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AB STR ACT
B ackground: W ith the national spotlight on concussions sustained in contact sports, this C ountywide
C oncussion Program addresses the unique challenges presented to public and private high schools in order
to increase concussion awareness, identification, and management.
M ethods: The M iami C oncussion M odel (M C M ) was developed with a standard protocol that includes;
formation of a task force of stakeholders, concussion education and training to coaches, athletic trainers,
and athletes; baseline ImPAC T™ testing, the facilitation of ‘return to play’ decisions with effective medical
treatment, and the development and implementation of a concussion injury surveillance system.
R esults: The program has been successfully implemented in about 40 high schools in M iami-Dade C ounty
(M DC ) over the last two years. The M C M provided baseline testing for 18,357 student-athletes, trained
over 100 coaches and 40 athletic trainers, and most recently provided concussion education to high school
football athletes. Since 2011, the concussion clinic has treated a total of 216 high school athletes and the
surveillance system tracked 198 student athletes.
Conclusion: The M C M aims to assist in the prevention of concussions, improve player safety limiting school
liability by providing a countywide concussion management program. The program is funded primarily by
private donations and the support of multiple stakeholders. W ith about 48 States passing concussion
legislation, the M C M can be used as a model for other counties to address the need for a concussion
management program.
Applications in Sport: Schools with athletic programs need to implement a system to correctly manage and
prevent concussive injuries both to protect their athletes and to minimize liability. The development of the
M C M and protocol with the support of the leadership of the School B oard allows for high schools to take a
proactive approach in improving concussion management for their athletes.

IN TR O DUCTIO N
W ith the national spotlight on concussions in sports, key stakeholders worked together to develop a
concussion model, a standard countywide concussion care protocol, and a surveillance system to improve
concussion management and to reduce the incidence of sports-related concussions at the high school level.
In 2011, a student-athlete who had sustained multiple concussions playing soccer spearheaded the initiative
to create a taskforce to address the management of concussions. A taskforce was implemented consisting of
physicians, community leaders, school officials, and concerned parents. The combination of these
stakeholders’ backgrounds created a diverse team with unique resources to create a program utilizing a
public health approach toward preventing concussions. The M iami C oncussion M odel (M C M ) was designed
as a 3-E model (Education, Execution, and Evaluation) outlining phases for program development,
implementation, and evaluation (Figure 1).
Figure 1

The program has been successfully implemented in 40 high schools in M iami-Dade C ounty (M DC ), baseline
testing 18,357 student-athletes over two years. The goals of the M C M are to provide a comprehensive and
centralized concussion care program to 1) increase concussion awareness and identification through
education and training; 2) facilitate the return to play decision with effective medical treatment which

includes baseline neurocognitive testing; and 3) implement a standardized concussion care protocol and
concussion injury surveillance system to assist in the prevention of concussions, improve player safety, and
limit school liability.
Traumatic brain injury (TB I) is the leading cause of injury-related death in children and young adults in the
United States and other industrialized countries. A concussion is a type of brain injury caused by a bump or
blow to the head that alters cognitive functioning. The C enter for Disease C ontrol and Prevention (C DC ) has
estimated annual sports related concussion incidence is between 1.6 and 3.8 million (C enters for Disease
C ontrol, 2010; C oronado et al., 2011; Leibson et al., 2011). Sports is the second leading cause for TB Is after
motor vehicle accidents among people aged 15 to 24 years old (N anda et al., 2012). Studies demonstrate
short and long term effects of concussions can be serious and occasionally fatal (Daneshvar et al, 2011;
Iverson et al., 2006; Lovell et al, 2003). M ost recent public concern has focused on the relationship between
C hronic Traumatic Encephalopathy (C TE), a progressive degenerative disease of the brain found in an
athlete’s brain post-mortem, with a history of multiple symptomatic concussions as well as asymptomatic,
repeated sub-concussive hits to the head (M cK ee et al., 2009). As a result of high-profile athletes reporting
injuries there has been increased media attention emphasizing the effects of mild traumatic brain injury and
concussions in athletes. B eginning in 2009, 48 states nationwide have passed youth sports concussion
legislation that requires athletes to be immediately removed from play if a head injury is suspected and then
cleared by a licensed medical professional before returning to sport after a head injury.
M ETH O DS
In order to prevent and reduce the consequences of injuries, the C DC recommends the public health
approach; describing the problem, identifying the risk and protective factors, developing and testing
preventative interventions and strategies, and ensuring widespread adoption of the interventions and
strategies (Sleet et al., 2003). This model was used to develop the M C M , a 3E model that includes
components of Education, Execution, and Evaluation. The model and the protocol presented in this paper are
now being implemented across the county.

Education
The issue of sports related concussions was identified within the M DC community by the University of
M iami C oncussion Program (UM CP) obtaining accurate injury rates. The number of affected individuals was
calculated based on the participation in contact sports in the community. In M DC there are 36 public high
schools with approximately 15,000 students participating in interscholastic sports annually. M DC public
high schools had an enrollment of 102,582 students for the 2011 and 2012 school years; therefore 14.6% of
public high school students in M DC participated in sports and were affected/at risk for sports related
concussions. This excluded the students that participated in physical education courses who were also at

risk (M iami-Dade Public Schools R esearch Services [M -DPSR S], 2011). As perceptions regarding concussion
started to change in the county and awareness increased due to media attention, M DC school officials
became open to discussion to improve their concussion management plan. This allowed for meetings with
key personnel involved with high school athletes (athletic directors, coaches, athletic trainers, physical
education teachers, etc.). These meetings were very important in that they revealed their knowledge and
their experience with sports concussions and their thoughts of how to improve management for their
athletes.
R eview of existing sports concussion management protocols and resources in the community was conducted
to 1) determine if any current concussion management programs or plans existed, 2) obtain information
from local emergency rooms and physicians’ offices relevant to concussion planning, and 3) identify how
those individuals managed concussion in youth sports and where they were referring their patients for
specialized follow-up care. That information taken from multiple sources (leagues, parks, schools, state laws,
and local medical care centers) was summarized regarding the issue of sports concussions within the
community. For example, most high school aged (13-19 years) students in the community participated in
interscholastic sports versus park recreational leagues; the majority of injuries occur between the months of
August and January during football season because football teams have the largest number of athletes.
B eing well informed on the issues of concussion management allowed a focused approach toward building a
concussion care program for the community via the M C M .
The UM C P was then able to identify the weaknesses in each phase of concussion management and propose
resolutions to strengthen each area. A community task force was developed that consisted of key
stakeholders from different agencies involved in concussion management. This included school board
representatives, first responders to the injury, medical providers, and community leaders.
M ost recently UM C P has partnered with the Sports Legacy Institute and joined their community education
program through their Sports Legacy Institute Community Educator Program (SLIC E). SLIC E is a fun,
interactive concussion education program that teaches young student-athletes about concussions through
discussion, video, and interactive games (Sports Legacy Institute [SLI], 2013). C urrently, a modified version
of SLIC E, which is a 30-minute power point presentation, is being used to educate high school football
players.
Support and approval for concussion planning was obtained from the various constituencies for the
community task force and was followed up with research of each district, county, and state policy pertaining
to sports concussions for high school athletes. V erification of regulations was implemented and continuously
updated to allow consistency with the newest management protocols as outlined in the C onsensus

Statement from the International C ommittee on Sports C oncussions (M cC rory et al., 2008). Legislation has
passed in 48 states across the country requiring student athletes to receive written medical clearance
before returning to the playing field. These state laws include the requirement that athletes, parents, and
coaches receive concussion education. Prior to 2011 limited regulations existed in the M DC community, so
the UM C P collaborated with school board officials to formulate a plan to involve relevant personnel from
the athletic department. In M DC , the school board’s Director of Athletics assisted with the planning and
implementation as one of the critical task force members, her cooperation and support ensured feasibility
and assistance with the school board approval. The UM C P worked directly with the schools and school
board to improve the success of developing a standard program that could reach all athletes. In M DC Public
Schools, each school has a certified athletic trainer (ATC ) that works full-time at his/her school and is an
employee of the School B oard. The unique qualifications of ATC s made them the most appropriate person to
collaborate with upon implementing the program in each school. The Director of Athletics for M DC public
schools supported these efforts and began communication between UM C P and the ATC s. Even where
certified athletic trainers are not readily available, athletic coaches or the school nurse were trained to
implement the program. In M arch 2011 the ATCs and C oaches were provided with a comprehensive
C oncussion M anagement and Training W orkshop by UM C P.
Finally, a plan was developed for funding and sustainability of the program. The first step was to review any
existing funding mechanisms and potential new resources to support the implementation of a
comprehensive management program. The plan included 1) staff/operations costs and baseline
neurocognitive testing for all student athletes; and 2) implementing the centralized concussion care
program as an investment in the safety of athletes that improves the prevention of concussions by
facilitating ongoing training and education which reduces liability when administered properly. However, in
most public school systems budgets do not include a plan for concussion prevention/care, and funding can be
difficult to find. The cost of operating such a program will vary depending on the size of the school district
and the structure of the program. The process described (see Figure 2) demonstrates the development of an
infrastructure for operation of the model. In M DC it was feasible for the UM C oncussion Program under the
K iDZ N euroscience C enter (K NC ), which is a center devoted to improving the quality of care and advances
in research and prevention of traumatic and acquired brain and spinal cord injury in children to partner with
the M DC Public School B oard. Additionally, since the M DC school board employs their own ATCs, training
was provided for baseline neurocognitive testing of athletes playing contact sports and was added to their
existing duties. In M DC , ImPAC T™ (Immediate Post-C oncussion Assessment and C ognitive Testing) is
utilized because it is an evidence based assessment that has been widely used and validated (Schatz et al.,
2006). ImPAC T™ is a 20-minute online computer exam consisting of five sections that assess memory,
reaction time, non-verbal and verbal problem solving, and attention span. B aseline ImPACT™ scores are

valid for four years for each athlete during their high school years, which reduces the annual cost of
purchasing new exams. UM C P receives a charitable donation from a private high school annually that covers
the price of purchasing baseline tests by volume for reduced pricing for all 36 public high schools in the
county. The private schools buy their own licenses. The Director of the UM C P is also a Credentialed
ImPAC T™ C onsultant with training that coordinates all the baseline testing. If an athlete sustains a
concussion then they are retested by the ATC within 48-72 hours and the Director of the UM CP is notified
and recommendations made and clinic visits scheduled.
Figure 2

Execution
O nce approval by the different agencies was granted, the execution phase of the M C M was initiated. The
C ountywide C oncussion C are Protocol was developed to create a standard protocol for the concussion
management of high school athletes (Figure 2). The first phase involved training and educating appropriate
staff about concussions in sports and also how to administer baseline neurocognitive tests. The ATC s and
school nurses were educated about concussion management and worked closely with an expert in
concussion management to provide accurate information and to respond to questions. Prior to this program

the Director of the UM CP taught a mandatory educational and training workshop for ATCs and Coaches
that was expanded and continues. O ther school professionals like nurses that may be involved in
management of care for student athletes are trained annually on the concussion protocols as guidelines and
recommendations change. In M DC , sideline assessment requirements include the Sports C oncussion
Assessment Tool 2 (SC AT2) and the K ing-Devick Test. The SC AT2 represents a standardized method of
evaluating athletes aged 10 and older for concussion injuries through a series of cognitive questions and
physical assessments (M cC rory, 2009). The K ing-Devick Test is a rapid visual screening tool that is used to
confirm suspected concussions, the athlete is asked to read numbers from the cards in sequence without
errors as fast as possible. The athlete’s post-injury performance is compared to their pre-season baseline
result (Galetta et al., 2011). B oth of these assessments are utilized on the sidelines to verify suspected
concussion symptoms and provide an objective confirmation of the injury. Protocols and guidelines are
reviewed and updated annually to be consistent with national and state requirements and the latest medical
research recommendations. During the pre-season training workshop by the UM C P, ATCs were trained on
evaluating and administering baseline assessments to athletes. Two assessments require baseline results,
ImPAC T™ and the K ing-Devick test; athletes are tested prior to the start of contact drills to obtain accurate
baseline results. In M DC , a list of testing guidelines was created for the school staff to reference throughout
the year. After all athletes are tested, the ATC s, coach, or nurse contact the Director of the UM CP to verify
that all baseline tests are valid before athletes are introduced to contact activities.
The M C M incorporates medical evaluation of the concussed athlete. UM C P works in conjunction with local
physicians and other psychologists to assess the physical and neurocognitive consequences of the injury.
The athletes receive comprehensive medical care, which is mandatory for clearance to play. UM C P provides
a comprehensive concussion management program assessing the athlete’s medical, cognitive, and
psychological well being during the recovery process. The pressure that athletes have to return to their premorbid academic and athletic levels can be overwhelming for an adolescent, particularly when their peers
cannot understand the extent of their injury. The ImPAC T™ neurocognitive computer test results coupled
with a thorough clinical assessment aids the medical team in making an accurate prognosis and providing the
athlete with confidence when returning to play. The UM C P medical team works directly with the ATC s to
communicate the status of the athlete’s recovery.

Evaluation
W hen evaluating the model UM CP researchers examined individual school compliance as well as overall
effect of program implementation on head injury rates in the county. The concussion protocol dictates that a
school staff member will document the athlete’s immediate symptoms and details of the injury incident,
which can be seen in Figure 2 (Evaluation). The ATC , coach, or nurse is to document each incident and keep

accurate records, including: sideline assessment results from the Sports C oncussion Assessment Tool 2
(SC AT2) or the K ing-Devick test (M cC rory et al., 2008). W ithin 24-72 hours of the injury the athletic trainer,
coach, or nurse would have administered a post-injury test to the injured athlete, reported the incident to
the program coordinator and sought medical attention for the athlete.
V arious methods to collect data can be utilized including tracking patients in local clinics and emergency
departments, integrating an injury reporting system and continued follow-up with the school personnel. In
M C M the records of concussion patients treated at UM CP are collected and an online concussion injury
surveillance tool has been developed. The online injury reporting form collects relevant details of the
concussive incident including age, gender, sport, mechanism of injury, history of concussion, equipment that
was worn at the time of injury, and geographical region within the county. It is necessary to collect accurate
data surrounding each injury to better identify the specific issues occurring whether it is equipment failure,
environmental, incorrect coaching, etc. The involved agencies collaborated to evaluate the effectiveness of
the program after its implementation.
The Florida State Legislature passed H ouse Bill 0291 in July of 2012 to ensure there are policies relating to
the nature and risk of concussion and head injury in youth athletes requiring informed consent for
participation in practice or competition and removal from practice or competition under certain
circumstances, and written medical clearance to return. Pre-Legislation data from concussions reported in
H igh School Sports based on age, sex, and ethnicity were obtained through the surveillance system. The prelegislation results for all sports at 36 M DC High Schools for the 2010-2011 school year reported 32
concussions. For the following school year 2011-2012, still reported as pre-legislation, 40 concussions were
reported. The most significant increase in reporting was for the school year 2012-2013, which was postlegislation data obtained after the passing of H B 0291 in July 2012. The 2012-2013 school year reported
166 concussions, a four-fold increase in concussion reporting. (Table 1)

Table 1. Surveillance Data
C oncussion reporting for all sports in 36 M iami-Dade C ounty Public H igh Schools

The marked increase in reporting after the implementation of H B -0291 is attributed to increased awareness
and the addition of a standard management protocol. The program has been successfully implemented in
about 40 high schools (36 public and 4 private) in M DC . The M C M provided ImPACT™ baseline testing for
18,357 student-athletes, trained over 100 coaches and 40 athletic trainers, and most recently provided
concussion education to high school football athletes. Data obtained from the UM CP clinic reports that in
2010, prior to the implementation of the standard protocol, 44 high school athletes from both public and
private schools were treated for sports concussions during the fall athletic season (August-January). In
2011, post-implementation of the model, 61 athletes sought treatment for concussions. During the 2012 fall
season and up to the present time, 155 athletes were treated in the same clinic for a sports-related
concussion, which included all sports for a total of 216 athletes treated. There are some athletes that return
to their pediatricians or family doctors for their care and for clearance for return to play however the ATC at
their school still follows the protocol and will enter data in the surveillance system. The chief complaints that
athlete’s reported during clinic visits included; headaches, dizziness, fatigue, visual disturbance, and
concentration issues. M ost of these physiological symptoms were accompanied by cognitive deficits, which
affected their academic performance. The clinic has developed a protocol for gradual return to play which

includes exertion activities from low to high as tolerated and also return to class and academic work with
specific accommodations. The University subjects’ review board approvals were obtained prior to collecting
any data. The majority of the concussive injuries occurred in an M DC high school setting or at a school
sanctioned athletic event. In 2012, 198 high school concussion injuries were reported through a concussion
injury surveillance system that the ATC s have been trained to use, 183 (92.4%) of those reported incidences
occurred at a school or at a school sponsored athletic event.
DISCUSSIO N
The M C M presented here was implemented in M DC in 2011. From this pilot evaluation of the model it was
determined to be effective in increasing the number of concussions identified, reported, and also treated at
the UM C P clinic. Also a centralized standard protocol was now in place across the county allowing for better
communication and compliance for reporting by the high school ATC s. This model, or a modified version, can
be implemented to centralize concussion management in other counties and communities across the
country. There is a unified need in every community for the development of concussion care protocol with
the ever-increasing awareness and liability involved in high school sports.
CO N CLUSIO N
C oncussions affect all aspects of the student-athlete and therefore management of an injured athlete should
be comprehensive and include psychological assessments, neurocognitive testing, academic support, and a
physiological examination. A comprehensive program that combines education, baseline neurocognitive
testing, clinical care and evaluation is believed to be most beneficial to maximize the effectiveness of such a
program. The M C M outlined in this paper is designed to be a guideline that can be adapted to the needs of
different communities. Data will continue to be collected and analyzed to evaluate the effectiveness of this
program. W ith limited coordination and low cost for baseline testing it is important to have a concussion
management program in place.
B AR R IER S TO IPLEM EN TATIO N
Since the M C M was developed with the consensus of key stakeholders, there has been little resistance. The
model presented has recently been developed and is going through continual evaluation. W hile the
preliminary data seems promising, we will continue to evaluate this model over the next few years. Since the
identification of a concussive event relies on the reporting of injuries by the ATC s at each high school their
support and implementation of the program is critical in the success of the program. The staff of the UM C P
suspected that the number of concussive injuries was still underreported in the first year, however now with
the passing of the C oncussion Legislation in July 2012, reporting has increased. Also with continued training
and education workshops and the centralized system this should improve compliance. Since M DC has ATC s
that all work for the school board it is much easier to implement such a program. In other cases where the

ATC s work for medical or rehab facilities they need to be compensated for their time in supervising and
administering of the baseline ImPACT™ testing. If they are not able to participate a school nurse could be
trained. Funding for the M C M will continue through a commitment made by the fundraising efforts of one
private school in M DC , however there are other ways to budget for such a program; Parent Teacher
Association fundraisers, booster club events, corporate support, local sports teams sponsorship, or a
nominal fee inclusive in yearly athletic dues.
APPLICATIO NS IN SPO R TS
The increased awareness of concussions and their effects on the developing brain have created a culture
change in sports. Schools with athletic programs need to be encouraged to implement a system to correctly
manage and prevent concussive injuries both to protect their athletes and to minimize liability. The
development of the M CM and protocol with the support of the leadership of the School B oard allowed for
the high schools in M DC to take a proactive approach in improving concussion management for their
athletes. The B aseline neurocognitive computerized testing ImPAC T™ provided an objective measure that
with the clinical exam assisted in determining a beneficial recovery plan for the athlete and providing a plan
for the school to limit their liability while better caring for their student-athletes while identifying and
preventing injuries.
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