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A B S T R A C T

Reporting of sports-related concussions (SRCs) has risen dramatically over the last decade, increasing awareness
of the need for treatment and prevention of SRCs. To date most prevention studies have focused on equipment
and rule changes to sports in order to reduce the risk of injury. However, increased neck strength has been shown
to be a predictor of concussion rate. In the TRAIN study, student-athletes will follow a simple neck strengthening
program over the course of three years in order to better understand the relationship between neck strength and
SRCs. Neck strength of all subjects will be measured at baseline and biannually over the course of the study using
a novel protocol. Concussion severity and duration in any subject who incurs an SRC will be evaluated using the
Sports Concussion Assessment Tool 5th edition, a questionnaire based tool utilizing several tests that are
commonly affected by concussion, and an automated eye tracking algorithm. Neck strength, and improvement of
neck strength, will be compared between concussed and non-concussed athletes to determine if neck strength
can indeed reduce risk of concussion. Neck strength will also be analyzed taking into account concussion severity
and duration to find if a strengthening program can provide a protective factor to athletes. The study population
will consist of student-athletes, ages 12–23, from local high schools and colleges. These athletes are involved in a
range of both contact and non-contact sports.

1. Background/aims

Recently there has been increased attention to concussion suscept-
ibility in youth contact sports. Sport-related concussions (SRCs) result
in approximately 200,000 emergency department room visits every
year, 65% of which are pediatric patients ages 5 to 18 [1]. SRCs were
determined to be a major health concern as diagnosed concussions have
increased by 43% over the past 5 years [2]. More significantly, there
was a 71% increase in concussion diagnosis for patients who were
10–19 years old [2]. This rate is even higher among younger popula-
tions involved in contact sports. This drastic increase in SRCs has raised
concerns for both parents and youth involved in youth contact sports.

While most concussions are mild with patients making full re-
coveries, sport-related concussions have been associated with drastic
short and long-term neuropsychological, neurocognitive, and neuro-
physiological deficits in youth [7]. Studies have shown that youth that
endure one or more concussions are at a substantially higher risk for

mental disorders, such as depression, than those who did not experience
concussion [6,8]. Furthermore, there is a significant increased risk of
suicide and suicidal tendencies in people who were exposed to con-
cussion in adolescence [6]. Not all side effects and prognoses of in-
curring multiple concussions over a person's lifetime are known due to
most studies having ascertainment biases, small study groups, and no
controls. However, it is clear that efforts to reduce cumulative impacts
would likely be beneficial.

Published literature reveals the role that neck strength plays in
contact sports and concussion diagnosis. Hildenbrand et al. conducted a
study in 2013 to investigate the average neck strength of high school
athletes in order to help determine how neck strength could relate to
the biomechanics of certain types of muscle or neurological injuries [3].
This study used a multi-cervical device that measured isometric neck
strength. Using a cohort size of 149 high school and college athletes (77
male and 72 female), the investigators determined that, on average,
males had stronger necks than females who played contact sports at
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both the high school and collegiate levels [3].
In addition, Eckner et al. looked at how neck-strength affected the

kinematic response of the head to impulsive loads in a controlled lab
environment [4]. The investigators measured isometric neck strength in
46 subjects, and measured the head's kinematic response to impulsive
loads, simulating impacts to the head. This study concluded that greater
neck strength was associated with a decreased kinematic response of
the head to controlled impulsive loading [4]. Collins et al. developed a
novel neck strength measurement tool and conducted a study to assess
its feasibility for use by athletic trainers in student athletes and its
potential as a concussion risk prediction tool. In the course of this study,
the research team found that neck strength to be a predictor of con-
cussion risk, and that neck strengthening may provide a protective
factor to student athletes. Their results demonstrated a statistically
significant correlation between weaker neck strength and increasing
susceptibility to concussion in high school contact sports. It was de-
termined that every 1 pound increase in neck strength contributed to a
5% decrease in odds for a concussion event occurring [5].

Taking all of this into consideration, the purpose of TRAIN is
threefold.

Aim 1 Understand the relationship between neck strength and risk of
SRC in student athletes.

Hypothesis 1. Greater neck strength will correlate with lower risk of
SRC

Aim 2 Determine the effectiveness of a simple neck strengthening
program to reduce the risk of SRC.

Hypothesis 2. Greater improvement in neck strength will correlate
with greater reduction of SRC risk

Aim 3 Test the feasibility of implementing such a program in a large
population of student athletes.

Hypothesis 3. With proper monitoring and school participation, neck
strengthening can be implemented on a large scale to student athletes

2. Study methods

2.1. Protocol overview

The study population will consist of student-athletes from six
Minnesota high schools and colleges. Subjects will partake in a variety
of both contact and non-contact sports. Participating subjects will at-
tend a baseline event where their neck strength and girth will be
measured. These individuals will also complete the Sports Concussion
Assessment Tool (SCAT5), eye tracking, and the pre-military portion of
the Boston Assessment of Traumatic Brain Injury-Lifetime (BAT-L).
Following baseline assessments, student-athletes will follow a neck-
strengthening exercise regimen. Neck strength will be re-evaluated at 6-
month intervals while SCAT5 and eye tracking are done yearly and in
the event of a concussion.

2.2. Baseline assessment

Following a consent/assent meeting with the athletes and their
parents, subjects will attend a baseline event which included various
assessments. First, subjects will complete a brief demographic survey
about information regarding birth date, year in school, sport played,
and the number of concussions the athlete has had in his or her lifetime.
If the participant answers with a number greater than 0 to this last
question, they will then complete the pre-military portion of BAT-L,
filling out more information regarding their three worst traumatic brain
injuries (TBIs). BAT-L asks for their age during each incident, me-
chanism of injury and symptoms experienced after the TBI.

Next, subjects will have their neck strength measured using a
MicroFet2 dynamometer mounted onto either a squat rack or a pull-up
bar using the method described in the outcome measurement section
below. The strength of their flexion, extension, and right and left lateral
flexion will be measured. Then, their head and neck girth will be
measured in centimeters. Head girth will be defined as the largest part
of their head right above their eyebrows and ears. Neck girth will be
measured directly below their laryngeal prominence (commonly known
as an ‘Adam's apple’). Finally, the subjects will be eye-tracked using an
automated algorithm and asked to complete the SCAT5 assessment.
Both of these assessments will be used as concussion outcome measures.

2.3. Re-evaluation/concussion protocol

As stated above, neck strength measurements will be re-evaluated
every six months following the baseline event. The SCAT5 and eye
tracking will be re-evaluated every year following the baseline event. If
at any point during the study a participant experiences a concussion,
the SCAT5 will be immediately conducted by athletic trainers on-site,
or within 24 h by research staff, and research personnel are contacted
by the school's athletic director. Research personnel will then meet with
the student-athlete to complete the SCAT5 and eye tracking weekly
until symptoms are resolved and the athlete is cleared to return to
normal activity by his or her physician. The SCAT5 and eye tracking
assessments will be compared to baseline as measures of TBI severity in
subjects, as well as track progress towards recovery.

2.4. Neck strengthening exercises

Subjects and their teams' coaches will be instructed on a manual-
resistance-based neck strengthening exercise program, to be performed
twice a week on non-consecutive days. This instruction will include the
proper form for each exercises, the proper resistance methods, and the
proper frequency and set/rep scheme. The exercise program is a mod-
ified version of that previously described by Eckner et al. [23] that will
be performed in peer-peer or peer-coach pairs. In addition to initial in-
person instruction, demonstration videos will also be provided online at
pconsstudy.com. The coaches will lead the exercises as part of the
teams' warm up, or regular strength training sessions, during the
competitive season. Other arrangements may be made given ex-
tenuating circumstances such as a small subject population on the team.
During the off-season, subjects will perform the exercises at the same
time of day, on the same days of the week as they did during the
competitive season. Weekly questionnaires will be sent via emails to
assess subject compliance. Included will be questions about frequency
of exercises, when they were done, rep and set scheme, whether they
were led by a coach, how many other subjects did them at the same
time, if they were done as part of a larger strengthening program or part
of a warm up, etc.

2.5. Outcome measures

2.5.1. Neck strength measurements
A novel method of neck strength measurement was created for use

in this trial, using the MicroFet2 handheld dynamometer to determine
the peak force in pounds of a subject's neck muscles in each of the stated
directions. A custom chair with multiple vertical inserts was built for
subjects to sit on to accommodate varying height, the visible wooden
portion seen in Fig. 1. These inserts were created in order to isolate the
subject's neck as the only mover applying force. The MicroFet2 is placed
on retractable pull up bar, or a barbell in a squat rack, and positioned in
front of the chair. The height of the dynamometer is then adjusted so it
sits just in front and below the contact point of the subject's head: the
forehead, the occipital prominence, and positioned in front of the chair.
The height of the dynamometer is then adjusted so it sits just in front
and below the contact point of the subject's head: the forehead, the
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