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Abstract: Data on helmet models
used and occurrence ofcerebral con-
cussions over five seasons were col-
lected from a representative sample
of college football teams including a
total of 8,312 player-seasons and
618,596 athlete-exposures to the pos-
sibility ofbeing injured in a game or
practice. Results showed that play-
ers with a history of concussion any
time during theprevious 5years were
six times as likely to suffer a new con-
cussion as those with no previous
history. In light of previous studies
showing cognitive deficits for up to
30 days following even minor head
injuries, and the growing awareness
of "second impact" fatalities, these
data support a need for reconsider-
ation of the common practice of im-
mediate return toplayfollowing non-
loss-of-consciousness head injuries.
Results on concussion frequency in
ten models offootball helmets indi-
cated a significantly lower than ecx-
pectedfrequency in the Riddell M155
and a significantly higher frequency
in the Bike Air Power. All other mod-
els performed within expectations.
This study demonstrates the needfor
monitoring on-the-field performance
offootball helmets through continu-
ing epidemiological studies to sup-
plement laboratory test data, which
cannot duplicate all the factors in-
volved in actual helmetperformance.

C erebral concussion is a com-
mon injury among football
players, '5'20 being the fifth

most common injury in college foot-
ball.20 Reducing the number and se-
verity of head injuries, including ce-
rebral concussions, is the principal
purpose of the football helmet. Over
the past 25 years, there have been
several studies reporting the inci-
dence of concussions in football
players, but few studies have looked
specifically at concussion rates in
players wearing different brands and
models of football helmets. During
the 1969 high school football season
in North Carolina, Robey et al16
found essentially no difference in
second and third degree concussions
among brands of padded helmets or
among brands of suspension helmets,
but the players wearing suspension
helmets had lower rates of concus-
sion overall. Data collected by the
National Athletic Injury/Illness Re-
porting System from a sample of high
school and college teams during the
1975-1977 seasons indicated no dif-
ference in cerebral concussion rates
in 13 brands of football helmets.4
More recently, in a study combining
data from the NCAA's Injury Sur-
veillance System and from the Ath-
letic Injury Monitoring System, it
was reported that there were no dif-
ferences in concussion rates among
brands of football helmets in a sam-
ple of college teams during three of
the four seasons studied.21 It was un-
certain whether the differences in
concussion rates found in the fourth
year were due to real differences in
protective ability among the brands

of helmet or due to a statistical aber-
ration in that year's data.

This report on cerebral concussion
in the most commonly used models
of football helmets is based on data
collected during a 5-year prospective
study of football injuries in a national
sample of college football teams con-
ducted by the Athletic Injury Moni-
toring System (AIMS) operated by
Exercise Research Associates of Or-
egon (ExRA). The results of the de-
scriptive analyses of these data are
used to address issues concerning re-
currence of head injuries and moni-
toring on-the-field performance of
football helmets.

Subjects and Methods
The data used for this study were

collected during five seasons (1986-
1990) by AIMS. AIMS meets the ma-
jor criteria for reliable studies of
sports injury rates outlined in 1987 by
the American Orthopaedic Society
for Sports Medicine.18 The total
AIMS sample was a stratified, pro-
portionally representative sample,
based on geographic region and size
of athletic program, of all NCAA and
NAIA intercollegiate football teams,
and was approximately a 5% sample
of all these teams. The subset of data
used for this report included all the
teams from which complete data
were available on brands and models
of football helmets used, constituting
an approximately 3% sample of all
NCAA and NAIA football teams,
and was proportionally representa-
tive by geographic region and size of
program.
The study population included all

intercollegiate football players at
these institutions. The geographic re-
gion by program size distribution of
this sample is presented in Table 1. A
x2 test of goodness-of-fit comparing
this distribution with the distribution
expected based on NCAA and NAIA
members sponsoring football during
the period of this study showed no
significant difference between the
sample distribution and the actual
distribution (calculated x2 = 15.2;
critical value = 19.7, a = .05, df =
11). The results therefore are gener-
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Table l.-Distribution of Helmet Study Sample

East* South Midwest West Totals

NCAA Division I 7 12 8 7 34
NCAA Division II and NAILA Division I 5 8 9 8 30
NCAA Division III and NAIA Division II 10 0 14 5 29
Totals 22 20 31 20 93

*East: ME, NH, VT, MA, RI, CT, NY, PA, NJ, DE, MD, WV; South: VA, KY, TN, NC, SC, GA, FL, AL, MS, AR, LA, OK,
TX; Midwest: OH, MI, IN, IL, WI, MN, IA, MO, ND, SD, NE, KS; West: MT, WY, CO, NM, AZ, UT, ID, NV, WA, OR,
CA, AK, HI. Ratio of NCAA to NAIA teams, this sample: 2.9:1; 1986-1990 actual: 3.1:1.

alizable to the total population of in-
tercollegiate football teams.
Over a 5-year period, this study in-

cluded a total of 93 team-seasons (an
average of 19 teams per year) with a

total of 8,312 player-seasons accu-

mulating 618,596 athlete-exposures.
An athlete-exposure (A-E) is one

player taking part in one practice or

one game, where he is exposed to the
possibility of being injured. If a foot-
ball team has 100 players that all take
part in five practices in a given week,
that team has 500 A-E for the week in
practices. If 43 players actually par-

ticipate in the game on Saturday,
there are 43 game exposures and a

total of 543 A-E for that team for the
week.

Prior to the start of each football
season the head athletic trainer at
each participating school was sent
copies of forms for reporting expo-

sure and injury data, along with de-
tailed instructions on how to use the
forms. On a weekly basis throughout
the season, from the first preseason

practice until the final regular season

or postseason game, the athletic
trainers returned a form listing the
number of practices and any games

played during the week, and the
number of players participating in
each. They also returned separate
forms detailing each football-related
injury that kept a player from full
participation for one day or more.

The athletic trainers also were in-
structed to complete an injury form
for any player evaluated for a sus-

pected or diagnosed cerebral concus-

sion, whether or not there was time-
loss involved. Upon arrival at the
ExRA office, each form was logged
in and screened for completeness and
consistency before being entered into

a computer file for later analysis. In
the case of missing data, or incom-
plete or inconsistent data on any

form, the individual athletic trainer
was contacted for clarification. Dur-
ing the 5 years of this study, 97.9% of
the weekly forms were submitted.

For this study the athletic trainers
also completed a form at the begin-
ning of the season indicating the
number of each brand and model of
football helmet being worn by their
team members. While brand data
were available from all teams, for
various reasons the athletic trainers
from about one-fourth of the total
sample of 125 team-seasons were not
able to obtain complete data on the
models of helmet used. This report
therefore uses data only from the 93
team-seasons that provided complete
helmet model data. The distribution
of helmets in use by brand names

was the same in the total sample and
in the sample used for this report.
During the last 3 years of this study
the athletic trainers also indicated the
number of players on the team who
had a history of cerebral concussion
any time during the 5 years prior to
each season. This information was

taken from the medical histories of
the players. On the individual injury
forms the athletic trainers provided
information such as the type of in-
jury, player position, the circum-
stances, type of playing surface being
used, number of days away from par-

ticipation, whether or not it required
surgery and, if it was a head injury,
whether or not a cerebral concussion
was diagnosed, what degree based on

AMA's Standard Nomenclature of
Athletic Injuries,2 and what brand
and model of helmet was worn by the
injured player. The statistical analy-

ses for this report utilized the chi-
square goodness-of-fit test with an a

= .05.

Results

Concussion Rates
Data for ten models of football hel-

mets used in a total of 93 team-
seasons during the 5-year period of
this study are presented in Table 2.
The left-hand column of figures
shows the distribution of the different
models of helmets in the sample. The
next column shows the total number
of athlete-exposures in practices and
games for each model, with the next
column displaying the number of ce-

rebral concussions observed in this
sample for each model. The third col-
umn from the right lists the number
of cerebral concussions expected for
each model if the distribution was the
same as the distribution of athlete-
exposures for each model, which
would be the case if every model
were doing an equivalent job of pro-

tecting the head. The rate of cerebral
concussions per 1,000 A-E is given in
the second column from the right.
The helmet models included are

those that comprised at least 2% of
the helmets in use in the sample and
had at least five for the expected
value of the number of concussions.
This eliminated four models that to-
gether accounted for only 4% of the
total athlete-exposures in the sample.
This step was taken to avoid violat-
ing the assumption that observed val-
ues are normally distributed around
the expected value in the x2 test,
which is a potential problem when
expected values fall below five.10
The distribution of observed cere-

bral concussions in Table 2 does not
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Table 2.-Cerebral Concussion Rates for Ten Football Helmet Models During a 5-Year Period in a Total of 93 Team-Seasons

No. of
No. in Use Athlete- No. of Concussions No. of Concussions Rate/1000 Standardized

Helmet Model N (%) Exposures Observed Expected A-E Residuals

Bike 3,058 217,241 115 86.04 0.53 3.12
Air Power* (36.8)

Bike 1,822 130,988 81 51.88 0.62 4.04
Pro Air* (21.9)

Riddell 1,083 90,299 15 35.76 0.17 -3.47
M155 (13.0)

Riddell 649 48,846 12 19.35 0.25 -1.67
WD1 (7.8)

Riddell 370 29,501 6 11.68 0.20 -1.66
VSR3 (4.5)

Riddell 392 27,341 5 10.83 0.18 -1.77
PAC-3 (4.7)

Riddell 287 23,031 4 9.12 0.17 -1.70
VSR1 (3.5)

Riddell 223 18,206 3 7.21 0.16 -1.57
AF2 (2.7)

AHI 254 17,914 3 7.09 0.17 -1.54
Air Power* (3.1)

MaxPro 174 15,229 1 6.03 0.07 -2.05
Super Pro (2.1)

Totals 8,312 618,596 245 244.99

*Note: The Bike helmet line was purchased by American Helmet, Inc., in 1987, and AHI subsequently changed some compo-
nents of the Air Power model, thus making it a "new" model. The AHI Air Power is therefore analyzed here as a separate
helmet model. The Bike Pro Air was replaced after 1989 by a new model, the AHI Pro Air II, and there were not enough AHI
Pro Air II helmets used in this sample to be able to include in this analysis. (There were only 4860 A-E and no concussions
reported in the AHI Pro Air II.)

fall within the expected range based
on number of A-E for each model of
football helmet (X2 = 58.7, compared
to a critical value of 16.9, a = .05, df
= 9). A x2 test will tell whether or not
a set of results fall within an expected
distribution range, but it will not in-
dicate which categories, in this case

helmet models, are contributing most
significantly to the results. To iden-
tify the major contributors to this sig-
nificant x2 value, standardized resid-
uals were calculated for each model,
and are presented in the right-hand
column of Table 2. Major contribu-
tors to a significant x2 value are those
categories (or helmet models) with a

standardized residual having an ab-
solute value of 2.00 or more.8'11 The
Bike Air Power and Pro Air models
have positive values greater than
2.00, indicating they have signifi-
cantly more observed cerebral con-

cussions than would be expected
based on the number of exposures

for these models, while the Riddell
M155 and the MaxPro Super Pro
have negative values greater than
2.00, indicating they have signifi-
cantly fewer than the expected num-

ber of cerebral concussions. (Be-
cause of the relatively low number of
helmets in use and exposures for the
MaxPro Super Pro, and only a single
observed cerebral concussion in that
model, until more data become avail-
able for this model, it is probably
best not to draw any immediate con-

clusions regarding the MaxPro Super
Pro.) All other models appear to fall
within expected ranges based on the
number of exposures. Separate anal-
yses indicated there were no signifi-
cant effects on the distribution of
concussions based on player position
or on the type of play (rush, pass,

kick) at the time of injury.
There is one potential concern

about the data set presented in Table
2 that could have an impact on the

results shown. Many teams use more

than one model of helmet, and if one
assumes that all the first-string play-
ers use one model and lower-string
players have been given different
models, which may or may not be the
case on a given team, then the model
being used by starters could be re-

ceiving more exposures at a greater
"intensity" than other models for
that team. This, in turn, could tend to
skew or bias the results of analyses
such as those in Table 2. To deter-
mine whether any model was af-
fected by this potential source of
bias, a subset of data was assembled
utilizing only teams that used one

model on at least 90% of their play-
ers. This had the practical effect of
eliminating all models from the data
set except the three predominant
models being used by the teams in
the sample: The Bike Air Power, the
Bike Pro Air, and the Riddell M155.
Twenty-three team-seasons re-
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mained in this restricted subsample
and each of the remaining models av-
eraged a minimum of 97.5% "pure"
sample. In other words, only one or
two players on a given team would
not be wearing the particular model
of helmet used by all the other play-
ers on the team. There were repre-
sentatives of all three divisions and
all four geographic regions in this
subset. While the four geographic re-
gions remained proportionally repre-
sentative of the national distribution,
Division I teams were slightly over-
represented and Division III teams
were somewhat under-represented.
The additional analysis for this sub-
set of "pure" helmet model data is
presented in Table 3. The x2 test
again shows a significant result. The
calculated x2 value is 14.4, compared
to a critical value of 6.0, a = .05, df =
2. Table 3 shows there apparently
was a biasing effect present for the
Bike Pro Air model, possibly due to
the above noted potential for nonran-
dom distribution of the model. It now
falls well within the expected range
of cerebral concussions, and even
shows a tendency to have fewer than
the expected number of concussions.
However, based on the standardized
residuals, the Bike Air Power contin-
ues to show a significantly higher
number of cerebral concussions than
expected based on the number of ex-
posures for this model, and the Rid-
dell M155 shows a significantly lower
than expected number of concus-
sions. Across both sets of analyses
(Tables 2 and 3) the Bike Air Power
and the Riddell M155 show little
change in their respective concussion
rates per 1,000 A-E, and the absolute
values of the standardized residuals
remain well above 2.00.

Further confirmation of these re-
sults were provided when game situ-
ations were isolated, to eliminate any
potential bias from the range of inten-
sities present during practices. This
third set of analyses were done using
only game concussions and game ex-
posures, where the intensity of expo-
sure should be fairly uniform. The
overall results are essentially the
same as those shown in Table 3 ex-
cept, as noted in previous reports for

all injuries,'9'20'22 the rates of concus-
sions/1,000 A-E are considerably
higher during games (Bike Air Power
4.64; Bike Pro Air 1.80; Riddell M155
0.38). These results continued to
show the Bike Pro Air with fewer
than the expected number of cerebral
concussions, but within the expected
range if all models were providing
equal protection. Again, based on the
standardized residuals, the Bike Air
Power showed significantly more
than the expected number of concus-
sions, while the Riddell M155
showed significantly fewer concus-
sions.

During the period of this study the
Bike Air Power helmet was one of
the oldest models on the market,
having first become available in
about 1975. Although manufacturers
normally do not release their sales
figures, it is apparent from these data
that the Bike Air Power model was
one of the predominant models used
by college football teams during this
period. (It is generally believed that
the percentages of the various mod-
els in use at the high school level dif-
fer considerably from those at the
college level.) Because the Bike Air
Power had been available for a longer
period, it is possible that, if there
were a higher proportion of older Air
Power helmets in this sample and if
one assumes older helmets do not
protect as well as newer helmets, it
might affect these results. To investi-
gate this possibility, the data were
examined to see if the proportion of
concussions occurring in old versus
new helmets was different for the Air
Power model compared with the oth-
ers. The results of these analyses
showed that there were no significant
differences among the models in the
proportion of concussions recorded
in old, new, or reconditioned hel-
mets. This also held true when his-
tory of previous concussion was fac-
tored into the analyses.

Reinjury
Data from the last 3 years of this

study allowed a look at the impact of
a history of cerebral concussion
within the previous 5 years on the
risk of sustaining another concus-
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Table 3.-Cerebral Concussion Rates for Three Football Helmet Models from 25 Team-Seasons That Used a Single Model of
Helmet

No. of No. of No. of
Athlete- Concussions Concussions Rate/1000 Standardized

Helmet model Exposures Observed Expected A-E Residuals

Bike Air Power 109,531 59 43.65 0.54 2.32
Bike Pro Air 36,094 11 14.39 0.30 -0.89
Riddell M155 45,047 6 17.96 0.13 -2.82
Totals 190,672 76 76.00

sion. During this period 2.1% of the
players with no previous history of
cerebral concussion suffered a new
concussion, while 12.2% of the play-
ers with a previous history suffered a
new concussion (Table 4). Thus,
those players with a history of cere-
bral concussion any time during the
previous 5 years were six times as
likely to incur a new concussion.
Further analyses showed that this re-
sult was not affected by player posi-
tion or type of play at the time of
injury. The proportion of concus-
sions across all player positions was
not significantly different for those
with a history of previous concus-
sions and for those with no history of
concussion. Based on written com-
munication from RM Campbell of the
NCAA Staff in April 1993, there also
were no significant differences in the
proportion of concussions during dif-
ferent types of plays during games
(rushing, passing, kicking) for play-
ers with and without a history of con-
cussion, based on national data on
the distribution of plays during
NCAA football games.

Table 4.-Cerebral Concussion in
Players With and Without Previous
History of Concussion*

Total number of 6192 491
players

Number of 127 60
players
sustaining
concussion

Percent 2.05 12.22
Relative risk = 5.95

*These data cover only the 1988-1990
seasons, during which data on previ-
ous history of concussion were re-
ported.

Discussion
These analyses provide the basis

for addressing two important issues
related to sports safety that previ-
ously have not received enough at-
tention. The first is when to allow
athletes to return to activity after
sustaining a concussive injury, par-
ticularly those involving no loss of
consciousness. The second issue is
the need for continuous monitoring
of field performance data, in addition
to current laboratory testing proce-
dures, for critical pieces of sports
safety equipment, such as football
helmets. I hope this report will serve
as the impetus for further research
and discussion on these important is-
sues.

Previous reports on AIMS college
football data have indicated that ce-
rebral concussions constitute about
5% of the total injuries and are the
fifth most frequent injury in college
football.20'22 At the high school level
concussions have been reported as
5.4% of all football injuries,3 1 to 9%
of all injuries,9 and 24% of all re-
ported football injuries.5 It is inter-
esting to note that in the Gerberich5
study only about 9% of the injuries
were initially reported as concus-
sions when respondents were asked
if a "concussion" had occurred.
However, the additional incidents
were revealed when respondents
were asked if there had been an inci-
dent of "not knowing the time or
place, or not remembering a play or
an assignment on the field" following
a blow to the head. These symptoms
indicated a loss of consciousness
and/or awareness and therefore a
concussive event. This implies that,
because of a lack of complete under-
standing of the medical term "con-

cussion" on the part of players and
coaches, many such incidents may
go unreported, particularly in retro-
spective studies and those that do not
use trained medical personnel as data
sources.

Undoubtedly, helmets do reduce
the number and severity of head in-
juries in football players. But the
question remains, are all helmets do-
ing an equivalent job of protecting
the head? Could they do a better job?
These questions become even more
important when you consider re-
search showing that closed head in-
juries, even when they do not involve
loss of consciousness, produce mea-
surable cognitive deficits (eg, mem-
ory, information processing) for up
to 30 days following injury.6 These
effects are cumulative, with succeed-
ing head injuries creating greater def-
icits for longer periods.7 This should
raise serious concerns about even
mild, non-loss-of-consciousness
head injuries (eg, the "bell ringer")
to school age participants in football
and other sports, and the resulting
implications for classroom perfor-
mance.
The problems presented by recurrent

head injuries recently has become more
apparent through the observations of
clinicians who have reported instances
of "second impact" fatalities in football
players.13"17 They believe that an initial
concussive event in some individuals
may cause swelling and loss of compli-
ance in brain tissue, and a subsequent
head injury before complete recovery
leads to further swelling and death. The
implication is that an athlete should not
be allowed to return to participation,
even after a minor head injury, until all
symptoms have completely cleared.
Kelly et al13 present guidelines for man-
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agement of concussion in sport that rec-
ommend that all symptoms be clear for
1 to 2 weeks before return to play is
allowed.
Our results that players with any

history of cerebral concussion during
the previous 5 years were six times
as likely to incur a concussion as
those with no previous history of
concussion is higher than the 4.1
times as likely rate among high
school athletes reported earlier.5 Our
data include all concussions, how-
ever, while the previous study in-
cluded only loss of consciousness in-
juries.

Current common practices regard-
ing return to play following even mi-
nor head injuries must be reconsid-
ered. Athletes, coaches, and parents
often pressure medical personnel to
return injured athletes to play as
quickly as possible. Even at the high
school level, it is common for players
to be returned to play within a few
minutes after a "bell ringer" or a loss
of awareness incident.5 It is difficult
to implement relatively conservative
guidelines, such as those suggested
by Kelly et al.13 This is especially
true during games, where the risk of
head injury is much higher than dur-
ing practices, as implied by the con-
cussion rates/1,000 A-E listed in Ta-
ble 2 for games and practices
combined, and the rates noted earlier
for games only. With this recently
developed information on the occur-
rence of second impact fatalities and
the increased risks following an ini-
tial concussion, it is time for the
sports medicine community to recon-
sider the current practice of sending
a player back in as soon as he can see
straight (and the athletic trainer may
have to bear the brunt of that bur-
den).
The occasional previous attempts to

analyze field performance data for foot-
ball helmets generally showed that all
were performing at about the same lev-
el.4'16'21 However, the constant
changes in design and materials in the
manufacture of helmets in continuing
attempts to improve safety make such
information obsolete within a very few
years. For the first time the data pre-
sented in Table 2 clearly indicate that

the distribution of the observed num-
bers of cerebral concussions among the
different models of football helmets is
significantly different from the ex-
pected distribution based on the num-
ber of exposures each model received
in practices and games.
These descriptive analyses from a

large national data set show very
strong evidence that not all helmet
models did an equivalent job of pro-
tecting against cerebral concussions.
The degree of statistical significance
of the chi-square tests is well beyond
being close or questionable, and ad-
ditional analyses of these data have
shown no influence on this type of
injury from such factors as player po-
sition or type of play. The question
as to whether or not football helmets
could do a better job of protecting the
head from cerebral concussion can
not be answered by this set of data
until field performance data become
available from any new models with
which these data can be compared.
With the growing awareness of the
impact of even minor head trauma,
as shown by the studies of Gronwall
and Wrightson,6'7 one must presume
helmet manufacturers will be con-
tinuing their efforts to develop better
designs and materials for their prod-
ucts.

All helmets used by American high
school and collegiate football players
must meet minimal impact attenua-
tion standards at the time of manu-
facture, as established by the Na-
tional Operating Committee on
Standards for Athletic Equipment
(NOCSAE), and undergo testing
against these standards by the manu-
facturers and by independent NOC-
SAE investigators. A sampling of re-
conditioned helmets also are tested
against the NOCSAE standard by the
reconditioners to ensure that recon-
ditioned helmets still meet the stan-
dard. The implementation of the
NOCSAE football helmet standard
about 20 years ago, along with sub-
sequent rule changes against the use
of the head as an initial contact point,
has had a definite effect in improving
the safety of the game.12'14 However,
it should be evident from the results
presented here that these laboratory
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testing standards do not tell the
whole story. Although NOCSAE and
the helmet manufacturers have a
continuous program of laboratory
testing of football helmets, there is a
definite need for field data to monitor
performance of helmets under actual
conditions outside the laboratory.

In a recent review of the validity and
relevance of tests used for sport sur-
faces, Nigg15 stated that the ideal pro-
cedure for assessing a sports surface
with respect to its cushioning and fric-
tional qualities (in relation to injuries) is
an epidemiological study. Nigg's com-
ments apply equally well to the testing
of football helmets. Field performance
data are needed to supplement labora-
tory data, since no amount of labora-
tory testing can duplicate the complex
interactions of player, equipment, and
environment that are the ultimate test
of a football helmet in actual use.
Timely field performance data can be
used to spot equipment that may not be
performing up to expectations, so that
design changes can be made to improve
performance.
Epidemiological studies of field

performance data in the future
should become an integralpart ofthe
process of monitoring the perfor-
mance ofcritical sports safety equip-
ment. This monitoring of on-the-field
performance must be done on a con-
tinuing basis, since there are con-

stant changes in design and materials
that can make the results of such
monitoring out-of-date in a relatively
few years. The implementation of a
continuing study of field performance
data for football helmets and other
critical pieces of sports safety equip-
ment would be a major step in ensur-
ing the future safety of participants at
all levels in football and other sports.
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