemen, given their large ISA; this running back could be
considered a power-skill player. Within the classification, or further within the position group,
consideration of ISA can guide coaches in characterizing them by speed or power and utilize
them in game play accordingly.

In addition to informing position coaches of how to maximize player potential, strength

and conditioning coaches can also tailor their programming according to an athlete’s ISA. One

24



could theorize that an athlete with a narrower ISA has a greater potential for high-speed running
than someone with a larger ISA. Similarly, the ceiling for improving speed might be lower for an
athlete with a larger ISA. While literature is limited to support differences in speed training
based on position, in practice, strength coaches will typically have skill and power players
perform resisted sprints or sprints for greater distances than the bigs, who may have a shorter
distance or alternatively perform sled pushes in speed training sessions. While programming
details were not provided by strength and conditioning staff, varying drills between positions is
commonly practiced in speed training. This study confirms a significant difference between
average monthly maximum speed between position classifications of big, power, and skill and
therefore supports individualized speed training according to position demands.
Limitations and Future Research

Limitations in this study stem primarily from the scarcity of existing literature specific to
ISA and external load, thereby impeding the availability of established methodologies or
frameworks to guide our research. Wearable GPS devices provide real-time external load
measures that represent performance in true gameplay and practice settings. Like any
technology, GPS devices can have limitations and errors in data collection. The best
representation of true maximum speed would be better collected via an alternative technology
such as speed gates during a 40-yard sprint as seen in the NFL combine (Robbins, 2011).
Maximum speed measured via speed gates may be greater than maximum speed values measured
via GPS devices given the environmental constraints of opponents and field navigation during
gameplay. We can logically infer that an athlete’s capacity to produce their top speed is
diminished in practice or gameplay compared to the controlled setting of a 40-yard sprint; GPS

devices represent true gameplay capabilities of speed. The present study provides position
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coaches with an understanding of their athlete’s physiological preference for power or speed
within their position during true gameplay. Nevertheless, future investigations should
additionally examine the relationship between ISA and true maximum speed measured via speed
gates in a 40-yard sprint.

As sport science becomes more widely recognized as a beneficial addition to team
development, future studies should include more athletes to confirm the strength of the
correlation between ISA and maximum speed. To understand the implications of ISA beyond
maximum speed, which is most applicable for speed positions, performance metrics of external
load, such as force production via a force plate or an isometric mid-thigh pull to assess whole-
body strength. Performance capabilities of power and big positions may not be best represented
by maximum speed. Despite support for position-focused speed training, further research is
required specifically examining how speed training must differ in constructing a periodized
strength and conditioning program. Lastly, the simple addition of a somatoplot analysis would
fill an additional gap in the literature by supplying average somatotypes based on position groups
in American football.

Conclusions

This study provides valuable insights into the relationship between infrasternal angle
(ISA) and external load metrics in NCAA Division I Football players. Non-significant yet strong
negative correlations among ISA and average maximum speed across the 2022 competitive
football season support the hypothesis that a smaller ISA is associated with greater average
monthly maximum speeds, highlighting the importance of thorax shape in athletic performance.
Despite the lack of significant correlations between ISA and other external load metrics, position

classifications were significantly different in average monthly maximum speed, a fact that
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accentuates the difference in positional demands. Findings suggest a relationship between thorax
shape, positional demands, and performance outcomes in football players.

A relationship between ISA and average monthly maximum speed has the potential to
serve as a performance profiling tool. Football programs that utilize GPS in their performance
analysis have existing speed data for their athletes, making the use of ISA to conceptualize an
athlete’s speed capacity less applicable. Coaches can determine their existing athlete’s average
maximum speed in training sessions throughout a competitive season using GPS data; however,
coaches would not have speed measures for new athletes including transfers and freshmen. The
goal for this area of study is that ISA could be used as a performance profiling tool to predict an
athlete’s maximum speed, and for coaches to train them accordingly. For example, an athlete
who is not reaching their predicted maximum speed may receive a higher volume of speed
training from coaching staff. ISA has future applications in guiding coaches to optimize player
potential; strength and conditioning coaches can similarly utilize ISA data to design more
effective and targeted periodized training programs according to individual thorax shapes and
associated positional demands.

Despite the study limitations, this study contributes to the existing literature by
introducing ISA measures to the athletic context, an area previously unexplored. By providing
the link between ISA and speed performance, this research lays the groundwork for future
investigations to consider additional performance measures. Future studies should incorporate a
broader and more comprehensive range of performance metrics that are more applicable to big
and power positions. Ultimately, this study represents a significant step in understanding the
implications of ISA in athletic performance and has the opportunity for application in sports

science and performance optimization in American football.
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