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Take this Supplement to New Orleans and use it as a guide to the
Free Communications Sessions

Dear NATA Members and Friends:

We are pleased to present the annual Supplement to the Journal of Athletic Training. This Supplement
contains abstracts presented at the 2018 NATA Clinical Symposia & AT Expo in New Orleans, LA as
part of the NATA Foundation Free Communications Program.

The Free Communications Program provides certified athletic trainers, students and other healthcare
providers an opportunity to present and learn about the latest in athletic training research. Research is
presented in oral and poster formats and includes general research, NATA Foundation-funded research,
clinical case reports and our Student Exchange program posters. Abstracts of the research are printed
here in the order of presentation at the NATA Convention in New Orleans for your convenience. Free
Communications presentations represent a wide range of research and clinical interests. In addition, the
Clinical Case Reports sessions allow you to test your clinical assessment skills. We encourage you to
attend these presentations.

We also urge you to attend the sessions featuring research funded by the NATA Foundation. The NATA
Foundation funds research and a variety of educational programs, including summits on issues critical
to athletic training, as well as annual scholarships to undergraduate and graduate students of athletic
training.

Support from NATA members, corporations, and other affiliated groups make this supplement and all
of our programs possible. Please note projects funded by the NATA Foundation and by the generous
contributions of our donors are specified in this Supplement. To make an investment in the future of the
profession, please contact us today at 800-TRY-NATA, extension 150.

NATA and the NATA Foundation are pleased to offer this supplement as a service to NATA members.
We hope that it provides theoretical and practical information you can use to improve your effectiveness
as a certified athletic trainer. Thank you for your support!

Sincerely,

%‘ o kaﬁfﬂg\ /(é/ gz
Brian Conway, LAT, ATC Scott Sailor, EdD, ATC
President, NATA Research & Education Foundation President, NATA
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Dear Colleagues:

On behalf of the National Athletic Trainers’ Association Research & Education Foundation and the Free
Communications Sub-Committee, we would like to thank all the authors who submitted abstracts to the Free
Communications Program. We are happy to report a record number of submissions again this year with the total
exceeding 500 Peer Reviewed and Student Exchange Track submissions, combined. We are excited about this
year’s Free Communications Program, as we believe it contains an exciting mix of both high caliber research
reports and clinical case studies. Please keep in mind that we consider oral and poster presentations to be equal in
terms of caliber and encourage clinicians and researchers to attend both oral and posters sessions.

We would also like to take this opportunity to extend a special thanks to the all of the NATA Foundation staff and
especially Velma Meza, whose attention to detail and dedication makes the Free Communications Program pos-
sible. Additionally, many individuals have worked very hard to review submissions, schedule presentations, and
produce this Supplement to the Journal of Athletic Training. Therefore, we would like to thank and recognize the
efforts of the Free Communications Committee for their long hours of abstract reviews and creativity in develop-
ing this year’s Free Communications program. The Free Communications subcommittee members are

Michelle Boling, PhD, ATC; Kellie Huxel-Bliven, PhD, ATC;
Steven Broglio, PhD, ATC; Blaine Long, PhD, AT, ATC;
Cathleen Brown Crowell, PhD, ATC Stephanie Mazerolle, PhD, ATC;
Thomas Buckley, EdD, ATC; Brendon McDermott, PhD, ATC;
Kenneth Cameron, PhD, MPH, ATC;  Sara Nottingham, EdD, ATC;
Jeff Driban, PhD, ATC, CSCS; Sakiko Oyama, PhD, ATC
Jennifer Earl-Boehm, PhD, ATC,; Erik Wikstrom, PhD, ATC, LAT

We also acknowledge the unwavering support and guidance from Brian Conway, LAT, ATC, and the rest of the
Foundation staff. I also specifically recognize Velma Meza, who works tirelessly behind the scenes to assure a
successful program each year. Lastly, we wish to thank Leslie Neistadt and the staff at the editorial office of the
Journal of Athletic Training for making the Supplement possible.

As we move forward, we continually try to improve and make the review process more transparent. Our goal is
to be as inclusive as possible while maintaining the high level of scholarship that readers expect of the Journal of
Athletic Training. To further improve the process, we appreciate the feedback we have received from authors, and
suggestions are always welcomed and discussed in committee meetings.

We look forward to seeing you in New Orleans. Please take the opportunity to attend the Free Communications
Best Practices Forums, peer reviewed oral and poster sessions, and the student exchange poster presentations.
Please note that projects funded by the NATA Research & Education Foundation are specified in this Supplement.
Finally, if you have the opportunity, please offer your thanks to those recognized above.

Sincerely,

Joseph M. Hart, III, PhD, ATC
Vice Chair for Free Communications
NATA Research & Education Foundation Research Committee
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The New Investigator Award
Presented in Honor of Freddie H. Fu, MD

Johna K. Register-Mihalik, PhD, LAT, ATC
University of North Carolina at Chapel Hill

Johna Register-Mihalik’s interest in athletic training began during her days as a student-athlete. Several
injuries required her to interact with an outreach athletic trainer; she respected and admired the work he
did, which inspired further research into the profession she had never heard of previously. As a junior in
high school, she visited the University of Alabama, where she met Deidre Leaver-Dunn, PhD, ATC, and
learned about the prevention and recovery aspects of athletic training, a career choice that bridged her 2
long-time passions: medicine and athletics.

Register-Mihalik took this passion to the University of Alabama for her bachelor’s degree in athletic
training and then to the University of North Carolina at Chapel Hill (UNCCH), where she received her
master’s and doctoral degrees, focusing on concussion prevention and management. During her clinical
career, she enjoyed treating athletes, particularly the women’s lacrosse team, who helped her to embrace
a new environment and learn the culture of the sport. She appreciated the opportunity to treat athletes
throughout the entire injury and rehabilitation process and grew fond of supporting them both on and off
the field.

As she saw athletes suffering from the consequences of brain injury during her undergraduate years,
traumatic brain injury became a particular interest of Register-Mihalik’s. She spent time with Kevin M.
Guskiewicz, PhD, ATC, FNATA, FACSM, at UNCCH, which prompted her decision to pursue a re-
search career with the goal of answering some of the difficult questions surrounding concussion.

Register-Mihalik is now an educator, researcher, and mentor at UNCCH, where she enjoys providing
students with the necessary skills and various opportunities to facilitate their own learning. She finds
educating particularly rewarding in students whose development and understanding in the classroom
translates to clinical application, which sparks their interest in different aspects of athletic training. As
she said, “watching that light come on in a student’s eyes” is always gratifying.

When asked about advice for future athletic trainers, Register-Mihalik recommended staying true to
your goals, even though they may change throughout your career; the path may be more crooked than
straight, but allowing clinical experiences to spark questions and new interests is paramount to finding a
successful niche in athletic training. Good communication with all those involved in the athlete’s health
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care and planning time off with friends and family allows athletic trainers to remain successful while
maintaining the passion and drive necessary for providing exceptional health care.

In her personal life, Register-Mihalik enjoys spending time with her husband and fellow researcher,
Jason Mihalik, PhD, CAT(C), ATC, and their 2 children, as well as hiking, yard work, and playing the
piano. Register-Mihalik thanks her parents, Johnny and Janet Register; sister, Jenna; and husband, Jason,
as well as her many mentors, colleagues, peers, staff, and students at UNCCH and the Matthew Gfeller
Sport-Related Traumatic Brain Injury Research Center. Deidre Leaver-Dunn introduced her to athletic
training and opened many doors for her. Kevin Guskiewicz invested time and energy in her develop-
ment as an undergraduate student intern, graduate student, and faculty member. Bill Prentice, PhD, ATC,
provided the graduate foundation to continue to advance her thought and opportunities. Stephen W.
Marshall, PhD, and Laura A. Linnan, ScD, of UNCCH, launched her in the study of the intersection
between sports medicine and public health. Mike McCrea, PhD, ABPP-CN, and Erik Swartz, PhD, ATC,
FNATA, provided mentorship in her career and research development, And Tamara C. Valovich Mc-
Leod, PhD, ATC, FNATA, of A.T. Still University, taught her how to be a strong, compassionate leader
in athletic training while balancing career and family.
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Freddie H. Fu, MD

Dr. Freddie H. Fu, a longtime advocate of certified athletic trainers, is a well-respected physician whose work in
sports medicine has earned repeated honors.

The 1996 winner of the NATA President’s Challenge Award, Dr. Fu is the David Silver Professor of Orthopaedic
Surgery and Chairman of the Department of Orthopaedic Surgery at the University of Pittsburgh School of Medicine
and the UPMC Health System.

He has been the head team physician for the University of Pittsburgh Department of Athletics since 1986. He also
was instrumental in establishing the Sports and Preventive Medicine Institute in 1985. Under his leadership, the
facility—now called the UPMC Health System Center for Sports Medicine—has grown into the region’s largest,
most comprehensive sports medicine center and is regarded as among the best in the country.

Dr. Fu holds secondary appointments as Professor of Physical Therapy and Health, Physical and Recreational
Education. He was awarded an honorary doctorate of science degree from Point Park College and an honorary doc-
torate of public service from Chatham College.

Known worldwide for his pioneering surgical techniques to treat sport-related injuries to the knee and shoulder
and his extensive research in the biomechanics of such injuries, Dr. Fu performs surgery at UPMC Health System
and sees patients at the Center for Sports Medicine. He also directs the University of Pittsburgh’s Sports Medicine
Fellows Society.

Dr. Fu is the editor of 12 major orthopaedic textbooks and author of 60 book chapters on managing sports injuries.
He has contributed to more than 150 international research publications and has given more than 400 national pre-
sentations. Former President of the Pennsylvania Orthopaedic Society, he is a member of 40 other professional and
academic medical organizations.

Dr. Fu has served as Chairman of the Board and Executive Medical Director of the City of Pittsburgh Marathon
Inc; Company Physician and Board Member for the Pittsburgh Ballet Theatre; and Team Physician for Mt. Lebanon
High School. Additionally, he is past President and Chairman of the Children’s Festival Chorus and has served the
Parental Stress Center, the Pittsburgh Employment Alliance, and the Organization of Chinese Americans.
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The Doctoral Dissertation Award
Presented in Honor of David H. Perrin,

PhD, ATC, FNATA, FACSM
Sponsored by Friends of Dr. Perrin

Mark Feger, PhD, ATC
Virginia Commonwealth University

Mark Feger, PhD, ATC, owes his interest in the profession to Robert Moss, PhD, ATC, at Albion College,
who noticed on an intake form that he had selected athletic training as an area of interest. Although admit-
tedly, Feger knew very little of the profession at the time, his involvement with the Albion College athletic
training faculty, sideline interactions with athletes, and the hands-on approach to medicine spurred and main-
tained his passion for athletic training.

Feger’s bachelor’s degree in athletic training from Albion College prepared him for his master’s and doctoral
work at the University of Virginia. He is currently in his third year at the Virginia Commonwealth University
School of Medicine and plans on becoming an orthopaedic surgeon. He hopes to merge his research expe-
rience from the University of Virginia with his medical school training to continue his study of appropriate
interventions for patients with orthopaedic injuries.

Throughout his clinical experience, Feger most enjoyed his first position as an athletic trainer working with
men’s soccer at Virginia Military Institute, where he loved the increase in responsibility and the ability to
work with soccer, which he played as an undergraduate. There he gained an appreciation for the role of
lifelong learning in medicine and the benefit of humility in recognizing the need for collaboration to effec-
tively manage an athlete’s condition. Being humble enough to ask for help and inquisitive of mentors about
their rationales for the clinical decisions they make are traits he considers pivotal to his success as an athletic
trainer.

Feger’s passion for research in the assessment and treatment of joint injury began as a master’s student when
he was exposed to the work of Jay Hertel, PhD, ATC, FNATA, FACSM, on ankle instability. Feger hopes to
advance the current knowledge on functional outcomes and determine appropriate interventions to restore
normal biomechanics after injury. Just because a patient has an ankle, knee, or other injury does not automat-
ically mean that he or she will require a specific intervention. Feger believes that clinicians should always
strive to assess limitations and to treat the specific impairment only in those patients who will benefit. In col-
laboration with Luke Donovan, PhD, ATC, Feger has worked to develop a screening tool for excessive ankle
inversion during functional tasks and is now looking at how to recognize and target only those patients with
excessive inversion and a history of ankle sprains who may be predisposed to subsequent sprains and may
benefit from targeted rehabilitation.

When asked to give advice to future athletic trainers seeking a career in academia, Feger encouraged the
pursuit of education in all aspects of athletic training, in the classroom, the clinic, and on the sideline.
Feger finds it rewarding to teach students with a desire to learn. He hopes that future educators will chal-
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lenge students to learn not just the answers to specific questions but the material in greater depth in order
to manipulate and apply it to provide exceptional health care in the future.

Outside of athletic training, Feger still enjoys playing soccer, both indoors and outdoors. He also likes

to stay active by hunting and fishing and exploring the wide variety of food, beer, and wine available in
Richmond, Virginia, with his wife, Hailey. Feger thanks Bob and Carol Moss, who introduced him to and
sparked his passion for athletic training; Jay Hertel, who has been instrumental in his academic career and

an exceptional mentor over the last 8 years; his dissertation committee—Joseph M. Hart, PhD, ATC, FNATA,
FACSM; Susan A. Saliba, PhD, PT, ATC, FNATA; and Mark F. Abel, MD—for their hard work and guid-
ance; and Hailey, his supportive spouse, for her unwavering love and encouragement.
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David H. Perrin, PhD, ATC, FNATA, FACSM

David H. Perrin, PhD, ATC, FNATA, FACSM, is a respected researcher, educator, mentor and friend of athletic
training. This 2003 NATA Hall of Fame inductee is a noted pioneer of terminal degrees in sports medicine, and his
dedication to athletic training is making an impact on the profession’s development even today.

Serving as editor-in-chief of the Journal of Athletic Training and founding editor of the Journal of Sport Rehabilitation
are only two of Dr. Perrin’s significant achievements. Others include being awarded NATA’s Sayers “Bud” Miller
Distinguished Educator Award in 1996, Most Distinguished Athletic Trainer Award in 1998, and All-University
Outstanding Teaching Awards from the University of Virginia in 1997 and 1998.

Dr. Perrin has built research education programs at the undergraduate, master’s, and doctoral levels and has fully
dedicated himself to mentoring and developing future scholars. Dr. Perrin makes every effort to maximize his stu-
dents’ potential by offering sound advice and helping them make the most of their educational programs. Many of
his students have gone on to bright careers in the profession, as researchers, program directors, clinical supervisors,
and award-winning scholars.

Dr. Perrin is dean of the College of Health and professor of Exercise and Sport Science at the University of Utah.
The NATA Foundation Doctoral Dissertation Award, presented in honor of David H. Perrin, recognizes outstanding

doctoral student research and is a fitting tribute to a man who has dedicated the duration of his career to mentoring
and developing future scholars.

Journal of Athletic Training Volume 53 « Number 6 (Supplement) June 2018  S-14

$S900E 93l} BIA §1-90-GZ0Z e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



Free Communications, Oral Presentations: Is Shoulder Mobility Good or Bad?
Wednesday, June 27, 2018, 7:30AM-9:15AM, Room 206-207; Moderator: Elizabeth Hibberd, PhD, LAT, ATC

Shoulder External, Internal

and Total Range of Motion
Relationship to Injury Incidence
in Professional Baseball Players
Michener LA, Plummer HA,
Abeles B, Waldman E, Kindstrand
N, Hostetter G, Li B: University of
Southern California, Los Angeles,
CA; Andrews Research &
Education Foundation, Gulf Breeze,
FL; Los Angeles Angels, Anaheim,
CA

Context: Prior studies in youth and
high-school baseball players have found
that pre-season deficits in shoulder in-
ternal rotation (IR) range of motion
(ROM) predict an increased incidence
of shoulder and elbow injuries. In pro-
fessional baseball players, prior studies
indicate a loss in external rotation (ER)
predicts shoulder injuries, but contra-
dictory evidence of IR deficits to pre-
dict injury. Objective: Determine the
relationship between pre-season ROM
and upper extremity injuries in profes-
sional baseball players. It was hypothe-
sized there would be greater deficits in
shoulder ROM in those who sustained
a shoulder or elbow injury during the
season compared to non-injured, and
pre-season ROM deficits would pre-
dict injuries. Design: Prospective co-
hort. Setting: Athletic Training Room
Patients or Other Participants: Minor
League baseball players (n = 65; 21.7 +
2.6 years) in 2018-7 season. Players not
cleared to participate or rehabilitating
an upper extremity injury at testing were
excluded. Interventions: Pre-season
shoulder IR and ER ROM was mea-
sured at 90° of shoulder abduction in su-
pine with an inclinometer. Shoulder and
elbow injuries were tracked throughout
the competitive season. An injury was
defined as any shoulder or elbow injury
occurring during any baseball related
activity; contact injuries were excluded
from analysis. A one-way ANOVA was
performed to compare ROM measures
between the injured and non-injured

groups. Binary logistic regression anal-
ysis was used to determine the ability
of ROM measures to predict incidence
of injury. Analyses were performed, al-
pha=0.05. Main Outcome Measures:
Shoulder IR and ER ROM of throwing
shoulder, and absolute difference in
IR and ER between shoulders (throw-
ing—non-throwing shoulder) labeled
glenohumeral IR deficit (GIRD) and
ER-deficit. Results: There were n = 19
injured (INJ) (20.9 + 2.2; 186.9 + 5.8
cm; 89.3 £ 9.6 kg), and n = 46 non-
injured (Non-INJ) (22.2 + 2.7 years;
184.9+ 6.4 cm; 90.1 + 10.6 kg) players.
There were no differences between
INJ and Non-INJ groups in throwing
shoulder IR ROM (mean difference
= 4.4°; 95% CI:-12.4, 3.5; p = 0.269),
ER ROM (mean difference = 2.8°; 95%
CI:-8.9, 3.4; p = 0.375), or differences
between shoulders for GIRD (mean dif-
ference = -2.1°; 95% CI:-8.6, 4.5; p =
0.530) or ER-deficit (mean difference
= 0.25°% 95% CL:-6.2, 6.7, p = 0.973.
Logistic regression analysis was not
significant for any shoulder ROM mea-
sures, indicating no predictive ability
for the development of upper extremity
injury. Conclusions: Identifying factors
that contribute to injury risk will enable
knowledge to develop prevention pro-
grams. Pre-season shoulder ROM defi-
cits could not identify or predict play-
ers who sustained a shoulder or elbow
injury during the season. Our results
contradict prior literature that found
IR deficits predicted injuries in youth
and high school, and ER and IR ROM
deficits predicted injury in profession-
al players. The lack of a relationship of
ROM with injuries in this study may be
due to the current common standards of
stringent monitoring of ROM in profes-
sional baseball players over the season.

Glenohumeral Joint Laxity and
Stiffness in Collegiate Pitchers
With and Without Total Range
of Motion Deficit

Leddon CE, Harter RA: Sports
Medicine Laboratory, Oregon
State University, Corvallis, OR;
Cincinnati Reds Major League
Baseball Club, Goodyear, AZ;
Biomechanics/Sports Medicine
Laboratory, Texas State University,
San Marcos, TX

Context: Rotational range of motion
deficit in the thrower’s shoulder has
been theorized to be caused by a re-
striction or thickening of the posterior
glenohumeral (GH) joint capsule, or a
tightening of the posterior rotator cuff
musculature. This loss of motion has
been associated with an array of shoul-
der injuries common among throw-
ing athletes. Objective: To determine
whether a total range of motion defi-
cit (TRMD) in the throwing shoulder,
compared to the non-throwing shoul-
der, affects GH joint laxity and stiff-
ness. Design: Cross-sectional cohort.
Setting: Research laboratory setting.
Patients or Other Participants: 47 in-
tercollegiate baseball pitchers (age, 19.7
+ 1.2 yrs; hgt, 183.9 + 5.5 cm; mass,
85.9 + 10.2 kg; years pitched, 9.9 +
2.8 yrs). Interventions: Glenohumeral
internal and external rotation range of
motion was measured bilaterally with
a digital inclinometer in 47 intercol-
legiate pitchers. Pitchers with greater
than a 10° deficit of rotational motion
in their dominant shoulder were classi-
fied in the TRMD group (n = 24), while
the Non-TRMD group (n = 23) had less
than a 10° ROM deficit. Participants
then had their anterior and posterior GH
joint laxity and mechanical stiffness
measured with a multijoint arthrometer.
Main Outcome Measures: Anterior
and posterior GH joint laxity (mm)
under 150N loads applied at a rate of
15 N/s; anterior and posterior GH joint
stiffness (N/mm). Glenohumeral joint
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laxity and stiffness measures were nor-
malized within participants by calcu-
lating difference measures of the dom-
inant arm minus the non-dominant arm.
The normalized laxity and stiffness val-
ues were then compared using a Group
(2) x Direction (2) ANOVA. Results:
Anterior GH laxity in throwing shoul-
ders was 8.6 + 1.4 mm compared to 8.3
+ 1.7 mm in the non-throwing shoul-
ders (p > 0.05). Similarly, mean pos-
terior GH laxity was 8.0 + 2.1 mm in
the dominant limbs compared to 7.7
+ 2.0 mm in the non-dominant limbs
(p > 0.05). After normalization proce-
dures, we found a significant Group x
Direction interaction (p = 0.023) for
GH laxity, which we attributed to dif-
ferences in posterior laxity measures
between the TRMD and Non-TRMD
groups (Cohen’s d = 0.65). Prior to
normalization procedures, we observed
significantly greater posterior GH stiff-
ness (28.72 = 7.18 N/mm) compared
to anterior GH stiffness (22.64 + 5.02
N/mm) (p < 0.001). Conclusions: The
increased posterior GH stiffness values
found in the dominant arms of pitch-
ers with a total range of motion deficit
were likely due to what other research-
ers have described as thickening of the
posterior capsule as a result of repeated
distraction forces imparted during the
follow-though phase of pitching. This
study should be replicated with the ad-
dition of diagnostic ultrasound or MRI
to quantify the physical dimensions of
the GH soft tissues being tested.

Humeral Retroversion and
Participation Age Differ Based
on Geographical Region in
Professional Baseball Pitchers
Thomas SJ, Sheridan S:
Department of Kinesiology, Temple
University, Philadelphia, PA,
Philadelphia Phillies, Philadelphia,
PA

Context: Sports specialization in the
US is a common concern in youth
sports. It has been demonstrated that
specializing in one sport at a young
age can lead to significant overuse in-
juries due to repetitive stress. This has
been observed in baseball, however the
stress of throwing has also been thought
to create positive tissue adaptations like
humeral retroversion (HR). Therefore,
it is thought that throwing should be
initiated at a young age to capitalize
on this adaptation. Interestingly, each
geographic region of the world often
institutes organized baseball at differ-
ent ages. However, HR and the start-
ing age of baseball has never been ex-
amined based on geographic region.
Objective: The primary objective of
this study was to determine if HR and
the starting age of baseball differ be-
tween professional baseball pitchers
from Latin America compared to pitch-
es from North America. Design: Cross-
sectional design. Setting: Clinical set-
ting. Patients or Other Participants:
Thirty professional pitchers (Latin
America n = 11 and North America n =
19) with no current injury or surgery in
the past six months participated (Latin
America: age = 22.2+ 3.1 years, mass
=96.6+ 9.8 kg, height = 189.1+ 2.9 cm;
North America: age = 22.7+ 3.8 years,
mass = 95.7+ 8.4 kg, height = 191.7+
5.7 cm). Interventions: Geographic re-
gion (Latin America vs North America)
was the independent variable. HR
(dominant and non-dominant arm)
was assessed with diagnostic ultra-
sound (Sonosite Titan, Sonosite Inc.,
Bothell, WA). Starting age of baseball
was self-reported using a questionnaire.
Independent sample t-tests were per-
formed to compare HR and the starting

age of baseball between Latin America
and North American baseball pitchers.
Main Outcome Measures: HR was
measured supine with the arm abduct-
ed to 90° and elbow flexed to 90° using
standard procedures that have demon-
strated both validity and reliability.
Results: The Latin America group had
significantly more dominant arm HR
(8.7°, p=0.034) yet started playing base-
ball at a later age (3.7 years, p=0.021)
compared to the North America group.
There were no group differences for
non-dominant arm HR (6.5°, p=0.058),
however it can be considered a trend.
Conclusions: HR on the dominant arm
was found to be significantly greater
in Latin American compared to North
American players. Currently this bony
adaptation is considered to be beneficial
as it allows more glenohumeral exter-
nal rotation during the cocking phase of
the pitching motion without soft tissue
stretching. Latin American players also
started playing baseball at an older age.
This is interesting as it is often thought
that this adaptation will be more pro-
nounced if baseball is initiated at a
young age, however these results con-
flict with that hypotheses. This demon-
strates that more research is required to
better understand the normal develop-
ment of HR.
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Ultrasound Comparisons of
Bilateral Asymmetries Among
Youth and Collegiate Overhead
Athletes of Different Sports
Struminger AH, Atanda A Jr,
Buckley TA, Richards JG, Swanik
CB: Eastern Michigan University,
Ypsilanti, MI; Nemours/Afred 1.
Dupont Hospital for Children,
Wilmington, DE; University of
Delaware, Newark, DE

Context: Dissipating loads from dy-
namic upper extremity activity can lead
to bilateral asymmetries that precipitate
injuries in youth and adult overhead
athletes in multiple sports. It is unclear
how developmental and biomechanical
differences among these athletes may
impact bilateral variations in shoulder
and elbow anatomy. Objective: To de-
termine whether athletes of different
ages and sports exhibit distinctive tissue
characteristics when compared bilater-
ally. Design: Cross-sectional Setting:
Research laboratory Patients or Other
Participants: Baseball (n = 54), soft-
ball (n = 46), and tennis (n = 32) play-
ers having competed competitively for
at least two consecutive seasons partic-
ipated. Youth athletes (31 male, 25 fe-
male, Age = 13.1 + 1.2 years, Weight =
54.3 + 14.1 kg, Height = 163.0 + 10.6
cm) ranged from ages 11-14. College
athletes (38 male, 38 female, Age =19.7
+ 1.4 years, Weight = 76.9 + 13.8 kg,
Height = 175.4 + 10.3 cm) ranged from
ages 18-23. Participants who had under-
gone surgery within the last year were
excluded. Interventions: Participants
were stratified into groups based on age
and sport, which were the independent
variables. Investigators used musculo-
skeletal ultrasound to examine upper
extremity tissue characteristics and a
digital inclinometer to measure range
of motion (ROM). Main QOutcome
Measures: Dependent variables were
glenohumeral internal rotation (IR),
glenohumeral external rotation (ER),
posterior capsular (PC) thickness, hu-
meral retrotorsion (HR), and ulnar
collateral ligament (UCL) thickness.
For all dependent variables, the mean

of two measures on the non-dominant
arm was subtracted from the mean of
two measures on the dominant arm.
Pearson correlations determined that
the potential covariates of pubertal de-
velopment and age of sport initiation
were not significantly related to any de-
pendent variables. Therefore, data were
analyzed using 2-way between subjects
ANOVAs and Tukey HSD post-hoc
testing as appropriate. Results: No sig-
nificant interaction effects arose for any
of the ultrasound measures. However,
significant main effects existed for PC
thickness, indicating that it was signifi-
cantly greater in baseball players (0.15
+ 0.12 mm) compared to softball ath-
letes (0.10 = 0.10 mm). Collegiate ath-
letes also exhibited more PC thickness
(P <.001; 0.16 = 0.12 mm) and UCL
thickness (P = .024; 0.42 + 0.61 mm)
than youth athletes (PC thickness =
0.07 = 0.08 mm; UCL thickness = 0.16
+ 0.39 mm). An interaction effect for
IR occurred (P = .045) where collegiate
softball athletes (-9.9 + 6.4°) were 3°
more asymmetric than youth softball
players (-6.9 = 5.2°). Conversely, col-
legiate tennis athletes (-6.7 + 6.6°) were
4° more symmetric than their youth
counterparts (-10.3 + 3.8°). No main ef-
fects for age were present for HR, ER,
or IR. Conclusions: These data indicate
that bony and range of motion changes
in 11-14-year-old overhead athletes are
similar to those observed in a collegiate
population. However, soft tissue bilat-
eral asymmetries only appeared at the
collegiate level. Excessive tissue prolif-
eration in the dominant arms of baseball
players may indicate that baseball was
the most stressful sport on the shoulder
examined in this investigation. Tissue
characteristic variations across groups
indicate the need for sport and age spe-
cific prevention and rehabilitation pro-
grams, especially in youth athletes, that
address underlying anatomical differ-
ences associated with each population.

Relationship Between Range of
Motion, Strength, Upper Quarter
Y-Balance Test and a History of
Shoulder Injury Among NCAA
Division | Overhead Athletes

Kim Y, Wellsandt E, Lee JM, Rosen
AB: Utah State University, Logan,
UT, University of Nebraska Medical
Center, Omaha, NE; University of
Nebraska, Omaha, NE

Context: The shoulder is subjected to
high levels of force during dynamic
movement in overhead athletes making
it a common site for injury. Several risk
factors have been identified as contribu-
tors to the development of shoulder in-
juries, including glenohumeral internal
rotation deficit, rotator cuff weakness,
and shoulder instability. Previous inves-
tigations assessing the physical charac-
teristics among overhead athletes with
a history of a shoulder injury have been
inconclusive and require further inves-
tigation to identify lasting deficits that
may exist in this population. Objective:
To compare shoulder range of motion
(ROM), strength, and upper quarter
dynamic balance between collegiate
overhead athletes with and without a
history of a shoulder injury. Design:
Case-control. Setting: Athletic training
clinic. Patients or Other Participants:
58 overhead athletes were distributed
into a history of shoulder injury (n =
25, age: 20.0 £ 1.2 years, mass: 78.6 +
12.3 kg, upper limb length: 92.1 £ 5.5
cm) and healthy group (n = 33, age:
20.1 £ 1.1 years, mass: 79.0 £ 12.0
kg, upper limb length: 91.7 + 4.1 cm).
Participants were recruited if they were
fully participating in NCAA division |
baseball, softball, volleyball, or tennis
and free of any current signs or symp-
toms of shoulder injuries. Participants
in the history of shoulder injury group
had a previously resolved shoulder in-
jury that was diagnosed by an athletic
trainer or physician and required treat-
ment. Interventions: A reliable rater
(ICC’s = 0.81-0.97) measured active
ROM for internal rotation (IR), external
rotation (ER), and horizontal adduction
(HAD) of the dominant shoulder using a
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digital inclinometer. Isometric strength
for dominant shoulder IR and ER at
90° of abduction was standardized and
measured using a hand-held dynamom-
eter. The upper quarter dynamic balance
was assessed via the Upper Quarter
Y Balance Test (UQYBT). Main
Outcome Measures: One-way analy-
ses of variance (ANOVA, p < 0.05) and
Cohen’s d effect sizes were calculated to
compare differences in ROM, strength,
and UQYBT between the injury and
healthy groups. Results: The injury
group demonstrated a lower UQYBT
mean score in the superolateral direc-
tion (p = 0.033, d = 0.56). However,
there were no statistically significant
intergroup differences in shoulder IR
ROM (p = 0.541, d = 0.16), ER ROM
(p=0.921,d =0.03), HAD ROM (p =
0.946, d = 0.02), IR strength (p = 0.280,
d = 0.29), ER strength (p = 0.238, d =
0.32), ER/IR strength ratio (p = 0.377,
d = 0.24), medial direction of UQYBT
(p = 0.716, d = 0.10), and inferolater-
al direction of UQYBT (p = 0.493,d =
0.18). Conclusions: The results of this
study showed that while there were no
differences in ROM or strength, those
with a previous history of shoulder inju-
ry had poorer UQYBT in the superolat-
eral direction despite a lack of ongoing
symptoms or deficits in function. The
diagonal pattern of the superolateral di-
rection in UQYBT is related to overhead
motions, such as throwing, serving, and
spiking. Therefore, this study suggest-
ed that clinicians should examine the
diagonal pattern and provide overhead
athletes with proper upper quarter dy-
namic balance and stabilization training
to potentially prevent recurrence of the
shoulder injury.
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Posture and Cervical Mobility
are Associated With Shoulder
and Elbow Pain and Disability
in College Baseball Players
Devaney LL, Bodurtha R, Chin A,
Koudelka J, Mulligan R, Marrone
W, Francisco J: University of
Connecticut, Storrs, CT

Context: Upper extremity injuries in
baseball players have been on the rise
for three decades at all levels of play re-
sulting in significant disability. Cervico-
thoracic impairments have not been ex-
plored as risk factors for throwing-related
shoulder and elbow pain and disability.
Objective: To investigate the relation-
ship between spinal impairments (ky-
phosis and cervical mobility) and throw-
ing-related shoulder and elbow pain and
disability in college baseball pitchers.
Hypothesis: Increased kyphosis and de-
creased cervical mobility are associated
with reported pain and disability across a
season. Design: Prospective cohort study
Setting: Division I University Patients
or Other Participants: Thirty-eight cur-
rently healthy college baseball players
age 18-23 years old were enrolled during
preseason. Four players left the team and

one player was excluded due to incom-
plete data. Thirty-three players were in-
cluded in the final analysis with a mean
age of 20.09 + 1.18 years, height 71.95 +
1.92 inches, and weight 203.73 + 22.82
pounds. Interventions: Injury history,
hand dominance, and years experience
were recorded, and posture (Inclinometric
Kyphosis Measure- IKM) and cervical
mobility (Cervical Flexion Rotation Test-
CFRT) were measured during preseason
(Figure 1). Both the IKM (ICC = 0.98
(95% CI 0.94-0.99), SEM = 1.28°, MDC
= 3.55°) and CFRT (ICC = 0.95 (95% CI
0.90-0.98), SEM = 3°, MDC = 7°) have
excellent reliability. Main _Qutcome
Measures: Pain and disability were re-
ported at baseline and weekly during
the season using the Disabilities of the
Arm, Shoulder, and Hand Sports Module
(DASH-SM). Spearman’s rho and a lin-
ear regression model analyzed the re-
lationship between physical measures
and average DASH-SM scores. ROC
curves and risk ratios assessed the util-
ity of the physical measures as risk fac-
tors Results: Mean scores were 143.6° +
7.22 for IKM, 36.05° + 10.32 and 38.36°
+ 12.70 for dominant and non-dominant
CFRT, and 3.53+ .91 for the DASH-SM.

Twenty-seven percent of players report-
ed an average DASH-SM >5. Dominant
CFRT and Total CFRT (dominant plus
non-dominant) were negatively correlat-
ed with the average DASH-SM (r =-.447,
p =.010; r = -444, p = .011). The IKM
trended toward a significant inverse cor-
relation (r = -.303, p = .092) and was in-
cluded in the regression. Total CFRT and
IKM measures accounted for 19.9% (p
=.011) and 12.4% (p = .029) of the vari-
ance in DASH-SM score, respectively.
ROC curves identified optimal cut points
of 143.5° for the IKM (AUC .805 [95%
CI .656-.954] p = .010, Sn 1.00, Sp .64)
and 38.5° for dominant CFRT (AUC .753
[95% CI .532-.973], p = .034, Sn.88, Sp
.64), but lack of precision of the risk es-
timates limits conclusions regarding the
utility of these measures as risk factors
(CFRT RR = 15.53 [95% CI .80-555.32];
IKM RR = 7.44, [95% CI .78-117.93)).
Conclusions: Increased kyphosis and
decreased upper cervical mobility were
associated with shoulder and elbow pain
and disability in college baseball players
across a season. These measures should
be further explored as potential modifi-
able risk factors and targets for interven-
tion to reduce injury.

Incliromeiric Kyphosis Measure ([KLD) of dorsal kyphosis,

Cemndcal Flexion Rolation Tesl -:EFR.TII

of upper cervical rotation makbility
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The Effects of a Shoulder
Stretching and Strengthening
Intervention on Shoulder
Benchmarks in Collegiate
Softball Players

Kimura B, Montalvo AM: Wake
Forest University, Winston-Salem,
NC; Florida International University,
Miami, FL

Context: Overhead athletes must have
a balance between shoulder strength,
shoulder internal rotation (IR), and
shoulder external rotation (ER) to re-
duce risk of injury. In most cases, an
increase in shoulder strength can lead
to a decrease in shoulder IR by 20 ° or
more in the throwing arm compared
to the non-throwing arm. Existing re-
search has only examined the effects
of strengthening or flexibility programs
independently, but not both combined.
Objective: The objective of this study
was to investigate the effects of a shoul-
der strengthening and stretching pro-
gram on shoulder IR and ER range of
motion, throwing speed, and disability
in collegiate softball players. Design:
Prospective cohort study. Setting:
Softball field. Patients or Other
Participants: A team of eighteen Divi-
sion I softball players (age = 19.5 +
1.3 yrs, height = 65.3 + 2.6 in, weight
= 148.4 + 20.8 lbs) participated in the
research. Interventions: Participants
completed a four week arm care in-
tervention two to three days per week
before practice during the preseason.
The intervention consisted of two sets
of eight repetitions of five resistance
band exercises (shoulder horizontal
abduction, shoulder scaption-flexion,
shoulder extension, and shoulder IR
and ER in abduction) and three sets of
a 30 second shoulder IR stretch (sleep-
er stretch). Bilateral shoulder IR and
ER range of motion were measured by
cell phone inclinometer app, throwing
speed was measured by radar gun, and
shoulder disability was measured by the
Disability of Arm, Shoulder, and Hand
form. All outcomes were measured at
pretest and posttest. Main Qutcome
Measures: Bilateral shoulder IR and

ER range of motion, throwing speed,
and disability were the dependent vari-
ables. Paired t-tests were used to com-
pare athletes at pretest and posttest and
significance was established at p<0.05.
Results: The mean overall compliance
rate was 95.3% =+ 12.4. The maximum
compliance rate was 100% (n=14). The
minimum compliance rate was 50% (n
= 1). Dominant shoulder IR increased
significantly (54.7 £ 13.6° vs 60.7 +
12.3°, p = 0.011) and throwing speed
decreased significantly (53.4 + 4.4 mph
vs 51.8 = 4.3 mph, p = 0.005) from pre-
test to posttest. There were no chang-
es in non-dominant shoulder IR (67.6
+ 12.8° vs 74.9 + 15.1°, p = 0.052),
dominant shoulder ER (90.9 + 14.8° vs
86.9 £16.2°, p = 0.481), non-dominant
shoulder ER (83.9 + 12.7° vs 86.1 +
11.6°, p = 0.413), or shoulder disabili-
ty (9.1 £5.7vs 12.7 £ 10.4, p = 0.871)
from pretest to posttest. Conclusions:
The sleeper stretch increased shoul-
der IR without changing shoulder ER.
Four weeks’ time may have been in-
sufficient to increase strength in the
newly acquired shoulder range of mo-
tion, which may have resulted in a de-
crease in throwing speed. Disability did
not change following the intervention,
though disability may have been low at
the start of the preseason.
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Free Communications, Oral Presentations: Risk Factors for Ankle Injury
Wednesday, June 27, 2018, 9:30aAM-10:45AM, Room 206-207; Moderator: Matthew Hoch, PhD, ATC

Biomechanical and Clinical
Risk Factors for Recurrent
Ankle Sprains in Chronic Ankle
Instability: A 6-month Follow-up
Son SJ, Bruening DA, Feland JB,
Seeley MK, Hopkins JT: Cha
University, Seongnam, Korea;
Brigham Young University, Provo,
uT

Context: Patients with chronic ankle
instability (CAI) have demonstrated al-
tered movement patterns during landing
and cutting, which are common mecha-
nisms of ankle sprains. However, it is
difficult to examine a casual effect be-
tween altered movement patterns and
risk of ankle sprains in a retrospective
study. Objective: To compare landing/
cutting biomechanics and clinical mea-
sures in CAI patients with recurrent
sprains and without recurrent sprains at
a 6-month follow-up. Design: Cohort.
Setting: Laboratory. Patients or Other
Participants: 91 of 100 CAI patients
completed a 6-month follow-up sur-
vey after initial data collection. 13 CAI
patients (7 M, 6 F, 22 £ 2 yrs, 174 +
11 cm, 75 + 15 kg, 84 + 5% FAAM-
ADL, 65 + 12% FAAM-Sports) report-
ed recurrent sprains within 6 months,
and 78 CAI patients (39 M, 39 F, 22
+ 2 yrs, 174 £ 11 cm, 74 + 14 kg, 85
+ 6% FAAM-ADL, 69 + 10% FAAM-
Sports) did not have recurrent injury.
Interventions: Subjects performed 10
jumps consisting of a maximal verti-
cal forward jump-landing plus cutting
at 90 deg, while lower extremity joint
kinetic and kinematic data were collect-
ed. Functional linear models and t-test
were used to detect between-group dif-
ferences. If 95% confidence intervals
did not overlap zero, differences were
significant. Main Outcome Measures:
3D GRFs (body weight; BW), sagittal
lower extremity joint power (W/kg)
and stiffness (Nm/kg/deg) during land-
ing/cutting, and numerous descriptive
clinical measures. Results: Figure 1
shows that CAI patients with recurrent

sprains within 6 months demonstrated
increased vertical (0.2 BW) and medi-
al (0.03 BW) GREF, and increased ec-
centric ankle power (1.3 W/kg, greater
energy absorption) during initial land-
ing. CAI patients with recurrent sprains
demonstrated decreases in ankle (0.039
+ 0.012 vs. 0.043 + 0.012; p = 0.04,
Cohen’s d: 0.29) and hip joint stiff-
ness (0.08 £ 0.046 vs. 0.11 = 0.093; p
= 0.001, Cohen’s d: 0.35) during land-
ing compared to CAI patients with no
recurrent sprains, while no knee joint
stiffness differed between groups (0.043
+ 0.021 vs. 0.046 + 0.021; p = 0.24).
CAI patients with recurrent sprains had
a greater number of previous sprains
(5.8 £ 2) and “giving way” episodes
(5.6 + 3) than those who did not have
recurrent sprains (3.3 + 2 sprains, 2.5 +
3 “giving way” episodes; p < 0.05) at
a 6-month follow-up. No differences
were identified in clinical measures (p
> 0.05): dorsiflexion ROM (44 + 6 vs.
45 + 7 deg), star excursion balance test—
anterior direction (49 + 6 vs. 49 = 9%
of leg length), arch height index (0.37
+ 0.02 vs. 0.35 = 0.02), Biodex static
single-leg overall stability index (0.92
+ 0.2 vs. 0.78 + 0.02), figure 8 hop for
time (11.8 £ 3.7 vs. 11.6 £ 2.1 sec), tri-
ple cross-over hop for distance (4.9 +
1.5 vs. 4.9 + 1.1 m), physical activity
exposure (5.3 £ 3 vs. 6.1 £ 3 hours/
week), and BMI (25.1 £5 vs. 24.3 +4).
Conclusions: CAI patients who had re-
current injury within 6 months demon-
strated altered kinetic movement strat-
egies, an inability to modulate ground
impact during initial landing. Reduced
ankle joint stiffness along with great-
er impact (vertical GRF and eccentric
power) during initial landing may pre-
dispose this patient population to recur-
rent ankle sprains within 6 months.

The Risk of Ankle Sprains Based
on Arthrometer Measurements: A
Longitudinal Study

Perry M, Liu K, McConnell W,
Gustavsen G, Kaminski TW:
University of Evansville, Evansville,
IN; University of Delaware, Newark,
DE

Context: Ankle sprains are one of the
most common injuries found in in the
collegiate athletic setting. It is essen-
tial for athletic trainers to be knowl-
edgeable about the injury risk to bet-
ter incorporate treatment plans and
prevention programs. Objective: To
take baseline measurements of ankle
joint laxity and document ankle sprains
over the course of the athlete’s col-
legiate career. Design: Longitudinal
prospective study. Setting: Athletic
Training Laboratory. Patients or Other
Participants: 41 NCAA Division I
male football players athletes (age =
18.6 = 1.2 years, height = 186.4 = 7.3
cm, weight = 103.2 + 20.3 kg) were re-
cruited for this study. Interventions:
Ankle joint laxities in the anterior, in-
version, and eversion directions were
measured using an instrumented ankle
arthrometer (Blue Bay Research Inc.,
Milton, FL). Each athlete’s preseason
measurements were recorded and the
sports medicine staff documented each
ankle sprain that occurred thereafter.
Main Outcome Measures: The prima-
ry outcome of interest was incidence of
ankle sprain at the end of a collegiate ca-
reer, treated dichotomously. The prima-
ry independent variables were baseline
measurements of ankle laxities in the
three directions, divided into quartile
ranges. Logistic regressions were used
to estimate the odds of an ankle sprain,
controlling for BMI, based on quartile
ranges of laxity in three directions.
Average marginal effects were also cal-
culated to estimate the probability of an
ankle sprain for the quartiles of ankle
laxity. Results: 11 participants sus-
tained an ankle sprain over the course of

Journal of Athletic Training

Volume 53 « Number 6 (Supplement) June 2018 S-21

$S900E 98] BIA §1-90-GZ0Z 18 /woo Alojoeignd-pold-swiid-yewssiem-pd-awiid//:sdiy woll papeojumoc]



this study with 7 participants sustaining
unilateral sprains and 4 spraining both
ankles. Laxities in the anterior and ever-
sion directions were not associated with
injury risk. However, those in the sec-
ond quartile of laxity in the inversion
direction had increased odds of 14.96
(95% CI 1.27-175.24, P = 0.031) for an
ankle sprain in the same ankle with an
increased probability of 37% compared
to those in the first quartile. Further,
laxity in the inversion direction in the
third and fourth quartiles had increased
odds of 15.89 (95% CI 1.11-225.74,P =
0.041) and 21.62 (95% CI 1.06-438.39,
P =0.045) and 37% and 42% increased
probability, respectively, compared to
those in the first quartile for a contralat-
eral ankle injury. Those in the third and
fourth quartiles of laxity of inversion in
the ankle had increased odds of 24.63
(95% CI 1.66-365.32, P = 0.020) and
72.77 (95% C13.04-1741.21, P=0.008)
with 45% and 64% increased probabil-
ity, respectively, for all ankle sprains.
Conclusions: Not only does an increase
in laxity increase the odds of sustaining
an ankle sprain in the same ankle, it
also increases the odds of a contralat-
eral ankle sprain. Although longitudinal
injury risk studies are a large time com-
mitment, they can help to better identify
true risk factors. After ascertaining the
risk factors, interventions can then be
determined to decrease the overall inci-
dence of injuries.

Prediction Capability of the

Star Excursion Balance Test for
Recurrent Ankle Sprains in High
School and College Student
Athletes

Terada M, Kosik KB, McCann RS,
Gribble PA: Ritsumeikan University,
Kusatsu, Shiga-ken, Japan;
University of Kentucky, Lexington,
KY; Old Dominion University,
Norfolk, VA

Context: Mounting evidence on sport
injuries has shown a high recurrence
rate of lateral ankle sprain (LAS).
Decreased dynamic postural control has
been retrospectively identified in athlet-
ic patients with recurrent ankle sprain
(RAS), as well as considered as a po-
tential risk factor for RAS. Previously,
the SEBT has been utilized in predic-
tion of acute LAS by assessing athletes’
dynamic postural control performance,
but the ability of the SEBT to predict
RAS in high school and college stu-
dent athletes has not been investigat-
ed. Establishing models of prediction
for RAS using the SEBT could lead to
more efficient preventative strategies
to reduce RAS. Objective: Determine
the ability of the SEBT to predict RAS
in high school and college student ath-
letes. Design: Prospective cohort study.
Setting: Athletic training facilities.
Patients or Other Participants: Three
hundred five high school and collegiate
athletes (basketball, football, soccer,
and volleyball) with a previous history
of an acute LAS volunteered (F: 111,
M: 194; 18.46 + 2.95 yrs; 176.69 +
10.21 cm; 78.42 + 19.60 kg). All ath-
letes were cleared for full participation
at the time of the study. Interventions:
Prior to the beginning of the competi-
tive season, athletes with a history of
LAS bilaterally completed the SEBT
in the anterior (SEBT-A), posteriorme-
dial (SEBT-PM), and posteriorlateral
(SEBT-PL) directions. The Athletic
Trainer with each team recorded RAS
incidences over a competitive season.
Main Outcome Measures: Three tri-
als of each SEBT direction were aver-
aged and normalized as a percentage of

stance leg length (%). Additionally, the
mean of the three directions created a
composite score (SEBT-Comp). The
re-injured side of the RAS group was
used for group comparison. The mean
of both sides from the non-RAS players
were used. Independent t-tests were uti-
lized to compare SEBT scores between
groups. Receiver operator characteristic
curves were performed to examine pre-
diction capability of the SEBT scores
for RAS using the area under the curve
(AUC). Significance was set a priori at P
< 0.05. Results: One hundred twenty-two
participants with a history of LAS experi-
enced a RAS during a competitive season,
while 183 those with a history of LAS were
placed in the non-RAS group. Participants
with RAS had lower SEBT scores com-
pared to those without RAS (SEBT-A:
RAS = 65.26%, Non-RAS = 68.39%, P <
0.001, SEBT-PM: RAS = 81.17%, Non-
RAS =85.17%, P=0.001, SEBT-PL: RAS
= 72.43%, Non-RAS = 75.43%, P = 0.04,
SEBT-Comp: RAS = 72.91%, Non-RAS
= 76.73%, P < 0.001). Deficits in dynamic
postural control on the SEBT provided po-
tential predictive values for RAS (SEBT-A:
AUC=0.64,P<0.001, SEBT-PM: AUC =
0.61 P=0.002, SEBT-Comp: AUC = 0.62,
P < 0.001). Conclusions: High school
and collegiate student athletes that sus-
tained a RAS during a competitive sea-
son had lower SEBT scores before the
season began. Data from this current
study indicate that a specific measure of
dynamic postural control may provide
insight on identification of increased
risk of RAS. This may lead to preven-
tion strategies to reduce the likelihood
of sustaining a RAS during sports
participation.
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The Risk of Ankle Sprains
Based on Dynamic Stability
Measurements: A Longitudinal
Study

Liu K, Perry M, McConnell W,
Gustavsen G, Kaminski TW:
University of Evansuville,
Evansuville, IN; University of
Delaware, Newark, DE

Context: Although a seemingly innoc-
uous injury, ankle sprains are the most
common injury in collegiate athletics.
Deficits in dynamic stability have been
associated in those with a previous his-
tory of ankle sprains. However, it is not
known whether deficits in dynamic sta-
bility increase the risk of a sustaining an
ankle sprain. Objective: To take base-
line stabilization measurements and
follow athletes over the course of their
collegiate career for any subsequent
ankle sprain. Design: Longitudinal
prospective study. Setting: Athletic
Training Laboratory. Patients or Other
Participants: 79 NCAA Division I col-
legiate athletes (gender = 67 M, 12 F,
age = 18.8 = 1.6 years, height = 187.7 +
8.5 cm, weight = 97.3 + 19.3 kg) were
recruited for this study. Interventions:
Dynamic stability was quantified as a
time-to-stabilization (TTS) of the verti-
cal ground reaction force to fall within
5% of the participant’s body weight af-
ter landing from a jump from the medial
(M), lateral (L), forward (F), and back-
ward (B) jump-landing directions onto
a force platform. TTS measurements
were taken during preseason and any
ankle sprain documented by the sports
medicine team during their athletic
career was recorded. Main Qutcome
Measures: The primary outcome of
interest was incidence of ankle sprain
at the end of a collegiate career, treated
dichotomously. The primary indepen-
dent variables were baseline measure-
ments of TTS in the four directions,
divided into quartile ranges. Logistic
regressions were used to estimate the
odds of an ankle sprain, controlling for
BMI, based on quartile ranges of TTS.
Average marginal effects were also
calculated to estimate the probability

of ankle sprain for quartiles of TTS.
Results: Of the 158 total ankles, 23%
(N = 37) of them sustained at least a
single ankle sprain during the course of
their career. Means and standard devia-
tions of TTS for the non-injured ankles
were: 1.06 £ 0.63 s (M), 1.11 + 0.65
s (L), 1.20 £ 0.65 s (F), 1.03 + 0.56 s
(B). Means and standard deviations of
TTS for the injured ankles were: 1.36
+0.75s (M), 1.49 £ 0.88 s (L), 1.16 =
0.68 s (F), 1.27 £ 0.73 s (B). Dynamic
stability in the lateral, forward, or back-
ward jump-landing directions were not
associated with injury risk. However,
those in the second quartile of stability
measurements in the medial jump-land-
ing direction had increased odds of 4.8
(95% CI 1.51-15.23, P = 0.008) for an
ankle sprain with an increased proba-
bility of 28% compared to those in the
first quartile. Conclusions: With only
one quartile range of one jump-land-
ing direction presenting with a statis-
tically significant increased odds ratio,
it does not seem that dynamic stability
measurements reflect a potential risk
for an ankle sprain. Based on the lack
of increased odds ratios, it seems that
high-level collegiate athletes can gen-
erate compensatory mechanisms in dy-
namic stability.

Prediction of Chronic Ankle
Instability Following Return-to-
Play From a Lateral Ankle Sprain
McCann RS, Kosik KB, Terada M,
Gribble PA: Old Dominion
University, Norfolk, VA;

University of Kentucky, Lexington,
KY; Ritsumeikan University,
Kusatsu, Shiga-ken, Japan

Context: Patients with a lateral ankle
sprain (LAS) commonly return-to-play
(RTP) before structural alterations and
functional impairments have resolved.
However, patients with a LAS also
commonly develop chronic ankle in-
stability (CAI). Others have assessed
clinical outcomes in patients following
an acute LAS in order to predict CAI
development, but no previous study
has considered the predictive value of
clinical outcomes in athletic patients.
Additionally, no previous study has ex-
amined the predictive value of clinical
outcomes collected at RTP. Objective:
Determine the ability of clinical out-
comes assessed at RTP to predict CAI
in athletes 1 year following an acute
LAS. Design: Prospective cohort study.
Setting: High school and collegiate
athletic training facilities. Patients
or Other Participants: Twenty-three
high school and collegiate athletes with
an acute LAS (F: 8, M: 15; 17.7 £ 4.5
yrs; 179.5 + 12.6 cm; 87.0 = 28.4 kg).
Interventions: At the time of RTP,
each participant underwent an eval-
uation conducted by one member of
the research team. One year following
the acute LAS, each participant com-
pleted the Identification of Functional
Ankle Instability (IdFAI) questionnaire.
Participants with IdFAI scores >10 and
“giving way” episodes that occurred at
least monthly were considered to have
CAI, and those with scores >11 and “giv-
ing way” episodes that occurred yearly
or never were considered LAS copers.
Main Outcome Measures: Predictor
variables assessed during the RTP eval-
uation consisted of involved limb pain
(100mm visual analogue scale), limb-
to-limb differences in swelling (fig-
ure-of-eight girth measurement [cm]),
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limb-to-limb differences in dorsiflexion
ROM (weight-bearing lunge test [cm]),
ligamentous laxity (anterior drawer and
talar tilt tests [4-point scale]), limb-
to-limb differences in Star Excursion
Balance Test anterior reach scores nor-
malized as a percentage of leg length
(SEBT-ANT [% LL]), and involved
limb Foot and Ankle Ability Measure
activity of daily living (FAAM-ADL)
and sport (FAAM-S) scores. We com-
pared outcomes between groups with
independent t-tests. The predictive val-
ue of outcomes that differed between
groups was analyzed with area under
the receiver operating characteristic
curve (AUROC) and a diagnostic odds
ratio (DOR). Results: At the 1-year
follow-up, 18 participants presented as
having CAI and 5 presented as LAS co-
pers. Participants with CAI had signifi-
cantly greater limb-to-limb SEBT-ANT
deficits (-5.3 £4.9 %) compared to LAS
copers (-0.4 + 3.8 %) at RTP (P = 0.05),
as well as significantly lower FAAM-
ADL scores (86.4 £+ 8.8 %) compared
to LAS copers (92.1 £3.5 %) at RTP (P
=0.04). Limb-to-limb SEBT-ANT defi-
cits possessed predictive value for CAI
development 1 year following an acute
LAS (AUROC = 0.83, DOR = 5.0).
No other outcome differed between
groups or demonstrated predictive val-
ue for CAI development. Conclusions:
Participants with involved limb SEBT-
ANT normalized scores at least 1.5%
lower than the uninvolved limb at RTP
had 5 times greater odds of presenting
with CAI 1 year post-injury. Athletes
that resolve limb-to-limb SEBT-ANT
deficits before RTP may be less likely to
develop CAI within 1 year of sustaining
an acute LAS.
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Free Communications, Oral Presentations: Perceptions of Injury Prevention Programs
Wednesday, June 27, 2018, 11:00aM-12:00pm, Room 206-207; Moderator: Jessica Martinez, PhD,

ATC, CSCS

Health Belief Model Scale and
Theory of Planned Behavior
Scale to Assess Attitudes and
Perceptions Towards Injury
Prevention Programs: An
Exploratory Factor Analysis
Hartley EM, Cramer RJ, Hoch MC:
Old Dominion University, Norfolk,
VA, University of Kentucky,
Lexington, KY

Context: The Health Belief Model Scale
(HBMS) and Theory of Planned Behavior
Scale (TPBS) assess the attitudes and per-
ceptions of users towards exercise-related
injury prevention program (ERIPP) par-
ticipation. However, the psychometric
properties of these scales and their asso-
ciation with intention to participate (ITP)
in an ERIPP require further evaluation.
Objective: To examine the psychometric
properties of the HBMS and TPBS and
their association with ITP in an ERIPP
within physically active adults. Design:
Cross-sectional Setting: Paper survey at a
large public university. Patients or Other
Participants: Two hundred and eighty-
four (F = 150; Age = 21.17 £ 2.78 years;
Height = 172.37 + 18.98 c¢m; Mass =
75.00 + 14.99 kg) physically active adults
volunteered. Participants were recruited
from intercollegiate athletics, university
club sports, and the physically active gen-
eral campus population. Interventions:
Participants completed paper versions of
the HBMS and TPBS on one occasion.
The HBMS consisted of 39 items which
assessed perceptions of ERIPP participa-
tion using the six constructs of the Health
Belief Model. The TPBS consisted of 22
items which assessed the three constructs
of the Theory of Planned Behavior as well
as ITP in an ERIPP. Both scales measured
responses along a 7-point Likert scale
from strongly agree (3) to strongly dis-
agree (-3). Main Qutcome Measures:
Exploratory factor analysis evaluated the
loading factors of the HBMS and TPBS.
A factor loading cutoff score of 0.40 was
used to retain items. Internal consistency
of each subscale was determined using

Cronbach’s alpha. Total scores were cal-
culated for each subscale and used for
analyses. Linear regression determined
if the HBMS and TPBS subscales were
predictors of ITP in an ERIPP. Effect
size (ES) was calculated to determine
the strength of the association for signif-
icant variables using partial-eta squared.
Results: Nine factors were identified within
the HBMS (susceptibility, benefits, general
health cues, barriers, consequences, fear of
injury, community self-efficacy, individual
self-efficacy, and external health cues) that
explained 70.12% of the variance (Kaiser-
Meyer-Olkin Sampling Adequacy = 0.83,
Cronbach’s alpha = 0.80-0.95). Five factors
were identified within the TPBS (benefits,
barriers, social norms, social influence,
ITP) that explained 63.89% of the variance
(Kaiser-Meyer-Olkin Sampling Adequacy
= (.88, Cronbach’s alpha = 0.77-0.87).
The HBMS and TPBS subscales were
significantly related to ITP in an ERIPP
(R¥(16,265) = 0.56, p < 0.001). Benefits (B
= (.74, ES = .03, p = 0.003), social norms
(B=0.89, ES = .05, p =0.001), and social
influence (B = 1.15, ES = .10, p < 0.001)
from the TPBS were positively associated
with ITP. Benefits (B=0.51, ES=.02,p=
0.04), individual self-efficacy (B=0.73, ES
=.04, p=0.001), and general health cues (B
=046, ES=.02, p=0.03) from the HBMS
were positively associated with ITP while
barriers (B =-0.52, ES = .02, p =0.02) had
a negative association. Conclusions: The
HBMS and TPBS demonstrated strong
psychometric properties to assess the be-
havioral determinants of ERIPP participa-
tion within physically active adults. The
social influence, social norm, and individ-
ual self-efficacy subscales were the best
predictors of ITP followed by benefits,
general health cues, and barriers.

Gender Related Differences

in Behavioral Determinants

of Exercise Related Injury
Prevention Programs Are
Present

Moran AD, D’Onofrio AM, Hartley
EH, Hoch MC: Old Dominion
University, Norfolk, VA; University
of Kentucky, Lexington, KY

Context: Previous research has indicated
that females perceive a higher risk of inju-
1y, participate in more preventative health
behaviors, and have a higher rate of lower
extremity injury than males. Therefore,
there is potential that behavioral deter-
minants of exercise-related injury pre-
vention program (ERIPP) participation
differ between males and females. If dif-
ferences exist, implementation strategies
to improve participation in ERIPPs may
need to be customized for each gender.
Objective: To identify differences in
the behavioral determinants of ERIPP
participation between genders. Design:
Cross-sectional. Setting: Paper survey
at a large public university. Patients or
Other Participants: Physically active
college students including 174 females
(age=20.52+2.40 years, height = 165.60
+ 20.95 cm, mass = 67.27 + 13.68 kg)
and 177 males (age =21.08 + 2.93 years,
height = 179.17 £ 9.06 cm, mass = 80.80
+ 11.91 kg.) volunteered to participate in
this study. Interventions: Participants
completed paper versions of the Health
Belief Model Scale (HBMS) on one occa-
sion. The HBMS utilized the 6 constructs
of the Health Belief Model to assess be-
havioral determinants of ERIPP participa-
tion. The HBMS consisted of 9 subscales
(susceptibility, consequences, fear of inju-
ry, benefits, barriers, community self-ef-
ficacy, individual self-efficacy, general
health cues, external health cues) and 37
items. Response options ranged along a
7-point Likert scale from strongly agree
(3) to strongly disagree (-3). Acceptable
internal consistency of the subscales
within the HBMS has previously been
reported (0.80-0.95). Positive scores on
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all of the subscales except barriers were
associated with an increased likelihood of
participation in ERIPPs. The independent
variable was gender. Main Outcome
Measures: The dependent variables
were the subscales of the HBMS. Total
scores and associated medians and inter-
quartile ranges were calculated for each
HBMS subscale and used for analysis.
Mann-Whitney U tests and correspond-
ing non-parametric effect sizes (ES) were
used to compare scores on each subscale
between genders. Alpha was set at P <
0.05 for all analyses. Results: Females
perceived more consequences of injury
(Females = -3.00 (10.00), (Males = 0.00
(10.00), P =0.002, ES = -0.16), less ben-
efits to participating in ERIPPs (Females
= 8.00 (6.10), Males = 9.00 (7.00), P =
0.05, ES = -0.11), less barriers to par-
ticipating in ERIPPs (Females = -3.00
(8.00), Males = -1.00 (9.30), P < 0.001,
ES = -0.20), less individual self-effica-
cy (Females = 0.00 (6.00), Males = 1.00
(7.00), P=0.02, ES =-0.12), and less ex-
ternal health cues (Females = 0.00 (5.00),
Males = 1.00 (4.00), P=0.02, ES=-0.12)
when compared to males. There were no
other significant differences in behavior-
al determinants (susceptibility, fear of
injury, community self-efficacy, general
health cues) between genders (P > 0.05).
Conclusions: Females perceive more
consequences to injury and less barriers
to implementation of ERIPPs than males.
However, males perceive more benefits
to participating in ERIPPs, more indi-
vidual self-efficacy in participating, and
more external health cues to remind them
to participate in ERIPPs. Based on these
findings, it cannot be determined whether
males or females would be more likely to
participate in an ERIPP. However, the dif-
ferences in the attitudes and perceptions
towards ERIPPs suggest that intervention
strategies to improve ERIPP participation
may need to be gender specific.

Comparison of Behavioral
Determinants of ERIPP
Participation Between
Collegiate and Club Sport
Athletes

D’Onofrio AM, Moran AD, Hartley
EM, Hoch MC: Old Dominion
University, Norfolk, VA; University
of Kentucky, Lexington, KY

Context: Previous research has indicat-
ed that the behavioral determinants of
exercise-related injury prevention pro-
gram (ERIPP) participation may differ
between individuals who participate in
different levels of sport. Professional
athletes indicated the most important
behavioral determinants of ERIPP par-
ticipation were perceived susceptibility
and severity while high school athletes
perceived the benefits of the ERIPP to
be most important. It is unclear whether
differences in behavioral determinants
exist between collegiate varsity athletes
and club sport athletes. If differences
do exist, specialized implementation
strategies for those who participate in
different levels of sport may be need-
ed. Objective: To compare behavioral
determinants of ERIPP participation in
collegiate varsity and club sport ath-
letes. Design: Cross-sectional. Setting:
Paper survey at a large public univer-
sity. Patients or Other Participants:
Physically active individuals including
124 collegiate athletes (M/F: 51/72; age
= 19.81 + 1.50 years; height = 171.07
+ 1730 cm; mass = 71.90 £ 13.24
kg) and 122 club sport athletes (M/F:
68/53; age =20.11 + 1.80 years; height
=174.84 + 22.24 cm; mass = 75.03 +
115.35 kg) volunteered to participate.
Interventions: Participants complet-
ed a paper version of the Health Belief
Model Scale (HBMS) on one occasion.
The HBMS was designed to assess the
behavioral determinants of ERIPP par-
ticipation based on the six constructs of
the Health Belief Model. The HBMS
consisted of 9 subscales (susceptibili-
ty, consequences, fear of injury, bene-
fits, barriers, community self-efficacy,
individual self-efficacy, general health
cues, external health cues) and 37

items. Responses were measured along
a 7-point Likert scale ranging from
strongly agree (3) to strongly disagree
(-3). The internal consistency of the
HBMS subscales has been previous-
ly reported as acceptable (0.80-0.95).
Positive scores on all subscales except
barriers are interpreted as an increased
likelihood of ERIPP participation.
The independent variable was group
(varsity/club sport). Main Outcome
Measures: The dependent variables
were the subscales of the HBMS. Total
scores and associated medians and in-
terquartile ranges were calculated for
each subscale and used for analyses.
Mann-Whitney U tests and corre-
sponding non-parametric effect sizes
(ES) were calculated to examine group
differences. Alpha was set at p < 0.05
for all analyses. Results: Varsity ath-
letes (1.00 (7.75)) perceived more fear
of injury than club sport athletes (0.00
(6.50), p = 0.02, ES = -0.15). Varsity
athletes (-2.00 (9.00)) perceived less
barriers to implementing an ERIPP
than club sport athletes (-0.70 (7.25),
p = 0.01, ES = -0.16). Varsity athletes
(2.50 (5.00)) perceived more external
health cues than club sport athletes
(0.00 (4.00), p = 0.02, ES = -0.15).
No other significant differences were
detected between groups (p > 0.05).
Conclusions: Collegiate athletes re-
ported a higher fear of injury, perceived
less barriers to implementing an ERIPP,
and perceived more external health cues
to remind them to participate in ERIPPs
compared to club sport athletes. These
factors indicate collegiate varsity ath-
letes are more likely to participate
in an ERIPP than club sport athletes.
Additionally, these results indicate that
implementation strategies may need to
be customized for individuals who par-
ticipate in different levels of sport.
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A Pilot In-Depth Analysis

of Youth Sport Coaches’
Perceptions of Sport Culture,
Safety and Injury Prevention
Ingram BM, Kay MC, Vander

Vegt CB, Register-Mihalik JK: The
University of Alabama, Tuscaloosa,
AL; University of North Carolina at
Chapel Hill, Chapel Hill, NC

Context: Coaches are key stakeholders
in the youth sport community. As key
stakeholders, they are influential to the
“culture of sport” and how it pertains to
sport safety and injury. However, limit-
ed coach specific data exists to inform
safety interventions in youth sport.
There is a critical need to understand
the perceptions and norms that contrib-
ute to youth sport culture and coaches’
perceptions of this culture in order to
improve overall sports safety and injury
prevention. Objective: To develop an
understanding of youth sport coach-
es’ attitudes, perceptions and norms
regarding sport culture and injury.
Design: Qualitative focus group study;
Consensual Qualitative Research meth-
odology. Setting: Focus groups were
conducted at an educational institution.
Patients or Other Participants: Focus
groups were conducted with 26 youth
sports coaches (n = 24 male, age = 46
+ 12.1 yrs; yrs coached = 12.1 + 10.6)
representing ten different sports includ-
ing collision, contact, and non-contact
sports. Data saturation guided the total
number of participants selected for this
study. Data Collection and Analysis:
Five semi-structured focus groups were
conducted with approximately five coach-
es per group. Focus group recordings were
transcribed verbatim and independently
analyzed by three research team mem-
bers, utilizing a consensual qualitative re-
search tradition. Research team members
utilized an open coding method based on
the key concepts identified through the
language used by participants. After cat-
egorizing key concepts into groups, the
research team created a consensus code-
book, reanalyzed each focus group, and
came to a final agreement on findings. An
auditor controlled for any bias. Results:

Overall, participants highlighted three key
areas that encompass their perceptions of
sport culture, safety and injury prevention
including: 1) education and development,
2) organizational and community influ-
ence, and 3) sport safety. Education and
development referred to the coach’s role
in the overall health, physical, interper-
sonal, and intrapersonal development of
athletes. Participants also described the
influence of organizations, community,
media, and interpersonal relationships as
playing a role in the construction of sport
culture. In regard to safety, participants
attributed education efforts and special-
ization as both barriers and facilitators to
injury prevention. Conclusions: These
findings suggest that youth sport coaches
view themselves as an integral compo-
nent of sports culture, safety, and injury
prevention. As such, athletic trainers and
other sports medicine community mem-
bers should build relationships with youth
sport coaches to create a culture of safe-
ty for young athletes. Future research is
needed to determine how coach percep-
tions actually influence safety education
and injury prevention in youth athletes.
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Free Communications, Rapid Fire Oral Presentations: Concussion Management

and Recovery

Thursday, June 28, 2018, 7:00aM-8:00AM, Room 206-207; Moderator: Tamerah Hunt, PhD, AT,

FACSM

Concussion Management Among
NCAA Swim Programs

Valovich McLeod TC, Marshall AN,
McLeod IA, Robinson K, Mistry DJ,
Choe MC, Rodeo S: A.T. Still
University, Mesa, AZ; Dignity Health
Medical Group, Phoenix, AZ; USA
Swimming, Colorado Springs, CO;
Berkana Rehabilitation Institute,
Fort Collins, CO; UCLA Mattel
Children’s Hospital, Los Angeles
CA; Hospital for Special Surgery,
New York, NY

Context: The unique nature of swim-
ming makes the application of traditional
return-to-activity progressions following
concussion challenging. The presence of
specific concussion management proto-
cols used to return swimmers to the water
is important in optimizing patient care.
Objective: To describe athletic training
services and concussion management
protocols among NCAA swim programs
and compare between NCAA divisions.
Design: Cross-sectional. Setting: Self-
reported online survey. Patients or Other
Participants: 228 athletic trainers (ATs)
assigned to or with knowledge of their
institution’s swim program from a conve-
nience sample of 539 ATs (response rate
= 42.3%). Interventions: Participants
were solicited via email to complete a
concussion management survey. The
survey included 8 questions, 4 regarding
provision of athletic training services for
swimming and 4 related to concussion
management, baseline testing, and re-
turn-to-swim protocols. Main Qutcome
Measures: The independent variable
was NCAA division (D1, D2, D3) and
dependent variables were participants’ re-
sponses to the survey items. Descriptive
statistics described institutional and con-
cussion protocol demographics. Separate
Kruskal-Wallis tests assessed differences
between NCAA divisions on provision of
athletic training services, baseline testing
of swimmers, and specific return-to-swim
progressions. Differences were explored
further with Mann Whitney U tests (p <

.05). A one-way ANOVA compared the
number of concussions by division (p <
.05). Results: Of the respondents, 216 had
a varsity-level swim program, participating
in the D1 (46.8%,n=101), D2 (12.5%,n=
27) and D3 (40.7%, n = 88) levels. Athletic
training services were provided to 98.6%
(214/217) of programs. Provision of athletic
training services did not differ by division
(p = 1.0). Athletic training services were
provided by 1.6 £ 1.0 ATs (range 1-6) hav-
ing 5.5 + 4.2 years of experience with the
swimming program. Nearly 80% (164/207)
of programs administered baseline concus-
sion testing to swimmers, with differences
observed between divisions (p < .001).
Baseline testing was more likely to occur
in D1 compared to D2 (p =.03) or D3 (p
=<,001), with no differences between D2
and D3 (p=.231). No differences (p =.108)
in the number of concussions sustained by
swimmers in the past academic year was
noted between D1 (1.9 = 1.7), D2 (1.5 +
1.9), or D3 (1.4 + 1.5). Specific return-to-
swim protocols were reported by 55.6%
(115/207) of respondents with no differences
in the presence of a specific return-to-swim
protocol between divisions (p = .790). The
majority of respondents (98.3%, 113/115)
were satisfied with their return-to-swim
protocol. Athletic trainers were primarily
responsible (88.7%, 102/115) for oversee-
ing the return-to-swim progression and only
15.9% (33/207) indicated that confusion
existed regarding progressing a swimmer in
the water. Conclusions: While concussions
are reported less frequently in swimming
than other sports, appropriate medical care,
including a specific return-to-swim proto-
col, is warranted. Consideration needs to be
made regarding appropriate to transitions
from land-based activity progression to wa-
ter-based activity progression, including the
appropriate time to reintroduce swim-spe-
cific skills such as flip turns and diving from
the blocks.

The Effect of a Brief Aerobic
Training Program on Concussion-
Like Symptoms

in Healthy University Students
Teel EF, Register-Mihalik JK,
Appelbaum LG, Battaglini CL,
Carneiro KA, Guskiewicz KM,
Marshall SP, Mihalik JP: The Univer-
sity of North Carolina at Chapel Hill,
Chapel Hill, NC; McGill University
Health Centre, Montreal, Quebec;
Duke University, Durham, NC

Context: Previous research investigating
the effect of acute exercise on concus-
sion-like symptoms in healthy cohorts is
mixed. Aerobic training programs are an
increasingly popular concussion rehabili-
tation strategy. No studies have evaluated
how a training intervention, as opposed
to a single exercise bout, influences con-
cussion assessments in healthy cohorts.
As symptom resolution in injured popu-
lations often signals the start of return-to-
play protocols, understanding the effect
of aerobic training on symptom outcomes
in healthy populations is critical to in-
forming post-injury clinical decisions.
Objective: To determine if a brief aero-
bic training program scheduled to mimic
concussion recovery timelines influences
symptom outcomes in healthy partici-
pants. Design: Randomized controlled
trial. Setting: Laboratory. Patients or
Other Participants: Forty recreationally
active (30 + minutes exercise > 3 days/
week) individuals with no contraindi-
cations to exercise (males = 20; females
= 20; age = 20.8 + 2.1 years; height =
173.9 £ 10.2 cm; mass = 71.4 + 11.8 kg).
Interventions: Participants were equal-
ly randomized into acute concussion
therapy intervention (ACTIVE) training
or non-training groups. All participants
completed maximal cardiopulmonary
exercise tests on a stationary bicycle at
two test sessions approximately 14 days
apart. During this 2-week study period,
ACTIVE training participants complet-
ed six 30-minute cycling sessions, pro-
gressing from 60-80% of the participant’s
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individualized maximal oxygen consump-
tion. Non-training participants received
no intervention between test sessions.
Main Outcome Measures: The Graded
Symptom Checklist was administered
within 5 minutes before and after each
maximal exercise test. Separate 2 (group)
by 2 (session) ANOVAs were run for to-
tal symptom score pre-exercise (rested),
total symptom score post-exercise (ex-
erted), and symptom score change from
pre to post-exercise at each test session.
Results: A significant interaction effect
was found for rested total symptom score
(F ;= 441, P = 0.043). The ACTIVE
training participants had significantly re-
duced symptoms at the second test session
under rested conditions (Session 1 =5.1 £
5.8, Session 2 = 1.9 + 3.6), with chang-
es driven primarily by improvements in
cognitive (Session 1 = 2.0 & 2.6, Session
2 =0.7 £+ 1.6) and sleep-related (Session
1 =19 £ 24, Session 2 = 09 = 1.4)
symptoms. A significant interaction was
present for symptom score change pre
to post-exercise (F, ;= 4.24; P = 0.047),
with ACTIVE training participants show-
ing reduced symptom increases following
exercise at the second test session rela-
tive (ACTIVE: Session 1 A =3.0 + 4.5,
Session 2 A= 1.6 £4.2; Controls: Session
1A=23+£5.1,Session 2 A=1.4+£3.8).
No differences were observed for exert-
ed total symptom score. Conclusions: A
brief aerobic training program improves
concussion-like symptoms in healthy
cohorts in a rested state, and reduces
symptoms pre- to post-exercise. These
changes stem from improvements in
cognitive and sleep-related symptoms, in
partial agreement with previous literature.
While statistically significant, changes in
symptom scores were modest and within
previously reported reliable change index
values. Aerobic exercise can target the
physiological mechanisms underlying
concussive deficits; future studies should
continue to investigate the effect of aero-
bic exercise on symptom, cognitive, and
balance domains in concussed cohorts.

Return to Learn: Academic
Effects of Concussion in
High School and College
Student-Athletes

Holmes AA, Chen Z, Yahng L,
Kawata K: Indiana University,
Bloomington, IN

Context: Concussion management in
classroom settings is proven elusive,
where the “return-to-learn” guideline
is often driven by physicians’ opinions.
Students with concussions are often ex-
pected to “keep up” with their academic
responsibilities. Empirical evidence in
this area is urgent, to establish a con-
cussion management guideline in the
academic setting. Objective: To evalu-
ate post-concussion ability in regards to
academic tasks (math, reading, writing,
computer usage and concentration) and
their limit of tolerance. Additionally, to
examine the academic effects of concus-
sion on gender and age. Design: Cross-
sectional study. Setting: Online study.
Patients or Other Participants: One-
hundred thirty-four student-athletes, 67
males and 67 females, (mean age, male
18.24 + 1.08 and female 18.36 + 1.14
years old) gave consent on an IRB ap-
proved form. Interventions: The inde-
pendent variables were age (high school
vs. college) and gender. Dependent
variables are the level of difficulty with
various classwork-related activities
on a 5-point Likert scale (1-extremely
easy and 5-extremely difficult) and du-
ration of academic engagement before
their symptoms reappeared on a 7-point
Likert scale (less than 1 hour, 1-2
hours...more than 6 hours). A two-step
chain referral sampling method was uti-
lized for data collection. An email was
distributed to 3,000 certified athletic
trainers via the NATA Survey Service
Program. The email contained a survey
link for certified athletic trainers to for-
ward to qualifying student-athletes who
had sustained a sport-related concussion
within the past year. Kruskal-Wallis test
for mean differences and Spearman cor-
relation for relationships between age
and responses were used in this study.
Main Outcome Measures: The survey

includes questions that ask about level
of difficulty with math, reading, writ-
ing, computer usages and concentration,
and duration of academic engagement
before symptoms reappeared. Results:
There were significant gender effects
in reading and use of computer/projec-
tor screen, where females experienced
more difficulty in these tasks (female
vs. male: reading, 1.92 vs. 2.28, H(1) =
6.231, p = 0.0126; computer, 1.95 vs.
2.16, H(1) = 3.807, p = 0.05). Robust
differences were also observed between
high school and college student-ath-
letes that high school students (1.98)
reported significantly more difficulty
in math than college students (2.46,
H(1) =8.732, p = 0.003), while college
students experienced more difficulty in
reading and use of computer than high
school students (college vs. high school:
reading 1.94 vs. 2.26, H(1) =5.465,p =
0.019; computer 1.66 vs. 2.05, H(1) =
6.104, p = 0.014). There were statistical
significant relationships between age on
math (r,= 0.200, p = 0.037), computer
(r,= 0.205, p = 0.033), and reading (r,
= 0.259, p = 0.007). There was a sig-
nificant correlation between age and
duration of academic engagement (r,
= 0.246, p = 0.01), where symptoms
reappeared quicker with younger age.
Conclusions: The results illustrate the
students’ challenges in academic tasks
while recovering from concussion.
Age- and gender-dependent difficulties
in math, reading, and computer usage
indicate the urgent need of establishing
return to learn guideline that is specific
to education levels and gender.
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Understanding the Athletic
Trainer’s Role in the Return-To-
Learn Process at NCAA Division
Il and Division Il Institutions
Runyon LM, Welch Bacon CE, Neil
ER, Eberman LE: Neuromechan-
ics, Interventions, and Continuing
Education Research (NICER)
Laboratory, Indiana State
University, Terre Haute, IN;

A.T. Still University, Mesa, AZ

Context: Student-athletes who are re-
turning to the classroom post-concus-
sion should do so using a slow, gradual,
step-wise process to ensure that symp-
toms are not exacerbated by cognitive
activities related to coursework. Often
these student-athletes are patients under
the care of an institutions athletic train-
er. The NCAA has mandated that its
affiliated institutions develop and sub-
mit return-to-learn (RTL) policies and
procedures to ensure patients are sup-
ported as they return to the classroom.
Objective: To investigate RTL policy
development and implementation in
NCAA Division II and Division III in-
stitutions. Design: Phenomenological
qualitative inquiry. Setting: Individual
phone interviews. Patients or Other
Participants: Fifteen athletic train-
ers (ATs) participated in interviews (7
Males, 8 Females, n=15; age =40 + 11
y; clinical practice experience = 16 + 9
y; employment term = 9 + 9 y), repre-
senting NCAA Division I (n = 6) and
Division III (n =9). The majority of the
ATs were employees of private institu-
tions (n = 11, 73.3%). Data Collection
and Analysis: Interviews were tran-
scribed verbatim by an external tran-
scriptionist and checked for accuracy
by the primary investigator. Using a
systematic process, the two-member
data analysis team independently cod-
ed a portion of the transcripts and met
to discuss a consensus codebook. The
codebook was then applied to the re-
maining transcripts, confirmed, and then
externally reviewed for trustworthiness.
Results: Four major themes emerged:
(1) institutional autonomy, (2) patient
advocacy, (3) collaborative practices,

and (4) approach. Each institution ap-
peared to identify a different member of
the RTL team that triggered the process
to inform stakeholders: the AT, coordi-
nating medical director, and an office
related to academic accommodations.
Participants made it very clear that their
role in the RTL process, as well as the
return to play process, was to advocate
for the patient. They indicated that the
patient was a student first and foremost,
and that the accommodations for aca-
demics were as important than those for
returning to play. Collaborative practic-
es were described as a key component
for successful development and imple-
mentation of the RTL. These interac-
tions included interprofessional collab-
orations beyond healthcare providers,
such as working with faculty and aca-
demic support. Collaborative practices
also included working to bridge barriers
and to educate the faculty and stake-
holders about the importance and pur-
pose of RTL policies and procedures.
The participants approach was often
described as evidence driven and indi-
vidualized to patient needs. The partici-
pants thought their role was to facilitate
patient care and actively communicate
with all members of the RTL team and
the patient. Conclusions: To develop
and implement a successful RTL poli-
cy there must be strong communication
and interprofessional approach, beyond
the healthcare field. The members of
the healthcare team must establish a
working network with academic stake-
holders and other partners to develop
a policy that is appropriate given the
institutions’ available resources and pa-
tient needs.

Vestibular Rehabilitation for
Management of Sport-Related
Concussion

Booth MS, Powell JR, McKeon
PO, Medina McKeon JM: Ithaca
College, Ithaca, NY; Temple
University, Philadelphia, PA

Context: ‘Dizziness’ is often attributed
to longer return-to-play outcomes fol-
lowing concussion but is rarely directly
addressed during recovery. Objective:
Determine the effect of vestibular reha-
bilitation (VR) on dizziness and balance
in concussed athletes. Data Sources:
PubMed was searched using iterations
of “vestibul*”, “concussion”, and “re-
habilitation” through 9/17 and limited
to studies published after 2010. Study
Selection: Selection criteria required
included studies 1) included partici-
pants who sustained a concussion and
were experiencing unresolved vestibu-
lar symptoms or deficits; 2) were clini-
cal trials or case studies, 3) utilized VR
to treat concussion-related dizziness
or balance deficits. Data Extraction:
Two investigators extracted the follow-
ing data 1) dizziness, measured by the
Dizziness Handicap Inventory (DHI)
[25 items, 100 points is ‘worst symp-
toms’], and the Numeric Pain Rating
Scale for dizziness (NPRS-dizziness)
[11 items, 10 points is ‘worst symp-
toms’]; 2) balance, measured by the
Activities-specific Balance Confidence
scale (ABC) [100 points, 100 points
is ‘best confidence in balance]; and 3)
return-to-play (RTP). Means, standard
deviations, and sample sizes were ex-
tracted for continuous data. Frequencies
were extracted for dichotomous data,
presented for RTP (return, no return),
DHI (no dizziness, dizziness), NPRS-
dizziness (dizziness, no dizziness), and
ABC (perceived balance problems,
no perceived balance problems). For
continuous data, Hedge’s g effect siz-
es (ES) [95% Cls] were calculated to
determine the pre-to-post treatment
effects on individuals who underwent
VR. For dichotomous data, risk ratios
(RR) [95% ClIs], relative risk increase
(RRI), and numbers-needed-to-treat
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to benefit (NNTB) were calculated for
the effect of VR vs. Standard Care for
RTP, absence of dizziness, and balance
confidence. The PEDro scale was used
identify potential threats to wvalidity.
Data Synthesis: Three studies met se-
lection criteria. Study design varied (1
prospective, 2 retrospective) and in-
cluded a randomized, controlled trial
(VR vs Standard Care), a case series of
patients experiencing persistent symp-
toms after concussion, and a retrospec-
tive account patients who underwent
VR for post-concussion symptoms.
The effect of VR from pre-to-post test-
ing for the reduction of dizziness and
improved perception of balance was
strong (pooled ES = 3.3 [0.9,5.8], p <
.006). There was a substantial effect
for VR treatment on RTP (RR = 9.5
[4.0,22.7], RRI=8.5, NNTB =2 [2,3]);
the DHI (RR =2.9[1.2,7.1], RRI=1.9,
NNTB = 3 [2,13]); the NPRS-dizziness
(RR=3.1[0.2,47.2], RRI=2.1, NNTB
= 2 [2,3]); and the ABC (RR = 1.9
[0.8,4.4], RRI = 0.9, NNTB = [-10,2].
PEDro scores ranged 5-8. All studies
lacked blinding of therapists and out-
come assessors. Conclusions: Strong
evidence supported VR to attenuate
clinical symptoms of dizziness and bal-
ance deficits compared with rest alone.
Approximately 2-3 patients would need
to be treated with VR to completely dis-
sipate vestibular symptoms in one pa-
tient. Individuals treated with VR were
8.5 times more likely to return to partic-
ipation compared to those who rested.
ATs should identify concussion patients
who are experiencing persistent vestib-
ular symptoms through assessments of
dizziness and balance, and be prepared
to refer concussed athletes with ves-
tibular symptoms for appropriate reha-
bilitation. Ultimately, future research
may indicate a need for AT education to
eventually include training in vestibular
rehabilitation.

Vestibular Rehabilitation for
Dizziness and Imbalance
McGinnis IW, Cobb JL, Tierney
RT, Russ AC: Temple University,
Philadelphia, PA

Context: Dizziness and imbalance,
predictors of protracted recovery, are
reported by 23-81% of patients in
the initial days following concussion
and may not resolve spontancously.
Objective: To determine the effects
of vestibular rehabilitation on balance
and self-reported dizziness in patients
experiencing prolonged concussion
symptoms. Data Sources: PubMed
and SPORTDiscus were searched in
January and February of 2017 using the
Boolean phrase: vestib* AND rehab*
AND (concussion OR “mild traumatic
brain injury” OR mTBI OR traumatic
brain injury” or TBI) AND dizziness
AND balance. Study Selection: Titles
were reviewed for relevance, then ab-
stract, then full text. Articles were in-
cluded based on their ability to answer
the research question and matching
clinical outcome measures. Only stud-
ies from the previous ten years were
considered. Articles incorporating cer-
vical rehabilitation and aerobic exer-
cise were excluded. Data Extraction:
The Strobe Checklist for cohort studies
and the Centers for Evidence Based
Management critical appraisal of a case
study forms were used to address in-
ternal and external validity. Outcome
measures were representative of bal-
ance and self-reported dizziness. For
balance, the measures included were
the Balance Error Scoring System
(BESS) and the Sensory Organization
Test (SOT). For self-reported diz-
ziness, the measures included were
dizziness severity, Activities-specific
Balance Confidence Scale (ABC), and
Dizziness Handicap Inventory (DHI).
95% Confidence Intervals (CI) and
Cohen’s d were calculated where ap-
plicable. Data Synthesis: The search
returned 52 articles and 3 were selected
for inclusion. Two cohort studies had an
appraisal score of 20/22 and 18/22, one
case study scored 8/10. For each outcome

measure, substantial improvements were
observed. In one cohort study, dizziness
severity scores decreased from 21 (SD
=22;95% CI = 15.5, 26.5) to 12 (SD
=18; 95% CI =17.5, 16.5; ES = 0.448),
ABC increased from 64 (SD =27; 95%
CI=57.45,70.55) to 84 (SD = 17; 95%
CI = 79.88, 88.12; ES = 0.89), DHI
decreased from 49 (SD = 21; 95% CI
= 43.94, 54.06) to 30 (SD = 22; 95%
CI = 24.7, 35.3; ES = 0.88), and SOT
composite score increased from 48
(SD = 19; 95% CI = 39.9, 56.1) to 71
(SD = 13;95% CI = 65.46, 76.54; ES =
1.41). In a second cohort study, DHI de-
creased from 56.5 (SD = 12.26;95% CI
=44.24, 68.76) to 32 (SD =23.21; 95%
CI=8.97,55.21; ES = 1.32) and BESS
tests decreased from 31.5 (SD = 2.38;
95% CI =29.12, 33.88) to 16.5 (SD =
6.45; 95% CI=10.5, 22.95; ES = 3.09).
The cased study showed improvements
of 9.5, 18, and 24 in the ABC, DHI,
and SOT composite score respectively.
Conclusions: Preliminary research on
vestibular rehabilitation to treat symp-
toms of dizziness and imbalance shows
significant improvement in most, but
not all patients. Patients should be eval-
uated on a case-by-case basis and ves-
tibular rehabilitation should be consid-
ered as an option if appropriate. Future
research should determine appropriate
duration and intensity guidelines for
therapeutic exercises. In addition, con-
trol groups should be implemented so
that the therapeutic effect of time can
be taken into account.
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An Investigation of the Effects of
Concussion on Metabolism and
Caloric Intake

Daniell B, Walton SR, Malin SK,
Higgins MJ, Resch JE: University
of Virginia, Charlottesville, VA

Context: Severe traumatic brain injury
has been shown to change whole-body
resting energy expenditure (REE) in
animal and human models immediate-
ly after injury and throughout recovery.
Sports-related concussions (SRCs) have
also been shown to promote intracranial
metabolic changes in humans; however,
limited data exists examining the ef-
fect of acute SRC on REE. Objective:
Examine the impact of SRC on REE, ca-
loric intake (CI), and energy balance in
high school and collegiate student-ath-
letes. Design: Descriptive laboratory
study. Setting: Laboratory. Patients or
Other Participants: Participants con-
sisted of high school student-athletes (n
= 6; 3 females, 3 males) who were 16.0
+ 1.5y, 171.1 + 6.5 cm, and 62.7 + 6.1
kg as well as collegiate student-athletes
(n = 4; 2 females, 2 males) who were
19.5+ 1.0y, 180.0 + 5.7 cm and 76.8
+ 12.2 kg. Interventions: Indirect cal-
orimetry (VMax® Metabolic Cart) was

used to assess participants REE at <72hr
(T1), 7d (T2), and 14 d (T3) following
diagnosis of SRC by a certified athletic
trainer. Symptom burden for the pre-
vious 24hrs was assessed using the
Revised Head Injury Scale at each
time point. A dietary recall journal and
FitBit™ were used to estimate CI and
physical activity level (PA), respective-
ly, for 3 days following each assess-
ment. Main Outcome Measures: Data
from both high school and collegiate
participants were pooled as there was
not a significant difference between
these settings in our participants for
any of the outcomes. A repeated mea-
sures ANOVA was used to assess REE,
total energy expenditure (TEE; REE x
PA), CI, and energy balance (CI-TEE
difference) across time. Post-hoc analy-
ses were performed using paired z-tests.
Pearson correlations () were calculated
between each outcome and SRC-related
symptoms. Results: There were no dif-
ferences across time for REE (F[2,18] =
1.53, p = .24, 5*= .15) or TEE (£12,18]
=2.29, p = .13, #*= .20). Mean REE
values were 837.1 + 109.3 kcals at T1,
871.3 + 137.8 kcals at T2, and 924.4
+ 233.2 kcals at T3. Mean TEE was
1384.9 + 410.8 kcals at T1, 1586.7 +

480.7 kcals at T2, and 1544.6 + 526.7
kcals at T3. A significant main effect
was found for CI (F[2,18] =4.73, p =
.02, n?=35), with a significant decrease
at T3 compared to T2 (¢[9] = 2.456, p =
.04). Mean CI was 1977.4 + 690.9 kcals
at T1, 1,991.3 + 741.1 kcals at T2, and
1,605.9 + 514.8 kcals at T3. A signifi-
cant main effect was also observed for
CI-TEE difference (F[2,18] = 4.35, p
= .03, n*= .33) with participants hav-
ing a significantly smaller magnitude
of CI-TEE difference at T3 compared
to T1 (¢#[9] = 2.442, p = .04). Mean CI-
TEE difference values were 592.5 +
604 .2kcals at T1, 404.6 + 598.4 kcals
at T2, and 61.3 + 397.5 kcals at T3. No
significant correlations were observed
between symptom burden and any oth-
er outcome variable. Conclusions: Our
preliminary findings suggest that SRCs
do not impact REE or TEE in high
school and collegiate student-athletes.
However, CI initially increased fol-
lowing SRC and decreased throughout
recovery. Further research is necessary
to examine the effects of SRC on me-
tabolism and food intake to optimize
concussion recovery protocols.

Energy Expenditure and Energy Consumption Over Time
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Predictors of Sports-Related
Concussion Injury Perception
in Collegiate Student-Athletes
Competing in High-Risk Sports
Beidler E, McAllister-Deitrick J,
Wallace J, Anderson M:
Duquesne University, Pittsburgh,
PA; Coastal Carolina University,
Conway, SC; Youngstown State
University, Youngstown, OH;
Michigan State University, East
Lansing, Ml

Context: Sport-related concussion (SRC)
non-disclosure continues to be a barrier
for sports medicine clinicians. It may be
beneficial to gain a better understand-
ing of the SRC culture within collegiate
sports by considering how collegiate stu-
dent-athletes perceive SRCs and what
factors influence their perception. This
information could be used to construct
more informed education interventions
that address the specific needs of this pop-
ulation. Objective: To determine if sex,
SRC knowledge, and SRC history pre-
dict SRC injury perception in collegiate
student-athletes participating in SRC
high-risk sports. Design: Cross-sectional
survey study. Setting: Paper/pencil or
web-based survey. Patients or Other
Participants: A total of 998 collegiate
student-athletes [age mean (SD) = 19.68
(1.40) years] from 28 different sports com-
pleted the survey. After excluding for age,
current SRCs, SRCs in the past 3-months,
and incomplete responses there were 859
participants remaining. The SRC high-
risk participants (n = 595, 69.3%) were
then separated from the SRC low-risk
(n = 264, 30.7%) sports for analyses. Of
the 595 SRC high-risk sport participants
included in analyses, there were 374
(62.9%) male and 221 (37.1%) female
NCAA [D-1, n =216 (36.3%); D-II, n =
323 (54.3%); D-II1, n = 53 (8.9%); miss-
ing,n=3(.5%)] collegiate student-athletes.
Interventions: The study survey includ-
ed items on personal/sport demograph-
ics, SRC history, Concussion Perception
Questionnaire  (CPQ), and aSRC
Knowledge assessment. The 24-item
CPQ (Cronbach-o = 0.71) assessed 7-di-
mensions of SRC injury perception. The

SRC Knowledge assessment (Cronbach-a
= (.72) had 47-items that focused on signs
and symptoms, injured structures, and mis-
management complications. A total of 6
institutions participated and athletic trainers
liaised the connection between the research-
ers and their sports teams. Data collection
occurred in athletic training clinics or at
team practices/meetings. The 10-minute
survey was distributed in paper/pencil or
via an online Qualtrics survey on an iPAD.
Main Outcome Measures: The depen-
dent variables were the CPQ composite
outcomes of consequences (C), person-
al control (PC), treatment control (TC),
symptom timeline acute versus chron-
ic (STAC), symptom timeline cyclical
(STC), understanding (U), and emotion
(E). A series of linear regression models
were used to assess the predictive utility
of sex, SRC knowledge, and SRC history
on the composite scores for the CPQ. An
alpha level was set aprior at .05. Results:
The model was significant at predicting
the PC composite [mean (SD) = 3.68
(:56); R*=.14,F, | =33.78,P<.001], TC
composite [mean (SD) = 3.27 (.66); R*=
OLF,,,=329,P= .02], the U composite
[mean (SD) = 3.69 (.66); R*= .08, F,
= 17.59, P < .001], the STC composite
[mean (SD) = 3.43 (.56); R*= .06, F,
=13.01, P < .001], and the E composite
[mean (SD) = 3.27 (.77); R*= .02, F
=4.57, P <.001] scores. The model did
not significantly predict the C composite
[mean (SD) = 3.38 (.62); R*= .01, F,
= 2.46, P = .06], the STAC composite
[mean (SD)=2.97 (.61); R*<.001, F, , =
344, P = .79]. Conclusions: Given these
findings, it may be important to consider
athletes’ sex and knowledge about SRCs,
which may stem from a personal histo-
ry of SRCs, as this may influence their
perceptions towards this injury. Future
research should further explore SRC per-
ception and its relationship to injury dis-
closure behaviors.
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Free Communications, Oral Presentations: Patient Beliefs and Activity After

Anterior Cruciate Ligament Reconstruction

Thursday, June 28, 2018, 8:15AM-9:30aM, Room 206-207; Moderator: Jennifer Howard, PhD, LAT, AT

Evaluating the Contact Nature
of Acute ACL Injury Using a
Well-Defined Patient-Reported
Operational Definition

Peck KY, DiStefano LJ, Marshall
SW, Padua DA, Svoboda SJ,
Beutler Al, de la Motte SJ,
Cameron KL: Keller Army
Community Hospital, United
States Military Academy, West
Point, NY; University of Connecti-
cut, Storrs, CT; University of North
Carolina, Chapel Hill, NC;
Uniformed Services University of
the Health Sciences, Bethesda,
MD

Context: Anterior cruciate ligament
(ACL) injuries are devastating injuries
that increase the risk for post-traumatic
osteoarthritis. A first step in prevent-
ing these injuries includes accurate
identification of injury incidence, in-
cluding the contact nature of injuries.
Previous studies have not used precise
operational definitions for contact sta-
tus. Objective: Describe the contact
nature of acute traumatic ACL injury
events using a patient-reported opera-
tional definition. Design: Prospective
cohort.  Setting:  United  States
Service Academy. Patients or Other
Participants: 388 (124 women) cadets
of 15,856 (incidence proportion 2.45%)
enrolled in a prospective cohort study
sustained an acute ACL injury between
2004 and 2017. Interventions: To
identify potential risk factors for injury,
a questionnaire asked participants about
the circumstances of their injury includ-
ing sports activity, surface conditions,
footwear, competition level, and time of
injury relative to practice/game session
and competitive season. Participants
were also asked to describe the contact
nature of the injury event and catego-
rize the injury as either “contact (direct
contact to the knee),” “indirect contact/
knocked off balance (contact to body,
not knee),” or “non-contact (no con-
tact by any other person or object).”

Main Outcome Measures: Contact
nature of ACL injury as determined
by patient-reported operational defi-
nitions. Frequencies and proportions
were calculated for all variables and
Chi-square or Fisher’s exact test were
used to examine associations between
these variables. Results: Among men,
57% of injuries were non-contact, 23%
were indirect contact, and 19% were
direct contact. Among women, 64%
were non-contact, 23% were indirect
contact, and 14% were direct contact.
When combined, indirect contact and
non-contact injuries accounted for 81%
of all injuries among men and 86%
among women. Sixty-four percent of
injuries occurred during competitions.
The majority of injuries occurred in
the beginning of the season (32.5%),
followed by the end of the season
(21.3%), middle of the season (14.4%),
pre-season (13.7%), off-season (9.4%),
and post-season (8.7%). There were no
differences in injury proportions when
subjects reported injuries as occur-
ring during the beginning (30%), mid-
dle (38%), or end (32%) of a practice/
game session. Among tackling sports,
male rugby players were 3.75 (CL:
0.75,17.34) times more likely to sus-
tain a direct contact injury compared to
football players. Male and female rug-
by players were 5.22 (CI: 1.98,13.56)
times more likely to sustain a direct
contact injury compared to athletes in
other matched sports. Conclusions:
Using a precise operational definition
for the contact nature of acute ACL in-
jury suggests that less than 20% of ACL
injuries are due to direct contact mech-
anisms. Furthermore, the pattern of in-
juries observed is consistent with the
current literature reporting higher inju-
ry rates early in the season. Given the
relatively high number of direct contact
injuries in rugby, it would be prudent to
consider rule changes to minimize the
risk associated with this sport.
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A Comparison of Daily Activity
Levels Between College Females
With Ruptured Anterior Cruciate
Ligament History and Healthy
Matched Controls

Breymeier MM, Morrison KE,
Cattano NM: West Chester
University of Pennsylvania,

West Chester, PA

Context: Although some anterior
cruciate ligament injured individuals
successfully return to pre-injury lev-
els despite poor patient reported out-
comes, most do not and will likely
develop osteoarthritis within 10 years
of injury. With limited research avail-
able, it remains unknown if individ-
uals are maintaining healthy activity
levels in comparison to those without
ACL injury history. Objective: The
objective of this study was to compare
physical activity levels between ACL
injured females and matched healthy
controls. The secondary purpose was
to compare PROs between groups and
analyze the relationship between phys-
ical activity levels and PROs. Design:
Prospective Cohort Study Setting:
Division II University Patients or
Other Participants: Forty physically
active college females between the ages
18 to 25 participated. ACL participants
(n=20, age: 20.5+2.5y, body mass index
(BMI): 25.4545.95 kg/m2) had ACL re-
construction within 5 years of study par-
ticipation and were medically cleared

Table 2. Dependent Variables Between ACL and Control Groups

for physical activity. Healthy control
participants (n = 20, age: 20+2y, BMI:
23.85+£3.65kg/m?) were matched by
age, mass, height, and physical activity
level. Interventions: The independent
variable was group (ACL or Control).
Participants completed a health history
questionnaire, International Physical
Activity Questionnaire (IPAQ), and
Knee Osteoarthritis Outcome Score
(KOOS) at baseline. Their physical
activity (step count) and KOOS scores
were reported daily over 10 days. The
primary aims were analyzed using in-
dependent t-tests and Mann-Whitney U
tests while the secondary aims utilized
Pearson correlations. A priori statisti-
cal significance was defined as P<0.05.
Main Outcome Measures: Dependent
variables were PRO scores at base-
line, IPAQ scores, daily step counts
and daily PRO scores in the 5 KOOS
subscales. Covariates considered were
concomitant lower extremity injuries,
time since injury, treatment method,
medications or supplementation, re-
turn to play protocol, and reoccurrence
rate of injury. Results: Significant dif-
ferences existed between each KOOS
subscale scores between group for ev-
ery day excluding KOOS activities of
daily living, Day 4 (ACL:95.70+6.225;
CON:98.15+4.694; P=0.093) and Day 6
(ACL:95.55+6.716; CON:98.35+4.404;
P=0.084). Conclusions: These findings
indicate that ACL history individu-
als report poorer outcome scores on a

daily basis, yet complete similar daily
physical activity as healthy individu-
als. There was no relationship between
self-reported activity and objectively
measured activity. However, it is yet
to be determined whether ACL history
individuals will continue to uphold nor-
mal activity levels due to poor PROs.

ACL (n = 20) CONTROL (n =20)
Variable MEAN SD MEAN SD T P
Total Steps 90167.50 90167.50 83328.30  16323.285 1.012 0.319
Daily AVG 9016.75 2545.292 8332.83 1632.329 1.012 0.319
Steps
IPAQ Score 2859.60 2815.068 3038.55 3253.630 -0.186  0.853

* Indicates a between-groups difference (P <.05).
Abbreviations: ACL, Anterior Cruciate Ligament; SD, Standard Deviation; AVG, Average;
IPAQ, International Physical Activity Questionnaire
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Examination of Physical Activity
Levels and Fear-Avoidance
Beliefs in Participants Post-ACL
Reconstruction

Baez SE, Hoch MC, Hoch JM:
University of Kentucky, Lexington,
KY

Context: The impetus of ACL re-
construction (ACLR) is to facilitate
return to preinjury levels of function
and remain engaged in a physically
active lifestyle. It is recommended by
the Centers for Disease Control and
Prevention (CDC) that individuals take
10,000 steps/day to reduce the risk of
chronic disease development. However,
biopsychosocial impairments, such as
fear-avoidance beliefs (FAB), may im-
pede patients post-ACLR from engag-
ing in the necessary 10,000 steps per day.
Objective: To examine average daily step
counts in participants post-ACLR and to
compare differences in FAB in partici-
pants who reached the physical activity
requirement (ACLR-PA) compared to
those who did not (ACLR-NOT). Design:
Cross-sectional. Setting: Field Research.
Patients or Other Participants: Twenty-
four participants (17 females; age = 24.5
+ 4.4 years; height = 167.9 + 8.9 cms;
mass = 754 + 169 kg) who were at
least one year post-ACLR participated.
Participants were excluded if they had a
history of bilateral ACLR. Interventions:
Participants completed a demographic
survey, which assessed anthropometric
measurements and injury history, and the
Fear-Avoidance Beliefs Questionnaire
(FABQ). Participants were instructed to
wear a pedometer and to track daily step
counts for one-week. Main Qutcome
Measures: The FABQ is a patient-report-
ed outcome measure designed to assess
FAB through two subscales: FABQ-Sport
(FABQ-S) and FABQ-Physical Activity
(FABQ-PA). There is a total of 10 items
on the FABQ-S, and 5 items on the
FABQ-PA scored on a 7-point Likert
scale. Each subscale was scored sep-
arately (0-42, 0-24 respectively), and
higher scores indicated elevated levels
of FAB. Participants were instructed to
wear the pedometer on their hip at all

times except when sleeping, showering,
or swimming, and document their total
step count each evening. Average dai-
ly step counts and scores on the FABQ
subscales (mean + standard deviation)
were calculated. Independent t-tests ex-
amined differences between the ACLR-
PA and ACLR-NOT groups (p < 0.05),
Hedge’s g effect sizes (ES) examined
the magnitude of the difference be-
tween groups. Results: This sample of
participants post-ACLR averaged a to-
tal of 8,758 + 2151 steps per day during
the one-week observation period. The
recommended 10,000 steps per day was
not achieved by 70.8% of the partici-
pants (n = 17) who were included in the
ACLR-NOT (7607.9 + 1867.6) group;
the ACLR-PA group averaged 11557.6
+ 1221.3 steps per day. The ACLR-PA
group (29.9 £ 17.7) exhibited signifi-
cantly greater FABQ-S scores com-
pared to the ACLR-NOT group (22.0 +
12.1; p=10.03, ES =0.93) No significant
differences were observed between the
ACLR-PA (9.7 + 5.7) and ACLR-NOT
(10.4 £ 8.3, p=10.54, ES = 0.06) groups
for the FABQ-PA. Conclusions: Most
participants post-ACLR (70.8%) did not
average 10,000 steps/day. Additionally,
both groups reported elevated levels
of FAB. However, FAB may be great-
er in the ACLR-PA group (>10,000
steps/day) because of their exposure to
fear-eliciting stimuli, such as jumping
and cutting, while engaging in physical
activity. Future research should explore
interventions to treat biopsychosocial
impairments in both post-ACLR groups
as both groups demonstrated elevated
levels of FAB.

Fear-Avoidance Beliefs and
Health-Related Quality of Life
in Post-ACL Reconstruction
and Healthy Athletes

Hoch JM, Houston MN, Baez SE,
Hoch MC: University of Kentucky,
Lexington, KY; Keller Army
Community Hospital, West Point,
NY

Context: While many athletes who
sustain an ACL injury and undergo
reconstruction (ACLR) do not return
to pre-injury levels of performance,
others complete their structured re-
habilitation and return with lingering
physical or mental health impairments.
Examining health-related quality of life
(HRQL) and contextual factors such
as fear-avoidance beliefs across the
spectrum of non-injured athletes and
athletes with a history of ACLR may
provide further insight into targeted
therapies warranted for this population.
Objective: To examine differences
in fear-avoidance beliefs and gener-
al HRQL in collegiate athletes with a
history of ACLR not participating in
sport (ACLR-NPS), a history of ACLR
participating in sport (ACLR-PS), and
healthy controls with no history of inju-
ry participating in sport. Design: Cross-
sectional Setting: Survey. Patients or
Other Participants: Fifty collegiate
athletes (31 females; age = 19.5 £ 1.3
years; height = 172.4 + 11.6 cm; mass
= 71.5 + 13.6 kg) that indicated a his-
tory of ACLR and were participating
(n = 16) or not participating (n = 10)
in athletics, or had no history of inju-
ry and were participating in athletics
(control, n = 24) were included from
a cohort of 467 collegiate athletes.
Interventions: Participants complet-
ed a demographic survey that assessed
participation demographics, anthropo-
metric measurements, and injury histo-
ry information. Participants also com-
pleted the modified Disablement in the
Physically Active Scale (mDPA) and
Fear-Avoidance Beliefs Questionnaire
(FABQ). Main Outcome Measures:
The mDPA is a generic patient-report-
ed outcome (PRO) instrument used to
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assess general HRQL. The two sum-
mary components, mDPA-Physical
and mDPA-Mental were scored sep-
arately, and higher scores indicated
more disablement. The FABQ is a di-
mension-specific PRO used to assess
fear-avoidance beliefs with subscales
for Sport (FABQ-Sport) and Physical
Activity (FABQ-PA). Each scale was
scored separately, and higher scores
indicated greater fear-avoidance be-
liefs. A one-way ANOVA and LSD
post-hoc tests were performed to iden-
tify significant group differences (p <
0.05). Results: mDPA-Physical scores
were significantly different (p < 0.001).
ACLR-NPS (30.3 £ 8.4) had greater
levels of disablement than ACLR-PS
(7.4 £ 7.5, p <0.001) and controls (3.7
+ 6.4, p < 0.001). There was a signif-
icant difference in FABQ-Sport scores
(p < 0.001); ACLR-NPS (28 8 + 8.2)
reported greater fear-avoidance beliefs
than ACLR-PS (14.2 £ 9.4, p < 0.001)
and controls (6.2 = 8.4, p < 0.001).
FABQ-PA scores were also different
between groups (p < 0.001); ACLR-
NPS (18.9 + 4.4) had elevated levels
compared to ACLR-PS (10.1 £ 7.1, p
= 0.001) and controls (4.3 £ 5.4, p <
0.001). Interestingly, ACLR-PS scores
for FABQ-Sport (p = 0.006) and FABQ-
PA (p = 0.003) were elevated compared
to controls. No significant differences
were identified for the mDPA-Men-
tal scores. Conclusions: As expected,
ACLR-NPS had decreased HRQL and
elevated levels of fear-avoidance beliefs
compared to ACLR-PS and controls.
However, ACLR-PS had increased val-
ues in both FABQ subscales compared
to controls. These findings support the
need for additional cognitive-behavior-
al therapies to address fear-avoidance
beliefs in the returned to sport popula-
tion. Future research should investigate
effective therapies for these individ-
uals. Furthermore, effective interven-
tion strategies for patients after ACLR
who have not returned to sport are also
warranted.

Knee-Related Self-Efficacy Can
Be Predictive of Patient-Oriented
Outcomes Following ACL-R
Zaichenko D, Medina McKeon JM:
Ithaca College, Ithaca, NY

Context: Regardless of full knee re-
covery, many athletes never return to
their pre-injury level of ability or sport.
Following injury, injury-related self-ef-
ficacy may be an important indicator of
how well a patient will rehabilitate the
injured body part, however is rarely as-
sessed in clinical practice. Objective:
To quantify the effect of documented
self-efficacy on knee-related clinical
outcomes in ALC-R patients partici-
pating in physical rehabilitation. Data
Sources: PubMed was searched through
September 2017. Search terms includ-
ed iterations of “ACL”, “rehabilitation”,
“adhere”, “psychology”, and “postoper-
ative”. The search was limited to studies
published within the last 10 years. Study
Selection: Selection criteria required in-
vestigation of knee-related self-efficacy
as related to clinical outcomes after ACL
injury or surgery Data Extraction: The
factor assessed was knee-related self-effi-
cacy on “acceptability” of knee outcomes
(acceptable/not acceptable). Two separate
self-efficacy predictors were utilized; 1
for current self-efficacy of knee function,
1 for future knee performance. The spe-
cific outcomes were 1) patient-reported
outcomes (PROs), measured by the Knee
Injury and Osteoarthritis Outcome Score
and Lysholm Knee Scale; 2) strength,
as measured by single-limb knee exten-
sion, knee flexion, and leg press; and 3)
function, as measured by single-limb
hop for distance, single-limb counter-
movement jump, and 30s single-limb
side hop. Higher scores indicated better
self-efficacy, PROs, strength, or func-
tion. Means, standard deviations, and
sample sizes for selected outcomes
were extracted by two investigators.
Individual Hedge’s g effect sizes (ES)
[95%CIls] were calculated. Six summa-
ry models (3 for current self-efficacy
of knee function, 3 for self-efficacy of
future performance) evaluated the ef-
fect of self-efficacy on PROs, strength,

and functional tests. Data Svnthesis:
Three studies met selection criteria and
were analyzed. Study design varied: 2
studies were RCTs; 1 study was a non-
randomized clinical trial. For current
assessment of self-efficacy there was a
weak effect for those with ‘acceptable’
vs. ‘not acceptable’ outcomes, with
CIs that encompassed zero for all three
models; these were pooled together (ES
=0.3[0.1, 0.5], p=0.01). However, for
assessment using future knee-related
self-efficacy, there was a strong predic-
tive effect for ‘acceptable’ outcomes for
PROs (ES = 0.8 [0.4, 1.2], p < 0.001)
and functional tests (ES = 0.7 [0.0,
1.3], p = 0.06), but a weak effect for
strength (ES = 0.1 [-0.3,0.6], p = 0.50).
Included studies had PEDro scores of
4/10, 4/10, and 8/10. All 3 studies failed
to blind patients and treating therapists.
Two studies did not randomize partic-
ipants or conceal group allocation.
Conclusions: Projected knee-related
self-efficacy had a strong effect on
rehabilitation success as measured
by PROs and functional tests; how-
ever, has a weak effect on acceptable
strength measures. Perhaps self-effica-
cy is better at capturing PROs, such as
subjective and objective assessments
of function, but is less likely to accu-
rately predict disease-oriented, im-
pairment-based outcomes. Assessing
knee-related self-efficacy in patients
undergoing ACL-R may assist in the
chance of effective rehabilitation.
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Free Communications, Oral Presentations: Neuromotor Consequences of Concussion
Thursday, June 28, 2018, 9:45aM-11:15aM, Room 206-207; Moderator: Robert Lynall, PhD, ATC

Worsening Dual-Task Gait Costs
After Concussion and Their
Association With Subsequent
Sport-Related Injury

Howell DR, Buckley TA, Lynall RC,
Meehan [l WP: The Micheli Center
for Sports Injury Prevention, Waltham,
MA,; Sports Medicine Center,
Children’s Hospital Colorado, Aurora,
CO; University of Colorado School of
Medicine, Aurora, CO; Department of
Kinesiology and Applied Physiology,
University of Delaware, Newark, DE;
Interdisciplinary program in
Biomechanics and Movement
Science, University of Delaware,
Newark, DE; UGA Concussion
Research Laboratory, Department of
Kinesiology, University of Georgia,
Athens, GA, Division of Sports Med-
icine, Department of Orthopaedics,
Boston Children’s Hospital, Boston,
MA,; Departments of Orthopaedic
Surgery and Pediatrics, Harvard
Medical School, Boston, MA

Context: Prior studies suggest that sustain-
ing a concussion may lead to an increased
risk of a subsequent sport-related injury.
Mechanisms underlying this apparent asso-
ciation have yet to be determined, although
dual-task deficits have been suggested as
one contributing factor. Objective: To com-
pare symptom and dual-task gait outcomes
among athletes who sustained a concussion
and either did or did not sustain a time-loss
injury in the year after their concussion.
Design: Prospective cohort study. Setting:
Sports medicine clinic and athletic training
facility. Patients or Other Participants:
A sample of athletes (n = 41; 51% female,
mean age = 16.8 = 3.2 years) were seen
for care after a sport-related concussion,
evaluated at two post-injury time points,
and completed a questionnaire one year
post-concussion documenting any new
sport-related injuries since the concussion.
Interventions: Participants completed the
protocol within the first 21 days of concus-
sion (T1), and again once they had been
deemed clinically recovered (T2). The

protocol consisted of a symptom inventory
and instrumented dual-task gait evaluation,
where they walked and completed a cogni-
tive task (months backward, serial 7s back-
ward, or spelling words backwards) while
wearing an instrumented sensor system.
Approximately one year post-concussion,
they reported any acute sport-related injury
since returning to sports. Main Qutcome
Measures: Outcome measures includ-
ed symptom severity (Post-Concussion
Symptom Scale: PCSS) and average gait
speed dual-task cost. The dual-task cost
was calculated as the percentage change in
average gait speed between single-task and
dual-task conditions. Using repeated mea-
sures ANOVAs, we compared dual-task
costs and PCSS scores at T1 and T2 be-
tween those who sustained a time-loss acute
injury during the year following concussion
to those who did not. Results: Participants
were assessed initially after concussion (me-
dian=5 days post-injury; range = 1-20 days)
and again after they were deemed clinically
recovered (median = 39 days post-injury;
range = 12-196 days). The group who went
on to sustain an acute injury (n = 15; 38%)
demonstrated significant average walking
speed dual-task cost worsening across time
(T1=-17.9+£9.1% vs. T2 =-25.1 + 12.5%;
p = 0.005). In contrast, the group who did
not sustain an injury walked with similar
dual-task cost values at both time points (T1
=-258+8.9% vs. T2 =-25.1 £ 8.5%; p =
0.45). Symptoms improved for all partici-
pants (PCSST1 =24.8 £ 17.1 vs. T2=29
+7.6; p<0.001), but did not differ between
groups (p =0.78). Conclusions: Significant
dual-task gait cost worsening throughout
concussion recovery was associated with
sustaining a time-loss injury during sports in
the year after a concussion. These findings
indicate that worsening ability to success-
fully execute a concurrent gait and cognitive
task may relate to the risk of incurring an in-
jury during sports after clinical concussion
recovery.

Impact of Cognitive Tasks on
Gait Parameters in Collegiate
Athletes

Burns KN, Roos K, Talley P, Wu
WEF, Nakajima MA: Center for Sport
Training and Research, California
State University, Long Beach, CA

Context: Motor and cognitive tasks
are a complex but integral part of per-
forming activities of daily living. From
gross movements to more intricate sport
movement, communication between
the brain and the body is important in
making these motions occur. A single
task (ST) assessment is commonly used
when trying to determine deficiencies in
function, usually after sustaining an in-
jury like a concussion, on either motor
or cognitive task ability. However using
dual task (DT) tests, which combine
both motor and cognitive skills, are more
useful in identifying deficiencies that may
occur. Objective: The purpose of this
study was to determine the effect of dual
task tests on gait parameters in collegaite
student athletes. Design: Cross-sectional
Setting: Athletic Training Laboratory
Patients or Other Participants: Forty-
six participants (age: 19.57 (1.25) years;
height: 181.13 (7.72) cm; mass: 83.67
(18.00) kg) from a convenience popula-
tion participated in this study. No partic-
ipants dropped out or were excluded. An
individual was eligible to be included in
the study if they were a current collegiate
student-athlete and did not have: a low-
er extremity deficiency or injury which
may affect normal gait pattern; histo-
ry of cognitive deficiencies; history of
three or more previous concussions;
history of attention deficit hyperactiv-
ity disorder; and/or have a previously
documented concussion that occurred
within the past year. Interventions:
The participant was fitted with an accel-
erometer at L5. The participant stood
at one end of a marked 10-meter walk-
way that was clear of any distractions
or obstacles and was instructed to walk
at a self-selected pace to the end of the
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walkway for five trials. DT trials one
through three consisted of Serial 7s,
where the participant counted back-
wards from 100 by seven. Trials four
and five the participant was instructed
to spell common five letter words back-
wards. The participant was not explic-
itly told where to focus their attention.
Main Outcome Measures: Step count,
gait cycle, cadence, nominal speed,
peak medial lateral acceleration, peak
anterior aceleration, and postural sway
were measured. Results: Paired sam-
ples t-tests showed all gait parameters,
including step count (ST = 15.48 (1.38),
DT =17.47 (1.98); #(45) =-13.301, p <
.001), gait cycle (ST=8.72 (1.07, DT =
11.05 (1.65); 1(45) =-14.710, p < .001),
cadence (ST = 107.27 (7.02), DT =
95.85 (7.74); ((45) = 12.132, p < .001),
nominal speed (ST =1.17 (0.14), DT =
0.93 (0.13); #45) = 18.229, p < .001),
peak medial lateral acceleration (ST =
12.34 (3.49), DT =11.30 (2.12); «(45) =
2.948, p = .005), peak anterior accelera-
tion (ST=4.60 (0.52), DT=4.30(0.41);
#(45) = 7.005, p < .001), and postural
sway (#(45) = 5.355, p <.001) were sta-
tistically different between ST and DT.
Conclusions: During the single task
trials, participants walked faster, took
less steps, and had higher acceleration
and postural sway values than they did
during the dual task trials. Clinicans
can utilize normative reference values
of single and dual task gait parameters
to determine deficiences in either cogni-
tive or postural control function follow-
ing an injury.

Collegiate Athletes With Mild
Traumatic Brain Injury Demonstrate
Lingering Dynamic Balance
Decrements Compared to Controls
Moore MT, Carlson JM, Kangas KJ,
Susa TR, Schmidt ML: Northern
Michigan University, Marquette, Mi

Context: Dynamic balance is a com-
plex process involving visual, vestibu-
lar and neuromuscular control and can
reliably be measured by the Biodex
Balance System SD. Neuroimaging
studies have shown decreased brain
activity in the prefrontal cortex after
mTBI. Functional near infrared spec-
trometry (fNIRS) examines hemody-
namic activity in the prefrontal cortex
during testing. Little research has ex-
amined this low cost approach to test-
ing in mTBI compared to controls after
the individual has completed a gradu-
ated return to play protocol. Lingering
effects after the acute phase could
put the individual who is returning to
full contact sport at risk for re-injury.
Objective: The purpose of this research
is to examine the differences between
mTBI and matched controls dynam-
ic balance and hemodynamic activity
measured by fNIRS 14-42 days after
injury and full return to play. Design:
Case-Control Setting: Quiet laboratory
Patients or Other Participants: There
were 15 matched pairs for ex, sport
and age (age 18-29, N = 30). Athletic
trainers referred participants after com-
pleting a graduated return to play pro-
tocol and full return to sport (within
14-42 days). Interventions: Participants
completed dual limb support testing on
the Biodex Balance System SD while
monitored across the prefrontal cortex
via fNIRS. Limits of Stability (LOS)
testing at moderate skill level (75%) in-
volved center of gravity control within
their base of support. The clinical test
of sensory integration (mCTSIB) and
balance tested stability and sway index-
es within four conditions (eyes open/
closed on firm vs foam surface) for 30
second intervals. fN/RS recorded from
a 16-channel array over the prefrontal
cortex at wavelengths 690 and 830 nm

measuring oxygenated (HbO,), deox-
ygenated (HbR) and total hemoglobin
(HbT). Main Outcome Measures: One-
way mixed ANOVA determined relation-
ships between LOS and mCTSIB between
groups. Correlations with fNIRS deter-
mined the relationship between HbO,
and HbR oxygenation in the prefrontal
cortex and task by group. Results: A
one way ANOVA revealed significant
differences [F(1,28) = 5.486 p = .027]
between mtbi (M = 2.612 + .682), and
controls (M = 2.126 + .426) in dynam-
ic sway balance on a foam surface with
the eyes closed. Correlations between
balance performance and fNIRS were
significant for mTBI patients. They
were strongly correlated with Channel
8 (HbO, r = .76, HbR r = .80, HbT r
= .84) and Channel 9 (HbO, r = .86,
HbR r = .76, HbT r = .88) and moder-
ately correlated with Channel 7 (HbT
r=.67),10 (HbT r = .71), 11(HbT r =
.6) and 12 (HbT r = .57). LOS revealed
no significant differences between
groups (p = .03 -.91). Conclusions:
These differences appear to be linked
to prefrontal cortex fNIRS oxygenated
and deoxygenated hemoglobin levels
during dynamic balance. Lingering ef-
fects of mTBI cause individuals to ex-
hibit difficulty with center of gravity
shifts during dynamic balance settings.
This study suggests possible persistent
deficits in proprioception and vestibular
deficiencies after mTBI.
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Relationship Between Post-
Concussion Step Counts and
Time to Asymptomatic: A Pilot
Study in College Students
Feltner CO, Hoffman NL, Schmidt
MD, O’Connor PJ, Lynall RC,
Schmidt JD: University of Georgia,
Athens, GA

Context: Consensus guidelines recom-
mend refraining from strenuous mental
and physical activities following con-
cussion until asymptomatic. Recent
evidence suggests that 48 hours after
concussion, individuals may gradually
implement physical activity throughout
recovery. However, it is currently un-
known if the amount of physical activi-
ty immediately following the acute pe-
riod post-concussion is associated with
the time it takes to become asymptom-
atic. Objective: To determine the rela-
tionship between the amount of physi-
cal activity during days 3-5 post-injury
and the number of days to asymptom-
atic in concussed college students.
Design: Prospective cohort. Setting:
Clinical Research Laboratory. Patients
or_Other Participants: Twenty-three
college students were diagnosed with
a concussion by a physician within 72
hours of injury. Participants self-report-
ed no learning disabilities, psychiatric
disorders, migraine disorders, or histo-
ry of 3+ concussions. Individuals with
incomplete data (n = 2), prolonged re-
covery of 30+ days (n = 3), or did not
meet valid wear time of 10 hours per
day (n = 3) were excluded. The final
sample of participants (n = 15; 8 males,
7 females, age = 21 + 2 years, height =
173 + 11 cm, mass = 74.2 + 12.1 kg) in-
cluded a mixture of student-athletes (n
= 8) and general university students (n
= 7). All concussed individuals were in-
structed to avoid physical activities that
increased symptoms. Interventions:
Participants were instrumented with a
wrist-worn Actigraph GT9X Link ac-
celerometer within 3 days of concus-
sion and were instructed to wear the
device continuously until their next fol-
low-up visit when they became asymp-
tomatic (based on number of symptoms

and severity, neurocognitive function,
and balance performance). Participants
were not provided real-time measures
of physical activity from the acceler-
ometer to avoid motivation to be more
active. Main OQutcome Measures: We
analyzed the average step count (num-
ber of steps) across days 3-5, as well
as each day individually. A Spearman’s
Rho correlation was conducted to exam-
ine the relationship between days to as-
ymptomatic and average step count (o =
0.05). Results: No significant relation-
ships existed for days to asymptomatic
(13.8 + 6.9 days) and the step count av-
eraged across days 3-5 (11,954 +£2,924
steps, .= -0.31, p = 0.255). However,
a moderate negative relationship exist-
ed on day 3 post-injury between step
count and days to asymptomatic, where
individuals with a greater step count
(9,970 £ 2,729 steps, .= -0.68, p =
0.005) became asymptomatic quicker.
No significant relationships existed for
days 4 and 5 post-injury. Conclusions:
Participants who were more active 3
days following concussion became as-
ymptomatic quicker. Moderate physical
activity, such as walking to class, early
after concussion might benefit clinical
recovery time. However, the optimal
time frame for resuming physical ac-
tivity needs further exploration. Future
studies using accelerometer-assessed
physical activity hold promise for gen-
erating a better understanding of rela-
tionships between physical activity and
concussion recovery.
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Lingering Gait Speed Deficits
Following Concussion Symptom
Resolution: A Meta-Analysis
Wood T, Hsieh K, Ballard R, An R,
Sosnoff J: University of lllinois at
Urbana-Champaign, Urbana, IL

Context: Numerous research studies
have suggested that gait speed may
remain impaired months and years
following concussion symptom reso-
lution. However, no study has quanti-
tatively synthesized the existing data
on altered gait speed following a con-
cussion via meta-analysis. Objective:
The objective of this study is to utilize
a meta-analysis to quantitatively syn-
thesize the pooled effect of the existing
evidence of lingering gait speed deficits
following a concussion. Data Sources:
PubMed, CINAHL, and SPORTDiscus
were searched using the terms: concus-
sion, mild traumatic brain injury, sport
concussion, walk, gait, mobility, lo-
comotion, motor control, and postural

balance. Study Selection: Studies had
to include adult participants who sus-
tained at least one concussion and were
more than 14 days after injury, report
single task or dual task gait speed, were
peer-reviewed publications, and writ-
ten in English. Data Extraction: Two
investigators independently conducted
abstract screening and jointly deter-
mined the list of articles for full-text
review. Gait speed was extracted from
six investigations, which included a
total of 235 participants. Study quality
assessment was adapted from Littell et
al (2008) and conducted independently
by the same two investigators; study
quality was not used for study selection.
Studies scored an average of 15.8 out
of 20 (range 15-17) on the study quality
assessment. Data Synthesis: All sta-
tistical analyses were conducted using
the Stata 14.2 SE version (StataCorp,
College Station, TX). All analyses used
two-sided tests, and p-values less than
0.05 were considered statistically sig-
nificant. A meta-analysis was performed

to estimate the pooled effect size for
single task gait speed and dual task gait
speed. During single task gait speed
trials, concussed participants walked
0.053 m/s slower than healthy controls
(p=0.004; 95% confidence interval
-0.09 to -0.02; 1>=39.3%). Subtraction
dual task gait speed trials found a 0.043
m/s decrease in concussed participants
compared to healthy controls. (p=0.017;
95% confidence interval -0.08 to -0.01;
1’=0.0%). Conclusions: The present
study indicates that concussed indi-
viduals may experience gait speed de-
clines for months or years after injury.
However, the clinical implications of
the changes in gait speed are unclear.
More research is needed to understand
how gait may be applied to concussion
assessment and management in an ath-
letic training setting. Adding a simple
gait speed assessment into an athletic
trainer’s concussion assessment toolkit
may potentially provide better concus-
sion assessment and management.
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Figure 1: Forest plot of meta-analysis of single task and dual task gait speed.
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Free Communications, Oral Presentations: Just Breathe: Mind and Body in Athletic

Training Settings

Thursday, June 28, 2018, 5:15pM-6:45pM, Room 206-207; Moderator: Susan Falsone, MS, PT, ATC

Investigation of the Effects

of iRest Yoga Nidra on Pain
Management in Rehabilitation
of Sports Injury

Callahan MJ: Texas State
University, San Marcos, TX

Context: Psychological reaction to in-
jury is often overlooked by clinicians. A
negative psychological reaction to injury
has been shown in research to manifest
as reduced performance, increased disuse
and disability as a result, and withdrawal
from valued activities. Previous research
has found positive results using mind-
fulness-based interventions with injured
athlete populations. The current study
uniquely focuses on implementing an
iRest yoga nidra practice among injured
collegiate athletes. Objective: To inves-
tigate the effects of iRest yoga nidra on
adherence to rehabilitation, fear-avoid-
ance behaviors, and pain acceptance
in injured collegiate athletes limited
by chronic pain. Design: Case-series.
Setting: NCAA Division-I University.
Patients or Other Participants: Four
female NCAA Division-I collegiate ath-
letes (ages 19-21) from individual and
team sports, and the board certified ath-
letic trainers who supervised the rehabili-
tation of the athletes were included in the
case-series. Inclusion criteria: a minimum
of 2-weeks in a rehabilitation program,
reporting persistent pain associated with
the current injury, and attaining a mini-
mum score of 25 or greater on the Athlete
Fear Avoidance Questionnaire (AFAQ).
Athletic participation restrictions varied
at baseline with time lost from practice/
competition ranging from 0-97 days.
Each participant reported a baseline level
of disability, scores ranging from 40-61
on the Disability of the Physically Active
scale (DPA). Interventions: iRest mp3
“Resting in Stillness” by Dr. Richard
Miller was used as a non-invasive mind-
fulness meditation intervention requiring
use 2x/week for 4-weeks. Participants lis-
tened to the mp3 in a quiet environment
where they could not be disturbed for

approximately 20-minutes prior to partic-
ipating in rehabilitation. Main Qutcome
Measures: Sports Injury Rehabilitation
Adherence Scale (SIRAS), Chronic Pain
Acceptance Questionnaire (CPAQ-8) and
AFAQ measured at baseline, 4-weeks,
and 1-week follow-up. An activity log
tracked each participant’s completed min-
utes/session each week and documented
participant experiences or feelings fol-
lowing each session. Descriptive statis-
tics and time series figures were used to
analyze trends in participant outcome
measure responses. Qualitative analysis
extracted basic themes present in par-
ticipant activity log responses. Results:
SIRAS mean scores suggests rehabil-
itation adherence was not influenced
by the intervention from baseline (x =
13.63 + 1.601) to follow-up (x = 13.13
+ 1.931). AFAQ mean scores suggest a
positive trend exists from baseline (x =
32.00+4.967) to follow-up (x =21.00+
7.257) between the intervention and low-
er fear-avoidance behavior in collegiate
athletes. CPAQ-8 mean scores show an
inconsistent trend among participants for
levels of pain acceptance from baseline
(x = 30.00 £ 8.246) to follow-up (x =
32.25 4+ 10.532). Qualitative analysis re-
vealed themes of relaxation, stress reduc-
tion, mood improvement, contentment,
impatience, and restlessness; a sense of
control over painful experiences from re-
spective injuries was reported among par-
ticipants. Conclusions: Use of iRest yoga
nidra shows promising trends toward im-
provement of fear-avoidance behavior in
collegiate athletes who report persistent
pain with athletic injuries. Considering
that iRest yoga nidra is a novel inter-
vention, it is recommended that future
research focus on utilizing experimental
designs to provide more evidence in the
sports medicine setting among injured
athletes.

The Effectiveness of a
4-Week Yoga Intervention on
the Activation and Timing of
Core Musculature, Pain and
Functional Disability
Sagadore T, Selkow NM,
Begalle RL: Illinois State
University, Normal, IL; Daemen
College, Amherst, NY

Context: Low back pain (LBP) poses
a significant long-term health problem
and requires the exploration of comple-
mentary alternative medicines, such as
yoga. LBP patients often present with
a delay in the onset of contraction of
core musculature, which is necessary
to stabilize the spine in dynamic move-
ments. Objective: The aim of this study
was to determine the effectiveness of a
4-week yoga intervention on the timing
and activation of the transversus ab-
dominis (TrA) and lumbar multifidus
(LM) muscles. Secondarily, determine
the effectiveness of a 4-week yoga in-
tervention on the visual analogue pain
scale (VAS) and functional disability
levels as measured by the Oswestry
Disability Index (ODI) among LBP
participants. Design: Controlled labo-
ratory study. Setting: Clinical laborato-
ry and yoga studio. Patients or Other
Participants: Healthy participants (n =
10; M =3, F=7; age = 22 + 4.24 years;
height=170.4 £ 17.9 cm; mass = 66.9 +
23.1 kg) and those with LBP (n=14; M
=06, F=8; age=23.5+7.8 years; height
=173.1 £23.4 cm; mass = 93.1 + 30.8
kg) participated in the study. Inclusion
criteria for the LBP group included: >3
episodes of LBP in the past year that
resulted in limited ADLs or >5 times
in their lifetime, have an ODI score
between 2-40%, have back pain for
<6 weeks during an episode, and have
a pain intensity of >1/10 at the time of
testing. Healthy participants could not
have had any injury to the body in the
past 6 weeks, including no history of
LBP. Interventions: All participants
underwent a 30-minute bi-weekly
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4-week hatha yoga intervention for
LBP taught by a certified yoga teacher.
The sessions incorporated 10 minutes
of breathing, meditation, and relax-
ation and 20 minutes of yoga pose ex-
ercise. Verbal feedback was provided to
achieve proper form and modifications
were implemented if needed. Statistical
analyses of the results were performed
using 2x2 analysis of variance for group
comparison of the outcomes measures,
and t-tests were used for intra-group
comparison of the LBP participants.
Main OQutcome Measures: ODI, VAS,
and TrA and LM muscle activation and
timing were measured before and after
the 4-week intervention. Results: There
were no significant differences between
groups for muscle timing or thickness
after 4 weeks of yoga for either TrA (p
> .101) or LM (p > .437). VAS scores
were not significantly different between
pre and post-intervention for the LBP
group (p =.239), but there was a strong
effect size (0.87 (0.11-1.63)) indicating
yoga may help with pain reduction. The
ODI scores for the LBP group were sta-
tistically significant (p = .049) but had
a weak effect size and confidence in-
terval that crossed 0 (0.2 (-0.55-0.94)).
Conclusions: Participants with LBP
may experience pain relief following
4-weeks of yoga. However, changes
to functional disability and core func-
tion were not observed during this
timeframe.

A Comparison of Stress Levels
and Coping Skills of Collegiate
Freshmen Athletes and
Non-Athletes

Jochum JE, Vetroczky N,
Kuchenberg M, Dybwad L:
University of Indianapolis,
Indianapolis, IN

Context: Despite knowing the factors
that increase stress levels in collegiate
freshmen, there is limited research that
compares the stress levels and coping
mechanisms between collegiate, fresh-
men athletes and freshmen non-athletes.
Objective: Investigate differences in
perceived stress levels and coping mech-
anisms in collegiate freshmen athletes
and non-athletes. Design: Cross-sectional
study Setting: National Collegiate Athletic
Association Division II  University.
Patients or Other Participants: A con-
venience sample of 147 (athlete = 68,
non-athlete = 69) (female = 86, male =
49) freshmen non- athletes and in-season
spring sport athletes completed the on-
line questionnaire. Interventions: Along
with collecting demographic information,
the online questionnaire consisted of two
valid and reliable instruments: Perceived
Stress Scale (PSS-10) and Brief COPE.
The 10-item PSS-10 was used to measure
the degree to which an individual apprais-
es his/her situation as stressful. The 28-
item Brief COPE measured the frequency
of positive, neutral and negative coping
mechanisms on fourteen different scales.
Main Qutcome Measures: An indepen-
dent t-test was conducted to compare
mean scores of the PSS-10, and Mann-
Whitney U tests were used to compare
Brief COPE scales. A Spearman’s rho
correlation was used to determine rela-
tionships between perceived stress lev-
els and coping mechanisms. Alpha level
was set a priori at P < .05; the strength
of the correlation coefficient was set at
R < .30. Results: Analysis revealed no
statistical difference between athletes and
non-athletes on perceived stress or coping
mechanisms. All participants rated a high
level of perceived stress on the PSS-10,
(females 29 (SD = 6) males 26 (SD =
5)) out of 40 possible points, yielding a

statistical difference between genders,
(t(133) = -3.117, P = 0.002). Of the 14
coping strategies measured, four were
found to be statistically significant for
females: emotional support (P < .001),
instrumental support (P = 0.03), venting
(P < .001), and self-blame (p = 0.05).
A positive correlation exists between
increased stress levels and eight coping
mechanisms. The two highest correla-
tions were disengagement (R = .422,
P <.001) and self-blame (R = .523, P
< .001). Conclusions: No significant
difference was observed regarding per-
ceived stress levels between collegiate
freshmen athletes and non-athletes.
All freshmen perceived high levels of
stress. Females perceive higher levels
of stress than males, and tend to select
negative coping mechanisms. The high-
er levels of perceived stress, the more
likely the person would be to use dis-
engagement and self-blame as coping
mechanisms. Health care professionals
working on college campuses should be
aware of the gender differences in per-
ceived stress levels and coping mech-
anisms. In addition, college campuses
should make available the necessary
mental health resources to provide care
and support to students.
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Association Between Life-Event
Stress and Quality of Life in
Collegiate Athletes

Russ AR, Davis ER, Mitchell J,
Mansell JM: Temple University,
Philadelphia, PA; University of
Valley Forge, Phoenixville, PA

Context: The Stress-Injury Model
explains a relationship between psy-
chosocial factors, including history of
stressors, and musculoskeletal injury.
Quality of life (QoL), a patient-report-
ed measure, is a way to determine one’s
physical, mental, and social well-be-
ing. Objective: The purpose of this
study is to examine the relationship
between life-event stress and QoL in
healthy collegiate athletes. Design:
Cross-sectional. Setting: Controlled
laboratory setting. Patients or Other
Participants: 29 NCAA Division [
athletes [10 males and 19 females (age
20.03 + 1.40 years; mass = 64.67 +
8.22 kg)] with no history of injury in
the previous 6 months volunteered for
this study Interventions: All partici-
pants completed the Life Events Survey
for Collegiate Athletes (LESCA) and
the SF-36v2. The LESCA measures
the absolute impact, positive or neg-
ative, of life-event stressors within
the previous year. There are 69 events
and for each event, the participant se-
lects a score of -4 (extremely negative)
to +4 (extremely positive) rating how
that event affected one’s life. A higher
LESCA score is indicative of greater
stress. Reported reliability ranges from
.72 to .83. The SF-36v2 is used to as-
sess QoL. The instrument produces a
Mental Component Summary (MCS)
and Physical Component Summary
(PCS) generated from 8 health domain
scores. Software analyzed the SF-36
scores and created the summary mea-
sures using z-scores normalized to the
general population (50 £+ 10). Scores
above 50 indicate higher QoL, while
those below 50 are associated with
lower QoL. Reliability ranges from
.70 to .85. Main Outcome Measures:
Total LESCA score. SF-36 MCS score.
SF-36 PCS score. Multiple Pearson

correlations were used to determine
the relationship between LESCA and
SF-36. The a priori alpha level was set
at p < .05. Results: LESCA = 23.72
+ 13.50. MCS = 47.11 £ 9.11. PCS =
58.05 + 3.94. LESCA and MCS: r =
-25,p=.20. LESCA and PCS: r=.115,
p = .42. Conclusions: Athletes report-
ed lower MCS scores than the general
population, but had higher PCS scores.
Additionally, 5 participants scored be-
low the threshold (MCS = 42) for de-
pression screening. There were no sig-
nificant associations between life-event
stress scores and QoL as measured by
the SF-36. Although QoL is a measure
of well-being, one’s history of stressors
is not related to QoL in healthy individ-
uals. If using QoL measures, clinicians
should be aware that a history of stress-
ful events may not be reflected in the
score. Instead, a multifaceted approach
should be used when screening for psy-
chosocial measures.

Observable Changes in
Breathing Pattern Based on
Body Position

Horris HB, Anderson BE, Bay
RC, Huxel Bliven KC: A.T. Sitill
University, Mesa, AZ; Middlebury
College, Middlebury, VT

Context: The diaphragm has respirato-
ry and postural stability roles, with nor-
mal function resulting in efficient respi-
ration and improved core stabilization.
Altered diaphragm function creates
changes in breathing mechanics, includ-
ing reduced abdominal excursion and
superior migration of the rib cage during
inhalation. The hi-lo and lateral rib ex-
pansion (LRE) tests are commonly used
to assess breathing patterns, and are
typically performed in supine or seated
positions. It is unknown how body po-
sitions with increased stability demands
affect breathing mechanics. Objective:
To determine whether breathing pat-
terns differ among body positions.
Design: Prospective cross-sectional
study. Setting: University laboratory.
Patients or Other Participants: 50
healthy males (n = 18) and females (n
= 31) were tested (age: 29.3 + 4.1 years,
height: 170.0 + 10.4 cm; mass: 70.7 +
15.1 kg). Interventions: Participants
completed one testing session, which
included a demographic and health his-
tory questionnaire followed by hi-lo and
LRE tests in supine, seated, standing,
and half-kneeling body positions. All
breathing tests were recorded and later
scored by a single examiner (a priori
intra-rater reliability >.80). A general-
ized estimated equation with breathing
test and body position as factors was
used for analysis. Pairwise comparison
with Bonferroni correction was used to
adjust for multiple tests. Statistical sig-
nificance was set at p = .05, 2-tailed.
Main Outcome Measures: Breathing
mechanics and diaphragm function
were assessed using the hi-lo and LRE
tests. Hi-lo test criteria included ab-
dominal excursion and superior rib cage
migration. LRE test criteria included
LRE and superior rib cage migration.
Criteria were identified as present/
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absent and used to categorize breathing
as functional or dysfunctional. Results:
There was a significant breathing test
x body position interaction (P < 0.001)
for breathing category and main effect
for breathing test (P < 0.001) and body
position (P < 0.001). When assessed
with both the hi-lo and LRE tests,
breathing pattern changed across body
positions (P < 0.001). For the hi-lo test,
functional breathing patterns were iden-
tified in 96.0% (n = 47) of participants
in supine, 59.2% (n = 29) in seated,
38.0% (n = 19) in standing, and 42.0%
(n = 21) in half-kneeling. For the LRE
test, supine, seated, and standing body
positions presented similar breathing
patterns (P = 1.000) while significantly
more dysfunctional breathing patterns
were observed in half-kneeling (P <
0.001). Conclusions: The hi-lo and
LRE tests appear to measure different
components of breathing mechanics and
diaphragm function. Hi-lo test results
were more highly dependent on body
position, suggesting that breathing pat-
terns change in positions with increased
postural demand. LRE test results did
not change across supine, seated, and
standing body positions, suggesting that
LRE is not as susceptible to changes in
postural stability demands. Clinicians
should use both hi-lo and LRE tests in
combination; furthermore, the hi-lo test
should be administered in multiple po-
sitions to ensure a complete assessment
of breathing mechanics and diaphragm
function.

Inter-Rater Reliability of Clinical
Tests to Assess Breathing
Pattern

Anderson BE, Horris HB, Bay
RC, Huxel Bliven KC: A.T. Sitill
University, Mesa, AZ; Middlebury
College, Middlebury, VT

Context: Altered breathing mechanics
and poor diaphragm function are linked
to chronic, non-specific low back pain
and movement dysfunctions. Clinical
tests to assess breathing identify causes
of these conditions, yet such tests are
difficult to validate. It is important to
establish the reliability of clinical tests
to ensure consistency across multiple
clinicians. The hi-lo and lateral rib ex-
pansion (LRE) tests are used to assess
breathing patterns; however, little is
known about their reliability and va-
lidity. Objective: To determine the in-
ter-rater reliability of the hi-lo and LRE
tests. Design: Blinded inter-rater reli-
ability study. Setting: University labo-
ratory. Patients or Other Participants:
Three athletic trainers with varied ex-
perience were raters (rater 1:2 yrs cer-
tified, 2 yrs clinical experience; rater
2:20 yrs certified, 5 yrs clinical expe-
rience; rater 3:20 yrs certified, 20 yrs
clinical experience). Interventions:
Live test sessions of 50 healthy partic-
ipants were recorded. Participants per-
formed the hi-lo and LRE tests in four
body positions: supine, seated, stand-
ing, and half-kneeling. Recordings (n
= 400) were edited to de-identify par-
ticipants and create eight sets of videos
organized by breathing test (n = 2) and
body position (n = 4). Raters met twice
to determine scoring criteria and review
five pilot test recordings before scoring
data. Raters then independently viewed
and scored each set of videos. Absolute
agreement (%) between raters for video
sets (n = 8) was calculated for breath-
ing tests in each position. Kappa values
do not accurately estimate concordance
between raters for these data due to sub-
stantial imbalance in the marginal to-
tals. Main Outcome Measures: Raters
independently scored each breath-
ing test performance as functional or

dysfunctional. Pre-determined criteria
for the hi-lo test included presence/
absence of abdominal excursion and
superior rib cage migration. Functional
breathing was defined as presence of
abdominal excursion and absence of su-
perior rib cage migration. For the LRE
test, presence/absence of LRE and su-
perior rib cage migration were assessed.
Functional breathing was defined as
presence of LRE and absence of supe-
rior rib cage migration. Results: The
range of mean absolute agreement be-
tween raters for the hi-lo test was 73.8
to 80.4%. The highest agreement was
in standing (80.4%) and half-kneeling
(80.4%) compared to supine (73.8%)
and seated (73.8%) body positions. The
range of mean absolute agreement be-
tween raters for the LRE test was 72.9%
to 82.2%. The highest agreement was in
seated (82.2% followed by half-kneel-
ing (79.3%), standing (73.8%) and
supine (72.9%). Conclusions: The hi-
lo and LRE tests were reliable when
conducted in different body positions
by multiple raters with varied experi-
ences. The hi-lo and LRE tests are used
to identify altered breathing mechan-
ics and diaphragm function, and when
used clinically can help identify factors
contributing to chronic low back pain
and movement dysfunctions. Future
research should explore the intra-rater
reliability of these clinical tests.
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Free Communications, Oral Presentations: Examining Costs of Care in Athletic

Training Practice

Friday, June 29, 2018, 7:00AM-7:45AM, Room 206-207; Moderator: Mark Hoffman, PhD, ATC

A Comparison of Estimated
Direct Costs of Care Provided

by Athletic Trainers Between
Mild and Severe Lower Extremity
Disorders: A Report From the
Athletic Training Practice-Based
Research Network

Sauers EL, Marshall AN, Lam KC:
A. T. Still University, Mesa, AZ

Context: Data regarding the estimated
direct costs of care (DCC) for athletic
training services (ATS) provided out-
side of the Centers for Medicare and
Medicaid Services (CMS) system are
limited. Estimated costs of care are
required to quantify the value of ATS.
Objective: Compare the estimated
DCC for ATS between mild and se-
vere lower extremity disorders (MLED
and SLED, respectively). Design:
Retrospective analysis of electronic
medical records. Setting: Forty-five
athletic training facilities (high school
= 39, college = 6) across 10 states with-
in the Athletic Training Practice-Based
Research Network. Patients or Other
Participants: Medical records of 356
patients (MLED = 138, age = 16.7 +
2.1 yrs, height = 172.4 + 10.8 cm, mass
= 72.6 £ 16.4 kg; SLED = 218, age =
17.6 £ 2.3 yrs, height = 172.8 + 11.6
cm, mass = 74.4 £ 17.2 kg) diagnosed
with a hip/thigh, knee, lower leg, an-
kle, or foot injury by an athletic train-
er (AT). Interventions: Complete data
sets from patients who received ATS
between February 2009 - April 2014
were reviewed. All patiet records were
created by an AT utilizing a web-based
electronic medical record. Each injury
was defined as a unique case and iden-
tified utilizing specific diagnostic codes
(ICD-9). MLED was defined as an in-
jury that resulted in 1 day but no more
than 9 days of restricted participation,
whereas SLED were injuries that result-
ed in 10 days or more of restricted par-
ticipation. Main Qutcome Measures:
Summary statistics were calculated
for patient and injury demographics.

Treatment characteristics included du-
ration of care [initial evaluation to last
documented episode of care (EOC)],
EOC’s (number of documented patient
encounters), and services provided per
EOC. DCC were estimated by apply-
ing the 2015-2016 CMS Physician Fee
Schedule (MPFS) national payment
amount. The MPFS online database
was utilized to determine the non-fa-
cility (i.e., non-hospital) price for each
CPT code. Group differences were
evaluated using independent t-tests (al-
pha = .05, two-tailed). Results: A total
of 356 injuries (MLED = 138; SLED =
218) were reported. The most frequent
region of MLED was the ankle (42.8%)
followed by the knee (40.6%). The most
frequent region of SLED was the knee
(45.4%) followed by the ankle (45.0%).
Sprain/strain was the most frequent di-
agnosis for both MLED (28.3%) and
SLED (32.1%). The average duration
of care for MLED was 17.2 +22.2 days
and 45.7 £ 42.7 for SLED (p < .001).
The average number of EOC per case
was 6.4 + 6.3 for MLED and 13.2 £ 9.9
for SLED (p <.001). The average total
DCC per SLED ($1,269.96 + 1,334.26)
was significantly greater than for
MLED ($443.75 + 656.49; p < .001),
as were the average number of ATS
per case (SLED = 32.0 + 27.2; MLED
= 14.2 £ 17.3; p < .001). The average
costs per EOC were significantly lower
for MLED ($69.75 + 51.22) compared
to SLED ($96.36 + 59.06; p <.001) and
fewer ATS were provided per EOC for
MLED (2.2 + 1.3) versus SLED (2.4 +
1.4; p <.001). Conclusions: These data
provide important information about
the differences in estimated DCC of
ATS for MLED and SLED provided
outside of the CMS system.

Cost and Treatment
Characteristics for Sport-
Related Knee Injuries Managed
by Athletic Trainers: A Report
From the Athletic Training
Practice-Based Research
Network

Lam KC, Marshall AN: A.T. Still
University, Mesa, AZ

Context: Knee injuries are common
during sport participation. However,
little is known about the overall man-
agement and estimated direct cost of
care (DCC) associated with these in-
juries when under the care of athletic
trainers (ATs). Objective: To describe
treatment characteristics and DCC for
athletic training services (ATS) pro-
vided for knee injuries by ATs. Design:
Retrospective analysis of electronic
medical records. Setting: Twenty-four
athletic training facilities (high school
=19, college = 5) across 8 states with-
in the Athletic Training Practice-Based
Research Network. Patients or Other
Participants: Seventy-three ATs (fe-
male = 60.3%, age = 28.8 + 7.4 years,
years certified = 3.8 £ 5.5, years em-
ployed at site = 1.3 + 3.0) practicing
in athletic training facilities during the
study period. Interventions: Complete
patient cases (i.e. cases with completed
injury demographic, injury evaluation,
daily treatment, and discharge forms)
were identified using ICD-9 diagnos-
tic codes and reviewed. ATs created
patient records between 2009-2014.
Main Outcome Measures: Summary
statistics were calculated for patient
demographics (sex, height, weight,
sport, diagnosis), treatment character-
istics, and DCC. Treatment characteris-
tics included type of ATS (CPT code),
duration of care (days between intake
and discharge), episodes of care (EOC;
number of documented patient encoun-
ters), and amount of care (number of
ATS provided). DCC were estimated by
applying the 2016 Centers for Medicare
and Medicaid Services Physician Fee
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Schedule for non-facility (ie, non-hos-
pital) organizations. CPT codes were
priced in accordance with the number
of 15-minute units recorded and DCC
for each EOC was estimated. Results:
One hundred fifty-five (male = 101,
age = 17.9 + 2.5 years, height = 172.6
+ 12.4 cm, weight = 76.9 + 18.9 kg)
knee injuries were identified during
the study period. The most common
injuries were cruciate ligament sprain
(27.1%, n = 42), medial collateral lig-
ament sprain (14.2%, n = 22), and knee
pain (12.9%, n = 20). Injuries occurred
most frequently during football (39.4%,
n = 61), soccer (10.3%, n = 16), and
basketball (9.7%, n = 15). A total of
4772 ATS were recorded across pa-
tient cases with therapeutic exercise
(CPT-97110 = 32.6%), hot/cold pack
(CPT-97010 = 27.2%), AT re-evalua-
tion (CPT-97006 = 9.7%), strapping
of the knee (CPT-97030 = 6.7%), and
manual therapy techniques (CPT-97140
= 4.5%) most frequently reported. The
average duration of care was 48.0+56.6
days across 13.0 + 11.3 EOC per patient
case. The average amount of care was
30.8 +30.3 ATS per patient case and 2.4
+ 1.3 ATS per EOC. The average total
cost of care was $1277.14 + 1437.41
per patient case and $98.53 + 57.92
per EOC. Conclusions: These findings
provide insight into the treatments and
DCC associated with knee injuries un-
der the care of ATs. Knee injuries have
demonstrated greater time-loss when
compared to other lower extremity in-
juries. Thus, it is unsurprising that knee
injuries are associated with higher du-
ration and amount of care and higher
DCC as compared to other lower ex-
tremity injuries such as ankle sprains.
Future efforts should seek to understand
the effectiveness of common treatment
strategies and aim to identify treatments
that can reduce costs and improve pa-
tient outcomes.

The Management and Estimated
Direct Costs of Care of Ankle
Sprain Injuries at the Point-of-
Care: A Report From the
Athletic Training Practice-
Based Research Network
Marshall AN, Lam KC: A.T. Still
University, Mesa, AZ

Context: Although the National Athletic
Trainers’ Association’s (NATA) position
statement provides guidance on the man-
agement of ankle sprain injuries, little is
known about treatment patterns of ath-
letic trainers (ATs) at the point-of-care.
Objective: To describe treatment char-
acteristics and estimated direct costs of
care (DCC) for athletic training services
(ATS) provided for ankle sprain injuries
by ATs. Design: Retrospective analysis
of electronic medical records. Setting:
Forty-three athletic training facilities
(high school = 39, college = 4) across
11 states within the Athletic Training
Practice-Based =~ Research ~ Network.
Patients or Other Participants: One
hundred thirteen ATs (female = 60.2%,
age = 30.0 + 11.2 years, years certified
= 3.9 £ 5.1, years employed at site =
0.71 + 2.2) practicing in athletic train-
ing facilities during the study period.
Interventions: Complete patient cas-
es with recorded injury demographic,
injury evaluation, daily treatment, and
discharge forms were identified using
ICD-9 diagnostic codes (845.0-Sprain/
Strain, 845.03-Tibiofibular Ligament
Sprain, 845.01-Deltoid Ligament Sprain)
and reviewed. ATs created patient records
between 2009-2014. Main Outcome
Measures: Summary statistics were
calculated for injury demographics
(diagnosis, sport, mechanism of in-
jury), treatment characteristics, and
DCC. Treatment characteristics in-
cluded type of ATS (CPT code), du-
ration of care (days between intake
and discharge), episodes of care
(EOC; number of documented patient
encounters), and amount of care (num-
ber of ATS provided). DCC were esti-
mated by applying the 2016 Centers
for Medicare and Medicaid Services
Physician Fee Schedule for non-facility

(i.e. non-hospital) organizations. Codes
were priced in accordance with the
number of 15-minute units recorded
and the DCC for each EOC was esti-
mated. Results: One hundred thirty an-
kle sprains (female = 40%, age = 16.6 +
1.9 years, height = 172.7+ 9.9 cm, mass
=72.1 % 15.5 kg) were identified during
the study period. Diagnoses includ-
ed Sprain/Strain (82.3%), Tibiofibular
Ligament Sprain (14.6%), and Deltoid
Ligament Sprain (3.1%). Injuries oc-
curred most frequently during football
(34.6%), basketball (16.9%), and soc-
cer (15.4%), and via contact (30%),
non-contact (23.8%) or fall (17.7%)
mechanisms. A total of 2292 ATS were
documented by ATs. The most fre-
quently utilized treatment was hot/cold
pack (CPT-97010 = 22.6%), followed
by therapeutic exercise (CPT-97110
= 22.2%), strapping of the ankle/foot
(CPT-97035 = 9.2%) therapeutic activi-
ties (CPT-97530 = 6.0%), and electrical
stimulation (CPT-97032 = 5.1%). The
average duration of care was 21.9+ 18.5
days across 7.6 = 5.0 EOC per patient
case. The average amount of care was
17.6 £ 12.6 ATS per patient case and
2.3 + 1.3 ATS per EOC. The average
total cost of care was $522.72 + 508.88
per patient case and $70.73 + 45.60 per
EOC. Conclusions: To our knowledge,
this is the first study to describe DCC
related to sport-related ankle sprain in-
juries under the care of ATs. It appears
that ATs are generally following treat-
ment recommendations provided in the
NATA position statement. However, the
most frequently utilized treatment (hot/
cold pack) is not currently recommend-
ed due to the lack of quality evidence.
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Free Communications, Oral Presentations: Soccer From Head to Toe
Friday, June 29, 2018, 8:00AM-9:00AM, Room 206-207; Moderator: Sandra Shultz, PhD, ATC, FNATA

A Prospective Study on the
Incidence, Mechanisms and
Risk Factors for Sport Related
Concussions in High School
Soccer Players

McGuine TA, Schwarz A, Pfaller
A, Gallenberger M, McDonald C,
Brooks MA: University of Wiscon-
sin, Madison, WI

Context: There is a growing recognition
and concern regarding the incidence of
Sport Related Concussion (SRC) inju-
ries in high soccer players. However
there is limited prospective data re-
garding the incidence, mechanism and
risk factors for SRCs in high soccer
players. Objective: To prospectively
document the incidence, mechanisms
and risk factors for SRCs sustained by
high school soccer players. Design:
Prospective cohort study. Setting: Fifty
two high schools in Wisconsin during
2016/17 school year. Patients or Other
Participants: A convenience sample of
high school (Female and Male, Grades
9 — 12) soccer players. Interventions:
Subjects completed a demographic form
including their history of previous SRC
and concussion symptom and symp-
tom severity scores from the SCAT3.
Athletic trainers (ATCs) recorded all
(conditioning, practice or competition)
soccer exposures (SE) as well as the on-
set, mechanism and days lost for each
SRC sustained during the season. Main
Outcome Measures: The main out-
come variable is the incidence of SRC.
Analyses included frequencies, propor-
tions, symptom and severity scores as
well as days lost (Median: [IQR 25th,
75th]. Odds Ratios OR: [95%)] were
used to compare the incidence of SRC
by sex and previous history of SRC.
Results: A total of 1060 (Female =50%,
Age =159+ 1.1 yrs.) subjects enrolled
and participated in a total of 52,294 SE.
One hundred fifty eight subjects (15%)
reported a previous SRC. The median
preseason concussion symptom score
= 0.0 [0,3] while the median symptom

severity score = 0.0 [0,4]. Forty one
subjects (3.9%) sustained SRCs (SRC
per 1000 SE = 0.784). Injured sub-
jects reported a symptom score = 11
[8.0,15.75] and symptom severity score
= 25.5 [15.0,44.0] when evaluated by
their ATC and missed 15 [12,18] days
from soccer. SRCs occurred most of-
ten during competition (67%) and sus-
tained by midfielders (44%), goalten-
ders (21%) or defenders (18%). The
head was struck most often in the back
(33%) the front (25%) and side (20%)
and due to contact with the ball (53%),
another player’s body (18%), the play-
ing surface (15%) or another player’s
head (13%). A majority (69%) of the
subjects did not see or anticipate the
blow while 12% resulted in a penalty
being called on the opposing player.
Females were more likely to sustain
a SRC than males (Females n = 33
(6.2%), Males n =8 (1.5%), OR = 4.41
[2.02-9.65], p = 0.002). Subjects with
a previous history of SRC were more
likely to sustain a SRC than subjects
without a history of SRC. (Yes Previous
SRC n = 13 (8.2%), No Previous SRC
n=28(2.9%), OR =2.88 [1.46-5.70], p
= 0.002). Conclusions: This study pro-
vides details regarding specific mecha-
nisms for SRCs in high school soccer
players. Further, this study results show
that females and players with a previous
history of SRC were more likely to sus-
tain SRC than males or players without
a history of SRC.

Head and Neck Size and

Neck Strength Predict Head
Acceleration in Collegiate
Women'’s Soccer Players
Kaminski TW, Caccese JB,
Lamond LC, Glutting JJ,
Buckley TA: Athletic Training
Research Laboratory, University
of Delaware, Newark, DE

Context: In a controlled-laboratory set-
ting, greater head and neck size and neck
strength predicted lower peak linear and
rotational acceleration during purposeful
soccer heading. However, on-field head
accelerations vary across type of impact
and strategic heading scenario; therefore,
it was unknown if head and neck size and
neck strength predicted on-field head ac-
celerations in soccer. Objective: The pur-
pose of this study was to determine if head
and neck size and neck strength predicted
on-field head accelerations in a cohort of
collegiate female soccer players. Design:
Prospective study. Setting: Soccer field.
Patients or Other Participants: 15 fe-
male collegiate soccer players (age = 19
+ | years, weight = 59.7 + 2.9 kg, height
= 167.3 £ 4.7 cm). Interventions: On-
field head accelerations were measured
during all practices (N = 43) and games
(N=20)using the Smart Impact Monitor
(SIM; Triax Technologies, Norwalk,
CT), which was secured to the back of
the head, just above the greater occipital
protuberance, using a custom tight-fit-
ting elastic headband. Head mass, neck
girth (i.e. circumference), and sterno-
cleidomastoid and upper trapezius iso-
metric strength were also evaluated.
Main Outcome Measures: Peak linear
acceleration (g) season mean, medi-
an, and total were calculated for each
participant. Results: Results from the
direct-entry regression model suggest-
ed that head mass (4.9 = 0.2 kg), neck
girth (32.5 = 1.1 cm), sternocleidomas-
toid (7.1 + 2.4 kg) and upper trapezius
(11.6 + 4.0 kg) isometric neck strength
explained 53.3% of the variance (R? =
0.533, F =2.856, p=0.081, f2=1.141)
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in mean peak linear acceleration (19.5
+ 5.5 g), 45.1% of the variance (R =
0.451,F=2.056,p=0.162, f>=0.0821)
in total peak linear acceleration (805.2
+1029.6 g), and 42.5% of the variance
(R2=0.425, F = 1.848, p = 0.196, f*> =
0.739) in median peak linear accelera-
tion (16.3 + 4.4 g), although these find-
ings were not statistically significant.
Conclusions: Our results suggest that
head and neck size and neck strength
may predict on-field head accelerations,
whereby greater neck size and neck
strength are associated with lower peak
linear acceleration. However, our study
was underpowered, so these regression
models did not reach statistical signifi-
cance. Greater neck girth may suggest
higher neck stiffness resulting in great-
er effective mass opposing the oncom-
ing ball/athlete during head impact and
thus lower head acceleration. Similarly,
greater neck strength allows for better
coupling of the head, neck, and trunk,
and higher effective mass of the system
again yielding lower head acceleration.
Future research should look to establish
a relationship between head and neck
size and neck strength and peak lin-
ear and rotational acceleration in other
cohorts of soccer players (i.e. youth,
male).

Lower Extremity Movement
Quality Influences Early Season
Workloads in Collegiate Soccer
Athletes: A Pilot Study

Aguilar AJ, Condon TA, Wikstrom
EA, Frank BS, Eckard TG, Padua
DA: The University of North
Carolina at Chapel Hill, Chapel
Hill, NC

Context: Clinicians can use movement
screenings to identify individuals who
may be at increased risk of sustaining
a lower extremity (LE) injury. Injury
risk identification is often performed
during pre-season examinations, which
includes the assessment of an athlete’s
LE movement quality. The Landing
Error Scoring System (LESS) is a reli-
able and valid movement screening tool
used to identify movement errors that
are associated with increased risk of LE
injury. In-season injury risk can be eval-
uated by monitoring trends in internal
training load (ITL). Session rated per-
ceived exertion (SRPE) can be used to
monitor athlete response to training. It
is currently unknown if LE movement
quality influences ITL. Objective: The
purpose of this investigation was to ex-
amine the influence of an athlete’s LE
movement quality (LESS score) on
relative ITL (acute:chronic workload
ratio [ACWR]) during a collegiate soc-
cer season. Design: Prospective cohort
study. Setting: NCAA Division I col-
legiate soccer team. Patients or Other
Participants: Fourteen male soccer
players (age: 20.3 + 1.5 yrs, height: 1.82
+0.06 m, mass: 75.58 + 6.82 kg) partic-
ipated in this pilot study as part of their
standard care. Prior to participating in
the study, all subjects provided written
informed consent. Interventions: Prior
to the start of their season, athletes were
assessed using the LESS. Daily session
RPE (sRPE) (utilizing an 0-10 modi-
fied Borg scale) and session duration
were collected after all official team
practices and games during the regu-
lar season. Main Outcome Measures:
sRPE and duration were used to calcu-
late weekly absolute ITL and ACWR.
ACWR is defined as the ratio between

the acute load (current absolute week-
ly TL) compared to the chronic load
(mean absolute weekly TL of the previ-
ous four weeks). Independent samples
t-tests were used to compare early sea-
son absolute ITL and ACWR between
individuals with poor LE movement
quality (LESS scores (>8) and excellent
movement quality (LESS scores (<4)).
Cohen’s effect sizes were also calcu-
lated. Results: The poor movement
quality group had a significantly high-
er overall mean ACWR compared to
the excellent movement quality group
(1.07 £ 0.39 v. 0.64 = 0.16, p = 0.02)
and this difference was associated with
a large effect size (d = 1.55). The poor
movement quality group also experi-
enced a significantly greater absolute
ITL (1815.14 £ 325.80 v. 1228.00 +
326.77; p = 0.01, d = 0.70 ) in week 5
compared to the excellent movement
quality group. This relationship was not
observed during the earlier weeks (1-4)
between the poor and excellent move-
ment quality group. Conclusions: Our
results suggest that LE movement qual-
ity is associated with increased injury
risk and may influence relative ITLs in
collegiate male soccer athletes. This is
the first study to examine the relation-
ship between LE movement quality and
TL in American collegiate soccer ath-
letes. Future investigations should con-
tinue to explore the influence of move-
ment quality on TL responses.

Journal of Athletic Training

Volume 53 « Number 6 (Supplement) June 2018 S-49

$S900E 98] BIA §1-90-GZ0Z 18 /woo Alojoeignd-pold-swiid-yewssiem-pd-awiid//:sdiy woll papeojumoc]



External Load Monitoring

to Improve Return to Sport
Following Surgery: Combining
Rehabilitation With Sports
Science: A Level 1 Validation
CASE Report

Hardin SN, Phillips J: Minnesota
United Football Club, Minneapolis,
MN

Background: Following injury or sur-
gery it can be challenging to determine
the amount of activity to prescribe
while gradually returning a patient to
performance. Undoubtedly, a myriad
of factors play into this decision-mak-
ing process. Rehabilitation specialists
commonly utilize clinical and func-
tional testing to determine a patient’s
readiness to participate. Often, this
testing focuses on the ability to per-
form specific tasks or movements rath-
er than considerations of total loading.
Objectively measuring both internal
and external loading can play key roles
in keeping patients safe and healthy
as they progress through the return to
sport continuum. Acute:chronic work-
load ratio (ACWR) is an external load
ratio that can be calculated from GPS
(or other tools) data by dividing select-
ed variable(s), in this example total dis-
tance, completed in one week (acute)
by the workload of the previous four
weeks (chronic). Multiple authors have
demonstrated the relationship between

ACWR and injury risk; however, its use
is not mainstream. Patient: Patient is
a 33 year-old professional male soccer
player of 13 years who underwent core
muscle reconstruction with bilateral ad-
ductor repair after a self-reported three-
year history of intermittent abdominal
and adductor-related groin pain. Pain
was reported during athletic activity
such as change in direction and strik-
ing a ball, and also during ADLs such
a coughing and sneezing, lifting house-
hold objects and rolling over in bed.
Clinical examination results suggesting
injury to the integrity of the adductor
and abdominal musculature, as well as
underlying bilateral femoroacetabular
impingement with labral pathology,
were corroborated with radiograph-
ic and magnetic resonance imaging.
Intervention or Treatment: Following
surgery the patient underwent rehabil-
itation focused on functional hip and
core stability as well as restoring proper
mobility, biomechanics and breathing
patterns. Acute:chronic workload ratio
was monitored by athletic training be-
ginning in week two when the patient
began running and on-field rehabili-
tation. Rehabilitation sessions were
planned considering ACWR as the pa-
tient recovered. Outcomes or Other
Comparisons: The patient began par-
ticipation in modified team training at
week six, progressed to full training
during week nine and completed 90
minutes of game play in week 13. The

aim was to keep ACWR within (0.8
minimum) 1.00-1.25 (1.5 maximum),
with respect to stage of tissue healing,
due to its relation with increased injury
risk. ACWR monitoring was transferred
for supervision by the sports science
department at week 17 after the pa-
tient had returned to full sport for four
weeks. <See Graph 1> Conclusions:
ACWR measured via GPS may not be
financially accessible for high school
or lower-funded collegiate teams.
Alternatively, individual session rate
of perceived exertion (RPE), which is
correlated with ACWR, specific to a
predetermined training distance may be
used to measure internal loading; how-
ever, it too is not without limitations.
Challenges with both exist with col-
lecting data due to team factors (trav-
el vs. game vs. training opportunities)
and individual factors (internal duty,
school breaks, compliance), which may
impact the usefulness of these tools.
While ACWR has an established body
of literature, Murray et al. have recently
presented an alternative ratio provid-
ing a more sensitive indicator of injury
likelihood. More research is needed to
support these findings. Clinical Bottom
Line: Acute to Chronic Workload Ratio
(ACWR) monitoring can be used pro-
spectively as a framework to systemat-
ically monitor external load as part of a
comprehensive, evidence-based return
to sport program.
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Free Communications, Oral Presentations: Developing Clinical Reasoning in

Athletic Training Students

Friday, June 29, 2018, 10:45AM-12:00pM, Room 206-207; Moderator: Paul Geisler, EdD, ATC

Effects of Mandatory Peer
Assessment/Feedback After
Training on Psychomotor Skill
Performance

Snyder MM, Peterson TD: Western
Carolina University, Cullowhee, NC

Context: Peer assessment/feedback
(PAF) is a pedagogic technique that
falls under the peer assisted learning
umbrella. Peer assessment is defined
as students judging the level or quality
of a fellow student’s understanding or
work and peer feedback involves pro-
viding information on what was per-
formed correct and incorrect in order
to improve understanding. Documented
benefits of PAF include enhanced
learning, improved critical thinking,
self-assessment, increased reflective
thinking and collaboration. Objective:
Examine the effects of mandatory PAF
after training on psychomotor skill per-
formance. Design: Prospective cohort
study. Setting: Undergraduate athletic
training program in a mid-sized public
university in the southeast. Patients or
Other Participants: Fifty-seven soph-
omore athletic training students en-
rolled in a lower extremity orthopedic
evaluation course over two years par-
ticipated in the intervention and com-
pleted all required parts of the study. A
control group consisted of 53 students
that took the course during the previous
two years; the course was construct-
ed the same, with the exception of no
PAF training and no mandatory PAF.
Interventions: Participants in the in-
tervention group completed a 2 hour
workshop that covered proper mech-
anisms to assess, provide feedback,
and receive feedback. Training also
included analysis of videotaped scenar-
ios and practice scenarios. Participants
were also required to complete PAF of
the skills prior to the practical exams.
Main Outcome Measures: The criti-
cal dependent variable was participa-
tion in the PAF training and mandatory
PAF prior to practical exams. Scores

of 4 practical exams were compared
through 4 separate independent sam-
ples t-test using SPSS. Results: The
experimental group performed better
on all four 60 point practical exams.
The differences were statistically sig-
nificant for exams 1 and 3. Exam 1
covered neurological and ankle [t(108)
= 4.95, p = 0.00, means: experimental
52.80 £ 5.24, control 47.85 + 5.25].
Exam 3 covered the hip [t(108) = 2.27,
p = 0.03, means: experimental 51.40 +
5.00, control 49.02 + 6.75]. There were
no statistical significant differences for
exams 2 and 4. Exam 2 covered knee
and patellofemoral joint [t(108) = 1.87,
p = 0.07, means: experimental 52.35
+ 5.00, control 50.66 + 4.46]. Exam 4
was a cumulative practical exam [t(108)
= 4.95, p = 0.08, means: experimental
51.77 £ 6.25, control 51.36 + 5.58].
Conclusions: PAF training and man-
datory PAF improved practical exam
grades for 2 of the 4 exams; PAF did not
hinder student learning. PAF can be a
helpful tool to increase the amount that
a student practices skill, and increase
the amount of feedback students re-
ceive. This can be especially with help-
ful with large classes.

The Effectiveness of Online
Videos in Improving Clinical
Skills Involving Musculoskeletal
Injury Assessment

Slaughter NJ, Lam KC: A.T. Still
University, Mesa, AZ; Southern
Utah University, Cedar City, UT

Context: Advances in technology has
increased the popularity of online meth-
ods for distance learning and continu-
ing education efforts. While evidence
suggests that the use of online methods
(e.g. online videos) increases learn-
er knowledge, it is unclear if similar
benefits exist for improving hands-on
clinical skills such as musculoskeletal
injury assessment. Objective: To deter-
mine the effectiveness of online videos
in improving knowledge and hands-
on clinical skills for musculoskeletal
injury assessment. Design: Pre-test
post-test. Setting: Classroom and on-
line. Patients or Other Participants:
Thirty-four undergraduate students
(male = 13, female = 21, age = 22.6 £
2.15 years) participated in this study.
Interventions: Participants were asked
to complete the same written and prac-
tical examinations on Days 1 (pre-test)
and 7 (post-test). For the practical exam-
ination, the same rater and model were
used for both testing sessions to pre-
serve inter-participant and inter-session
reliability. Following the pre-test exam-
inations, participants were given access
to an online video that reviewed the
proper testing procedures of the Lever
Sign for assessing anterior cruciate lig-
ament pathologies. Participants were
asked to view the online video at least
once between the two testing sessions,
but were allowed to view the video as
many times as they wished. The online
video was developed by examining cur-
rent evidence and reviewed by a con-
tent expert prior to testing. Participants
were blinded from their pre-test scores.
Main Outcome Measures: Knowledge
and hands-on clinical skills were op-
erationalized by written and practical
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examination scores, respectively. Both
examinations consisted of 10-items that
assessed each participant’s knowledge
of and ability to properly perform the
Lever Sign including patient/clinician
positioning, hand placement, proper
amount of force applied, and interpreta-
tion of results. The written and practical
examinations consisted of fill-in-the-
blank and binary items, respectively.
Examination scores were reported as
percentages, with higher scores indi-
cating better knowledge and ability. We
used a Wilcoxon Signed Rank Test to
evaluate score differences between test-
ing sessions (alpha = .05, two tailed).
Participants scoring over 70% were
classified as being competent. Results:
Participants demonstrated significantly
higher scores at post-test for the written
(P<.001) and practical (P <.001) exam-
inations. At pre-test, the average scores
for the written and practical examina-
tions were 40.3% (range = 0%-80%)
and 32.4% (range = 0%-90%), respec-
tively, with 14.7% (5/34) and 17.6%
(6/34) of participants demonstrating
competency on the written and practi-
cal examinations, respectively. At post-
test, the average scores for the written
and practical examinations were 85.0%
(range = 60%-100.0%) and 87.4%
(range = 70%-100.0%), respective-
ly, with 82.3% (28/34) of participants
demonstrating competency on both ex-
aminations. Conclusions: Preliminary
findings suggest that online videos can
improve knowledge and hands-on skills
associated with musculoskeletal injury
assessment. These findings may sup-
port the use of online videos to facili-
tate distance and continuing education
efforts in athletic training. Future inves-
tigations should determine factors that
may impact retention of knowledge and
skills associated with online learning.

Using Standardized Patients
to Measure Outcomes in
Competence and Confidence
in Clinical Skills of First Year
Physical Therapy Students
Cuchna JW, Walker SE, Mariano
MH, Van Lunen BL: Longwood
University, Farmville, VA; Ball
State University, Muncie, IN; Old
Dominion University, Norfolk, VA

Context: Outcomes are limited con-
cerning the use of standardized patients
(SPs) in physical therapy educational
programming. Examination of out-
comes could assist with student success
and program development. Objective:
The purpose of this investigation was
to explore the effects SP implementa-
tion had on doctor of physical therapy
(DPT) student’s communication and pa-
tient interviewing skills and confidence
in those skills. Design: Comparison
group, repeated measures design with
the collection of four survey instru-
ments at pre-test and two posttest time
points. Setting: The experimental por-
tion of the study was conducted at a
regional comprehensive academic med-
ical center which has 16 simulated pa-
tient examination rooms where the SP
encountes were completed. The survey
instrument collections were completed
at two separate peer-matched, region-
ally accredited academic institutions.
Patients or Other Participants: A
convenience sample of 60 first year,
DPT students (23 males and 37 fe-
males; 23.17 £ 2.65 years of age).
Interventions: A comparison group
(N = 23) and experimental group (N =
37) completed four self-administered
survey instruments three sperate times.
The instruments measured aspects of
self-efficacy, communication compe-
tence, and confidence. Both groups
completed the survey instrument packet
at all three time points, however, only
the experimental group received SP en-
counters prior to the second and final
instrument collections. SP encounters
involved communication and patient
interviewing skills and concluded with
an objective performance assessment

completed by the SP. The independent
variables of interests were group (ex-
perimental vs. comparison), gender
(male vs. female), additional creden-
tials (no additional credentials vs. one
or more additional credentials) and
time (pre-test, posttest, and posttest,).
All instruments were collected in per-
son by the primary researcher at both
the experimental and comparison group
institutions. The SP Encounter Content
Checklist was only collected for the ex-
perimental group participants and was
completed by the SP interacting with
each individual learner. Main Outcome
Measures: The dependent variables
were average overall scores on the four
survey collection measures and the SP
Encounter Content Checklist. A General
linear model repeated measures analysis
was utilized for data analysis. Results:
At baseline the experimental group dis-
played higher average scores on self-ef-
ficacy and communication competence
measures, thus making comparisons
of the groups for these measures less
meaningful. Significant improvements
were evident for confidence scores
over time for the experimental group.
Increase in confidence scores were
evident in both groups, however only
initially for the comparison group. The
experimental group’s objective perfor-
mance scores were significantly higher
on the second SP encounter compared
to the first. Conclusions: Self-efficacy
and communication competence mea-
sures were not affected by SP utiliza-
tion, however, confidence improved.
Multiple exposures to SPs is supported
by previous research to improve confi-
dence. Additional research is warranted
to examine the measures over a longer
period of time, and with a larger sam-
pling of students.
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Post-Professional Learners’
Reflections Following a
Standardized Patient
Encounter and Debriefing
Session

Bush J, Walker SE, Sims K,
Winkelmann ZK, Feld SD,
Eberman LE: Neuromechanics,
Interventions, and Continuing
Education Research (NICER)
Laboratory, Indiana State
University, Terre Haute, IN; Ball
State University, Muncie, IN

Context: Simulations are commonly
used in medical education to facilitate
instructional and assessment experienc-
es for learners. Standardized patients
(SP) are a form of simulation with ac-
tors trained to present conditions that
occur in health care. The most important
feature in simulation-based education is
feedback; one form of group feedback
is debriefing, intended to improve learn-
ing, future performance, and patient
outcomes. Objective: To explore re-
flections on learning following a SP en-
counter and debriefing session. Design:
Consensual  Qualitative  Research.
Setting: One Midwestern University.
Patients or Other Participants: 17
post-professional Doctor of Athletic
Training students with no previous
experience with SPs (age = 25 + 4 y;
male = 5, 29.4%, female = 12, 70.6%;
highest degree earned professional
Bachelors = 12, 70.6% and post-profes-
sional Masters = 5, 29.4%, experience=
24.8 £ 30.5 mo). Data Collection and
Analysis: Participants completed one
of 3 SP encounters and the following
day engaged in a diamond-debriefing
session. After both the SP encounter and
debriefing session, participants com-
pleted a five item open-ended question-
naire. The open-ended questions asked
participants to self-reflect on what they
learned following the SP encounter
and the debriefing session (e.g., what
did you learn about yourself, how can
you translate this experience into our
clinical practice). The questions were
evaluated by a panel of qualitative re-
searchers for content and face validity.

Consensual qualitative research data
analysis approach was used to analyze
all open-ended responses. A 3-person
data analysis team identified codes and
themes independently and then met to
develop a consensus codebook. Each
researcher then independently coded the
data, and met to reach a final consensus
ensuring accuracy and representative-
ness of the data. Credibility was estab-
lished by the use of multiple researchers
and an external auditor. Results: Our
qualitative analysis revealed reflec-
tions following both the SP encounter
and debriefing session revolved around
three overarching themes: organiza-
tion of clinical exam, vulnerability,
and patient-centered care. Participants
indicated that the SP encounter helped
them to identify weaknesses in the or-
ganization of their clinical exam, re-
marking that they felt disorganized.
Vulnerability was evidenced by partic-
ipants acknowledging weaknesses in
their clinical practice, stating that the
SP encounter helped to identify gaps in
their learning related to non-traditional
patient populations (e.g. farmer, school
teacher, construction worker) and/or
difficult patient cases (e.g. arthritis, low
back pain, multidirectional shoulder
instability). Participants acknowledged
the need to further develop their pa-
tient-centered care skills, specifically
wanting to empower patients to choose
their best treatment option, collabo-
rating with patients to set goals, and
inquiring about how their injuries af-
fected their life beyond work and sport.
Conclusions: The SP encounter and
diamond-debriefing technique did facil-
itate self-reflection, inform, and motive
students to alter their future approach to
patient-centered care. Future research
could explore if reflection would differ
if it occurred immediately following
an SP encounter or one-day post SP
encounter.

Clinical Decision-Making:
Investigating the Students’
Process

Paver SR, Frank EM, Potteiger
K, Pitney WA: Northern Illinois
University, DeKalb, IL, Lebanon
Valley College, Annville, PA

Context: As athletic training students’
progress through a professional educa-
tion program they develop and refine
their clinical knowledge and skills in
the classroom and clinical settings un-
der the direction of faculty and precep-
tors. These experts should offer cog-
nitive scaffolding to help the students
further develop and refine their clinical
decision-making skills. Upon gradua-
tion, students should have attained the
ability to engage in the clinical deci-
sion-making process; however, the lit-
erature suggests a disconnect between
formal education, professional practice,
and the students’ ability to make sound
clinical decisions. Objective: Identify
the clinical decision-making process-
es employed by athletic training stu-
dents. Design: Qualitative design with
stimulated recall interviews. Setting:
Educational institution. Patients or
Other Participants: Fourteen sec-
ond year athletic training students
enrolled in a baccalaureate athletic
training program in the Midwest. Data
Collection and Analysis: We collected
data through direct observations and
semi-structured interviews. We video
recorded and directly observed each
student’s evaluation of a standardized
orthopedic injury. The purpose of this
was to take notes on each individuals’
behaviors, reactions, interaction, think
aloud process and clinical evaluation
process. Furthermore, we formulated
additional interview questions to better
understand the cognitive process of each
student. We conducted the semi-struc-
tured interviews immediately after
the evaluation. We followed a script
with added probing questions which,
in part, came from the direct observa-
tions. During the interview, stimulated
recall was employed while we watched
the recorded video with each student
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after they completed their evaluation.
We audio recorded and transcribed all
interviews verbatim. Inductive content
analysis was employed to analyze the
data we gathered. We each read the
transcripts before the process of coding
began and through conversations and
modifications of the coding method,
we identified categories and split those
into themes that aid in understanding
the students’ clinical decision-making
process. We ensured trustworthiness
in three ways: (1) member checking;
(2) engagement in data collection to
ensure saturation; (3) peer debriefing
regarding the process, findings, and
interpretations. Results: Four prelim-
inary themes emerged: a) Students en-
gage in anchoring bias; b) Students use
their own personal past experiences to
form clinical impressions; c¢) Students
model preceptors; and d) Students per-
ceive incongruity between the didactic
and clinical environment. Conclusions:
Based on these findings, students would
benefit from preceptors modeling their
consideration of multiple pieces of ev-
idence when making decisions. Under
the direction of faculty and preceptors,
athletic training students develop and
refined their clinical decision-making
skills. Before we can further identify
how faculty and preceptors can best
help develop the clinical decision-mak-
ing skills in students, we must under-
stand the process which students al-
ready employ. Gaining insight into this
process has educational implications as
curricular changes can be implemented
to address shortcomings or foster ad-
vances in the students’ cognitive think-
ing process.
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Free Communications, Oral Presentations: Epidemiology of Sports Injury
Friday, June 29, 2018, 12:15pm-1:30PM, Room 206-207; Moderator: Jennifer Hootman, PhD

A Descriptive Analysis of
Injuries Reported in USA
Cycling Sanctioned
Competitive Road

Cycling Events

Jancaitis GA, Snyder Valier AR,
Bay RC: Norwich University,
Northfield, VT; A.T. Still University,
Mesa, AZ

Context: Competitive road cycling is a
popular sport with estimates of 280,000
participant-days per year. Cycling inju-
ries often are reported in recreational
road cycling, and competitive mountain
bike events; yet little is known about
the injuries sustained or the on-site care
provided to injured cyclists during com-
petitive road race events. Objective:
To describe the body regions injured
and medical disposition during com-
petitive road cycling events. Design:
Retrospective data review. Setting:
Injury reports were obtained from USA
Cycling and represent injuries sustained
during competitive cycling events
across 30 states. Patients or Other
Participants: A convenience sample
of 1053 injury reports from male and
female (male: n = 650 [61.7%], age
= 33.4 + 13.6 years; female: n = 116
[11.0%], age = 33.3 £+ 13.9 years; miss-
ing: n = 284 [27.0%]) cyclists who par-
ticipated in USA Cycling-sanctioned
competitive road cycling events during
the 2016 competitive season were re-
viewed. Interventions: Data regarding
body region injured (lower extremi-
ty, torso/back, upper extremity, head/
neck, face, internal/other) and injury
disposition (Ambulance/EMS, Medical
Attention, Report Only, Continued
Riding, Released to Parent/Personal
Vehicle, Referred, Refused Care) were
analyzed. Main QOutcome Measures:
Descriptive statistics including frequen-
cies, percentages, and means + SD are
reported. Fisher’s Exact Test was used
to explore the relationship between in-
jury disposition and sex. P < .05 was
used to determine significance. Results:

A total of 1808 injuries was reported.
The most frequent body regions injured
were the upper extremity (46.5%, n =
841) and lower extremity (32.2%, n =
583). Injuries to the head/neck (10.4%,
n = 189), torso/back (5.2%, n = 95),
face (4%, n = 87), and internal/other re-
gions (0.7%, n = 13) were less common.
On average, 1.37 + 0.81 injuries were
documented per injury report. Injury
disposition was reported in 928 cases.
The most frequent dispositions follow-
ing race injury were Medical Attention
(34.1%, n = 316), Ambulance/EMS
(19.3%, n = 179), Report Only (15% n
= 139), Referred (13.0% n = 121), and
Released to Parent/Personal Vehicle
(12.1% n = 112). Less frequently, in-
jured cyclists Refused Care (4.1% n =
38) or Continued Riding (2.5% n = 23).
Males required ambulance/EMS trans-
port (77.8%, n = 105) more frequently
than females; (22.2%, n = 30), P=.036;
and more medical attention (89.8%, n
= 212) than females (10.2%, n = 24),
P =.036, but no differences were iden-
tified between sexes for other disposi-
tions. Conclusions: Our results suggest
that the majority of injuries sustained
in competitive road cycling events
are to the upper and lower extremity.
Following injury, racers often receive
medical attention and a substantial per-
centage require transport by EMS, and
these dispositions are more frequent in
males. These results only describe the
immediate care provided to injured rac-
ers and do not address any time-loss
due to injuries. Future research should
examine factors that may contribute
to increased medical attention among
male racers and should investigate the
long term effects of injuries sustained
during competitive road cycling events.
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Epidemiology of Sudden Death
in Adult Organized Recreational
Sport in the United States,
2007-2016

Endres BD, Stearns RL, Kerr

ZY, Hosokawa Y, Huggins RA,
Scarneo SE, Casa DJ: Korey
Stringer Institute, Department

of Kinesiology, University of
Connecticut, Storrs, CT,
Department of Exercise and
Sport Science, University of
North Carolina at Chapel Hill,
Chapel Hill, NC

Context: Epidemiological data on the inci-
dence of sudden death in the general adult
public in the United States during organized
recreational sports participation is lacking.
Objective: To describe the epidemiology
of sudden death in organized adult recre-
ational sport in the US between 2007 and
2016. Design: Descriptive epidemiologi-
cal study. Setting: Organized competitive
adult recreational sport in the US. Patients
or_Other Participants: Adult athletes
who suffered sudden death during com-
petitive recreational sport participation.
Data Collection and Analysis: Sudden
death information between 8/1/2007 and
12/31/2016 was obtained via LexisNexis

and other publicly available news or me-
dia reports. Cases of sudden death in the
US that occurred in athletes >18 years of
age training for or competing in organized
recreational sports were included. Athlete
age, sex, race, date of death, event type,
sport, and speculated cause of death were
examined. Data are presented as deaths
per year and percent (%) of total sudden
deaths. Results: From 2007-2016, 119
cases of sudden death ([mean + SD] =
12 + 6 deaths/year) were reported in or-
ganized adult recreational sport in the
US. Excluding one case that did not have
age reported, the average age of sudden
death was [mean + SD] 43 + 14 (range =
18-86) years. Males (87%, n = 103/119)
accounted for nearly 6.5 times as many
sudden deaths than females. The majority
of deaths occurred in Caucasian athletes
(80%, n = 95/119) followed by Aftrican
American (4%, n = 5/119), Asian (3%, n
= 4/119), and Hispanic (3%, n = 4/119)
athletes. Race was unreported in 11 cas-
es (9%). Sudden deaths occurring during
competition (97%, n = 116/119) exceed-
ed those during training (3%, n = 3/119).
Thirty-two percent of sudden deaths (n =
38/119) occurred during triathlon compe-
titions followed by half-marathon compe-
titions (20%, n = 24/119). Non-traumatic
sudden cardiac death (SCD) was the

most common cause of death (75%, n =
89/119) followed by traumatic brain inju-
ry and drowning (6%, n = 7/119, respec-
tively). Of the total non-traumatic SCDs,
76% (n = 68/89) occurred in individuals
over the age of 35. Conclusions: From
2007-2016, 119 recreationally compet-
itive athletes experienced sudden death
while participating in organized sport in
the US. Sudden deaths occurred most of-
ten in males (87%), during competitions
(97%), and were cardiac-related (75%).
Although we were not able to estimate
incidence rates of sudden death in this
study, future research into this area would
benefit from collaborative efforts aimed
at creating accessible population data
for organized recreational sport partici-
pation. In conclusion, our findings were
similar to data from youth, collegiate, and
secondary school settings in that sudden
death occurred most often in males and
SCD accounted for the majority of sud-
den deaths. Continued examination of
competitive recreational sport is needed
to improve data quality related to inci-
dence and participation rates in order
to ultimately enhance health and safety
guidelines.

Figure 1: Proportion of Sudden Death in Organized Adult Recreational Sport, 2007-2016

Count (n)
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Cause of Sudden Death
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Other includes drowning (n=7), inconclusive/unknown (n=6), blunt force trauma (n=3), hyponatremia (n=1), and

rhabdomyolysis (n=1)
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Current Trends in Recurrent
Anterior Cruciate Ligament
Injuries in College and High
School Sports: 2009-2010
Through 2015-2016

Chang M, Slater L, Wasserman

E, Hart JM: University of Virginia,
Charlottesville, VA; Shirley Ryan
Ability Lab (formerly Rehab Institute
of Chicago), Chicago, IL; Datalys
Center for Sports Injury Research
and Prevention, Inc, Indianapolis, IN

Context: Knee injuries are among the
most commonly reported sport-related in-
juries that result in extended time missed
from sport participation in high school
(HS) and collegiate athletics. Little is
known regarding the rates of first-time
and recurrent ACL injuries sustained
during athletic events and how they are
influenced by sex, sports participation
level, and game time features. Objective:
To examine the rates of first-time and re-
current ACL injuries for collegiate and
high school athletes in terms of partici-
pants’ sex, sports level, and game time

feature. Design: Descriptive epidemiolo-
gy study. Setting: Data from the National
Collegiate Athletic Association (NCAA)
Injury Surveillance Program (ISP) and
National Athletic Treatment Injury and
Outcomes Network (NATION). Patients
or Other Participants: Collegiate stu-
dent-athletes participating in sports
during the 2009-2010 through 2015-
2016 academic years and high school
student-athletes participating in sports
during the 2011-2012 through 20132014
academic years. Interventions: We iden-
tified first time and recurrent ACL injuries
that resulted in at least 7 days lost from
activity, regardless of surgery status.
Logistic regression was used to estimate
the odd ratios to compare recurrent ACL
injuries to first time ACL injuries with
accompanying 95% confidence intervals
(CI). The number of ACL injuries and
odd ratios (ORs) were calculated for sex,
competition level (NCAA/high school),
and time in game (early/late) for all ACL
injuries and restricting to ACL injuries
due to non-contact, overuse, or surface
contact mechanisms. The alpha level was
p < 0.05. Main Outcome Measures:

Prevalence of ACL injuries and odd ra-
tios calculated using logistic regression.
Results: 608 total ACL injuries were re-
ported from the databases, including 559
first time injures and 49 recurrent injuries.
When restricting to ACL injuries due to
non-contact, overuse, or surface contact
mechanisms, 346 total ACL injuries were
reported including 313 first-time inju-
ries, 33 recurrent injury. NCAA players
were 4.5 times more likely of having a
recurrent ACL injuries versus first time
injuries than high school players. (OR
= 4479 [95% CI = 1.354, 14.815], P =
0.0140,). There was no significant differ-
ence in ACL re-injury prevalence for sex
or time in game (early vs late). However,
there was a trend that recurrent injuries
were likely to occur early in game but this
was not statistically significant (Table).
Conclusions: The prevalence of recur-
rent ACL injury is influenced by level of
competition, but there are no relationship
between sex, and time in game and odds
of recurrent ACL injuries.

Table: Logistic Regression results comparing recurrent ACL injuries to first-
time ACL injuries that resulted in at least 7 days lost from activity

All ACL injuries

(n=608; 559 first-time, 49 recurrent)

Sex: Female vs Male
Level: NCAA vs HS

OR=1.043 [95%CI:0.463, 2.350], P=0.9196
OR=4.479 [95%CI:1.354, 14.815], P=0.0140*

Restricting to ACL injuries occurred during games

(n=369; 350 first-time, 19 recurrent)

Time in Game: late vs early

OR=0.490 [95%CI:0.174, 1.382], P=0.1777

Restricting to ACL injuries due to hon-contact, overuse, or surface

contact mechanisms

(n=346; 313 first-time, 33 recurrent)

Sex: Female vs Male
Level: NCAA vs HS

OR=0.709 [95%CI:0.265, 1.900], P=0.4944
OR=10.326 [95%CI:1.358, 78.510] P=0.0241*

Restricting to ACL injuries due to hon-contact, overuse, or surface

contact and injuries occurred during games

(n=203; 189 first-time, 14 recurrent)

Time in Game: late vs early

OR= 0.696 [95%CI:0.215, 2.253], P=0.5453
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Athletic Exposure Methodology
Influences Injury Risk Estimates
in Collegiate Sports

Norcross MF, Johnson ST,
Bovbjerg VE: Oregon State
University, Corvallis, OR

Context: Comprehensive sports inju-
ry surveillance systems (ISS) are vital
tools for identifying causes of injury,
evaluating the effectiveness of preven-
tative interventions or policy changes,
and comparing injury risk between dif-
ferent types of activities such as com-
petitions and practices. However, the
inferences drawn from these systems
may be influenced by the manner in
which time at risk is estimated. While
several prominent ISS capture the total
number of practices and/or competi-
tions that athletes participate in- regard-
less of the length of their participa-
tion-it is unknown if recording more
detailed total hours of participation
may result in more precise injury risk
estimates by capturing the variability
in athletes’ actual participation that is
lost in the former method. Objective:
Compare competition to practice injury

rate ratios (IRR) calculated using dif-
ferent methods for estimating athletic
exposure. Design: Prospective cohort.
Setting: Intercollegiate athletic depart-
ment. Patients or Other Participants:
One hundred ninety-seven Division I
student-athletes in 5 sports: Football
(113), Men’s Basketball (16), Women’s
Basketball (13), Men’s Soccer (29), and
Women’s Soccer (26). Interventions:
Athletic trainers recorded injury events
using an electronic medical record and
athletic exposure using weekly online
surveys and a web-based application
during the 2016 calendar year. Main
Outcome Measures: Aggregate num-
ber of: 1) injury events, 2) practices and
competitions in which athletes partici-
pated (Number), and 3) hours of prac-
tice and competition in which athletes
participated (Hours) were recorded.
IRRs were calculated for each sport and
exposure method. Differences between
the Number and Hours exposure meth-
ods were determined for each sport by
evaluating the 95% ClIs of the IRR es-
timates. Results: Competition to prac-
tice IRR estimates and 95% ClIs for the
Number and Hours exposure methods

are presented in the Table. Compared to
the Hours method, the Number method
systematically underestimated the IRR
for the five sports of interest and the re-
sults were significant for football, men’s
basketball, and women’s basketball (P <
0.05). Conclusions: Failure to account
for the variability in the actual time that
athletes participate in competition and
practices by not recoding actual hours
at risk significantly underestimated the
competition to practice IRRs for some
collegiate sports. Moreover, the mag-
nitude of the IRRs obtained for these
sports using the Hours method was
5-8 times greater than for the Number
method that is commonly used in cur-
rent ISS. These findings suggest that
potential policy decisions such as the
addition of additional games to the
NCAA football or basketball seasons
could be influenced by the level of ex-
posure (e.g., Hours vs. Number) used in
the ISS that are relied upon to inform
these policy decisions.

Table. Competition to practice injury rate ratios (IRR) and 95%
confidence intervals (Cl) by sport obtained when using the two
different levels of athletic exposure. *Hours method significantly
different from Number method (P< 0.05).

Sport

Number Method
IRR (95% Cl)

Hours Method
IRR (95% Cl)

Football

7.7 (5.5, 10.6)

60.7 (43.7, 84.4)*

Men’s Basketball

1.1(0.5, 2.4)

7.0 (3.3, 14.8)*

Women’s Basketball

1.3 (0.6, 2.9)

7.6 (3.4, 16.9)*

Men’s Soccer

3.8(2.4,6.2)

5.0 (3.1, 8.0)

Women’s Soccer

2.8 (1.3, 6.5)

4.0(1.8,9.1)
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Athletic Trainers’ Perceptions
of Overuse as a Mechanism of
Injury

Roos KG, Marshall SW, Golightly
YM, Kucera KL, Myers JB,
Rosamond WD: University of
North Carolina, Chapel Hill, NC;
California State University, Long
Beach, CA

Context: Mechanism of injury (MOI)
can be difficult to assess, as informa-
tion from athletes may be incomplete.
Additionally, the timing of when ath-
letes seek care can affect the assess-
ment of MOI by Athletic Trainers
(ATs). Acute injuries evaluated after
several weeks may present clinical-
ly as overuse. Overuse injuries may
present as acute, if presented at first
signs of pain. Such misclassifications
can impact injury treatment, return to
play, and the long-term health of the
athlete. Understanding how ATs iden-
tify overuse MOI may help limit such
incidents. Objective: To describe the
perceptions of ATs regarding the role
of overuse as a MOI in hypothetical in-
jury scenarios. Design: Cross-sectional
online survey. Setting: Population-

based. Patients or Other Participants:

All ATs contributing to the National
Collegiate  Athletics  Associations’
Injury Surveillance Program (ISP) in
October 2014 were eligible for partic-
ipation. Each of the 293 ATs meeting
this criteria were contacted, 113 (38.6%
response rate) started and 74 complet-
ed the survey (25.3% completion rate).
Completed surveys were analyzed.
Interventions: The survey presented
six hypothetical injury scenarios, in-
volving a variety of overuse injuries,
and was developed by the authors and
5 AT volunteers. In-depth, qualitative
interviews were conducted with 5 ad-
ditional ATs. The survey was pilot test-
ed by 8 graduate students. ATs were
emailed survey invitations and links
on October 1, 2014 followed by 2 re-
minders. Main QOutcome Measures:
ATs assessed the role of overuse in each
scenario, and described how determi-
nations were made. A directed content
analysis (qualitative data analysis using
preliminary categories of previously
identified themes, adding new themes
as analysis progressed), was conduct-
ed for all responses to the open-ended
question: “How did you reach these
conclusions?” Text responses were
coded according to themes regard-
ing the ATs’ perceptions of the MOI.

Additional themes were added upon
analysis. Themes common to multiple
ATs in response to individual scenarios
were noted. Results: Common themes
for assessing the role of overuse in hy-
pothetical injury scenarios involved:
1) the progression of the injury over
time, 2) the absence of a specific MOI,
3) the duration of the injury itself, 4)
the presence of an acute MOI, and 5)
that the injury was a combination of
acute and overuse mechanisms. (Table
1) Individual ATs identified more than
one theme in their decision-making,
and those themes often changed ac-
cording to the scenario. Themes could
be contradictory between ATs regarding
the same scenario (e.g. “Worsening of
previous injury” vs. “Duration of shoul-
der pain”), or individual themes could
be used in multiple ways. (Table 1)
Conclusions: The variability in these
themes and their application demon-
strate the multitude of ways that prac-
ticing ATs identify and classify overuse
injuries. Consensus on overuse injury
definitions may provide clarity and con-
sistency in the future.

Table 1: Common themes from qualitative analysis of ATs perceptions of overuse as a
mechanism of injury, and examples of those themes.

Theme

Examples

Progression of the
injury over time

a) “increase of pain as the season progresses.”
b) “pain brought on that day by one specific mechanism”

Absence of a specific
mechanism of injury

a) “No acute mechanism reported.”
b) “No specific MOI or time of injury listed.”

Duration of the injury
itself

a) “the fact the pain has been going on for over one

month.”

b) “Because he felt the pain while doing the activity.”

Presence of an acute
mechanism of injury

a) “one specific mechanism that caused immediate
symptoms that were not previously present.”
b) “Because an acute injury is what finally tore the labrum

and biceps.”

Injury included both
acute and overuse
mechanisms

a) “There was also a specific incident that led to
worsening pain. Overuse would be a moderate factor in
the final injury because that muscle was already

problematic.”

b) “Overuse is probably a predisposition. Environmental
factors and use during the game caused the acute injury.”
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Free Communications, Oral Presentations: Patient-Reported Outcomes and

Function Following Ankle Injury
Friday, June 29, 2018, 1:45pMm-3:00pM, Room 206-207; Moderator: Jay Hertel, PhD, ATC, FNATA

Patient-Reported Outcomes and
Perceived Confidence Measures
in Athletes With a History of
Ankle Sprain

Corbett RO, Keith TR, Hertel J:
University of Virginia,
Charlottesville, VA

Context: Using patient-reported out-
come measures (PRO’s) and functional
performance tests when returning an
athlete to play are recommended in the
NATA position statement on the pre-
vention and conservative management
of ankle sprains. Evaluating perceived
confidence during functional perfor-
mance testing may be another valu-
able method to evaluate an athlete’s
readiness to return to play following a
lateral ankle sprain (LAS). Objective:
To evaluate the relationship between
PRO’s and perceived confidence when
performing functional performance
tasks in high school athletes with a his-
tory of LAS. Design: Descriptive study.
Setting: High school. Patients or
Other Participants: 25 high school stu-
dent-athletes from the soccer, lacrosse
and tennis teams (6 males, 19 females,
age = 16.2 = 1.1 years, height = 169.3
+ 7.7 cm, mass = 63.2 £ 9.8 kg, 16.8

months since last ankle sprain) who had
a history of LAS and were cleared for
full athletic participation volunteered.
Interventions: None. Main Qutcome
Measures: The Cumberland Ankle
Instability Tool (CAIT), visual analog
scale (VAS) for pain, Identification of
Functional Ankle Instability (IdFAI),
and Tampa Scale of Kinesiophobia
(TSK-11) were completed by all par-
ticipants. Participants then completed a
battery of functional performance tests:
weight bearing lunge test (WBLT), star
excursion balance test (SEBT), lateral,
up-down, and triple hop tests, the sin-
gle-leg vertical jump, and Southeast
Missouri agility test (SEMO) and were
asked to report their confidence in com-
pleting each task using a VAS with a
bottom anchor of “no confidence” and
a top anchor of “complete confidence”.
Pearson’s r correlations were calculated
between measures on the four PRO’s and
the confidence VAS scores during each
of the seven functional tests. Results:
The magnitude of statistically signifi-
cant correlations (p < 0.05) are shown
in the Figure. Moderate (-.3< r >- .5)
to strong (r <- .5) negative correlations
were identified between pain VAS mea-
sures and confidence VAS measures for
all functional test confidence measures

except the SEBT and vertical jump test.
As self-reported pain increased, per-
ceived confidence during functional
tests decreased. Similarly, as TSK-11
scores increased, representing greater
kinesiophobia, measures of perceived
confidence during the SEBT and verti-
cal jump test decreased. Lastly, a mod-
erate positive correlation (r-.46) was
identified between CAIT scores and
perceived confidence measures during
the SEMO indicating that the level of
perceived ankle instability was associ-
ated with perceived confidence during
the agility test. Conclusions: High
school athletes with a history of LAS
demonstrated significant correlations
between several PRO’s and perceived
confidence during various functional
performance tests. Exploring the clini-
cal value of perceived confidence mea-
sures during functional performance
testing when making return to play
decisions after LAS warrants further
investigation.
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The Correlation Between Self-
Reported Function and Clinician
Measured Function in Individuals
With Chronic Ankle Instability:
Pilot Study

Reichert CL, Betz BD, Fisher

ML, Gaven SL, Powden CJ:
Neuromechanics, Intervention,
and Continuing Education
Research Laboratory, Indiana
State University, Terre Haute, IN

Context: Between 30-70% of all later-
al ankle sprains result in chronic ankle
instability (CAI) which is a condition
associated with ROM deficits, pain with
activity, prolonged weakness, functional
impairments, and decreased health-relat-
ed quality of life (HRQoL). Current re-
search has focused rehabilitation on the
physical deficits associated with this con-
dition to improve function. However, the
impact of functional measures on HRQoL
or self-reported function is unknown.
Obijective: To examine the correlation
between self-reported function and cli-
nician measured function in individu-
als with CAI. Design: Cross-sectional.
Setting: Research Laboratory Patients
or_Other Participants: Twelve physi-
cally active individuals with self-reported
CAI (Male = 5, Female = 7, Age = 25.92
+ 10.38 yrs, Height = 167.16 + 13.71
cm, Mass = 80.43 + 26.38 kg, Previous
Ankle Sprains = 6.17 + 7.67, Episodes of
Giving Way = 5.50 + 7.43, Cumberland
Ankle Instability Tool = 14.92 + 3.18,
Ankle Instability Instrument = 6.25 +
1.22) participated in this study. Exclusion
criteria included history of lower extrem-
ity injury or condition that would affect
balance. Interventions: Participants
completed two one-hour sessions in a
two-week timeframe. Sessions were sep-
arated by at least 24 hours. Participant
completed six patient-reported outcomes
during the first session and two function-
al measures during the second. The Foot
Ankle Ability Measure (FAAM) and the
FAAM-Sport were used to assess region-
al specific function. The Disablement of
the Physically Active was used to assess
global function and includes a phys-
ical activity (DPA-PA) and a mental

(DPA-M) subscale. The Fear Avoidance
Belief Questionnaire Physical Activity
subscale (FABQ-PA) assess fear avoid-
ance beliefs during physical activi-
ty. Functional outcomes included the
Triple Hop for Distance (THD), and
the Modified Hexagon Test (MHT).
THD was normalized to body weight
(THD-W) and measured the distance of
three consecutive hops. MHT involved
participants completing a series of sin-
gle-limb hops in and out of a hexagon
on the floor for completion time. Three
trials were recorded for each test and
the averages were used for analysis.
Main Qutcome Measures: Spearman’s
rank correlations were used to exam-
ine bivariate relationships between the
clinician measures of function (THD,
MHT) and self-reported function mea-
sures (FAAM, FAAM-Sport, DPA-PA,
DPA-M, FABQ-PA). Alpha was set at
a-priori p < 0.05. Results: No signifi-
cant correlations were found between
THD-W (4.69 [3.32-6.27]) and the
FAAM-ADL (86.31 [78.27-89.88], r =
-0.284, p = -0.337), FAAM-Sport (75
[66.41-85.94], r = -0.357, p = 0.252),
DPA-PA (18 [12-25.25], »=0.162, p =
0.614), DPA-M (3 [1-5.75], r=.198, p
= 0.538), and the FABQ-PA (11 [7.25-
13.75], r=10.365, p = 0.243) No signif-
icant correlations were found between
the MHT (15.1 [7.73-20.16]) and the
FAAM (r = 0.470, p = 0.123), FAAM-
Sport (»=0.218, p = 0.495), DPA-PA (r
=0.162, p=0.614), DPA-M (r=0.198,
p = 0.538) and FABQ-PA (» =0.365, p
= 0.243). Conclusions: There were no
significant correlations between self-re-
ported function and clinician measured
function. The data in this research aligns
with previous findings that indicate a
disassociation between self-reported
and clinician measured function. In or-
der to maximize rehabilitative success
and create a clear picture of the CAI
patient, tools that assess both patient
perception and traditional measures of
clinical function should be captured.

Predictors of Physical Activity
Related Fear-Avoidance Beliefs
in Those With Chronic Ankle
Instability

Hoch MC, Hoch JM, Houston MN,
Powden CJ: University of
Kentucky, Lexington, KY; Keller
Army Community Hospital, West
Point, NY; Indiana State University,
Terre Haute, IN

Context: Individuals with chronic
ankle instability (CAI) have report-
ed increased fear-avoidance beliefs
in comparison to healthy individuals.
However, it remains unclear if self-per-
ceived impairments or functional loss
contribute to heightened fear-avoidance
beliefs associated with physical activity
in people with CAI. Further examining
contributing factors to fear-avoidance
beliefs may identify intervention strat-
egies to address this biopsychosocial
aspect of recovery. Objective: To de-
termine if self-reported impairments,
limitations or restrictions predict phys-
ical activity related fear-avoidance be-
liefs in participants with CAI. Design:
Cross-sectional. Setting: Laboratory.
Patients or Other Participants: Sixty-
two participants with self-reported CAI
(44 females, age = 23.8 + 5.8 yr, height
=168.9 £ 9.3 cm, mass = 71.5 + 13.6 kg)
were recruited from a large university.
Participants were included if they report-
ed >1 ankle sprain, >2 episodes of “giving
way” in the past three months, answered
“yes” to >5 questions on the Ankle
Instability Instrument, and scored <24 on
the Cumberland Ankle Instability Tool
(CAIT). Interventions: Participants
completed the Fear-Avoidance Beliefs
Questionnaire-Physical Activity subscale
(FABQ-PA), the modified Disablement in
the Physically Active Scale (mDPA), the
Foot and Ankle Ability Measure-Sport
(FAAM-S), and the CAIT. The FABQ-PA
contained five items scored on a 7-point
Likert scale. FABQ-PA scores ranged
from 0-24 with greater scores indicating
greater fear-avoidance. The mDPA con-
tained sixteen items scored on a 5-point
Likert scale. The FAAM-S contained
eight items scored on a 5-point Likert
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scale. The CAIT contained nine items
with various Likert scales. These scales
were selected because they measure a
broad range of self-perceived impair-
ments, limitations and restrictions rel-
evant to CAI patients. Main Qutcome
Measures: All items from the mDPA,
FAAM-S, and CAIT were examined as
predictor variables for FABQ-PA scores.
To reduce the number of predictor vari-
ables, bivariate correlations examined
the relationship between the individ-
ual items from the mDPA, FAAM-S,
and CAIT and FABQ-PA scores. Items
with a significant correlation to FABQ-
PA scores were retained for regression
analysis. A backward multiple linear
regression model was implemented
with FABQ-PA scores as the criterion
variable and remaining scale items as
the predictor variables. Descriptive sta-
tistics were reported as Median (IQR).
Alpha level was set a-priori at p < 0.05.
Results: Ten items from the mDPA
(Items 1, 2, 5, 13, 16), FAAM-S (Items
4,6, 8), and CAIT (Items 6, 9) were cor-
related to FABQ-PA scores (p < 0.05).
Once entered into the regression model,
CAIT Item 9 (Perceived Recovery Time
from Ankle Rolling; 1.00 (1.00)) and
DPA Item 1 (Pain in Past 24 hours; 0.00
(2.00)) were identified as predictors of
FABQ-PA scores (12.00 (6.00), R>=
0.28, p < 0.001). Conclusions: Longer
perceived recovery time from episodes
of ankle rolling and greater pain in the
past day were associated with greater
fear-avoidance beliefs. Strategies to re-
duce the severity and frequency of epi-
sodes of giving way and mitigate pain
may diminish barriers to recovery cre-
ated by fear avoidance.

Objective and Subjective
Functional Test Measures in
Interscholastic Athletes With
a History of Time Loss Ankle
Sprain

Keith TR, Corbett RO, Hart JM,
Hertel J: University of Virginia,
Charlottesville, VA

Context: There are limited empiri-
cal reports of objective and subjec-
tive functional performance measures
in high school athletes with a history
of lateral ankle sprain (LAS) in the
sports medicine literature. Objective:
To identify differences in function-
al performance test performance and
perceived confidence when perform-
ing these tests in high school athletes
with and without a history of a time
loss LAS, and to examine the relation-
ships between these objective and sub-
jective measures. Design: Descriptive
study. Setting: High school. Patients
or_Other Participants: 33 interscho-
lastic athletes (6 males, 27 females,
age = 15.7 + 1.2 years, height = 169.1
+ 8.4 cm, mass = 62.4 = 11.0 kg) who
were cleared for full participation vol-
unteered. The participants were divided
into 2 groups based on their injury his-
tory, a time loss LAS group (n = 17),
and healthy controls with no history of
LAS (n = 16). The average time since
injury for the time loss group was 17
months, and the average time lost was
10.8 days. Interventions: None. Main
Outcome Measures: Functional per-
formance tests included isometric in-
version and eversion ankle strength,
star excursion balance test, weight
bearing lunge test, lateral, up-down,
and triple hop tests, single-leg vertical
jump, and Southeast Missouri agility
test (SEMO). Perceived confidence on
a 10cm visual analog scale with anchors
of “no confidence” and “complete con-
fidence” were recorded after completion
of each functional performance test.
Independent t-tests were performed to
compare differences in the performance
scores and perceived confidence mea-
sures between the two groups. Pearson
correlation coefficients were calculated

to evaluate the relationship between
performance measures and the corre-
sponding confidence scores within each
group. Correlation coefficients were
interpreted as weak (00.5). An a priori
alpha level of p < 0.05 was used for all
analyses. Results: No significant dif-
ferences were identified for any of the
performance measures between the two
groups (p>.05). The LAS group (7.22 +
2.06 c¢cm) reported decreased perceived
confidence compared to the healthy
group (8.41 = 1.09 cm) for the strength
tests (p = 0.04). In the LAS group, mod-
erate to strong correlations were found
between functional test performance
and perceived confidence for the SEMO
agility test (» = -0.60, p = 0.02) and in-
version strength (= 0.48, p = 0.05). In
the healthy group, a strong correlation
was identified between functional test
performance and perceived confidence
for the triple hop test (r = 0.63, p =
0.02). For all significant correlations, as
performance improved, perceived con-
fidence also improved. Conclusions:
High school athletes with a history of a
time loss LAS demonstrated functional
performance and perceived confidence
scores that were similar to the healthy
controls. Future research should exam-
ine the relationship of these objective
and subjective functional performance
measures in athletes recovering from
acute ankle sprains as results may differ
closer to the time of injury.
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Free Communications, Rapid Fire Oral Presentations: Taking Care of Youth and

Adolescent Athletes

Friday, June 29, 2018, 3:15pm-4:45pM, Room 206-207; Moderator: Anh-Dung “Yum” Nguyen, PhD, ATC

Athletic Training Athlete
Encounters and Services
Provided in the Middle

School Setting

Hallsmith KR, Kelshaw P,

Allers VA, Kerr Z, Caswell AM,
Ambegaonkar JP, Cortes N,
Caswell SV: George Mason
University, Fairfax, VA; University
of North Carolina at Chapel Hill

Context: Participation in middle school
athletics has increased, resulting in a
need for athletic trainers (AT) to pro-
vide medical care for these student-ath-
letes. Previous research has investigated
services provided by AT in secondary
school settings. To date, services pro-
vided by ATs to student-athletes in the
middle school setting has not been in-
vestigated. QObjective: To describe
daily athlete encounters (AE) and ser-
vices provided by ATs in a large metro-
politan middle school setting. Design:
Prospective cohort. Setting: Middle
school sports. Patients or Other
Participants: All student-athletes in
grades 6, 7 and 8 (age = 12.1 £ 0.9
years) participating in a school-orga-
nized sport and provided care by the AT
were included in this study. Each middle
school had 12 school-sponsored sports
with an AT onsite to provide medical
care for student-athletes during all prac-
tices and competitions. Interventions:
Attendance, AE, and services provided
by the ATs were recorded daily across
9 large public middle schools during
the 2015-2016 and 2016-2017 school
years. Data were recorded by each AT
during organized sporting events using
a customized electronic record keeping
application Main Qutcome Measures:
Attendance, AE, and services provid-
ed by the ATs recorded daily across
9 large public middle schools during
the 2015-2016 and 2016-2017 school
years Results: During the 2-year study
period, the ATs reported 9092 AE and
19492 services. Football (n = 1526,
16.8%), followed by girls’ basketball

(n = 1228, 13.5%) and wrestling (n =
1151, 12.7%), accounted for the most
AE. Overall, most AE were for new
injury services (n = 11472, 58.9%),
followed by existing injury services (n
= 5724, 29.4%), and then preventative
services (n = 2316, 11.9%). The most
common new injury services provided
were evaluation (n = 3453, 30.1%), ed-
ucation (n = 2443, 21.3%) and ice-or-
taping application (n = 1229, 11.3%).
Overall, evaluation (n = 4814, 24.7%),
and education (n = 4405, 22.6%) were
the most common services provid-
ed followed by consultation (n=3183,
16.1%). Conclusions: Our findings are
the first to quantify the amount of AE
coupled with services provided by ATs
in the middle school athletic setting.
Our findings demonstrate the important
role that ATs play in delivering health
and safety education to athletes, coach-
es, parents and school staff in middle
school athletics. Collectively, our track-
ing of AE and services provides valu-
able evidence to understand the daily
responsibilities and demonstrates the
value of ATs in the middle school ath-
letics settings. Our findings support em-
ploying ATs to care for middle school
student-athletes in school-sponsored
sports. Future research should include
larger and more geographically diverse
samples of public and private middle
schools and youth sports leagues.

Differences in Athletic
Performance Measures Between
Youth Athletes With Previous
Lower Extremity Injury Across
Maturation

Begin MM, Trigsted SM, Frank B,
Huxford R, Bailey J, Zuk EF, Boling
MC, DiStefano LJ, Ford KR, Taylor
JB, Nguyen A: High Point University,
High Point, NC; University of North
Carolina at Chapel Hill, Chapel Hill,
NC; North Carolina FC, Cary, NC;
University of Connecticut, Storrs,
CT; University of North Florida,
Jacksonville, FL

Context: While previous lower extremi-
ty injury and changes through maturation
have been suggested to increase risk of
knee and ankle injuries in youth athletes,
mechanisms to explain this relationship
have not been examined. Athletic perfor-
mance measures of power, speed, agility,
and endurance could also potentially in-
fluence injury risk. Understanding wheth-
er athletic performance measures differ
between youth athletes with previous
lower extremity injury and across matura-
tion may provide insight toward identify-
ing those at greater injury risk. Objective:
To determine if athletic performance mea-
sures differ between youth athletes with
self-reported history of lower extremity
injury and across stages of maturation.
Design: Cross-sectional. Setting: Field
setting. Patients or Other Participants:
Two hundred and eighty-eight youth
soccer players (131M, 157F: 14.6 + 1.2
yrs, 152.0 £ 14.5 cm, 42.9 + 9.0 kg) vol-
unteered. Interventions: Self-reported
lower extremity injury history was used
to classify injury history groups into those
with any lower extremity injury (INJ) and
no injury history (NOINIJ). Percent of
adult stature (% AS), using the Khamis-
Roche method, classified participants into
pre-pubertal (PRE), pubertal (PUB), and
post-pubertal (POST) maturation groups.
Performance measures of power, speed,
agility, and endurance were assessed
during a 10m-dash, 30m-dash, arrowhead
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agility test, and the yo-yo endurance test,
respectively. Main Outcome Measures:
History of injury to the hip, knee, lower
leg, or ankle discriminated the INJ (N
= 100) and NOINJ (N = 188) groups.
Based on peak height velocity estimates,
participants were classified as PRE (N =
112) with less than 80% AS, PUB (N =
108) with 80-92% AS, and POST (N =
68) with greater than 92% AS. Time of
completion [seconds (s)] for 10m-dash,
30m-dash, arrowhead agility, and lev-
el achieved on the yo-yo endurance test
were used for analyses. Two (injury: INJ,
NOINJ) by three (maturation: PRE, PUB,
POST) ANOVAs examined differences
in performance measures. Post-hoc LSD
comparisons were performed when ap-
propriate. Results: Significant main ef-
fects of maturation groups were observed
for 10m-dash (P < 0.001), 30m-dash (P <
0.001), arrowhead agility (P = 0.004), but
not the yo-yo endurance test (P = 0.142).
Specifically, during the 10m-dash, PRE
was slower than PUB (mean difference
=0.048 s, P = 0.006) and POST (mean
difference = 0.085 s, P < 0.001,) while
PUB was slower than POST (mean dif-
ference = 0.044 s, P =0.010). During the
30m-dash, PRE (mean difference = 0.331
s, P <0.001) and PUB (mean difference
= (0.266 s, P < 0.001) were slower than
POST. During the arrowhead agility, PUB
was slower than PRE (mean difference =
0.564 s, P=10.002) and POST (mean dif-
ference = 0.783, P < 0.001). There were
no significant interactions between injury
and maturation groups, or main effects
for injury group (P> 0.05). Conclusions:
Athletic performance measures did not
differ based on self-reported history of
injury. Athletic power and speed increase
across maturation stages. However, youth
athletes in the pubertal stage appear to
experience a decrement in agility per-
formance, which may be a result of neu-
romuscular changes during this stage of
maturation. Further work is needed to
determine if athletic performance differ-
ences contribute, prospectively, to lower
extremity injury.

Influence of Trunk and Pelvis
Motion, and Hip Strength on
Lower Extremity Kinematics
During a Single Leg Landing

in Youth Athletes

Crisafulli GA, Trigsted SM, Whicker
CR, Zuk EF, Boling MC, Ford KR,
Taylor JB, DiStefano LJ, Nguyen A:
High Point University, High Point,
NC; University of Connecticut,
Storrs, CT; University of North
Florida, Jacksonville, FL

Context: Decreased hip strength has
been suggested to alter lower extremity
motion during single-leg landing tasks
and can lead to compensatory changes
in trunk and pelvic positions and mo-
tions that decrease the demand on the
hip muscles. Identifying the compen-
satory strategies of the trunk and pelvis
during landing and their influence on
lower extremity motion could improve
the effectiveness of intervention pro-
grams aimed at improving at risk land-
ing patterns. Objective: To examine the
influence of hip strength and trunk and
pelvis motion on lower extremity kine-
matics during a single-leg landing task
in youth athletes. Design: Descriptive
study. Setting: Field Setting. Patients
or Other Participants: One hun-
dred and four (62 M, 42 F: 11.0 £ 1.9
yrs, 38.8 + 10.8 kg, 146.3 £ 15.6 cm)
youth soccer athletes participated.
Interventions: Isometric strength of
the hip extensors (HEXT), external ro-
tators (HER), and abductors (HABD)
was assessed using a hand-held dyna-
mometer. Three-dimensional hip and
knee kinematics were assessed using an
electromagnetic motion analysis system
during three trials of a single-leg hop
(SLH) over a hurdle (height = 12.7 cm)
set 40% of the subject’s height from
a force plate. All measures were as-
sessed on the left limb. Main Outcome
Measures: Normalized peak isometric
hip strength (%BW), trunk and pelvic
angles (relative to world coordinate) at
initial contact (IC = vGRF > 10 N) and
displacement during the deceleration
phase (IC to peak knee flexion), and
peak hip and knee kinematics during

the deceleration phase of the SLH were
used for analyses. Separate step-wise,
linear regressions determined the ex-
tent to which hip strength and trunk
and pelvis position predicted hip and
knee kinematics in youth soccer ath-
letes. Results: Less HEXT strength
(22.16 + 18.53 %BW, R?= 0.091, P =
0.002), less contralateral trunk rotation
at IC (0.41 + 8.24°, R*| = 0.044, P
= (.026), and greater contralateral pel-
vic drop displacement (-7.97 + 3.87°,
R?, = 0.053, P=0.012) predicted less
peak knee flexion (49.80 + 14.63°); less
HEXT strength (22.16 £+ 18.53 %BW,
R?=0.174, P <0.001) predicted greater
peak hip flexion (-40.55 + 17.23°); less
contralateral pelvic rotation at IC (10.55
+14.22°,R*=0.252, P<0.001), less ip-
silateral pelvic tilt at IC (9.93 + 6.91°,
R?, = 0.167, P<0.001), less ipsilater-
al trunk lean at IC (4.51 £8.24°, R*|
= 0.014, P = 0.047), and less contra-
lateral pelvic drop displacement (-7.97
+3.87°, R, .= 0219, P < 0.001)
predicted greater peak hip adduction
(4.35 £ 10.09°); less contralateral pel-
vic rotation at IC (10.55 + 14.22°, R>=
0.041, P=0.039) predicted greater peak
hip internal rotation (9.01 £+ 19.82°).
Conclusions: Decreased strength of the
hip extensors was the strongest predic-
tor of sagittal plane hip and knee land-
ing kinematics, while trunk and pelvis
position and motion were the strongest
predictors of frontal and transverse
plane hip kinematics. These findings
suggest that interventions aimed at im-
proving lower extremity motion during
dynamic tasks should include exercises
to increase hip extensor strength and
movement feedback that effectively
corrects compensatory trunk and pelvis
positions in youth athletes.
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Clinical Measures of Neuro-
muscular Control Detect
Differences in Children

Zuk EF, Root HJ, Beltz EM,
Burland JP, DiStefano LJ:
University of Connecticut, Storrs,
CT,; A.T. Still University, Mesa, AZ

Context: The Landing Error Scoring
System (LESS) and Balance Error
Scoring System (BESS) are validated
clinical measures of neuromuscular
control (NMC), commonly utilized in
lower extremity musculoskeletal injury
risk screenings. These tasks, however,
potentially challenge different aspects
of NMC. There is limited knowledge
about the relationship between the
LESS and BESS, and whether they dif-
fer across grade divisions in children,
who are often a target population for
injury risk. Better understanding the
relationship between tasks across grade
divisions would improve efforts to de-
velop more efficient NMC screenings
that can inform interventions, and ul-
timately reduce injury risk in children.
Objective: To evaluate the association
between LESS and BESS scores in chil-
dren. A secondary objective was to ex-
amine if differences exist in the LESS
and BESS between elementary and
middle school age divisions. Design:
Cross-sectional study. Setting: School.
Patients or Other Participants: 105
children (n = 66M, 59 F; height, 117.7
+ 61.9 cm; mass, 44.6 + 14.1 kg) in
grades 4-8, between the ages of 9-14
years old, volunteered to participate.
Interventions: Participants complet-
ed a single test session in the school
gymnasium. All participants performed
three trials of a standardized jump-land-
ing task, which was captured and grad-
ed with a depth camera and markerless
motion capture software (PhysiMax
Technologies Ltd, Tel Aviv, Israel)
using the LESS. Participants also per-
formed all 6 stances of the BESS, which
was graded by one of two trained, reli-
able raters. Main Outcome Measures:
The average total LESS score across 3
trials was calculated for a single LESS
score per participant. Total number

of BESS errors per participant was
also calculated. Composite LESS and
BESS scores were used for all anal-
yses. Participants were divided into
Elementary (grades, 4-5; n = 24 M, 30
F; height, 133.8 = 63.3 cm; mass, 41.5
+ 9.6 kg) or Middle (grades, 6-8; n =
22 M, 29 F; height, 127.2 + 62.7 cm;
mass, 52.3 £ 15.2) School grade divi-
sions. Pairwise correlations were used
to evaluate the relationship between
LESS and BESS scores, controlling
for sex. Separate one-way analyses of
variance compared LESS and BESS
scores between age divisions, while
controlling for sex. Results: BESS and
LESS scores had a significant, weak as-
sociation (R = 0.38, P = 0.03). BESS
scores were not statistically different
between grade divisions (Elementary:
9.26 + 7.31 errors; Middle: 8.78 + 6.34
errors, P =0.73). LESS scores were not
significantly different between grade di-
visions (Elementary: 7.15 + 1.96 errors;
Middle: 6.25 £ 1.74 errors, P = 0.06)
Conclusions: The weak correlation be-
tween the LESS and BESS demonstrate
that these tools are evaluating different
aspects of lower extremity neuromus-
cular control in this population. The
potential clinical significance needs
further exploration, but these data sug-
gest that both tasks should be included
in injury risk screening. No differences
were found in either task between the
elementary and middle school grade di-
vision, which suggests that similar in-
tervention programs can likely be used
for this entire population.

Adolescent Female Participants
at Return to Sport (RTS) After
Anterior Cruciate Ligament
Reconstruction (ACL-R)
Demonstrate Within Limb
Differences in Energy
Absorption Contribution
During a Single Limb Squat
Garrison JC, Fitch CA, Goto S,
Hannon JP, Bothwell JM:

Texas Health Sports Medicine,
Fort Worth, TX

Context: Restoration of symmetrical
quadriceps strength and joint loading in
patients who have undergone ACL-R is
often difficult. The relative contribution
of the hip, knee and ankle joint while
loading and the relationship to quadri-
ceps strength at time of return to sport
(RTS) is unclear. Objective: To com-
pare energy absorption contribution
(EAC) of the hip, knee and ankle joints
during a single limb squat (SLS) task
and quadriceps strength between the
involved (INV) and uninvolved (UNV)
limbs at RTS for adolescent females
post-operative ACL-R. Design: Within-
Subjects Design. Setting: Hospital
based outpatient clinic. Patients or
Other Participants: Twenty-five ad-
olescent female ACL-R participants
who were at time of RTS (Age = 15.1
+ 1.1 yrs; Ht = 162.5 cm + 7.5 cm;
Mass = 63.4 + 8.8 kg). Interventions:
Net power of the hip, knee, and ankle
joints was assessed while participants
performed five consecutive SLS repe-
titions. Isokinetic quadriceps strength
at 60 deg/sec was measured using an
isokinetic dynamometer as average
peak torque. All measurements were
collected bilaterally. Main Qutcome
Measures: Energy absorption of the
hip, knee, and ankle joints were normal-
ized to height and weight, and the con-
tribution of each joint was calculated in
relation to the total EA (EA of all joints)
as a percentage (%) during the loading
phase of the middle three trials of a SLS
task. EAC is expressed clinically as ec-
centric loading Separate paired t-tests
were calculated to examine the differ-
ences between limbs in EAC of each
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joint and quadriceps strength of each
limb, (a0 < 0.05). Results: The involved
limb demonstrated significantly greater
EAC at the hip (INV =39.4% =+ 10.4%;
UNV =31.1% =+ 11.3%; p < 0.001) and
less EAC at the knee (INV = 41.5% =+
8%; UNV = 50% = 10%; p < 0.001)
compared to the uninvolved limb. No
significant difference was observed
with EAC at the ankle between limbs (p
=0.81). The involved limb revealed de-
creased strength compared to the unin-
volved limb (INV = 1.26 + 0.34; UNV
=1.67%+0.37;p<0.001). Conclusions:
ACL-R participants demonstrate differ-
ent eccentric loading strategies during a
SLS task at time of RTS between limbs.
Deficits in quadriceps strength at RTS
may contribute to avoidance of the knee
joint and greater usage of the hip and
ankle. Increasing quadriceps strength
may improve symmetry between the
hip, knee and ankle joint EA strategy.

Side-to-Side Spatiotemporal
Postural Control Asymmetry in
Adolescent Basketball Players
McKeon PO, Hoch MC, Medina
McKeon JM: Ithaca College,
Ithaca, NY; University of Kentucky,
Lexington, KY

Context: Single-leg balance asymme-
try is a risk factor for lower extremity
injury in adolescent basketball players.
Time-to-boundary (TTB) is a spatiotem-
poral postural control assessment tech-
nique used to capture single-leg balance
alterations related to lower extremity
injury and rehabilitation. TTB side-to-
side asymmetry may provide valuable
insight into injury risk in adolescents as
it takes into account center of pressure
(COP) excursions in the context of the
size of the foot. Objective: To evaluate
potential side bias and the typically oc-
curring side-to-side asymmetry in single
leg-balance using TTB and develop ref-
erence values for healthy adolescents.
Design: Cross-sectional study. Setting:
Local High School Gymnasia Patients
or Other Participants: Ninety-five ad-
olescents participating in high school
basketball from 9 high schools (36
males, 59 females; age: 15.8 £ 1.4 yrs;
height: 174.0 + 10.3 cm; mass: 70.1 +
14.6 kg) participated. All athletes were
cleared for basketball participation and
did not report a history of lower extrem-
ity injury. Interventions: Participants
performed 3, 10-second trials of eyes
open and eyes closed single-leg stance
on a force plate on their right and left
limbs. Main Outcome Measures: TTB
was calculated using the COP position
and velocity data for the mediolateral
(ML) and anteroposterior (AP) direc-
tions in relation to the boundaries of
their base of support. TTB minima were
then identified, which represent the the-
oretical points within the COP profile
where a person is likely to lose balance
if a change in direction does not occur.
The mean of TTB minima was calculat-
ed for both the AP and ML directions
with eyes open and closed. Limits of
agreement analysis assessed the po-
tential for side bias (SB=right-left) and

95% confidence intervals (Asymmetry-
CI,,) around the side-to-side differenc-
es assessed side-to-side asymmetry for
the mean of TTB minima in the ML
and AP directions with eyes open and
closed. Asymmetry was then expressed
as a percentage (%Asymmetry =
Asymmetry-CI  /mean of TTB minima
*100). Results: For eyes open, the mean
of TTBML minima (Right: 1.73 + 0.49
s, Left: 1.76 £0.52's, SB: 0.03 £ 0.43 s;
Asymmetry-CI: 0.85 s, Y%Asymmetry:
49%) and TTBAP minima (Right:
4.83 £ 1.31 s, Left: 4.76 £ 1.36 s; SB:
-0.07 £ 1.07 s; Asymmetry-CI : 2.11 s,
%Asymmetry: 44%) demonstrated low
SB with large side-to-side asymmetry.
In eyes closed, the mean of TTBML
minima (Right: 0.79 + 0.24 s, Left: 0.79
+0.25s, SB: 0.00 + 0.25 s; Asymmetry-
Cl,: 0.49 s, %Asymmetry: 62%) and
TTBAP minima (Right: 2.18 + 0.75 s,
Left: 2.21 = 0.80 s, SB: 0.03 + 0.63 s;
Asymmetry-CI :1.23s, %Asymmetry:
56%) also revealed low SB, but high-
er %Asymmetry than eyes open TTB.
Conclusions: In healthy adolescents
participating in basketball, there does
not appear to be SB on the mean of
TTB minima in both the ML and AP
directions with eyes open or closed.
TTB substantially decreased with the
removal of vision in both ML and AP
directions, but the side-to-side asym-
metry increased. Based on the asymme-
try-Cl,,, there does appear substantial
TTB asymmetry, ranging up to approx-
imately 60%. Future research should
explore whether adolescent basketball
players with TTB asymmetries that fall
outside of the asymmetry-CI  estab-
lished are at increased injury risk.
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Preseason Star Excursion
Balance Test Identifies
Adolescent Female Basketball
Athletes With a History of
Ankle Sprain

Beltz EM, Root HJ, Scarneo
SE, Burland JP, Devaney LL,
DiStefano LJ: University of
Connecticut, Storrs, CT; A.T.
Still University, Mesa, AZ

Context: Ankle sprains are the most
common injury in high school athletics
and have a high re-injury rate. Female
basketball athletes have the highest rate
of ankle sprains among high school
athletes. The Star-Excursion Balance
Test (SEBT) is a dynamic balance
measure that is associated with self-re-
ported feelings of ankle instability and
has been shown to predict lower ex-
tremity injury in high school basket-
ball athletes. Objective: To determine
if baseline SEBT scores can identify
history of ankle sprain in adolescent
female basketball athletes. Design:
Cohort. Setting: Field study. Patients
or_Other Participants: Seventy-five
competitive female basketball ath-
letes (mean + SD: 13 + 2y, 166.1 +
9.7 cm, 56.5 = 12.1 kg) volunteered.
Interventions: Participants completed
a baseline questionnaire that inquired
about ankle sprain history. Participants
were screened with a modified SEBT,
using the anterior (ANT), posterome-
dial (PM) and posterolateral (PL) reach
directions. Limb length was measured
from the anterior superior iliac spine to
the medial malleolus. Main Qutcome
Measures: The SEBT stance limb de-
fined the laterality of the test. The av-
erage of three trials normalized to limb
length was used for analyses regarding
individual reach directions. A compos-
ite SEBT score for each limb was calcu-
lated according to previous research and
normalized to limb length. Participants
were assigned to either ankle sprain
(INJ) or no ankle sprain (CON) groups,
based on their self-report on the base-
line questionnaire, as well as by later-
ality of injury (R-INJ, L-INJ). Two sep-
arate one-way multivariate ANOVAs

were used to compare SEBT composite
score and reach directions (ANT, PM,
PL) between groups (R-INJ, CON;
L-INJ, CON). Univariate ANOVAs
were utilized for post-hoc comparisons.
Two separate paired t-tests were used to
evaluate right and left composite SEBT
scores in CON and INJ participants (o=
0.05). Results: Twenty-five participants
(13£2y,65.5+3.8cm, 56.5 + 12.4 kg)
reported history of ankle sprain (R-INJ:
n = 16; L-INJ: n = 11), including 2 par-
ticipants that reported a history of bilat-
eral ankle sprain(s). Forty-seven partic-
ipants (CON: 14 + 2 y, 65.4 £ 4.0 cm,
57.3 = 11.4 kg) did not report history
of ankle sprain. Significant differences
were detected for left-sided composite
and directional SEBT scores between
L-INJ and CON (p = 0.04). Post-hoc
comparisons revealed significant dif-
ferences in the PM (p = 0.03; L-INJ =
0.89 + 0.09% limb length, CON = 0.80
+ 0.12%) and PL (p = 0.01; L-INJ =
0.92 £+ 0.07%, CON = 0.84 + 0.09%)
directions. There were no differenc-
es in SEBT scores between R-INJ and
CON (p = 0.55). Significant compos-
ite SEBT side-to-side differences were
present in the INJ group (p = 0.02; R
=0.88 £ 0.07%, L = 0.89 + 0.09%); no
significant side-to-side differences were
present in the CON group (p = 0.72).
Conclusions: These data indicate that
side-to-side composite SEBT score
asymmetries, with increased left-sided
scores, can identify athletes with previ-
ous history of ankle sprain. While the
findings from this investigation conflict
with previous research that indicat-
ed decreased left-sided SEBT values
predict lower extremity musculoskel-
etal injury, both investigations support
SEBT asymmetries as an identifier of
increased lower extremity injury risk.

The Utility of the Functional
Movement Screen and Health-
Related Fitness for Mitigating
Injury in Youth Sport

Pfeifer CE, Ortaglia A, Beattie PF,
Monsma EV, Goins JM, Stodden
DF: Lander University, Greenwood,
SC; University of South Carolina,
Columbia, SC

Context: Millions of youth participate
in sport every year. The number of
youth injured from sport continues to
rise, highlighting the need to mitigate
the risk of injury in sport. Adequate
movement ability and health-related fit-
ness (HRF) of youth sport participants
is imperative for performance in sport
and the reduction of risk factors of inju-
ry. The development of movement abil-
ity is linked to the development of HRF.
The secular decline in both of these
constructs in youth may predispose mil-
lions to injury related to the high phys-
ical demands sport places on the body.
Objective: To assess if the combination
of HRF and movement ability has utili-
ty for identifying odds of injury in youth
sport. Design: Cohort study. Setting:
Field. Patients or Other Participants:
136 volunteers (63 male, 73 female)
age 11-18 (16.01 + 1.35) were recruited
from a variety of sports and sport or-
ganizations. Participants were healthy
and free of movement or participation
limiting musculoskeletal injury with-
in the past six months. Interventions:
Functional Movement Screen (FMS™)
performance and HRF variables (Body
Mass Index (BMI), percent body fat,
strength [grip], lower body power [long
jump], VO, Max [Progressive Aerobic
Cardiovascular Endurance Run], and
muscular endurance [curl up]). The
FMS™ movement evaluation was cod-
ed by individuals trained and reliable
(inter/intra-rater x, = 0.70 to 1). Main
QOutcome Measures: Injury: any phys-
ical insult or harm resulting from sports
participation, requiring an evaluation
from a health or medical professional
and time modified/lost from sport par-
ticipation. Logistic regressions were
utilized to examine odds of injury as
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a function of HRF, composite FMS™
score, sex, and age. Results: Sex was
the significant predictor (P < 0.05) of
injury when modeling from sex (OR
= 13.02 for males, CI 4.46-38.04) and
composite FMS™ score (OR = 0.95,
CI 0.81-1.12). For all HRF variables,
significant predictors of injury were sex
(OR =9.74, CI 2.46-38.55), VO, Max
(OR = 0.84, CI 0.74-0.95), and lower
body power (OR = 1.03, CI 1.00-1.05).
When combining composite FMS™ and
HREF variables, significant predictors of
injury included sex (OR = 10.55, CI
2.37-47.01), VO, Max (OR = 0.85, CI
0.75-0.97), and lower body power (OR
= 1.03, CI 1.01-1.05). Conclusions:
The most salient factors when model-
ing injury from all HRF variables and
movement ability were sex, muscular
power, and cardiorespiratory endur-
ance. Sport choice may alter risk of
injury, as the majority of males partic-
ipating in collision sports were injured.
Individuals with decreased cardiorespi-
ratory endurance and lower body power
may be at higher odds of injury due to
the negative effect lower extremity and
global fatigue has on movement ability.
Those in the youth setting may benefit
from a long-term athlete development
stance towards sport competence and
injury prevention efforts.
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Patellofemoral Chondral Defect
in a Preadolescent Skier:
Consequences of Early Sport
Specialization

DePhillipo NN, Cinque ME,
Kennedy NI, Moatshe G,

Chahla J, LaPrade RF:

The Steadman Clinic, Vail,

CO; The Steadman Philippon
Research Institute, Vail, CO

Background: A healthy 11yearold male
competitive alpine skier presented with
a 6week history of recurrent swelling
of his right knee and persistent anterior
knee pain while skiing without evidence
of any specific history of injury or trau-
matic event. The athlete is a competitive
skier who competes six days per week
during the season and trains year round,
specializing in downhill ski racing. The
athlete attempted a bout of conservative
treatment including physical therapy and
a 2week rest period with no skiing. After
4weeks of generalized knee strengthen-
ing, the athlete and his parents presented
to our clinic seeking further orthopaedic
evaluation due to recurrent knee effusions
and persistent anterior knee pain. The
patient denied any specific injury or fall
that he could attribute to his knee pain
and swelling. The patient presented with a
slight limp during gait that was non-pain-
ful. He had full knee range of motion
(ROM) with a 2+ moderate effusion and

tenderness to palpation over the medial
aspect of the patella. His patellar mobility
was equal bilaterally with no crepitation
and his knee was stable during ligamen-
tous testing. Differential Diagnosis:
Patellar tendinopathy, Osgood Schlatter’s,
Sinding-Larsen-Johansson, medial supra-
patella plica irritation, Osteochondritis
Dissecans. Treatment: Radiographs
were obtained and revealed an anatomic
variant, a bipartite patella, but no other
acute bone abnormalities. Magnetic reso-
nance imaging was ordered and revealed
an articular cartilage defect of the medial
patellar facet. The patient underwent di-
agnostic arthroscopy the next day, which
showed a 10 mm wide Outerbridge grade
IV focal cartilage defect with delamina-
tion on the medial facet of his patella.
The chondral defect was treated with an
arthroscopic chondroplasty to ensure that
the cartilage defect did not continue to
delaminate and cause recurrent effusions
and pain with activity. Postoperatively,
the patient was allowed to weight bear
as tolerated with the use of crutches for
2weeks. A major emphasis was placed
on rest from skiing and sports activities
and allowing the patient’s knee pain and
swelling to subside before increasing ac-
tivity. At 12weeks postoperatively, the
patient presented with a normalized gait,
no knee effusion, full knee and patellar
ROM symmetric to his contralateral limb,
and no patellar crepitation or painful
palpation on physical exam. The patient

was released to begin return to sport pro-
gression at 12weeks, and was cleared for
full activities with a return to competi-
tive skiing at 15weeks postoperatively.
At l6weeks postoperatively, he won an
international alpine ski race in Europe
for his age group. Uniqueness: In this
report, a preadolescent athlete developed
a patellofemoral chondral defect without
history of prior injury or traumatic event.
The cause was most likely due to focused
early single sport specialization (ESS),
which is an increasingly popular method
of sport performance in today’s youth ath-
letics. The American Orthopaedic Society
for Sports Medicine consensus statement
defined ESS according to 3 criteria: 1)
participation in intensive training and/or
competition in organized sports greater
than 8 months per year; 2) participation in
1 sport to the exclusion of participation in
other sports; and 3) involving prepubertal
children (grade 7 or roughly age 12 years
old). In this case report, the athlete satis-
fies the criteria of ESS because of his sin-
gle sport specialization, prepubertal age,
and intensive ski competition >8 months
year round. Conclusions: Allied health
care professionals should consider pa-
tellofemoral chondral injury in the com-
petitive youth athlete with persistent an-
terior knee pain and recurrent effusions.
This case report may provide insight to
the detrimental consequences of over-
use and underdevelopment associated
with ESS in young skiers.
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Miscellaneous Best Practices Forum: Does Prediction Lead to Prevention?
Discussing and Translating the State of Evidence for Injury Risk Screening
Wednesday, June 27, 2018, 8:00AM-9:00aM, Room 208-210; Moderator: Jay Hertel, PhD, ATC, FNATA
Discussants: Sarah de la Motte, PhD, ATC; Timothy Gribbin, MEd, ATC
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Free Communications, Oral Presentations: Prevention, Recognition, and Follow-Up

for Heat Illness

Wednesday, June 27, 2018, 9:15AM-10:45AM, Room 208-210; Moderator: Mike Ferrara, PhD, ATC, FNATA

Heat Tolerance Test Results
From Exertional Heat Stroke
Patients Receiving Cold Water
Immersion Treatment

Stearns RL, Belval LN, Hosokawa
Y, Huggins RA, Jardine JF, Davis
RJ, Casa DJ: Korey Stringer
Institute, Department of Kinesi-
ology, University of Connecticut,
Storrs, CT; Falmouth Hospital,
Falmouth, MA

Background: To ensure survival from
exertional heat stroke (EHS), cold-wa-
ter immersion (CWI) within 30 min-
utes of collapse is the standard of care.
Additionally, following EHS, heat
tolerance testing (HTT) has been rec-
ommended as a supportive measure to
determine readiness to return to activ-
ity. Current literature reports HTT re-
sponses in complicated EHS cases or
those that did not receive CWI as well
as in healthy populations without EHS
history. Currently, there is no literature
within the civilian population demon-
strating typical HTT responses when
the standard of care (CWI) for EHS is
appropriately utilized. Patient: Five
patients that were diagnosed with EHS
and received CWI within 10 minutes of
collapse were included in this case se-
ries. All participants were participating
in an endurance race (>11.3km) at the
time of their EHS. Four male and one

female patient participated, see table for
background demographic and medical
histories. Intervention or Treatment:
All patients conducted a standard HTT
(Skm/hr walk, 40° C, 40% humidity
for 120 min) with VO, max assessment
following physician clearance. Average
timeframe from EHS date to HTT was
107 days (range = 51-288). Passing
criteria was set at a rectal tempera-
ture (Tr) of <38.5° C, with heart rate
(HR) <150 bpm. Rating of perceived
exertion (RPE) was also collected
during the HTT. Qutcomes or other
Comparisons: Patients successfully ar-
rived and maintained hydration during
the HTT (Mean + SD; body mass loss
=0.19 + 0.45%, pre-HTT urine specif-
ic gravity = 1.014 + 0.009). Of the five
cases, all were considered fit for their
age, but four successfully passed the
HTT. Of these four, the average finish
outcomes were: Tr = 37.9 + 0.39° C,
HR =107 £ 16 bpm, RPE = 11 £ 4. In
the case that did not pass the HTT, the
largest differentiating factor was the
patient’s history of two other previous
EHS episodes within the last 5 years.
This patient disclosed no EHS related
genetic predisposing factors, however,
did fail the HTT within 20 min. All sub-
jects reported being able to return back
to normal exercise activity within 28
days from their EHS. In contrast to pre-
vious literature describing HTT results,
these patients all received the standard

of EHS care and the resulting HTT suc-
cess rate was 80%. For those without a
history of multiple EHS, the HTT suc-
cess rate was 100%. Conclusions: For
those who suffered an EHS for their first
time and received immediate CWI care,
HTT results were favorable for return
to activity. This case series is not suffi-
cient to provide any changes to current
practice recommendations for recovery
following EHS, however it may be the
first to describe typical presentation of
EHS recovery, as measured by the HTT,
when standard of care (CWI) is provid-
ed. Clinical Bottom Line: HTT suc-
cess is favorable when CWI is provided
within 10 minutes of EHS collapse, if
the EHS is the first episode experienced
by the patient.

Body mass Number Days
. Age (kg), (Body VOzmax. vVO,max O.f Peak HTT | between
Participant (yr) Sex surface area | (mlekgemi (km/h) previous EHS result | EHS and
y (m?) nt) EHS | Tr (°C)
. HTT
episodes
A 25 male 85.8 (2.08) NA NA 0 42.1 pass 288
B 26 | female | 57.0 (1.56) 56.2 16.1 0 41.1 pass 68
C 24 male 81.9 (2.02) 68.4 193 0 422 pass 64
D 48 male 73.4(1.89) 554 16.9 2 41.7 fail 64
E 59 male 78.9 (2.06) 439 13.0 0 40.6 pass 51
Average | 36 [N 754 (1.92) 56.0 13.1 | 415 | 107

Note: yr=years, mph=miles per hour, EHS=exertional heat stroke, Tr=rectal temperature, HT T=heat

tolerance test, NA=not available
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The Effect of the National
Athletic Trainers Association
Inter-Association Task Force
(NATA-IATF) Preseason Heat
Acclimatization Guidelines on
High School Football Preseason
Exertional Heat Illiness Rates
Kerr ZY, Register-Mihalik JK, Pryor
RR, Pierpoint LA, Scarneo SE,
Adams WM, Marshall SW, Kucera
KL, Casa DJ: University of North
Carolina, Chapel Hill, NC;
California State University,

Fresno, CA; University of Colorado
Anschutz, Aurora, CO; University
of Connecticut, Storrs, CT; University
of North Carolina, Greensboro, NC

Context: Most exertional heat illness-
es (EHIs) in high school athletes occur
during preseason football. In 2009, the
National Athletic Trainers’ Association
(NATA) Inter-Association Task Force
(NATA-IATF) released preseason heat
acclimatization guidelines to help foot-
ball athletes become better conditioned
to environmental conditions contributing
to EHI. Objective: Using high school
surveillance data, we modeled EHI rates
in preseason football during 2005-2016,
comparing time periods when state ath-
letic association mandates were and were
not compliant with NATA-IATF guide-
lines, controlling for variations in ambient
temperature. Design: Quasi-experimental
time-interrupted series design. Setting:
Preseason high school football, 2005-
2016. Patients or Other Participants:
High school football players, 2005-2016
preseasons. Interventions: Using Korey
Stringer Institute data, we identified
the states and years in which state ath-
letic association-mandated guidelines
met NATA-IATF guidelines. Thus, all
state-years in the dataset were catego-
rized with a binary variable (state met
versus did not meet guidelines). Main
Outcome Measures: Athletic Trainers
(ATs) collected EHI and athlete-exposure
(AE) data via the High School Reporting
Information Online system. Preseason
EHIs were identified as those: (1) diag-
nosed as heat-related and/or dehydra-
tion-induced; (2) occurring as a result

of participation in a school-sanctioned
preseason practice; and (3) requiring
medical attention by an AT or physician.
Because HS RIO does not stratify prac-
tice AE by time in season (e.g., presea-
son), data from the High School National
Athletic Treatment, Injury and Outcomes
Network surveillance program estimat-
ed the overall proportion of practice
AE in the football preseason (40.3%).
Generalized Estimating Equations (GEE)
Poisson regression models were used to
model yearly preseason EHI rates and
estimate EHI incidence rate ratios (IRR)
and 95% confidence intervals (CI) us-
ing robust variance methods. The main
exposure was the presence of athletic
association-mandated guidelines meet-
ing NATA-IATF guidelines. Covariates
included: average August temperatures
for each state-year (from the National
Centers for Environmental Information);
yearly deviations from each state’s
August average temperature across the
study period; and calendar year (to con-
trol for linear trends in EHI incidence and/
or reporting). Results: Data were avail-
able for 455 state-years from 48 states; 32
state-years (7.0%) from 8§ states had man-
dates meeting NATA-IATF guidelines
(states with 1 state-year n = 1; 3 state-
years n = 1; 4 state-years n = 3; 5 state-
years n = 2; 6 state-years n = 1). Overall,
190 EHIs were reported during an esti-
mated 2,697,089 AEs (rate = 0.70/1000
AE; 95% CI: 0.60-0.80). Controlling for
August temperature variations and linear
secular trends, the presence of state ath-
letic association-mandated guidelines that
met NATA-IATF guidelines was associat-
ed with a 55% reduction in high school
football preseason EHI rates (IRR =
0.45; 95% CI: 0.23-0.87). Conclusions:
State athletic association-mandated heat
acclimatization guidelines that met the
NATA-IATF guidelines were associated
with a 55% reduction in the incidence of
EHI. High school ATs should implement
NATA-IATF guidelines in their settings as
research continues to identify factors that
promote compliance of implementation.

How Accurate Are Weather
Conditions Obtained From A
Commonly-Used Mobile
Weather Application Compared
to Measures Obtained From a
Real-Time Monitoring Device?
Gorrell P, Lopez RM, Del Rossi G:
University of South Florida, Tampa,
FL

Context: Although wet-bulb globe
temperature (WBGT) is a better mea-
sure of the heat stress an individual is
exposed to when working or playing in
direct sunlight, the Heat Index (HI) is
also commonly used to determine when
extra precautions are needed to protect
individuals from heat-related illnesses.
The HI is a single value that indicates
how hot the weather feels and is de-
rived by taking into account ambient
temperature (T, ) and relative humid-
ity (RH). These two measures can be
obtained using a weather monitoring
device (WMD) or a mobile weather
application (App). Since athletic train-
ers may not have access to expensive
WMDs, they may rely heavily on their
smart phones to obtain weather-related
information. Objective: To determine if
weather data obtained via App is as ac-
curate as data obtained directly using a
real-time WMD. Design: Longitudinal
observational study. Setting: Outdoor
athletic facility (i.e., football field).
Patients or Other Participants: Ten
athletic trainers assisted in the collec-
tion of weather data. Data Collection
and Analysis: Athletic trainers sta-
tioned at 10 different high schools with-
in the same county were asked to collect
real-time T, , and RH readings using a
Kestrel 5400 portable WMD (Kestrel
Instruments, Minneapolis, MN) and
from their mobile phones using the most
recent version of The Weather Channel
App. Data was collected at the start of
practice each day (usually 4:00PM =+
30 minutes), and this was repeated ev-
ery day throughout the duration of the
regular football season. In order to col-
lect live weather data, the WMD was
stationed at a location that mirrored the
environmental conditions that football
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athletes were exposed to at their respec-
tive schools. A paired-samples T-test
was used to determine how App data
compared to real-time weather data ob-
tained by WMD (significance set a pri-
ori at P<0.05). Results: Mean T, was
87.2+7.1° F for WMD and 86.2 + 6.7°
F for App. Mean RH was 58.6 + 16.6%
for WMD and 59.0 £ 15.6% for App.
The mean absolute deviation in T _,
and RH between WMD and App was
2.3° F and 5.6%, respectively. Paired
samples t-tests revealed a statistically
significant difference between methods
inT_(t,,=6.329; p<.001) but not in
RH(t,,, = .943; p = .346). Conclusions:
The HI chart published by the National
Weather Service is arranged such that
index values change for every increase
or decrease of 2°F in temperature and
5% in relative humidity. The findings
from this investigation suggest that
using weather data derived from the
Weather Channel App may not offer the
most accurate information necessary
to assess current weather conditions.
Current heat policies require the use of
WBGT or accurate T and RH data to
be able to modify or cancel practices.
Therefore, to be able to implement nec-
essary precautions to avoid heat-related
illnesses, athletic trainers should utilize
methods that provide the most accurate
data possible.

Possible Heat lliness With
Delayed Onset Concussion
Symptoms in a College

Football Athlete

Zoghbi AC, Felton SD, Craddock
JC, Howard JD: Florida Gulf Coast
University, Fort Myers, FL; Ave
Maria University, Ave Maria, FL

Background: For this level 3 case re-
port, a male collegiate football player
was diagnosed with a concussion but
presented with exertional heat illness
symptoms two days after being cleared
from a concussion with SCAT 5, cranial
nerve assessment and VOMS. This case
is unique because of the time of these
medical conditions. An estimated 1.6
to 3.8 million concussions occurs each
year from sports. Research indicates
that athletes with a history of concus-
sions typically have symptoms associ-
ated with exertional heat illness. Also,
athletes with a history of concussions
may be at risk for exertional heat illness,
due to the brain regions that regulate the
autonomic nervous system. Studies in-
dicate that document the long-term ef-
fects of concussion on the autonomic
nervous system may identify a mecha-
nism by which risk for exertional heat
illness is increased. Patient: Athlete
was a 19-year-old (177.8 cm 71.58 kg)
male collegiate football player with two
years of collegiate athletics experience
in football diagnosed with delayed on-
set of concussion symptoms three days
after being cleared from a concussion.
Intervention or Treatment: A symp-
tom evaluation sheet, SCAT 5, cranial
nerve screening was conducted at the
time of the head injury. The athlete
passed all evaluations and was cleared
of a concussion. Three days following
the injury, the athlete presented with
possible heat related illness symptoms.
The athletic training staff submerged
him in a cold whirlpool and dialed 911.
The athlete was released by the hospital
and they diagnosed him with a concus-
sion. Three days after the hospital visit
the athlete was still symptomatic but
continued to show improvement, at this
time he was progressed to be at team

meetings and attend classes. The next
day he stated to have no symptoms,
took the baseline test and was ready
to start his return to play protocol. The
athlete had no symptoms while pre-
forming each phase to the return to play
protocol. Two months later the athlete
had told the athletic training staff that
he has been continuing to receive head-
aches but had quit the team weeks lat-
er. Qutcomes or Other Comparisons:
The relationship between a concussion
and the possibility of exertional heat
illness support the findings that you
may have an increased risk of receiving
heat illness symptoms while being con-
cussed. Conclusions: This case high-
lighted an athlete’s possibility of receiv-
ing heat illness symptoms while being
concussed due to the brain regions that
regulate the autonomic nervous system.
The challenge associated with this case
was the athlete coming forward with
having symptoms months later having
beliefs that he may not have been hon-
est during his return to play protocol.
Clinical Bottom Line: The patient ex-
perienced delayed onset of concussion
symptoms but presented with exertional
heat illness symptoms three days after
being cleared for a concussion. This
case study highlights the potential rela-
tionship between concussion symptoms
and exertional heat illness symptoms.
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Rhabdomyolysis/Heat
Exhaustion in Preseason
Football: Level 3 Case Study
Jones K, Barandica S, Matuseski
N: Kean University, Union, NJ;
Westfield High School, Westfield,
NJ

Background: Evaluation of cramping
is critical due to a variety of differen-
tial diagnoses, including rhabdomyoly-
sis. Rhabdomyolysis is a breakdown of
muscles tissue that releases myoglobin
into the blood. This condition requires
immediate medical attention and can
easily go misdiagnosed, leading to per-
manent kidney damage. With cramping
being so common in athletics, tunnel vi-
sion of dehydration is no longer accept-
able. Patient: A 17-year-old male high
school football player received medical
attention for an extended period of bi-
lateral lower extremity cramping after a
humid preseason practice. Athlete has a
family history of muscle cramping and
was sent to emergency care for intrave-
nous fluids two years prior. After a half
hour of conservative cramping treat-
ment with no signs of symptom reduc-
tion, he was referred to emergency care
for rehydration. Due to the athlete’s
African American ethnicity, a concern
for the sickle cell trait lead to blood
testing. Tests results were negative for
sickle cell but, showed enzyme levels
five times higher than normal. This
lead to the diagnosis of rhabdomyoly-
sis and heat exhaustion. Intervention
or_Treatment: Initial treatment of the
athlete diagnosed with rhabdomyoly-
sis, was removal from activity for two
weeks, allowing enzyme levels to de-
crease to appropriate levels. During
those two weeks hydration and pain re-
duction was monitored. Urine was ex-
amined to check protein levels and kid-
ney function. Athlete then underwent a
rehabilitation program to check cardio-
vascular fitness and symptom reoccur-
rance. Athlete returned to play after two
weeks and advised to stretch and foam
roll prior to normal warm ups with the
team, a well as maintaining hydration.
Before any football activity, including

games, athlete is given Medi-Lyte to
replenish electrolytes and decrease the
risk of a cramping episode to occur
again. These precautions are necessary
to keep his risk of kidney issues to a
minimum and avoid rhabdomyolysis
from reoccuring. Qutcomes or Other
Comparisons: Every case of rhabdo-
myolysis is unique and each treatment
should fit the extent of the diagnosed
condition and athlete’s ability. In cases
where rhabdomyolysis has reoccured
in the patient, initial treatment requires
a longer period of time under medical
attention and further examination for
injury to the kidneys. Conclusions:
Prevention of rhabdomyolysis includes
paying attention to athletes being over-
worked, hydration levels, and weather
during practice times. Enzyme levels
can be elevated from vigorous excer-
cise, muscle inflammation, injuries to
the muscles, etc. In addition, being sure
they are wary of performance-enhanc-
ing supplements can help avoid damage
to muscle, leading to rhabdomyolysis.
Clinical Bottom Line: Many issues
could be concluded from the normal
cramping of muscles. It is important
to understand the risks of cramp relat-
ed conditions and be able to recognize
when a closer look needs to be taken.
Working with young athletes makes it
critical to not treat cramps lightly.
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Free Communications, Oral Presentations: Lower Extremity Movement Assessment

and Injury

Wednesday, June 27, 2018, 11:00aM-12:30PM, Room 208-210; Moderator: John Goetschius, PhD, ATC

Landing Biomechanics Influence
Lower Extremity Lean Mass in
Female Athletes

Frank BS, Battaglini CL, Blackburn
T, Hackney AC, Padua DA: The
University of North Carolina at
Chapel Hill, NC

Context: Lower extremity biomechan-
ics observed during jump-landing tasks
are predictive of acute and chronic se-
vere lower extremity musculoskeletal
injuries such as ACL rupture and bone
stress injury. Skeletal muscle (lean
mass) acts as a “stress shield” for bone
and ligamentous tissue by attenuating
much of the load placed on the skeletal
and articular systems during sport and
exercise, thus minimizing the mechan-
ical stresses on bones and joints. The
influence of movement profile on lower
extremity lean mass has not yet been
described. Objective: To investigate
the influence of a low-risk / soft or high-
risk / stiff movement profile on lower
extremity lean mass. Design: Cross-
sectional. Setting: Research laboratory.
Patients or Other Participants: 41
physically active, healthy, college-aged
field or court sport female athletes
(age =20.4 = 1.5 yrs, height = 167.4
7.2. cm, mass = 63.1 = 7.2 kg) volun-
teered for participation. Interventions:
Participants were assigned to a low-risk
/soft (n=22;age=20.5+ 1.9 yrs, height
=166.6 £ 7.0 cm, mass = 64.5 + 7.8 kg)
or a high-risk/stiff (n = 19; age =20.2 +
1.1 yrs, height = 169.0 + 7.7 cm, mass =
61.4 + 6.3 kg) movement profile group
defined by The Landing Error Scoring
System (LESS). Participants under-
went whole body dual X-ray absorpti-
ometry (DXA) scans. Main Qutcome
Measures: DXA derived whole body,
combined right and left lower extremity
subsystem (thigh & shank), and com-
bined right and left lumbo-pelvic-hip
complex + lower extremity (trunk, pel-
vis, thigh, & shank) lean mass estimates
were normalized to total body mass (g/
kg). Total body mass normalized DXA

scan measures of lower extremity lean
mass were compared between low-risk /
soft and high-risk / stiff movement pro-
file groups using independent samples
t-tests (a = 0.05). Results: Individuals
with a low risk / low load movement
profile have greater overall lean mass.
Movement profile had a significant,
moderate-strong effect on whole body
lean mass (t,= 2.27, P = 0.029, d =
0.74; low-Risk/soft = 640.30 = 30.41 g/
kg, high-risk/stiff = 619.36 = 28.29 g/
kg) and moderate effect on lumbo-pel-
vic-hip complex + lower extremity
lean mass (t,= 2.05, P = 0.047, d =
0.64; low-risk/soft = 576.78 + 25.53 g/
kg, high-risk/stiff = 560.33 + 25.74 g/
kg). There was no significant effect of
movement profile on lower extremi-
ty lean mass (t,= 1.12, P = 0.27,d =
0.40; low-risk/soft = 234.49 + 16.88 g/
kg, high-risk/stiff = 229.12 + 13.32 g/
kg). Conclusions: Female athletes with
a low-risk / soft movement profile have
on average 1.3 kg and 1.0 kg greater
normalized total body and lumbo-pel-
vic-hip complex + lower extremity lean
mass compared to female athletes with
a high-risk / stiff jump-landing profile.
These findings suggest that female ath-
letes with a low-risk / soft landing pro-
file may possess a greater volume of
skeletal muscle and increased capacity
to attenuate loads placed on their skel-
etal and articular systems during sport
and exercise, protecting them from in-
jury. Improving lower extremity biome-
chanics may facilitate development and
utilization of greater skeletal muscle
mass to safely control lower extremity
motion and attenuate loading during
sport and exercise participation.

Validation of a Markerless
Motion Capture System Trunk
and Lower Extremity Joint
Angles During a Jump-Landing
Assessment

Mauntel TC, Marshall SW,
Hackney AC, Cameron KL,
Pietrosimone BG, Padua DA:
Walter Reed National Military
Medical Center, Bethesda, MD;
Uniformed Service University,
Bethesda, MD; The University of
North Carolina, Chapel Hill, NC;
United States Military Academy,
West Point, NY

Context: Jump-landing kinematics can
identify individuals at increased lower
extremity injury risk. There is a need for
valid, portable motion capture systems
that can efficiently identify high-risk ki-
nematic strategies in field based settings.
Markerless motion capture systems uti-
lizing Microsoft Kinect™ technology can
capture trunk and lower extremity kine-
matics. However, these systems are gen-
erally not automated, require significant
post-assessment data processing, and are
not commercially available. Objective:
To validate sagittal and frontal plane
trunk and lower extremity jump-landing
kinematics reported by a commercial-
ly available markerless motion capture
system. Design: Correlational. Setting:
Biomechanics laboratory. Patients or
Other Participants: Healthy, physically
active participants (male = 10, female =
10; age = 20.50 + 2.78 yrs; BMI = 23.50
+ 2.40) were recruited from a universi-
ty’s general student body. Interventions:
Participants completed 5 jump-landing
assessments from a 30cm tall box to a
target located 0.9m in front of the box.
Data were simultaneously recorded with
markerless (Physimax™) and stereopho-
togrammetric (Vicon™) motion capture
systems. Main Qutcome Measures:
Sagittal and frontal plane trunk, hip,
and knee joint angles were identified at:
initial ground contact (IC); maximum
angle (MAX); and the displacement
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between IC and maximum knee flexion
(DSP). Kinematics were averaged across
jump-landing trials. Statistical outliers
were removed prior to analyses. Intraclass
correlation coefficients (ICC(2,1)) as-
sessed inter-system reliability —and
paired-samples t-test examined differ-
ences in mean values (a < 0.05). Results:
Significant agreement exists between the
systems (ICC_ = -1.515-0.963; ICC
= 0.580) with 75.00% of the measures
being significantly validated (p < 0.05).
Agreement is better for sagittal plane
(ICC,,,.= 0.501-0.963; ICC, , = 0.843)
than frontal plane (ICC_ _=-1.515-0.918;
ICC,, = 0.349) measures. Agreement is
the best between MAX measures (ICC_
= 0.552-0.955; ICC,, = 0.769) as com-
pared to IC (ICC_ = -0.185-0.963;
ICC,, = 0.562) or DSP measures (ICC_
=-1.515-0.952; ICC_, = 0.409). Pairwise
comparisons identified significant differ-
ences for 18.75% of the measures. Fewer
differences were observed for sagittal
plane (0.00%) than frontal plane (35.29%)
measures and fewer differences were
observed for MAX (18.18%) and DSP
(18.18%) measures than for IC (20.00%)
measures. In general the Physimax™ sys-
tem underestimated sagittal plane mea-
sures (86.67% of measures) and overes-
timated frontal plane measures (76.47%
of measures). No trends were observed
for over/underestimating IC, MAX, or
DSP measures. Conclusions: Moderate
agreement exist between markerless and
stereophotogrammetric motion capture
systems. Better agreement exists between
the systems for larger joint angles (e.g.,
sagittal; MAX) than smaller joint angles
(e.g., frontal; IC). DSP angles had the
worst agreement; this is likely because
DSP measures are derived and not direct-
ly measured. The Physimax™ system can
validly identify trunk and lower extremity
jump-landing kinematics which can aid
clinicians in identifying individuals at in-
creased lower extremity injury risk.

A Critical Evaluation of the
Landing Error Scoring System
for Individuals With ACL
Reconstruction

Kuenze C, Lisee CL, Trigsted S,
Post E, Bell DR: Michigan State
University, East Lansing, M,
High Point University, High Point,
NC; The University of Wisconsin,
Madison, WI

Context: The Landing Error Scoring
System (LESS) is a valid and reliable
indicator of ACL injury risk. However,
measurement properties of the LESS
among individuals with ACL recon-
struction (ACLR) have not been critical-
ly evaluated to maximize clinical ben-
efit. Objective: To critically evaluate
the sex-based differences in LESS per-
formance and item-level measurement
properties of the LESS when applied
to individuals with ACLR. Design:
Descriptive research study. Setting:
Two university laboratories. Patients
or_Other Participants: One hundred
sixty-eight individuals (41M/127F, age
=19.7 £ 2.7 yrs., time since surgery =
29.1 + 17.7 mo.) with a history of pri-
mary, unilateral ACLR were enrolled
in the study. Individuals with multi-lig-
amentous injury, significant surgical
complications, or those who had not
yet returned to unrestricted physical
activity were excluded from this study.
Interventions: None. Main Outcome
Measures: Participants completed the
International Knee Documentation
Committee Subjective Knee Evaluation
Form and the Tegner Activity Scale to
assess patient-reported knee-related
function and peak physical activity, re-
spectively. Participants then completed
a minimum of 3 trials of a drop verti-
cal jump task which were scored using
the LESS. Between sex difference in
LESS score was assessed using an in-
dependent samples t-test while between
sex differences in each LESS item
were assessed using separate Fischer’s
exact tests. Cronbach’s alpha (a) and
corrected item-total correlations (CIC)
were calculated to assess the internal
consistency for the LESS among all

participants, as well as in the male and
female groups. Results: Female par-
ticipants displayed a greater number of
total landing errors (male = 4.6 + 2.4
errors, female = 6.1 = 2.3 errors, p <
0.001) and were more likely to display
errors for trunk flexion at initial contact
(IC; male = 4.9%, female = 23.6%, p
= 0.01), medial knee position at IC
(male = 17.1%, female = 42.5%, p =
0.01), medial knee displacement (male
= 24.4%, female = 73.2%, p < 0.001),
total joint displacement (male = 65.8%,
female = 85.9%, p = 0.02), and over-
all impression (male = 78.0%, female
= 94.5%, p = 0.01) when compared to
male participants. The internal consis-
tency of the LESS was o = 0.52 among
the total sample, o = 0.56 among males,
and o= 0.47 among females. Knee flex-
ion displacement [CIC = 0.42 — 0.44],
hip flexion displacement [CIC = 0.26 —
0.41], trunk flexion displacement [CIC
= 0.45 — 0.51], total joint displacement
[CIC=0.44—0.48], and overall impres-
sion [CIC = 0.32 — 0.49] consistently
displayed acceptable corrected item-to-
tal correlations among males and fe-
males with ACLR. Conclusions: The
LESS may enable clinicians to assess
kinematic patterns among individuals
with ACLR but application of this out-
come as an indicator of ACL injury risk
after ACLR should be integrated with
caution until supporting prospective ev-
idence is available.
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Influence of Maturation and
Injury History on the Landing
Error Scoring System

Saul NR, Nguyen A, Frank BS,
Zuk EF, Boling MC, DiStefano

LJ, Bailey J, Ford KR, Taylor JB,
Trigsted SM: High Point University,
High Point, NC; University of North
Carolina, Chapel Hill, NC;
University of Connecticut, Storrs,
CT, University of North Florida,
Jacksonville, FL; North Carolina
Football Club, Cary, NC

Context: Poor landing mechanics in-
crease risk of lower extremity injuries.
Females tend to land in positions as-
sociated with higher risk of injury and
diverge from males especially post-pu-
berty. Previous injury could directly
alter landing mechanics leading to in-
creased risk of re-injury. The Landing
Error Scoring System (LESS) has been
used to assess landing mechanics and
to identify those with increased injury
risk. It is currently unknown whether
previous injury results in altered land-
ing mechanics in youth athletes. As
knee and ankle injuries continue to rise
in youth athletes, identifying how LESS
scores differ between maturational stag-
es is critical. Understanding whether
LESS scores differ in youth athletes
with previous injury and across stages
of maturation can help develop effec-
tive targeted interventions. Objective:
To examine if total LESS scores differ
between youth soccer players with his-
tory of lower extremity injury and stage
of maturation. Design: Cross-sectional
study. Setting: Field setting. Patients
or_Other Participants: Three hun-
dred and fourteen youth soccer players
(M 163, F 151, age = 12.1 + 1.1 yrs,
height = 153.7 £ 14.0 cm, mass = 44.2
+ 8.8 kg) participated. Interventions:
Participants reported history of lower
extremity injury (INJ) and no injury
(NOINJ) using a self-reported base-
line questionnaire and maturation stage
[pre-pubertal (PRE), pubertal (PUB),
or post-pubertal (POST)] was deter-
mined using the Khamis-Roche meth-
od to estimate percent of adult stature

(%AS). Two-dimensional kinematics
were collected during three trials of a
jump landing task from a 30cm high
box and scored using a validated auto-
mated LESS scoring system (PhysiMax
Technologies Ltd, Tel Aviv, Israel).
Main Qutcome Measures: Injury
to the hip, knee, lower leg, or ankle
discriminated the INJ (N = 114) and
NOINJ (N = 200) groups. Based on
evidence of peak height velocity esti-
mates, participants were classified as
PRE (N = 122) with less than 80% AS,
PUB (N = 115) with 80-92% AS, and
POST (N = 77) with greater than 92%
AS. The dependent variable was total
LESS score. A two (INJ vs NOINJ) by
three (PRE vs PUB vs POST) ANOVA
was used to compare total LESS scores.
Post-hoc LSD comparisons were per-
formed when appropriate. Results:
There were no significant interaction
effects between maturation and injury
history (p = 0.065) and no main effect
for injury group (p = 0.338). There was
a significant main effect for the matura-
tion group (p = 0.028). LESS scores in
PRE (5.7 £2.1) were significantly high-
er than POST (5.14 = 1.9, p = 0.044).
Scores from PUB (6.0 £+ 1.9) were also
significantly higher than scores in POST
(5.14 £ 1.9 p = 0.002). Conclusions:
While there were no significant differ-
ences between INJ and NOINJ, individ-
uals who are pre-pubertal and pubertal
scored higher on the LESS than those
who were post-pubertal. Higher LESS
scores indicate worse landing mechan-
ics. Poor landing biomechanics are
associated with future risk of injury.
Clinicians should utilize interventions
in pre-pubertal and pubertal athletes to
address landing biomechanics that are
associated with higher risk of injury.
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Difference in Lower Extremity
Injury Risk During Basic Combat
Training Between Military
Recruits With High and Low
Quality Movement Patterns
Cameron KL, Miraldi SFP, Peck KY,
Posner MA, Eckard TG, DiStefano
LJ, Marshall SW, Padua DA: Keller
Army Hospital, United States
Military Academy, West Point, NY;
University of North Carolina,
Chapel Hill, NC; University of
Connecticut, Storrs, CT

Context: Lower-extremity (LE) inju-
ries are common in military training
environments. These injuries place a
significant burden on military training
populations and healthcare resourc-
es, and they negatively impact combat
readiness. Developing technologies to
efficiently screen large groups of in-
coming recruits for high risk movement
patterns is a critical need in these pop-
ulations. Objective: To prospectively
examine the risk of LE injury during ba-
sic combat training between military re-
cruits with high and low quality move-
ment patterns based on Landing Error
Scoring System (LESS) assessments
upon entry to military service. Design:
Prospective cohort. Setting: United

States Service Academy. Patients or
Other Participants: 1,216 incoming
cadets from the graduating class of
2021. Interventions: In their first week
at the Academy in the summer of 2017,
incoming cadets completed a baseline
pre-injury movement screening with the
LESS using a depth camera (Microsoft
Kinect™, Microsoft Corp, Redmond,
WA) and markerless motion capture
software (PhysiMax Technologies Ltd,
Tel Aviv, Isracl). High quality move-
ment patterns were defined as a LESS
score <3 and low quality movement
patterns were defined as a LESS score
>7. Main Outcome Measures: The
primary outcome measure was the inci-
dence proportion for LE injury during
basic combat training. Injury outcomes
were documented via active surveil-
lance during the follow-up period using
injury data from the Cadet Illness and
Injury Tracking System (CIITS) and
the Armed Forces Health Longitudinal
Technology Application (AHLTA).
Incident LE injuries were defined as
the first LE injury experienced by each
participant from baseline LESS assess-
ment through the duration of the fol-
low-up period as documented in CIITS
and/or AHLTA. The risk of LE injury
was calculated along with risk ratios
(RR) and 95% confidence intervals (CI)

to compare the risk between groups.
Results: Of the 1,216 participants
screened at baseline, 161 were identi-
fied as having high quality movement
patterns and 62 were identified with
low quality movement patterns (Table
1). The incidence proportion for LE in-
jury during basic combat training was
35.5% in those with low quality move-
ment at baseline compared to 11.7% in
those with high quality movement at
baseline. The incidence of LE injury
during basic combat training was over
three times higher in participants with
low quality movement at baseline (RR
=3.01, 95% CI: 1.75-5.16, p < 0.001)
when compared to those with high qual-
ity movement patterns. Conclusions:
Participants with low quality movement
patterns upon entry to military service
were three times more likely to sustain a
LE injury during basic combat training
when compared to those with high qual-
ity movement. These preliminary data
suggest that LESS scores, measured
using a depth camera and markerless
motion capture software, may have util-
ity in efficiently screening large groups
of military recruits for LE injury risk
during basic combat training.

Table 1. Incidence proportion for lower extremity injury by group.

Injured

Yes
No
Total

Incidence

Low Quality High Quality Total
(LESS > 7) (LESS < 3)
22 19 41
40 142 182
62 161 223
35.50% 11.70% 18.40%
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Free Communications, Oral Presentations: Pediatric Wellness
Thursday, June 28, 2018, 7:00aM-8:00aAM, Room 208-210; Moderator: Jennifer Medina McKeon, PhD,

ATC, CSCS

The Effect of Sport
Specialization, Overuse

Injury, and Travel on Daytime
Sleepiness in Youth Athletes
Post EG, Trigsted SM, Schaefer
DA, Cadmus-Bertram LA, Watson
AM, McGuine TA, Brooks MA,
Bell DR: University of Wisconsin,
Madison, WI; High Point
University, High Point, NC

Context: The increasing trend in ear-
ly sport specialization and year-round
sport participation has been shown to
have physical consequences such as an
increase in overuse injuries. However,
the effect of sport specialization on im-
portant non-physical aspects of well-be-
ing in adolescents, such as sleep, has yet
to be assessed. Objective: To examine
the effect of sport specialization on day-
time sleepiness in youth club sport ath-
letes. A secondary purpose was to exam-
ine the potential independent effects of
overuse injury and regular sport travel
on daytime sleepiness. Design: Cross-
sectional survey. Setting: Club sport
competitions and practices. Patients
or Other Participants: 647 youth club
sport athletes (63.5% female; 14.0 +
1.5 years) were recruited to complete
an anonymous questionnaire. Subjects
were between 12-18 years of age and
active on a youth sports team in the
past 12 months. Interventions: Youth
sport athletes were invited to complete
a self-administered and anonymous
questionnaire that consisted of demo-
graphics, sport specialization status,
and daytime sleepiness. Questions were
developed utilizing the feedback of a
panel of content-area experts and the
University of Wisconsin Survey Center.
Main Outcome Measures: Sport spe-
cialization status was determined using
a widely-utilized 3-point specialization
scale. Daytime sleepiness was assessed
using the Pediatric Daytime Sleepiness
Scale (PDSS), a reliable and previous-
ly-validated tool that provides a score of
daytime sleepiness (0-32) with higher

scores indicating increased sleepiness.
Data were summarized by least-square
means (LS-mean) and standard errors
(SE). Multivariable regression analysis
was used to examine the associations
between the independent variables
(specialization status, overuse injury,
and regular travel) with PDSS score,
adjusting for sex, age, and day of week
(weekday vs. weekend). Post-hoc pair-
wise Tukey’s HSD tests were used to
compare least-squares means estimates
of PDSS scores between specializa-
tion levels (p < .05). Results: Highly
specialized athletes had significantly
higher PDSS scores compared to low
specialization athletes (16.1 + 0.5 vs.
14.6 £ 0.6, p = .04), even after adjusting
for several covariates. Athletes that had
sustained an overuse injury in the previ-
ous year had significantly higher PDSS
scores compared to non-injured athletes
(163 £ 0.7 vs. 142 + 04, p < .01).
Athletes that reported travelling reg-
ularly for their sport had higher PDSS
scores than athletes that did not travel
regularly (16.0 = 0.5 vs. 14.5 £ 0.5, p
< .01). Conclusions: Highly special-
ized athletes displayed increased levels
of daytime sleepiness, which has been
previously shown to be associated with
impaired academic performance and in-
creased negative emotion, such as an-
ger. Previous overuse injury and regular
sport-related travel were also associat-
ed with increased daytime sleepiness.
Parents, coaches, clinicians and athletic
trainers involved in youth sports should
be aware of the potential association be-
tween sport specialization and daytime
sleepiness.

Examining Health-Related
Quality of Life in Middle School
Athletes

Pope J, Kelshaw P, Hallsmith K,
Caswell AM, Ambegaonkar JP,
Cortes N, Caswell SV: George
Mason University, Manassas, VA

Context: Health-related quality of life
(HRQOL) has emerged as an important
patient-reported outcome measure in
sports medicine. The Pediatric Quality
of Life Inventory 4.0 (PedsQL is de-
signed to measure four dimensions of
HRQOL in children (physical, emo-
tional, social, and school functioning).
However, few studies have investigated
PedsQL scores among a middle school
athlete population. Objective: To ex-
amine PedsQL outcome scores by sex
and grade in healthy middle school stu-
dent-athletes. Design: Cross-sectional
survey. Setting: Metropolitan public
middle schools in Virginia. Patients
or Other Participants: 1621 of 2221
middle school student-athletes (n=838
girls, 50.5%, 12.1 £ 0.9 years; n = 823
boys, 49.5%, 12.3 + 0.9 years) at 9
middle schools during the 2016-2017
academic year participated in this study
(74.8% response rate). Interventions:
Participants completed the written
PedsQL generic core battery (GCB). The
PedsQL was administered individually
by each school’s athletic trainer during
pre-season. The GCB (23-items) con-
sisted of 4 constructs of pediatric func-
tioning: physical (8 items), emotional
(5 items), social (5 items), and school
(5 items). All items were anchored by a
5-point Likert-type scale ranging from
never (0) to almost always (4). Main
Outcome Measures: Scores for the
GCB and each construct were calculat-
ed. Additionally, a composite psycho-
social health summary (PHS) score was
calculated from all 15-items compris-
ing the emotional, social, and school
functioning constructs. Descriptive
statistics for PedsQL GCB, each in-
dividual construct, and the composite

Journal of Athletic Training

Volume 53 « Number 6 (Supplement) June 2018 S-79

$S900E 98] BIA §1-90-GZ0Z 18 /woo Alojoeignd-pold-swiid-yewssiem-pd-awiid//:sdiy woll papeojumoc]



PHS were calculated by sex and grade.
Results: The PedsQL GCB (a = 0.88)
and PHS (a = 0.85) items demonstrat-
ed acceptable reliability. Girls’ GCB,
PHS, physical, emotional, social, and
school function scores by grade were
as follows: grade 6 (86.6 = 10.0, 85.5
+11.7,88.4+10.4, 84.1 £ 16.6, 89.8 +
12.3, 82.5 + 14.0), grade 7 (87.8 = 10.7,
86.5 £ 12.4, 89.2 = 10.6, 85.1 £ 17.0,
92.1 = 11.4, 82.4 + 15.4), and grade 8
(88.3 £ 9.4, 87.1 £ 11.0, 89.6 = 10.7,
85.6+£16.4,92.8+9.7,82.8 £ 14.9), re-
spectively. Boys’ GCB, PHS, physical,
emotional, social, and school function
scores were: grade 6 (89.0 = 10.1, 87.5
+11.7,91.2 £ 9.3, 88.8 + 144, 89.9 +
14.0, 83.9 + 15.0), grade 7 (91.9 £ 7.8,
91.1+£8.8,93.1+8.2,92.8+10.6,93.4
+10.3,87.1 + 12.8), and grade 8 (93.1 +
8.3,92.24+9.2,94.1 £9.0,92.7 + 12.6,
95.6 + 8.8, 88.3 £ 13.3), respectively.
Conclusions: Our findings provide in-
sight regarding PedsQL scores among
healthy male and female middle school
student-athletes by grade level. In our
sample, student-athletes scored high-
er on all PedsQL constructs compared
with prior research examining non-ath-
lete middle school students. However,
the scores were lower compared to
baseline values reported in previous
studies with high school student-ath-
letes. It is important for clinicians to
recognize that baseline values may vary
based upon grade level and participa-
tion in sport. Collecting annual PedsQL
baseline values for middle school stu-
dent-athletes is recommended and may
enable clinicians to more accurately
evaluate HRQOL and better manage
pediatric athletes throughout recovery
from injury. Future research using a
larger and more geographically diverse
sample should examine socioeconomic
status, race, primary language spoken at
home, and sport.

The Risk of Nonmedical
Prescription Opioid Use
(NMPOU) in High School
Athletes

Robison HJ, Medina McKeon
JM: Ithaca College, Ithaca, NY

Context: NMPOU has reached epi-
demic levels in the U.S. general popula-
tion. The high risk of addiction warrants
investigation on both prevalence and
prevention of NMPOU in interscho-
lastic sports. Objective: To quantify
the risk of NMPOU in interscholastic
athletes. Data Sources: PubMed was
searched through 9/17. Search terms in-
cluded iterations of “opioid”, “abuse”,
“sport”, “high school”, and “athletics.”
Studies were limited to those published
after 2012 and written in English. A
hand search followed. Study Selection:
Selection criteria required that studies
investigated 1) high school students,
2) athletes and non-athletes, 3) epide-
miological data regarding self-reported
misuse or abuse of prescription opioids.
Data Extraction: The independent
variable was interscholastic sports par-
ticipation(frequently [>1 per week] vs.
infrequently/none). The outcome of in-
terest was history of NMPOU (yes, no).
Two investigators extracted frequen-
cies for these variables. Extracted data
were originally collected via large-scale
survey administered nationally to high
schools and middle schools. Odds ratios
[99% Cls] were calculated for event
and frequency data. A summary model
was generated to determine the effect
of sports participation on NMPOU.
Studies were appraised for potential
threats to internal validity utilizing the
modified Downs and Black Checklist
(mD&B) for non-randomized studies.
Based on the designs of the included
studies, 11 items were removed from
the mD&B as irrelevant, reducing
this tool from 27 to 16 items. Data
Synthesis: Four studies met selection
criteria; one study was removed for
failure to report appropriate data. Three
studies were analyzed. The summary
model indicated a slightly protective
effect for frequent sports participation

on NMPOU, however, CIs encom-
passed 1 (summary OR = 0.9 [0.2,4.4],
p = 0.8). Individually, 2 studies demon-
strated deleterious effects of sports on
NMPOU (summary OR = 1.5 [0.7,3.1],
p = 0.13), while the 3" demonstrated a
protective effect of sports on use (OR
= 0.3 [0.3,0.3], p < 0.001). All three
studies scored 15/16 on the mD&B.
The consistently missed item was fail-
ure to report p-values. Conclusions:
There was inconclusive evidence for
the risk of NMPOU associated with in-
terscholastic sports participation. In 2
studies, there was about a 50% increase
of NMPOU in athletes compared to
non-athletes. However, the third study
indicated about 70% protective effect
of sports participation on NMPOU.
Although not quantitatively assessed, a
closer inspection of one study revealed
a considerable increase of NMPOU in
football and wrestling, while a neutral
or protective effect for other sports.
This discrepancy, based on sex and/or
sport, likely nullified the effect in the
summary analyses. Whether this was an
effect of sex, or the high contact/colli-
sion nature of the sports (an increased
risk of serious injury may result in more
access to prescription narcotics), could
not be discerned. Regardless, ATs work-
ing with football or wrestling should
consider closely monitoring both nar-
cotic prescription acquisition following
moderate or severe injury, and also for
potential signs of NMPOU.
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Ankle Best Practices Forum: The Role of Muscle Function in Ankle Sprains and
Instability

Thursday, June 28, 2018, 8:15aAM-9:15AM, Room 208-210; Moderator: Kathryn Webster, PhD, ATC
Discussants: Jay Hertel, PhD, ATC, FACSM, FNATA; Luke Donovan, PhD, ATC
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Free Communications, Oral Presentations: Gait and Postural Constraints in

Chronic Ankle Instability

Thursday, June 28, 2018, 9:30AM-11:15AM, Room 208-210; Moderator: Phillip Gribble, PhD, ATC, FNATA

Stride-to-Stride Gait Variability in
Individuals With Chronic Ankle
Instability, Copers, and Healthy
Controls

Sugimoto YA, Kuznetsov NA, Rhea
CK, Ross SE: The University of
North Carolina, Greensboro, NC

Context: Decreased variability in the
spatial and temporal characteristics of
gait has been suggested to reflect a loss
of adaptability due to the more robotic
(stiff) movement patterns. While less
spatial variability in walking has been
noted in patients with chronic ankle in-
stability (CAI), the temporal variability
profile of patients with CAI is currently
not documented. Understanding how
temporal variability differs between in-
dividuals with CAI, copers (individuals
who have sustained a sprain, but have
no residual symptoms), and healthy
controls (individuals with no history of
a sprain) may help clinicians redevel-
op adaptive gait characteristics in in-
dividuals with CAI and reduce further
ankle sprains. We hypothesized that in-
dividuals with CAI would exhibit less
temporal variability during gait rela-
tive to copers and healthy individuals.
Objective: To examine the variability
in stride-to-stride timing during walk-
ing in individuals with CAI, copers, and
healthy controls. Design: Case-control.
Setting: Research Laboratory. Patients
or Other Participants: Twenty-one
physically active collegiate students
with CAI (20.71 £ 2.63 yr, 173.96 +
7.41 cm, 74.93 £ 12.16 kg; 6 females,
1 males; N = 7), copers (22.00 + 3.65
yr, 171.14 £ 8.36 cm, 63.79 £+ 14.83 kg;
5 females, 4 males; N = 7), and healthy
controls (21.29 =+ 3.30 yr, 169.86
+ 6.12 cm, 71.00 = 17.66 kg; 5 fe-
males, 2 males; N = 7). Interventions:
Participants completed 12-minutes of
walking at a self-selected speed. Lower
extremity kinematics were recorded at
240Hz using a retroreflective marker
3D motion capture system. The limb
with a history of ankle sprains was the

affected limb for copers and CAI, and
the healthy participants were assigned
an affected limb (matched by domi-
nance to the injured groups). The unaf-
fected limb was the contralateral limb.
Main Outcome Measures: Stride-to-
stride timing was quantified as the du-
ration from heel contact to the next heel
contact of the same limb. Variability in
stride-to-stride timing was quantified as
the coefficient of variation (CV) of the
stride-to-stride time series, which was
separately calculated for affected and
unaffected limbs. A Repeated Measures
ANOVA (alpha=0.05) with one be-
tween factor (group: CAI, Copers,
Healthy) and one within factor (limb:
affected, unaffected) was used to ana-
lyze CV of stride time. Tukey HSD was
used for post-hoc analysis. Results: No
significant differences were found for
the main effect for group (F, , =0.53,p
>.05) or the main effect for limb (F, o
=0.15, p > .05). However, a significant
limb by group interaction was found
(F.15 = 3-89, p = .04). Tukey post-hoc
testing indicated that the CAI group had
less CV of stride timing (affected = 1.37
+ 0.33%, unaffected = 1.38 + 0.34%)
than copers (affected = 1.56 + 0.50%,
unaffected = 1.53 + 0.48%) and healthy
controls (affected = 1.60 + 0.51%, un-
affected = 1.63 + 0.53%) participants.
Conclusions: Participants with CAI
demonstrated less variability in stride-
to-stride time compared to copers and
healthy controls. Decreased variability
in this temporal characteristic of gait for
individuals with CAI may have the ben-
efit of added gait stability, but the con-
sequence of less gait adaptability.

Influence of Optical Flow
Perturbations on Gait
Variability in Chronic Ankle
Instability Patients

Song K, Franz JR, Karimizadeh
Ardakani M, Wikstrom EA:
University of North Carolina,
Chapel Hill, NC; North Carolina
State University, Raleigh, NC;
University of Tehran, Tehran, Iran

Context: Individuals with chronic an-
kle instability (CAI) have known bal-
ance impairments. Research suggests
these CAl-associated balance impair-
ments are due to an inability to appro-
priately reweight sensory information.
Indeed, CAI patients place a greater
emphasis on visual information during
single-limb stance than uninjured con-
trols. However, this evidence is based
on removing visual information during
static conditions. Objective: To in-
vestigate the effect of perturbed opti-
cal flow on walking gait variability in
those with CAI compared to healthy
individuals. Design: Case-control.
Setting: Laboratory. Patients or Other
Participants: 15 CAI patients (age:
20.2 £ 1.6 years, height: 167.3 £ 7.7
cm, weight: 64.7 £ 7.2 kg) and 15 unin-
jured individuals (age: 21.6 + 1.8 years,
height: 165.8 £ 4.7 cm, weight: 66.4 +
10.5 kg) volunteered. Interventions:
In counterbalanced order, participants
walked on a split-belt treadmill while
watching a speed-matched virtual hall-
way with and without continuous me-
diolateral (ML) visual perturbations
while walking at 1.25 m/s for 3 minutes
per trial. Three-dimensional pelvic and
foot kinematics were recorded at 100
Hz using a motion capture system to
track retroreflective markers placed on
the sacrum and both heels. Kinematic
data were low-pass filtered at 8 Hz us-
ing a 4" order Butterworth filter. We
analyzed at least 300 consecutive steps
for each 3-minute trial. Main Outcome
Measures: Right-left and left-right step
width (SW) values from consecutive
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ML heel positions averaged over a peri-
od from 12-25% of the gait cycle (cor-
responding to mid-stance prior to heel-
rise) were calculated. Step length (SL)
was computed as the relative fore-aft
position of successive heel markers at
20% of each gait cycle plus the tread-
mill translation over the duration of that
step. Gait variability was characterized
as the standard deviation of step width
(SWV) and step length (SLV) over all
steps performed within a 3-min tri-
al. All mean and variability metrics
were normalized to subject leg length
(%LL). Repeated measure ANOVAs
assessed the effects of group and con-
dition on dependent variables and post-
hoc testing was used when appropriate.
An alpha level of 0.05 was used for all
analyses. Results: A significant group
x condition interaction was observed
for SWV. In normal walking, SWV did
not differ between groups (CAI: 2.92
+ 0.63% LL, control: 2.54 + 0.66%
LL). However, the CAI group (5.06 +
1.68% LL) exhibited greater SWV than
healthy controls (3.73 + 0.67% LL)
walking with visual perturbations (p =
0.008). There were significant condition
main effects for SW, SL, and SLV (p <
0.001). In both groups, SW and SL in-
creased and SLV decreased in the per-
turbed condition compared to normal
walking. Conclusions: Walking with
ML visual perturbations to optical flow
induced greater SWV in those with CAI
relative to controls. When combined
with the existing literature, this finding
suggests that CAI individuals have a
greater reliance on visual information
in both static and dynamic (i.e. walk-
ing gait) conditions relative to healthy
individuals. Novel interventions may
be needed to address this specific CAI
associated sensorimotor adaptation.
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Walking Gait Mechanics and
Gaze Fixation in Individuals
With Chronic Ankle Instability
Martin K, Koldenhoven RM, Jaffri
AH, Bodkin SG, Hart J, Saliba S,
Hertel J: University of Virginia,
Charlottesville, VA

Context: Many individuals who suffer a
lateral ankle sprain will develop chronic
ankle instability (CAI). Individuals with
CAI demonstrate kinematic differenc-
es in walking gait, as well as somato-
sensory alterations when compared to
healthy individuals. Therefore, CAI
subjects may rely more on their vision
to compensate for these somatosensory
alterations while waking. However, the
role of vision during walking gait in this
population remains unclear. Objective:
To evaluate ankle kinematics, gaze de-
viations, and gaze velocity between
participants with chronic ankle insta-
bility (CAI) and healthy controls while
walking on a treadmill during three sep-
arate visual conditions. Design: Case-
control study. Setting: Laboratory.

Patients or Other Participants: 10
CAI participants (4 men, 6 women;

age = 21.5 + 1.4 years, FAAM Sport =
62.8 + 12.4%, # of previous sprains =
5.4 +7.4) and 10 healthy matched con-
trols with no history of ankle sprain (4
men, 6 women; age = 21.5 + 1.3 years,
FAAM Sport = 100 + 0%) participat-
ed. Interventions: Participants walked
shod on an instrumented treadmill
while wearing a gaze tracking headset
during three separate conditions (no vi-
sual target, fixed visual target, moving
visual target). Participants were asked
to look at the targets on the screen in
front of them while walking normally
at a self-selected pace. Main Qutcome
Measures: Ankle sagittal and frontal
plane kinematics were collected using
a 12-camera Vicon 3D motion capture
system and were analyzed throughout
the duration of the gait cycle. The gaze
deviation was calculated as the absolute
value of the target position minus the
focal point position (m). Gaze velocity
was obtained by taking the first deriva-
tive of the focal point (m/s). The mean
and standard deviation (SD) of gaze de-
viation and gaze velocity were calculat-
ed in the horizontal (X) and vertical (Y)
directions. In each condition, between
group comparisons were made with

90% confidence intervals for kinemat-
ic measures and Mann-Whitney U tests
(data was not normally distributed) for
gaze measures. Results: No significant
differences were found between the two
groups for either ankle kinematics or
gaze variables, however large effect siz-
es were found in the no target condition
for average deviation of horizontal gaze
(Healthy = 0.05 £ 0.02 m, CAI=0.12 +
0.11 m; ES: 0.84). Additionally, moder-
ate effect sizes were identified in the no
target condition for SD of vertical gaze
(Healthy = 0.04 + 0.03 m, CAI = 0.11
+ 0.15 m; ES: 0.61) and in the moving
target condition for average velocity of
horizontal (Healthy = 1.56 = 0.73 m/s,
CAI = 2.27 = 1.15 m/s; ES: 0.73) and
vertical (Healthy = 1.07 + 0.51, CAIl =
1.47 £ 0.52; ES: 0.76) directions (see
Table). Conclusions: Although no sig-
nificant differences were found between
groups, the moderate and large effect
sizes reveal that it is possible that the
role of vision in individuals with CAI
may be altered with a more difficult
task. Further research with larger sam-
ple sizes and more variety of tasks are
needed to better understand the role of
vision in individuals with CAL

Table. Averages (in meters), standard deviations, and average velocities (in meters per second) in the X and Y directions in three

separate target conditions.

No Target
Healthy CAl

Average 005+£0.02  0.12+0.11
Deviation of X

Average 0.10+£0.07  0.15+0.16
Deviation of ¥

Standard 0.03+£0.02  0.06+0.08
Deviation of X

Standard 0.04+£0.03  O0.11£0.15
Deviation of Y

Average 047+0.19 053040
Velocity of X

Average 074032  0.75£046
Velocity of Y

Fixed Target

Effect Healthy CAI
Size Size
0.84 0.03 £ 0.02 0.04 +0.04 0.31
0.39 0.06 £ 0.02 0.06 + 0.04 0
0.49 0.02+0.01 0.02 £0.01 0
0.61 0.03 £ 0.01 0.03 £0.01 0
0.18 0.34=0.18 0.39 =0.20 0.26

0.02 053032 056=0.16 0.12

Effect

Moving Target
Healthy CAl Effect Size
0.24 = 0.06 0.25+0.11 0.11
0.16 = 0.05 0.17 £ 0.07 0.16
0.18 = 0.06 0.20 £ 0.08 0.28
0.11 =0.05 0.13 £ 0.05 0.40
1.56 £ 0.73 2.27+1.15 0.73
1.07 + 0.51 1.47 £ 0.52 0.76
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Decreased Dynamic Postural
Control and Weight-Bearing
Dorsiflexion in Young-Adults
and Middle-Aged Adults With
Chronic Ankle Instability

Kosik KB, Johnson N, Thomas AC,
Terada M, McCann RS, Gribble PA:
University of Kentucky, Lexington,
KY; University of North Carolina,
Charlotte, NC; Ritusmeikan Univer-
sity, Kusatusu, Shiga-ken, Japan;
Old Dominion University, Norfolk,
VA

Context: Former middle-aged ath-
letes with a previous musculoskeletal
injury report having more limitations
during daily activity and exercise, and
more chronic injuries compared to
non-athletes. Lateral ankle sprain is
the most common lower extremity in-
jury among young, physically active,
adults. Majority of individuals are able
to return to their normal activity quick-
ly, however, a considerable proportion
of these young adults experience last-
ing symptoms and develop CAI as a
young-adult. Current research exam-
ining the mechanical and sensorimotor
impairments associated with CAI has
focused largely on young-adult popu-
lations. Specifically, young-adults with
CAI have decreased dynamic postural
control and weight-bearing dorsiflexion
ROM. A dearth of studies has attempt-
ed to quantify these functional defi-
cits in middle-aged adults with CAIL
Understanding if these functional defi-
cits persist, or even progress, into middle
adulthood could help us identify a pro-
gressive time course of CAI. Objective:
Compare dynamic postural control and
weight-bearing dorsiflexion ROM be-
tween young- and middle-aged adults
with and without CAI. Design: Case-
Control. Setting: Research Laboratory.
Patients or Other Participants: A total
of 60 young-adults (age: 18-35) volun-
teered to participate and were assigned
to the CAI (n = 31, 23.58 + 3.1 years,
167.59 + 9.55 cm, 73.2 + 15.4 kg) and
healthy-control (HC) (n = 29, 2345 +
2.5 years, 169.81 £9.2, 67.47 + 15.8 kg)
group. A total of 35 middle-aged (age:

36-59) adults volunteered to participate
and were assigned to the CAI (n = 24,
44.9 + 8.4 years, 166.8 = 11.7 cm, 80.66
+ 18.1 kg) and HC (n = 11, 44.45 + 10.0
years, 17041 + 10.12 cm, 74.74 £ 12.0
kg) group. Interventions: Participants
completed the anterior, posteromedial
and posterolateral reach directions of the
star excursion balance test (SEBT); and
the Weight-Bearing Lunge Test (WBLT).
Main Outcome Measures: The dis-
tanced reached across three trials in
each direction of the SEBT was aver-
aged and normalized as a percentage
of stance leg length (%LL). The max-
imum distanced lunged from three tri-
als was averaged for the WBLT (cm).
Separate 2 x 2 Group (CAI & HC) by
Age (Young & Middle) ANOVAs were
used for each outcome variable. A
Bonferroni post hoc analysis was used
in the event of a significant interaction.
Significance was set a priori at P < 0.05.
Results: Significant Group main effects
were observed for all primary outcome
variables. The CAI group demonstrat-
ed lower anterior excursion (CAI: 61.3
+6.9% LL, HC: 654 £ 4.9% LL, p =
0.007), posteromedial excursion (CAI:
75.25 £ 11.7% LL, HC: 83.18 = 10.4%
LL, p=0.006), and posterolateral (CAI:
67.1 £ 16.6% LL, HC: 76.3 + 10.5%
LL, p = 0.013) excursion compared
to the HC group. The CAI group also
demonstrated decreased weight-bear-
ing dorsiflexion ROM (CAI: 7.7 + 3.4
cm, HC: 9.8 £3.8 cm, p =0.013) com-
pared to the HC group. There were no
significant main effects for Age, or any
significant interactions. Conclusions:
Both young and middle-aged partici-
pants with CAI had decreased dynam-
ic postural control and weight-bearing
dorsiflexion ROM. Sustaining mus-
culoskeletal injury as a young adult
produces enduring, but stable, deficits
in postural control and weight-bearing
activities. Further research is needed to
understand how these persistent deficits
affect other health-related consequenc-
es in those with CAI

Gender Differences in Non-
Linear Postural Stability in
Patients With Chronic Ankle
Instability and Controls
McGrath ML, Yentes JM,
Rosen AB: University of
Montana, Missoula, MT;
University of Nebraska,
Omaha, NE

Context: Chronic ankle instability
(CAI) is a common consequence of
ankle injury and may cause prolonged
disability and pain in physically active
patients. Patients with CAI often re-
port impaired balance and stability, yet
traditional measures of postural stabil-
ity often do not detect differences be-
tween patients with CAI and healthy
controls. Non-linear measures of pos-
tural stability have been proposed as
more sensitive to the changes in mo-
tor control that may occur in patients
with CAI. In addition, while males
generally exhibit poorer static balance
compared to females, gender-related
differences in postural stability be-
tween patients with CAI and healthy
controls are less clear. Objective: To
assess gender-related differences in
non-linear measures of postural stability
between healthy participants and those
with CAI Design: Case-control. Setting:
Biomechanics Laboratory. Patients or
Other Participants: Sixty participants
volunteered for this study: Thirty partic-
ipants with CAI (13 M, 17 F, age =22.3
+ 2.7 yrs, mass = 76.9 £ 19.2 kg, height
= 170.9 + 8.9 cm, Cumberland Ankle
Instability Tool (CAIT) score = 17.6 +
4.5), and thirty healthy controls (14 M,
16 F,age=22.1+2.5 yrs, mass=75.6 +
13.9 kg, height = 171.9 £ 9.6 cm, CAIT
score = 29.9 + 0.3). Interventions:
Participants stood on a single leg on
a force platform for 60sec with eyes
open. The leg with CAI (defined as a
CAIT score <24) was assessed in the
CAI group. For Controls, the test leg
was matched to the tested leg from the
CAI group. Center of pressure (CoP)
excursion in the anterior-posterior (AP)
and medial-lateral (ML) directions was
collected at 1000Hz. Main Outcome
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Measures: Sample entropy (SampEn),
a non-linear method of assessing
time-series regularity, was calculated
from the CoP data. SampEn calculates
the probability that a pattern will repeat
within a time series of data. Higher val-
ues indicate less regularity and more
randomness, while lower values in-
dicate greater regularity and pattern
repetition. 2 x 2 ANOVAs compared
SampEn,, and SampEn  between gen-
ders in both groups (p < 0.05). Cohen’s
d effect sizes were calculated for sig-
nificant results. Results: A significant
main effect for group (F ;= 9.19, p =
0.004) was observed for SampEn,,,
(CAI = 0.65 + 0.14, Control = 0.56 +
0.10, Cohen’s d = 0.60). No differences
in SampEn,, were observed between
groups (F = 0.27, p = 0.605). A sig-
nificant main effect for gender was ob-
served for both SampEn,, (F, . = 6.43,
p = 0.014) and SampEn (F ;= 6.13,
p =0.016). Females demonstrated low-
er SampEn values in both AP (Female
= 0.57 £ 0.13, Male = 0.65 + 0.11,
Cohen’s d = 0.57), and ML directions
(Female = 0.63 + 0.14, Male = 0.72 +
0.11, Cohen’s d = 0.62). Conclusions:
Participants with CAI demonstrated
more irregular AP CoP patterns com-
pared to healthy controls, suggesting
difficulty maintaining postural stability
in the AP direction. Increasing irregu-
larity may indicate impaired stability,
and an inability to find a stable attractor
state for single-leg balance in patients
with CAI. This may help explain the
compromised balance and postural sta-
bility often observed in patients with
CAI Males also exhibited a pattern of
more irregularity than female partici-
pants, regardless of group assignment.
However, there were no interactions
that would suggest different responses
to CAI between genders.

1,56
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Free Communications, Oral Presentations: Laser, Light, and Electrical Stimulation
Thursday, June 28, 2018, 5:15pM-6:45pM, Room 208-210; Moderator: Noelle Selkow, PhD, ATC

Tissue Temperature
Increases From a Red

and Blue Combination
Photobiomodulation

Light Patch

Wells AM, Rigby JH, Castel

JC, Draper DO: Brigham Young
University, Provo, UT; Texas
State University, San Marcos,
TX; CareWear Corp, Reno, NV

Context: Photobiomodulation has been
used to treat musculoskeletal injuries,
reduce pain, and improve muscle per-
formance and function. Many physio-
logical effects of photobiomodulation
therapy have been examined, but the
thermal effects of photobiomodula-
tion therapy have yet to be determined.
Objective: To determine the superfi-
cial tissue heating characteristics of
a red and blue combination photo-
biomodulation light patch. Design:
Controlled laboratory study Setting:
Research laboratory Patients or Other
Participants: Ten healthy individuals
M=5,F=5,age=22.2+2.3, height=
170.3 + 8.3 cm, mass = 76.8 = 13.1 kg)
Interventions: Participants were posi-
tioned prone on a treatment table and
their posterior calf was cleansed before

101

8=

6=

A

Change in Tissue Temperature, °C

an IT-21 needle thermocouple was in-
serted 0.5 cm into the subcutaneous
tissue. A PT-6 skin thermocouple was
secured to the posterior calf adjacent
to the needle thermocouple. A second
PT-6 skin thermocouple was secured to
the skin 3 cm away from the treatment
location. All thermocouples interfaced
with an Isothermex electrothermometer.
A single Careware Firefly light patch
was positioned over the subcutaneous
and skin thermocouple within the treat-
ment area. A 15 minute photobiomod-
ulation therapy (wavelength = 640 and
450 nm, average irradiance = 3 mW/
cm?, peak power = 9 mW, continuous
peak power = 3 mW, energy density =
5.4 J/em?, treatment area = 50 cm?) was
administered to the posterior calf. After
the treatment, a 5 minute post-treatment
temperature decay was recorded. Main
Outcome Measures: Tissue tempera-
ture measurements from the thermo-
couples were taken every 1 minute
throughout the 15 minute treatment and
for 5 minutes post-treatment. Absolute
tissue temperature and change from
baseline temperature were used during
the data analysis. A repeated measures
ANOVA was used to determine if tis-
sue temperature increased between the

Surface: Directly under light patch
--= Subcutaneous: Directly under light patch
— Surface: 3 cm away

/’P.
2= .

3 measurement sites over the treatment
time. Results: The light patch increased
subcutaneous tissue temperature 6.22 +
2.25° C to a peak absolute temperature
of 37.71 + 1.78° C. The light patch in-
creased skin temperature 8.22 £ 2.62°C
to a peak absolute temperature of 38.90
+ 2.24° C. The skin temperature 3 cm
away from the treatment remained rela-
tively constant throughout the treatment
(-0.11 £ 0.30° C). The subcutaneous
and skin temperatures directly under the
treatment area significantly heated com-
pared to the reference 3 cm away from
the treatment site (P < .001). During
the 5 minutes post-treatment, tissue
temperature decreased 2.68 + 1.45 °C,
4.54 £ 1.93 °C, and 0.23 £ 0.12° C at
the subcutaneous, treatment skin sur-
face, and 3 cm away skin surface sites,
respectively. Conclusions: The red and
blue wavelength combination photo-
biomodulation light patch significantly
increases superficial tissue temperature.
Thermal physiological effects may be
an added benefit to this type of photo-
biomodulation therapy.

End of Treatment

O =
-
N

T T T T T T T T T
4 5 6 7 8 9 10 11 12 13 14

Time, min

T T T T 1
16 17 18 19 20
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The Effect of Pulsed Versus
Continuous Photobiomodulation
Therapy for Muscle Recovery
After an Eccentric Exercise
Protocol

Rigby JH, Thiriot K, Hyldahl RD,
Draper DO: Texas State University,
San Marcos, TX; Brigham Young
University, Provo, UT

Context: Photobiomodulation therapy
has previously improved muscle re-
covery when applied before strenuous
exercise. However, several parameters
have not been determined to maxi-
mize the effects of photobiomodula-
tion therapy. Objective: To determine
if pulsed or continuous photobiomod-
ulation therapy is better at increasing
muscle recovery and limiting muscle
soreness after a strenuous eccentric
exercise bout. Design: Randomized
clinical trial. Setting: Research labora-
tory. Patients or Other Participants:
Twenty-four healthy participants (M =
12and F=12,age=23.3+ 3.4y, height
=175.4+10.2 cm, mass = 80.34 + 18.1
kg). Interventions: Participants were
randomly assigned into a pulsed (N =
12) or continuous (N = 12) treatment
group and were blinded to their group
assignment. Four Carewear Firefly light
patches (wavelength = 640 and 450 nm,
average irradiance = 3 mW/cm?, pulsed
peak power = 9 mW, continuous peak
power = 3 mW, energy density = 5.4
J/em?, treatment area = 200 cm?) pro-
vided 30 minutes of treatment over the
quadriceps muscles before and for each
of the 4 days following the eccentric
exercise bout. Participants performed
3 bouts of 10 sets of 10 eccentric knee
extension reps with a 1-minute rest be-
tween each set for a total of 30 sets and
300 reps. Main Outcome Measures:
All dependent variables, except for se-
rum creatine kinase, were measured at
baseline and immediately, 24, 48, 72,
and 96 h post-exercise bout. Strength
deficits were measured via isometric
peak torque using a Biodex dynamome-
ter. Participant’s perceived function and
soreness was measured using the Lower
Extremity Functional Scale (LEFS) and

visual analog scale (VAS), respectively.
Blood draws were collected at baseline,
48 and 96 h post-exercise bout for serum
creatine kinase analysis. To normalize
the data between participants, strength
was analyzed as percent of baseline and
subjective measures of LEFS and VAS
were analyzed as change from base-
line. A logarithmic transformation was
used to normalized creatine kinase data.
For each dependent variable, a repeat-
ed measures ANOVA was used to de-
termine differences between treatment
groups over time. Results: The pulsed
treatment improved the rate of recov-
ery over the continuous treatment for
LEFS (P = .005), VAS (P = .023), and
creatine kinase levels (P = 0.013), but
did not alter isometric peak torque (P =
0.453). Isometric strength decreased to
84.1 + 27.5 and 64.6 £ 28.7% of base-
line immediately after the exercise for
the pulsed and continuous treatment
groups, respectively, but returned to
near baseline values by 96 h (pulsed
= 99.5 + 23.5, continuous = 95.3 +
27.7% of baseline). Across all time
points, LEFS scores decreased 4.4 +
10.0 and 14.1 + 21.6 points and VAS
scores increased 14.0 £ 24.9 and 30.4
+ 31.2 mm for the pulsed and contin-
uous groups, respectively. Creatine ki-
nase levels were still elevated at 96h
post-exercise in the continuous group
(9453.5 + 16823.2 U/L) compared to
the pulsed group (444.4 + 990.0 U/L).
Conclusions: Pulsed photobiomodula-
tion therapy improved participants per-
ceived function, soreness, and muscle
recovery measured via serum creatine
kinase, but this did not affect isometric
strength between treatment groups.

The Effects of Transcutaneous
Electrical Nerve Stimulation
(TENS) on Postoperative Pain
and Analgesic Usage:

A Systematic Review

Christie CM, Bell RA, Nicolai MA,
Berry DC: Saginaw Valley State
University, University Center, Ml

Context: Opioid analgesics are pre-
scribed to manage acute and chronic pain
and following elective surgical proce-
dures (i.e., knee arthroscopy). However,
opioid usage has accompanying com-
plications leading to an acquired depen-
dence, addiction, or tolerance, reaching
the level of a national public health.
Objective: To answer the question, In
adult postoperative patients (P), does the
application of Transcutaneous Electrical
Nerve Stimulation (TENS) (I) versus
placebo-TENS (C) change pain levels
and decrease opioid/nonopioid analgesic
requirements during the first 6-weeks of
recovery from surgical/invasive proce-
dures (O)? Data Sources: Articles (n
= 100) were identified from: PubMed,
CINAHL, MEDLINE, ScienceDirect,
Cochrane, Physical Therapy and Sports
Medicine Collection and ProQuest us-
ing [“transcutaneous electrical nerve
stimulation” AND postoperative AND
“opioid use”’] and [“transcutaneous elec-
trical nerve stimulation” AND postop-
erative AND “analgesic requirement’’]
from 2007- 2017 (September). Study
Selection: Following initial screening
(duplicates = 18, title, abstract), 17 arti-
cles were reviewed. Seven articles met
inclusion criteria: (1) peer-reviewed,
randomized controlled trial (RCT), (2)
compared TENS to placebo-TENS, (3)
adults (age = 18-85) with postoperative
pain, (4) English-language, (5) available
abstract, (6) outcome measuring opioid/
nonopioid analgesic usage and pain (vi-
sual analog scale [ VAS], numerical rating
scale [NRS]). Data Extraction: Three
reviewers independently assessed studies’
level of evidence (LOE) and quality using
the Oxford Center for Evidence-Based
Medicine (2011) and Physiotherapy
Evidence Database (PEDro) instru-
ments. Data of interest: subjects, TENS
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parameters, descriptive and inferential
statistics, and effect sizes (ES) related to
pain and opioid/nonopioid usage. Data
Synthesis: Seven studies met the inclu-
sion criteria (LOE = 2). PEDro scores
ranged from 8-10 (maximum = 10; aver-
age = 9.34 + 0.50). Pooled sample size =
690, patients underwent rotator cuff repair
(n = 37), liposuction (n = 42), hip arthro-
plasty (n = 60), birth (vaginal = 100, cae-
sarean = 100), inguinal herniorrhaphy (n=
100), and knee arthroplasty (n =251). All
studies demonstrated a reduction in pain
and analgesic usage following surgical/
invasive procedures using TENS. TENS
compared to placebo-TENS demonstrate
moderate-to-large effects at 2-hours (n =
1, ES=10.78), 4-hours (n = 1, ES = 0.79),
6-hours (n=2, ES=0.75), 8-hours (n=2,
ES = 0.58), 12-hours (n = 3, ES = 0.59),
24-hours (n = 4, ES = 0.72), 2-days (n =
2, ES = 0.89), 3-days (n =1, ES = 0.74),
4-days (n =1, ES = 0.83), 5-days (n =1,
ES=0.79), and 7-days (n=1, ES=0.54)
postoperatively. One study found signifi-
cant differences in patients reporting ‘“no
pain” (P = 0.02) 30-days postoperatively.
Opioid analgesic requirement were sig-
nificantly less 6-hours to 24-hours post-
operatively (P < 0.001), up to 48-hours
postoperatively (P < 0.001) in two stud-
ies. Inguinal herniorrhaphy studies (n=2)
found significant reductions in nonopioid
analgesic intake (P < 0.01). Limitations
include: (1) sample size, (2) limited
long-term data, (3) absence of electrode
placement standardization, and (4) in-
consistent clinical parameters (i.e., fre-
quency, duration). Conclusions: TENS
shows moderate-to-strong effectiveness
in reducing pain (ES = 0.70) and opioid/
nonopioid analgesic requirements during
the first 30-days following surgical/inva-
sive procedures. Athletic trainers should
consider integrating TENS applications
in conjunction with other therapeutic in-
terventions (i.e., cryotherapy) in athletes
undergoing surgical procedures to control
pain and limit exposure to opioid analge-
sics and their associated risks.
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Comparison of Over-the-Counter
Electrical Stimulation Treatments
to Clinician Applied Treatments
on a Pain Pressure Threshold
Test in Healthy Individuals

Ip WYV, Trowbridge C: University
of Texas, Arlington, TX

Context: Transcutaneous electrical
nerve stimulation (TENS) are com-
monly used to relieve pain. They are
now available over-the-counter (OTC)
and simply include a power button and
intensity controls. The OTC TENS
units are pre-programmed, whereas,
therapeutic TENS units allow for ma-
nipulation of a variety of parameters.
Therefore, it is important to know
whether the pain relief provided by
these OTC TENS equate to those ther-
apeutic TENS operated by a trained
professional. Objective: To compare
the pain relief provided by OTC TENS
and therapeutic TENS units. Design:
Repeated measure double-blind ran-
domized. Setting: Laboratory. Patients
or Other Participants: Eighteen vol-
unteers with no neurological pathology

and currently not taking any pain med-
ications were recruited. Four subjects
were excluded (n = 1; medical reasons,
n = 3; inconsistencies in pain pressure
threshold (PPT). Total subjects (males
n = 9 and females n = 5) (age = 24
+ 2.9 years, mass = 75.4 £ 14.3 kg,
height = 171.1 £ 10.5 cm) participat-
ed. Interventions: PPT was measured
before, during 30 minutes of electrical
stimulation, and during 20 minutes of
passive recovery using a pressure al-
gometer at the web space between first
and second metacarpals of the dominant
hand. Treatments were IcyHotO Smart
relief with gate-control intensity set to
“strong but comfortable” or a therapist
adjusted TENS unit with central bias-
ing setting using 150 Hz, 300msec, 30
sec ON/5 sec OFF, Ramp 5 sec with a
“to tolerance” intensity setting. Main
Outcome Measures: Means + SD for
pain pressure threshold (PPT) measured
in newtons (N). Two way ANOVA (2 x
6) with two treatment groups and six
levels of time (0, 10, 20, 30, 40, 50
mins) investigated PPT changes from
baseline. Alpha was set apriori at 0.05.

Results: There was no interaction be-
tween treatment group and time (p =
0.801), but there was a time main effect
(» <0.001). For both treatment groups,
change in PPT at 10 (p < 0.001), 20 (p
< 0.001), 30 (p < 0.001), and 40 (p =
0.026) mins was different from base-
line. Maximum change in PPT occurred
at 30 mins (4.75 = 3.5 N) which was the
end of treatment. PPT values declined
within 10 mins after treatment ended
(40 mins = 1.9 £ 2.8 N; 50 mins = 0.5
+ 2.2 N). Conclusions: Based on pain
control theories, we hypothesized that
central biasing treatment would result
in greater and longer lasting pain relief;
however, there was no statistical signif-
icance between treatment groups. Pain
was relieved as early as 10 mins and
continued until treatment ended at 30
mins, but neither group demonstrated
lasting pain relief post treatment. Two
limitations included small sample size
and increasing tenderness at the web
space due to repeated measurements.
Future research should include larger
sample size and use less frequent PPT
measure post-treatment.
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Human In Vivo Dexamethasone
Sodium Phosphate
Concentration and Skin
Perfusion During a 4 mA
lontophoresis Treatment

Smith BM, Rigby JH, Hyldahl RD,
Mack GW, Draper DO: Brigham
Young University, Provo, UT; Texas
State University, San Marcos, TX

Context: Previous research has de-
termined the in vivo concentration of
dexamethasone sodium phosphate
(DEX-P) and related forms delivered
to subcutaneous tissue during lower
current intensity (1 and 2 mA) ionto-
phoresis treatments in human partici-
pants. However, limited research meth-
ods have restricted the ability to know
DEX-P concentrations in higher current
intensity (4 mA) iontophoresis treat-
ments. Objective: To determine the
subcutaneous DEX-P concentration and
skin perfusion during and after a 4 mA
iontophoresis treatment using microdi-
alysis. Design: Controlled laboratory
study. Setting: Research Laboratory.
Patients or Other Participants:
Thirteen healthy individual participants
(Male =5, Female = §, age =25.6 + 4.4
y, height = 172.0 + 8.9 cm, mass = 69.6
+ 12.6 kg). Interventions: Participants
received an 80 mA*min iontophoresis
treatment of 4 mg/mL DEX-P using a 4
mA current intensity (treatment time =
20 minutes). Two hollow fiber (13 KD
MWCO) microdialysis probes were
placed in the ventral forearm at 3.2+0.9
mm below the surface of the skin. The
microdialysis probes were perfused
with sterile saline at 1.2 uL/min to as-
sess DEX-P, dexamethasone (DEX),
and its metabolite (DEX-MET) con-
centrations in the subcutaneous tissues.
Skin perfusion was measured using
laser Doppler flowmetry placed within
the drug chamber of the iontophore-
sis patch. Main Qutcome Measures:
Microdialysis samples were collected
at baseline, at the conclusion of the 20
minute treatment, and every 20 minutes
post-treatment for 60 minutes. Samples
were analyzed using high performance
liquid chromatography to determine

the concentration of DEX-P, DEX, and
DEX-MET. The 3 forms of dexametha-
sone were summed to create dexameth-
asone total (DEX-TOTAL). Using the
same data collection time points, skin
perfusion was calculated as a percent
change from baseline. One-way re-
peated measures ANOVAs were used
to determine if DEX-TOTAL or skin
perfusion changed during or after the
treatment. Results: DEX-P was found
in 7 out of 13 participants (53.8%), with
a peak concentration occurring 20 min-
utes post-treatment (778.9 + 1541.7 ng/
mL). DEX-TOTAL was found in 12 out
of 13 participants (92.3%) and showed a
trend toward increasing over the course
of the treatment and post-treatment time
(P = .057). The peak concentration of
DEX-TOTAL occurred at 40 minutes
post-treatment (4536.2 + 1903.1 ng/
mL). Skin perfusion significantly in-
creased during and immediately after
the treatment, but returned to near base-
line values 60 minutes post-treatment
(P <.001). Peak skin perfusion occurred
20 minutes post-treatment (194.1 =+
273% of baseline). Conclusions:
Dexamethasone forms were found in al-
most all samples collected following a 4
mA iontophoresis treatment. The higher
current intensity resulted in DEX-P con-
centrations in the subcutaneous tissues,
when previous research using lower
current intensities (I and 2 mA) only
found DEX and DEX-MET concentra-
tions. Skin perfusion increased but not
to levels which may have washed out
the drug concentration.
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Free Communications, Oral Presentations: Concussion Reporting
Friday, June 29, 2018, 7:00AM-7:45aM, Room 208-210; Moderator: Zachary Kerr, PhD, MPH

Influencing Factors and Role
Expectations in Concussion
Disclosure

Kay MC, Gildner P, Dorman AV,
Marshall SW, Kerr ZY, Linnan LA,
Hennink-Kaminski H, Cameron KL,
Peck KY, Houston MN, Register-
Mihalik JK: University of North
Carolina at Chapel Hill, Chapel Hill,
NC; Keller Army Community
Hospital, West Point, NY

Context: Up to 50% of all concussions
are not reported by athletes. Therefore,
it is imperative to understand factors that
may impact an athlete’s disclosure of
concussion-related symptoms, including
their expectations of diagnosis and man-
agement. With discrepancies in what is
expected versus what occurs, athletes
may be less likely to report potential
symptoms. Objective: To explore factors
and expectations regarding concussion
disclosure among National Collegiate
Athletic Association (NCAA) varsity
athletes in the context of the socioecolog-
ical model. Design: Consensual qualita-
tive research tradition/framework based
in phenomenology. Setting: Individual
in-person interviews were conducted in
a University research lab. Patients or
Other Participants: Twenty-five civilian
Division 1 NCAA varsity athletes repre-
senting 15 sports (12 males; 13 females;
age = 20.1 + 0.8) were interviewed, to
reach data saturation. Participants were
recruited via convenience sampling.
Data Collection and Analysis: A sin-
gle semi-structured in-person interview
(28 questions) was conducted with each
participant and transcribed verbatim. A
four-person research team consisting of
novice and expert qualitative researchers
(2 athletic trainers; 2 with a background
in health behavior) individually coded
the data into themes and categories, and
then met to attain consensus on coding
accuracy and comprehensiveness. An in-
ternal auditor reviewed results. Results:
Participant interviews highlighted four
factor levels influencing their current

disclosure behaviors: intrapersonal, inter-
personal, environmental, and concussion
perceptions. Intrapersonal factors includ-
ed individual characteristics such as their
previous medical history. Interpersonal
factors included team/coach support and
perceived pressure from peers or superi-
ors. Environmental factors included the
presence of medical professionals at the
time of the event, which facilitated disclo-
sure. Lastly, concussion perceptions in-
cluded two primary findings: their knowl-
edge and attitudes towards concussion
disclosure and the perceptions of others’
knowledge and attitudes, such as team-
mates or coaches. Interactions between
these four domains were also described,
specifically, previous medical history
and witnessing a concussive event were
discussed by participants as positively
impacting both knowledge and attitudes.
Athletes also mentioned concussion dis-
closure role expectations from four main
groups: themselves, teammates, coaches,
and medical personnel. A fifth, smaller
group included parents, siblings, school
personnel, and others. In general, partic-
ipants described being relatively satisfied
with all individuals, but felt more could
be done to enhance the social environ-
ment to improve disclosure. For instance,
they felt medical professionals should
recognize the injury and remove athletes
from participation, perhaps lessening the
need for self-disclosure. Conclusions:
Information from this study highlights
the need for key social referents such as
medical personnel and coaches to under-
stand and improve athletes’ expectations
of the concussion management process
in efforts to improve self-disclosure and
overall identification of concussive in-
juries. Lastly, it is important to consider
all aspects of an athlete’s life including,
mental, physical, and social factors that
may impact their willingness to disclose
concussion-related symptoms.

Examining Sex Differences of
Self Efficacy Ratings in the Use
of Concussion Assessment and
Management Tools

Savage JL, Covassin T: Michigan
State University, East Lansing, Ml

Context: Currently, sports-related con-
cussion (SRC) assessment and man-
agement have taken a multifaceted ap-
proach with new SRC measures being
developed yearly. However, to date no
research has examined sex differenc-
es in certified athletic trainers (ATs)
self-efficacy in the use of assessing
and managing SRCs. QObjective: To
examine sex differences of self-ef-
ficacy ratings of ATs in SRC assess-
ment and management tools. Design:
Cross-Sectional Study. Setting: Web-
based questionnaire. Patients or Other
Participants: 114 [male n = 62; female
n = 52] ATs had a mean age of 38.30 +
11.5 years old [male 40.85 + 12.0; fe-
male 35.25 £ 10.3], and were certified as
an athletic trainer for 14.08 £ 10.2 years
[male 15.61 £ 11.0; female 12.25 + 8.7].
The overall response rate was 11.2%.
Interventions: The National Athletic
Trainers Association randomly selected
1000 ATs to complete the questionnaire.
The survey was a self-administered,
one-time online survey through MSU
Qualtrics. Participants completed a 30-
item survey evaluating their self-effica-
cy of the assessment and management
tools of SRCs. Self-efficacy was rat-
ed on a likert scale between 0 (lower
self-efficacy) and 100 (higher self-ef-
ficacy). Face and content validity and
internal consistency were established
before the distribution of the survey.
Main Outcome Measures: The inde-
pendent variable was sex. Dependent
variables included the self-efficacy rat-
ings of ATs for the SRC assessment and
management tools. Separate multivari-
ate analysis of variance was performed
to determine if there were differences
between male and female ATs in their
self-efficacy ratings of SRC assessment
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and management tools. The p value was
set aprior at .05. Results: Females re-
ported higher self-efficacy ratings in the
SRC assessment tools when compared
to males (p = .02). Female ATs had a
higher self-efficacy rating of 89.9 +
20.6 in the assessment of baseline ex-
amination (p = .03), compared to males
with an average self-efficacy rating
77.52 + 37.1. Female ATs had a high-
er self-efficacy rating of 77.83 + 28.6
in the assessment of cranial nerve ex-
amination (p = .02), compared to males
with an average self-efficacy rating
63.11 + 38.2. Female ATs had a higher
self-efficacy rating of 84.19 £ 29.6 in
the assessment of computerized neuro-
psychological test (p = .02), compared
to males with an average self-efficacy
rating 67.10+43.4. No differences were
found when examining sex differences
in overall self-efficacy ratings of SRC
management (p = .49). Conclusions:
Overall females had greater self-effica-
cy ratings for the assessment of SRCs
when compared to males. However,
when managing SRCs, no differences
between males or females were found
in self-efficacy ratings. Future research
should replicate this study with a larger
sample size and examine self-efficacy
differences in level of education.

Reporting Skill: A Missing
Ingredient in Concussion
Reporting Behavior
Assessment

Warmath D, Winterstein A:
University of Wisconsin,
Madison, WI

Context: Efforts to improve concussion
reporting have relied onamodel in which
education produces improvements in
concussion knowledge and, therefore,
reporting. Numerous studies cast doubt
on the knowledge—reporting behavior
relationship. Some studies suggest that
the process of deciding whether to re-
port and then understanding how to re-
port are overlooked components. Other
domains, such as consumer finance,
have recognized the importance of de-
cision skill. No study, however, has tak-
en up the call to fill this important gap
in the concussion literature. Objective:
The present study seeks to define a
new construct, reporting skill, and de-
velops a scale to measure it. Design:
Secondary analysis of decision-making
skill from other domains and qualitative
interviews are used to define the con-
struct. Exploratory and confirmatory
factor analyses are conducted on three
waves of data collection to identify and
confirm the scale. Structural Equation
Modeling is used to examine the rela-
tive contribution of reporting skill and
concussion knowledge to intention to
report a concussion. Setting: The set-
ting involves three waves of an online
survey with national samples. Patients
or Other Participants: A national
sample of 1,491 young-adult athletes
(age 18 to 24) of various sports and lev-
els of competitiveness from the Survey
Sampling International (SSI) panel.
Interventions: Eleven candidate survey
items developed from a review of other
literature employing a decision-skill
construct were reviewed by experts
and tested in cognitive interviews. The
items were included in the online sur-
vey alongside established measures
(e.g., concussion knowledge and re-
porting intention). Main _Qutcome
Measures: In scale development, we

examine factor loadings, variance ex-
plained, Cronbach’s Alpha, Composite
Reliability, and Average Variance
Explained. In our regression, we used
reporting intention as the primary out-
come. Results: Concussion reporting
skill involves knowing when I don’t
know enough or have the right per-
spective to decide whether to report a
concussion, knowing where to get the
advice/knowledge/perspective I need to
help me decide, and being able to use
that knowledge/advice/perspective to
decide whether to report. Scale devel-
opment produced one factor with six
items explaining 60.2% of the variance.
Factor loadings were all above .7 and
reliability statistics exceeded minimum
values. Confirmatory factor analy-
sis showed reasonable fit of the scale
(X2(5)=11.669, RMSEA = .057, CF1=
991, TLI = .982). While there is a sig-
nificant zero-order correlation between
knowledge and reporting intentions, the
best fitting reporting intentions model
including reporting skill and not knowl-
edge. Conclusions: Reporting skill is
an important and, until now, missing in-
gredient in the concussion literature and
practice. Incorporating reporting skill
development in concussion education
initiatives is likely to improve actual
reporting.
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Head Best Practices Forum: Inside the Athlete Brain: Why Do Athletes Delay or
Fail to Report Their Concussions and How Can We Fix It?

Friday, June 29, 2018, 8:00AM-9:00AM, Room 208-210; Moderator: Michelle Weber, MS, ATC
Discussants: Julianne Schmidt, PhD, LAT, ATC; Breton Asken, MS, ATC
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Free Communications, Oral Presentations: Health and Well Being of Athletic Trainers
Friday, June 29, 2018, 10:45AM-11:45aM, Room 208-210; Moderator: Janet Simon, PhD, AT

Health Behaviors of Athletic
Trainers

Shea ME, Eberman LE, Games
KE: Neuromechanics, Interven-
tions, and Continuing Education
Research (NICER) Laboratory,
Indiana State University, Terre
Haute, IN

Context: Good health behaviors act as
disease prevention measures to decrease
prevalence of pathologies. Hours of
sleep, substance use, nutritional intake,
and physical activity are behaviors that
may impact the health of athletic trainers
(AT). Objective: To describe health be-
haviors of ATs in comparison to national
norms. Design: Cross-sectional design.
Setting: Web-based survey. Patients or
Other Participants: Participants (n =
1306, access rate = 12.9%) were clini-
cally practicing ATs recruited from the
National Athletic Trainers’ Association
member database and representative of
the membership (age = 34 + 10 y; male
= 505, 38.7%, female = 740, 56.7%:;
experience = 11 + 9 y). Interventions:
We used the Healthy Eating Vital Sign
(HEVS) Questionnaire with physical
activity items (13 items) and Center
for Disease Control Annual Consensus
Survey (5 items). The HEVS has been
found to have moderate to high criterion
validity and internal reliability through
each individual item. We calculated
statistics of central tendency (means,
frequency, and mode) to describe the
characteristics of the athletic training
population represented by our sample.
Main Outcome Measures: The main
outcome measures were hours of sleep,
frequency of alcohol consumption and
number of drinks consumed while
drinking, weekly consumption of fast
food, daily consumption of vegetables,
daily servings of caffeine, smoking be-
havior in the last month, and exercise
in the last day and week. Results: We
found that the majority of ATs sleep 5-8
hours per night, and 48.7% of partici-
pants consumed alcohol on a weekly

basis at a rate of three drinks per sit-
ting. In addition, 66.3% eat fast food
at least one time per week, 85.6% cat
vegetables at least one time per day.
Further, 62.7% consumed 1-3 por-
tions of caffeine in a typical 24-hour
period, and 98.2% have not smoked a
cigarette in the last 30 days. Finally,
49.2% perform physical activity great-
er than or equal to 3 times per week
where the heartbeat and breathing are
elevated. Conclusions: Compared to
national averages, ATs are sleeping the
same amount as the general population.
Alcohol consumption is at a level of
low-risk behavior. Approximately 28%
of Americans eat fast food about once
per week, whereas 66.3% of ATs con-
sume fast food weekly. In addition to
consuming fast food, ATs and the gen-
eral population alike are not consuming
enough servings of vegetables per day.
Both the athletic training and the gener-
al population drink a moderate amount
of caffeine. Only 1.8% of athletic train-
ers report smoking. The number of ATs
who smoke cigarettes is 13.3% less than
the general population. Finally, the ac-
tivity average falls short (1.9%) of the
national average for adults exercising at
least three times per week. Overall the
health of ATs is similar to the general
population except ATs consume fast
food more frequently and fewer athletic
trainers smoke compared to the general
population.

Health Related Quality of Life
and Workplace Behaviors of
Athletic Trainers

Gardner L, Neil ER, Eberman LE:
Neuromechanics, Interventions,
and Continuing Education
Research (NICER) Laboratory,
Indiana State University, Terre
Haute, IN

Context: Athletic Trainers (AT) report
work-life imbalance related to job de-
mands and staffing issues that create a
24/7 face-time expectation in the work-
place. It is unknown how this sociocultur-
al expectation impacts health related qual-
ity of life (HRQOL) in ATs. Objective:
Explore ATs’ patient scheduling prac-
tices and HRQOL in the college setting.
Design: Cross-sectional. Setting: Online
survey (Qualtrics®, Provo, UT). Patients
or Other Participants: 7094 emails sent
to NATA members in the college/univer-
sity setting. 95 participants excluded (ac-
ademic appointment, were not currently
practicing). 707 participants started sur-
vey (access rate = 9.97%); 529 complet-
ed survey (74.82% completion rate); age
= 34 £+ y; male = 220, 41.6%, female =
308, 58.2%; experience = 11 + 15 y; Div
1 =204, 28.6%, Div 2 = 96, 18.1%, Div
3 =130, 24.6%, NAIA/Independent = 99,
18.7%. Interventions: We developed a
web-based questionnaire evaluated for
content and face validity by three experts
in the field. The survey was 51 items:
demographics, scheduling practices,
and HRQOL using the RAND-36 ques-
tionnaire. Main Outcome Measures:
Variables of interest included patient
scheduling practices (patient-centered,
team-based, and “other””) and AT HRQOL
(RAND-36 normalized sub-scores related
to emotional health: general health [GH],
vitality [V]), social functioning [SF], role
emotional [RE], and mental health [MH)).
Individualized scheduling practices was
individualized appointments. Team-
based scheduling practices was treat-
ment scheduling on a “walk-in" basis for
specific patient populations (teams). We
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calculated descriptive statistics and com-
pared groups using a one-way ANOVA.
Results: Participants predominantly in-
dicated they use a team-based scheduling
approach (282, 53.3%; individualized =
156,29.5%; other =90, 17.0%); However,
they prefer the individualized approach
(n = 336, 63.8%) over the team-based
approach (n = 191, 36.1%). Participants
demonstrated lower than population norm
sub-scales for HRQOL: GH =43.8 + 9.8,
V=432+126,SF=462+10.1,RE=
18.0 + 4.4, MH = 50.3 + 12.1). We iden-
tified a significant difference between
scheduling practices on the GH subscore
(F2, 527 = 4.393, p = 0.013), whereby
those with individualized scheduling
practices (mean = 44.4 + 0.8) and team-
based scheduling practices (44.3 £ 0.7, p
= 0.025) reported higher general HRQOL
than those using other practices (41.0 +
1.1, p=0.014). Upon review of the “oth-
er” approaches, the participants indicat-
ed they use a combination of scheduling
including open scheduling practices (e.g.
walk in clinic blocks [not specific to
teams], open times spanning 4-15 hours
per day). No other significant differenc-
es were identified for the HRQOL sub-
scales (p > 0.05). Participants also indi-
cated they were largely satisfied with their
current approach (mode = 4/5, n = 292,
55.2%) and the flexibility they have to de-
cide (mode = 4/5, n = 213, 40.3%) their
current approach to patient scheduling.
Conclusions: ATs who are engaged in
“other” scheduling practices such as com-
bined scheduling practices or open clinic
scheduling report lower general HRQOL.
All HRQOL sub-scales are below popu-
lation norms. However, ATs indicate they
are satisfied with their current scheduling
practices and the flexibility they have.
The perceived satisfaction and HRQOL
measures appear to contradict one anoth-
er, suggesting it is possible that ATs are
unaware what informal workplace poli-
cies (including scheduling) are available
to improve their HRQOL.

The Relationship Between
Health-Related Quality of Life
and Burnout in Athletic Trainers
Allen DC, Winkelmann ZK, Shea
ME, Eberman LE, Games KE:
Neuromechanics, Interventions,
and Continuing Education
Research (NICER) Laboratory,
Indiana State University, Terre
Haute, IN

Context: Burnout is the negative re-
sponse to chronic stress resulting in
emotional and physical exhaustion.
In athletic training, higher perceived
levels of stress, specifically on the
emotional exhaustion and deperson-
alization (EEDP) construct, affects
burnout. Previous qualitative research
has identified that athletic trainers
(AT) were extremely concerned about
the negative effects burnout may have
on their health-related quality of life
(HRQoL). However, there is a gap in
the literature to support the relation-
ship between the constructs of burnout
and HRQoL in ATs. Objective: To in-
vestigate the relationship among the
constructs of burnout and self-reported
HRQoL in ATs. Design: Cross-sectional
design. Design: Cross-sectional design.
Setting: Web-based survey. Patients or
Other Participants: Certified ATs from
all job settings were recruited from the
National Athletic Trainers’ Association
(n = 10911). Completed responses from
1,157 participants were used for the anal-
ysis (10.6% response rate, age =34+ 13y,
male =458, 39.6%, female = 689, 59.6%;
experience = 10 £+ 12 y). Interventions:
The survey contained 10 demographic
items, and self-reported outcome tools
for HRQoL using the RAND-36 and
indicators of burnout using the Athletic
Training Burnout Inventory (ATBI).
Main Outcome Measures: The means
of the four constructs within the ATBI
(EEDP, administrative responsibility
[AR], time commitment [TC], and or-
ganizational support [OS]), as well as
the means of each normalized subscales
of the RAND-36 (physical functioning
[PF], role-physical [RP], bodily pain
[BP], general health [GH], vitality/

energy [VE], social functioning [SF],
role-emotional [RE], mental health/
emotional wellbeing/MH]) were cal-
culated. A follow-up correlation anal-
ysis (Pearson r) was completed on the
mean emotional exhaustion and de-
polarization construct from the ATBI
to the means of each subscale of the
RAND-36. Results: HRQoL means
were near the general population nor-
mative values (50 = 10) for PF (55.1 +
3.9), BP (51.2 + 7.3), GH (47.6 £ 5.8),
VT (45.6 £ 12.2), SF (47.0 + 9.4), MH
(52.2 £ 11.9). RE (18.1 + 4.3) and RP
(26.7 £ 2.5) fell below the population
normative values. On the ATBI, mean
values were 3.0 = 0.6 for EEDP, 3.6 +
1.1 for AR, 4.2 + 1.1 for TC, and 3.5
+ 0.4 for OS. There was a significant
negative correlation between EEDP and
the subscales of the RAND-36: PF r =
-0.169; RP r = -0.282; BP r = -0.250;
GHr=-0.331; VEr=-0.574; SF r =
-0.480; RE r = -0.451; MH r = -0.564
with significance levels of P < 0.001.
Conclusions: Our findings suggest that
the role and job responsibilities of an
AT leads to poor HRQoL outcomes.
Additionally, EEDP is the construct of
most concern within our sample of ATs.
These results identify that physical and
emotional aspects of ATs HRQoL play a
substantial part in their EEDP. The sig-
nificant negative correlations between
each construct indicate the quantity and
quality of interactions with others play
an influential role in emotional harden-
ing. The profession of athletic training
should explore interventions focused
on improving job and life satisfaction
of ATs as a potential means to increase
retention and mitigate attrition in the
profession due to burnout.
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Examination of Energy
Availability, Energy Balance,
and Psychosocial Constructs

in Athletic Trainers

Lyles T, Torres-McGehee TM,
Moore EM, Wakefield G, Walker S:
University of South Carolina,
Columbia, SC; Ball State
University, Muncie, IN

Context: Athletic Trainers (ATs) expe-
rience occupational stressors that may
lead to mental health challenges, poor
dietary habits, and decreased physi-
cal activity levels; which may result
in mental health disorders, and energy
imbalance. Objective: Examine ener-
gy balance (EB) in ATs and estimate
the prevalence of mental health risks
(e.g., depression, anxiety, and risk for
eating disorders [ED]) associated with
energy imbalance. A secondary aim
will examine differences of EB and
mental health risks between gender and
employment. Design: Cross-Sectional
Study. Setting: Local traditional and
non-traditional athletic training sites in
the Southeast United States. Patients
or Other Participants: Participants (n
= 46) consisted of females (n = 23; age:
28.9 + 7.9 yrs; height: 164.1 £ 6.3 cm;
weight: 66.6 + 10.7 kg) and males (n =
23; 29.1 = 7.9 yrs; height: 179.6 = 7.1
cm, weight: 88.3 + 15.5 kg) employed
through different occupational settings
(e.g., secondary, collegiate/university,
hospital/clinic, etc.); and represented
both part-time (n = 23) and full-time (n
= 23) employment status. Interventions:
Independent variables are gender (female
vs. male) and employment status (part-
time vs. full-time). Participants complet-
ed a series of surveys related to mental
health (depression, anxiety, and ED risk);
anthropometric measures, dietary energy
intake (DEI) via food-logs and total en-
ergy expenditure (TEE) via SenseWear
Armbands  were collected across
7-days. Main OQOutcome Measures:
The Eating Disorder Inventory-3 and
Symptoms Checklist measured ED risk.
Depression was evaluated by the Center
for Epidemiological Studies Depression
Scale-Revised and anxiety was examined

by State/Trait Anxiety Scale. A 7-day di-
etary log measured DEI. Energy balance,
determined by DEI and TEE, was calcu-
lated using (DEI=TEE) and categorized
as negative or positive balance. Cross-
tabulations and chi-square analyses ex-
amined the relationship and distribution
of categorical variables (e.g., gender,
employment status, ED, depression, and
anxiety risks. Results: Negative (82.6%)
and positive (17.4%) EB were found
in ATs. Overall ED risk demonstrated
84.8% (n = 39) of ATs reported engag-
ing in some form of pathogenic behavior
(e.g., dieting, excessive exercise, etc.). No
differences between gender and employ-
ment status to EB and ED overall risk
were elicited, however there were signif-
icant differences between dieting among
full-time and part-time ATs (45.7% vs.
32.6%). Depression Risk was found in
15.2% (n="7) of ATs (males = 10.9%, fe-
males = 4.3%; Part-Time = 10.9%, Full-
Time = 4.3%). All participants at risk for
depression were also at risk for ED be-
haviors. Additional, 19.6% (n = 3) were
above average and 78.3% (n = 36) were
within normal ranges for gender and oc-
cupational status for State Anxiety. Trait
Anxiety was 17.4% (n = 8) above the
average and 71.7% (n = 33) within nor-
mal ranges for gender and occupational
status for Trait Anxiety. Conclusions:
Overall, high prevalence of energy im-
balance were present for ATs, particular-
ly negative EB. We also observed a high
prevalence of ED risk. With these factors
and awareness of previous literature, the
risk for poor overall health observed in
ATs may diminish their ability to pro-
vide peak professional performance and
demonstrates potential increased risk of
burnout.
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Free Communications, Oral Presentations: Central Nervous System in Lower

Extremity Function

Friday, June 29, 2018, 12:00pm-1:15pM, Room 208-210; Moderator: Alan Needle, PhD, ATC, CSCS

Negative Emotional Stimuli
Increase Neurocognitive
Processing In The Brain

An YW, DiTrani Lobacz A,
Baumeister J, Swanik CB:

New Mexico State University,
Las Cruces, NM; Neumann
University, Aston, PA; University
of Paderborn, Paderborn,
Germany; University of Delaware,
Newark, DE

Context: Recent studies have suggest-
ed that anterior cruciate ligament injury
and reconstruction (ACLR) may cause
permanent neural adaptations in the
brain. This neuroplasticity may play an
important role in restoring patient func-
tion. However, growing evidence sug-
gests that fear of re-injury/movement
following an ACLR may be linked to
functional joint instability because neu-
ral processing in the patient’s prefron-
tal cortex is critical for both emotional
regulation and the preparation of com-
plex motor control strategies. It remains
unclear if seeing negative emotional
stimuli causes different brain activation
patterns in ACLR patients compared to
healthy controls. Objective: To exam-
ine cortical activity differences between
ACLR patients and healthy controls in
response to emotional evocative pictures.
Design: Case-control study. Setting:
Neuromechanics laboratory. Patients
or Other Participants: Twenty ACLR
patients (21.9 + 3.5 yrs, 71.8 + 25.2 kg,
165.9 £ 10.4 cm) with a unilateral ACLR
and 20 healthy Controls (23.9 + 4.8 yrs,
62.5 + 12.5 kg, 166.6 = 9.2 cm) with
no history of knee injury volunteered.
Interventions: Fronto-parietal electro-
cortical activations (Fz, Pz) in theta fre-
quency band (4-8Hz) were quantified
using EEG while viewing randomly se-
lected three types of emotional evoca-
tive pictures (30 each of neutral, fearful,
and knee injury-related pictures). The
International Affective Picture System
(IAPS) was used to induce targeted
neutral and fearful emotions in addition

to preselected knee injury-related pic-
tures. Main _QOutcome Measures:
Event-related synchronization (ERS:
% increased power relative to a non-ac-
tive baseline) during the first second of
picture presentations were compared
across picture types (3-levels) and
group (2-levels). Results: Significant
type main effects (Fz; F,, = 7.181, p =
0.002, Pz; F, ;i 100 = 20.654, p <0.001)
revealed that fearful pictures produced
greater theta powers in the fronto-pa-
rietal regions (Fz; 36.81 + 30.3%, Pz
81.11 + 66.71%), when compared to
neutral pictures (Fz; 26.60 + 29.27%,
Pz; 68.06 + 57.16%). Further, knee in-
jury-related pictures also showed great-
er theta power in the parietal region
(Pz; 118.83 + 84.56%), when compared
to the fearful (Pz; 81.11 + 66.71%) and
neutral pictures (Pz; 68.06 £ 57.16%).
No significant type by group interaction
effects were observed for the fronto-pa-
rietal cortex regions (Fz;,, =2.041, p =
0.138, Pz; F ;100 = 0.738, p = 0.470).
Conclusions: Fearful pictures from the
IAPS provoked greater theta power in
the fronto-parietal regions compared to
neutral pictures. The heightened frontal
theta power implies increased cognitive
processing required to sufficiently reg-
ulate fearful stimuli. Knee injury-relat-
ed pictures also increased theta power
in the parietal cortex compared to both
neutral and fearful pictures, which in-
dicates increased cognitive processing
associated with situational awareness of
visual cues. Because the fronto-parietal
cortex areas are crucial for muscle coor-
dination, this increased neural demand
may disrupt normal cognitive motor
processing needed for neuromuscular
control and joint stiffness regulation.
While this heightened brain activity was
observed in all subjects, ACLR patients
may be more vulnerable to episodes of
functional joint instability, due in part to
the higher fear of re-injury/movement.

Disrupted White Matter
Connectivity in the Motor
Cortex and Corticospinal
Tract After Anterior Cruciate
Ligament Reconstruction
Grooms DR, Onate JA: Ohio
University, Athens, OH; Ohio
State University, Columbus, OH

Context: Anterior cruciate ligament
(ACL) injury and reconstruction leads
to deficits in motor coordination and
changes in brain region activity and
excitability for motor control. This in-
jury related neuroplasticity may cause
changes in the structural connectivity
between brain regions and neural pro-
jections to the associated lower extrem-
ity musculature. Objective: To deter-
mine if those with ACL reconstruction
(ACLR) have altered brain white mat-
ter connectivity within the motor cor-
tex and corticospinal tract compared
to healthy matched controls. Design:
Cohort. Setting: Neuroimaging cen-
ter. Patients or Other Participants:
Fifteen left ACLR (25.5 + 1.37 years,
1.70 £ 0.13 m, 75.6 £ 19.2 kg, Tegner
activity level 6.0 = 1.5, 23 £+ 18 months
post-surgery) and fifteen healthy con-
trols matched on height, mass, extrem-
ity dominance and physical activity
level participated (23.6 + 3.14 years,
1.75 £ 0.05 m, 73.5 + 12.24 kg, Tegner
activity level 6.0 = 1.5). Interventions:
Diffusion tensor imaging data were
collected while the participants laid
supine in a Siemens 3T MRI scanner.
Image acquisition consisted of 64 gradi-
ent directions, 2.0° voxel size, 65 axial
slices with a 8.6 TR. Data processing
and analyses were completed with the
FMRIB Software Library (FSL) with
standard parameters, including eddy
current distortion and movement cor-
rection, followed by estimation of dif-
fusion parameters for each participant
and tractography within the right motor
cortex and corticospinal tract as regions
of interest. Main Outcome Measures:
Independent variable was group (ACLR
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vs. control) and the dependent variables
were fractional anisotropy (directional
diffusion measure: 0 — no anisotropy,
1 — maximum anisotropy) and mean
diffusivity (general diffusion measure)
of the motor cortex and corticospinal
tract. An independent samples t-test
was completed between groups with
threshold-free cluster enhancement
for multiple-comparison correction.
Results: Those with ACLR history had
relative increased fractional anisotropy
(0.12 £ 0.14; maximum: 0.48, mini-
mum: 0.002; p < .01; 437 voxel clus-
ter) indicating potentially greater white
matter connectivity in the superior lon-
gitudinal fasciculus tract whereas those
without ACLR history had relative in-
creased fractional anisotropy (0.11 =+
0.16; maximum: 0.54, minimum: 0.004;
p <.01, 1175 voxel cluster) in the corti-
cospinal tract. No significant differenc-
es were noted in mean diffusivity (p >
0.05). Conclusions: The longitudinal
fasciculus tract connects the motor cor-
tex with frontal (cognitive) and parietal
(sensory) regions, while the cortico-
spinal tract connects the motor cortex
to the muscles via the spinal cord. The
increased structural connectivity within
the superior longitudinal fasciculus and
decrease in the corticospinal tract after
ACLR may indicate increased co-acti-
vation and utilization of cortical pro-
cesses to engage in motor coordination
relative to direct connectivity from the
motor cortex to the muscles. Clinicians
can impact this neuroplasticity by in-
corporating dual-tasking, unanticipated
reactions and perturbation or proprio-
ceptive facilitation during neuromuscu-
lar training.

Changes in Brain Function
During Knee Extension
Exercise Following 8 Weeks
of Attentionally Focused
Neuromuscular Training
Schmitz RJ, Park K, Raisbeck
LD, Wilkins RW, Grooms DR,
Rhea CK, Shultz SJ:

The University of North Carolina
at Greensboro, Greensboro, NC;
Ohio University, Athens, OH

Context: Motor training with an exter-
nal relative to an internal focus of at-
tention is documented to enhance the
acquisition and retention of the newly
acquired behavior. However, the neuro-
logic adaptations allowing for this skill
development accompanying orthopedic
preventative exercise delivered with
external and internal foci are unknown.
Objective: To determine changes in
brain function during knee extension
exercise after 8 weeks of attention-
ally focused neuromuscular training.
Design: Prospective controlled tri-
al. Setting: Neuroimaging center and
biomechanics laboratory. Patients or
Other Participants: 10 Healthy, rec-
reationally active participants (4 males,
6 females; age = 21.0 &+ 1.5 yrs, height
= 1.63 £ .05 m, mass = 67.4 £ 159
kg). Interventions: Participants were
randomly assigned to a no training
control group (n = 4) or externally-fo-
cused (n = 3) or internally-focused (n
= 3) neuromuscular training groups.
The neuromuscular training groups per-
formed lower extremity body-weight
strength and stabilization exercises 3x/
week for 8 weeks; approximately 20
minutes per session. For the training
groups, attentional focus was directed
either externally or internally each ses-
sion by a research team member. Sets/
repetitions were equal across groups.
Brain functional magnetic resonance
imaging (fMRI) was performed at base-
line and following 8 weeks of training.
With no attentional focus directions,
participants completed unilateral left
45° knee extension/flexion movements
at a rate of 1.2 Hz laying supine in a
MRI scanner for 4 blocks of 30 seconds

interspersed with 30 second rest blocks.
Main Outcome Measures: First lev-
el analyses of fMRI data contrasted
brain activity between contraction and
rest blocks. Baseline to post-training
changes within each group were then
contrasted using a mixed-effects gen-
eral linear model with an a priori clus-
ter threshold of Z > 2.3 and p < .05.
Results: In the external group lobule
VIIII of the left cerebellum decreased
activation from baseline to post-train-
ing (cluster size = 460 voxels, Z
=23-28,Z . =27,P<.001). In the
internal group, the left somatosensory
cortex (BA3a/b) decreased activation
from baseline to post-training (cluster
size=258 voxels,Z = =23-2.6,Z
=2.5,P <.001). There was no baseline
to post-training change in the control
group. Conclusions: Preliminary re-
sults indicate that manipulating the at-
tentional focus in healthy participants
during training has differential effects
on changes in brain function during
lower extremity exercise. Specifically,
training with an external focus of atten-
tion for 8 weeks resulted in decreases in
activation in areas of the brain associat-
ed with motor error correction which we
suspect align with theories of external
focus being associated with more au-
tomatic error correction. Training with
an internal attentional focus resulted in
decreases in activation in areas of the
brain associated with somatosensation.
Future work should continue to inves-
tigate prevention program instructional
strategies with the goals of increasing
learning, retention, and transference of
skills.
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Patients With Chronic Ankle
Instability Demonstrate Deficits
in Neurocognitive Function
Compared to Control and Copers
Rosen AB, McGrath ML: University
of Nebraska at Omaha, Omaha,
NE; University of Montana,
Missoula, MT

Context: Ankle sprains often lead to
chronic ankle instability (CAI), which
has a significant impact on patient func-
tion and quality of life. CAI likely has
mechanical and neuromuscular causes,
and recent literature has found central
nervous system adaptions in those with
CAI. However, while poor neurocog-
nitive function has been identified as
a potential factor in other ligamentous
injuries such as non-contact anterior
cruciate ligament tears, little is known
regarding its influence on individuals
with CAI. Objective: To assess neu-
rocognitive function in males with CAI
compared to controls and ankle sprain
copers. Design: Cross-sectional. Setting:
Biomechanics Laboratory Patients or
Other Participants: Forty-one males di-
vided into healthy controls without histo-
ry of ankle injury and Cumberland Ankle
Instability Tool (CAIT) >28 (n = 14, age
= 22.6 + 2.4 years, height = 179.1 + 7.6
cm, mass = 85.1 +12.3 kg, CAIT=30.0
+ 0.0), copers with history of ankle in-
jury but no self-reported instability and
CAIT>28 (n=13,age=22.2+2 .4 years,
height = 179.5 + 8.5 cm, mass = 81.1 +
9.8 kg, CAIT = 29.3 + 0.8) and partici-
pants with self-reported CAI and CAIT
<24 (n = 13, (age = 22.1 + 2.7 years,
height = 178.1 + 6.4 cm, mass = 84.0
12.5 kg, CAIT = 16.3 + 5.8) participat-
ed. Interventions: Participants com-
pleted the CNS Vital Signs (CNSVS)
on a laptop computer. The CNSVS is
a battery of valid and reliable comput-
er-based neurocognitive tests consist-
ing of multiple individual components
to assess neurocognitive ability. These
tests include the Verbal Memory, Visual
Memory, Finger Tapping, Symbol Digit
Coding, Stroop, Shifting Attention,
and Continuous Performance Tests.
Main Outcome Measures: Variables

assessed from the CNS vital signs in-
cluded an overall neurocognitive index
(NCI) as well as standardized individual
domains of composite memory, verbal
memory, visual memory, psychomotor
speed, reaction time, complex atten-
tion, cognitive flexibility, processing
speed, executive function, simple atten-
tion, and motor speed. The differences
between the CNSVS domain scores
across the Control, Coper and CAI
groups were assessed via Analysis of
Variance (p < 0.05), follow-up Tukey’s
post-hoc testing and Cohen’s d effect
sizes. Results: Significant differences
across groups were present for compos-
ite memory (p = 0.030), visual memory
(» = 0.016) and simple attention (p =
0.013). Follow-up tests revealed that
those with CAI had worse composite
memory (Control: 112.5 + 14.5; CAL
96.7 £ 15.2; p = 0.027, d = 1.06), vi-
sual memory (Control: 115.0 = 11.8;
CAIL: 101.4+£12.2; p =0.036,d=1.13),
and simple attention (Control: 104.1
+ 7.6; CAIL: 90.1 + 12.5; p = 0.010, d
= 1.35) compared to controls. Copers
also demonstrated worse visual memo-
ry (100.1 + 16.1, p = 0.026, d = 1.06)
compared to controls. Conclusions: In
males with CAI large deficits in neuro-
cognitive function, particularly related
to memory and attention, were found
relative to healthy control participants.
Poor neurocognition may contribute to
uncontrolled episodes of giving way
through deficits in spatial awareness
and/or an inability to identify envi-
ronmental obstacles. Additionally, the
ability to integrate sensory information
properly may be inhibited by lower at-
tentional capacities and potentially ex-
pose those with CAI to further injury.
Clinicians may want to explore ways to
provide additional stimuli through in-
novative rehabilitation protocols aimed
at improving neurocognitive function in
patients with CAI
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Free Communications, Oral Presentations: Changing Rules and Injury Risk
Friday, June 29, 2018, 1:30pm-2:45pM, Room 208-210; Moderator: Erik Swartz, PhD, ATC, FNATA

Pre-Season Injury Rates in a
Division-Il Football Team
Before and After NCAA
Pre-Season Practice Rule
Changes

Smith JJ, Baer DJ: West Chester
University of Pennsylvania, West
Chester, PA

Context: In 2017, the National Collegiate
Athletic Association (NCAA) implement-
ed rule changes to reduce risk and enhance
safety for college football athletes during
preseason, in-season, and post-season
participation. However, it remains un-
clear what effect these rule changes had
on injury rates and time loss. Objective:
The purpose of this study was to com-
pare the number of injuries reported
and time lost during two consecutive
football pre-seasons before and after
the rule changes impacting pre-season.
We hypothesized that, following imple-
mentation of the NCAA rule changes,
there would be a reduction in overall in-
jury rate per practice session, time-loss
injuries (missed > 1 practice session)
per practice session, lower extremi-
ty muscle strains per practice session,
and time-loss lower extremity muscle
strains (missed > | practice session) per
practice session. Design: Descriptive
epidemiology study. Setting: Field
study. Patients or Other Participants:
NCAA Division-II football players at
the same Pennsylvania State Athletic
Conference university during the 2016
and 2017 pre-seasons. Interventions:
Athletic trainers maintained daily inju-
ry reports and medical documentation
throughout each pre-season. We cal-
culated the rate of each hypothesized
injury category per pre-season practice
session. Main Outcome Measures:
We compared the number of injuries re-
ported during the 2016 football pre-sea-
son to injuries reported during the
2017 football pre-season at an NCAA
Division-II institution. Variables of in-
terest included: total number of injuries,
number of time-loss injuries, number

of lower extremity muscle strains, and
number of time-loss lower extremity
muscle strains. Results: Prior to the
first game of the season, 25 practice
sessions occurred in 2016 (4 two-a-
days) and 20 practice sessions occurred
in 2017 (no two-a-days). In 2016, we
recorded 79 total pre-season injuries
(3.16/session), with 32 of those inju-
ries resulting in at least one day missed
from practice (1.28/session). In 2017,
we recorded 63 total pre-season inju-
ries (3.15/session), with 22 resulting in
at least one day missed (1.10/session).
For lower extremity muscle strains,
we recorded 25 injuries in 2016 (1.00/
session) with 13 resulting in time lost
(0.52/session). In 2017, we recorded 11
lower extremity muscle strains (0.55/
session) with 4 resulting in time lost
(0.20/session). Conclusions: To our
knowledge, this is the first report on
NCAA Division-II football pre-season
injury rates after the NCAA rule chang-
es. As hypothesized, we observed fewer
time-loss injuries per session (14.06%
decrease), and a decrease in the num-
ber of acute lower extremity strains
(45.00% decrease) and time-loss strains
(61.54% decrease) per practice session
following implementation of the NCAA
rule changes. However, we did not ob-
serve a meaningful difference in total
number of injuries per session (0.32%
decrease) following the rule changes.
These preliminary findings suggest that
the rule changes may be effective in re-
ducing both the number and severity of
lower extremity muscle strains during
pre-season football.

Evaluating the Effectiveness

of a Safe Playing Techniques
Program on Head Impact
Biomechanics in High School
Football Players

Campbell KR, Ranapurwala S,
Ford CB, Combs PR, Cabell GH,
Nocera MA, Guskiewicz KM,
Marshall SW, Register-Mihalik JK,
Mihalik JP: The University of North
Carolina at Chapel Hill, Chapel Hill,
NC

Context: Teaching players safe tack-
ling and blocking techniques at an
early age could limit unnecessary hel-
met-to-helmet contact to reduce severe
head impacts and concussion risk. We
deployed the Behavior Modification
(BeMod) Program designed to reduce
concussion risk using safe tackling and
blocking videos with selected players
also completing personalized mento-
ring sessions to promote safe playing
techniques in high school football play-
ers and reduce head impact magnitudes.
Objective: To determine the BeMod
program’s influence on head impact fre-
quency and severity in a US high school
football team. Design: Secondary data
analysis. Setting: Field study. Patients
or Other Participants: A convenience
sample (n = 101) of players participat-
ed over six seasons. Interventions: All
players wore an in-helmet accelerome-
ter that measured head impact peak lin-
ear and rotational acceleration during
all games and practices. Players (n =
50) in seasons 1 through 3 did not view
any instructional videos prior to starting
their season and did not participate in
any personalized mentoring sessions
(pre-BeMod). During seasons 4 through
6, all players (n = 51) participated in the
BeMod program and viewed safe tack-
ling and blocking instructional videos
once prior to participating in any games
or practices. Eleven players, identified
through video and head impact bio-
mechanical measures, participated in
personalized mentoring sessions. Main
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Outcome Measures: We computed the
team’s weekly average peak linear head
acceleration (PLHA), peak rotational
head acceleration (PRHA), and impact
rate per 100 athletic-exposures through-
out the six seasons. We used an inter-
rupted time series analysis to calculate
the pre-BeMod weekly trend, the ab-
solute change in the week after BeMod
implementation, and the change in
weekly trend after BeMod implemen-
tation for all three outcome measures.
Results: There were 79,126 impacts
(31,234 during BeMod program) col-
lected in six years from 82 games (31
BeMod games), and 330 practices (168
BeMod practices). The team’s weekly
average PLHA increased significant-
ly during pre-BeMod seasons (trend =
0.09; 95% CI: 0.05, 0.13). After starting
BeMod in the fourth season, the team’s
weekly average PLHA declined by 4.42
g of PLHA (95% CI: -5.99, -2.86). The
team’s post-BeMod weekly average
PLHA continued to decline thereafter
(trend = -0.08; 95% CI: -0.143, -0.02).
This corresponds to a 22% reduction in
the post-BeMod PLHA. Similarly, we
observed a 24% reduction in post-Be-
Mod PRHA and 25% reduction in the
post-BeMod weekly impact rate per
100 athletic-exposures. Conclusions:
Players viewing safe tackling and
blocking instructional videos prior to
participating in high school football
seasons at a school involved in a per-
sonalized playing behavior mentorship
program lead to overall team decreases
in the weekly average PLHA, PRHA,
and head impact frequency. This pre-
liminary evidence suggests that using
video-based instructional material in
the context of a larger behavior modi-
fication intervention could reduce head
impact magnitudes and potentially miti-
gate concussion risk among high school
football athletes.

The Association Between
Playing Surface and Lower
Extremity Injuries in National
Collegiate Athletic Association
Football

Wasserman EB, Morris SN,
Collins CL: Datalys Center for
Sports Injury Research and
Prevention, Indianapolis, IN

Context: Artificial playing surfaces
are often used in collegiate American
football. These surfaces have different
properties compared to natural grass
and may lead to increased risk of lower
extremity injury. Objective: Compare
the rate of lower extremity injury in
National Collegiate Athletic Association
(NCAA) football between natural grass
and artificial playing surfaces. Design:
Retrospective cohort study. Setting:
NCAA Injury Surveillance Program
(2009/10-2016/17). Patients or Other
Participants: Collegiate football stu-
dent-athletes from 68 football programs
providing 204 team-seasons of data.
Interventions: Athletic trainers (ATs)
reported deidentified data on injuries
and athlete-exposures (AEs) through
electronic medical records with a
common data element standard. Main
Outcome Measures: Unweighted AEs
and injury counts were reported using
frequencies and percentages. National
estimates of lower extremity (at and
distal to the hip joint) injury rates per
1,000 AEs by playing surface were cal-
culated. Rate ratios (RR) were report-
ed with 95% confidence intervals (CI)
to compare rates on artificial playing
surfaces (artificial turf, other turf, and
synthetic) to natural grass. This was
done overall and by mechanism of in-
jury (surface contact and noncontact).
Results: Of 17,020 reported AEs, 9,181
(53.9%) were on artificial surface and
7,155 (42.0%) were on natural grass.
Of 7,507 lower extremity injuries,
4081 (54.4%) were on artificial sur-
face and 3,354 (44.7%) were on natural
grass. Overall, there was no difference
in injury rates by surface type (artifi-
cial surface:4.83/1,000 AEs, 95% CI:
4.68-4.98; natural grass:4.69, 95% CI:

4.52-4.86; RR = 1.03, 95%CI: 1.00-
1.06). However, when restricting to
surface contact injuries, the lower ex-
tremity injury rate was higher on arti-
ficial surface (1.04, 95% CI: 0.97-1.11)
compared to natural grass (0.92, 95%
CI: 0.85-1.00; RR = 1.13, 95% CI:
1.06-1.21). When restricting to noncon-
tact injuries, the rate was lower on arti-
ficial surface (1.71, 95% CI: 1.61-1.80)
than natural grass (2.04, 95% CI: 1.93-
2.15; RR = 0.84, 95% CI: 0.79-0.88).
Conclusions: While there was no dif-
ference overall in lower extremity in-
jury rates between artificial surface and
natural grass, the risk of surface con-
tact lower extremity injury was higher
on artificial surface than natural grass.
However, the risk of noncontact lower
extremity injury was lower on artificial
surface than natural grass. Clinicians
and athletics decision makers must
weigh the risks of injury when choosing
surfaces for practices and competitions.
Further research is needed to explore
the risk of specific injuries by playing
surface, as well as possible reasons
for differences in the association with
playing surface based on mechanism of

injury.
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Lumbar Multifidus Cross
Sectional Area as a Possible
Predictor of Injury Among
College Football Players
Colston MA, Wilkerson GB,
Mize K, Winkle C, Farris J:
University of Tennessee,
Chattanooga, TN

Context: Lumbar multifidus cross-sec-
tional area (LM-CSA), Body Mass
Index (BMI), and exposure to games
(Starter status) may partially explain
the substantial number of core and low-
er extremity (CLE) sprains and strains
in college football players. Refinement
of pre-participation screening methods
are needed to identify players who pos-
sess an elevated injury risk Objective:
To assess a possible association be-
tween LM-CSA derived from diag-
nostic ultrasound images (DxUS) with
subsequent occurrence of CLE sprain or
strain among college football players.
Design: Descriptive prospective cohort
study design. Setting: Athletic facili-
ties. Patients or Other Participants:
67 college football players (20.1 + 1.3
years, 187.48 +£5.74 cm, 105.12+20.90
kg,). Interventions: Pre-participation
injury risk screening. Main Qutcome
Measures: Injury was defined as any
CLE sprain or strain that interrupted
participation and required evaluation
and treatment. Measures of LM-CSA
were derived from right and left DxUS
scans. Two-trial averages of right and
left sides failed to demonstrate a sig-
nificant difference. Therefore, 4-trial
averages of the measures were used
for analysis. Measures of height and
weight acquired during the pre-partici-
pation examination were used to calcu-
late BMI. Starter status was defined as
> 1 game during the 13-game season.
Receiver operating characteristic anal-
yses identified cut-points for binary
risk classifications. Univariable asso-
ciations with CLE injury were derived
from cross-tabulation analyses and
multivariable injury risk models were
derived from logistic regression analy-
ses. Results: Good-quality DxUS scans
were acquired for 47 cases (BMI: 27.54

+3.24). A 3-factor prediction model for
CLE injury for these 47 cases included
Starter status (Adj OR = 4.17), BMI >
29 (Adj OR = 3.59), and CSA < 11.33
(Adj OR = 3.42). The odds for previ-
ous CLE injury were 8.6 times greater
among players who exhibited any 2 or
3 risk factors (90% CI: 2.03, 36.41).
Subcutaneous adiposity interfered with
image clarity for 20 cases (BMI: 34.98
+4.35). A 2-factor model for CLE injury
for all 67 cases included Starter status
(Adj OR =4.23) and BMI >29 (Adj OR
= 1.88). The odds for a CLE sprain or
strain was 8 times greater among play-
ers who exhibited any 1 or 2 risk factors
(90% CI: 1.29, 49.59). An alternative
2-factor model for CLE injury includ-
ed Starter status (Adj OR = 3.54) and
High Torso Mass Effect, which was de-
fined as BMI > 29 or CSA < 11.33 (Adj
OR = 4.40). The odds for a CLE sprain
or strain was 9.8 times greater among
players who exhibited both risk factors
(90% CI: 2.30, 41.84). Conclusions:
Risk for CLE sprain or strain is clearly
elevated by suboptimal LM-CSA and
high BMI. Targeted LM strengthening
should be implemented for athletes
which exhibit a high-risk profile.

Relative Value of Dual-Task
Screening Tests for College
Football Injury Risk Assessment
Acocello S, Greene MA, Ormond
KE, Wilkerson GB: The Universi-
ty of Tennessee at Chattanooga,
Chattanooga, TN

Context: Emerging evidence suggests
neurocognitive factors play a key role
in maintenance of dynamic segmental
stability. Dual-task screening tests that
impose simultaneous cognitive and mo-
tor challenges may be useful for iden-
tification of subtle deficiencies that el-
evate injury risk. Objective: To assess
the potential value of dual-task screen-
ing for estimation of core and lower
extremity injury risk among college
football players. Design: Prospective
cohort study. Setting: Athletic Facility.
Patients or Other Participants: 66
Division I-FCS football players (20.1
+ 1.3 yrs; 105.54 + 20.77 kg; 187.65 +
5.59 cm) were assessed. Interventions:
Prior to preseason training, visuomotor
reaction time (VMRT) was measured
using the Dynavision® D2 system,
with 3 test modes: Proactive (buttons
remain  illuminated until pressed),
Reactive (buttons illuminated for 750ms,
simultaneous oral recitation of scrolling
text), and Proactive+Flanker (‘Proactive’
mode with concurrent verbal response
to 20 750ms Erikson flanker trials).
Unilateral postural sway was assessed
using 30-s single-leg balance tests per-
formed with and without a concurrent
flanker test. Core and lower extremi-
ty (Core/LE) injury data was collected
prospectively throughout the following
presecason and 12-game season. Main
Outcome Measures: VMRT measures
included average reaction time (RT),
number of hits, and a peripheral-to-cen-
tral performance ratio (O/I Ratio). For
the ProactivetFlanker, peripheral RT
was also assessed by adjusting for flank-
er performance (termed outer efficiency
index, or OEI). Postural sway measures
included center-of-pressure (COP) av-
erage velocity, medial-to-lateral move-
ment standard deviation (COP M-L Std
Dev), max deviation, and path length.
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Receiver operating characteristic and
logistic regression analyses were used
to develop models that provided maxi-
mum discrimination between those who
did and did not sustain Core/LE injury.
The odds ratio (OR) and its 95% credi-
ble lower limit (CLL,,) were calculated.
Results: VMRT performance demon-
strated good discriminatory power un-
der dual- and single-task conditions
(Proactive O/ RT Ratio >1.44, OR =
4.39, CLL,, = 1.59; Proactive+Flanker
OEI > 1013 ms, OR = 2.80, CLL,, =
0.88). Sway values were slightly im-
proved or unchanged in dual-task cond-
tion (With flanker: COP M-L Std Dev >
0.271, OR = 3.33, CLL,, = 1.14; COP
average velocity >1.41 m/s, OR = 2.06,
CLL,, = 0.75; COP path length > 39.57
m, OR = 1.98, CLL,, = 0.74; Without
flanker: COP average velocity > 1.48
m/s, OR=3.18, CLL,,=1.15; COP path
length > 40.87 m, OR = 1.77, CLL , =
0.67). The addition of starter versus
non-starter status further improved pre-
dictive power. Starters with an OEI of
> 1013 ms were 2.8 times more like-
ly to sustain an injury than those with
an OEI < 1013 ms ()*(2) = 12.13; p =
.002; Hosmer & Lemeshow y*(2) =
0.62; p = .734; Nagelkerke R? = .255).
Conclusions: High exposure to game
conditions demonstrated strongest as-
sociation with Core/LE injury. With an
adjustment for starter status, dual-task
OEI demonstrated the strongest predic-
tive power among the measures used.
Further research is needed to assess the
potential benefit of dual-task training
for injury risk reduction among college
football players who demonstrate sub-
optimal postural balance, visuomotor
reaction time, and/or neurocognition
test results.
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Free Communications, Oral Presentations: Injury Epidemiology in High School

Athletes

Friday, June 29, 2018, 3:00pm-4:00pM, Room 208-210; Moderator: Kenneth Lam, ScD, ATC

The Effect of Protective Soccer
Head Gear on the Incidence and
Severity of Non-Concussive
Injuries in Female High School
Soccer Players

Schwarz A, McDonald C, Gallen-
berger M, Pfaller A, McGuine TA:
University of Wisconsin, Madison,
Wi

Context: There is an increased aware-
ness regarding the incidence of sport re-
lated concussions sustained by female
high school soccer players. As a result,
there is a growing call to have females
wear protective headgear (HG) to pre-
vent these injuries. Critics of HG use
have stated that players using HG may
engage in more aggressive play, poten-
tially increasing the incidence or sever-
ity of acute onset, non-concussive in-
juries (ANCI). To date, no prospective
research has examined the link between
the use of HG and incidence of ANCI
in female high school soccer players.
Objective: To assess associations be-
tween use of HG and ANCI in female
high school soccer players. Design:
Prospective cohort study. Setting:
Data were collected at 52 high schools
in Minnesota and Wisconsin during
2016 and 2017. Patients or Other
Participants: A convenience sample of
1,312 female high school (Grades 9 —
12, Age =15.8 + 1.2 yrs.) soccer players
enrolled and participated in 61,073 soc-
cer (practice or competition) exposures.
A total of n =787 (60%) wore headgear
(HG) while n = 525 (40%) did not wear
(NoHG). Interventions: Athletic train-
ers at each school recorded the onset
and days lost for each ANCI (abrasions,
contusions, fractures, lacerations, liga-
ment sprains, muscle or tendon strains)
sustained during the season. Main
Outcome Measures: The main out-
come variable is the incidence of ANCI.
Analyses included frequencies, propor-
tions and median days lost due to injury
(Median: [IQR 25th,75th]. Odds Ratios
OR: [95%] were used to compare the

incidence of ANCI between the HG
and NoHG group. Wilcoxon Rank Sum
tests were used to determine if there
were differences in the severity (days
lost) of ANCI [Median: 25th, 75th IQR]
for the two groups. Results: A total
of n = 219 (16.6%) subjects sustained
a total of n = 235 ANCI causing them
to miss a median of 6:[2.0,13.5] days
from soccer. ANCI occurred most often
to the ankle (28%), upper leg (19%),
knee (16%) or Hip (9%) and included
ligament sprains (41%), muscle/tendon
strains (32%) and contusions (19%). Of
these injuries, 73% occurred in com-
petition. There was no difference (OR
= 0.811:[0.6050 - 1.0895], p = 0.811)
in the incidence of ANCI for the HG
(15.3%) and the NoHG (18.2%) groups.
There was no difference (p = 0.249), in
the severity ANCI for subjects in the
HG [5.0: 2.0,11.5] and NoHG [6.0:
2.0,14.0] groups. Conclusions: Female
high school soccer players who wore
HG did not sustain more ANCI than
the NoHG players. There was no differ-
ence in the severity of ANCI between
the HG and NoHG groups. Sports med-
icine providers should understand that
female soccer players who wear protec-
tive HG do not sustain ANCI at a higher
rate or severity than those who do not
wear HG.

Epidemiology of Gymnastic
Injuries Sustained by Female
Secondary School Athletes:

A Report From the National
Athletic Treatment, Injury,

and Outcomes Network

Ritter KG, Richter SD, Williams
RM, Thatcher A, Huxel Bliven
KC, Wasserman EB, Snyder
Valier AR: A.T. Still University,
Mesa, AZ; AZ Sports Center
Physical Therapy and Conditioning
Inc, Chandler, AZ; Datalys Center
for Sports Injury Research and
Prevention, Indianapolis, IN

Context: Gymnastics is highly compet-
itive with intense practices and competi-
tions that increase likelihood for injury.
Few studies have reported on injuries
sustained in female secondary school
gymnastic athletes, and little is known
about what injuries result in participa-
tion time loss (TL) or non-time loss
(NTL). Knowledge of gymnastic injury
patterns may help inform prevention and
treatment strategies aimed at maintain-
ing injury-free participation. Objective:
To describe the epidemiology of TL and
NTL practice and competition injuries
sustained by secondary school girls’
gymnasts. Design: Descriptive epide-
miology. Setting: Twenty-five unique
schools contributed data resulting in
52 team-seasons. Patients or Other
Participants: Female athletes partic-
ipating in gymnastics at the second-
ary school level during the 2011/2012
through 2013/2014 academic years.
Interventions: Gymnastics data from
the National Athletic Treatment, Injury,
and Outcomes Network (NATION)
were analyzed. Athletic Trainers re-
ported injuries and athlete-exposures
(AEs). Main OQOutcome Measures:
Injury counts, rates (IR) per 1,000 AEs,
and rate ratios (IRR) were reported with
95% confidence intervals (CI). Results:
NATION captured a total of 278 gym-
nastic injuries over 30,073 AEs, pro-
ducing an overall IR of 9.24/1000 AE
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(95% CI: 8.16, 10.33). Of these, 84.1%
(n = 233/277) were NTL injuries and
15.9% (n = 44/277) were TL injuries,
and 1 was missing time-loss designa-
tion. Overall injury rates were high-
er in competition (IR: 14.07, 95% CI:
10.28,17.85) than practice (IR: 8.55,
95% CI: 7.44, 9.67). For competition,
44 (83.0%) injuries were NTL and 9
(17.0%) injuries were TL, resulting in
a NTL injury rate of 11.68/1,000 AE
(95% CI: 8.23, 15.13) and a TL injury
rate of 2.39/1,000 AE (95% CI: 0.83,
3.95). For practices, 189 (84.3%) in-
juries were NTL and 35 (15.6%) inju-
ries were TL, producing a NTL injury
rate of 7.18/1,000 AE (95% CI: 6.16,
8.21) and TL injury rate of 1.33/1,000
AE (95% CI: 0.89, 1.77). The IRR for
NTL to TL for competition was 4.89
(95% CI: 2.39, 10.01) and the IRR for
NTL to TL for practice was 5.40 (95%
CI: 3.76,7.75). Contusions/abrasions
(36.8%, n = 102) were the most com-
mon injury sustained (competition:
17.6%, n = 18; practice: 82.4%, n = 84).
All contusions/abrasions were classi-
fied as NTL. Sprains/strains accounted
for 30.7% (n = 85) of injuries (competi-
tion: 17.6%, n = 15; practice: 82.4%, n
= 70). Most sprains/strains were classi-
fied as NTL (80%, n = 68). Ankle inju-
ries were most frequent in both compe-
tition (28.3%, n = 15/53) and practice
(19.2%, n = 43/224), and the majority
were NTL (competition NTL: 80%,
n = 12/15; practice NTL: 86.0%, n =
37/43). While arm/elbow injuries were
uncommon (10.1%, n = 28/277), they
accounted for the highest frequency of
TL practice injuries (22.8%, n = 8/35).
Conclusions: Rates of injury were
highest during gymnastic competitions,
with most injuries not removing the
gymnast from participation. The high
frequency of contusions/abrasions and
strains/sprains along with differences
in practice and competition injuries,
warrants further study. Exploration into
the apparatus at the time of injury may
provide insight into injury prevention
strategies.

Epidemiology of Secondary
School Girls’ Volleyball Injuries:
A Report From the National
Athletic Treatment, Injury, and
Outcomes Network

Huxel Bliven KC, Snyder Valier
AR, Wasserman EB, Williams
RM: A.T. Still University, Mesa,
AZ; Datalys Center for Sports
Injury Research and Prevention,
Indianapolis, IN

Context: As a highly popular sport
world-wide, volleyball athletes are
prone to both upper and lower extremity
injuries. The majority of volleyball-re-
lated injuries reported are classified as
time loss (TL), and little is known about
non-time loss (NTL) injuries, partic-
ularly in the secondary school setting.
Insight into NTL injury patterns will
inform prevention and management
strategies for these injuries by Athletic
Trainers. Objective: To describe the
epidemiology of TL and NTL injuries
sustained by girls’ secondary school vol-
leyball athletes during competitions and
practices. Design: Descriptive epidemiol-
ogy. Setting: Eighty-one unique schools
provided data, representing 143 team-sea-
sons. Patients or Other Participants:
Female athletes participating in second-
ary school-sponsored volleyball during
the 2011/2012 through 2013/2014 aca-
demic years. Interventions: Girls’ vol-
leyball data from the National Athletic
Treatment, Injury, and Outcomes Network
(NATION) injury surveillance program
from the 2011/2012 through 2013/2014
years were analyzed. Athletic Trainers
reported all injuries and exposures. Main
Outcome Measures: Injury counts, rates
(IR) per 1,000 athlete-exposures (AEs),
and rate ratios (IRR), were reported with
95% confidence intervals (CI). Results:
NATION captured a total of 2,161 in-
juries over 295,735 AEs for girls’ vol-
leyball, producing rates of 7.31/1,000
AEs (95% CI: 7.00, 7.62). The overall
injury rates were similar between com-
petition (IR: 7.32, 95% CI: 6.67, 7.88)
and practice (IR: 7.32, 95% CI: 6.96,
7.68). For competition, 105 (18.9%) in-
juries were TL and 448 (80.9%) were

NTL, producing a TL injury rate of
1.38/1,000 AE (95% CI: 1.11, 1.64) and
NTL injury rate of 5.88/1,000 AE (95%
CI: 5.34, 6.42). The IRR for NTL to TL
competition injuries was 4.27 (95% CI:
3.45, 5.28). For practice, 194 (12.1%)
injuries were TL and 1,413 (87.9%)
were NTL, producing a TL injury rate
of 0.88/1,000 AE (95% CI: 0.76, 1.01)
and NTL injury rate of 6.77/1,000 AE
(95% CI: 6.10, 6.77). The IRR for NTL
to TL practice injuries was 7.28 (95%
CI: 6.27, 8.46). The most common body
location for NTL injuries in competi-
tion and practice were to the hand/wrist
(competition: n = 154, 34.4% NTL;
practice: n = 400, 28.3% NTL), an-
kle (competition: n = 61, 13.6% NTL;
practice: n = 185, 13.1% NTL), knee
(competition: n =152, 11.6% NTL; prac-
tice: n = 192, 13.6% NTL), and shoul-
der (competition: n = 46, 10.3% NTL;
practice: n = 152, 10.7% NTL). The
majority of all injuries in competition
and practice were contusions/abrasions
(competition: n=190, 34.3%; practice: n
=673, 41.9%) and sprains/strains (com-
petition: n = 214, 37.8%; practice: n =
558, 34.7%), most of which were clas-
sified as NTL (competition: contusions/
abrasions = 95.8%, sprains/strains =
86.0%; practice: contusions/abrasions
= 98.8%, sprains/strains = 85.7%).
Conclusions: The NTL to TL IRR is
1.7 times (7.28/4.27) as great for prac-
tice compared to competition, which
highlights the large number of NTL in-
juries suffered by volleyball athletes in
preparation for their sport. While con-
tusions and abrasions may be unavoid-
able, the large number of non-time loss
sprain/strain injuries warrants study to
explore injury prevention strategies to
keep athletes playing injury-free.
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Clinical Presentation of Patients
Following Sport-Related Elbow
Injuries: A Report From the
Athletic Training Practice-Based
Research Network

Richter SD, Marshall AN, Lam KC,
Huxel Bliven KC: A.T. Still Universi-
ty, Mesa, AZ

Context: Diagnosis of sport-related
elbow pathologies can be challenging
for athletic trainers (ATs) due to their
infrequent occurrence. Understanding
clinical presentation of elbow injuries
may provide insight into the diagno-
sis process. Objective: Describe clin-
ical presentation patterns of common
sport-related elbow injuries. Design:
Retrospective analysis of electron-
ic medical records (EMRs). Setting:
Seventy-two athletic training facil-
ities (high school = 57, collegiate =
13, other = 2) across 17 states within
the Athletic Training Practice-Based
Research Network. Patients or Other
Participants: One hundred ninety-one
ATs (female = 59.2%, age = 28.7 + 7.9
years, years certified = 4.5 + 5.9, years
employed at site = 1.9 + 4.2) practicing
in athletic training facilities during the
study period. Interventions: Patient
records, created by ATs in a web-based
EMR, with complete evaluation forms
for an elbow injury between October
2009-October 2017 were analyzed.
Elbow injuries were identified using
ICD-9 diagnostic codes (eg, 841.1: ul-
nar collateral ligament sprain [UCL],
841.9: “other” sprain/strain). Main
QOutcome Measures: Summary statis-
tics (percentages and frequencies) were
calculated to describe clinical presenta-
tion at initial evaluation, including di-
agnosis, sex, sport, mechanism of inju-
ry (MOI), manual muscle test (MMT),
orthopedic special tests (OST), and
neurological tests. Results: ATs evalu-
ated 124 elbow injuries during the study
period. The most common diagnoses
were UCL sprain (29.8%, n = 37/124)
and “other” sprain/strain (25.8%, n =
32/124). Injuries were most frequently
reported in males (63.7%, n = 79/124),
in football (26.6%, n = 33/124), and

during in-season practice (47.5%, n
= 59/124). The common MOIs were
non-contact (33.0%, n = 41/124), con-
tact (22.5%, n = 28/124), and falls
(22.5%, n = 28/124). ATs reported us-
ing OST during 79.8% (n = 99/124) of
evaluations, with an average of 2.8 +
1.2 OST performed. Valgus stress test
was the most commonly used OST for
UCL sprains (n = 24/73; results: posi-
tive = 16, negative = 2, inconclusive
= 6), and “other” sprain/strains (n =
17/62; results: positive = 4, negative
= 12, inconclusive = 1). MMTs were
performed in 73.4% (n = 91/124) of the
evaluations. Elbow flexion strength was
assessed in 56.7% (n = 21/37) of UCL
sprains and 59.3% (n = 19/32) of “oth-
er” sprains/strains, whereas elbow ex-
tension strength was assessed in 48.6%
(n = 18/37) of UCL sprains and in
50.0% (n = 16/32) of “other” sprains/
strains. While the majority of MMTs
were assessed to be within normal lim-
its, “other” sprain/strain injuries most
commonly displayed elbow flexion
weakness (3-4/5). Neurological status
was assessed in 71.8% (n = 89/124)
of evaluations. Deficits (diminished
light touch sensation) were reported in
only one UCL sprain (5.8%, n = 1/17).
Following injury diagnosis, the major-
ity of patients were able to participate
with no to minimal restrictions (95.1%,
n = 118/124). Conclusions: ATs most
commonly evaluate and diagnose UCL
and “other” strain/sprain elbow inju-
ries. Differences in valgus stress test
results suggest this OST may be used
to rule-in UCL sprains and rule-out
“other” sprains/strains. MMTs may be
more beneficial in ruling-in “other”
sprains/strains, which may more specif-
ically target muscle strain injuries over
sprains. Further research is warranted to
determine if ATs are following best ev-
idence when evaluating and diagnosing
elbow pathologies.
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The Relationship Between
Depression Symptoms, Pain

and Athletic Identity in Division

I NCAA Athletes at Preseason
Bodine LE, Keenan LC, Bear DJ,
Daltry RM: West Chester University
of Pennsylvania, West Chester, PA

Context: Most individuals diagnosed
with depression first experience symp-
toms in their young adult years, putting
college students at an increased risk.
Pain has also been found to be relat-
ed to depression symptoms; however,
the experience of pain and depression
symptoms may be unique in the ath-
letic population and has not yet been
studied. There has been a positive re-
lationship found between depression
symptoms and athletic identity; how-
ever, the literature is limited. The re-
lationship between depression symp-
toms, pain and athletic identity has yet
to be studied. Objective: To examine
the relationship between depression
symptoms, pain, and athletic identity
in collegiate student-athletes. Design:
Cross-sectional study. Setting: NCAA
Division II public university. Patients
or Other Participants: Ninety-one
male (n = 49, 53.8%) and female (n =
42, 46.2%) student-athletes across 4
sports including Women’s Volleyball (n
=18, 19.8%), Women’s Rugby (n = 24,
26.4%), Men’s Swimming and Diving
(n=22,24.2%), and Men’s Soccer (n =
27,29.7%). Interventions: Participants
completed three surveys on electron-
ic tablets during preseason physicals.
Measures included the Patient Health
Questionnaire-9 (PHQ-9), a previous-
ly wvalidated, brief depression symp-
tom screen, the Numeric Rating Scale
(NRS) measuring self-reported pain on
a 0-10 scale, and the Athletic Identity
Measurement Scale (AIMS), a sev-
en-item Likert-scale quantifying the
extent to which participants identified
as athletes. Main Outcome Measures:
Dependent variables included total
PHQ-9 scores, AIMS scores and NRS

scores. Descriptive statistics (mean +
SD) were calculated and Pearson’s cor-
relation coefficients were used to ex-
amine relationships between dependent
variables. A priori alpha level was set
at p < 0.05. Results: The mean PHQ-9
score was 2.43 + 3.138, the mean NRS
score was 0.81 + 2.113, and the mean
AIMS score was 38.52 + 7.644. A sig-
nificant but weak positive correlation
was found between depression symp-
toms and pain (r = .304, p = .003) and
between athletic identity and depres-
sion symptoms (r = .258, p = .013).
No significant association was found
between athletic identity and pain (r =
.018, p = .867). Conclusions: Our data
supports that student-athletes experi-
encing pain may experience more de-
pression symptoms. Those student-ath-
letes with a high athletic identity may
also experience more depression symp-
toms. Ultimately, athletic training and
sports medicine professionals should
observe or screen student-athletes for
depression symptoms, especially those
expressing pain and who identify highly
with the athletic role.

Association of Perception-Action
Coupling With Concussion
History and Self-Rated Function
Odum EM, Fabries B, Vickers MA,
Wilkerson GB, Acocello SN: The
University of Tennessee,
Chattanooga, TN

Context: Emerging research strongly
suggests that musculoskeletal injury
risk may be higher following concus-
sion. Delayed response to environmen-
tal stimuli, termed perception-action
coupling, may explain the elevation of
injury risk. Reactive agility testing in-
volves a whole-body movement in re-
sponse to a visual stimulus, which may
identify athletes who possess elevated
injury risk. Objective: To assess the
potential association of reactive agili-
ty test performance with self-reported
concussion history, as well as self-rat-
ed functional performance capabilities,
among college football players. Design:
Cohort study. Setting: Athletic facility.
Patients or Other Participants: 71
male collegiate football players (19.5 +
1.1 years, 103.49 + 21.53 kg, 186.45 +
6.35 cm) were assessed 2 months after
the end of the season. Interventions:
All participants completed the Sport
Fitness Index (SFI). The TRAZER
Sports Simulator® (Traq Global Ltd.)
was used to quantify side-shuffling
responses to 20 visual targets that ap-
peared on a large monitor in a random
sequence of right and left positions.
Main Outcome Measures: The SFI
generates a 0-100 score, with higher
scores indicating better self-report-
ed functional performance. Variables
derived from the side-shuffling task
included speed, acceleration, decel-
eration, and reaction time, along with
right-left asymmetry (% difference)
for each. Receiver-operating charac-
teristic (ROC) analyses and logistic
regression were used to develop mod-
els that provided maximum discrimi-
nation between those with and without
concussion history, and between those
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with high versus low self-reported SFI
scores. The odds ratio (OR) and its
95% credible lower limit (CLL,,) were
calculated. Results: 49 players self-re-
ported a history of concussion. Right-
left asymmetry in reaction time (>16%
difference; OR = 3.26, CLL,, = 1.04),
speed (>6% difference; OR = 3.01,
CLL,, = 1.20), and deceleration (>7%
difference; OR = 3.67, CLL,, = 1.32)
discriminated between players with and
without a history of concussion. Having
2 of 3 of these factors demonstrated
86% sensitivity and 61% sensitivi-
ty (OR = 10.00, CLL,, = 3.23; )(3) =
14.86; p = .002). No variables success-
fully discriminated between those with
high versus low self-reported function-
al performance capabilities. However,
asymmetries in reaction time (>15%;
OR =2.55, CLL,, = 1.12), speed (=6%;
OR =5.56, CLL,, = 2.22), and deceler-
ation (=18%; OR = 3.28, CLL,, = 1.16)
were able to discriminate high versus
low self-rated functional performance
when the SFI was limited to items 3-7
(cut-off: <22 out of 25). Conclusions:
Performance values derived from the
reactive agility test effectively discrim-
inated between participants with and
without concussion history, as well as
those with high versus low self-report-
ed function. Our findings suggest that
asymmetries in right-left reaction time,
speed, and deceleration may contrib-
ute to elevated risk for musculoskeletal

injury.

Clinical Decision-Making:
Investigating the Students’
Process

Paver SR, Frank EM, Potteiger
K, Pitney WA: Northern Illinois
University, DeKalb, IL; Lebanon
Valley College, Annville, PA

Context: As athletic training students’
progress through a professional educa-
tion program they develop and refine
their clinical knowledge and skills in
the classroom and clinical settings un-
der the direction of faculty and precep-
tors. These experts should offer cog-
nitive scaffolding to help the students
further develop and refine their clinical
decision-making skills. Upon gradua-
tion, students should have attained the
ability to engage in the clinical deci-
sion-making process; however, the lit-
erature suggests a disconnect between
formal education, professional practice,
and the students’ ability to make sound
clinical decisions. Objective: Identify
the clinical decision-making process-
es employed by athletic training stu-
dents. Design: Qualitative design with
stimulated recall interviews. Setting:
Educational institution. Patients or
Other Participants: Fourteen sec-
ond year athletic training students
enrolled in a baccalaureate athletic
training program in the Midwest. Data
Collection and Analysis: We collected
data through direct observations and
semi-structured interviews. We video
recorded and directly observed each
student’s evaluation of a standardized
orthopedic injury. The purpose of this
was to take notes on each individuals’
behaviors, reactions, interaction, think
aloud process and clinical evaluation
process. Furthermore, we formulated
additional interview questions to better
understand the cognitive process of each
student. We conducted the semi-struc-
tured interviews immediately after
the evaluation. We followed a script
with added probing questions which,
in part, came from the direct observa-
tions. During the interview, stimulated
recall was employed while we watched
the recorded video with each student

after they completed their evaluation.
We audio recorded and transcribed all
interviews verbatim. Inductive content
analysis was employed to analyze the
data we gathered. We each read the
transcripts before the process of coding
began and through conversations and
modifications of the coding method,
we identified categories and split those
into themes that aid in understanding
the students’ clinical decision-making
process. We ensured trustworthiness
in three ways: (1) member checking;
(2) engagement in data collection to
ensure saturation; (3) peer debriefing
regarding the process, findings, and
interpretations. Results: Four prelim-
inary themes emerged: a) Students en-
gage in anchoring bias; b) Students use
their own personal past experiences to
form clinical impressions; c¢) Students
model preceptors; and d) Students per-
ceive incongruity between the didactic
and clinical environment. Conclusions:
Based on these findings, students would
benefit from preceptors modeling their
consideration of multiple pieces of ev-
idence when making decisions. Under
the direction of faculty and preceptors,
athletic training students develop and
refined their clinical decision-making
skills. Before we can further identify
how faculty and preceptors can best
help develop the clinical decision-mak-
ing skills in students, we must under-
stand the process which students al-
ready employ. Gaining insight into this
process has educational implications as
curricular changes can be implemented
to address shortcomings or foster ad-
vances in the students’ cognitive think-
ing process.
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The Risk of Ankle Sprains Based
on Arthrometer Measurements:
A Longitudinal Study

Perry M, Liu K, McConnell W,
Gustavsen G, Kaminski TW:
University of Evansuville,

Evansuville, IN; University of
Delaware, Newark, DE

Context: Ankle sprains are one of the
most common injuries found in in the
collegiate athletic setting. It is essential
for athletic trainers to be knowledge-
able about the injury risk to better incor-
porate treatment plans and prevention
programs. Objective: To take baseline
measurements of ankle joint laxity
and document ankle sprains over the
course of the athlete’s collegiate career.
Design: Longitudinal prospective study.
Setting: Athletic Training Laboratory.
Patients or Other Participants: 41
NCAA Division I male football players
athletes (age = 18.6 + 1.2 years, height
= 186.4 £ 7.3 cm, weight = 103.2 +
20.3 kg) were recruited for this study.
Interventions: Ankle joint laxities in
the anterior, inversion, and eversion
directions were measured using an in-
strumented ankle arthrometer (Blue
Bay Research Inc., Milton, FL). Each
athlete’s preseason measurements were
recorded and the sports medicine staff
documented each ankle sprain that
occurred thereafter. Main Qutcome
Measures: The primary outcome of in-
terest was incidence of ankle sprain at
the end of a collegiate career, treated di-
chotomously. The primary independent
variables were baseline measurements
of ankle laxities in the three directions,
divided into quartile ranges. Logistic
regressions were used to estimate the
odds of an ankle sprain, controlling for
BMI, based on quartile ranges of laxity
in three directions. Average marginal
effects were also calculated to estimate
the probability of an ankle sprain for
the quartiles of ankle laxity. Results: 11
participants sustained an ankle sprain
over the course of this study with 7 par-
ticipants sustaining unilateral sprains
and 4 spraining both ankles. Laxities
in the anterior and eversion directions

were not associated with injury risk.
However, those in the second quartile
of laxity in the inversion direction had
increased odds of 14.96 (95% CI 1.27-
175.24,P=0.031) for an ankle sprain in
the same ankle with an increased prob-
ability of 37% compared to those in the
first quartile. Further, laxity in the in-
version direction in the third and fourth
quartiles had increased odds of 15.89
(95% CI 1.11-225.74, P = 0.041) and
21.62 (95% CI 1.06-438.39, P = 0.045)
and 37% and 42% increased probabil-
ity, respectively, compared to those in
the first quartile for a contralateral an-
kle injury. Those in the third and fourth
quartiles of laxity of inversion in the
ankle had increased odds of 24.63 (95%
CI 1.66-365.32, P = 0.020) and 72.77
(95% CI 3.04-1741.21, P = 0.008) with
45% and 64% increased probabili-
ty, respectively, for all ankle sprains.
Conclusions: Not only does an increase
in laxity increase the odds of sustaining
an ankle sprain in the same ankle, it
also increases the odds of a contralat-
eral ankle sprain. Although longitudinal
injury risk studies are a large time com-
mitment, they can help to better identify
true risk factors. After ascertaining the
risk factors, interventions can then be
determined to decrease the overall inci-
dence of injuries.
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Impact of Protein or Carbo-
hydrate Supplementation on
Musculoskeletal Injury Rates in
Initial Army Training

McGinnis KD, McAdam JS, Roberts
MD, Lockwood CM, Sefton JM:
Warrior Research Center, Auburn
University, Auburn, AL; Molecular
and Applied Sciences Laboratory,
Auburn University, Auburn, AL;
Lockwood LLC, Draper, UT

Context: Musculoskeletal injury (MSI)
contribute to high costs during Army
initial entry training (IET). Objective:
Determine if improved fueling can re-
sult in decreased MSI. Design: This
study implemented a randomized pla-
cebo controlled, double blinded study,
and subjects were compared with unit
historical MSI data collected by our
laboratory. Setting: Military train-
ing post, Army initial entry training
Patients or Other Participants: Male
Army IET Soldiers were divided into
once or twice daily protein or carbohy-
drate groups: protein 1 shake (n = 50,
age21.3+3.2,76.8kg+12.8,173.2 cm
+ 7.8); carbohydrate 1 shake (n = 50,

2 Shakes vs. No Shakes -

age 22.9 + 3.8, 77.8 kg + 15.3, 175.1
cm £ 7.8); protein 2 shakes (n = 56, age
18.6 £ 0.9, 73.4 kg = 2.7, 173.1 cm +
6.1); or carbohydrate 2 shakes (n = 56,
age 18.6 £ 1.2, 72.3 kg = 10.9, 173.2
cm + 5.1). Historical data was analyzed
from the same unit, same months for
2015/2016. Non-matched pairs group
averages were used for comparison.
Interventions: Each participant con-
sumed either a protein (38.6g Protein,
19g Carbs, 7.5g Fat) or carbohydrate
shake (0.5g Protein, 63.4g Carbs, 3.9g
Fat) twice or once a day immediately
following physical training and prior to
bed or prior to bed only. Main Qutcome
Measures: MSI data were recorded by
the unit’s Athletic Trainer using a cus-
tomized injury data collection system.
Odds Ratio (OR) and Chi square (y?)
was calculated for each group to com-
pare consumption of supplementation
versus no supplementation, one versus
two supplementation shakes per day,
and carbohydrate versus protein sup-
plementation. Results: There was a
significant difference in MSI between
participants who consumed two shakes
a day and participants that consumed
no shakes (x> =60.12, CI = 3.40-8.39,

Odds Ratio of Injury Rates

p < 0.001). Soldiers who were not sup-
plemented were 5x (OR = 5.34) more
likely to incur an MSI than those con-
suming two shakes. Participants who
consumed two shakes a day were also
significantly less likely to incur an
MSI than participants that consumed
one shake a day (y*> =10.60, CI = 1.53-
6.05, p = 0.001). Participants who con-
sumed one shake were 3x more likely
to incur an MSI than participants who
consumed two shakes a day. However
there was no significant difference be-
tween participants who consumed one
shake and Soldiers who were not sup-
plemented (x* = 1.59, CI = 0.86-2.03,
p = 0.208). There was no significant
difference between protein or carbo-
hydrate supplementation for one (y* =
0.059, CI1=10.74-4.09, p=0.809) or two
daily shakes (> = 1.65, CI=0.34-2.30, p
= 0.198). Conclusions: Intake of either
protein or carbohydrate shakes resulted
in decreased MSI in IET soldiers. Twice
daily shakes of either supplement were
more beneficial than one daily shake.
IET soldiers not supplementing with
protein or carbohydrate presented the
highest rate of MSI.

2 CHO vs. 2 PRO Shakes -

2 Shakes vs. 1 Shake -

1 Shake vs. No Shake -

CHO vs. PRO Shake -
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Quadriceps Function in ACL
Reconstructed Patients: A
Principal Component Analysis
Norte GE, Hertel J, Saliba SA,
Diduch DR, Hart JM: University
of Virginia, Charlottesville, VA,
University of Toledo, Toledo, OH

Context: Context: Assessment of phys-
ical function for patients after ACL re-
construction (ACLR) is complex and
warrants the use of diverse evaluation
strategies. To maximize the efficiency
of assessment and improve clinical out-
comes, there is a need to identify tests
that provide the most meaningful infor-
mation. By establishing the diagnostic
and predictive abilities of assessment
tools to discriminate between patients
with and without ACLR, clinicians can
begin to evaluate the utility of each,
and work towards an evidence-based
assessment paradigm. Objective: To
(1) investigate underlying constructs
of quadriceps muscle function that
uniquely describe patients after ACLR,
(2) establish clinical thresholds for
measures able to discriminate between
patients with and without ACLR,
and (3) identify a preliminary predic-
tion model for patient status. Design:
Cross-sectional. Setting: Laboratory.
Patients or Other Participants: 72 pa-
tients with a primary, unilateral ACLR
(32 males/40 females, age = 26.0 + 9.3
years, height = 172.6 + 11.2 cm, mass
=75.6 £ 17.7 kg, time since surgery =
46.5 + 58.0 months), and 30 healthy in-
dividuals (12 males/18 females, age =
22.7 + 4.6 years, height = 174.8 + 11.8
cm, mass = 75.1 = 16.2 kg) volunteered.
Interventions: Quadriceps function
was assessed bilaterally during one
session. Main Outcome Measures:
Isokinetic strength (peak torque [Nm/
kg], total work [J/kg], average power
[W/kg]) at 90°/second, maximal vol-
untary isometric contraction (MVIC)
torque (Nm/kg), central activation ratio
(CAR,%), Hoffmann reflex (H/M ratio),
and active motor threshold (AMT,%)
were measured. Separate principal com-
ponent analyses were conducted for the
involved limb, contralateral limb, and

limb symmetry indices. Receiver op-
erating characteristic curve analyses
were used to establish clinical thresh-
olds that maximized the ability of re-
tained variables within each component
to discriminate patient status (ACLR
vs. healthy). Binary logistic regression
was used to predict patient status using
the final combination of variables with
the greatest discriminatory value from
each retained component. Accuracy of
classification, sensitivity, specificity,
positive likelihood (LR+) and negative
likelihood (LR-) ratios were calculated.
Results: Three principal components of
peripheral, central, and combined (pe-
ripheral and central) muscle function
were identified, explaining 70.7-80.5%
of cumulative variance among mea-
sures of quadriceps function. Involved
limb total knee extensor work at 90°/
second (>18.4 J/kg), CAR (>94.7%),
and AMT (>40.0%) were the stron-
gest predictors of patient status, and cor-
rectly classified 83.5% of patients with
ACLR (sensitivity = 91.4, specificity =
57.1, LR +=2.13, LR = 0.15, P <.001).
Conclusions: Individual constructs of
peripheral, central, and combined quadri-
ceps muscle function uniquely describe
patients after ACLR. Measures record-
ed from the involved limb yielded the
highest LR+ and lowest LR-. Total knee
extensor work at 90°/second, CAR, and
AMT consistently explained a signif-
icant portion of variance in measures
of quadriceps function, demonstrated
acceptable to excellent discriminatory
value, and predicted patient status with
72.8-83.5% accuracy. The presented
tests and clinical thresholds appear to
provide a sensitive test battery for pa-
tient status and produce a moderate
effect on decreasing the probability of
being classified as having an ACLR.

Manipulating Peak Vertical
Ground Reaction Force

During Walking Influences
Cartilage Oligomeric Matrix
Protein in Individuals With
Anterior Cruciate Ligament
Reconstruction

Luc-Harkey BA, Franz JR,
Hackney AC, Blackburn JT, Padua
DA, Schwartz TA, Pietrosimone B:
Brigham and Women'’s Hospital,
Boston, MA; University of North
Carolina at Chapel Hill, Chapel
Hill, NC

Context: The complex interaction be-
tween aberrant mechanical loading and
altered tissue metabolism that occurs
following anterior cruciate ligament re-
construction (ACLR) is hypothesized to
contribute to the development of post-
traumatic knee osteoarthritis. It is cur-
rently unknown if acutely manipulating
mechanical loading during walking is
capable of influencing tissue metabolism
in individuals with ACLR. Assessing
changes in serum cartilage oligomer-
ic matrix protein (COMP), a biomark-
er of cartilage breakdown, following
the acute manipulation of peak vertical
ground reaction force (VGRF) during
walking may identify therapeutic targets
that maintain homeostatic tissue me-
tabolism following ACLR. Objective:
To compare COMP,, . following 20
minutes of walking while using visual
real-time biofeedback (RTBF) to elicit
bouts of high-loading (increased vGRF),
low-loading (decreased vGRF), and sym-
metrical loading (symmetric VGRF be-
tween limbs) compared to control loading
(participant’s usual loading) in individuals
with ACLR. Design: Cross-over study.
Setting: Research laboratory. Patients or
Other Participants: Thirty individuals
with primary, unilateral ACLR (70% fe-
male; age = 20.4 + 2.9 years; BMI =24.4
+ 4.3 kg/m?; 47.8 + 26.9 months follow-
ing ACLR). Interventions: Participants
completed four separate sessions in-
volving 20 minutes of walking on a
force-measuring treadmill during one of
four loading conditions. Loading condi-
tions consisted of a control (participant’s

Journal of Athletic Training

Volume 53 « Number 6 (Supplement) June 2018 S-112

$S900E 98] BIA §1-90-GZ0Z 18 /woo Alojoeignd-pold-swiid-yewssiem-pd-awiid//:sdiy woll papeojumoc]



usual loading) followed by a randomized
sequence of 3 experimental loading con-
ditions prescribed using visual RTBF.
Experimental loading conditions con-
sisted of 1) walking with a 5% increase
in VGRF (high-loading), 2) walking with
a 5% decrease in VGRF (low-loading),
and 3) walking with symmetric vGRF be-
tween the ACLR and contralateral limbs
(symmetrical loading). Main Qutcome
Measures: Whole blood samples were
collected immediately prior to (COMP,, )
and following (COMP, ) each 20-min-
ute loading condition, and serum COMP
was analyzed using a commercially avail-
able enzyme linked immunosorbent as-
say. COMP_, ... (COMP, .- COMP,, )
was calculated within each loading con-
dition for analysis. One subgroup was
identified from our entire cohort, which
included only participants demonstrat-
ing an increase in serum COMP follow-
ing the control condition (COMP_,,, ..
>0ng/mL). A general linear mixed model
was used to compare COMP,,, .. be-
tween each experimental loading condi-
tion (symmetrical loading, high-loading,
low-loading) with control loading while
adjusting for COMP, .. Post hoc compar-
isons were performed with the Dunnett-
Hsu adjustment (o0 < 0.05). Statistical
analyses were conducted for the entire
cohort and for the subgroup. Results: In
the entire cohort, COMP_, .. was not
different across experimental loading
conditions compared to control loading
(n = 30; F,,, = 1.34, P = 0.282). Within
the subgroup demonstrating an increase
in COMP following control loading (n =
22), COMP_,, .. was significantly less
during high-loading (mean + SD; 1.95 +
24.22ng/mL, t,, = -3.53, P = 0.005) and
symmetrical loading (9.93 = 21.45ng/
mL; t, = -2.86, P = 0.025) compared to
control loading (25.79 + 21.40ng/mL).
Conclusions: Increasing vGRF during
walking results in less serum COMP re-
sponse in individuals with ACLR, sug-
gesting that higher loading may be bene-
ficial for joint tissue metabolism in those
who demonstrate an increase in serum
COMP with usual walking.

Negative Emotional Stimuli
Increase Neurocognitive
Processing in the Brain

An YW, DiTrani Lobacz A,
Baumeister J, Swanik CB:

New Mexico State University,
Las Cruces, NM; Neumann
University, Aston, PA; University
of Paderborn, Paderborn,
Germany; University of Delaware,
Newark, DE

Context: Recent studies have suggest-
ed that anterior cruciate ligament injury
and reconstruction (ACLR) may cause
permanent neural adaptations in the
brain. This neuroplasticity may play an
important role in restoring patient func-
tion. However, growing evidence sug-
gests that fear of re-injury/movement
following an ACLR may be linked to
functional joint instability because neu-
ral processing in the patient’s prefron-
tal cortex is critical for both emotional
regulation and the preparation of com-
plex motor control strategies. It remains
unclear if seeing negative emotional
stimuli causes different brain activation
patterns in ACLR patients compared to
healthy controls. Objective: To exam-
ine cortical activity differences between
ACLR patients and healthy controls in
response to emotional evocative pictures.
Design: Case-control study. Setting:
Neuromechanics laboratory. Patients
or Other Participants: Twenty ACLR
patients (21.9 & 3.5 yrs, 71.8 + 25.2 kg,
165.9 + 10.4 cm) with a unilateral ACLR
and 20 healthy Controls (23.9 + 4.8 yrs,
62.5 + 12.5 kg, 166.6 = 9.2 cm) with
no history of knee injury volunteered.
Interventions: Fronto-parictal electro-
cortical activations (Fz, Pz) in theta fre-
quency band (4-8Hz) were quantified
using EEG while viewing randomly
selected three types of emotional evoca-
tive pictures (30 each of neutral, fearful,
and knee injury-related pictures). The
International Affective Picture System
(IAPS) was used to induce targeted
neutral and fearful emotions in addi-
tion to preselected knee injury-related
pictures. Main Outcome Measures:
Event-related synchronization (ERS:

% increased power relative to a non-ac-
tive baseline) during the first second of
picture presentations were compared
across picture types (3-levels) and
group (2-levels). Results: Significant
type main effects (Fz; F, , =7.181, p =
0.002, Pz; F 5190 = 20.654, p < 0.001)
revealed that fearful pictures produced
greater theta powers in the fronto-pa-
rietal regions (Fz; 36.81 + 30.3%, Pz;
81.11 £ 66.71%), when compared to
neutral pictures (Fz; 26.60 £ 29.27%,
Pz; 68.06 £ 57.16%). Further, knee in-
jury-related pictures also showed great-
er theta power in the parietal region
(Pz; 118.83 + 84.56%), when compared
to the fearful (Pz; 81.11 = 66.71%) and
neutral pictures (Pz; 68.06 £ 57.16%).
No significant type by group interaction
effects were observed for the fronto-pa-
rietal cortex regions (Fz;,, =2.041, p =
0.138, Pz; F| ;5100 = 0.738, p = 0.470).
Conclusions: Fearful pictures from the
IAPS provoked greater theta power in
the fronto-parietal regions compared to
neutral pictures. The heightened frontal
theta power implies increased cognitive
processing required to sufficiently reg-
ulate fearful stimuli. Knee injury-relat-
ed pictures also increased theta power
in the parietal cortex compared to both
neutral and fearful pictures, which in-
dicates increased cognitive processing
associated with situational awareness of
visual cues. Because the fronto-parietal
cortex areas are crucial for muscle coor-
dination, this increased neural demand
may disrupt normal cognitive motor
processing needed for neuromuscular
control and joint stiffness regulation.
While this heightened brain activity was
observed in all subjects, ACLR patients
may be more vulnerable to episodes of
functional joint instability, due in part to
the higher fear of re-injury/movement.
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Education Best Practices Forum: Creating a Student-Centered Environment:
Strategies for Faculty and Preceptors

Wednesday, June 27, 2018, 10:30aM-11:30AM, Room 2; Moderator: Angela Beisner, MA, BS
Discussants: Jessica Rager, MS, ATC; Laura Harris, PhD, ATC
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Free Communications, Rapid Fire Oral Presentations: Preceptors: Perspectives on

Athletic Training Education

Wednesday, June 27, 2018, 11:45AM-12:30pM, Room 217-219; Moderator: Jessica Edler, PhD, ATC

Professional Masters Level
Athletic Training Program
Administrators’ Experiences
With the Preparation and
Development of Preceptors
Rager JL, Cavallario JM,
Hankemeier DA, Welch Bacon
CE, Walker SE: Ball State
University, Muncie, IN; Old
Dominion University, Norfolk,
VA; A.T. Still University,

Mesa, AZ

Context: As athletic training programs
transition to the master’s level, admin-
istrators will be preparing preceptors to
teach advanced learners. Currently, pre-
ceptor development is variable between
programs and ideal content yet to be
identified. Exploring the development of
preceptors teaching masters level learn-
ers can lead to an understanding of ef-
fective precepting practices. Objective:
To explore masters level athletic train-
ing professional program administrators’
(i.e. program director, clinical education
coordinator) experiences preparing and
implementing preceptor development.
Design: This qualitative study was
guided by the consensual qualitative re-
search approach. Setting: Individual
phone interviews. Patients or Other
Participants: 18 program administrators
(11 females, 7 males; 5.92 + 4.19 years
of experience; 17 clinical education coor-
dinators, 1 program director) participated
in this study. Participants were recruited
and interviewed until data saturation was
achieved. Data Collection and Analysis:
A semi-structured interview guide was
used to conduct interviews, which were
recorded and transcribed verbatim. Data
were analyzed by a four-person research
team and coded into themes and cate-
gories based on a consensus process.
Researchers independently coded the data
and discussed emergent themes and cate-
gories to formulate a consensus codebook
that appropriately represented the data.
Credibility was established by utilizing
multiple researchers, an external auditor,

and member checks. Results: Participants
reported that the delivery of preceptor de-
velopment content occurs both formally
(e.g., in-person, online) and informally
(e.g., phone calls, e-mail). Type of content
delivered is adapted depending on many
factors including the experience level of
the preceptor, the years precepting with
a specific program, and geographical
location to the program. The content of
preceptor development typically includes
programmatic policies and procedures,
expectations of preceptors, evolving ac-
creditation and educational requirements
of the program, effective precepting meth-
ods, and new knowledge and/or skills
which have been recently added to the
curriculum. Participants also described
reading available evidence on effective
precepting to inform their decisions on
preceptor development. Feedback from
program faculty, preceptors, learners,
and other program administrators is also
used when planning future preceptor de-
velopment. Furthermore, participants use
specific feedback from students regard-
ing preceptors to promote individualized
growth and development amongst pre-
ceptors. Lastly, the offering of tangible
(e.g., money, CEUs) and intangible (e.g.,
personal growth, professional service)
incentives to reward preceptors for their
time engaging in both preceptorship and
participation in preceptor development
were reported. Conclusions: Findings
suggest complex decision making occurs
when planning preceptor development.
Considerations include the years pre-
cepting with a program, expectations of
the program, stakeholder feedback, and
other sources of evidence. Furthermore,
the content of preceptor development is
modified based on programmatic needs,
stakeholder feedback, and the evolution
of professional education. Future research
should explore the challenges associated
with developing preceptors, and which
aspects of preceptor development are ef-
fective at facilitating student learning and
readiness for clinical practice.

Preceptor Perceptions of Student
Integration in an Immersive
Clinical Education Model
Dougal ZD, Edler JE, Walker SE,
Eberman LE: Neuromechanics,
Interventions, and Continuing
Education Research (NICER)
Laboratory, Indiana State Univer-
sity, Terre Haute, IN; Grand View
University, Des Moines, IA; Ball
State University, Muncie, IN

Context: As more professional athletic
training programs begin to offer immer-
sive experiences during clinical edu-
cation, a better understanding of how
preceptors plan to engage students is
imperative. Objective: To explore the
preceptor’s perceptions on how their
role will differ during in an immer-
sive clinical experience model verses
a traditional clinical experience mod-
el. Design: Consensual qualitative re-
search. Setting: Individual phone inter-
view. Patients or Other Participants:
9 clinical preceptors (4 male, 5 female)
with at least 1 year of experience as a
preceptor (age =31.4 + 7.1 y, work ex-
perience = 8.6 = 6.3 y, preceptor expe-
rience = 7.1 £ 5.0 y). Data Collection
and Analysis: Phone interviews were
audio-recorded and transcribed verba-
tim. A 3-person data analysis team iden-
tified codes and themes independently
and then met to develop a consensus
codebook. Each researcher then inde-
pendently coded the data, and met to
reach a final consensus ensuring accu-
racy and representativeness of the data.
Trustworthiness was established by
the use of multiple researchers and an
external auditor. Results: Two themes
emerged relating to preceptors’ per-
ceptions of how their role would differ
in an immersive clinical experience
model: student experiences and lack of
awareness. Participants discussed their
current clinical environments, which
surrounded sport “coverage”: pre-event
(practice/competition), event, and post-
event clean-up or patient follow-up as
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a means to engage students. Plans to
change the environment in the future
included expanding student integration
into administrative duties and commu-
nication with stakeholders. Participants
had an overall lack of awareness re-
garding immersive clinical experiences
and stated they thought the experience
would not change at all indicating a
misconception about the intention of
immersion. Participants also had as-
sumptions regarding the immersive
clinical experiences in that they felt
students would be more engaged due
to not being preoccupied with course-
work (the practice-intensive experience
suggested in future standards does not
require that students are not engaged in
other coursework). Additionally, partic-
ipants appeared inadequately informed
regarding clinical immersion. When
program administrators communicated
information contrary to the current or
future standards, preceptors demon-
strated uninformed clinical teaching
behaviors about student integration in
clinical education. For example, one
participant disclosed that they had not
been informed about the hours expecta-
tion of students in their traditional clini-
cal experience model, so it was difficult
to imagine translating their experienc-
es to an immersive clinical experience
model. Conclusions: Preceptors are
generally uninformed about how they
would educate an adult learner in an
immersive clinical experience model.
Further insight is needed for precep-
tors by the academic programs and
informed scholarship on changes that
will occur during an immersive clinical
experience. Preceptors should receive
ongoing preceptor development that is
focused on the intricacies of clinical
teaching, including and how to max-
imize their site’s strengths, minimize
challenges, and focus on the specific
needs of the adult learner, specifical-
ly in an immersion clinical experience
model.

An Investigation of
Undergraduate and Graduate
Professional Athletic Training
Students’ Perceptions of
Preceptor Mentorship
Maginnis SF, Clemmer BP:
University of lowa, lowa City, IA;
Wingate University, Wingate, NC

Context: The role of mentorship in profes-
sional socialization has been explored in
various health care professions, but the dif-
ferences between perceptions of mentorship
between undergraduate and graduate level
athletic training students in professional
programs represents a gap in athletic train-
ing literature. Since mentorship has been as-
sociated with increased critical thinking, so-
cialization, and retention, an investigation of
these perceptions may provide insight into
clinical education needs. Adult learer the-
ory provides the framework for this mixed
method investigation of preceptor mentor-
ship. Objective: The purpose of this study
was to investigate the differences between
undergraduate and graduate athletic training
students’ perceptions of preceptor mentor-
ship. Design: Cross-sectional. Explanatory
sequential mixed-method design. Setting:
Population-based. Patients or _Other
Participants: To capture perceptions of
students at the end of their professional
program, all participants were candidates
for the BOC examination or had taken the
exam within 4 months. Survey was dis-
tributed by the BOC email blast service on
behalf of the researchers. 307 participants
responded (269 undergraduate, 38 gradu-
ate). Overall response rate was 11% of the
2700 candidates who received the invitai-
ton. Interventions: Researcher-developed
online survey consisting of demographic
items and 25 Likert-type items measured
students’ perceptions of mentoring traits of
their most influential preceptor. Delphi tech-
nique was used to establish content validity
and to prepare survey items for pilot testing
prior to data collection. Cronbach’s alpha
was calculated for each of the Likert-type
item subscales - student-centered support
(a = .955), approachabilty (a = .944), pro-
fessional preparation (a = .831), mutuality
(a = .926), and overall (a = .980). Main
Outcome Measures: The survey tool

collected athletic training students’ demo-
graphic data, identification of a preceptor
as a mentor, and perceptions of mentor-
ing traits in the students’ most influential
preceptor. The 25 Likert-type mentoring
traits items were grouped into 4 sub-scales
— student-centered support (60 points pos-
sible), approachability (30 points possible),
professional preparation (15 points pos-
sible), and mutuality (20 points possible).
Chi-square tests assessed the association
between mentor recognition of undergradu-
ate and graduate students. #-Tests compared
means of Likert-type subscales between
undergraduate and graduate level students.
A focus group interview followed data anal-
ysis in the explanatory sequential method.
Results: Undergraduate students recognize
their most influential preceptor as a men-
tor more frequently than graduate students
(77% of undergraduate students, 62% of
graduate students). This represents a signif-
icant difference (x* (1, N =306) =445, p
=.035). No statistical difference was found
between undergraduate and graduate stu-
dents’ perceptions of mentoring traits on the
student-centered support Likert-type sub-
scale [undergrad (M = 50.77, SD = 10.39),
grad (M =51.45, SD =9.66); #(305)=-.403,
p = .609], on the approachability subscale
[undergrad (M = 26.12, SD = 5.32), grad
(M = 27.11, SD = 5.07); #305) = -1.075,
p = .283], on the professional preparation
subscale [undergrad (M = 12.55, SD =
2.86), grad (M = 12.58, SD = 2.74); #305)
=-.058, p=.953], on the mutuality subscale
[undergrad (M = 17.40, SD = 3.73), grad
M = 17.79, SD = 3.51); #305) = -.610,
p = .542], or on the Likert-type total scale
[undergrad (M = 106.83, SD =21.57), grad
(M =109.92, SD = 20.30); #305) = -.563,
p=.574]. Conclusions: Undergraduate and
graduate level athletic training students en-
rolled in professional programs recognize
mentoring traits in their most influential pre-
ceptors similarly, but undergraduate athletic
training students are more likely to identi-
fy their most influential preceptor as their
mentor. Mentoring characteristics are
very similar to desirable characteristics
of effective athletic training preceptors
so selecting and preparing preceptors to
recognize and meet the individual educa-
tional needs of students may be important
in the future.
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Newly Credentialed Athletic
Trainers’ Perceptions on How
Preceptors Impacted Learning
and Transition to Practice
Thrasher AB, Cavallario JM, Walker
SE, Weidner TG: Western Carolina
University, Cullowhee, NC; OId
Dominion University, Norfolk, VA;
Ball State University, Muncie, IN

Context: Preceptors are vital to learn-
ing in the clinical setting; yet it is not
well established what preceptor char-
acteristics and clinical teaching behav-
iors enhance learning and transition to
practice. Understanding these qualities
and behaviors can better inform precep-
tors of their role and guide preceptor
development. Objective: Determine
preceptor characteristics and behaviors
that impacted learning during profes-
sional preparation and facilitated tran-
sition to practice. Design: Consensual
Qualitative Review. Setting: Individual
phone interviews. Patients or Other
Participants: 17 newly credentialed
athletic trainers in their first three
months of employment participated in
this study (10 female, 7 male; 23.6+3
years; work settings included college,
secondary school, clinic, and health/fit-
ness). Data saturation guided the num-
ber of participants. Data Collection
and Analysis: Participants were inter-
viewed via phone using a semi-struc-
tured interview guide. All interviews
were recorded and transcribed verbatim.
Data were analyzed through consensu-
al qualitative review, with data coded
for common themes and subthemes.
Trustworthiness was established via
peer review and multianalyst triangu-
lation. Results: Three themes emerged:
1) characteristics of preceptors, 2) high
impact practices, and 3) resulting behav-
iors implemented in practice transition.
Characteristics of preceptors described
characteristics that contributed to effec-
tive or ineffective precepting. Effective
precepting is described as providing a
realistic view of the athletic trainers’
role, understanding the students’ role,
providing feedback on performance,
and exhibiting model behaviors which

included being approachable, profes-
sional, engaged, compassionate, and
passionate. Ineffective precepting in-
cluded being unapproachable or rude,
failing to provide an active role in the
clinical setting, and not including stu-
dents in patient care decisions. High
impact practices included providing
students with opportunities to evaluate,
decide on, and plan patient care based
on their skill level. Specific learning
opportunities such as requiring students
to explain patient care decisions, us-
ing downtime effectively, and provid-
ing opportunities to communicate with
stakeholders contributed to learning
and transition to autonomous practice.
Participants felt preceptors who provid-
ed independence while maintaining su-
pervision enhanced their decision-mak-
ing abilities and confidence. Resulting
behaviors implemented in practice
transition occurred during participants’
transition to practice in response to
precepting during professional educa-
tion. These included modeling effective
preceptors’ behavior such as commu-
nication practices, emulating clinical
practices, and providing rationales for
all decisions. Participants also learned
what not to do in response to ineffective
precepting. Conclusions: Both effec-
tive and ineffective precepting impacts
learning in the clinical setting as well as
practice behaviors during the transition
to practice. Preceptors are encouraged
to continue modeling effective clinical
practice, challenge students at the ap-
propriate level, and provide active pa-
tient care opportunities. Ineffective pre-
cepting provides examples of behaviors
to avoid during transition to practice.
Potential topics to include during pre-
ceptor development are effective ways
to provide feedback and ways to imple-
ment high impact practices such as pro-
viding opportunities to make decisions
and instilling confidence.

Critically Appraising Evidence
Within the Literature:
Perceptions of Athletic Training
Preceptors

Stokes LI, Hankemeier DA, Welch
Bacon CE, Martin M: Longwood
University, Farmville, VA; Ball
State University, Muncie, IN; A.T.
Still University, Mesa, AZ; Rocky
Mountain University of Health
Professions, Provo, UT

Context: Understanding athletic train-
ing (AT) preceptors’ familiarity with
critical appraisal (CA) may provide
further insight to current use of best
research evidence and CA. Identifying
perceptions of preceptors affiliated with
professional athletic training programs
regarding critical appraisal of evidence
may provide additional information re-
lated to their perceived level of knowl-
edge of evidence-based practice (EBP),
ability to appraise evidence within liter-
ature, and influence on clinical practice.
Objective: To investigate AT precep-
tors’ perceived ability to critically ap-
praise high quality evidence within the
literature to provide further understand-
ing of how preceptors’ perceived abili-
ties influence clinical practice methods.
Design: Qualitative study following the
consensual qualitative research tradi-
tion Setting: Individual telephone inter-
views. Patients or Other Participants:
Sixteen preceptors (7 males, 9 females;
36 + 9.18 years of age) affiliated with
CAATE-accredited professional AT
programs were recruited to participate
in the study using a purposeful sampling
with snowball/chain sampling methods.
Data saturation guided the total number
of participants selected for the study.
Data Collection _and Analysis: One
phone interview was conducted per
participant using semi-structured inter-
view guide to explore understanding,
familiarity, and use of CA. Data was
transcribed, reviewed, analyzed, and
coded into common theme, categories,
and sub-categories following the con-
sensual qualitative research method.
Triangulation of data occurred by use
of multiple researchers and member
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checking to confirm accuracy of the
data. Results: A single theme emerged
from the data during the analysis pro-
cess; understanding of CA. Within this
single theme, three categories were
developed: 1) understanding of CA,
2) barriers and factors negatively in-
fluencing the use of CA, and 3) aware-
ness of available resources for CA.
Conclusions: It is unknown which of
the CA strategies are used by preceptors
and to what effect the implementation
of evidence has within clinical practice.
Due to the shallow responses, additional
research is needed to fully affect change
in the athletic training profession.
Although educational programming is
available for EBP and CA, preceptors
expressed uncertainty regarding CA. To
gain further understanding of athletic
trainers’ use of CA in clinical practice,
future research is recommended to un-
derstand current knowledge of CA and
ability to implement CA into clinical
practice. Additionally, future research
is encouraged to explore modifications
to didactic and clinical education op-
portunities for educators, students, and
preceptors to collectively work toward
further integrating the EBP principles,
CA, and pre-appraised evidence into
practice.

The Ways of the Preceptor:
Facilitating the Students’
Clinical Decision-Making
Process

Frank EM, Paver SR, Pitney WA:
Lebanon Valley College, Annville,
PA; Northern lllinois University,
DeKalb, IL

Context: Athletic training students
are expected to make sound clinical
decisions upon graduating from a pro-
fessional education program. The lit-
erature suggests a disconnect between
formal education, professional practice,
and the students’ ability to make appro-
priate clinical decisions. To get students
to be competent in making clinical de-
cisions, faculty and preceptors are re-
sponsible for teaching and providing
experiences for the students to develop
this skill. Clinical rotations are an ideal
environment for students to identify and
practice their clinical decision-mak-
ing skills. In this setting, preceptors
are responsible for fostering students’
decision-making and, therefore, the
ways in which preceptors facilitate the
clinical decision-making process of
athletic training students should be fur-
ther investigated. Objective: Identify
the ways in which preceptors facilitate
athletic training students’ clinical deci-
sion-making skills. Design: Qualitative
study design. Setting: Educational insti-
tution. Patients or Other Participants:
17 preceptors affiliated with baccalau-
reate or graduate athletic training pro-
grams in the Midwest and Southeast.
Data Collection and Analysis: We
collected data using a semi-structured
interview guide. All interviews were
audio recorded and transcribed verba-
tim. An inductive content analysis was
used to analyze the data and findings
were organized in emergent themes de-
scribing the ways preceptors facilitate
the students’ clinical decision-making
process. Trustworthiness of the re-
search was ensured in three ways: (1)
member checking; (2) engagement in
data collection to ensure saturation; and
(3) peer debriefing of the process, find-
ings, and interpretations. Results: Four

themes have emerged: a) Preceptors
want students to ask critical questions
to help clarify their personal under-
standing; b) Preceptors teach students
in the same ways in which they were
taught as students; c) Preceptors seek
strategies to stimulate student engage-
ment in the clinical environment; and d)
Preceptors identify cognitive anchors
as the biggest challenge to students de-
veloping their clinical decision-making
skills. Conclusions: Preceptors must
realize that students will follow what
is modeled to them; thus, it is incum-
bent on the preceptors to model ques-
tioning to gain deeper understanding.
Furthermore, preceptor must recognize
that their process of making clinical de-
cisions may not be obvious to the stu-
dent; therefore, the dialogue and cogni-
tive scaffolding between preceptors and
student is critical to explore the accu-
racies and errors of making a decision.
Students would benefit from preceptors
learning new pedagogical strategies to
more effectively involve students in the
decision-making process and facilitate
students moving beyond anchoring bias
during decision-making. The preceptor
is responsible for helping the students
develop and refine their clinical deci-
sion-making skills. Identifying how
preceptors facilitate this process in the
clinical environment can shed light on
which methods exist and how well they
work. Results from this study have cur-
ricular implications as they will inform
what cognitive scaffolding process pre-
ceptors implement to teach students a
very critical skill.
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Free Communications, Oral Presentations: Effects of Dual Task and Cognitive

Demand on Movement Mechanics
Thursday, June 28, 2018, 7:00aM-8:00aAM, Room 217-219; Moderator: Dustin Grooms, PhD, ATC, CSCS

The Effects of Multiple Modalities
of Cognitive Demand on
Dynamic Balance in Patients
With Chronic Ankle Instability
Needle AR, Watson EL, Bearden
AC, Doughton JH: Appalachian
State University, Boone, NC

Context: Emerging evidence has impli-
cated cognitive demand as a contribut-
ing factor to injury recurrence among
patients with chronic ankle instability
(CAI). Currently, studies describing
effects of cognitive load on balance
among these populations appear equiv-
ocal; however, these studies utilize stat-
ic measures of balance and/or only a
single cognitive task. Objective: This
study aimed to determine differences
in dynamic balance between patients
with CAI and healthy controls under
3 different cognitive loads. Design:
Case-control. Setting: Clinical labora-
tory. Patients or Other Participants:
Thirty-two participants were stratified
into control or CAI groups based on
history of injury and Identification of
Functional Ankle Instability question-
naires (Control: n = 16, 21.8 = 3.2 yrs;
171.1£9.6 cm; 69.4 £ 14.8 kg; CAl: n=
16,21.4 £ 3.1yrs; 174.2 £ 8.5 cm; 73.7
+ 12.9 kg). Interventions: Participants
reported for a single session where they
were first tested for performance on 3
cognitive tasks: Benton’s Judgement of
Line Orientation (JLO), Symbol Digit
Modalities Test (SDM), and Serial
Sevens (SVN) to assess visuospatial,
verbal-memory, and quantitative cogni-
tion, respectively. This was followed by
performance of 20 forward hop-to-sta-
bilization tasks. Participants were in-
structed to take a 2-step approach, jump
over a 10cm hurdle located leg length
from a force plate, and land and main-
tain balance on the force plate for 15
seconds. These hops were performed
5 times each as participants simultane-
ously verbally responded to JLO and
SDMT tasks (presented on a projector),
SVN, or performed no cognitive task.

The order of testing was randomized
for each participant. Main Qutcome
Measures: Time-to-stabilization (TTS,
s) was assessed as time sequential
means of anteroposterior, mediolateral,
or vertical components of the ground
reaction force (GRF) fell within +0.25
standard deviations of quiet stance.
Additionally, vertical GRF was further
assessed as the time for vertical GRF to
fall within 5% of body weight. Factorial
analyses of variance assessed differenc-
es between task and GRF-component
between control and CAI groups (o0 =
0.05). Results: A significant task-by-di-
rection interaction effect was observed
for TTS values (F = 16.973, p <0.001);
however, no significant effect of group
was observed (F = 2.199, p = 0.148).
Post hoc testing revealed TTS in SVN
(5.584 £ 0.110) was significantly great-
er than JLO (5.342 + 0.119); however,
no other differences were observed
between tasks. For the vertical force,
a significant main effect of group was
observed (F = 17.814; p < 0.001), in-
dicating higher TTS in the CAI group
(control: 3.42 +0.78 s; CAIL: 8.11 £0.79
s), but no effect of task was observed
(F = 1.034, p = 0.382). Conclusions:
Contrary to pre-existing hypotheses,
cognitive load did not affect dynamic
balance in CAI patients differently than
uninjured controls. However, higher
vertical TTS wvalues in CAI indicate
these patients used a different landing
strategy than controls. Furthermore,
cognitive load that did not require a vi-
sual component (SVN) increased TTS
when compared to a visuospatial task
(JLO). It remains unclear whether these
adaptations are trainable to minimize
the impact of cognitive demand on dy-
namic balance.

Dual Task Capability After
Anterior Cruciate Ligament
Reconstruction: Motor Task
Verse Cognitive Task

Miko SC, Simon JE, Starkey C,
Grooms DR: Ohio University,
Athens, OH

Context: Patients who experience an-
terior cruciate ligament (ACL) rup-
tures have poor functional outcomes
including high re-injury risk, decreased
quality of life, low rates of return to
activity, and deficits in their cognitive
(attentional) process due to changes in
motor control. However, assessments
of integrated cognitive-motor function
related to athletic performance are lim-
ited. Objective: Determine the effect of
motor versus cognitive dual tasking on
postural control in those with ACL re-
construction (ACL-R). Design: Cohort
Study. Setting: Laboratory. Patients
or Other Participants: Twenty-eight
volunteers (18 women, 10 men) from
a local university community were re-
cruited; 14 with ACL-R (20.7 + 2.0
years, 170.3 £ 13.5 cm, 76.9 + 19.1 kg)
along with 14 healthy matched indi-
viduals (21.2 + 1.4 years, 170.4 + 14.7
cm, 75.4 £ 15.3 kg). Healthy controls
were matched to ACL-R participants
based on age, weight, sex, and activi-
ty level (Tegner and Marx). The par-
ticipants in the ACL-R group were six
months to seven years post-operative
and cleared to return to full function
by their physician. Participants in the
control group were excluded if there
was a history of significant musculo-
skeletal conditions including fractures,
sprains, strains or surgery that result-
ed in time lost or referral to physician.
Interventions: Participants performed
a total of four single-leg balance tasks
(eyes open, eyes closed, cognitive,
and motor) for each leg. For the motor
task, to add sport specificity the partic-
ipants were asked to catch a ball from
a pitching machine. The cognitive task
asked participants to repeat a string of
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numbers in reverse order after view-
ing them on a screen. Main Outcome
Measures: Independent variables were
group (ACL-R and CON), condition
(eyes open, eyes closed, cognitive task,
and motor task) and side (dominant
and injured) while the dependent vari-
ables were medial-lateral CoP and an-
terior-posterior CoP. One multivariate
repeated measures ANOVA was calcu-
lated with one between subjects factor
group (ACL-R and healthy) and two
within subjects factors condition (eyes
open, eyes closed, cognitive task, and
motor task) and side (dominant and in-
jured). Alpha level was set at p < 0.05
for all analyses. Results: The multivar-
iate ANOVA was not significant for side
or group (p > 0.05). A significant differ-
ence was seen for condition (p < 0.05),
center of pressure (CoP) excursion with
eyes open having the lowest (ML: 0.77
+.02; AP: 0.87 £ .02) followed by dual
cognitive (ML: 0.84 £ .02; AP: 0.97 +
.02), eyes closed (ML: 1.49 + .06; AP:
1.49 + .05) and dual motor (ML: 1.72 +
.058; AP: 1.8 +.06) having the greatest
CoP excursion. Conclusions: Center of
pressure changes minimally or not at all
from eyes open to dual cognitive but in-
creases greatly from eyes open to eyes
closed or dual motor. The use of eyes
closed training to train visual-motor
ability after injury maybe insufficient
because the addition of a sports-specific
motor task is more challenging.

The Effects of a Cognitive
Dual Task on Jump-Landing
Mechanics

Schnittjer AJ, Simon JE, Yom
J, Starkey C, Grooms DR: Ohio
University, Athens, OH

Context: Athletic injuries typically
occur within a dynamic sporting envi-
ronment with many distracting factors.
However, limited clinical assessments
exist to quantify motor control un-
der cognitive distraction. Objective:
Examine the effects of an easy and
difficult dual task on jump-landing
mechanics. Design: Cross sectional.
Setting: Laboratory. Patients or Other
Participants: Twenty male (n = 10)
and female (n = 10) participants (22.4
+ 1.31 years; 1.71 £ 0.10 m, 71.75 +
11.96 kg) who participated in exercise
at least three hours a week, had experi-
ence jumping, were not suffering from
lower extremity or back injury within
the three months prior to participation,
had no history of anterior cruciate liga-
ment reconstruction or lower extremity
surgery, had no history of neurocogni-
tive disorder, concussion within one
year of participation, or psychological
distress were recruited. Interventions:
All participants completed a series
of tuck-jumps under three conditions
(control, easy, and difficult cognitive
task) on a force platform. The partici-
pant carried out a series of tuck-jumps
for 10 seconds for each trial (three tri-
als per condition). Two minutes of rest
were given between trials to account for
fatigue. The control task consisted of no
cognitive load, the easy task consisted
of a simple recall of a string of digits,
and the difficult task consisted of serial
addition of a string of digits. Two cam-
eras were utilized to record the partici-
pants during their tuck-jump trials. The
cameras recorded the participant in both
the frontal and sagittal plane. Analysis
of the tuck-jump performance was
based on established criteria (ligament
dominance, quadriceps dominance, leg
dominance or residual injury deficits,
trunk dominance, and technique perfec-
tion on a 0 (error not present) to 1 (error

present) scale) with scores ranging from
0-9. Main Outcome Measures: The in-
dependent variable was condition (con-
trol, easy, and difficult cognitive task)
the dependent variables were (average
tuck-jump score and average vGRF).
Descriptive statistics were calculated
for all dependent variables. Separate
repeated measures ANOVA were con-
ducted for each dependent variable.
Each repeated measures ANOVA had
one within-subjects factor condition
(control, easy, and difficult cognitive
task). Alpha level was set at p < 0.05
for all analyses. Results: There were
significant differences in overall tuck-
jump score from baseline to easy cog-
nitive task and baseline to difficult
cognitive task (p < 0.05), with no dif-
ference between cognitive conditions.
The cognitive dual task increased tuck-
jump score from 3.52 + 1.64 baseline, p
< .001 relative to 4.37 + 1.25 with the
easy cognitive task to 4.67 + 1.24 with
the difficult cognitive task, p < .001.
No significant differences were found
in VGRF across the three conditions,
p=2323. Conclusions: The dual-task
conditions affected jump-landing me-
chanics as measured by the tuck-jump
score indicating potential increased
injury risk kinematics with no change
in kinetics. Clinicians may consider
cognitive dual tasks during functional
testing to increase difficulty and assess
potential on the field injury risk.
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Creating a Dynamic Dual-Task
Paradigm: The Effects of a
Cognitive Task on Jump-
Landing Performance

Biese KM, Stanley LE, Andrejchak
M, Lynall RC, Wikstrom EA, Padua
DA: University of North Carolina,
Chapel Hill, NC; University of
Wisconsin, Madison, WI; University
of Georgia, Athens, GA

Context: Movement during sport is
highly dynamic, consisting of both high
cognitive and motor demands. Despite
the relevance to athletics, most du-
al-task research has focused on motor
tasks such as gait and postural control
— mainly in elderly or impaired cohorts.
Objective: Therefore, the objective was
to determine the effects of cognition on
jump-landing movement patterns in
healthy individuals. Design: Controlled
intervention trials. Setting: University
biomechanics laboratory. Patients or
Other Participants: Recreationally
active athletes. Recreationally active
defined as participating in sport at least
once/week for more than one hour, in
one of five sports: basketball, football,
rugby, soccer or lacrosse. Twenty par-
ticipants (male = 11, female = 9; age
= 21.1 £ 1.5 years, height = 176.5 +
9.9 cm, weight = 71.9 + 11.5 kg) vol-
unteered for this study. Interventions:
Participants completed cognitive base-
line testing for three different cognitive
tests (Stroop Color Word Test-SCWT,
Symbol Digit Modalities Test-SDMT,
Brooks Visuospatial Task-BVT). After
baseline testing, participants per-
formed twelve jump-landing trials, nine
jump-landing trials with a concurrent
cognitive test (three SCWT, three BVT,
three SDMT), and three jump-land-
ing trials with no concurrent cognitive
test. The twelve trials were randomly
ordered a priori. For the dual-task con-
dition trials, the participant began the
cognitive task. After the participant pro-
vided two responses, regardless of ac-
curacy, the principal investigator could
give the verbal cue “jump” at any time
during the remainder of the cognitive
test, which signaled the participant to

start the jump-landing task. To be con-
sidered a successful trial, participants
were required to continue with the
cognitive test during the jump-landing
task, which was operationally defined a
priori as, “completing two or more re-
sponses (colors, numbers, or directions)
during the jump-landing task.” Main
Outcome Measures: The Landing
Error Scoring System (LESS) was
used to evaluate movement patterns,
and participant’s gross reaction time
of the jump-landing task was record-
ed. Cognitive test time to completion
and test errors were recorded. Results:
LESS scores were not different be-
tween the single-task jump-landing
(5.5 £ 1.66) to dual-task conditions (DT
SCWT=5.4+2.03, DT SDMT=5.2+
1.89, DT+BVT=5.9 1.92)[F,  =1.77,
p = 0.16]). Reaction time was different
between trials (DT SCWT reaction time
= 1.21 0.17 sec, DT SDMT reaction
time = 1.27 + 0.32 sec, DT BVT reac-
tion time = 1.13 + 0.33 sec, single-task
reaction time = 1.10 + 0.13 sec [F, , =
3.30, p = 0.027]) and post hoc analysis
found that DT SCWT and DT SDMT
were slower than the single-task tri-
als (T, = 5.06, p < 0.001; T, = 2.93,
p = 0.007). Conclusions: These re-
sults demonstrate that individuals may
sacrifice RT to create an appropriate
jump-landing motor plan. The novelty
of this study’s methodology provides a
basis for future research to investigate
the utility of incorporating cognition
into clinical movement pattern evalu-
ations and return to sport assessments.
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Free Communications, Rapid Fire Oral Presentations: What’s in Your Past?

Influence of Injury History on Neuromuscular and Functional Measurements
Thursday, June 28, 2018, 8:15aAM-9:15AM, Room 217-219; Moderator: Thomas Kaminski, PhD,

ATC, FNATA

Association of Previous
Concussion to Decrements

in Perception-Action Coupling
Behavior in College-Aged
Athletes

Eagle SR, Nindl BC, Johnson

CD, Kontost AP, Connaboy C:
Neuromuscular Research
Laboratory/Warrior Human
Performance Research Center,
University of Pittsburgh, Pittsburgh,
PA; UPMC Sports Medicine
Concussion Program/Department
of Orthopaedic Surgery, University
of Pittsburgh, Pittsburgh, PA

Context: Following a concussion, ath-
letes are at higher risk for another con-
cussion and musculoskeletal injuries.
Altered perception of action boundaries,
or the limits of one’s action capabilities,
is one possible mechanism for this in-
crease in injury risk following concus-
sion. Objective: To evaluate differenc-
es in physical and emotional symptoms,
neurocognitive performance, and action
boundary behavior between subjects
with no concussion history (NoHx) and
concussion history (ConcHX). Design:
Cross-sectional Setting: Research labo-
ratory Patients or Other Participants:
ConcHx (n = 22; age: 21.8 £ 3.0 years,
height: 174.0 = 8.3 cm, mass: 77.8 +
14.8 kg) and NoHx athletes (n =24; age:
21.6 + 2.0 years, height: 176.0 = 10.0
cm, mass: 72.0 = 15.3 kg) participated.
Interventions: Participants complet-
ed the Patient Health Questionnaire-9
(PHQ-9), General Anxiety Disorder-7
(GAD-7), Vestibular-Ocular Motor
Screen (VOMS), Immediate Post-
Concussion Assessment and Cognitive
Testing (ImPACT), Post-Concussion
Symptom Score (PCSS) and the
Perception Action Coupling Task
(PACT). The PACT presents pairs of
‘virtual’ balls and holes of differing
sizes, to assess the ability to accurately
and quickly determine if a ball will fit
inside a hole on an iPad. Eight “ball-
to-hole” aperture ratios are presented

from 0.2 (ball is much smaller than the
hole) to 1.8 (hole is much smaller than
the ball). Main Qutcome Measures:
The PHQ-9 measures depression, the
GAD-7 measures anxiety, VOMS as-
sesses vestibular/oculomotor symptoms
and impairment, and ImPACT assesses
cognitive performance, which includes
the PCSS to assess total symptom se-
verity. Reaction time (period from stim-
ulus presentation to removing finger
from home button), movement time
(period between home button finger
removal and placing finger on the joy-
stick), initiation time (period between
finger touching the joystick and moving
in the intended direction), and accura-
cy percentage are the PACT outcomes.
Appropriate parametric/nonparametric
independent-samples tests were used to
assess significant differences (p < 0.05,
a priori). Results: ConcHx reported 2.7
+ 1.5 previous concussions and 263.8
+ 228.9 days since last concussion at
time of testing. ConcHx reported high-
er symptom severity (ConcHx: 12.1 +
14.0, NoHx: 3.7 = 5.2; p = 0.013), de-
pression (ConcHx: 4.2 £4.2, NoHx: 1.4
+1.7; p <0.001) and anxiety (ConcHx:
3.7 £3.9, NoHx: 1.7 £ 2.2; p = 0.03)
scores than NoHx. ConcHx also report-
ed more symptoms in response to verti-
cal saccades (ConcHx: 0.9 + 1.7, NoHx:
0.2 + 0.4; p = 0.048), vertical vestibu-
lar-ocular reflex (ConcHx: 0.9 + 1.2,
NoHx: 0.2 £ 0.4; p=0.019), and visual
motion sensitivity (ConcHx: 1.1 + 1.5,
NoHx: 0.2 £ 0.5; p = 0.013). Average
PACT movement time (ConcHx: 0.32 +
0.10 msecs, NoHx: 0.25 + 0.07 msecs;
p = 0.02) and reaction time (ConcHx:
0.13 £ 0.03 msecs, NoHx: 0.11 +
0.01 msecs; p = 0.01) were longer in
ConcHx, while ConcHx were also less
accurate at aperture ratios 0.4 (-2.6%),
0.6 (-2.7%) and 0.8 (-5.6%). No dif-
ferences were observed on ImPACT.
Conclusions: This study indicates
that athletes with previous concussion
experience impaired action boundary
perception. However, further study is

needed to determine cause and effect in
this population. If dysregulated action
boundary perception is confirmed as a
concussion consequence, it could be a
viable mechanism for increased muscu-
loskeletal injury risk following concus-
sion and inform subsequent treatments
strategies to mitigate injury risk follow-
ing concussion.
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Association of Perception-Action
Coupling With Concussion
History and Self-Rated Function
Odum EM, Fabries B, Vickers MA,
Wilkerson GB, Acocello SN: The
University of Tennessee at
Chattanooga, Chattanooga, TN

Context: Emerging research strongly
suggests that musculoskeletal injury
risk may be higher following concus-
sion. Delayed response to environmen-
tal stimuli, termed perception-action
coupling, may explain the elevation of
injury risk. Reactive agility testing in-
volves a whole-body movement in re-
sponse to a visual stimulus, which may
identify athletes who possess elevated
injury risk. Objective: To assess the
potential association of reactive agili-
ty test performance with self-reported
concussion history, as well as self-rat-
ed functional performance capabilities,
among college football players. Design:
Cohort study. Setting: Athletic facility.
Patients or Other Participants: 71
male collegiate football players (19.5 +
1.1 years, 103.49 + 21.53 kg, 186.45 +
6.35 cm) were assessed 2 months after
the end of the season. Interventions:
All participants completed the Sport
Fitness Index (SFI). The TRAZER
Sports Simulator® (Traq Global Ltd.)
was used to quantify side-shuffling
responses to 20 visual targets that ap-
peared on a large monitor in a random
sequence of right and left positions.
Main Outcome Measures: The SFI
generates a 0-100 score, with higher
scores indicating better self-report-
ed functional performance. Variables
derived from the side-shuffling task
included speed, acceleration, decel-
eration, and reaction time, along with
right-left asymmetry (% difference)
for each. Receiver-operating charac-
teristic (ROC) analyses and logistic
regression were used to develop mod-
els that provided maximum discrimi-
nation between those with and without
concussion history, and between those
with high versus low self-reported SFI
scores. The odds ratio (OR) and its
95% credible lower limit (CLL,,) were

calculated. Results: 49 players self-re-
ported a history of concussion. Right-
left asymmetry in reaction time (>16%
difference; OR = 3.26, CLL,, = 1.04),
speed (>6% difference; OR = 3.01,
CLL,, = 1.20), and deceleration (=7%
difference; OR = 3.67, CLL,, = 1.32)
discriminated between players with and
without a history of concussion. Having
2 of 3 of these factors demonstrated
86% sensitivity and 61% sensitivity
(OR = 10.00, CLL,, = 3.23; * (3) =
14.86; p = .002). No variables success-
fully discriminated between those with
high versus low self-reported function-
al performance capabilities. However,
asymmetries in reaction time (>15%;
OR =2.55, CLL,, = 1.12), speed (=6%;
OR =5.56, CLL,, = 2.22), and deceler-
ation (>18%; OR = 3.28, CLL,, = 1.16)
were able to discriminate high versus
low self-rated functional performance
when the SFI was limited to items 3-7
(cut-off: <22 out of 25). Conclusions:
Performance values derived from the
reactive agility test effectively discrim-
inated between participants with and
without concussion history, as well as
those with high versus low self-report-
ed function. Our findings suggest that
asymmetries in right-left reaction time,
speed, and deceleration may contrib-
ute to elevated risk for musculoskeletal

injury.
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Proprioceptive Function is
Impaired and Associated
With Poor Patient-Reported
Outcomes Following
Hamstring Strain Injury
DiTrani Lobacz A, An YW, Jaric
S, Silbernagel KG, Swanik CB:
Neumann University, Aston, PA;
New Mexico State University,
Las Cruces, NM; University of
Delaware, Newark, DE

Context: Hamstring strain injury
(HSI) continues to rank as a highly
re-occurring medical problem in sport.
Proprioceptive function has been large-
ly overlooked in hamstring rehabili-
tation and research. Straining mecha-
nisms during HSI may induce trauma
to mechanoreceptors (spindles and
GTOs), which would lead to inaccurate
force regulation or limb positioning.
It remains unknown if such deafferen-
tation occurs with HSI, which could
explain prolonged symptoms and poor
outcomes known to persist following
injury despite lengthy rehabilitation pe-
riods. Objective: To assess hamstring
proprioceptive function and determine
its relationship with patient-reported
outcomes (PRO). It is hypothesized that
deficits in force sense and joint position
sense (JPS) occur following HSI and

may be associated with poor outcomes,
which could explain high re-injury rates.
Design: Cross-sectional study. Setting:
Neuromechanics research laborato-
ry. Patients or Other Participants:
Fifty-five participants (INJ: n = 28;
204 + 1.2 yrs, 70.7 £ 14.1 kg,172.5 £
9.9 cm) with a previous history of HSI
and limb-matched controls (CON: n =
27;20.7+1.6yrs,70.9+ 11.7 kg, 172.6
+ 9.1 cm) volunteered for this study.
Interventions: To examine force sense,
participants held a target force (20%,
40% MVIC) by using the hamstrings
to pull against the lever of a modified
isokinetic dynamometer for 5 seconds
with visual feedback provided. The
participant then attempted to reproduce
the same force without visual feedback.
Joint position sense was measured
blindfolded as the participant aimed to
reproduce a knee flexion target angle
(15° less than maximum flexibility) in
the 90-90 position. PRO were quanti-
fied using the VISA-H, which exam-
ines function, pain, and activity. Main
Outcome Measures: Force sense (Nm/
kg) and JPS (3 trial average,®) were re-
corded as absolute error (AE). VISA-H
scores were based on a calculated total
of 100. Paired samples and independent
t-tests were employed to examine in-
ter-limb and group differences. Pearson
correlation coefficients were calculated

to examine relationships between de-
pendent variables. Results: Force sense
AE was significantly greater in the HSI
limb (319 £ 23 Nm/kg) compared to
the matched CON limb (.219 + .12 Nm/
kg) at 20% MVIC (P = .049). JPE AE
was significantly greater in INJ (4.88 +
3.2°) compared to CON matched limbs
(2.15+1.7,°P<.001), as well as com-
pared to the uninjured limb (2.64 + 2.2,
°P < .001). VISA-H scores were sig-
nificantly lower in INJ (82.86 = 15.5,
P = .001) compared to CON (94.5 =
6.3). VISA-H scores were significantly
correlated with JPS AE in the injured/
matched limbs (» = -.41, P = .002).
Conclusions: This was the first study to
identify proprioceptive deficits in pre-
viously injured hamstrings and estab-
lish a relationship with PRO. Impaired
mechanoreceptor function may alter
neuromuscular function, leading to an
over-stretching or inappropriate load-
ing of the hamstrings during high-speed
activity. Results may suggest evidence
of ineffective binding of sensory input
in the brain following HSI. Clinicians
should consider assessments of force
sense and JPS during HSI rehabilitation
and future research exploring interven-
tion strategies for hamstring proprio-
ception and its relationship with re-in-
jury is warranted.

Joint Position Sense Between Limbs and Groups
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Changes in Lower Extremity
Musculoskeletal and
Neuromuscular Characteristics
Are Associated With History of
Lower Extremity Musculoskeletal
Injury in Intercollegiate Athletes
Faherty M, Csonka J, Salesi K,
Moore T, Zarzour R, Sell T:

Duke University, Michael W.
Krzyzewski Human Performance
Laboratory, Durham, NC;
Department of Athletics, University
of Pittsburgh, Pittsburgh, PA; Duke
University, Department of Athletic
Medicine, Durham, NC

Context: Lower extremity musculo-
skeletal injuries (LEMSI) continue to
be a serious medical concern for in-
tercollegiate athletes. LEMSI lead to
changes in proprioception, strength,
compromised functional joint stabili-
ty, and re-injury. Examining the effect
of history (HX) of LEMSI on muscu-
loskeletal and neuromuscular charac-
teristics will assist in the development
of secondary injury prevention and re-
habilitation programs. Objective: To
determine differences in musculoskel-
etal and neuromuscular characteristics
between intercollegiate athletes with
and without a HX of LEMSI. Design:
Cross-sectional study. Setting: Athletic
Training Room. Patients or Other
Participants: 158 intercollegiate male
and female athletes participated. 116
with no history (NHX) of LEMSI (Age:
19.5 + 1.4 years, Height: 180.5 = 9.6
cm, Weight: 78.1 + 14.1 kg) and 42
with HX of LEMSI (Age: 19.7 = 1.1
years, Height: 180.7 + 10.9 cm, Weight:
83.6 + 23.6 kg). Interventions: LE
flexibility tests included standing an-
kle dorsiflexion (SAD), active ankle
dorsiflexion (AAD), active knee ex-
tension (AKE), and straight leg raise
(SLR). Strength tests included ankle
dorsiflexion/plantarflexion and inver-
sion/eversion, hip abduction/adduc-
tion and internal/external rotation, and
knee flexion/extension. Single-leg stat-
ic balance (SB) and dynamic postural
stability (DPS) were assessed using a
force plate. Single-leg SB was assessed

under eyes-open and eyes-closed con-
ditions. Subjects stood on a single-leg,
hands-on-hips, and maintained balance
for ten-seconds. DPS was assessed as
subjects jumped over 30.48cm hurdle
from 40% of their height and land-
ed on a single-leg. Main Outcome
Measures: Flexibility tests including,
AAD, AKE, and SLR were expressed
as a mean value in degrees. Mean value
in centimeters was analyzed for SAD.
Isometric strength was expressed as
mean peak force normalized to body
weight (%BW). SB was expressed as
the standard deviation of GRF compos-
ite score (SBC) and DPS was expressed
as the dynamic postural stability index
composite score (DPSIC). Component
scores in the anterior/posterior (APSB,
APSI), medial/lateral (MLSB, MLSI),
and vertical (VSB, VSI) directions
were calculated for SB and DPS. Data
were assessed for normality. If nor-
mally distributed, between-group dif-
ferences were assessed using indepen-
dent samples T-tests; if normality was
violated, Mann-Whitney U tests were
utilized. Significance of <0.050 was
established a priori. Results: Between-
group (NHX of LE MSI vs. HX of LE
MSI) differences yielded significant re-
sults for APSI (p = 0.012); athletes with
HX of LE MSI demonstrated worse
APSI. No between-group differences
were noted for LE flexibility, strength,
or SB. Conclusions: The observed
between-group differences may indi-
cate that changes in DPS persist after
an athlete has returned to play (RTP).
This difference may indicate a need for
continued neuromuscular rehabilitation
following RTP. Future research should
determine the appropriate neuromuscu-
lar rehabilitation program to mitigate
continued deficits in DPS.

Association of Neuromechanical
Responsiveness With Time-Loss
Lower Extremity Injury History
Among Olympic Athletes

Sowers DR, Rubingh SL,
Wilkerson GB, Acocello S:
University of Tennessee,
Chattanooga, TN

Context: Data acquired from previ-
ous risk screening studies suggest that
musculoskeletal injury risk may be
elevated among athletes with subopti-
mal neuromechanical responsiveness.
Reactive agility testing, which involves
whole-body movement responses to
visual stimuli, and dual-task assess-
ment, which involves simultaneous
imposition of cognitive and motor de-
mands, may identify athletes who pos-
sess elevated injury risk. Objective:
To assess the association between
previously sustained time-loss lower
extremity injuries and neuromechan-
ical responsiveness among Olympic
athletes. Design: Retrospective cohort
study. Setting: Sports medicine clin-
ic. Patients or Other Participants:
48 Olympic athletes (34 males, 14 fe-
males; 24.25 + 4.45 years) represent-
ing a variety of sports. Interventions:
Athletes completed 3 different 60-sec-
ond visuomotor reaction time (VMRT)
tests using the Dynavision® D2 system:
a single-task mode (buttons illuminated
until manually contacted), a dual-task
mode that included verbal responses to
20 Eriksen flanker test 250-ms arrow
displays (VMRT + FT), and a dual-
task mode that included oral recitation
of scrolling text (VMRT + ST). The
TRAZER Sports Simulator® (Traq
Global Ltd.) was used to quantify
whole-body reactive agility (WBRA)
performance in response to 10 left and
10 right visual targets that appeared in
random order on a large monitor. The
Sports Fitness Index was used to doc-
ument injury history for the 12-month
period prior to testing. Main Qutcome
Measures: Average VMRT and out-
er-peripheral to inner-central VMRT
ratio (O/I) were assessed for each of the
3 VMRT test modes. Reactive agility
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measures included average and right-to-
left asymmetries in speed, reaction time,
acceleration and deceleration. Receiver
operating characteristic, cross-tabula-
tion, and logistic regression analyses
were used to assess exposure-outcome
associations. The odds ratio (OR) and
associated 90% confidence interval (CI)
were calculated to quantify both uni-
variable and multivariable associations.
Results: Strongest univariable associa-
tions with injury history were found for
VMRT + ST O/1>1.28 (OR = 5.25, CI:
1.72-16.03), VMRT + FT >825 ms (OR
=5.25; CI: 1.72-16.03) and WBRA de-
celeration <2.74 m/s* (OR = 4.00, CI:
1.41-11.32). Backward stepwise logis-
tic regression analysis retained all 3
factors (model ¥ [3] = 23.09; P<.001;
Nagelkerke R?=.510), with >2 positive
factors providing greatest discriminato-
ry power (OR =14.25, CI: 4.13, 49.15).
Conclusions: Metrics derived from
dual-task VMRT tests and the WBRA
test provided strong collective discrim-
inatory power to differentiate Olympic
athletes who sustained a time-loss low-
er extremity injury in the past year from
those who did not report such a history.
Our findings may provide a mechanism
to identify athletes who may derive
greatest benefit from a risk-reduction
intervention designed to address subop-
timal neuromechanical responsiveness.

Associations of Neuro-
mechanical and Behavioral
Factors With Musculoskeletal
Injury History

Guida E, Heidt D, Wilkerson
GB, Acocello S: The University
of Tennessee, Chattanooga, TN

Context: Sport-related concussion
can affect visuomotor reaction time
(VMRT), as well as psychoemotion-
al status and sleep quality, which may
elevate risk for musculoskeletal injury.
Prior studies have demonstrated as-
sociations between concussion, sleep
quality, slow VMRT, and suboptimal
psychoemotional status, but the possi-
ble cumulative effect of these factors
on musculoskeletal injury risk is not
known. Objective: To examine associ-
ations between concussion history, psy-
choemotional status, neuromechanical
performance, sleep quality, self-rated
functional performance, and musculo-
skeletal injury history. Design: Cohort
study. Setting: Exercise science laborato-
ry. Patients or Other Participants: 204
college students (78 males/126 females;
219 £33 yrs, 1723 £ 74 cm, 73.0 £
13.6 kg) participated. Interventions:
All participants completed the Sport
Fitness Index (SFI), the Pittsburgh
Sleep Quality Index (PSQI), and the
Depression, Anxiety and Stress Scale
(DASS). VMRT was quantified by the
Dynavision D2® system in two test
modes: Proactive (buttons illuminated
until manually pressed) and Reactive
(buttons illuminated for 1 s with simul-
taneous oral recitation of scrolling text).
A unilateral reactive hop test (URHT)
was used to assess reactive agility per-
formance. Participants were asked to
hop in the direction indicated by a spec-
ified color pattern displayed by an array
of 5 lights; 6 trials were performed per
extremity. Main Outcome Measures:
The SFI yields a 0-100 score, with
higher scores indicating better self-rat-
ed functional performance. For both
the PSQI and DASS, a higher score in-
dicates more severe symptoms. VMRT
performance was quantified using aver-
age reaction time (RT) and number of

hits, as well as a peripheral-to-central
performance ratio for both test modes.
For the URHT, the time (ms) that
elapsed between the 5 lights appearing
and the participant completing a hop in
the correct direction represented RT.
Receiver operating characteristic and
logistic regression analyses were per-
formed to identify models that best dis-
criminated those who had sustained a
core or lower extremity sprain or strain
within the previous 12 months from
those who had not, using sleep quality,
pschoemotional status, concussion his-
tory, and neuromechanical performance
as predictors. The odds ratio (OR), its
associated credible lower limit (CLL,,),
and the risk ratio (RR) were calculat-
ed. Results: A 5-factor model included
PSQI > 8, Reactive peripheral-to-cen-
tral hit ratio < 0.41, positive concus-
sion history, URHT RT of > 1260 ms,
female sex, and SFI < 80 (>2 factors:
OR 6.50; CLL,, = 2.56, RR = 5.35; >3
factors: OR = 11.38; CLL,, = 5.23, RR
= 6.84). Poor sleep quality (PSQI > 6)
was associated with DASS subscores:
depression > 8, OR = 7.94; anxiety > 6,
OR = 5.02; stress > 12, OR = 4.87 (>2
of 3 factors: OR = 8.00). Conclusions:
Our findings support the use of screen-
ing procedures to quantify psychoemo-
tional status, sleep quality, and neuro-
mechanical performance for injury risk
assessment. Psychoemtional dand sleep
disturbances may adversely influence
neuromechanical capabilities required
for injury avoidance.
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Free Communications, Oral Presentations: Transition to Clinical Practice
Thursday, June 28, 2018, 9:30aM-10:15AM, Room 217-219; Moderator: Jessica Barrett, PhD, ATC

Examining Initial Perceptions of
Transition to Clinical Practice
From the Perspective of
Professional Master’s Students
Bowman TG, Mazerolle SM,
Kilbourne BF, Barrett JL: Lynchburg
College, Lynchburg, VA; University
of Connecticut, Storrs, CT; Emory
& Henry College, Emory, VA

Context: Newly credentialed athletic
trainers are expected to be indepen-
dent practitioners capable of making
their own clinical decisions. Transition
to practice can be stressful and present
challenges for graduates who are not
accustomed to practicing independent-
ly. Clinical education requires direct
supervision, which can limit the chanc-
es for independent decision-making
by students thus limiting skill devel-
opment and increasing stress as they
transition to practice. No studies to
date have examined transition to prac-
tice in professional master’s students.
Objective: Examine perceptions of
transition to clinical practice from cur-
rent students in their last semester of a
professional master’s program. Design:
Qualitative study. Setting: 9 higher ed-
ucation institutions. Patients or Other
Participants: 14 athletic training stu-
dents (7 male, 7 female, age = 25.6
3.7 years) participated from 9 different
professional master’s programs. At the
time of the interview, participants were
in the last month of their respective pro-
fessional master’s program or had grad-
uated within the three weeks prior. 12
had passed the BOC exam at the time of
the interview while 2 participants were
scheduled to take the exam for the first
time during a later exam window. Data
Collection and Analysis: Participants
completed a semi-structured interview
over the phone. The interview guide
was focused on the perception of pre-
paredness for professional master’s
students to enter clinical practice, was
developed based upon the literature
and purpose of the study, and was pilot

tested prior to the start of data collec-
tion. All transcribed interviews were
analyzed using a general inductive ap-
proach. Multiple analyst triangulation
and peer review were used to ensure
trustworthiness. Results: We found
themes for facilitators and challeng-
es to transition to autonomous clinical
practice. Students felt prepared for in-
dependent practice due to 1) mentoring
networks they had developed, 2) expo-
sure to the breadth of clinical practice,
and the 3) autonomy they experienced
during clinical education. Participants
noted preceptors, peers, and faculty
as primary mentors they planned to
contact for guidance during transition.
Experiencing multiple patient cases and
appropriate levels of autonomy during
clinical education fostered readiness for
transition. Potential challenges includ-
ed making 1) timely difficult clinical
decisions and 2) building confidence by
practicing autonomously. Participants
noted that making decisions while in
stressful moments did cause them some
anxiety and that building confidence
would be something they would need to
work at due to being solely responsible
for clinical decisions after transition-
ing. Conclusions: Our findings suggest
graduates from professional master’s
programs, although ready for clinical
practice, may need support networks in
place to assist in confidence building.
Professional master’s program adminis-
trators should work to provide clinical
education experiences that expose stu-
dents to a wide variety of clinical sit-
uations (patients, settings, preceptors)
with appropriate professional role mod-
els while providing decision making au-
tonomy within accreditation standards.

Mentorship Relationships: The
Developmental Process for the
Newly Credentialed Athletic
Trainer and Mentor

Mazerolle SM, Walker SE:
University of Connecticut, Storrs,
CT, Ball State University, Muncie,
IN

Context: Despite the documented evi-
dence of the presence of mentoring re-
lationships in athletic training, and the
value perceived by the mentor relation-
ship, we have little understanding about
the process of development. Mentoring
relationships are classified as dynamic,
and evolving over time as the mentor
and protégé matriculate through the
phases of relationship development.
Objective: Explore how mentoring re-
lationships develop between the newly
credentialed athletic trainer and their
mentor. Specifically, we wanted to
better understand the formality of the
relationship, and the process in which
it develops for the newly credentialed
athletic trainer Design: Grounded the-
ory Setting: Individual, semi-struc-
tured phone interviews Patients or
Other Participants: 13 athletic train-
ers who graduated from a professional
master’s program, were certified be-
tween February and July of 2016, and
obtained employment between July
to August of 2016 participated in this
study (6 female, 7 male, 26 + 3 years;
work settings included professional
sports, college, secondary and mid-
dle school, and clinic). Data saturation
guided the number of participants. Data
Collection and Analysis: Phone inter-
views using a semi-structured interview
guide were conducted at 3, 8 and twelve
months of work experience. All inter-
views were audio recorded and tran-
scribed verbatim. Data were analyzed
using a constant comparative approach
that was inductively grounded. Data
were coded for common themes and
subthemes. Credibility was established
through investigator triangulation,
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peer debriefing, and member checks.
Results: Participants identified a men-
tor who was an athletic trainer and
could help increase their confidence, as
their mentors had past experiences and/
or had served in the role they were be-
ginning. Mentors were also sought due
to the need for continued support and
growth during the first year. The devel-
opment of this relationship as described
by our participants was done intention-
ally. Participants wanted a mentor who
was available and willing to respond to
questions as a means to ease their transi-
tion into clinical practice. The relation-
ships between the mentor and mentee
was informal in nature, and often initi-
ated by participants but reciprocated by
their mentor. The relationshop was not
structured with planned meetings and
goals and objectives. In the beginning
3 to 6 months of the relationship, par-
ticipants reported communicating via
various means (text, email, phone call,
in person) with their mentor. As the par-
ticipants gained role continuance, they
communicated less frequently with
their mentor due an increase in their
perceived confidence and a better un-
derstanding of their role. Conclusions:
Mentoring was identified as part of the
transition process for the newly creden-
tialed athletic trainer. As confidence
and role understanding developed, the
frequency and need for interactions be-
tween the mentor and mentee decreas-
es. Results suggest that mentors facili-
tate transition to practice, as a means for
continued reassurance and the relation-
ship is evolving, and informal.

The Role Mentoring Plays in the
Transition to Practice of Newly
Credentialed Athletic Trainers
Walker SE, Mazerolle SM, Rager,
JL: Ball State University, Muncie,
IN; University of Connecticut,
Storrs, CT

Context: Mentoring has been identified
as an important method to support new-
ly credentialed athletic trainers during
their transition to practice. It is, how-
ever, unclear how the mentor/mentee
relationship develops and influences
the transition. Gaining a better under-
standing of this relationship will pro-
vide valuable insights that may assist
employers and professional programs
to develop a plan, which could better
facilitate the transition. Objective: To
examine how the relationship between
a newly credentialed athletic trainer
and their mentor influences transition
to practice. Design: Grounded theory.
Setting: Individual phone interviews.
Patients or Other Participants: 13
athletic trainers who graduated from a
professional master’s program, were
certified between February and July of
2016, and obtained employment be-
tween July to August of 2016 partici-
pated in this study (6 female, 7 male,
26+3 years; work settings included
professional sports, college, secondary
and middle school, and clinic). Data
saturation guided the number of partic-
ipants. Data Collection and Analysis:
Phone interviews using a semi-struc-
tured interview guide were conducted
at 3, 8 and twelve months of work ex-
perience. All interviews were audio re-
corded and transcribed verbatim. Data
were analyzed independently by two
co-investigators using a constant com-
parative approach that was inductively
grounded. Data were coded for com-
mon themes and subthemes. Credibility
was established through investigator
triangulation, peer debriefing, and
member checks. Results: Participants
recognized the mentoring relationship
as a foundational aspect of the transi-
tion to practice. Participants discussed
the personal attributes of their mentors

that positively affected their transition.
Specifically, they needed a mentor who
was available by phone, email, and/
or text and to answer questions, pro-
vide feedback and/or discuss ideas.
Participants also valued honestly from
their mentor, even when the feedback
provided was constructively critical.
Mentorship was viewed as a way to
promote learning and professionally
develop. Participants wanted to better
themselves as an athletic trainer and
learn from their mentor. Feedback was
sought regarding topics such as patient
care, communication, and networking.
This feedback assisted participants in
their decision-making and to gain a
different perspective. The reassurance
they received from their mentor was
validating and helped to improve con-
fidence. Participants appreciated having
someone to discuss ideas and future ac-
tions. Conclusions: The mentor/men-
tee relationship is essential during the
transition. Newly credentialed athletic
trainers should seek a mentor who will
be available to communicate in various
ways and provide regular and construc-
tive feedback. Mentors play an crucial
role in educating and professionally
developing newly credentialed athletic
trainers. Future research should investi-
gate how mentoring relationships influ-
ence other aspects of the transition such
as patient care, overall job performance,
turnover, and satisfaction.
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Free Communications, Oral Presentations: Considerations for Junior Faculty

Development

Thursday, June 28, 2018, 10:30AM-11:15AM, Room 217-219; Moderator: Kimberly Peer, EdD,

ATC, FNATA

Junior Athletic Training
Educators’ Struggle With

Role Conflict

Barrett JL, Mazerolle SM,
Nottingham SL: University of
Connecticut, Storrs, CT;
Chapman University, Orange, CA

Context: An emerging theme in recent
faculty preparation research is that doc-
toral preparation focuses heavily on
research preparation and completion of
the dissertation. This may occur to the
detriment of learning teaching roles and
understanding the balance of duties re-
quired in higher education. Graduates
of terminal degree programs are likely
aware of the tripartite responsibilities
of scholarship, teaching and service
associated with new faculty positions.
However, they were probably not re-
sponsible for sole management and
balance of all those facets during their
doctoral preparation, causing prob-
lems when such balance is required in
their new faculty position. Additional
responsibilities of clinical practice or
administrative duties may further com-
plicate the transition to junior faculty.
Objective: Gain an understanding of
the role balance challenges for junior
athletic training faculty who recently
earned their doctoral degree. Design:
Phenomenology Setting: CAATE ac-
credited athletic training programs
Patients or Other Participants: 4 male
and 9 female junior athletic training
faculty members with terminal degrees
(11 PhD, 2 EdD). Participants averaged
1.5 (£.6) years in their current posi-
tion. Data Collection and Analysis:
Recruitment included full-time fac-
ulty, eligible for reappointment, in
CAATE accredited programs, 1-4 years
post-doctoral degree. Participants com-
pleted 1 telephone interview, which was
digitally recorded and transcribed. The
inductive framework of Interpretive
Phenomenological Analysis was used to
analyze the data. Expert review and pi-
loting of the research guide followed by

multiple analyst triangulation and mem-
ber checking ensured trustworthiness
of the findings. Results: Participants
described facing challenges when they
are required to balancing the multiple
responsibilities of their position. Heavy
teaching loads and the significant
amount of time required to prepare ma-
terials for new courses was particularly
burdensome for junior faculty who may
only have taught one or two classes in
their doctoral program. Additionally,
the research requirements of their new
position were challenging because they
were solely responsible for finding time
and resources to carry out their research
line. This role conflict caused role over-
load whereby the requirements of the
faculty position are discrepant with the
amount of time available to complete
the expectations. Junior faculty with the
additional responsibility of administra-
tive work experienced greater overload.
Conclusions: Junior athletic training
educators are susceptible to experiences
of role conflict, overload and imbalance
after completion of their doctoral de-
gree. The doctoral degree does not pre-
pare them to balance the overwhelming
multiple discrepant roles which creates
feeling of unease and difficulty in their
first few years on the job. Junior faculty
must be taught strategies and exposed
to a variety of experiences in their doc-
toral degree to adequately prepare them
for their future role. Employers should
develop approaches to decrease the bur-
den placed on new faculty if they are to
persist and succeed in their new roles.

Alignment of Athletic Training
Doctoral Education and Faculty
Workload

Nottingham SL, Mazerolle SM,
Barrett JL, Coleman KA: Chapman
University, Orange, CA; University
of Connecticut, Storrs, CT

Context: In order to be successful
in academia, athletic training faculty
members need to be prepared to achieve
in all aspects of their positions, includ-
ing teaching, research, service, and
oftentimes administration. This prepa-
ration primarily occurs during doctoral
education. Some evidence suggests that
doctoral education is incongruent with
faculty responsibilities, but this has yet
to be specifically investigated in athletic
training. Objective: Examine the align-
ment between doctoral education and
faculty workload from the perspectives
of junior faculty members. Design:
Phenomenology. Setting: Higher ed-
ucation institutions with CAATE-
accredited programs. Patients or
Other Participants: We used purpose-
ful and snowball sampling procedures
to recruit full-time faculty members
who completed their doctoral education
within the past 6 years. Participants in-
cluded 20 athletic training faculty mem-
bers (14 women and 6 men) who were
32 £ 3 years of age, averaged 10 + 4
years of experience as athletic trainers,
and had 2 + 2 years’ experience as a
full-time faculty member. Participants
primarily completed their doctoral ed-
ucation in high level research institu-
tions (n = 17), whereas half held fac-
ulty positions in high level research
institutions (n = 10). Data Collection
and Analysis: We developed, peer-re-
viewed, and piloted 2 semi-structured
interview guides to obtain participants’
perspectives on their doctoral prepa-
ration, entrance into higher education,
and faculty workload. We completed
telephone interviews with each partic-
ipant over the course of four months.
Transcribed interviews were analyzed
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by 2 investigators using a phenomeno-
logical approach, then reviewed by 2
additional qualitative researchers. Upon
completion of analysis, investigators
determined that data saturation was ob-
tained. Mechanisms of trustworthiness
included member-checking, multi-an-
alyst triangulation, and peer-review.
Results: Three themes emerged from
this study: 1) attractors to faculty posi-
tion, 2) workload, and 3) congruency.
Participants were primarily attracted
to their faculty positions based on the
alignment of workload to their pro-
fessional goals. Faculty workload was
dominated by teaching, but included
several other responsibilities such as
administration, service, and research.
The actual time required to complete
faculty responsibilities often exceeded
participants’ allotted workload, leading
to challenges managing responsibilities
during the first few years of their facul-
ty position. Although most faculty posi-
tions focused on teaching, participants’
doctoral education was usually more
research-focused. This may be partial-
ly attributed to incongruence between
doctoral education and faculty position
institution type, since most participants
were trained in high research level in-
stitutions but only half held faculty
positions in these types of institutions.
Conclusions: Athletic training facul-
ty workload is generally teaching-fo-
cused and contains additional demands,
such as service and administration, that
are often not included in doctoral pro-
grams. Doctoral advisors should facil-
itate socialization to these additional
responsibilities of faculty positions, in
addition to orienting doctoral students
to different institution types and how
this influences faculty workload. Future
faculty members should consider their
interests and institution type when
searching for doctoral programs and
faculty positions.

Junior Faculty Members’
Knowledge of Institutional
Expectations for Tenure

and Promotion

Coleman KA, Nottingham SL,
Mazerolle SM: University of
Connecticut, Storrs, CT,
Chapman University, Orange, CA

Context: Evaluating faculty perfor-
mance is often done via three primary
areas, including teaching, research and
scholarship, and service. Recent evi-
dence suggests that doctoral students
are aware of these basic tenets; yet
lack the knowledge to navigate insti-
tution specific expectations for tenure
and promotion. Objective: Examine
the organizational socialization pro-
cess for the junior Athletic Training
faculty members as they learned
more about the tenure and promo-
tion expectations at their institutions.
Design: Qualitative, Interpretative
Phenomenological Approach. Setting:
Higher education institutions with
CAATE-accredited programs. Patients
or Other Participants: 19 athletic
training faculty members (13 women
and 6 men) who were 32 + 3 years of
age and averaged 10 + 4 years’ experi-
ence as athletic trainers and 2 + 2 years
as a faculty member. Participants who
met the inclusion criteria were identi-
fied through professional networks of
the researchers and an additional snow-
ball sampling process. Data saturation
guided the total number of participants
for this study. Data Collection and
Analysis: A peer reviewed and pilot-
ed, semi-structured one-on-one phone
interview was used to facilitate a recall
of the junior faculty member’s experi-
ences with transition into their current
positions and how they were made
aware of the promotion and tenure ex-
pectations. The interviews were record-
ed and transcribed verbatim for analysis
purposes. Transcribed interviews were
analyzed by 2 investigators using a phe-
nomenological approach and then peer
reviewed by 2 additional qualitative
researchers. Member checks were also
completed to support credibility of the

results. Results: Three themes emerged
from this study regarding junior fac-
ulty member understanding of tenure
and promotion guidelines: 1) vague
expectations, 2) change in leadership
impact on expectations, 3) differing ex-
pectations in departments and univer-
sity levels. While junior faculty mem-
bers acknowledged that the tenets of
promotion and tenure were clear, they
identified that the expectations were not
quantifiable. Most junior faculty ob-
served that a change in leadership with-
in the department or university caused
a shift in expectations, resulting in
confusion. Additionally, faculty mem-
bers perceived that the promotion and
tenure guidelines across departments
and colleges lacked congruency, which
led to uncertainty and difficulty nav-
igating the process. Improvements in
the orientation process involving com-
munication, feedback, and support can
clarify the expectations. Conclusions:
Junior faculty members perceive that
tenure and promotion guidelines are
challenging to navigate. The confusion
that these junior faculty members have
is not about the general tenets of tenure
and promotion, but rather the institu-
tional differences that exist. The orien-
tation process can be improved through
formal ongoing feedback, informal
communication and mentorship, and
instructional scaffolding. These mech-
anisms provide junior faculty members
with opportunities for institutional and
social support, clear expectations, and
quantifiable guidelines for promotion
and tenure.
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Free Communications, Rapid Fire Oral Presentations: Injury Risk Factor

Identification and Prediction

Thursday, June 28, 2018, 5:15pM-6:30PM, Room 217-219; Moderator: Marc Norcross, PhD, ATC

Preseason Risk Factors to
Predict Lower Extremity
Musculoskeletal Injuries

in College Athletics

Semrow KM, Sciascia AD, Nitz
AJ, Uhl TL: University of Kentucky,
Lexington, KY; Eastern Kentucky
University, Richmond, KY

Context: Current research intends to
expand the preseason physical exam-
ination to go beyond medical clearance
by identifying preseason risk factors
that could predict the occurrence of
musculoskeletal injuries. QObjective:
Assess subjective and objective aspects
of physical function, as well as an ath-
lete’s previous injury history, to deter-
mine if the prediction of future lower
extremity injuries can be made utilizing
a multifactorial approach. We hypoth-
esized that low pre-season subjective
and objective scores, combined with a
reported history of injury would best
identify athletes with a risk of an in-sea-
son lower extremity injury. Design:
Prospective cohort study. Setting:
University Athletic Training facilities.
Patients or Other Participants: A to-
tal of 746 participants from 3 collegiate
institutions were recruited to participate
in the study. There were 51 partici-
pants who sustained a knee injury and
43 participants who sustained an ankle
injury during the study. Interventions:
After collecting demographic informa-
tion, participants completed the Knee
Injury and Osteoarthritis Outcome
Score (KOOS) and Foot and Ankle
Disability Index (FADI) questionnaires.
They then completed 2 physical perfor-
mance tests, the single leg hop for dis-
tance (SLH) and the anterior reach of
the star excursion balance test (SEBT).
Members of the research team were
informed by an athletic trainer at each
institution when an injury to the knee
or ankle occurred, and recorded injury
location, side of the body, and type of
injury. Main Outcome Measures: At
the end of data collection, participants

were dichotomously categorized as in-
jured or non-injured for data analysis.
A multi-logistic regression analysis was
used to examine the strength of group
identification based on the results from
Pearson and chi-square correlations.
Models were created based on indi-
vidual factors, as well as a combina-
tion of statistically significant factors
to examine a predictive effect on inju-
ry. Results: The model predicted that
history of a left knee injury increases
the risk for a right knee injury (R? =
0.314, p = 0.007, OR = 19.5, 95%CI
= 2.3, 166) and decreased risk to re-in-
jury to the ipsilateral knee (R?>= 0.314,
p =0.007, OR = 0.051, 95%CI = 0.01,
0.44). Conclusions: Consistent with
previous literature, a reported history of
injury predicts future injury, but is spe-
cific to the knee. Preseason screening
can identify athletes that would be at
risk for a contralateral knee injury and
preventative methods could be incorpo-
rated to reduce the risk of another injury
from occurring.

Exploring the Relationship
Between Aerobic Fitness,
Functional Movement, Injury
and Patient Reported Outcomes
in Women’s Lacrosse

Bindel ME, Cattano NM,
Heinerichs S: West Chester
University of Pennsylvania,

West Chester, PA

Context: The focus of injury preven-
tion programs has begun to shift from
solely a movement based approach to
an overall well-being approach by uti-
lizing a number of assessments to ad-
dress the multifaceted nature of injury
risk. Previous studies have looked at the
impact of functional movement score
(FMS) and aerobic fitness (VO,max),
and injury. No studies have included
patient reported outcomes (PRO) as
a means of assessing overall well-be-
ing and very few have PRO over the
course of a competitive athletic season.
Objective: To compare patient report-
ed outcomes over the first 4 weeks of
a season between individuals with fair
VO,max vs. good VO,max and between
individuals with high vs. low FMS com-
posite scores. Secondarily, we wanted
to examine if there was a relationship
between FMS scores and estimated
VO2max. Design: Prospective Cohort
Study. Setting: Division II University.
Patients or _Other Participants:
Twenty-four healthy NCAA Division II
women’s lacrosse athletes (age: 19.8 +
1.0 years). Interventions: The indepen-
dent variables are the high (score>14)
and low (<14) groupings for the
FMS composite scores as well as fair
(VO,max < 41.5) and good (VO,max
> 41.5) groupings according to ACSM
normative values for female VO,max
scores. The participants completed the
FMS and Yo-Yo Intermittent Recovery
Level 1 aerobic fitness test prior to the
start of preseason and completed a daily
readiness questionnaire via email. The
results were analyzed using indepen-
dent t-tests and Pearsons correlations.
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A priori statistical significance was set
at P <0.05. Main Outcome Measures:
The dependent variables were the av-
eraged patient reported outcome re-
sponses for each of the six questions
on the questionnaire at the one, two,
three, and four week marks. Results:
Average VO,max score was 41.52 +
1.51 and FMS composite score was
13.33 £ 2.51 for all participants. There
was a difference in estimated VO,max
scores among those who sustained
an injury and those who did not sus-
tain an injury (Injury: 42.8mL/min/
kg £ 1.4, No Injury: 41.0mL/min/kg +
1.2; p = 0.006). A strong positive cor-
relation was found between injury and
aerobic fitness (r = 0.574, p = 0.006).
There were also differences between
aerobic fitness groups in questionnaire
responses in the averaged week 3 mood
(Fair: 1.90 £ 0.14, Good: 2.50 + 0.92;
p = .01) and RPE (Fair: 2.69 + 1.05,
Good: 3.68 = 0.99; p=0.04). There was
no difference between the injured and
non-injured groups for FMS composite
scores. Conclusions: Those with high-
er aerobic fitness were found to sustain
more injuries throughout the course
of the season in addition to reporting
worse PRO’s for mood and RPE over
the course of the third week of training.
There was no difference in FMS scores
among those who sustained an injury
and those who did not indicating aero-
bic fitness testing could be a more use-
ful assessment in addressing injury risk.

Assessment of Injury Risk
Screening Methods for
Identification of Functional
Impairment

Baker CS, Mollner KE, Zimmer-
man JA, Dunham WF, Colston MA,
Wilkerson GB: The University of
Tennessee, Chattanooga, TN

Context: More than half of all injuries
reported by high school and college
athletes are lower extremity sprains
and strains, which can lead to chronic
disability. Ankle sprains in particular
account for 20% of all injuries treat-
ed in ERs, which can increase risk for
subsequent injury to any component of
the kinetic chain. Targeted interventions
for modifiable injury risk factors have
the potential to prevent sport-related
injury. Injury risk screening can iden-
tify individuals who have the great-
est potential to benefit from targeted
training. Risk screening should include
objective measures of performance
capabilities and self-ratings of post in-
jury effects. The Sports Fitness Index
(SFI) is a 10-item survey that represents
global function. Objective: To assess
associations among injury risk screen-
ing measures that included the Ankle
Instability Index (AIl) and SFI, and
the extent to which participants who
exhibited self-reported ankle instabili-
ty also had decreased global measures
of function Design: Survey Setting:
A 1-time electronic survey adminis-
tered via the Research Electronic Data
Capture system (RedCap™). Patients
or_Other Participants: 206 college
students enrolled in exercise science
classes; n = 55 males: 22.3 + 3.9 years;
1783 £ 7.9 cm, 799 + 15.2 kg; n =
151 females: 21.3 + 2.3 years; 166.1 +
6.9 cm, 65.7 = 12.1 kg. Interventions:
The SFI, a 12-month time-loss injury
questionnaire, and the AIl were admin-
istered electronically via survey link to
participants’ emails. Any self-reported
musculoskeletal injury that resulted in
time lost from activity during the pre-
vious 12-month period was classified
as an injury. Classification of cases as
having ankle instability was based on at

least 5 “yes” responses among 9 items
comprising the AIl. Main Qutcome
Measures: The SFI was scored on an
0-100 scale. The AII was used to indi-
cate if participants self-reported ankle
instability. Exploratory analysis was
performed to identify any associations
among SFI responses, self-reported
injury history, and ankle instabili-
ty. Receiver operating characteristic
(ROC) analyses were used to define
cut-points for binary classifications.
Cross-tabulation analyses performed to
assess strength of associations between
binary predictor and status variables.
Results: Very strong association identi-
fied between SFI < 80 and self-reported
time-loss musculoskeletal injury during
previous 12-month period (Sensitivity
96%; Specificity 40%; x2(1) = 14.04;
p < .001; OR = 17.92; 95% CI: 2.38,
134.83). Very strong association iden-
tified between SFI < 76 and ankle in-
stability (Sensitivity 92%; Specificity
49%; x2(1) = 16.06; p < .001; OR =
11.74; 95% Confidence Interval: 2.69,
51.14). Conclusions: Our findings re-
vealed that SFI scores appear to provide
an exceptionally good means to quan-
tify persisting adverse effects of previ-
ous injuries on functional capabilities.
Self-ratings of functional capabilities
obtained from SFI items can provide
information that is highly relevant to in-
jury risk screening, and may serve as a
means to identify individuals who need
further assessment and/or intervention
to improve function and reduce injury
risk.
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Center of Pressure Regularity
Association With Future
Noncontact Lower Extremity
Injury

Samson CO, Lafe CW, Brown CN:
University of Georgia, Athens, GA,;
Oregon State University, Corvallis,
OR

Context: Optimal movement variabili-
ty is suggested to reflect nervous system
adaptability and flexibility response to
external stimuli, while too little or too
much regularity have been associated
with musculoskeletal injury. However,
it is unknown if center of pressure
(COP) regularity during clinical tests
is associated with injury. Objective:
To determine if anterior-posterior (A-
P), medio-lateral (M-L), and resul-
tant (RV) COP regularity during the
Functional Movement Screen (FMS)
hurdle step is associated with noncon-
tact lower extremity (LE) musculo-
skeletal injury controlling for previous
LE injury frequency. We hypothesized
more regular COP trajectories in ei-
ther plane at baseline is associated with
subsequent noncontact LE injury.
Design: Cross-sectional study. Setting:
Biomechanics Laboratory. Patients or
Other Participants: Collegiate club
lacrosse, rugby and ultimate frisbee
athletes (n = 46; 32 female (12 rugby,
16 lacrosse, 4 ultimate), 14 male (14 ul-
timate); age = 20.2 + 1.5 yrs; height =
174.6 = 18.5 cm, mass = 70.8 + 8.8 kg).
Interventions: Participants underwent
testing and previous injury screening
prior to the competitive season. Ground
reaction forces in A-P and M-L direc-
tions were recorded with force plates
(960Hz) during three trials of the FMS
hurdle step for both limbs. COP A-P
and M-L trajectories were filtered with
a 4"-order low-pass Butterworth fil-
ter (10Hz). Multiscale Entropy (MSE)
values were calculated to determine
regularity of the COP trajectories.
Participants completed a weekly sur-
vey self-reporting physical activity and
injuries occurring for one competitive
season. Main Outcome Measures:
MSE values were calculated for the

limb of interest, identified as the limb
subsequently injured or the dominant
limb in those uninjured. Point-biserial
correlations were used to determine as-
sociation between MSE values for A-P,
M-L, and RV COP and presence of non-
contact LE injury(a = 0.05). One-way
ANCOVA was used to determine if A-P,
M-L, and RV COP MSE values differed
between those sustaining a noncontact
LE injury and those without, controlling
for previous injury frequency(o = 0.05).
Results: Of 73 injuries reported, 42
(58%) were identified as noncontact LE
injuries. One injury per participant was
used in the final analysis (n = 25); the
injury with the shortest time lapse since
testing was used for those with multi-
ple injuries. In-season noncontact LE
injury was not significantly correlated
with A-P, M-L, or RV COP MSE val-
ues (p > .05; power (1-f) = .05-.25).
No significant differences in A-P, M-L,
or RV COP MSE mean values between
injured and uninjured participants ad-
justing for previous injury frequency
were identified (p > .05; power (1-f) =
.55). Conclusions: COP regularity was
not associated with subsequent injury
and did not significantly differ between
injured and uninjured populations at
testing. COP regularity during the hur-
dle step may not be adequate to identify
populations predisposed for injury prior
to an injury occurring due to the trans-
lation of hurdle step to sport demands.
Greater power may be necessary to
identify a task that better reflects ner-
vous system flexibility and adaptability
associated with common injuries.

Analysis of Patellar
Tendinopathy Risk Factors
Among Intercollegiate Athletes:
A Matched Case-Control Study
Reisler TC, Harter RA, Housman
JM, Pickerill ML: Dickinson College,
Carlisle, PA; Texas State University,
San Marcos, TX

Context: Patellar tendinopathy affects
as many as 50% of collegiate athletes
participating in sports that involve
jumping, e.g., basketball, volleyball.
A recent systematic review of patellar
tendinopathy research identified 40 in-
trinsic and extrinsic variables that have
been investigated as risk factors for
patellar tendinopathy, so many clini-
cal measures that the authors could not
perform the meta-analysis they intend-
ed. The Landing Error Scoring System
(LESS) test has primarily been used to
screen for neuromuscular deficits that
may predispose an athlete to an ACL
injury; however, it has been suggested
that deficits found by a LESS screen-
ing could be useful in predicting an
athlete’s risk for other lower extremi-
ty injuries. Objective: To evaluate the
known and hypothesized risk factors
for patellar tendinopathy among male
and female NCAA intercollegiate ath-
letes to determine which outcome mea-
sures are most predictive of acquiring
this condition. Design: Case-control.
Setting: Research laboratory setting.
Patients or Other Participants: 60
intercollegiate athletes (age, 20.0 + 1.2
yrs; height, 178.9 + 9.8 cm; mass, 80.9
+ 16.5 kg). Volunteers who presented
with chronic patellar tendon pain and
scored <80 on the 100-point Victorian
Institute of Sports Assessment-Patella
(VISA-P) questionnaire were assigned
to the Case group. Volunteers without
knee pain and a VISA-P score of >80
were assigned to the Control group.
Interventions: We utilized a 2:1 ratio
of non-injured (n = 40) to injured ath-
letes (n = 20) for a logistic regression
analysis, creating 20 triads matched on
sex and age (+5 yrs). Main Qutcome
Measures: A Condition (2) x Sex (2)
ANOVA approach was used to identify
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group differences for 4 variables: stand-
ing Q-angle, BMI, waist-to-hip ratio,
and 17-point LESS score (o = 0.05).
Odds ratios were calculated using con-
ditional logistic regression in effort
to identify the extent to which these
4 factors increased the risk of patellar
tendinopathy. Results: As expected,
ANOVA results indicated that the av-
erage Q angle for female participants
(14.6 = 3.6 deg) was significantly great-
er than the male participants (10.1 3.2
deg) (p =0.03). The Case group’s LESS
scores (4.4 = 1.4) were not statistically
different from the Control group (3.8
1.3) [p = 0.11]. Results of the logistic
regression analysis did not reveal any
significant increased risk of patellar
tendinopathy associated with standing
Q angle, LESS scores, BMI, or waist-
to-hip ratio (p > 0.05). Conclusions:
Our findings indicated that standing
Q angle, BMI, waist-to-hip ratio and
LESS test score were not significant
predictors of patellar tendinopathy
risk in this sample of intercollegiate
athletes. Future studies should involve
prospective, longitudinal experimental
designs with a similar population, but
employ different outcome measures in
the continuing effort to establish causal
relationships for patellar tendinopathy.

The Risk of Match Injuries in
Amateur US Men’s Rugby

Lopez V, Marcano ED, Ma R,
Hume PA, Cantu RC, Victoria C,
Mettry MT, Pierre DM, Pandit KV,
Allen AA: Rugby Research and
Injury Prevention Group, Hospital
for Special Surgery, New York, NY;
Auckland University of Technolo-
gy, Sports Performance Research
Institute, Auckland, NZ; Rugby
Codes Interdisciplinary Research
Group, NZ; USA Rugby Empire and
New England Geographic Union
RFUs, New York, NY, and Boston,
MA; Northeast Rugby Academy,
USA Rugby Development Program,
USOC-Community Olympic Devel-
opment Program, New York, NY;
PHLEX NYC Physical Therapy &
Advanced Recovery Studio, New
York, NY; University of Missouri,
Missouri Orthopaedic Institute &
Thompson Laboratory for Regener-
ative Orthopaedics, Columbia, MO;
Auckland University of Technolo-
gy, School of Sport & Recreation,
Founder, Sports Performance
Research Institute New Zealand,
Founding Member SPRINZ Rugby
Codes Interdisciplinary Research
Group, Associate Member, Nation-
al Institute for Stroke and Applied
Neurosciences (NISAN), Direc-

tor SPRINZ J.E. Lindsay Carter
Kinanthropometry Clinic & Archive,
Auckland, NZ; Center for the Study
of Traumatic Encephalopathy,
Boston University School of Med-
icine, Boston, MA; Department of
Neurosurgery and Sports Medicine,
Emerson Hospital, Concord, MA,;
Neurologic Sports Injury Center,
Brigham and Women'’s Hospital,
Boston, MA; Sports Legacy Insti-
tute, Waltham, MA; World Rugby,
Independent Concussion Group,
Dublin, Ireland; New York Universi-
ty, Global Institute of Public Health,
New York, NY; City University of
New York, City College, New York,
NY; State University of New York,
Stony Brook, Suffolk, NY; Hofstra
University, Hempstead, NY; Sports
Medicine and Shoulder Service,

Hospital for Special Surgery, New
York, NY; National Basketball
Association, New York Knicker-
bockers, New York, NY; USA
Basketball, Colorado Springs, CO

Context: Rugby-7s is an emerging
Olympic collision sport in the U.S.
International elite play among both
genders, has a high incidence of injury.
Injury data on U.S Rugby-7s is lacking.
Objective: To provide match injury
epidemiology data for U.S. Rugby-
7s. Rugby-7s (7-players-a-side rugby
union) is an emerging Olympic colli-
sion sport in the U.S. Rugby Union in
the U.S. has seen exponential participa-
tion and growth, played on greater than
425 university campuses, and consid-
ered a strategic market for World Rugby
(Chadwick, Center for the International
Business of Sport, Coventry University
2010; WorldRugby.org). International
elite play has been found to have a high
incidence of injury (men = 106/1000ph
& women = 187/1000ph) (Fuller CISM
2010, Gabb BJSM 2014). Injuries in
U.S. rugby are not well studied and
even less on U.S. Rugby-7s with a sig-
nificant head/ neck injury rate reported
in the amateur to elite U.S. Rugby-
7s cohort (Lopez AJSM 2012, Lopez
OJSM 2014; Lopez MSSE 2016). U.S.
Rugby’s relegation to club status, in-
cluding at the collegiate level, has re-
sulted in its exclusion from instituted
injury surveillance systems (NCAA-
ISS, National Federation of HS &
National Catastrophic Injury in Sport).
Knowledge on the incidence and mech-
anism of injuries will guide appropriate
sports medicine protocols necessary for
this sport. Athletic trainers will need to
be notified of the mechanisms of injuries
and severity encountered to guide care.
Design: Prospective epidemiology study.
Setting: USA Rugby-sanctioned national
tournaments (39 U.S. Cities). Patients or
Other Participants: Male U.S. players
(n = 7565) competing at various levels:
college; adult/ senior; sub-elite; and elite.
Interventions: Injury data knowledge in-
jury data will provide population-specific
evidence-based data to guide injury pre-
vention protocols for the U.S. playing
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cohort. Main OQOutcome Measures:
Incidence rate of all time-loss injuries
and severity captured via the Rugby
Injury Survey and Evaluation (RISE)
methodology (2010-2014). Results:
Rugby-7s male time-loss match injuries
occurred at49.9/1000 ph (CI: 43.9-56.6)
or 11.7/1000AE (CI: 10.3-13.2) (n =
243). Higher injury rates were observed
among sub-elite (18.0/1000 AE), elite
(15.5/1000 AE), adult (11.7/1000 AE)
and lowest among collegiate (3.7/1000
AE) players. Mean injury severity of
27 days (CI: 22.7-31.5) before return
to sport was noted. Most injuries oc-
curred to the lower extremity (43.2%).
Most commonly injured body part was
the head/face (20.2%). Recurrent injury
rates were frequent at 22% (71% occur-
ring within 12 months). Concussions
were 13.2% of all time loss injuries,
with a mean severity of 27.4 days (CI:
19.4-35.3). Conclusions: Our observed
injury rates were lower than those re-
ported in elite international cohorts.
Tackling is the most common cause of
injury in our cohort, education in tack-
ling technique may be important in the
prevention of injuries among all levels.
Knowledge among playing levels and
age groups would guide sport-specific
data to nurture welfare and safety pro-
tocols. This knowledge would educate
and prepare the current and future ath-
letic training population on what types
of injuries to address in this emerging
sport. The potential to guide care at
these events will promote safe growth
of Rugby-7s.

Functional Asymmetries and
Lower Extremity Injury: Direct
and Indirect Effects

Clifton DR, Yang J, Best T,
Chaudhari A, Comstock RD,
Persch A, Onate JA: School

of Health and Rehabilitation
Sciences, The Ohio State
University, Columbus, OH;
Jameson Crane Sports
Medicine Institute, The Ohio
State University, Columbus,
OH; Nationwide Children’s
Hospital, Columbus, OH;
University of Miami, Coral
Gables, FL; University of
Colorado-Anschutz, Aurora, CO

Context: An inherent risk of lower ex-
tremity (LE) musculoskeletal (MSK)
injury occurs during athletic participa-
tion. Methods for identifying individu-
als most likely to sustain injuries during
sport participation have been studied in
an attempt to develop injury prevention
programs. To date, no gold standards
exist for identifying athletes at highest
risk. This gap in knowledge may result
from a focus on risk factors’ direct ef-
fects on injury and a lack of understand-
ing of their indirect effects. Objective:
Identify direct and indirect effects of
functional performance asymmetries,
as well as drop landing technique, on
odds of LE MSK injury in boys’ and
girls’ high school soccer and basketball
athletes. Design: Prospective cohort
study. Setting: High school soccer and
basketball athletics. Patients or Other
Participants: Male and female high
school soccer and basketball athletes.
Interventions: Prior to the start of their
competitive sport season participants
underwent four functional assessments:
ankle dorsiflexion (DF) range of motion
(ROM) asymmetry, single leg anterior
reach (SLAR) asymmetry, anterior sin-
gle leg hop for distance (SLHOP) asym-
metry, and Impression Landing Error
Scoring System (iLESS) performance.
Participant questionnaires also captured
age, sex, sport, and injury history. Main
QOutcome Measures: LE MSK inju-
ry data were reported throughout each

sport season by certified athletic train-
ers using the injury surveillance system
High School Reporting Information
Online. Linear and logistic regressions
were used to assess whether any of the
four functional performance variables
were directly or indirectly related to LE
MSK injury. An example of an indirect
effect was SLAR asymmetry increasing
injury risk by increasing SLHOP asym-
metry. Statistical significance was set
a priori at p < 0.05. Statistical signifi-
cance of indirect effects were assessed
using 95% bootstrapped confidence
intervals (CI); an indirect effect was
considered statistically significant if
the 95% bootstrapped CI didn’t include
0.00. Results: Participants included
1,384 males (age = 15.66 + 1.22 years,
height = 1.77 + 0.09 m, weight = 68.97
+ 13.15 kg) and 1,261 females (age =
15.49 £ 1.17 years, height =1.65 £ 0.07
m, weight = 60.54 + 10.12 kg). None
of the four functional performance mea-
sures were directly or indirectly related
to injury. Only injury history was sig-
nificantly related to future LE MSK in-
jury. Patients who reported a previous
injury were 2.21 (95% CI = 1.38, 3.53,
p = 0.001) times more likely to suffer
a future LE MSK injury. Conclusions:
Ankle DF ROM asymmetry, SLAR
asymmetry, SLHOP asymmetry, and
iLESS performance were not related
to LE MSK injury, directly or indirect-
ly, and therefore may not be helpful
in identifying high school athletes at
greatest risk of injury. Future research
should evaluate the predictive power
of other functional performance tests.
Injury history was directly related to
an increased likelihood of future injury,
highlighting the need to obtain accurate
injury history during pre-participation
evaluations and the ongoing need to de-
velop effective primary injury preven-
tion programs.
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Higher Odds of Collegiate
Lower Extremity Injury in
Student Athletes With History
of Lower Extremity Surgery
Before Entering College
Athletics

McCullough JI, Sanfilippo JL,
Kliethermes SA, Brooks MA:
University of Wisconsin,
Madison, WI

Context: Injury rates in high school ath-
letes continue to rise, including lower
extremity (LE) surgeries. LE surgeries
can have significant short and long-term
impacts including shortening the play-
ing career of high school, collegiate and
professional athletes. One recent study
has shown that previous knee surgery
leaves collegiate athletes more suscep-
tible to future knee injury, especially
those requiring another surgery; how-
ever there is limited research on other
LE surgeries and risk of subsequent
injury in collegiate athletes. Objective:
Compare the risk of LE injury during
collegiate sports participation in athletes
with history of LE surgery to those with
no history of LE surgery prior to colle-
giate enrollment. Design: Retrospective
cross-sectional review. Setting: Divison
1 collegiate athletics. Patients or Other
Participants: 354 athletes from 12 sports
[basketball (BB), football (FB), golf
(G), ice hockey (HK), soccer (SC),
softball (SB), volleyball (VB), and
wrestling (WR)] Interventions: All
athletes were grouped based on a med-
ical records review indicating if they
had sustained a lower extremity surgery
within 5 years preceding their freshman
year of college (surgical group N = 35:
BB N = 1,3%; FB N = 13,37%; GF N
=0, HK N = 5,14%; SC N = 9,26%;
SBN =0, VBN =2,6% WRN =
5,14%). Main Outcome Measures:
Independent T-tests compared the sur-
gical and non-surgical group based on
number of non-contact injuries during
collegiate participation, days to first
collegiate injury, and days lost with
first injury. To further examine odds of
LE injury among the two groups, mul-
tivariable models were used to control

for years of participation and number
of competitions. Results: A higher
proportion of athletes with history of
LE surgery prior to collegiate enroll-
ment sustained a non-contact LE inju-
ry during their collegiate participation
compared to athletes with no history of
LE surgery [69% (24 athletes sustain-
ing a total of 35 injuries) in the surgical
group vs 40% (127 athletes sustaining a
total of 319 injuries) in the non-surgical
group, p < 0.001]. Controlling for years
of participation and number of games
played, athletes with a previous histo-
ry of LE surgery prior to participation
in collegiate athletics had a 2.82 times
higher odds of sustaining a subsequent
collegiate LE injury than those with-
out a history of LE surgery (OR 2.82,
95% CI:1.29 — 6.17, p = 0.009) prior
to participation in collegiate athletics.
There was no significant difference in
days to first collegiate injury [192.5
(221.6) vs 271.3 (273.8), p = .20], or
days lost with first injury [34.39 (36.91)
vs 32.77 (66.87), p = 0.87] compar-
ing LE surgical group to non-surgical
group. Conclusions: Athletes who en-
tered collegiate athletics with history of
LE surgery were at almost three times
higher odds to sustain a time loss LE
injury during their collegiate sports par-
ticipation than their peers with no sur-
gical history. More extensive collegiate
pre-participation exams, screening and
interventions may be necessary to re-
duce injury risk.
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Free Communications, Rapid Fire Oral Presentations: Delivery of Health Care in

the Collegiate Setting

Friday, June 29, 2018, 7:00AM-7:45AM, Room 217-219; Moderator: Brant Berkstresser, MS, ATC, LAT

Assessment of the Delivery

of Athletic Health Care at the
Division | Football Championship
Subdivision-Level

Sawyer QL, Valovich McLeod TC,
Welch Bacon CE, DeZeeuw T: A.T.
Still University, Mesa, AZ; Phoenix
Suns, Phoenix, AZ; Colorado State
University, Fort Collins, CO

Context: There are concerns about
adequate staffing, the consistency of
quality medical care, and organization-
al preparation for the changing land-
scape of professional athletic training
education at the Division I Football
Championship Subdivision (FCS) lev-
el. The Appropriate Medical Coverage
for Intercollegiate Athletics document
(AMCIA) assesses university demo-
graphics to ensure adequate athletic
trainer (AT) staffing; however, a previ-
ous study of Division I Football Bowl
Subdivision institutions showed they
typically did not have the recommend-
ed number of ATs. Objective: To deter-
mine the degree which Division I FCS
institutions utilize the AMCIA to meet
staffing recommendations. Design:
Cross-sectional ~ Setting: Web-based
survey Patients or Other Participants:
53 of 125 ATs (42.4% response rate;
age = 43.4 = 9.7 years, AT experience
= 20.7 + 8.1) with knowledge of bud-
get and staffing at their FCS institution
completed the survey. Interventions:
Participants were solicited via email
to complete the Incorporation of
AMCIA Guidelines at NCAA FCS-level
Institutions survey. The survey was
modified from a previously validated
survey; questions about organizational
use of AMCIA for staffing decisions
were used for this inquiry, along with
questions about preparation for the
change in athletic training profession-
al education and the institution’s use
of graduate assistants. Main Qutcome
Measures: The dependent variables
were participants’ responses to the sur-
vey items. Descriptive analyses (mean

+ SD, frequencies, percentages) were
utilized to describe institutional char-
acteristics and assess familiarity with
and use of AMCIA for staffing deci-
sions, including changes to the grad-
uate assistant model. Results: The
number of full-time ATs on staff was
6.2 £ 3.0 (range = 1-14). Only half of
respondents (n = 27/53) stated they use
or used the AMCIA at their university.
For those who responded yes, 96.3%
(n = 26/27) listed increased staffing as
a reason, while 40.7% listed curiosity.
For those who responded they did not
use the AMCIA, 52.6% (n = 10/19) felt
their efforts would be futile due to lack
of funding, while 26.3% (n = 5/19) list-
ed unfamiliarity with the AMCIA, and
26.3% (n=5/19) listed lack of adminis-
trative support. Fifty percent (n = 23/46)
reported having graduate assistant (GA)
ATs on staff (7.2 £ 5.5, range 1-14) with
60.4% (n = 32/46) investigating the im-
pact of the degree change on staffing.
The majority (56.3%, n = 18/32) were
unsure how GA positions would be
filled, while others considered hiring
interns (37.5%, n = 12/32), full-time
staff (31.3%, n = 10/32), part-time staff
(9.4%, n = 3/32), subsidizing clinic/
outreach (15.6%, 5/32), or developing
a residency program (12.5%, n = 4/32).
Conclusions: Almost half of FCS insti-
tutions failed to utilize the AMCIA to
make staffing decisions, primarily due
to financial constraints of the organi-
zations and administrative resistance.
Further, most institutions will need to
make significant decisions regarding
staffing as graduate assistantship posi-
tions are phased out. While many ATs
are unsure of how they would fill this
void, utilization of the AMCIA is one
method others have used to justify in-
creased staffing needs.

A Descriptive Analysis of the
National Collegiate Athletic
Association Division | Sports
Medicine Staff

Faso N, Ensign K, Simon JE,
Starkey C: Ohio University,
Athens, OH

Context: Females comprise more than
half of the National Athletic Trainers’
Association membership, but their rep-
resentation in Power Five conferences
has not been identified. Objective:
Determine the distribution of female
and male head athletic trainers (AT) in
the NCAA Division I Power Five con-
ferences and the frequency of same-sex
and opposite-sex sport assignments.
Design: Cross-sectional. Setting: Web-
based information retrieval. Patients
or Other Participants: The 65 univer-
sities in the Power Five Conferences
(the Atlantic Coast Conference, the
Big 12, the Big 10, the Pac-12, and the
Southeastern Conference [SEC]) were
used for this study. Twelve sports were
used to determine healthcare coverage:
football, men’s and women’s basket-
ball, men’s and women’s soccer, base-
ball, softball, volleyball, wrestling, and
women’s gymnastics. Co-ed sports (i.e.,
swimming and diving, and track) were
excluded from the study. Interventions:
The universities’ athletic department
websites were used to locate data. The
individual designated as the “head ath-
letic trainer,” “director of sports med-
icine,” or similar title (Director) was
identified as female or male (in cases
of ambiguous participants, a search was
performed to determine biologic sex).
Primary sport healthcare responsibil-
ities were identified to determine the
sex of the provider relative to that of
the team. Cases were excluded if insti-
tutions did not offer the specific sport or
the AT assignment was not listed. Main
Outcome Measures: Frequencies of
same-sex to opposite sex health pro-
visions and leadership (Director) were
tabulated for the sample as a whole and
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for each conference. An odds ratio was
calculated to determine the distribution
of same-sex to opposite-sex sport as-
signment. Results: Of the 65 universi-
ties we identified the roles of 780 ATs
and 65 Director positions, of which 56
males (86%) and 9 (14%) females were
identified as Director. All conferences
except the SEC had at least one female
Director. Same-sex sport assignments
were more frequent for all sports (N
=492, 63.1%). Opposite-sex sport as-
signments occurred more frequently
with female sports being assigned a
male AT, with women’s soccer having
19 male ATs (29.2%) and softball hav-
ing 13 (20.0%). Football and men’s soc-
cer had the most female ATs assigned
to the teams with 4 (6.2%) each. The
odds ratio for the overall group data
was 2.42; CI = 1.42, 4.11, indicating
that there was a 2.42 higher chance that
the sports would have a same-sex AT
assigned. Conclusions: Females are
underrepresented in the Director role
in the Power Five conferences. Most
collegiate healthcare services are pro-
vided by individuals having the same
sex ATs as the team. Opposite sex sport
assignment occurred most frequently in
cases where male ATs were assigned to
female sports. Football and men’s soc-
cer accounted for the highest number of
female ATs working with opposite-sex
sports.

Organizational Culture’s Effect
on Injury Treatment Decision
Making

Pike AM, Bowman TG, Mazerolle
SM: Department of Kinesiology,
University of Connecticut, Storrs,
CT, Lynchburg College, Lynchburg,
VA

Context: Athletic trainers (ATs) are
often faced with making difficult deci-
sions, especially pertaining to athletes’
readiness to return-to-play following
injury. Values of ATs and coaches are
often dichotomous, and the pressure
to make premature return-to-play de-
cisions either to satisfy a coach or for
job security purposes does not allow
ATs to operate in the best interests of
athletes. Currently, it is unknown how
pressures from coaches may alter de-
cision making of ATs. Objective: To
investigate the occurrence of organiza-
tional conflict regarding medical deci-
sions of ATs across various athletic affil-
iations. Design: Online survey. Setting:
Collegiate setting (National Collegiate
Athletic Association (NCAA), National
Association of Intercollegiate Athletics
(NAIA), National Junior College Athletic
Association (NJCAA)). Patients or Other
Participants: 434 ATs responded to the
survey (average age = 27.73 + 3.24; av-
erage years certifiedas AT=5.17+2.67).
Respondents represented the following
affiliations: NCAA Division 1 (D1) (n=
199), Division 2 (D2) (n = 67), Division
3 (D3) (n = 108), NAIA (n = 37), and
NICAA (n = 23). Interventions: Two
researchers developed the instrument
and sought expertise from a peer re-
viewer. The survey was administered
online using QuestionPro software, with
job setting as the primary independent
variable. Main Outcome Measures:
Likert Scale questions (1 = strongly
agree, 5 = strongly disagree) related to
organizational pressures within athletic
departments. Kruskal-wallis one-way
analysis of variance assessed for differ-
ences in organizational conflict across
athletic affiliations. Mann-Whitney U
post hoc tests determined where differ-
ences occurred. Results: We obtained

a 14.47% (434/3,000) response rate.
Significant differences between affilia-
tions were observed for “If a new coach
was hired, I’d worry about job securi-
ty” (p =.001), and “My job depends on
pleasing coaches” (p = .008). Post hoc
results found that D1 ATs disagreed sig-
nificantly less than D2 (D1 mean rank
=126.73, D2 mean rank = 153.60, U =
5319.5, p = .008), D3 (D1 mean rank
= 141.25, D3 mean rank = 177.49, U =
8209, p < .000), and NJCAA ATs (D1
mean rank = 108.76, NJCAA mean rank
=135.20, U= 1743.5, p=.046) with the
first statement. Significant differences
were found between D1 and D3 ATs
(D1 mean rank = 144.33, D3 mean rank
=171.81, U= 8822.5, p =.006), as well
as D1 and NJCAA ATs (D1 mean rank
=107.67, NJCAA mean rank = 144.63,
U = 1526.5, p = .006) with the second
statement. No differences across all af-
filiations existed regarding pressures
ATs face to allow athletes to play before
they are comfortable (median = 4), and
level of support received from coach-
ing staffs regarding clinical decisions
ATs make (median = 2). Conclusions:
Pressures ATs face from coaches re-
garding return-to-play decisions did
not differ across NCAA, NAIA, and
NJCAA affiliations. ATs working in the
D1 setting placed a higher emphasis
on the role that coaches play on their
job performance and overall job secu-
rity. However, these data collectively
demonstrate ATs are receiving less pres-
sure from coaches compared to previ-
ous literature and media reports.
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Leadership Development Among
Clinical Collegiate Athletic
Trainers: Perceived Importance,
Practices, and Barriers

Gomez CJ: Delaware State
University, Dover, DE

Context: Understanding the beliefs, cur-
rent practices, and barriers of leadership
development among clinical collegiate
athletic trainers (ATs) will provide valu-
able information to enhance leadership
development opportunities for this pop-
ulation. Objective: The objective of the
study was to identify the perceptions
and practices of leadership development
among ATs in the collegiate clinical set-
ting. A secondary objective was to iden-
tify the barriers to and preferred delivery
of leadership development opportunities.
Design: Cross-Sectional Survey Setting:
This study utilized an online survey in-
strument. The target population was col-
legiate clinical ATs. Patients or Other
Participants: The participants were 1000
randomly selected Athletic Trainers who
currently work in the clinical setting at
the collegiate level. Of those surveyed,
187 respondents completed the survey,
for a response rate of 18.7%. Of those
respondents, 84 (8.4%) participants indi-
cated that they currently work in a clinical
setting. Interventions: The Leadership

in Athletic Training survey was devel-
oped and validated for this study through
an expert review, focus group, and pilot
study. The surveys were sent to the par-
ticipants via email. The surveys collected
demographic information and informa-
tion about the participants’ perceptions of
the value of leadership in the profession,
ways in which they participate in leader-
ship development, perceived barriers to
leadership development, and preferred
delivery methods of leadership devel-
opment opportunities. Main Qutcome
Measures: The four primary main out-
come measures included 1) perceived
perception of the importance of leader-
ship development, 2) leadership develop-
ment practices, 3) barriers to leadership
development, and 4) preferred methods
of leadership development. Results: Of
the 84 respondents, 51% were male and
49% were female, and 62% of respon-
dents were between the ages of 25-40
and had been certified for 1-15 years.
The respondents were 94% caucasion
and 83% had master’s degrees. One quar-
ter of the participants (24%) were Head
ATs and half (49%) were Assistant ATs.
Nearly one-half (48%) of the respondents
worked at the NCAA-DI level and 23%
worked at the NCAA-D3 level. Thirty-
nine percent of the repondents indicated
holding a leadership position. The ATs
agree or strongly agree that Leadership

Development should occur throughout
their entire career (89%) and is important
to them personally (87%). The ATs also
agree or strongly agree that Leadership
can advance and enhance the recogni-
tion of the profession (94%) and can im-
pact patient outcomes (82%), turnover
rates (78%), burnout (71%), and work/
family conflict (65%). The ATs reported
they had been involved in leadership de-
velopment during an educational setting
(33%), during their career (60%), and in
the past year (60%). The most common
methods of leadership development that
the ATs participated in were individual
readings, informal mentorships, scenario
discussions, and continuing education at a
national convention. About half of the re-
spondents (47%) have engaged in leader-
ship development in the past year, mostly
utilizing informal methods of leadership
development. Respondents primarily pre-
fer to participate in less-structured leader-
ship development opportunities and list
time as their largest barrier to engaging
in leadership development. Conclusions:
ATs believe leadership development
should continue throughout their career
and is important for them and for the pro-
fession. More than half of the respondent
indicated they were involved in some
level of leadership development in the
past year. Most leadership development
is informal.

In what manner do clinical collegiate Athletic

Trainers participate in Leadership Development?

During Educational Program: n=26 (33%)

— At Some Point in Career: n=47 (60%)
~ In the Past Year: n=47(60%)

llead
StarTracks

Facilitated Reading
Individual Reading

Informal Mentorship

Formal Mentorship

Residency
Self-Assessment
Scenario Discussion
Web Lecture

Web Interactive
National CEU

State CEU

Other CEU

m Education
| Career

m Past Year

Work

Other Seminar
College Course
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Female Athletic Trainers’
Perceptions of Challenges
Associated With Providing
Athletic Training Services to
Collegiate Ice Hockey Players
Young RA, Thrasher AB, Snyder
MM: Western Carolina University,
Cullowhee, NC

Context: Female athletic trainers (ATs)
are obtaining roles traditionally held
by male ATs; however, they might face
challenges with gaining employment
and upward mobility. Prior research has
explored experiences faced by female
ATs providing care to football, yet chal-
lenges associated with providing care to
collegiate ice hockey have not been ex-
plored. Objective: Explore challenges
faced by female ATs providing care to
collegiate ice hockey players. Design:
Phenomenological Qualitative Setting:
Individual phone interviews Patients
or Other Participants: 15 female ATs
who provide athletic training services to
collegiate ice hockey players participat-
ed in this study (34.9 + 7 years; provid-
ing care to men’s ice hockey: 8, wom-
en’s: 7, NCAA Division I: 9, Division
III: 6). Data saturation guided the num-
ber of participants. Data Collection
and Analysis: Participants were inter-
viewed via phone using a semi-struc-
tured interview guide. Interviews were
recorded and transcribed verbatim.
Data were analyzed through phenom-
enological reduction, with data coded
for common themes and subthemes.
Trustworthiness was established via
peer review and multi-analyst triangu-
lation. Results: Four themes emerged:
1) role entry, 2) challenges, 3) success-
es, and 4) respect. Role entry for some
participants required previous hockey
experience, while others “lucked” into
the role. Barriers to role entry were due
to concerns from coaches about females
working with male hockey players.
Challenges faced by our participants in-
cluded facility and travel logistics such
as athletic training rooms inside of lock-
er rooms, balancing the heavy workload
and personal life, and upward mobility
into professional ice hockey. Initially,

age was a challenge because many par-
ticipants entered into their role early in
their career and had to prove themselves.
Gender was not seen as a big challenge.
Many participants reported successes in
their career, such as support from peers,
coaches, and administration, appropri-
ate relationships formed with patients,
athletic team successes, and patient
care successes including injury preven-
tion. Other successes included gaining
additional roles and responsibilities
and being promoted within their orga-
nization. Participants felt well respect-
ed in their roles; often this was due to
working hard to earn respect, building
relationships, and the culture of respect
cultivated in their institution and within
athletic training services. Participants
also thought personal characteristics,
such as working hard, committing to the
team, and proving themselves impacted
respect. Conclusions: Most of our par-
ticipants felt that gender was not a large
factor impacting their role as an AT with
collegiate ice hockey. Bigger challeng-
es were associated with age; however,
some felt they had to work harder as fe-
males to prove themselves and gain re-
spect. Participants faced challenges and
successes that all ATs face, regardless
of gender or setting. Gender may play
arole in initially obtaining employment
with male ice hockey teams; however,
as more female ATs enter into this set-
ting, it becomes less challenging.
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Free Communications, Rapid Fire Oral Presentations: Clinical Tips for Improving

Outcomes Following Anterior Cruciate Ligament Reconstruction
Friday, June 29, 2018, 8:00AM-9:00aM, Room 217-219; Moderator: Christopher Kuenze, PhD, ATC

Unresolved Knee Pain in a
Multisport Interscholastic
Athlete

Wagner D, Rothbard M, Pavlu
M: Southern Connecticut State
University, New Haven, CT;
Nauset Regional High School,
Nauset, MA

Background: A 16 year-old female
multisport interscholastic athlete pre-
sented to the AT 6 weeks after being
kicked in the anteromedial right knee.
The patient reported persistent knee pain
and swelling that increased secondary
to activity. The athletic trainers’ phys-
ical examination identified swelling in
the pes anserine, deep to a surgical scar.
Palpation elicited point tenderness over
the pes anserine that was hard in nature.
AROM was limited due to pain. PROM
was full, but painful. MMT was 5/5
with pain. All stability tests were nega-
tive and the patient was neurovascularly
intact. The patient’s medical history was
significant for a right ACL autograft 3
years prior, involving biodegradable
screws at the tibial and femoral graft at-
tachment sites. Differential Diagnosis:
Contusion, pes anserine bursitis, pes an-
serine tendinopathy, medial tibial con-
dyle avulsion, and infection. Treatment:
Initial treatment included massage and
therapeutic ROM exercises. The patient
was permitted to continue with activi-
ty. Status-post 8 weeks, the patient was
not improving and was referred to the
orthopedist who performed her ACL re-
construction. The orthopedist differen-
tially diagnosed the patient with pes an-
serine hematoma or bursitis deep to the
surgical scar. The orthopedist instructed
the patient to continue with the athlet-
ic trainer’s plan of care and re-evaluate
as necessary. Status-post 10 weeks, the
patient continued to report no chang-
es and was referred to a primary care
sports medicine specialist (PCSMS).
The PCSMS’s physical examination
identified continued medial knee ex-
tra-articular swelling, tenderness, full

AROM, and normal stability. An MRI
was ordered and revealed an extrusion
of the tibial screw over the pes anser-
ine. Additionally, the PCSMS ordered a
diagnostic US which revealed a signif-
icant soft tissue thickening around the
extruded screw, and referred the patient
back to the orthopedist. Status-post 12
weeks, the patient reported a fever and
increased pain, swelling, and erythema.
The patient was seen by her primary
care physician, prescribed antibiotics,
and was referred back to the orthope-
dic surgeon. Four days later without
improvement, the patient went to the
emergency department. The attending
physician ordered blood work that iden-
tified a systemic infection. The patient
was referred to an in-house orthopedist,
admitted, prescribed IV antibiotics,
and scheduled for surgery to remove
the hardware. Two days post-op, the
patient was instructed to continue with
oral antibiotics, analgesics, anti-inflam-
matories, discharged, and instructed
to follow up with the initial orthope-
dist. Status-post 14 weeks, the patient
was seen by the initial orthopedist for
suture removal. Physical examination
revealed a resolved infection and a
well-healed incision. The patient was
permitted to return gradually to activi-
ty, discharged, and instructed to return
if any complications developed. Status-
post 4 months, the patient noticed an
object surfacing from the scar and
manually removed the remaining screw
fragment. The patient returned to full
activity without further complications.
Uniqueness: Biodegradable screw com-
plications typically spur from a torsional
force; however, this rejection resulted
from acute compression. Additionally,
infectious complications occur in 0.2%
of biodegradable hardware, with a reop-
eration rate of 0.3% due to device-re-
lated problems. Lastly, biodegrad-
able hardware is designed to degrade
within one year, with full osteointe-
gration requiring 3 years post-sur-
gery; however, this patient’s screw

was removed in full continuity.
Conclusions: Retraction of a tibial
ACL graft screw should be considered
in post-ACL reconstruction patients
presenting with persistent pain, swell-
ing, and erythema over post-surgical
sites. Also, reconstruction anchor screw
retraction can occur in athletes with
acute compression forces at the knee.
Moreover, it is critical to understand
that biodegradable hardware degrades
at different rates. Consequently, a lack
of degradation can lead to foreign body
reactions. As such, it is important to
monitor the patient’s progress, recog-
nize a lack of biodegradable hardware
degradation, and refer when necessary.
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Is the Quadriceps Tendon
Superior to the Patellar Tendon
as an Autograft Choice in ACL
Reconstruction? Outcomes of
Muscular, Physical, and Patient-
Reported Function

Hunnicutt JL, Adams KB, McLeod
MM, Gregory CM, Slone HS:
Medical University of South
Carolina, Charleston, SC; College
of Charleston, Charleston, SC

Context: Various graft types in anterior
cruciate ligament reconstruction (ACLR)
can affect long-term outcomes. The pa-
tellar tendon (PT) autograft remains the
standard graft of choice for anterior cru-
ciate ligament reconstruction (ACL),
but several complications, such as ante-
rior knee pain and increased donor site
morbidity, provide reason to continue
the search for a more optimal graft. The
quadriceps tendon (QT) offers a unique
soft-tissue option with larger and stronger
anatomical area from which to harvest
the graft. However, there is little infor-
mation on long-term clinical outcomes.
Objective: To compare muscular, func-
tional, and patient-reported outcomes in
individuals with QT versus PT autografts.

The hypothesis is that individuals with
QT autografts will demonstrate superior
outcomes. Design: Retrospective cohort.
Setting: Research laboratory setting.
Patients or Other Participants: Active
individuals with history of primary, uni-
lateral ACLR with QT or PT autografts
are recruited. Data collection is ongoing
and will yield a larger sample size at time
of presentation. To date, we have collect-
ed 12 participants: 28 years; 10 males; 12
mo. post-ACLR; Tegner Activity Level
= 7 £ 2. Interventions: Knee extensor
maximum voluntary isometric contrac-
tion (MVIC) and peak isokinetic strength
at 60°/s was measured bilaterally with an
isokinetic dynamometer, and normalized
to body mass. Voluntary activation defi-
cit (%) was determined by superimposing
a burst of electrical stimulation over the
quadriceps muscle during MVIC testing.
Maximal cross-sectional area was mea-
sured bilaterally for each of the quad-
riceps muscles via magnetic resonance
imaging (MRI). Assessor was blinded to
graft type and side of ACLR. Functional
testing included the single leg hop test.
Limb symmetry indexes were expressed
as a percentage of involved limb over un-
involved limb. Self-reported function was
determined with the International Knee

Documentation Committee (IKDC) ques-
tionnaire. Main Outcome Measures:
The independent variable is autograft
group. The dependent wvariables are
MVIC, isokinetic strength, cross-section-
al area, and hop test scores expressed as
limb symmetry indexes (%), in addition
to IKDC scores. Given the small sample
size, the nonparametric Wilcoxon rank-
sum test was used to compare interlimb
differences between QT and PT autograft
groups. Results: Means, standard devi-
ations, and p-values from 12 individuals
are presented in Table 1. Contrary to the
hypothesis, there were no significant dif-
ferences between groups. Conclusions:
Although individuals with QT autografts
did demonstrate deficits in muscle size
and function in the reconstructed limb,
these deficits were comparable to those in
individuals with PT autografts. Surgeons
can feel more confident in the long-term
clinical effects of using this procedure
compared to the more standard PT auto-
graft approach. The results of this study
provide new information to guide athletic
trainers to understand the long-term out-
comes and tailor rehabilitation specifi-
cally for patients with QT autografts.

Table 1. Limb Symmetry Indexes and Patient-Reported Outcomes between QT and PT

Autograft Groups

QT Autograft PT Autograft I
(n=6) (n=6) p-value
Knee Extensor MVIC 79.6 £ 23.4 61.4 + 16.6 0.150
(%)
Activation 101.2 + 5.1 93.5+ 10.7 0.200
(%)
Isokinetic Strength 74.0+ 94 67.5+17.8 0.748
(%)
Vastus medialis CSA 80.0+2.0 76.4 +13.1 0.439
(%)
Vastus lateralis CSA 86.7 7.0 91.0 £ 27.2 0.999
(%)
Vastus intermedius CSA 82.8 6.7 77.7 £ 14 .1 0.302
(%)
Rectus Femoris CSA 87.3+13.0 85.4 +10.3 0.796
(%)
Hop Test 849 +71 87.1+127 0.873
(%)
IKDC Score 68.9+5.9 71.5+ 4.6 0.469

* = significant p values (p<0.05). QT = quadriceps tendon, PT = patella tendon, MVIC =
maximum voluntary isometric contraction, CSA=cross-sectional area
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Clinical Predictors of ACL
Reconstruction Outcomes
Nine Months After Surgery

Bell DR, Trigsted SM, Schaefer
DA, Post EG, Biese K: University
of Wisconsin-Madison, Madison,
WI

Context: Many patients display signifi-
cant neuromuscular and biomechanical
deficits after anterior cruciate ligament
reconstruction (ACLR). These mechan-
ics are associated with high rates of
second ACL injury and poor surgical
outcomes. Currently, there is a gap in
knowledge about what metrics early in
rehabilitation are predictive of surgical
outcomes at the end of rehabilitation.
This information can positively impact
clinical decisions during rehabilitation
in order to improve care and improve
outcomes. Objective: To determine if
clinical tests (drop landing mechanics,
strength, and sport readiness scores)
collected four months post-ACLR are
predictive of patient reported outcomes
at nine months post-ACLR. Design:
Single cohort. Setting: Research labo-
ratory. Patients or Other Participants:
33 participants (18 females; 19.3 + 3.0
years; 173.7 £ 9.2 cm; 74.2 £ 16.7
kg) with a history of primary, unilat-
eral ACLR volunteered for this study.
Additionally, subjects were between
15-26 years of age and expressed desire
to return to sport at the end of rehabil-
itation. Participants were tested 4 and
9 months post-ACLR. Interventions:
Participants completed the International
Knee Document Committee 2000 sub-
jective form (IKDC) and ACL return-
to-sport after injury scale (RSI) at each
time point. Participants also completed
five successful trials of a drop landing
task. Participants landed from a 30cm
box to two force plates and then im-
mediately jumped for maximal height.
An electromagnetic tracking system
interfaced with non-conductive force
plates was used to capture joint motion
and forces during the drop-landing ma-
neuver. Isometric strength of the glu-
teus maximus, gluteus medius, quad-
riceps, and hamstring were measured

via dynamometer. Main Qutcome
Measures: The primary criterion vari-
able was IKDC score 9 months post-
ACLR. Predictor variables at month 4
included the reconstructed limb: IKDC
score, peak muscle strength, peak knee
and hip flexion angles, peak knee ex-
tension moment, vertical ground reac-
tion force (VGRF), and between limb
asymmetries for each variable (if ap-
plicable). Between limb asymmetries
were calculated as a percentage of the
uninvolved limb (% = involved limb/
uninvolved limb *100). A stepwise lo-
gistic regression was used to determine
variables assessed at month four that
predicted IKDC score at month nine (a
< 0.05). Results: IKDC (month 4: 70.3
+ 9.7%; month 9: 87.4 = 9.8%) and
RSI (month 4: 53.1 £ 25.1%; month
9: 65.3 £ 65.3%) scores increased
during the observation period. Knee
extension moment asymmetry (98.7 +
36.7%) and RSI at month four entered
into the model. They explained 70.7%
of the variance in month 9 IKDC score
(R2=0.707, P < 0.001). Conclusions:
Clinical as well as psychological met-
rics, measured 4 months post-ACLR,
are predictive of subjective knee func-
tion 9 months post-ACLR. More sym-
metrical knee extension moment and
higher scores on the RSI are associated
with better outcomes. Identifying fac-
tors associated with a positive outcome
later in the rehabilitation process may
provide clinicians with areas in which
to focus their rehabilitation efforts.
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ACL-R Patients Are Minimally
Responsive to Psychological
Intervention Coupled With
Physical Rehabilitation
Sheehan K, Zaichenko D,
Medina McKeon JM: Ithaca
College, Ithaca, NY

Context: Self-efficacy is a key factor
for sports performance and aslo for
rehabilitation performance following
injury. Psychological intervention has
been demonstrated to improve self-ef-
ficacy during sports performance, but
is rarely addressed for individuals in
a sports injury rehabilitation program.
Objective: To quantify the effect of psy-
chological intervention on knee-related
self-efficacy in ALC-R patients partic-
ipating in post-surgical rehabilitation.
Data Sources: PubMed was searched
through September 2017. Search terms
included iterations of “ACL”, “rehabil-
itation”, “adhere”, “psychology”, and
“postoperative”. The search was limit-
ed to studies published within the last
10 years and published in English. A
hand search followed. Study Selection:
Selection criteria required investiga-
tion of 1) psychological intervention
to enhance knee-related self-efficacy
and 2) included patients completing
ACL-R physical rehabilitation. Data
Extraction: The factors assessed was
psychological intervention (combina-
tions of guided imagery, relaxation, ed-
ucation). The outcome was knee-related
self-efficacy (self-efficacy) for present
and future knee ability, as measured
by the Athletic Injury Self-Efficacy
Questionnaire (AIESQ) or Knee Self-
Efficacy Scale (K-SES). For both
scales, 100% indicates highest knee-re-
lated self-efficacy. Two investigators
extracted means, standard deviations,
and sample sizes at 6wks, 24wks, and/
or 52wks post-surgery. Hedge’s g effect
sizes (ES) [95% Cls] were used to de-
termine the influence of psychological
intervention on self-efficacy at the dif-
ference time points. A summary mod-
el was used to pool these results. The
PEDro scale was used identify poten-
tial threats to validity. Data Synthesis:

Three studies met selection criteria and
were then analyzed. Study design var-
ied: 2 studies were RCTs; 1 study was a
nonrandomized clinical trial. Summary
knee-related self-efficacy mean = SDs
scores were similar at post-interven-
tion (psychological intervention = 83.4
+ 17.3% vs. control mean = 82.2 +
13.7%). The summary model indicated
that the pooled effect of psychological
intervention on self-efficacy was weak
(ES=0.2[-0.3,0.7], p=0.50). Included
studies had PEDro scores of 4/10, 4/10,
and 8/10. All 3 studies failed to blind
the patients and treating therapists.
Two studies did not randomize par-
ticipants or conceal group allocation.
Conclusions: Psychological interven-
tions are effective at enhancing reha-
bilitation outcomes and important com-
ponent of the recovery process, when
necessary. Knee-related self-efficacy is
a key factor in rehabilitation for postop-
erative ACL outcomes. Although psy-
chological intervention did not increase
knee-related self-efficacy, there was
a possibility that a ceiling effect may
have influenced the results. The aver-
age knee-related self-efficacy scores at
baseline were within less than 20% of
the maximum score. Additionally, there
was a chance that the regular interac-
tion with a clinician may have a simi-
lar effect to the experimental condition.
However, in those with a knee-related
self-efficacy deficit, psychological in-
tervention may be beneficial, and ulti-
mately improve clinical outcomes. ATs
should assess knee-related self-efficacy
and consider referring ACL-injured pa-
tients who demonstrate lower than ex-
pected self-efficacy scores.

Clinician Knowledge of Best
Practice After Anterior Cruciate
Ligament Injury

Reynolds N, Simon JE, Grooms
DR: Ohio University, Athens, OH

Context: Sports medicine profession-
als, namely athletic trainers and phys-
ical therapists play a key role in the
rehabilitation and recovery of anterior
cruciate ligament (ACL) injuries. The
best practices for ACL rehabilitation is
largely based on expert opinion with lit-
tle data on what clinicians are actually
doing and whether they are incorporat-
ing the latest recent evidence into their
rehabilitation practice. Objective: To
determine clinician knowledge of latest
evidence regarding post-operation ACL
rehabilitation. Design: Cross-sectional
survey. Setting: Online survey. Patients
or Other Participants: 18,506 people
were originally contacted to partici-
pate in this survey, all being members
of The Ohio Occupational Therapy,
Physical Therapy, and Athletic Trainers
Board. 1066 people started the survey;
a response rate of 5.8% and 936 people
completed the survey, for a response
rate of 5.1% however, there were only
693 usable (complete data) surveys for
analysis, making the final response rate
3.7% (37.53 + 10.59 years, 293 males,
397 females, and 3 unidentified). Two
hundred two (29.1%) of the respon-
dents had been credentialed in their
respective field for less than five years
and 172 (24.8%) of them had been cre-
dentialed for 5-10 years. Interventions:
A rehabilitation survey was used to as-
sess specific rehabilitation practices
(knowledge of potential neural changes
induced by injury, general rehabilitation
practices, and specific therapeutic ap-
plications) for ACL rehabilitation. Face
validity of the survey was established
through emailing the survey to six se-
lected experts in the field of Athletic
Training and\or Physical Therapy.
Qualtrics (Provo, UT) was used in or-
der to create and distribute the survey.
Main Outcome Measures: Descriptive
statistics were calculated for each ques-
tion. Two groups were created based on
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the question “Do ACL injuries cause
neuroplasticity?”. Chi square analysis
and Phi Coefficients were calculated
for the two groups regarding knowl-
edge of neuroplasticity and ACL injury,
and implementation of neurocognitive
strategies during early, mid, and late
stages of ACL rehabilitation. The alpha
level was set at p < 0.05 for all analy-
ses. Results: A majority of the partic-
ipants, 484 (69.8%), answered yes to
the question “Do ACL injuries cause
neuroplasticity?” and 461 (66.5%),
also answered yes to the question “In
your rehabilitation of ACL injuries do
you address neuroplasticity?”. Overall,
clinicians consider neurocognitive as-
pects in musculoskeletal rehabilitation
(n = 521; 75.5%). The Chi Square was
significant for two questions: “Do you
consider neurocognitive aspects in
your musculoskeletal rehabilitation or
prevention strategies?” (> = 8.44; p =
0.01; ¢ = 0.11) and “In your practice,
do you perform exercises for body parts
other than the ACL involved/injured
knee?” (x> = 5.51; p = 0.02; ¢ = 0.11).
However, the phi coefficients were
small indicating a low effect for the two
comparisons. Conclusions: The major-
ity of clinicians are incorporating latest
evidence into post-injury therapy and
assessment. Rehabilitation should not
only focus on motor learning but may
consider incorporating neurocognitive
training after a musculoskeletal injury.

A Comparison of Patient
Outcome Measures, Jump-
Landing Adaptations, and
Strength Deficits Between
ACL Reconstructed Individuals
and Matched Healthy Controls
Funk JW, Morrison KE, Stearne
D, Cattano NM: King University,
Bristol, TN; West Chester
University of Pennsylvania,
West Chester, PA

Context: Anterior cruciate ligament
tears are common among females and
these individuals are cleared by physi-
cians to resume normal activities after
anterior cruciate ligament reconstruc-
tion (ACLR), yet many still report poor
patient reported outcomes in the short
and long-term. It remains unclear as to
if these poor patient reported outcomes
may be linked to strength deficits or
landing characteristics post-ACLR.
Objective: To compare patient reported
outcomes (PRO), knee flexion and ex-
tension strength deficits, and Landing
Error Scoring System-Real Time
(LESS-RT) scores between females
with ACLR and matched healthy con-
trols (CON). Secondly, to determine if
a relationship exists between these vari-
ables. Design: Cross sectional cohort
study. Setting: Division II University.
Patients or Other Participants:
Twenty two physically active individ-
uals between the ages of 18 and 25.
Eleven physically active females with
unilateral ACLR and eleven healthy
controls matched by age, height, weight
and activity level. Interventions:
The independent variable was ACLR
(ACLR vs CON). Each partici-
pant completed the Knee injury and
Osteoarthritis Outcome Score (KOOS),
standardized testing procedure for the
Landing Error Scoring System-Real
Time (LESS-RT), and four repetitions
of bilateral isokinetic knee extension/
flexion testing at 60 degrees per second.
Independent t-tests were conducted
to determine if significant differences
existed between group. Pearson’s cor-
relations were run to determine sig-
nificant correlation between variables.

Statistical significance was set a priori
at p <0.05. Main Outcome Measures:
Dependent variables were PRO scores
in the 5 KOOS subscales, knee exten-
sion deficits (% strength compared to
healthy knee), knee flexion deficits (%
strength compared to healthy knee),
and LESS-RT scores. Results: ACLR
reported significantly lower PRO scores
in 4 of the 5 KOOS subscales. The pain
subscale was significantly lower in
ACLR (88.67 = 9.74) than CON (99.18
+ 1.94), p = 0.006. The symptom sub-
scale had the lowest mean score in the
ACLR group (77.67 = 21.76) vs CON
(95.55+5.66), p=0.017. The subscales
of sports/recreation and quality of life
were significantly lower in the ACLR
group (82.08 £17.12), (79.33 +17.19)
than CON (95.45 + 7.89), (97.82 +4.85)
respectively p = 0.027, p = 0.003.
The subscales of sport/recreation, and
symptoms were moderately, inversely
correlated with knee extension deficits,
respectively, (r = -.516, p = 0.012; r =
-0.449, p = 0.032). Knee flexion deficits
displayed a moderate, inverse correla-
tion with LESS-RT scores, (r = -0.434,
p = 0.039). Conclusions: Individuals
with ACLR are experiencing compli-
cations within 5 years post-ACLR.
While the KOOS has been proved val-
id and reliable at determining patient
outcomes, it may also be effective at
identifying those individuals who are
suffering from strength deficits. This is
especially useful in settings that do not
have access to expensive strength test-
ing equipment.
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Strength Measures at 12 Weeks
Following Anterior Cruciate
Ligament Reconstruction Are
Related to Biomechanical
Performance at Time of Return
to Sport

Vineyard AP, Garrison JC, Goto
S, Hannon JP, Bothwell JM:
Texas Health Sports Medicine,
Fort Worth, TX

Context: Hip and knee strength are both
considered to be important variables for
determining readiness for safe return to
sport following anterior cruciate liga-
ment reconstruction (ACL-R). Evidence
related to the amount of hip versus knee
strength in the early post-operative
phases and the ability of this ratio to
predict lower extremity biomechanical
performance at time of return to sport
(RTS) is limited. Objective: To compare
the relationship between hip abduction/
knee extension strength ratio at 12 weeks
post-operative ACL-R and lower extrem-
ity biomechanical performance at time of
RTS. Design: Correlational study design
Setting: Clinical Research Laboratory.
Patients or Other Participants: Twenty-
four ACL-R participants (age 15.4 + 1.1,
height 162.5 + 7.5 cm, weight 63.4 + 8.8
kg) were assessed for hip abduction and
knee extension strength at 12 weeks fol-
lowing surgery and lower extremity bio-
mechanical performance at time of RTS.
Interventions: Isometric hip abduction
strength was measured using a handheld
dynamometer. Isokinetic quadriceps
strength was measured at 60 deg/sec on
an isokinetic dynamometer. Bilateral
knee joint moment and net power was
assessed using an eight-camera infrared
motion capture system and two force
plates while participants performed five
consecutive single limb squats (SLS).
Main Outcome Measures: Hip abduc-
tion and quadriceps strength were nor-
malized to body weight and averaged
across two and five trials, respectively.
Hip abduction/quadriceps strength ra-
tio (HABD/QUADS) was defined as
hip abduction strength divided by knee
extension strength. Energy absorption
(integration of the negative portion of

the net power curve) of the knee joint,
knee extension (KEXT) moment, and
knee abduction (KABD) moment were
calculated during the loading phase of
the middle three trials of the SLS task
and normalized to height and weight.
Pearson product moment correlations
were calculated to examine the rela-
tionship between HABD/QUADS at 12
weeks and KEXT moment, KABD mo-
ment and EA of the knee at time of RTS
between the involved and uninvolved
limbs. Results: Involved limb HABD/
QUADS at 12 weeks was positively cor-
related with KEXT moment (r = 0.496,
p=0.01) and EA of the knee (r = 0.596,
p < 0.01) at time of RTS. There were
no significant relationships between
involved limb HABD/QUADS at 12
weeks and KABD (p = 0.53) at RTS or
uninvolved limb HABD/QUADS at 12
weeks and KEXT (p = 0.10), KABD (p
=0.12), or EA of the knee (p = 0.09) at
RTS. Conclusions: As the ratio of hip
abductor to quadriceps strength increas-
es (less quadriceps) at 12 weeks follow-
ing ACL-R, deficits in single limb load-
ing during the SLS is seen at time of
RTS. Restoration of knee strength in the
early phases of rehabilitation following
ACL-R is important in order to regain
optimal usage of the knee joint.
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Exercise Dependence and Medial
Tibial Stress Syndrome in a
Division | Female Cross Country
Runner: a Case Study

Memmini AM, Thompson XD,
DiAntonio B, Black WS: University
of Kentucky, Lexington, KY

Background: A female cross-country
runner (age = 20 years; height: 1.91 m;
mass: 56.9 kg) with a previous history
of depression, anorexia, and bulimia
nervosa, presented with increasing right
proximal shin pain at the beginning of
winter training. Initial evaluation re-
vealed early-onset medial tibial stress
syndrome, which was treated conser-
vatively for the following two weeks
with instrument assisted soft tissue
mobilization, intrinsic foot, glute and
calf strengthening. Although she was
limited to strictly non-weight bearing
activity, her symptoms remained per-
sistent. At this time, she was referred
to our team physician, nutritionist,
and behavioral psychology department
for further evaluation. Differential
Diagnosis: chronic exertional compart-
ment syndrome, tibial stress reaction
or fracture, fibular stress reaction or
fracture, medial tibial stress syndrome.
Treatment: The physician and athletic
trainer outlined a structured non-weight
bearing treatment plan, consisting of
supervised aqua jogging, elliptical, and
bike workouts until the patient became
asymptomatic. The athlete’s adherence
to the treatment plan was demonstrat-
ed by completing rehabilitation at least
three times during the week. Despite
consistent treatment sessions with the
athletic trainer, her symptoms contin-
ued to worsen. After an additional two
weeks of rehabilitation, x-rays con-
firmed a proximal periosteal tibial stress
reaction, and she was again limited in
weight-bearing training. In spite of con-
tinuation of rehabilitation and controlled
training parameters, her reporting of
pain remained high. Approximately
four weeks post-imaging, a follow-up

x-ray revealed a full transverse fracture
through her tibia. Over the following
weeks, the healthcare team was noti-
fied of the athlete completing numerous
additional unsupervised cross-training
sessions lasting between two to four
hours at the university recreational cen-
ter. Furthermore, the athlete’s room-
mate confided in the coach that she
observed the athlete skipping multiple
meals throughout the week, and was be-
having similarly to previous episodes of
binging and purging. Even though there
were several interventions between
the athlete, coaches, and medical staff
about the importance of compliance
to the physician’s recommendations,
she continued to complete additional
workouts in secrecy. Based on her nu-
merous referrals, and previous physical
and mental health history, the athlete
decided that it was in her best interest
to remove herself from all team activi-
ties. Uniqueness: The literature reports
that approximately less than 1% of the
population suffers from exercise depen-
dence (EXD), however the co-occur-
rence rate with anoretics is three times
higher than other diagnoses of disor-
dered eating. EXD is often described as
a manifestation of uncontrollable exer-
cise, increased tolerance, and associat-
ed anxiety/depression with withdrawal
of activity. A component of EXD re-
lated to this athlete specifically is con-
tinuance — the perpetuation of exercise
despite comprehension of the potential
to increase the physical deficits and
interpersonal strains. Populations com-
monly affected by EXD include young
women, high-performance athletes, and
high achievers with associated body
dysmorphia. Although this patient pres-
ents with several red flags in regards
to the female athlete triad, the effects
of a possible underlying diagnosis of
EXD and additional bio-psychosocial
disorders on her initial shin pain make
this case unique. Conclusions: Even
though the diagnosis of EXD is rare,
there are a number of screening tools

available for clinicians to utilize with
the referral process should concern-
ing histories present themselves. The
Exercise Addition Inventory is a simple
survey with significant reliability when
paired with other disordered eating
questionnaires. Athletic trainers should
be well-educated about the long-term
health risks of relative energy deficien-
¢y in sport, and employ supplemental
resources when working with high-risk
teams such as cross country, volleyball,
and aesthetic sports such as gymnastics,
cheerleading, and swimming.
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Beliefs, Knowledge and Influence
of Education Regarding
Optimizing Heat Safety During
Summer Road Race Participation
Hosokawa Y, Stearns RL, Johnson
EN, Eason CM, Adams WM,
Vandermark LW, Lopez RM,
Jardine JF, Casa DJ: Korey String-
er Institute, Department of Kinesi-
ology, University of Connecticut,
Storrs, CT; Department of Athletic
Training and Exercise Science,
Lasell College, Newton, MA;
Department of Kinesiology,
University of North Carolina at
Greensboro, Greensboro, NC;
Department of Health, Human
Performance, and Recreation,
University of Arkansas, Fayetteville,
AR; Department of Orthopaedics

& Sports Medicine, University of
South Florida, Tampa, FL

Context: There is little knowledge on
how educating runners may correct
common misconceptions surrounding
heat safety and hydration strategies.
Objective: To investigate 1) beliefs and
knowledge about heat safety and hydra-
tion strategies among recreational run-
ners and 2) the effectiveness of an edu-
cational video. Design: Cross sectional
survey. Setting: Runners registered for
the 2017 Falmouth Road Race (FRR;
n = 8,319) were surveyed. Patients or
Other Participants: Contact email
addresses of registrants were obtained
from FRR. Twenty-five percent of to-
tal registrants (n = 2,091) completed
at least one of the three surveys instru-
mented. Interventions: A 5.3-minute
video and an 11-question survey regard-
ing heat safety and hydration strategies
was developed and implemented at the
2017 FRR. The survey was emailed to
all FRR registrants three times; 1) nine
weeks before the race (PRE,, ), 2) af-
ter viewing the video (POST, ) and 3)
the afternoon of the race (POST,, ).
Invitations to view the video were sent
to registrants who completed PRE,, ..
Change in survey score was calculat-
ed for EDU_ . (completed PRE

YES
POST and POST

EDU’ RACE

RACE?

) and EDU,

(completed PRE , . and POST,, ) us-

. RACE _RACE
ing one-way analysis of variance for
PRERACE’ POSTI:DU’ POSTRACI: compari-

sons, and paired t-test for PRE,, .. and
POST,, . comparison. Main Outcome
Measures: Scored total of responses
to two multiple choice questions and
nine 5-point (strongly agree-strong-
ly disagree) Likert Scale questions.
Likert Scale questions were graded by
adding one point for each question that
registrants demonstrated beliefs that
matched best practices outlined in the
video. Results: PRE ,  results showed:
96.4% of respondents answered strong-
ly agree or agree to the statement about
the importance of staying hydrated
from the day before the planned activ-
ity, 93.2% correctly recognized dark
color urine is not a sign of euhydration,
and 91.7% believed dehydration may
place a runner at risk for heat synco-
pe. Conversely, <50% of respondents
knew the number of days required to
achieve heat acclimatization, the role
of sweat rate calculation to optimize
one’s hydration strategy, and the risk
of water intoxication from drinking
too much water. Scores from EDU,
(n = 164) and EDU_, (n = 826) were
compared for further analysis. There
were no differences in survey score at
PRE,, . between EDU,  and EDU  (p
= 0.23). In EDU, ., an improvement in
survey score from PRE,, . to POST
was observed (mean difference [MD]
= 2.00; 95% confidence interval [CI]
= [1.68, 2.33], p < 0.0001) and 73%
of the improvement in the score was
retained from POST,  to POST,,.
(MD = -0.54; 95% CI = [-0.86, -0.21],
p <0.001). The improvement in survey
score from PRE,  to POST,, . was
significantly greater in EDU, . than
EDU,, (MD = 0.95; 95% CI = [0.61,
1.28], p < 0.0001). Conclusions: The
video successfully shifted runner’s
beliefs and knowledge to better op-
timize their performance in the heat.
Utilization of such intervention needs
further investigation on its effective-
ness in modifying runner behaviors on

the day of the race.

Addiction to Running and
Physical Activity Characteristics
in Injured and Healthy Runners
Beard MQ, Torp DM, Donovan L:
Capital University, Columbus, OH;
University of North Carolina,
Charlotte, NC

Context: As of 2017, 65.6 million
Americans were running recreation-
ally. The primary motivations for run-
ning are to stay healthy and relieve
stress. Unfortunately, running-related
musculoskeletal injuries (RRMIs) still
affect up to 80% of runners. When run-
ners are removed from running due to
a RRMI they report increased anxiety,
irritability and tension, anger and in-
somnia. The Commitment to Running
Scale (CR Scale) was designed to mea-
sure runners’ addiction to running. CR
scores have yet to be established for
healthy runners with a previous RRMI
and without a history of a RRMIL
Objective: To determine the differ-
ence in CR score and running charac-
teristics between healthy runners who
reported a previous RRMI (Hx-RRMI)
and runners who report no history of a
RRMI (NoHx-RRMI). Design: Cross-
sectional survey. Setting: Laboratory.
Patients or Other Participants: One
hundred and thirty-four healthy, rec-
reational runners volunteered (39.07 +
10.22 yrs, 170.96 £ 9.81 cm, 71.32 +
13.47 kg). Interventions: All partici-
pants completed a paper survey prior
to participating in a laboratory study.
Questions regarding previous injury
and RRMI history were used to assign
runners into either the Hx-RRMI or
NoHx-RRMI groups. Main QOutcome
Measures: Questions pertaining to de-
mographics and current and previous
running participation were included in
the survey. Also included was the CR
Scale with 12 Likert scale statements
(1 = strongly disagree to 5 = strong-
ly agree). A higher score indicates a
greater level of addiction to running.
Internal consistency was measured us-
ing Cronbach’s alpha and determined
to be high (0.863). Independent t-tests
were used to analyze the difference for
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all variables between the Hx-RRMI
and NoHx-RRMI groups. Results:
Eighty-nine runners reported a history
of a RRMI (Hx-RRMI) while forty-five
were injury free (NoHx-RRMI). There
was a significant difference in CR score
between the Hx-RRMI (50.76 + 5.69)
and NoHx-RRMI groups (47.93 + 6.5;
p = 0.01). There were no differences
between groups for demographics (age,
height, mass), years running and com-
peting, number of races per year, run-
ning sessions per week, miles run per
week, or average 5K pace (p > 0.05).
Conclusions: Runners with a previous
RRMI have not been running or com-
peting longer, and do not run more ses-
sions or miles per week, races per year,
or run faster than the NoHX-RRMI
runners. However, runners with a pre-
vious RRMI are more addicted to run-
ning. An addiction to a positive event
such as running can turn negative when
health is compromised. By using the
CR score clinicians can understand a
runner’s dedication and motivation for
returning to running after a RRMI. The
CR Scale could help clinicians deter-
mine which runners may be resistant or
non-compliant with rehabilitation plans
that promote removal from running and
adjust the rehabilitation plan according-
ly. Future research should use the CR
Scale to investigate the tendencies and
perceptions of injury and treatment in a
larger group of runners.

Foot Intrinsic Muscle Function
and Activation, and Exercise
Related Leg Pain in Runners
Nedimyer AK, Pietrosimone BG,
Luc-Harkey BA, Wikstrom EA:
University of North Carolina at
Chapel Hill, Chapel Hill, NC;
Brigham and Women'’s Hospital,
Boston, MA

Context: Exercise-related leg pain is
particularly pervasive, with 18.2% to
92.4% of runners experiencing pain in
their lifetime. However, the underlying
physiologic mechanisms and intrinsic
risk factors of these injuries are poor-
ly understood. The intrinsic muscles of
the foot (i.e. the foot core) are critical
to foot function, and poor intrinsic foot
muscle function leads to the develop-
ment of poor foot mechanics. Poor foot
mechanics have been hypothesized to
be a mechanism of exercise related leg
pain; thus, poor foot core function may
be a modifiable risk factor for the de-
velopment of exercise-related leg pain.
Objective: The purpose of this study
was to compare the activation of the foot
intrinsic musculature between runners
whom have and have not experienced
exercise-related leg pain within the past
3 years. Design: Case control study.
Setting: Clinical Research Laboratory.
Patients or Other Participants: A to-
tal of thirty active runners participated.
Active runners were defined as those
running five or more miles per week for
at least four consecutive weeks. Twenty-
four individuals had a history of previ-
ous running-related injury (leg pain due
to running in the last three years) but
were not currently symptomatic (age:
21.66 + 2.44 years, mass: 66.84 + 10.03
kg, height: 169.21 + 19.34 cm, runs
per week: 4.37 + 1.30, miles per week:
14.16 + 8.88). Eight individuals with-
out a history of previous running-relat-
ed injury comprised our control group
(age: 23.50 + 3.89 years, mass: 63.64
+ 8.64 kg, height: 161.83 + 19.08 cm,
runs per week 4.62 + 1.38, miles per
week: 16.06 = 9.41). Interventions:
While standing in a weight-bearing,
subtalar neutral position, diagnostic

ultrasound was used to image the foot
intrinsic musculature in a relaxed state
and contracted state (while holding a
short foot contraction). Main Qutcome
Measures: Primary outcome measures
included cross sectional area (CSA) and
thickness of the abductor hallucis (AH),
flexor digitorum brevis (FDB), and
flexor hallucis brevis (FHB) muscles
during both the relaxed and contracted
state. CSA was defined as the area (cm?)
within the fascial borders of the mus-
cle. Thickness (cm) was defined as the
width of the muscle belly. Independent
samples t-tests examined the differenc-
es in CSA and thickness for each mus-
cle between injured and control groups.
Alpha level was set to P < 0.05 a priori.
Results: Significant group differences
were noted for FHB CSA [control: 1.47
+ 0.10 cm?, injured: 1.23 = 0.22 cm?, p
< 0.001] and for FHB contracted thick-
ness [control: 1.26 £ 0.16 cm, injured:
1.07 £ 0.18 cm, p = 0.015]. No other
significant differences between groups
were found (p > 0.05). Conclusions:
Active runners with a history of exer-
cise-related leg pain demonstrate small-
er CSA and contracted thickness of the
FHB muscle compared to uninjured ac-
tive runners, consistent with the existing
literature. Muscle size can be indicative
of muscle performance and strength,
which may suggest that weaker and/
or less activated intrinsic foot muscles
may play a role in injury risk, however
future research is needed to confirm this
hypothesis.
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Sensorimotor Deficits in
Distance Runners With
Medial Plantar Pain

Funk CD, Fraser JJ, Resch
JE, Hertel J: University of
Virginia, Charlottesville, VA

Context: Medial plantar pain is a
unique clinical entity experienced by
distance runners. Clinical presenta-
tion of medial plantar pain is complex,
and likely multifactorial, making di-
agnostic  differentiation challenging.
Objective: To determine if differences
exist in plantar sensation, toe-flexion
strength, foot morphology, pain-pres-
sure thresholds, and joint mobility in
long distance runners with and with-
out medial plantar pain before and af-
ter a 6-mile run. Design: Descriptive
study. Setting: Laboratory. Patients
or Other Participants: Seven distance
runners with medial plantar pain (four
males, three females; aged 22.3 + 3.7
years; BMI 22.3 + 3.5 kg/m?) and seven
matched healthy controls (four males,
three females; aged 20.3 + 1.0 years;
BMI 22.0 + 1.7 kg/m?) were recruited
from a public university. Interventions:
Participants ran a 6-mile outdoor course

Neurosensory Measures

at a self-selected pace while wearing
their own preferred footwear. Main
Outcome Measures: Pressure-pain
thresholds (PPT) were measured with
an algometer at the midpoint of the
medial longitudinal arch, the plantar
fascia origin, and over the posterior tib-
ialis distal musculotendinous junction.
Plantar cutaneous sensation was mea-
sured with monofilaments at the heel,
base of the 5th metatarsal, and 1st meta-
tarsal head. Clinical tests of foot mor-
phology, weight-bearing dorsiflexion
(WBDF), forefoot joint mobility, hal-
lux and lesser-toe flexion strength, and
a seated tibial nerve provocation test
were also completed. All of these mea-
sures were taken both pre-and post-run.
Data were analyzed with mixed-model
group by time ANOVAs. Cohen’s d ef-
fect size estimates with 95% confidence
intervals were calculated for pre-post
change scores in each group. Results:
A significant group by time interaction
was observed for PPT at the mid-arch
(Control: pre: 83.0 £ 27.4 N, post: 79.5
+22.6 N; Symptomatic: pre: 90.5+31.9
N, post: 70.1 £32.7 N; p=.03) and pos-
terior tibialis (Control: pre: 75.7 + 19.5
N, post: 65.7 + 14.2 N; Symptomatic:

n

]

Tibialis
] “ }

PPT at Posterior

pre: 75.8 £20.4 N, post: 51.1 £ 11.9 N;
p = .05) sites. Only the posterior tibialis
in the symptomatic group demonstrat-
ed a significantly large decrease in PPT
following the run (d = 1.5, 95% CI: 0.3
to 2.7). Both groups demonstrated a de-
creased plantar sensation threshold at
the base of the 5" metatarsal (p = .04),
decreased PPT at the plantar fascia ori-
gin (p=.001), and a significant increase
in tarsometarsal extension (p = .0l)
and WBDF (p = .01) ROM following
the run. Pre-post change effect sizes for
each group may be seen in the Figure.
There were no other significant main
effects or interactions. Conclusions:
Medial plantar pain appears to be a
primarily neurosensory entity without
evidence of motor deficit. Symptomatic
runners had greater changes in PPT at
the mid-arch and distal posterior tibialis
muscle compared to controls following
the run as exhibited by lower levels of
pressure being necessary to evoke a pain
response after the run. These findings
that may suggest central pain sensitiza-
tion. Clinicians should consider using
sensorimotor testing of the ankle-foot
complex when managing patients with
medial plantar pain.
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Figure 6. Cohen’s d effect size estimates and 95% confidence intervals for pre-post change
scores for measures taken before and after a 6-mile run. The symptomatic group reported
substantial medial plantar pain when running while the control group was asymptomatic. PPT =

pressure pain threshold. TMT = tarsometatarsal.
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A Non-Rearfoot Strike Transition
Program Improves Loading,
Pain, and Function in Runners
Recovering From Lower-
Extremity Injury

Miller EM, Freisinger GM, Watson
DJ, Goss DL:Keller Army Commu-
nity Hospital, West Point, NY;
United States Military Academy,
West Point, NY; United States Air
Force Academy, Colorado Springs,
CO

Context: Rearfoot strike (RFS) run-
ners have demonstrated greater average
vertical loading rates (AVLR), reduced
cadence, and greater incidence of repet-
itive stress injuries than runners using
a non-rearfoot strike (NRFS) pattern.
ADDIN EN.CITE '? Running with a
NRFS pattern may assist previously
injured patients return to activity with
reduced lower-extremity loads and pain
during running. Objective: The pur-
pose of this study was to further inves-
tigate the changes in AVLR, cadence,
and pain when transitioning previously
injured runners from a RFS to a NRFS
running style. We hypothesized that
following the transition from RFS to
NRFS, a decrease in AVLR and pain
with running and increase in cadence
would be observed. Design: Prospective
Cohort. Setting: The study was con-
ducted at West Point, NY at the Arvin
Cadet Physical Therapy Clinic and
Mahan Hall Chemical and Mechanical
Engineering Lab. Patients or Other
Participants: A convenience sample
of twenty-seven Cadets and active duty
Soldiers recovering from running-relat-
ed injury were recruited to participate in
the study (mean age = 25.3 £ 9.9 yrs,
mean ht = 1.7 £ 0.1 m, mean wt = 73.0
+ 12.0 kg). Interventions: Initially and
at 10 weeks running kinetic data were
assessed with an instrumented treadmill
sampling at 1,000 Hz. Foot strike pat-
tern (FSP) was assessed from a Casio
High Speed EX-ZR200 digital camera
sampling at 240Hz. After initial data
collection, each participant received a
30-minute training session focused on
instruction of a return to run program.

Nine of the participants received addi-
tional training with a clinician and 18 of
the participants received training with
an instrumented sock; both training
methods encouraged NRFS FSP transi-
tion by focusing on landing off the heel
and a step rate of 180 steps per minute.
Main Outcome Measures: The de-
pendent variables of this study include;
FSP, AVLR, and pain measured by the
single assessment numeric evaluation
(SANE). FSP were investigated via
descriptive statistics. AVLR and pain
were investigated via paired samples
t-tests using SPSS v.19. Results: Mean
AVLR of the right leg reduced from 58
+ 12 body weights/second (BW/s) ini-
tially to 38 £ 13 BW/s (p <.001). Mean
AVLR of the left leg reduced from 55 +
15 initially to 35 = 14 BW/s (p <.001).
Mean step rate increased from 169 +
8 to 174 + 7 steps/minute (p < .001).
Mean SANE scores increased from 79
+ 18 to 93 £ 10 out of 100 (p < .001).
Conclusions: All runners demonstrat-
ed significant improvement in all out-
comes after participating in a NRFS re-
turn to run program. The results of this
study suggest that individuals recover-
ing from lower-extremity injury may
benefit from changes in running form.
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Dry Cupping With Motion is
Effective for Achieving Small
Gains in Hamstring Flexibility
in Healthy Adults

McNulty E, Thompson T, Medina
McKeon JM: Ithaca College,
Ithaca, NY; Bancroft School of
Massage Therapy, Worcester,
MA; Old Dominion University,
Norfolk, VA

Context: The evidence for myofas-
cial decompression, in the form of dry
cupping with motion(DCm), to im-
prove hamstring flexibility is lacking.
However, DCm is becoming more pop-
ular as a treatment selection. Objective:
To determine the effects of DCm on
hamstring flexibility, as measured by
allowable knee extension(Knee EXT)
ROM. Design: Repeated measures.
Setting: Clinic. Patients or Other
Participants: Means + SD are present-
ed. Twenty-one healthy volunteers with
no history of lower extremity injury
participated (n males = 10, n females =
11; height = 170.8 + 7.1; mass = 75.2
+ 15.9; age = 20.3 £ 1.3). Selection
criteria required that volunteers were
not engaged in any flexibility training.
Interventions: One limb was randomly
allocated to DCm. Allocation was con-
cealed; the other limb served as control.
The participant was secured to the ta-
ble in prone. The treatment limb was
lowered off the side of the table until
the foot was flat on the floor. The table
was adjusted so that limb was at 125°
hip flexion/45° knee flexion. Six 2-in.
plastic dry cups were applied to the pos-
terior thigh, 3 aligned with the biceps
femoris and 3 with semitendinosus/
semimembranosus. For the stretching
task, the participant extended to a hip
90°/knee 0° position, or as far as possi-
ble, by pushing the foot into the floor to
the stretch the hamstrings. DCm was ap-
plied for 4-min, cycling between 30s of
stretch position, and 10s relaxed in the
starting position. The control limb was
not treated. Main QOutcome Measures:

Knee EXT ROM was assessed with
the participant in supine, with the hip at
90°, with the participant secured to the
table in supine at the hip and across the
pelvis. The knee was passively extend-
ed to a standardized resistance (males:
8 kg, females: 7 kg), as measured by
dynamometer. At end-range, an image
of Knee EXT angle was captured for
analysis. Limb testing order was ran-
domized. Participants were asked if
either or both limb(s) felt more flexi-
ble. A blinded assessor performed mea-
surements of Knee EXT. Knee EXT
angles at pre-treatment and post-treat-
ment for both limbs were entered into
a 2-way (within-within) RM ANOVA.
The SE measure and the minimal de-
tectable change (MDC) was calculated
from the control pre-post data. Results:
There was a significant time x treat-
ment limb interaction (F(1,20) = 7.2,
p = 0.01). The limb treated with DCm
(pre = 18.9° £ 9.9, post = 10.2° + 6.8)
increased ROM more than the control
limb (pre = 17.2° + 10.2, post = 12.9°
+ 8.6). The SE measure =2.9°; MDC =
4.1°. 86% reported the treated limb as
“feeling more flexible”. Conclusions:
While both groups increased in ROM,
the treatment limb increase was 2x
greater than the control. This increase
was small, yet significant. Further, the
treatment group markedly surpassed the
MDC, while the control barely met that
metric. With this relatively brief treat-
ment of DCm, more participants also
reported perceptions of increased flexi-
bility on the treated limb. Research into
the added benefit of DCm to improve
flexibility or treat other soft tissue re-
strictions is warranted.

The Therapeutic Effects of

Dry Cupping on lliotibial Band
Tightness

Biehl MM, Selkow NM, Begalle RL:
lllinois State University, Normal, IL;
Daemen College, Amherst, NY

Context: The iliotibial band (ITB)
plays a vital role in movement and can
become tight if overused. This tightness
can lead to a wide array of injuries in an
otherwise healthy individual. Previous
research has proved the need to treat
a tight ITB, but techniques previously
researched have not proven to be ef-
fective in reducing ITB tightness. Dry
cupping is a method in which suction
is generated from a vacuum-sealed cup
using a pump in order to alleviate pain,
reduce tightness, and promote healing.
Recently, cupping has been used as a
therapeutic treatment to relieve mus-
cular tightness. Currently, there is no
research on the effectiveness of dry
cupping in relieving lower extremi-
ty tightness, particularly to the ITB.
Objective: To determine if dry cupping
is an effective treatment intervention
in releasing ITB tightness and increas-
ing hip and knee range of motion in a
physically active population. Design:
Controlled laboratory study. Setting:
Athletic Training Laboratory. Patients
or Other Participants: Forty healthy
participants (17 males, 23 females;
age: 21 + 1.8 years; height: 170.94 +
10.81 cm; weight: 74.20 + 13.67 kg)
with ITB tightness as determined by
a positive Ober’s test (-12.79 £ 6.86
degrees). Participants were excluded
if there was current pain and/or injury
to the leg in the past year, had an in-
tervention for ITB tightness in the past
three months, blood flow dysfunctions,
hemorrhagic disorders, cancer, or a pos-
sibility of pregnancy. Interventions:
Participants were randomly assigned to
either the dry cupping or sham cupping
(cup with a Imm hole pierced at the
top) groups. While in a side-lying po-
sition with pillow between slightly bent
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knees, four stationary cups, using three
pumps, were placed along the ITB for
seven minutes after scanning the area
from greater trochanter to lateral fem-
oral condyle for adhesion points. A 2x3
mixed model ANOVA was performed.
Main Outcome Measures: Hip adduc-
tion achieved during Ober’s test, active
and passive hip flexion, and active and
passive knee flexion pre, immediately
post, and 24 hours post intervention.
Results: There were no significant dif-
ferences between groups for any mea-
sure (p > .305). However, after running
effect sizes between groups for immedi-
ate post and 24 hours after intervention,
some variables had strong effect sizes,
namely Ober’s (immediate post: -.66
(-1.3- -.03); 24-hours post: -.67 (-1.3-
-.03)) and active and passive hip flex-
ion (active 24-hours post: .67 (.03- 1.3);
passive 24-hours post: .66 (.02- 1.29)).
Conclusions: Our findings indicate that
a single intervention of dry cupping
is probably effective in reducing ITB
tightness and increasing hip flexion
ranges of motion. These changes can
be observed immediately after the inter-
vention, as well as maintained 24 hours
post-intervention. Clinicians should
consider dry cupping as an intervention
tool to improve ROM from a tight ITB.

Measuring Popliteal Artery Blood
Flow Following a Moderate

Fire and Air Vacuum Cupping
Treatment

Hilliard MW, Gange K, Hackn