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Abstract
The complex nature of the evaluation and management of concussion
lends to controversy, and the immediate and long-term implications still
are being investigated. Various types of protective equipment have been
used as a means to prevent concussions, and protective equipment is
being used more frequently in different sports. Recent investigations
have suggested that a protective, but not preventive, effect may be
afforded by mouthguard use in rugby players, headgear use in soccer
players, and customized mandibular orthotic use in football players. The
use of faceshields has not shown a proven benefit in preventing the
incidence of sport-related concussion in ice hockey or field hockey
participants. Further studies are needed to clarify the role of protective
equipment in the prevention of sport-related concussion.

cussions (22). As well, there has been
significant interest in protective head
and facial equipment in other sports,
such as skiing, soccer, lacrosse, and
pole vaulting (5,40). The short-term
and possible long-term ramifications
of sport-related concussion can be
burdensome to many athletes, and thus
the prevention of any sport-related
concussion is ideal. This review summarizes recent literature on the use of
protective equipment for the prevention of sport-related concussions.

Introduction
Increasing interest in sports-related concussion has
recently spread, and the long-held notion of benign Bdings[
and Bbell-ringers[ has been cast aside. At the professional
level, for example, the National Football League (NFL) has
adopted a more strict policy on concussions and return-toplay (3). Additionally, beginning in the 2010 to 2011 season, NFL team locker rooms will carry posters with newer
and more definitive language regarding the severity of
sport-related concussions (4). Increasing numbers of professional bull riders and rodeo participants are using helmets in an attempt to prevent head injuries and concussions
(8,14). At the youth level, multiple states V led by Washington State V have enacted legislation that prohibits or
limits participation by youth athletes diagnosed with or
suspected of having a concussion (29,45). Youth baseball
parents and coaches are experiencing a movement aimed
at promoting the pitchers_ use of protective helmets, in
an effort to prevent head injuries and sport-related con-

Background
Definition
The Third International Conference on Concussion in
Sport has defined concussion as a complex pathophysiologic process induced by traumatic biomechanical forces
(31). Concussion is an entity that can occur not only from
direct head trauma, but also from a force transmitted to
the head, even if seemingly mild (19,33). Concussion is
identified clinically by a myriad of symptoms, as well as
functional cognitive disturbance. Typically, a concussion
resolves in 7 to 10 d, and current recommendations include
at least a 6-d return-to-play protocol following the diagnosis of a concussion (31). Complications resulting from a
sport-related concussion, such as postconcussion syndrome
and even possibly fatal outcomes, have been described and
discussed (24,30). As well, studies have shown an association between late-life cognitive effects, depression, and a
history of concussion in retired professional football players
(16,17). Unfortunately, there are no true prospective data
on the long-term complications of concussion.
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Epidemiology and Risk
The U.S. Centers for Disease Control and Prevention
(CDC) estimates that between 1.6 and 3.8 million treated
and untreated sports-related concussions occur each year,
based on estimates of emergency department visits (36).
Pellman et al. reported a concussion incidence of 0.41
concussions per game in the NFL (39). A 2001 survey by
Booher et al. reported an incidence of 5.56 concussions
per 1,000 athletic exposures in 87 Division I-A football
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programs (6). Tommasone et al. reports an incidence of
concussion of between 0.18 and 3.6 per 1,000 exposures in
high-school athletes (47). There is suggestion from all of
these reports that the true incidence of concussion remains
underreported. With regards to risk factors, a personal history of having had a previous concussion is a risk factor
for having a repeat concussion (18). However, being of
female gender, physical fatigue, and a family history of
concussions also may be independent risk factors for experiencing concussion (28).
The Concept of Protection
The concept of equipment for the prevention of sportrelated concussions, or head injuries in general, certainly is
not novel. While helmets have been used since the early
1900s in the NFL, they were not mandatory until 1943. Since
then, the materials, designs, and safety standards have undergone revision, and more recent modifications have focused on improving the design to further protect the athlete
specifically from concussive impacts (7,26). Biomechanical
studies have shown that newer football helmets may reduce
the impact forces associated with a sport-related concussion
(49). A 2006 unblinded and uncontrolled study suggested
that these newer helmet designs might decrease but not prevent the incidence of sport-related concussions in high-school
football players (11). Cantu recently opined that, despite
biomechanical research showing impact-force reduction in
newer football helmet designs, the inherent material design
of such football helmets is ideal for preventing high-energy
impact forces associated with catastrophic head injuries
and less ideal for reducing the lower-impact forces to which
concussions typically are related (9). As newer protective
equipment for the head, neck, or face becomes available,
clinical trials are necessary to assess the actual effectiveness in
preventing sport-related concussions.
The Prevention of Concussion
Football
For the sport of football, a single 2009 prospective cohort
survey by Singh et al. attempted to evaluate the effect of
a customized mandibular orthotic (CMO) in the prevention of sport-related concussions in high-school football
players. The study describes an oral CMO as a customized,
laboratory-fabricated appliance for the alignment of the
upper and lower jaws, providing spatial correction of the
temporomandibular joint (TMJ). Based on biomechanical
studies available, the authors posit that correction and stabilization of the TMJ may provide indirect protection of the
temporal lobes and thus play a role in the prevention of
sport-related concussions. A nonrandomized group of highschool football players presenting for CMO served as the
study group. Data were obtained via a patient-completed
questionnaire done before to the orthotic fitting and again
after three consecutive seasons of using the CMO during
football participation. The football players reported a total
of 59 Grade I or II concussions having occurred in the 2 yr
before using the CMO; only three concussions were reported in the three seasons of play with the CMO. The study
reports an odds ratio of 38.33, with sport-related concussion 7.67 times more likely to have occurred in the
football players without use of the CMO (46).
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The lack of randomization of study participants and the
lack of a control group are obvious limitations of this study.
Also, the authors note the lack of control in the actual
diagnosis of sport-related concussion made by coaching and
training staff not involved with the study. The self-reported,
survey-based data collecting method also is not ideal.
Because of the timing between completions of the questionnaires, 2.4 yr, age and experience level could have had
an effect on the final data. Moreover, the large number of
players with a previous history of concussion lends to the
possibility of self-selection bias; additional self-selection
bias could be from more cautious play by a group of players
with a history of concussions. As a final point, the authors
of the study did not report on the players_ compliance with
the CMO. Despite the assumption that a mouthguard-type
device is required at this level of play, it does not imply that
the players used the CMO in the study, certainly affecting
the final data and conclusion of the authors. These noted
limitations of a preliminary study prohibit any conclusion
that CMO use in football participants affects the incidence
of sport-related concussion.
Rugby
Two prospective studies recently evaluated the protective
effect of headgear on concussion in rugby players. The first
was a cohort study by Hollis et al. that followed over 3,000
male, nonprofessional rugby players over at least one season. Trained injury recorders, who had no mentioned
interaction with the teams_ medical staff, collected data
regarding mouthguard and headgear use, as well as the
main outcome data of concussion, here referred to as mild
traumatic brain injury (mTBI). There was an overall incidence of mTBI in the cohort at 7.97 per 1,000 exposures
and an overall rate of 9.8% of all players. The incidence of
mTBI in players who rarely wore protective headgear was
almost twice that of players who reported always wearing
headgear. The incidence of mTBI in players who rarely used
a mouthpiece was also almost twice the incidence of those
who reported always using a mouthpiece. The incidence of
mTBI also was noted to be higher in players reporting
higher impulsivity scores and in players with less than
3 hIwkj1 of training. In further age group analysis, the data
also showed a higher incidence of mTBI in less-experienced
players (less than 4 yr playing) and more-experienced
players (more than 8 yr playing). The study recommends
not only the use of protective headgear in rugby athletes but
also the proper management of prior or current mTBI as
means to reduce the incidence of mTBI (23).
However, the reporting of mTBI is not ideal in this study,
as not all data collectors were trained or specified to have
access to the team_s medical staff. This may have led to
an altered incidence rate of mTBI. The self-reporting of
mouthguard and headgear use does not randomize the study
interventional and control groups for analysis. Also, the
association of concussion with impulsivity raises the possibility of self-selection bias contributing to confounding the
final data (43). Finally, in review of the data analysis on
mouthguards, the confidence intervals for the two groups
have significant overlap, devaluing the findings regarding
mouthguards. Unfortunately, no conclusive evidence-based
support for or against mouthguard or headgear use as a
The Prevention of Concussion
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protective measure in rugby participants can be made based
on this study alone.
McIntosh et al. performed a randomized, control trial of
3,686 males, aged 12 to 21 yr, in rugby union football over
two seasons. The study aimed to determine a risk reduction
in the rate of head injury or concussion over two rugby
seasons, in three cohorts of players: those without headgear,
those with standard headgear, and those with modified
headgear. The modified headgear was created from thicker
and denser protective foam than the standard headgear.
Individual teams were block-randomized to either the control group or one of the intervention groups. Data were
collected via trained primary data collectors who were able
to corroborate medical data with the trained medical staff.
When comparing the three groups against each other and
establishing the nonusers as the reference baseline, there
was no significant difference in injury rates for concussions.
The overall concussion injury rate as a proportion of all
injuries was found to be similar to other studies. Compliance with wearing of the standard or modified headgear
was noted to be poor throughout the study and thus could
be a major data confounder for the final analysis. The study
mentions other limitations, including player position,
aggressiveness, and history of head injuries or concussions,
as these were not assessed in the study. The issue of the poor
compliance was addressed, as it was difficult to mandate the
use of headgear or to request players who already used
protective headgear to stop using it (32). Despite its limitations, this does present a true randomized study of protective headgear in rugby and does not support the use of
standard headgear V or a modified version V for the prevention of concussions.
Soccer
Delaney et al. utilized a retrospective, cross-sectional
survey of adolescent soccer players to attempt to analyze the
association of headgear use, concussion incidence, and risk
factors based on self-reported symptoms. The study showed
that, compared with players wearing headgear, those players without headgear carried an adjusted relative risk of
2.65 for experiencing concussion. Being female carried
almost double the risk of concussion. The majority of
players who used headgear were female, had experienced
previous concussion, and were more likely to use mouthguards. The survey did acknowledge its own limitations,
including the retrospective nature. The definition of a concussion may have been a confounder as well, as almost 50%
of the surveyed athletes claimed to have had a concussion,
but only 15% of these athletes also claimed to have recognized that they had done so (13). Although the two points
raise concern over the validity of the self-reporting of the
players_ symptoms, they also reinforce the concepts of lack
of education and lack of reporting of concussion-like symptoms in athletes. Given the noted limitations of the survey,
it would be difficult to extrapolate the results of this study
to a more general soccer population.
Field Hockey
Hendrickson et al. conducted a prospective, survey-based
study of head and facial injuries in collegiate female field
hockey players. The study spanned six Division I collegiate
www.acsm-csmr.org

schools and examined head and facial injuries across 2 yr
of competition, as reported by the respective field-hockeycertified athletic trainers. Besides a mouthguard, no other
protective head or facial equipment was worn uniformly by
players. One team was mentioned as providing clear, protective faceshields for use in practice but not games. There
were 62 head and facial injuries reported over the 2 yr,
with lacerations and contusion/hematoma comprising the
top two injury categories. Concussions represented 18%
of these injuries, being the third most common injury.
Unfortunately, a subgroup analysis on the data concerning
injuries and, in particular, sport-related concussions in the
athletes who wore faceshields is not provided. However, the
article suggests that based on this survey, faceshields may
offer a beneficial effect in preventing head injuries, including concussion (21).
Ice Hockey
Asplund et al. conducted a systematic review of cohort
studies on facial protection in ice hockey and its association
with facial and head injuries, including concussions. The
studies spanned dates from 1987 through 2007. The review
was able to evaluate full facial versus half facial protection
in the prevention of facial and head injuries. The review
found no significant difference in the comparative rates of
concussion incidence, even compared with no facial protection. Based on the reported time to return-to-play, however, the data suggest that full facial protection is associated
with a lower severity of concussion when sustained by a
player (2).
Discussion
Multiple equipment-based methods for the prevention of
sport-related concussion have been proposed, yet the literature discussed here fails to argue overwhelmingly in favor
of such a role. No protective equipment was shown to
produce a zero-risk incidence for sport-related concussion,
and many of the studies were limited by design. The Table
outlines the effectiveness of different protective equipment
types in their respective sports. CMO provided poor evidence of decreasing the risk of suffering a concussion.
Mouthguards showed limited evidence of reducing but not
eliminating the risk of sport-related concussion in rugby
players. Standard and modified headgear in rugby players,
though, showed conflicting data on decreasing the rate of
Table.
Effectiveness of Protective Equipment in Preventing Concussions.

Equipment Type

Effective?

Highest Level
of Evidence

CMO

No

4

Rugby

Mouthguard

No

2

Rugby

Headgear

Inconclusive

2

Sport
Football

Soccer

Headgear

No

3

Field hockey

Faceshield

Inconclusive

4

Ice hockey

Faceshield

No

2

CMO = customized mandibular orthotic.
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sport-related concussion. The use of headgear in soccer
players showed a decreased relative risk according to retrospective survey data. As well, survey data indirectly suggested a possible decreased risk of concussion in field
hockey players wearing faceshields in practices. Finally, a
systematic review of cohort studies revealed no decreased
risk of concussion in ice hockey players using faceshields
compared with those not using faceshields.
In addition to the literature presented here, a 2009 systematic review by Benson et al. systematically reviewed
the prevention of sport-related concussion. These studies
included prospective cohort studies, cross-sectional surveys,
and randomized, controlled trials from 2002 through 2005.
According to the review, there was no evidence that a
mouthguard prevented concussions in users compared with
nonusers in ice hockey, football, basketball, and rugby. The
review also noted that helmet use in skiers, snowboarders,
and bicyclists reduced the risk of head injury. None of these
particular studies, however, explicitly evaluated for concussion. For both soccer and rodeo, only observational data
were available but did suggest a potential protective role for
helmet and headgear use (5). The findings of the review are
familiar in that no protective equipment was found to prevent sport-related concussions convincingly.
If protective equipment were proven to prevent sportrelated concussions, their use likely would increase and even
become enforced. However, disparity in attitudes and
desires among athletes and coaches contributes to an actual
lack of use of protective equipment for the prevention of
sport-related concussion. Turbeville et al., using a Webbased anonymous survey of 131 NCAA schools_ polevaulting coaches, found that while 68% of coaches felt that
helmets prevented head injuries, none required their athletes
to use them, and only 21% thought that helmets should be
required. Despite the disparities, 59% claimed that they
would consider requiring helmet use if a helmet was specifically designed for pole vaulting (48). In similar fashion,
a 2004 survey of teenagers cited discomfort and lack of
need as the main reasons they did not use personal protective equipment, while citing a personal injury or having
witnessed an injury in a friend as the primary reasons to
begin using personal protective equipment (27).
Despite this disparity, protective equipment should be
used, if not mandated, where it has been shown to be
effective in reducing injuries, unless proven to be detrimental to the athlete. Helmet use should be mandated in all
contact or collision sports where scientific evidence demonstrates a clear safety advantage for the user, and research
into improving the design of existing helmets should continue (7,19,26,33,40,44). For sports in which scientific
evidence is lacking regarding protective equipment use,
athletes should educated about the potential safety benefits
versus risks and should be allowed to make informed decisions. Faceshields and mouthguards should be encouraged, especially where required, as they have proven to
reduce orofacial injuries, despite the inability to prevent
concussions (2,5,12,25,35).
However, Cantu recently concluded, based on the inherent paradox in football helmet design, BIt is unlikely, given
the present materials, that helmets will solve the concussion
crisis,[ and proposes guidelines for safer sports (9). It would
30
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be similarly prudent to promote the role of nonequipmentbased methods of preventing sport-related concussions. The
rules of gameplay should be reviewed constantly and
enforced strictly so that risk of injury via violent or illegal
actions can be minimized (10,38,50), similar to the elimination of spearing in the NFL (37). Medical staff should be
provided with the authority to triage safely and appropriately and manage injured athletes in a nonthreatening or
time-limited manner. Proper technique should be encouraged by both medical and coaching staff, as certain maneuvers, such as heading the ball in soccer (41,51), are safe
if performed properly. As well, game situation awareness
may offer a protective role in preventing sport-related concussions and injuries. For example, proper anticipation of
a collision in sports such as ice hockey may reduce the force
of impact (34). The continued education of athletic participants at all levels is necessary, and they should be instructed
and encouraged to seek medical attention when experiencing a possible concussion or head injury. Finally, the education of amateur and youth coaches and officials should
be encouraged and required, as both the CDC Heads Up
toolkit (20) and the Athletic Concussion Training using
Interactive Video Education (1) have been shown to improve coaches_ self-reported knowledge bases and management principles (15,42).
What research has been conducted on the role of sports
equipment and sport-related concussion has not proven a
protective effect, but these efforts should be lauded as the
paradigm of the role of sports medicine in the prevention
of injuries. The lack of conclusive data illuminates the
idea that much remains undiscovered on this complex and
emotional topic. However, a combination of appropriate
protective equipment and nonequipment-based protective
methods will help create an environment that promotes
athletes_ safety against sport-related concussion.
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