
ISSN 2379-6375

| April 2018 | Volume 4 | Issue 1 |

Editor-in-Chief
Koji Sugiyama, PhD

Associate Editors
Paul Macdermid, PhD

Swarup Mukherjee, MD, PhD
Gabriele Mascherini, MSc, PhD, PT

Giorgio Galanti, MD

SPORTS AND EXERCISE MEDICINE

www.openventio.org

Open Journal



SPORTS AND EXERCISE MEDICINE
Open Journal

ISSN 2379-6375

CONTENTS

– Benito J. Velasquez*

– Jessica W. Chow*

– Judy R. Wilson*, Angela Liegey-Dougall and Douglas Garner

– Insu Kwon, Yongchul Jang, Wankeun Song, Mark H. Roltsch and Youngil Lee*

– Lauren Adlof, Ludmila Cosio-Lima*, Amy Crawley, Youngil Lee*

1. IV Utilization or Access by Licensed Athletic Trainer in the Clinical Setting

2. Mental Fatigue: A Public Health Concern?

3. Relationship between Elite Women’s Wheelchair Basketball Skills Testing and Future 
Success in the Sport

4. Mitochondrial Antioxidant Enzymes and Endurance Exercise-induced Cardioprotection 
against Ischemia-Reperfusion Injury 

5. The Effects of Concurrent Training on Female Soccer Players

Editorial

Commentary

Original Research

Review

e1-e3

1-2

3-8

9-15

16-23
Original Research

 Volume 4 | Number 1|



SPORTS AND EXERCISE MEDICINE
Open Journal

ISSN 2379-6375

IV Utilization or Access by Licensed Athletic Trainer in the 
Clinical Setting
Benito J. Velasquez, DA, LAT, ATC*

Athletic Training Department, School of Allied Health, Lincoln Memorial University, 6965 Cumberland Gap Parkway, Harrogate, TN, USA

*Corresponding author
Benito J. Velasquez, DA, LAT, ATC 
Program Director/Chair, Athletic Training Department, School of Allied Health, Lincoln Memorial University, 6965 Cumberland Gap Parkway, Harrogate,  
TN 37752, USA; E-mail: benito.velasquez@LMUnet.edu

Article information
Received: February 28th, 2018; Accepted: March 6th, 2018; Published: March 6th, 2018

Cite this article
Velasquez BJ. IV utilization or access by licensed athletic trainer in the clinical setting. Sport Exerc Med Open J. 2018; 4(1): e1-e3. doi: 10.17140/SEMOJ-4-e004

Editorial

   Copyright 2018 by Velasquez BJ. This is an open-access article distributed under Creative Commons Attribution 4.0 International License (CC BY 4.0), which 
allows to copy, redistribute, remix, transform, and reproduce in any medium or format, even commercially, provided the original work is properly cited.

e1Editorial | Volume 4 | Number 1|

cc

Imagine being out at a sports practice, it’s hot and humid and the 
team is in its preseason conditioning program. One of your ath-

letes observes profuse sweating, dizziness, decreased motor func-
tion. In addition, this athlete has a history of sickle-cell trait and 
is starting to cramp in their lower extremities. We remove them 
from practice and move them to a cool indoor environment. We 
start administering oxygen and activate our emergency action plan 
(EAP) and called emergency medical services (EMS), but it will be 
20 minutes or so to travel to the campus. What else can we do? 
We apply ice bags to the lower extremities, we cool the athlete and 
administer water and electrolytes orally and we wait and wait until 
EMS gets there.

Further action WE could do is initiate an IV on this patient.

The new Commission on Accreditation of Athletic Training Edu-
cation (CAATE) Standards1 are out regarding what skills athletic 
training students will need to be taught in preparation for being a 
certified athletic trainer. Some of the skills include teaching our stu-
dent how to suture wounds, perform blood draws, perform sub-
cutaneous injections, and administration of an intravenous (IV), 
and/or establish IV access. Specific to the CAATE document, are 
standards 70 and 75, which is part of  the patient/client care sec-
tion, with the subsection “Examination, Diagnosis, and Interven-
tion” of  the core competencies. Standard 70 states: “Evaluate and 
mange patient with acute conditions, including triaging conditions that are life 
threatening or otherwise emergent”.1 Under this standard, the care of  life 
threatening conditions such as exertional sickling, rhabdomyolysis 
and other heat related conditions, may warrant prehospital IV ac-
cess and fluid therapy.2,3 In addition, Standard 75, states “Administer 
medications or other therapeutic agents by the appropriate route of  administra-
tion upon the order of  a physician or other provider with legal prescribing au-
thority” which would be specific to the administering of  an IV or IV 

access as a therapeutic agent and the IV and/or IV access would be 
an “appropriate route of  administration” of  fluids or medications.1

 This paper will address the utilization of IV and/or IV 
access by athletic trainers in the clinical setting. Utilization of IV 
and/or establishing IV access is a skill any licensed athletic trainer 
can learn. Implementation can become part of the emergency ac-
tion plan (with physician approval and following established state 
practice acts) in the clinical setting.

REVIEW OF THE LITERATURE

An intravenous IV with the insertion of an IV catheter allows a 
route for medication or fluids from an attached bag to be rap-
idly administered.2 Medications can also be injected via an attached 
port or from the injection of medication into the IV bag. In most 
cases, the IV route carries fluids to a patient for rapid rehydration 
and stabilizing the patient. The introduction of an IV or IV access 
before arrival at the hospital emergency room (ER) can prevent pa-
tient mortality.2,3 IV administration is standard practice to stabilize 
patients in hospitals, clinics and are performed by doctors, nurses, 
but in the field, EMS personnel (depending on their state practice 
act) can administer an IV.3 An evidence-based review of the litera-
ture finds that fluids delivered orally is recommended as the first-
line of rehydration for heat-related emergencies, but found evi-
dence of both oral fluids and IV provided a more efficient patient 
recovery.4,5 If the patient is not able to tolerate taking fluids orally, 
the use of an IV should be considered.5 For treating exertional heat 
stroke, it’s recommended that if licensed and trained personnel are 
available, an IV can assist with rehydration and support cardiovas-
cular function.5 In a sickle-cell (sickling) emergency, the National 
Athletic Trainers' Association (NATA) - Consensus Statement on 
Sickle Cell Trait and the Athlete outline the medical emergency 
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steps that indicate “if the athlete is obtunded or as vital signs decline, call 
911, attach an AED, start an IV and get the athlete to the hospital fast”.6

There are several medical conditions that would warrant intrave-
nous IV or IV access and improve patient care:7

a. Exertional exercise cramps
b. Heat illness
c. Dehydration due to medical reasons (flu, and illnesses that 

dehydrate the body of fluids) 
d. Environmental dehydration (lack of fluids due to availability, 

or related to weather conditions)
e. Sickle-cell events
f. Spinal shock
g. Trauma
h. Diabetic emergencies. 

WHEN IS AN IV NOT WARRANTED?

For head traumas and concussion, IVs should not be administered, 
but an IV access can be. The reason fluids should not be admin-
istered is that an IV will increase the fluid in the body, and this 
may contribute to increased intracranial pressure. An IV access will 
not contribute to increasing intracranial pressure, because no fluid 
is being administered, the port is available should the emergency 
room physician need to administer fluids and medications.7

WHY SHOULD ATHLETIC TRAINERS ADMINISTER  
INTRAVENOUS IVs AND IV ACCESS?

Athletic trainers are the front line healthcare provider for athletic 
injuries that occur at practices and athletic events. They already 
have emergency action plans to address:

a. Automated external defibrillator (AED) application and treat-
ment of cardiac emergencies

b. Airway emergencies and the use of oral and nasal airways and 
use of bag valve mask and oxygen administration 

c. Spinal trauma/shock immobilization techniques
d. Immobilization of fractures, sprains, and strains
e. Assessing and treating allergic reactions requiring an auto-inject-

able epinephrine injection
f. Assessing and treating diabetic emergencies and use of blood 

glucose meter
g. Assessing and treating asthma-related conditions and peak flow 

meters
 
 During a medical emergency, the utilization of IV and IV 
access by the licensed athletic trainer can provide positive patient 
outcomes and treatment. The benefit of having an athletic trainer 
administer an IV or IV access, allows the patient to quickly receive 
intravenous fluids to replace lost fluids or if fluids are not indi-
cated, the IV access is established to keep the vein open so when 
they get to the ER, the physician can administer the appropriate 
treatment. Athletic trainers trained to administer IV or IV access, 
are taught which medical conditions warrant immediate IV admin-

istration and which conditions do not.

EDUCATION REQUIREMENTS FOR AN IV TECHNICIAN 

According to various websites on jobs and careers, the require-
ments vary from state to state but may include becoming a phar-
macy technician. Formal training to earn the IV certification in 
most cases require a high school diploma or graduate equivalency 
degree (GED) and the student can earn their certificate from a 
community college.7,8

EDUCATIONAL BACKGROUND OF THE LICENSED  
ATHLETIC TRAINER

All athletic trainers licensed by a state regulatory agency have at 
the very least, a bachelor’s or master’s degree and have passed a 
national board exam. In addition, with the new CAATE standards, 
this material will now be a required skill taught to future athletic 
trainers.1

STATE PRACTICE ACTS

Athletic trainers need to be aware of their state practice acts and 
the scope of practice. A small number of states have in their prac-
tice act, the terminology that athletic trainers may perform any 
medical procedure their team physician has approved, or the team 
physician established a written protocol or has standing orders and 
this could include IV administration.7,9

CONCLUSION 

In conclusion, there is no rationale to inhibit the athletic trainer 
from administrating an IV or IV access to a patient, provided they 
have the necessary training, established protocols approved by a 
physician and follow their state practice acts.
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In our current societal state of  rapid technological advancement, 
we are constantly being exposed to various mediums of  infor-

mation. Obtaining information is just a matter of  a few taps away 
on one’s phone. The ease in accessing information has its benefits 
and shortfalls. While the ease in acquiring information is an obvi-
ous advantage, the downside though, is the fatigue associated with 
the constant processing of  information on a daily basis. Adding on 
the multitude of  responsibilities that everyone has while including 
the balancing of  personal and professional obligations, the symp-
toms of  mental fatigue is perhaps more prevalent than those asso-
ciated with physical fatigue where symptoms are visible to identify 
and perceive.

 Mental fatigue is characterized with subjective feelings 
of  “tiredness” and “lack of  energy”. This psychobiological state 
has been extensively researched on professions where cognitive 
demand is very high, such as drivers and air pilots1,2 and its contri-
bution to the development of  work-related musculoskeletal disor-
ders.3 It has been reported that in the United States, approximately 
29% of  adults reported sleeping less than 7 hours per night4 and an 
estimated 70 million suffer from a sleep disorder or chronic sleep 
deprivation5 with similar subjective consequential symptoms.6 In a 
study by The Pulse Institute (2014), where employees from three 
U.S. based companies were surveyed, 76% of  employees felt tired 
most days of  the week, 40% doze off  during the day once per 
month, 30% were unhappy or very unhappy with the quality or 
quantity of  their sleep, and 15% reported to doze off  during the 
day at least once per week to once per day.7 

 The impact of  mental fatigue on workplace productivity 
is just one spectrum of  recent research. The effects on subsequent 
physical performance in humans has been researched in various 
populations as well, such as professional road cyclists, soccer play-
ers, and intermittent team sport athletes.8-10 Dating back to as early 
as 1891, Angelo Mosso published observations of  reduced mus-
cular endurance in two physiology professors following long lec-

tures and examinations.11 Presently, there is surmounting body of  
evidence reflecting changes in neural function related to reaction 
time, concentration, endurance performance, and in patients with 
chronic fatigue syndrome.12-17 

 
 It has been reported that people who are mentally fa-
tigued reported greater difficulty maintaining concentration and 
a reduced ability to complete tasks and vigorous exercise due to 
loss of  motivation and tolerance to physical fatigue related symp-
toms.18-20 It is well documented that driving and sleep deprivation, 
alternatively known as drowsy driving, has a crucial role to traffic 
accidents.21 Similar deprivations in exercise physiological responses 
have also been observed.22

 
 This raises the need for further research to elucidate the 
role of  mental fatigue induced by excessive information processing 
enabled by the advancement of  technology and its role on society’s 
overall well being. Populations of  interest may include, but not lim-
ited to the clinical population of  various chronic diseases, children, 
adolescence, athletes of  various skill levels and sports, and occupa-
tions that are subjected to prolonged cognitive activity.
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Introduction
Wheelchair basketball practices are built around developing technical and tactical skills required in game situations. To assess the perfor-
mance of  these skills, testing protocols have been developed. This allows both player and coach to determine improvements. However, 
will those who achieve high scores on skills tests be the most successful players on the basketball court during competition?
Purpose
The purpose of  this analysis was to determine the relationship between skills test results and performance during competition as deter-
mined by the average efficiency scores obtained from box scores from eight basketball games.
Methods
In April 2013, 50 women members of  wheelchair basketball teams around the United States, were recommended by their local 
coaches for consideration for the National Women’s Wheelchair Basketball team. Out of  which, 25 female wheelchair basketball 
players were invited to compete for positions on the United States 2014 National Wheelchair Basketball Association (NWBA) Senior 
Women’s National Team. Skills tests were similar to those used at NWBA/PVA (National Wheelchair Basketball Association/Paralyzed 
Veterans of  America) National Wheelchair Basketball Camps. Strength testing assessments were developed by a panel of  NWBA Coach-
es with a history of  national and international coaching experience. Nine (of  25) women were chosen for the International Wheelchair 
Basketball Federation (IWBF) Women’s World Wheelchair Basketball Championship in Toronto, June 2014. Descriptive statistics and 
effect sizes provided preliminary information about the nature of  the relationships between skills tests and player game efficiency scores.
Results
Players’ rankings on efficiency per minute played at the championship games were compared to each player’s respective ranking on the 
skills tests. A player’s rank varied across the skill tests; however, there was consistency between the players’ rankings on efficiency per 
minute played and the passing skills tests. Large effect sizes were found for higher player efficiency ratings per minute played and better 
dominant (stationary distance r =0.75; moving distance r =0.57) and non-dominant passing (accuracy r =0.70; stationary distance r =0.82; 
moving distance r =0.87).
Conclusion
Findings may represent that differential skill sets are needed for game performance. Passing, in particular, non-dominant passing skills, 
may give players an advantage on the court. In contrast, wheelchair basketball players on the court have large variability in the shooting, 
speed/agility, and strength skills, and these skill sets may be less predictive of  court performance.
 
Keywords
Wheelchair basketball; Competition; Skills tests.

Abbreviations
NWBA: National Wheelchair Basketball Association; IWBF: International Wheelchair Basketball Federation.
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INTRODUCTION

Wheelchair basketball has enjoyed enormous success from its 
humble beginnings as a means of  rehabilitation for World 

War II veterans who had suffered paralyzing injuries to one of  the 
fastest growing sports for athletes with a disability.1(p.5-7) As partici-
pation in and the popularity of  this sport has grown, so have the 
coaching techniques and curriculum. As more and more partici-
pants of  varying levels of  skill and aptitude become involved in the 
sport, it has become apparent that a “standardized comprehensive 
curriculum would have to be developed” and “a cadre of  com-
petent coaches to teach concepts and techniques to participants 
would have to be identified”.2(p.7)

 Participation in a regular physical activity is important 
for everyone but is an essential part of  the rehabilitation process 
and certainly for participation in sports competition. This has been 
seen in an increase in the number of  publications involving physi-
cal performance and the disabled. Included are measures of  aero-
bic and anaerobic capacities as they relate to functional capacity or 
classification.3-6 The International Wheelchair Basketball Federa-
tion (IWBF) classification system of  eight classes (1.0, 1.5, 2.0, 2.5,  
3.0, 3.5, 4.0, 4.5). The groupings are “based on the player’s physical 
capacity to execute fundamental basketball movements: pushing 
the wheelchair, dribbling, shooting, passing, catching, rebounding, 
and reacting to contact.” This functional classification system al-
lows even levels of  competition on the court for wheelchair bas-
ketball based on functional mobility. The higher the player’s clas-
sification on the court the greater the player’s functional ability. 
The National Wheelchair Basketball Association (NWBA) teams are 
allowed to play a maximum of  15 points on the court at any given 
time among the five players.7

 For athletes participating in any type of  competition, it 
is important to evaluate performance-related components of  their 
particular sport. Skills tests, if  they are valid and reliable in reflect-
ing the skills needed, should provide coaches with the ability to as-
sess their players’ standard of  performance and then individualize 
instruction and practice.8 Early efforts by Brasile9 modified skills 
tests developed for able-bodied basketball players so they could 
be used for wheelchair basketball players. Brasile found these ac-
ceptable as he consistently found that the top five scorers on the 
skills tests were the top five athletes and usually composed the 
starting lineup. Others have adapted these tests in various other 
research projects6,10; however, most studies have evaluated wheel-
chair basketball skills proficiencies as they relate to disability clas-
sification.6,11,12

 Another research focus has been to link the players’ per-
formance to their functional potential. Schmidt et al analyzed elite 
female wheelchair athletes during a competitive basketball game. 
After evaluating points scored and other performance measures 
(rebounds, points, forced turnovers) they were able to demonstrate 
that athletes reached game level performances in accordance with 
their functional ability.13 Further support for this finding came 
from the evaluation of  game-related statistics that differentiated 
players’ classification and their playing positions. Vanlandewijck et 
al found that high point players performed better than low point 

players in most of  the game-related statistics. Game performance 
analysis included offensive rebounds, assists and last pass, as well 
as the number of  successful and unsuccessful 2-point field goals 
and it was concluded that the performance of  elite female wheel-
chair basketball players were dependent on their classification.14

 Wheelchair basketball is a high intensity, intermittent ac-
tivity that requires the player to maneuver the chair (propulsion, 
start, stop and change direction) and handle the basketball by 
shooting, passing, dribbling, or rebounding.15 Performance analysis 
has been suggested as a way to provide the coaches of  wheelchair 
basketball teams with findings to improve training plans and com-
petition management.16 Gomez et al used game-related statistics 
from the official box scores for games played during the Beijing 
Paralympics 2008 and the World Wheelchair Basketball Champi-
onship 2010. In the final analysis, field-goals percentage and free 
throws rate were the most important factors in men’s games while 
field-goals percentage and offensive rebounding percentage were 
important in women’s games. While the quality of  the opponent 
has a great effect in the final point differential, performance analy-
sis provides information to improve training sessions and prepare 
players for competition.

 The purpose of  this project was to understand relation-
ships between training, current use of  skills testing and success in 
wheelchair basketball during competitive game situations. By un-
derstanding which skills translate to successful performance during 
competition, coaches will be aware of  the best skills to focus on 
during practices. Essentially, are current training methods to im-
prove skills and physical capacity related to success in a wheelchair 
basketball game?

METHODS

Fifty women, who were members of  wheelchair basketball teams 
(with an average of  10 years of  experience) around the United 
States, were recommended by their local coaches for consideration 
for the National Women’s Wheelchair Basketball team. These rec-
ommendations were evaluated by the coaches for the National 
Women’s Wheelchair Basketball team and 25 women were selected 
and invited to the Lakeshore Foundation/USA Olympic and Para-
lympic Training Center, Birmingham, AL, USA to attend and par-
ticipate in skills tests and training camps to compete for a position 
on the 2014 National Women’s Wheelchair Basketball team. 

 The wheelchair athletes were grouped according to the 
International Wheelchair Basketball Federation classification 
system (1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5).7 These women went 
through a series of  skills tests similar to those published by Brasile 
and Hedrick17 and included tests to evaluate strength, speed and 
agility, shooting and passing, the validity of  which have been estab-
lished previously. Each player was ranked according to the results 
of  their skills tests as well as value points. The “value points” were 
based on the efficiency ratings that the athletes achieved in scrim-
mages, received from coaches voting in the selection committee 
meetings and number of  wins during scrimmages. The coaching 
staff  of  the National team and coaches from around the country 
who had been invited to be part of  the selection committee, made 
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the final decision as to which players would make the National 
Women’s Wheelchair Basketball team.

 These tests consisted of  measurements of  strength and 
conditioning [12 min push (# or laps), bench press – the maxi-
mum weight that can be lifted one time or 1 repetition maximum 
(1 RM), 75% body weight, chin-ups, dips, Medicine Ball (distance 
ft)], speed [Star drill, initial 15’, after initial 50’, ¼ court dribbling 
(agility, no hands)], passing (accuracy in passing – dominant and 
non-dominant, Lob passing-L, Lob passing-R, distance passing 
(Stationary dominant and non-dominant) distance passing (moving 
dominant and non-dominant), and shooting [12’ shot (A,B,C,D,E), 
12’ shot/total made, 12’ shot/total taken, 12” shot %, 3 pt shot, 
free throws, free throws %, Lay ups (R&L), left side layups made/
taken, non-dominant shooting/made].

 Nine of  the 25 players were selected for the National 
Women’s Wheelchair Basketball team and competed in the Wom-
en’s World Wheelchair Basketball Championship held in Toronto, 
Ontario, Canada in June 2014. Team USA came in fourth place. 
Player efficiency ratings and minutes played from each of  the eight 
championship games were obtained from the official score report. 
Efficiency ratings were totalled and then divided by the sum of  
minutes played to create the final “efficiency per minute played.” 
Players who completed the skills tests during the training camp 
were then ranked based on their respective “efficiency per minute 
played” values and these rankings were visually compared to each 
player’s respective ranking on each of  the skills tests. For presenta-
tion purposes, the team was divided into two groups by classifica-
tion (players with the functional classifications of  1.0, 1.5 and 2.0 
represented Group 1 and players with the functional classification 
of  2.5, 3.0, 3.5, 4.0 and 4.5 represented Group 2) because there 
were not enough participants in each classification to conduct 
analyses. Finally, Spearman rho correlation coefficients were calcu-
lated as preliminary indicators of  effect size for the relationships 
between each of  the skills tests rankings and the rankings on ef-

ficiency per minute played.

 Player efficiency ratings are based on playing perfor-
mance during their minutes of  playing time. The various skills have 
been given point values that can be either positive or negative and 
are similar to those developed by Byrnes and Hedrick.18(p.79) Ex-
amples would be 2-point field goal made (+2); a 3-point field goal 
made (+6); personal fouls (-2), etc. Basketball spotters keep track 
of  each player’s performance and the results are then analyzed by 
standard Basketball Analytical software which provides the player 
efficiency ratings. The player efficiency ratings were included in the 
Box Scores in the official results book from the June 20-28, 2014 
Women’s World Wheelchair Basketball Championship.

 Data analyses focused on describing the relationships be-
tween the skills tests and player efficiency ratings rather than sig-
nificance levels due to the small sample size in the analyses (n=9). 
There was not sufficient power to perform statistical significance 
tests (e.g., interpret significant correlation coefficients or perform 
multivariate regression analyses). However, a preliminary indica-
tion of  the magnitude of  these effects was examined by evaluating 
the effect size using Spearman correlation coefficients as indica-
tors of  effect size with Cohen’s guidelines for interpreting small 
(r=0.10), medium (r=0.30), and large (r=0.50) effect sizes.19 Spear-
man correlation coefficients were used instead of  Pearson because 
of  the small sample size and non-normal distributions.

RESULTS 

In order to examine whether there were any patterns in the data 
suggesting that players who ranked high on certain skills tests also 
ranked high on efficiency per minute during the championship 
games, we examined players’ relative rankings on these variables 
(Tables 1-4). While a player’s rank fluctuated from skill to skill, it 
was notable that the most consistency in rankings appeared be-
tween efficiency per minute played and the passing skills tests. 

Table 1. Rankings on Efficiency per Minute Played Compared To Rankings on the Strength Training Skills Tests

Strength Skills Tests Rankings

Classification Efficiency Per 
Minute Ranking 12 min push-laps Bench Press 

1-Rep Max
75% Body 
Weight

Chin ups 
reps Dips reps Med ball 

distance(ft)

Class: ≥2.5

Player A   1.0   8.0   6.5   2.0   9.0   8.0   2.0

Player B   2.0   2.0   2.0   3.0   4.0   7.0   3.5

Player C   3.0   4.0   6.5   1.0   8.0   9.0   1.0

Player D   5.0   6.5   1.0   7.0   1.0   1.0   3.5

Player E   6.0   4.0   4.0   4.0   2.0   2.0   5.5

Class: ≤ 2

Player F   4.0   1.0   6.5   8.5   6.0   5.0   9.0

Player G   7.0   9.0   6.5   8.5   5.0   6.0   8.0

Player H   8.0   4.0   3.0   6.0   3.0   3.0   5.5

Player I   9.0   6.5   9.0   5.0   7.0   4.0   7.0
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Table 2. Rankings on Efficiency per Minute Played Compared To Rankings on the Speed and Agility Skills Tests

Speed and Agility Skills Tests Rankings

Classification
Efficiency Per 

Minute Ranking
Initial Speed 

15’
Max Speed 15’ 
after initial 50’

Overall 
Speed 20M

1/4 Court Dribbling
Star 
Drill

Class: ≥2.5

Player A   1.0   5.0   8.0   6.0   6.0   6.0

Player B   2.0   3.0   2.0   1.0   1.0   2.0 

Player C   3.0   6.0   5.0   7.0   7.0   7.0

Player D   5.0   4.0   3.0   2.0   3.0   8.0

Player E   6.0   1.0   6.0   4.0   5.0   4.0

Class: ≤ 2

Player F   4.0   7.0   1.0   3.0   4.0   9.0

Player G   7.0   2.0   7.0   5.0   2.0   1.0

Player H   8.0   8.0   9.0   9.0   8.0   3.0

Player I   9.0 9.0   4.0   8.0   9.0   5.0

Table 3. Rankings on Efficiency per Minute Played Compared To Rankings on the Shooting Skills Tests

Shooting Skills Tests Rankings

Classification
Efficiency 
Per Minute 

Ranking

Total 12’ 
shot %

Three 
Point 

Percent

Free 
Throw %

Lay Ups 
Right 

Percent

Lay Ups Left 
Percent

% retest 
Left

Non-Domi-
nant shoot %

Class: ≥2.5

Player A   1.0   1.0   2.5   1.0   6.0   7.0   4.0   4.0

Player B   2.0   3.5   9.0   2.5   4.0   1.0   7.0   5.0

Player C   3.0   9.0   6.5   6.0   7.0   6.0   3.0   2.0

Player D   5.0   6.5   5.0   8.0   3.0   4.0   9.0   6.0

Player E   6.0 5.0 1.0   9.0   1.0   3.0   8.0   3.0

Class: ≤ 2

Player F   4.0   3.5   4.0   7.0   8.0   2.0   5.5   7.0

Player G   7.0   6.5   8.0   5.0   5.0   5.0   5.5   1.0

Player H   8.0   2.0   6.5   2.5   2.0   9.0   1.5   9.0

Player I   9.0 8.0   2.5   4.0   9.0   8.0 1.5   8.0

Table 4. Rankings on Efficiency per Minute Played Compared To Rankings on the Passing Skills Tests

Passing Skills Tests Rankings

Classification Efficiency Per 
Minute Ranking

Accuracy Pass 
(D)

Accuracy Passing 
(ND)

Distance Passing 
stationary (D)

Distance Passing 
stationary (ND)

Distance Passing 
moving (D)

Distance Passing 
moving (ND)

Class: ≥2.5

Player A   1.0 1.0  1.5   1.0   1.0   4.0 1.0

Player B   2.0   5.0   4.0   4.0   5.0   2.0 2.0

Player C   3.0   9.0   5.0   2.0   2.0   5.0 5.0

Player D   5.0 7.5  1.5   5.0   3.0   3.0   3.0

Player E   6.0 7.5  3.0   3.0   4.0   1.0 4.0

Class: ≤ 2

Player F   4.0   6.0   6.5 7.5   6.0 6.0 6.0

Player G   7.0   2.0   6.5 7.5 7.0 9.0 7.0

Player H   8.0   3.5   8.0   6.0 8.0 7.0 8.0

Player I   9.0   3.5   9.0 9.0 9.0 8.0 9.0

D=Dominant, ND=Non-dominant.
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Spearman correlation coefficients were calculated using the ranked 
data to determine preliminary effect sizes to judge the magnitude 
of  the relationship between these rankings (Figure 1). Large effect 
sizes were found for the relationship between higher efficiency rat-
ings per minute played and better passing skills, particularly the 
passing skills that involved the use of  the non-dominant hand. 
These relationships appeared to be driven by very strong relation-
ships between non-dominant passing and player efficiency ratings 
per minute played among the players in Class 2 or below (Table 4).

 Additional large effect sizes were found for higher effi-
ciency per minute played and higher medicine ball distance and 
repetitions at 75% body weight rankings, but with lower ranking 
on dips repetitions.

DISCUSSION

The goal in conducting the analyses in the current study was to 
determine which skills evaluated during practices contributed the 
most to winning during actual game competition. If  it can be de-
termined which skills are most effective during the competition, 
then coaches could design practices that would emphasize the rel-
evant skills. Our preliminary findings suggest that development of  
non-dominant passing skills, especially among players in Classes 
1, 1.5, or 2, may improve overall player efficiency ratings during 
gameplay. This finding is supported by previous studies. Stockel 
and Weigelt found that skilled use of  the non-dominant hand was 
crucial for successful play at higher competitive levels in the sport 
of  basketball. As the level of  competition increased, there was less 
reliance on the dominant hand.20

 The current study suggested passing skills as possible 
mechanisms to explain the relationship between functional poten-

tial and field performance. This contrasted with previous analyses 
of  player performance during wheelchair championship games 
that revealed that shooting skills were related to game performance 
and it was further determined that female wheelchair athletes from 
the “best” teams had higher shooting efficiency and significantly 
higher graded gameplay values when compared to players from 
the “weakest” teams.16 Gomez et al16 also found that field-goals 
percentage and free-throws rate were the most important factors in 
men’s games while field-goals percentage and offensive rebound-
ing percentage of  women’s games were the most important fac-
tors for winning. Together, these findings suggest that identifying 
relevant skills and trends toward success on the court will help 
wheelchair basketball coaches plan accurate practice sessions.

 While these findings are illuminating, they should be 
viewed with caution. Due to the nature of  basketball teams, our 
sample size was necessarily limited. It was limited further because 
three of  the twelve national team members did not complete the 
skills testing. Although, we used rankings and effect sizes rather 
than statistical tests and p values, the power of  the study was lim-
ited. It may be worthwhile to consider testing of  specific skills 
throughout team practices to get a complete picture of  the rela-
tionships between skills acquisition and game performance. This 
approach would allow also for a longitudinal assessment of  the 
development of  skills over the course of  training and allow for 
examination of  specific training approaches. Additionally, the skills 
tests may have been vulnerable to bias or low validity; however, 
most of  the skills tests were derived from Brasile’s original work 
and have been validated by Brasile and others.8,11,10

 It is important to note the success of  the NWBA Wom-
en’s Wheelchair Basketball Team in the overall tournament. With 
a fourth place finish, three teams were able to successfully defend 

Figure 1. Spearman Correlation Coefficients as Indicators of Effect Size for Relationships between Efficiency Ratings Per Minute Played 
and The Strength, Speed and Agility, Shooting, and Passing Tests. 

Note: D= Dominant; ND: Nondominant
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against the U.S. team thus decreasing their ability to score points 
and prevent the opposing team from scoring. These results are re-
flected in lower player efficiency ratings.

 The results of  this study indicate the importance of  
evaluating performance-related components of  any sport. How-
ever, the question remains as to what are the best skills that can be 
tested that will correlate with success on the court during game-
play. There is a lack of  longitudinal data on skills measured during 
junior programs that can be monitored through intercollegiate and 
international play. These data could be correlated to box scores 
and help determine which best represent success during gameplay. 
At any level, determining baseline measurements of  wheelchair 
basketball skills can indicate the weaknesses and strengths of  the 
players that then provide the basis for practice and training.

 In addition to the skills of  the players, rankings from the 
results of  the skills tests are often adjusted based on the coaches’ 
subjective rankings. Coaches evaluate the “intangibles” such as 
“court sense,” “decision-making” in game situations, and com-
munication between players for which no skills tests exist. Simply 
ensuring that a player is in the correct chair can optimize their ca-
pabilities and could make a difference in their performance. Future 
research in this area will allow coaches to individualize instruction 
and practices for each player to maximize their capabilities. How-
ever, we are still left with the question as to the best way to enhance 
gameplay performance.
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Coronary artery disease (CAD) is the most common cause of myocardial injuries induced by prolonged cessation of blood flow 
(ischemia) to cardiac myocytes due to atherosclerosis. For several decades, many clinical trials have been applied to protect hearts 
against ischemia and reperfusion (I/R) injuries, but failed to show significant improvement in the restoration of cardiac function.
By contrast, growing evidence has shown that a non-pharmacological strategy, endurance exercise, provides cardioprotection 
against ischemic myocardial injuries. Despite the prominent cardioprotective benefit; however, the exact molecular and cellular 
protective mechanisms remain an exciting issue. Nonetheless, given that excess production of reactive oxygen species (ROS) is a 
primary mediator of cardiac injuries caused by an I/R insult, improved myocardial antioxidant capacity in response to endurance 
exercise has been suggested to be a key mechanism against I/R injuries, in particular, Therefore, this review will focus the role of 
endurance exercise-induced improvement in myocardial antioxidants in cardioprotection against I/R induced myocardial infarc-
tion.
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CAD: Coronary Artery Diseases; mPTP: mitochondrial Permeability Transition Pore; AIF: Apoptosis Inducing Factor; GPX: 
Glutathione Peroxidase; CAT: Catalase; PRX III: Peroxiredoxin III; ROS: Reactive Oxygen Species; GSH: Glutathione; GSSG: 
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INTRODUCTION

The heart is one of the most dynamic organs in our body since 
it constantly pumps the blood through the whole body. To 

continuously fulfil this critical task, cardiac myocytes should re-
ceive suitable amounts of oxygen and nutrients through coronary 
arteries; however, if blood flow to coronary arteries is significantly 
obstructed due to atherosclerosis (a disease of the arteries caused 
by an increase in the deposition of plaques of fatty material on the 
inner walls of arteries), cardiomyocytes undergo ischemia, leading 
to myocardial infarction. Indeed, prolonged blockage of the blood 

flow (chronic ischemia) due to coronary artery diseases (CAD)
causes the massive death of cardiac myocytes.

 The degree of myocardial injuries varies depending upon 
the duration of ischemia, but beyond 20 minutes results in irrevers-
ible myocyte damage,1 but a timely restoration of the obstructed 
blood flow (reperfusion) can ameliorate levels of cell death. Never-
theless, this salvage procedure (i.e., reperfusion by angioplasty) still 
contributes to significant cell death and to formation of fibrosis, 
thus gradually leading to heart failure.2-5 Therefore, ischemia and 
reperfusion (I/R)-induced myocardial cell death is a major risk fac-
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tor for heart failure and become the leading cause of adult death in 
U.S.6,7

 Despite three decades of incessant pharmacological trials 
to mitigate I/R-induced myocardial injuries in the clinical setting, 
currently, satisfactory therapy is still greatly lacking, and thus there 
is an urgent need to devise potent therapeutic strategies. In this re-
gard, endurance exercise has been suggested to remarkably reduce 
I/R-induced myocardial infarction. However, exact mechanisms 
responsible for exercise-induced cardioprotection against an I/R 
insult remain poorly understood and elusive. 
 
 In normal resting mammalian cells, about 0.4~4% of the 
consumed oxygen in the mitochondria is released as reactive oxy-
gen species (ROS).8 However, their levels vastly elevate during an 
I/R episode and contribute to I/R injury, which can lead to myo-
cardial cell death.1,9-14 Given that regular endurance exercise has 
been reported to improve antioxidative capacity, it seems reason-
able to presume that the enhanced antioxidative capacity may be an 
essential element for cardioprotection. Therefore, this review will 
provide basic information about how ROS causes cellular dam-
ages during an I/R insult, describe current molecular mechanisms 
of antioxidative network systems working against ROS, and pres-
ent cardioprotective roles of endurance exercise-induced improve-
ment of antioxidant capacity.

MITOCHONDRIAL ROS AND APOPTOSIS

Free radicals are chemically reactive molecules due to an unpaired 
electron in the outer orbital11 and thus become origins of ROS. For 
example, a superoxide anion is an oxygen-driven radical produced 
as a result of the univalent reduction of molecular oxygen. It's pro-
duction leads to the formation of many other ROS including hy-
drogen peroxide, H2O2; hydroxyl radical, ∙OH; and peroxynitrite, 
ONOO-.11,15,16 It has been reported that mitochondrion in mam-
malian cells is the main locus that generates superoxide anions due 
to an electron leaked from complex I and III of mitochondrial 
electron transport chain.17-21 Since superoxide radicals are charged 
molecules, they have less chance to cross the mitochondrial mem-
branes; thus, if not scavenged, superoxide radicals cause mitochon-
drial membrane lipid peroxidation and protein oxidation in elec-
tron transport chain complexes as well as Krebs cycle enzymes,22 
resulting in mitochondrial dysfunction.23-25 Moreover, recent evi-
dence has shown that oxidative stress is responsible for opening 
mitochondrial permeability transition pore (mPTP),26,27 leading to 
myocardial injuries and cell death.27,28

 Mitochondrial has been known to mediate cell death 
upon oxidative damages via a series of apoptotic signaling cascades 
by releasing cytochrome C and/or apoptosis inducing factor (AIF) 
from mitochondria. This triggers caspase-dependent and/or -in-
dependent apoptosis, respectively.29,30 For this reason, protection 
of mitochondria against oxidative stress via mitochondrial anti-
oxidants has been suggested to be a key countermeasure against 
I/R-induced myocardial injury owing to the massive production of 
ROS during I/R.

 Two major antioxidative defence systems in mitochon-

dria exist to work as a unit to eliminate oxidative stress: 1) manga-
nese superoxide dismutase (MnSOD) and 2) glutathione peroxi-
dase (GPX), catalase (CAT), and peroxiredoxin III (PRX III).

Removal of Superoxide Radicals

MnSOD detoxifies superoxide radicals by converting them into 
hydrogen peroxide (H2O2) and oxygen: 

2O2
.ˉ+ 2H++ MnSOD →H2O2 + O2

 Thus, in mammalian cells, MnSOD has been considered 
as an essential antioxidant enzyme responsible for cardioprotec-
tion.31 Indeed, multilayers of evidence have demonstrated that 
partial downregulation or complete knockdown of MnSOD accel-
erates myocardial injuries under oxidative stress,32,33 while upregu-
lation of MnSOD minimizes infarct size of the heart undergoing 
an I/R insult.34

Removal of H2O2

Relatively stable H2O2 produced from the process of dismutation 
of superoxide radicals by MnSOD in the mitochondria is consid-
ered to be potentially harmful because it can becomea highly re-
active hydroxyl radical (∙OH) in the presence of Fe2+ via Fenton 
reaction:

 Fe+2 + H2O2→ Fe+3 + ∙OH + OH-

 In fact, H2O2compared to charged superoxide radicals 
can be freely diffused across membranes and become a source of 
hydroxyl radicals. Recent evidence indicates that H2O2 not only 
causes a collapse of mitochondrial membrane potential by opening 
MPTP but also induces protein oxidation of sarcoplasmic reticu-
lum Ca2+ ATPase, potentially leading to mitochondrial Ca2+ over-
load. Therefore, this oxidant can also initiate apoptosis. Due to this 
deleterious effect, endogenous antioxidants (e.g., GPX, CAT, and 
PRX III) specifically targeting H2O2 in mitochondria exist.

GPX, CAT, and PRX III

As shown in Figure 1, GPX, CAT, and PRX III function as a unit 
to remove H2O2. Briefly, GPX is thiol-containing peroxidase and 
uses glutathione (GSH) as a reducing equivalent to reduce H2O2 to 
form oxidized glutathione (GSSG) and water. Similarly, a heme-
containing homotetrametic enzyme, CAT, converts H2O2 to water 
and oxygen. A recent study has shown that mitochondria-targeted 
CAT in a mouse experimental model significantly increases life 
span,35 whereas mutation of this enzyme exhibits more susceptibil-
ity to oxidative damage.36 Recently, PRX III have received special 
attention because this enzyme exerts potent antioxidative roles in 
the cells, ranging from degradation of H2O2 and repair of mem-
brane lipid to modification of apoptosis induction.37 Indeed, it has 
been reported that PRXIII is the most abundant and efficient an-
tioxidant enzyme targeting H2O2 in mitochondria.38 PRX III neu-
tralizes H2O2 produced in mitochondria through their peroxidase 
activity with the use of electrons provided by thioredoxin II (TRX 
II) that is reduced by NADPH via thioredoxin reductase (TRX R 
II).39-41
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EXERCISE-INDUCED CARDIOPROTECTION AGAINST AN 
I/R INSULT: ROLE OF MNSOD

Endurance exercise has been demonstrated to reduce myocar-
dial injury against I/R injuries including contractile function and 
myocardial infarction size.42-46 While several cardioprotective 
mechanisms induced by endurance exercise have been proposed 
(eg, reduced calcium overload, heat shock proteins, and increased 
ATP-dependent potassium channels), an increase in antioxidant 
capacity has been recognized as a key mechanism. Indeed, given 
that I/R contribute to massive ROS production, the notion that 
enhanced antioxidative capacity in response to exercise is associ-
ated with cardioprotection is not surprising. Growing evidence has 
shown that increased activities of manganese MnSOD are linked 
to exercise-induced cardioprotection.24,42,43,47,48 This crucial role of 
MnSOD in cardioprotection was strongly supported by a recent 
study in which knockdown of exercise-induced MnSOD expres-
sion via in vivo administration of an antisense oligodeoxyribonucle-
otide against MnSOD significantly diminished exercise-mediated 
cardioprotection.47 Despite this clear association of increased Mn-
SOD with cardioprotection, mechanisms of how endurance exer-
cise increases MnSOD has not been clearly elucidated yet. 

 Nonetheless, according to recent research, a transcrip-
tion factor, cAMP-responsive element binding protein (CREB), is 
linked to regulate MnSOD expression.49,50 Also, another transcrip-
tion factor, tumor necrosis factor-α (TNF-α), has been reported 
to induce MnSOD gene expression and plays an important role in 
cardioprotective role against an IR insult, as the cardioprotection 
was abolished when TNF-α was absent.51 This observation appears 
to indicate that a TNF-α signaling may be a potential mechanism 
of exercise-induced MnSOD upregulation; however, given that 
endurance exercise rather reduces inflammatory cytokines includ-
ing TNF-α,52,53 this signaling pathway is less likely to be the case. 
Another potential mechanism involved in enhancing MnSOD ac-
tivities is the nuclear erythroid-2 like factor-2 (NRF2), known as a 

master transcription regulator of various antioxidant enzymes.54 In 
support of this notion, recent studies have reported that NRF2-
mediated heme oxygenase-1 (HO-1) upregulation in the heart en-
hances MnSOD activities via carbon monoxide production upon 
HO-1 potentiation.55 Currently, whether this notion is applicable 
to endurance, exercise-induced cardioprotection remain enigmatic 
because long-term endurance exercise impairs NRF2 signaling, 
resulting in cardiac dysfunction,56 whereas moderate intensity en-
durance exercise improves cardiac oxidative stress via upregulation 
of NRF2 expression.57 Therefore, further mechanistic studies are 
needed to determine the functional role of NRF2 in MnSOD regu-
lation and involvement in exercise-induced cardioprotection.

EXERCISE-INDUCED CARDIOPROTECTION AGAINST AN 
I/R INSULT: ROLE OF GPX, CAT, AND PRX III

As previously described, removal of superoxide radicals by Mn-
SOD results in the production of another form of ROS, H2O2. 
Thus, increased MnSOD expression or activities in response to 
endurance exercise can cause a potential source of oxidative stress 
in mitochondria. Regarding this notion, recent studies have shown 
that endurance exercise upregulates GPX in the mitochondria in 
parallel with reduced H2O2 production and mitochondrial lipid 
peroxidation.24 Interestingly, Starnes et al did not observe an in-
crease in GPX, but showed that CAT was increased in response 
to short-term endurance exercise.58 Consistent with this study, a 
study by Moran et al also showed that 12 weeks of endurance train-
ing does not modulate GPX in rat’s myocardium.59 Currently, it 
remains unknown why GPX responds differently to exercise train-
ing; but a study led by Ji group seems to provide a potential answer. 
His research group showed that modulation of antioxidant levels 
in response to endurance exercise appears to be tissue-specific, 
with highly oxidative tissues such as soleus and heart showing no 
significant alteration and rather reduction in some cases.60

 It is surprising that despite a potent antioxidative role 

Figure 1. Simplistic Overview of the Interaction of Antioxidant Enzyme Network in Mitochondria: A super 
oxide radical (O2

.-) produced from mitochondria is converted into hydrogen peroxide (H2O2), which is then detoxified by 
several antioxidant enzymes such as glutathione peroxidase (GPX), catalase (CAT), and peroxiredoxin III (PRX III), resulting 
in the conversion of H2O2into water molecules. Importantly, GPX and PRX III utilize reducing molecules such as glutathione 
and reduced thioredoxin (TRX red), respectively to neutralize H2O2. After donating thiol groups, oxidized glutathione (GSSG) 
and thioredoxin (TRX ox) become reduced by glutathione reductase (GR) and thioredoxin reductase (TRX R), respectively, 
using NADPH as a reducing equivalent
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of PRX III against oxidative stress, very little studies have been 
conducted. Currently, only one study is available, demonstrating 
that PRX III levels were elevated in mitochondria by endurance 
exercise,61 suggesting that this phenotypic change may be linked to 
cardiac protection against oxidative stress.

SUMMARY

It is well known that oxidative stress during an I/R episode con-
tributes to myocardial infarction, and thus improved antioxidative 
capacity has been suggested to reduce myocardial infarction. Simi-
larly, a non-pharmacological intervention, endurance exercise, has 
been reported to improve endogenous antioxidant capacity, lead-
ing to cardioprotection against an I/R insult. Given that mitochon-
drial are major sources of ROS production and become a potent 
initiator of cell death under stressed conditions such as an I/R 
insult, mitochondria-specific antioxidant enzymes have emerged 
as a potential strategy that reduces oxidative stress and infarction. 
In mitochondria, MnSOD converts superoxide into weak oxidant 
H2O2, which is then detoxified by GPX or CAT, or PRX III, re-
sulting in the production of oxygen and water. Both classical and 
recent studies have shown that endurance exercise-induced im-
provement in MnSOD, GPX, CAT, and PRX III is associated with 
cardioprotection against I/R injuries by reducing both apoptosis 
and necrosis (Figure 2). However, how regular endurance exercise 
upregulates these antioxidant enzymes has not been clearly eluci-
dated yet although some transcription factors (e.g., CREB, TNF-α, 
and NRF2) has been indicated as plausible candidates. Therefore, 
identification of clear signaling pathways of exercise-induced an-
tioxidant upregulation will provide key insight into developing a 
pharmacological therapeutic strategy against myocardial infarction. 
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Background
Due to the high metabolic and physical demands in soccer, an optimal strength and conditioning program is essential. The benefits 
of  resistance training and high-intensity interval training in young athletes has been well documented; however, the effect of  a 
concurrent strength and metabolic conditioning program on female soccer players has yet to be investigated.
Purpose
This study examined the effects of  an 8-week concurrent strength and metabolic conditioning program on body composition, 
flexibility, speed, agility, anaerobic capacity, strength, and power in female soccer players.
Methods
Body composition and performance testing measures were recorded in female soccer players (n=14, age=16±1.0 yrs) before 
and after an 8-week sports performance camp that combined high-intensity interval training methods and periodized resistance 
training. Performance testing included 3-site skinfolds, sit and reach, pro agility test, 40-yd sprint, 300-yd shuttle run, and vertical 
jump. Strength testing included a 5-repetition maximum back squat, shoulder press, and bench press, and a 3-repetition maximum 
power clean. Comparisons were made using a paired samples t-test, and Pearson’s correlations between variables were calculated. 
Results
Significant improvements were made in vertical jump (p<0.05), pro agility test (p<0.05), 40 yd sprint (p<0.05), squat (p<0.05), 
shoulder press (p<0.05), bench press (p<0.05), and power clean (p<0.05). There were significant correlations between power, agil-
ity and speed performance, and between power and strength. 
Conclusion
A preseason concurrent strength and metabolic conditioning program can improve soccer players’ explosive strength and perfor-
mance. Training protocols that use low volume and high loads (3 sets of  5-RM) to improve neural adaptations and avoid muscular 
hypertrophy should be studied in future research.

Keywords
Concurrent training; Performance; Female soccer players.
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Adlof, et al

Sport Exerc Med Open J. 2018; 4(1): 16-23. doi: 10.17140/SEMOJ-4-156 PUBLISHERS

17 Original Research | Volume 4 | Number 1|

INTRODUCTION

Soccer, a popular youth sport around the world, involves im-
mense athleticism and physical fitness. Soccer demands high-

levels of aerobic capacity, which can average 70-80% of maximal 
oxygen uptake.1,2 Performance also depends on the athlete’s ability 
to execute and quickly recover from multiple bouts of high-inten-
sity exercise near anaerobic threshold, as well as the power, and 
strength involved in kicking, jumping, and tackling.1,2

 Due to the high metabolic and physical demands of soc-
cer, an optimal strength and conditioning program for female soc-
cer players is essential. Training methods for soccer typically include 
long bouts of aerobic endurance activities, as high-levels of aerobic 
capacity are fundamental to optimizing performance.1,3 However, 
there are multiple fitness components that need to be addressed 
as part of the training program and coaches are seeking alternative 
strength and conditioning methods, such as concurrent training, to 
enhance strength, power, and anaerobic capacity. The purpose of 
concurrent training is to reap the benefits of both increased force 
development and improved aerobic adaptations, but contradicting 
research exists regarding the effectiveness of this training method.3 

Some studies suggest that concurrent strength and aerobic train-
ing elicits conflicting metabolic adaptations4,5 while others report 
beneficial increases in power and performance.3

 The independent benefits of single-mode resistance train-
ing programs and high-intensity conditioning methods in young 
athletes have been well documented. Resistance training programs, 
when properly designed and supervised, have been shown to safely 
and effectively increase muscular strength and power in young ath-
letes.6-8 High-intensity training has been shown to improve aerobic 
capacity and sprint performance in young soccer players without 
negatively affecting strength-related power output.2 However, 
there is limited research examining the effect of concurrent resis-
tance training and conditioning methods on sports performance, 
specifically in female soccer players. The purpose of this study was 
to examine the effects of an 8-week concurrent training program 
on body composition, flexibility, speed, agility, anaerobic capacity, 
strength, and power in female soccer players.

METHODS

Participants

Fourteen female high school soccer players (mean±SD; age 16±1.0 
years; height 64±2.7 inches; weight 129±14.1 lbs) volunteered to 
participate in this study. The University of West Florida Institu-
tional Review Board (IRB) approved this research prior to begin-
ning data collection. All participants and parents were informed 

of the potential risks and benefits and provided written informed 
consent and parental consent prior to participation. During the 
first week of the study, participants performed the baseline testing 
protocol, followed by an 8-week training program. The final week 
consisted of the post-testing protocol (Table 1).

Procedures

Testing was conducted at the same time of day and on the same 
high school soccer field for both pre- and post-testing sessions. 
Anthropometric data such as age, height, weight, body mass index 
(BMI), and 3-site skinfold assessment were recorded first. Perfor-
mance testing consisted of the sit and reach test for flexibility, the 
pro-agility test for agility, the vertical jump test for power, 40-yd 
dash for speed, and the 300-yd shuttle run for anaerobic capacity.

Skinfold Assessment

The athletes’ height and weight were taken at the start of the test-
ing sessions using a stadiometer (Detecto, Webb City, MO, USA), 
followed by skinfold measurements using Lange Skinfold Calipers 
(Beta Technology, Santa Cruz, CA, USA). The same researcher 
performed all pre- and post-skinfold assessments to ensure validi-
ty. All measurements were made on the right side of the body, with 
the subjects in the standing position. A 3-site method for females 
was used (triceps, suprailiac, and thigh) following standard ACSM 
skinfold testing procedures.9

Performance Testing Procedures

Following anthropometric measurements, the athletes performed a 
10-minute general warmup consisting of dynamic movements and 
submaximal running intervals. The athletes were given a 5-10 min-
ute rest period between each performance test, and were encour-
aged to drink water as needed during the testing sessions. The de-
tailed testing procedures for each test are described in Appendix A. 

Concurrent Training Program

Following the pre-testing protocol, the athletes participated in an 
8-week concurrent resistance training and conditioning program 
for three non-consecutive days each week. The concurrent pro-
gram was based on a CrossFit® model, designed specifically for 
youth athletes, and implemented by the researcher. Training ses-
sions were held for 1 hour, 3 times per week, and were completed 
in a small group setting. A typical workout consisted of a dynamic 
warm-up, 3 sets of 3-5 repetitions of core lifts with accessory work, 
a brief high-intensity conditioning workout, and a cool-down pe-
riod of stretching and mobility exercises. A sample of the volume 
and training loads during a 2-week period of the resistance training 

Table 1. Testing and Training Schedule

Week 1 Week 2 Weeks 2-9 Week 10

Performance Testing Maximal Strength Testing Concurrent Training Program
Day 1: Performance Testing

Days 2 & 3: Maximal Strength Testing
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program is shown in Table 2, and a sample of the conditioning 
workouts is shown in Table 3.

 Training loads were progressed weekly, based on indi-
vidual abilities. In general, athletes were encouraged to progress 
by 2.5 to 5 lbs weekly for each lift. Lifts that were performed more 
than once per week, such as the back squat, were kept at the same 
load for both training sessions in that week. If the athletes were 
unable to complete the lift with proper technique at the chosen 
weight, the load was decreased by 2.5-5 lbs, or until the lift could 
be properly performed for the given training volume. Training 
volume remained the same across the 8-week period, and all lifts 
were performed for 3 sets of 5 repetitions, except for the power 
clean which was performed for 5 sets of 3 repetitions. The training 
schedule cycled over a two-week period, during which back squats 
and shoulder presses were performed on day 1, power cleans and 
pull-ups were performed on day 2, and back squats and bench 
press were performed on day 3. During the following week, back 
squats and shoulder presses were performed on day 1, deadlifts 
and pull-ups were performed on day 2, and back squats and bench 
press were performed on day 3. The third week of the cycle re-
sumed with power cleans on day 1, and so on.

 Conditioning workouts varied over the course of the 
8-week program, with a strong focus on sprinting and change of 
direction. Examples of training methods included; short sprints 
between 10-100 meters, interval and circuit training (combined 
resistance exercises and medium distance running between 200-
400 meters), high-intensity Tabata protocols, traditional CrossFit® 

benchmark workouts, and numerous footwork drills. Intensity was 
monitored by the athletes’ rate of perceived exertion and the addi-
tion of resistance, repetitions, sets or overall volume of each pro-

gressive workout.

Statistical Analysis

A paired samples t-test was used to determine differences between 
pre- and post-testing scores. Pearson’s correlations were calculated 
to determine if there existed any positive or negative association 
between the variables. The data were analyzed using SPSS (22.0) 
software and the level of significance was set at p≤0.05.

RESULTS

Anthropometrics

Age, height, weight, and 3-site skinfold measurements, BMI, body 
fat percentage, and lean body mass were measured and calculated 
for each athlete. Table 4 shows the mean body composition of the 
athletes before and after 8 weeks of concurrent training. 

 There was a statistically significant increase in body fat 
percentage from pre (M=20.9%, SD=4.3%) to post (M=21.7%, 
SD=3.7%) conditions; t(13)=-2.5, p=0.025. The mean increase in 
body fat percentage was 0.8% with a 95% confidence interval rang-
ing from -1.5 to -0.1. The eta squared statistic (0.3) indicated a large 
effect size.

Performance Testing

There were a statistically significant increase in vertical jump height 
from pre (M=17.9 in, SD=3.2 in) to post (M=19.2 in, SD=2.3 in) 
conditions; t(9)=-2.9, p=0.015. The mean increase in vertical jump 
height was 1.6 in with a 95% confidence interval ranging from -2.9 

Table 2. Sample Periodized Concurrent Training Program

Monday Wednesday Friday

Week 1
(70%)

Back Squat 3x5
Shoulder Press 3x5

Power Clean 5x3
Pullups 3xmax reps

Back Squat 3x5
Bench Press 3x5

Week 2
(75%)

Back Squat 3x5
Shoulder Press 3x5 

Deadlift 3x5
Pullups 3xmax reps

Back Squat 3x5
Bench Press 3x5

Table 3. Sample Conditioning Training Program

Monday Wednesday Friday

Week 1 For time:
25-m suicide sprint
20 Ground to Overhead, 25# 
25-m suicide sprint
15 Ground to Overhead, 25# 
25-m suicide sprint
10 Ground to Overhead, 25#
25-m suicide sprint
5 Ground to Overhead, 25# 

“Rowing Annie: 
500 m row
50 situps
400 m row
40 situps
300 m row
30 situps
200 m row
20 situps
100 m row
10 situps

Tabata:
Kettlebell swings
Kettlebell push press
Kettlebell SDHP
Goblet Squat
Burpees

Week 2 Footwork Drills: Tabata:
Line hops forward 
Line hops backwards
Line hops R
Line hops L
Patterns

Partner EMOM 10’: 
200 m Row
3 Power Cleans 75%

“Running Cindy” 20 min:
400 m run
5 pullups
10 pushups
15 air squats
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to -0.4. The eta squared statistic (0.4) indicated a large effect size.

 A statistically significant increase in the pro agility test 
from pre (M=5.36 s, SD=0.3 s) to post (M=5.01 s, SD=0.3 s) con-
ditions; t(9)=4.8, p=0.001 was observed. The mean increase in pro 
agility scores was 0.4 s, with a 95% confidence interval ranging 
from 0.2 to 0.5. The eta squared statistic (0.6) indicated a large ef-
fect size.

 There was a statistically significant increase in 40-yd 
sprint performance from pre (M=5.9 s, SD=0.3 s) to post (M=5.5 
s, SD=0.3 s) conditions; t(9)=6.4, p=0.000. The mean increase in 
40-yd scores was 0.5 s, with a 95% confidence interval ranging 
from 0.3 to 0.6. The eta-squared statistic (0.8) indicated a large ef-
fect size. 

Strength Testing

There was a statistically significant increase in 5-RM back squat 
from pre (M=90 lbs, SD=11.6 lbs) to post (M=150 lbs, SD=27.6 
lbs) conditions; t(13)=-8.5, p=0.000. The mean increase in 5-RM 
back squat was 60 lbs, with a 95% confidence interval ranging 
from -75.2 to -44.8. The eta squared statistic (0.8) indicated a large 
effect size. There was also a statistically significant increase in 
5-RM shoulder press from pre (M=46.1 lbs, SD=11.6 lbs) to post 
(M=77.5 lbs, SD=15.5 lbs) conditions; t(13)=-7.8, p=0.000. The 
mean increase in 5-RM shoulder press was 31.4 lbs, with a 95% 
confidence interval ranging from -40.2 to -22.7. The eta-squared 
statistic (0.8) indicated a large effect size.

 There was a statistically significant increase in 5-RM 
bench press from pre (M=63.2 lbs, SD=13.5 lbs) to post (M=80.7 
lbs, SD=13.8) conditions; t(13)=-5.6, p=0.000. The mean increase 
in 5-RM bench press was 17.5 lbs, with a 95% confidence interval 
ranging from -4.3 to -10.7. The eta squared statistic (0.7) indicated 
a large effect size. There wasa statistically significant increase in 
3-RM power cleanfrom pre (M=68.9 lbs, SD=12.1 lbs) to post 
(M=89.6 lbs, SD=14.6 lbs) conditions; t(13)=-7.8, p=0.000. The 
mean increase in 3-RM power clean was 20.7 lbs, with a 95% rang-
ing from -26 to -15.4. The eta squared statistic (0.8) indicated a 
large effect size.

Correlations

The relationship between all variables was investigated using a 

Pearson product-moment correlation coefficient. Preliminary anal-
yses were performed to ensure no violation of the assumptions of 
normality, linearity, and homoscedasticity. There was a moderate, 
negative correlation between vertical jump and pro agility test time, 
r=-.641, n=12, p<0.05, with high scores in the vertical jump associ-
ated with faster pro agility times. There was also a strong, negative 
correlation between vertical jump and the 40-yd dash, r=-0.651, 
n=12, p<0.05, with high scores in the vertical jump associated 
with faster sprint times. There was a strong, positive correlation 
between vertical jump and back squat, r=0.875, n=12, p<0.01, with 
high scores in the vertical jump associated with improved back 
squat performance. Similarly, there was a strong, positive correla-
tion between the vertical jump and power clean, r=0.753, n=12, 
p<0.05, with high scores in the vertical jump associated with im-
proved power clean performance. There was a moderate, positive 
correlation between back squat and power clean, r=0.697, n=12, 
p<0.05, with high scores in the back squat associated with im-
proved power clean performance. There was a strong, positive cor-
relation between shoulder press and bench press, r=0.876, n=14, 
p<0.01, with high scores in the shoulder press associated with im-
proved bench press performance. 

DISCUSSION

The purpose of this study was to examine the effects of an 8-week 
concurrent strength and metabolic conditioning program on body 
composition, flexibility, speed, agility, anaerobic capacity, strength, 
and power performance in female high school soccer players. The 
results demonstrated concurrent strength training and metabolic 
conditioning increased multiple performance and strength mea-
sures. After 8-weeks of concurrent training, female high school 
soccer players significantly improved vertical jump height, pro agil-
ity test times, 40-yd sprint times, and 5-RM load during the back 
squat, power clean, shoulder press, and bench press, compared to 
pre-training values (Tables 5 and 6). 

Anthropometrics

Mean body fat percentage increased from pre- to post-testing, in-
dicating the concurrent training program did not result in favor-
able changes in body composition. These results are similar to 
several studies that also found no significant favorable changes in 
body fat percentage or fat-free mass after resistance training and  
high-intensity interval training (HIIT) for youth soccer players.1,2,10 
The findings of the current study contradict Davis et al11,12 who 

Table 4. Athlete Body Composition Before and After 8 Weeks of Training

Pre (n=14) Post (n=14)

Age (year) 16.1±1.0 --

Body mass (lbs) 129.1±14.2 130.7±13.2

Height (in) 64.1±2.7 64.1±2.7

Body Mass index (kg·m-2) 22.1±1.9 22.3±1.9

Body Fat Percentage 20.9±4.3 21.7±3.7*

Lean Body Mass (lbs) 101.8±9.6 102.1±9.9

Values are mean±SD. 
*Significant difference between pretests and posttests at p≤0.05.
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reported decreased body fat percentage and increased lean mass in 
female college soccer players after 11 weeks of concurrent strength 
and endurance training. Miller et al13 similarly demonstrated that a 
power-based complex training program in collegiate female soc-
cer players resulted in increased lean mass and decreased fat mass. 
Unfavorable changes in body fat percentage in the current study 
may be due to the lack of any nutritional intervention, the short 
time frame of the study, or lack of long aerobic endurance training 
during the training sessions.

 It is notable that there were no significant changes found 
in total body mass or lean body mass from pre- to post-testing. 
This indicates there was not an increase in cross-sectional area due 
to muscular hypertrophy during the 8-week program. The concur-
rent training protocol used low volume and heavy resistance exer-
cises, followed by HIIT-style metabolic conditioning, which has 
been shown to effectively minimize an interference effect between 
strength and aerobic training.3 Therefore, the strength gains result-
ing from the concurrent training program in this study are more 
likely attributed to neural adaptations rather than muscular hyper-
trophy. 

Performance Measures

Flexibility: While not a specific focus of the training program, no 
significant changes in lower body flexibility were found after 8 
weeks of concurrent training. This contradicts Davis et al11,12 who 
found an 8.4% increase in flexibility in female college soccer play-
ers after 11 weeks of concurrent strength and endurance training. 
Although, training sessions included dynamic warmups, mobility 
exercises, and static stretching it is more important to note that 
there was no significant reduction in flexibility across the 8-weeks.

Agility, power, and speed: Performance measures for power, 
speed, and agility all significantly improved. These results are simi-
lar to previous studies that determined resistance training was an 
effective protocol for developing speed and power.14,15 Chelly et al15 

demonstrated that 8-weeks of heavy resistance training improved 
power output, jumping, and sprinting performance in junior soc-
cer players without a significant increase in muscle cross-sectional 
area. Alves et al14 also reported improvements in the vertical jump, 
5-m sprint, and 15-m sprint performance after combined resistance 
and plyometric training in young soccer players. Other studies have 
shown similar improvements in speed performance, but not in the 
vertical jump height. Sperlich et al2 reported 5 weeks of HIIT in 
junior soccer players resulted in significant increases in VO2max and 
sprint performance, but found no significant changes in vertical 
jump height nor did they report any negative impact of HIIT on 
sprinting or jumping abilities. Jullien et al16 found that heavy squat 
training alone (compared to agility training) did not improve field-
based sprinting or agility performance in male professional soccer 
players. However, a combination of technical, agility, and speed 
training was suggested to be an effective alternative to a traditional 
strength program.16 Similarly, Siegler et al17 reported significant im-
provements in 20-m sprint times, but nonsignificant changes in the 
vertical jump in female high school soccer players after 10 weeks of 
combined resistance training, HIIT, and plyometric training. 

Anaerobic Capacity

No significant changes were found pre- to post-testing in the 
300-yd shuttle times. Previous studies have found that concurrent 
strength and endurance training protocols resulted in higher 
glycolytic enzymes and impaired oxidative enzyme activity, which 
may impact aerobic performance.5,3,18 However, as previously 
mentioned, the subjects in the current study did not display 
increased hypertrophy so an interference effect was unlikely. More 
likely, lack of improvement in this area may have been due to 
the training age of the subjects or the length and nature of the 
concurrent training program. Metabolic conditioning sessions 
in the current study focused on combined strength training and 
cardiovascular activities, with distances ranging from 200-m 
to 400-m. Subjects also performed speed and agility drills that 
focused on change of direction and sprinting mechanics. These 

Table 5. Effects of 8 Weeks of Training on Performance Measures

Pre (n=10) Post (10)

Vertical jump (in) 17.9±3.2 19.2±2.3*

Sit and reach (cm) 35.3±6.7 34.6±5.7

Pro agility test (s) 5.36±0.3 5.01±0.3*

40yd sprint (s) 5.9±0.3 5.5±0.3*

300yd shuttle (s) 58.9±4.4 59.2±4.3

Values are mean±SD
*Significant difference between pretests and posttests at p≤0.05.

Table 6. Effects of 8 Weeks of Training on Strength Measures

Pre (n=14) Post (14)

Back squat (lbs) 90±11.6 150±27.6*

Shoulder press (lbs) 46.1±11.6 77.5±15.5*

Power clean (lbs) 68.9±12.1 89.6±14.6*

Bench press (lbs) 63.2±13.5 80.7±13.8*

Values are mean±SD
*Significant difference between pretests and posttests at p≤0.05.
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exercises may not have been specific to the 300-yd shuttle run 
which consisted of short 25-yd intervals with multiple changes of 
direction. No significant negative effect was found on anaerobic 
capacity in this study, however, implementing longer sprinting 
intervals with changes in direction may change this result in future 
studies. Measuring specific enzyme activity or including aerobic 
endurance testing is also recommended for future research.

Strength Measures

Muscular strength (back squat, shoulder press, and bench press) 
and power (power clean) significantly increased after 8 weeks of 
concurrent training. Increase in the back squat and power clean 
were strongly related to improvement in vertical jump height. Im-
provements in the back squat also corresponded to power clean 
performance. Improvements in the shoulder press were correlat-
ed with increased strength in the bench press. These findings are 
similar to previous studies that have presented high correlations 
between increases in strength and explosive performance,3,19 both 
in response to concurrent training methods and in response to tra-
ditional strength training.

 Similar to previous research,2,3 the significant increases in 
strength found herein may be attributed to efficiencies in neural 
adaptations rather than hypertrophy. While this claim is limited by 
the lack of a comparison group in the current research, this was hy-
pothesized based on the length of the study, the training protocol, 
and the lack of change in lean body mass. As shown by Wong et al3 

the combination of intermittent HITT-style conditioning and high 
load, lower rep resistance training may minimize the interference 
effect of training multiple modalities together. Future research 
should consider the measurement of muscle cross-sectional area in 
order to provide more precise data. Further recommendations also 
include performing this research with larger sample populations 
(both male and female) and the comparison of a traditional soccer 
endurance training group to a concurrent training group.

CONCLUSION

This is the first study to examine a concurrent strength and meta-
bolic conditioning training program to improve performance in 
high school female soccer players. Based on these results, strength 
and conditioning coaches should implement a preseason concur-
rent strength and metabolic conditioning program to improve 
soccer players’ explosive strength and performance. The reported 
interference effect of concurrent strength and aerobic training 
should be further studied to specify whether training protocols 
with low volume and high loads (3 sets of 5-RM) improve neural 
adaptations and avoid muscular hypertrophy. Instead of traditional 
aerobic endurance training, HIIT-style metabolic conditioning 
has been shown to improve speed and agility, and may be more 
specific to the energy systems used in soccer.21 When implement-
ing metabolic conditioning programs, strength and conditioning 
coaches should make sure factors such as work intervals, intensity, 
and recovery intervals are specific to the energy – demands re-
quired during a soccer game.
 
 The current study was implemented during the preseason 

period, which avoids unwanted fatigue or interference with com-
petitions matches.20,21 Concurrent training is recommended for 
offseason or preseason programming due to high training load. 
Further research should investigate the impact of an in-season con-
current training program on fatigue and overtraining, especially in 
young athletes.

APPENDIX A

Flexibility

Following the general warm-up, the flexibility of the hamstrings 
and lower back was measured using the sit and reach test. A sit and 
reach box (Fabrication Enterprises, White Plains, NY, USA) was 
used, and the athletes were given a period to stretch as needed be-
fore testing. The athletes were instructed to remove their shoes and 
place the soles of their feet on the base of the sit-and-reach box, 
and to keep their legs flat at all times. Then, while exhaling, the 
athletes reached their hands as far as possible along the measuring 
stick portion of the box in a controlled motion until the farthest 
point was reached. No bouncing or improper technique was al-
lowed. The farthest distance reached out of the best of three trials 
was recorded in inches for each athlete.

Agility

The Pro Agility Test was used to assess agility. The test was per-
formed on the soccer field and all athletes wore soccer cleats. 
Set-up consisted of three parallel cones placed 5 yards apart in a 
horizontal line. The athlete began the test at the center cone. When 
given an auditory signal from the researcher, the athlete sprinted 
5 yards to the cone of the left, changed direction and sprinted 10 
yards to the cone on the right, and changed direction to sprint 5 
yards through the center cone, completing the test.21 The better of 
two timed trials were recorded for each athlete. 

Power

For power, a maximal vertical jump test was performed using a 
Vertec Device (Perform Better, West Warwick, RI, USA). The ath-
letes started the test in the standing position, and performed a ver-
tical countermovement jump with arm swing. Vertical jump height 
was determined by the displacement of vanes on the Vertec device. 
Each athlete performed three trials, and the best jump height was 
recorded to the nearest 0.5 inches.

Speed

To test speed, a 40-yd dash was performed on a flat, pre-marked 
athletic track. The athletes wore athletic shoes for this test, and 
were allowed one submaximal practice run before performing one 
recorded time trial. On an auditory signal, the athletes sprinted a 
distance of 40 yards at maximal speed and their time was recorded 
to the nearest 0.1 second.

Anaerobic Capacity

To measure anaerobic capacity, a 300-yard shuttle run was per-
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formed on a soccer field between two marked parallel 25-yard 
lines. On an auditory signal, the athletes sprinted from the starting 
line to the 25-yard line, then turned and sprinted back to the start-
ing line until six round trips were completed (equaling 300 yards).21 

The athletes completed one trial, and times were recorded to the 
nearest 0.1 second.

Strength Testing Procedures

Maximal strength testing took place over three non-consecutive 
days. Testing and training were supervised by the researcher and 
team coach. The researcher provided instruction for each lift, and 
the athletes followed the warmup protocol described by the Na-
tional Strength and Conditioning Association (NSCA)21 to prepare 
for the maximal effort and to ensure technical competency be-
fore testing. Measurements consisted of a 5-repetition back squat, 
shoulder press, and bench press, and a 3-repetition power clean. 
The maximal weight the athlete could lift for 5 and 3 consecutive 
repetitions was recorded.21 The back squat and shoulder press were 
tested on Monday, the power clean was tested on Wednesday, and 
the bench press was tested on Friday. The researcher supervised 
the testing sessions to ensure that safety and correct lifting tech-
nique was followed. Detailed procedures for each strength test are 
described below.

Back Squat

Athletes warmed up for all of the maximal lifts by following the 
protocol described by the NCSA.21 For the back squat, athletes 
began with a loaded barbell on their back. Athletes were instructed 
to bend their knees to descend into the bottom position of the 
squat and then extend their legs to return to the standing position. 
Two spotters were present, and utilized the necessary spotting 
technique described by the NSCA.21 Five consecutive repetitions 
were performed at maximal weight and recorded as the 5-RM load 
for each athlete.

Shoulder Press 

To perform the shoulder press, the athletes began in the standing 
position with a loaded barbell held in the front-rack position across 
their shoulders. Athletes were instructed to extend their arms over-
head, lifting the barbell, using only their upper body. In the return 
phase, the bar was lowered back into the front rack position. Five 
consecutive repetitions were performed at the maximal weight and 
recorded as the 5-RM load for each athlete. 

Power Clean

For the power clean, athletes set up their feet behind the barbell 
positioned on the floor, and bent down to establish their grip on 
the barbell. Athletes lifted the barbell off of the ground by extend-
ing their legs and forcefully extending their hips, while shrugging 
and pulling their arms underneath the barbell. Athletes received 
the barbell in the catch position by bending their knees in a quar-
ter-squat, pulling their body underneath the barbell, and catching 
the barbell in the front-rack position. Athletes completed the lift 
by extending their legs to return to the standing position. Three 

consecutive repetitions were performed at the maximal weight and 
recorded as the 3-RM load for each athlete. 

Bench Press

Athletes set up for the bench press by lying flat on the bench, and 
grasping the barbell on the rack with a closed, pronated grip. The 
athlete then fully extended their arms and lifted the barbell off the 
rack to come to the starting position. Next, athletes lowered the 
barbell all the way to their chest then forcefully extended their arms 
to lift the barbell back up to the starting position. Five consecutive 
repetitions were performed at the maximal weight and recorded as 
the 5-RM load for each athlete. A spotter was always present and 
utilized proper spotting technique described by the NSCA.21
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