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INTRODUCTION

There are approximately 300,000
sports related mild traumatic brain injuries
(MTBI), or concussions, reported each year.
A critical piece in the puzzle for
understanding MTBI is the link between the
mechanical input (trauma) that causes injury
and the clinical outcome. One limiting
factor in the development and validation of
prevention and intervention strategies to
reduce MTBI is the lack of sufficiem vivo
biomechanical head impact data that can be
correlated to clinical outcome.

In order to rapidly advance human
research related to MTBI, a system capable
of recording head acceleration during
impacts in at-risk populations is required.
Athletic environments, such as American
football, hockey and boxing draw public
attention to the possible effects of repeated
concussive and sub-concussive events and
offer a rich opportunity for collecting data
on large numbers of head impacts. We
developed and validated Head Impact
Telemetry (HIT) System (Simbex, Lebanon,
NH) (Crisco 2004, Manoogian 2006)
technology to allow data collection of head
acceleration due to impacts incurred on the
playing field. Large-scale data collection of
head impacts is required to study
pathomechanics of concussion because of
the relatively low incidence of MTBI per
athlete exposure.

We hypothesize that head
acceleration due to impact along with other
independent impact measures is predictive
of the type and severity of brain injury, and
correlates to specific clinical measures of
brain injury.
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METHODOLOGY

To date, HIT System technology has
been utilized in football, ice hockey, boxing
(Figure 1), and is under development for
soccer and equestrian use. For each sport,
commercially available helmets or headgear
are modified to include six or more linear
accelerometergAnalog Devices,
Cambridge, MA), a microcontroller, and an
RF telemetry link for real-time transmission
of data to the sidelines. Data are collected at
1000 Hz per channel for 40 ms when any
accelerometer detects accelerations that
exceed a user-selected threshold (eg. 109).
Acceleration data are time-stamped (+/- 5
ms resolution) and wirelessly transmitted to
a sideline receiver interfaced to a laptop.
These data are processed using a linear least
squares regression technique (Crisco, 2004)
that calculates linear head acceleration and
impact location. Recent improvements to
the algorithm allow for computation of full
six degree-of-freedom head acceleration,
overcoming earlier limitations (Chu, 2006).

Figure 1: Instrumented football,
hockey, and boxing helm«

For each sports configuration,
instrumented headgear was validated using a
series of impact tests with a helmet-
equipped Hybrid-1ll dummy that featured a



3-2-2-2 head accelerometer array. For on-
field research and clinical studies, head
impact acceleration, impact location about
the head, impact time, impact duration and
calculated metrics including HIC and GSI
are collected and correlated with clinical
diagnosis of concussion, symptoms,
neuropsychological testing scores, and fMRI
imaging studies. Where possible, baseline
scores for these clinical tests are collected
on athletes at risk.

RESULTS AND DISCUSSION

Over the course of the 2003-2006
fall and spring football seasons, 249,613
impacts from 423 players at nine colleges
and high schools have been collected. In
2005 a pilot study resulted in 5,463 recorded
impacts to 5 instrumented hockey players
over the course of one complete season.
Preliminary testing was also conducted
during male and female (6 each) boxing
competition before beginning a 100 boxer
study scheduled to finish in spring 2007.

Most head impacts (>89%) in
helmeted sports are relatively low
magnitude (< 40 g’s) (Figure 2). More than
3000 impacts recorded in football were
greater than 98 g’s, but did not result in
symptoms consistent with diagnosis of
concussion. A total of 11 concussions were
diagnosed in players whose impacts were
monitored with instrumented helmets. In
general, impacts that were experienced prior
to a concussion were of relatively high peak
linear acceleration (peak occurrence

Figure 2: Distribution of all recorded
impacts by peak lear acceleration.

between 60-180 g's). Linear acceleration
magnitude correlates well with rotational
acceleration magnitude, but linear
acceleration alone does not appear to be
predictive of concussion diagnosis. There
are differences in trends for impact
magnitude and impact location as a function
of player position in both football and
hockey.

The primary finding of this study is
that this instrumented helmet system proved
effective at collecting thousands of head
impact events and providing real-time on-
field data analysis. Results also show that
players experience impact magnitudes
greater than the reported 989 average
concussed threshold (Pellman, 2003)
without sustaining injuries. Through
continued use of this system, it is anticipated
that on-field impact measurements will help
improve head injury criteria and clinical
evaluation techniquesThe long-term goal
for this technology is to provide enabling
data to develop strategies for reducing the
incidence and severity of MTBI in the
population that can be practically
implemented across large numbers of
athletes.
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