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Abstract

Forty-seven tests were run in which a baseball was pitched at an
anthropometric dummy head at speeds of between 95 and 100 mph. Impact
configurations included impacts to the front and side of the head with
direct and indirect impacts. Tests were run with an gnprotected dummy
head and with the head protected with various helmets including baseball,
football, hockgy, bicycle, and motorcycle helmets. Head accelerations
were measured for each test and maximum accelerations and Head Injury
Criterion (HIC) values computed. The values of maximum acceleration and
HIC for the tests to the unprotecFed dummy- head were tben_correiated with
actual injuries received by profeséional baseballzplayefs (without L
helmets) hit by fast pitches. Head accelerations and HIC values for
helmeted tests are also compared to the results for the unprotected head
to determine the relative effectiveness. of each helmet design in

attenuating impact.



INTRODUCTION

The objective of this paper is to provide additional data on the
tolerance of the human head to impact. Knowledge of how the head
responds to impact is important for the design of protective helmets and
other protective systems’(such as automotive restraints) and is also
necessary for setting appropriate tolerance levels in safety standards.

There are currently two Federal Motor Vehicle Safety Standards
(FMVSS) that specifically address head impact attenuation (USC 49, §208
and 218, 1977). FMVSS 208 specifies performancé requirements for the
protection of wvehicle occupants in crashes, and FMVSS 218 establishes
performance requirements for helmets designed for use by motorcyclists.
For car occupants, head impact protection is specified in terms of a
weighted function of head acceleration known as the Head Injury Criteria
(HIC), whereas for helmets designed to protect motorcyclists, absolute
values of head acceleration are used to set limits on impact severity
(Appendix I). | |

Head acceleration and acceleration-based fﬁnctions are generally
considered to be better than other physical parameters for estimating
severity of impact (Mohan et al., 1979; Gadd, 1966:; Ono et al., 1980),
and although there has been some disagreement regarding their use
(Newman, 1980), no other parameter has gained wide acceptance.
Cu:rehtly, FMVSS 208 spe&ifies a HIC value of 1,000 as a maximum level
that must not be exceeded by test dummies in 30 mph barrier crashes.
(This requirement only applies to cars sold with automatic restraints

such as passive seat belts or air bégs: it does not apply to cars



equipped with standard manual belts.) The provisions for motorcycle
helmets in FMVSS 218 require that peak accelerations not exceed 400g,
accelerations in excess of 200g not exceed a cumulative duration of 2.0
milliseconds, and accelefations in excess of 150g not exceed a cumulative
duration of 4.0 milliseconds.

The maximum HIC level specified in FMVSS 208 has been the subject
of considerable discussion; a number of European car manufacturers
(Committee of Common Market Automobile Constructors, 1983) have suggested
that a higher HIC level of 1,500 be established as the threshold of head
injury. However, other work (Jones and Shaibani, 1982; Langweider et
al., 1979) suggests that this level is too high and that a HIC of 1,000
is the threshold of serious injury. Additionally, medical research
(Rimel et al., 1981) has indicated that even minor head injuries can
produce serious long-term consequences so that head injury per se is
undesirable.

One of the main problems of establishing a threshold value for head
injury and, ﬁherefore, of setting appropriate safety standards is the
correlation of actual head injuries to test situations. Head impact
tests involving subhuman primates can provide accurate physical and
tissue failure data but only very limited information on behavioral and
pathological changes applicable to humans . Also, scaling physical
parameters from subhuman primates to the human head is not a
straightforward,proqess. Alternatively, tests on cadavers can provide
data on the dynamics of impact and skeletal fractures, but they are of
limited use for reproducing brain injury (Got et al., 1578). Perhaps
more importantly, neither animal nor cadaver tests can be used to assess

long-term disability or complications for relatively minor head injuries



(Rimel et al., 1981). The most realistic approach to understanding head

injury is to use accident studies that look at the injury outcome of head

impact (Jones and Shaibani, 1982). These studies provide good medical
information on brain injury but can suffer from a lack of data on the
dynamicslof impact. This lack of coordinated information has made it
difficult to estimate the severity of head injury from physical
measurements made on anthropometric dummies. Despite the limitations,
correlating dummy response with actual injuries is probably the best
approach to setting tolerance levels for head injury.

Because it is difficult and costly to reconstruct automotive crash

situations with anthropometric dummies, an alternative approach is to

select a situation that produces 'documented head injuries with relatively

simple dynamics of head impact. One such situation is the impact of a
baseball with the head. The dynamics of the impact are straightforward,
and information on the kinds of injury sustained in such impacts is
available. More specifically, it is well known that a fast pitch
baseball thrown by a.professional pitcher has a velocity of 90 to 100
mph. Head injuries to professional baseball players caused by being
struck by a fast pitch ball have been documented for both before and
after the 1957 requirement mandating helmet use for batters (National
Baseball League, 1957). Accordingly, the purpose of this study is to
examine how an anthropometric dummy head behaves when hit by a baseball
at velocities similar to those achiéved by the fastest professional
pitchers. The accelerations recorded on the dummy are then correlated
with actual head injuries sustained by batters when struck by balls in

professional games.
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ANTHROPOMETRIC DUMMY HEAD IMPACT TESTS

A series of 47 head impact tests were conducted using a baseball
pitching machine to propel a baseball at speeds of 90-100 mph against the
head of a test dummy without a helmet and with various types of
protective helmets. The following helmets were used in the tests:

Cooper SK60Q0 hockey helmet, Bike football helmet, Rawlings PL70 baseball
helmet, Bell bi;ycle helmet, Bell Star motorcycle helmet, and used
University of Michigan baseball helmets.

Both side (temple) and frontal (forehead) impact sites were used.
The dummy was a Highway Safety Research Institute developed dummy with
biomechanically realistic head and neck response (McElhaney et al.,
1973). Triaxial accelerations of the head's center of gravity were
measured. High speed movies at 1,000 frames/second were taken of each
impact.

The test results consist of head acceleration measurements, which
were analyzed by computer to produce resultant acceleration-time
histories and HIC values: and baseball impact velocities, which were
obtained from analysis of the high speed movies. The test details are
summarized in Table 1 and results of each individual test are given in
Table 2. Note that three tests were run with the dummy head (without the

torso) sﬁspended from a cord to check what effect the dummy neck had on

determining the HIC value. Figure 1 shows a time segquence taken from one
of the upprotected dummy head impacts (test #78E003). The exact location
impaﬁted by the baseball for each test is given in Figure 2, which shows
single frames at the point of impact taken from the high speed movies of
each test. Representative acceleration time histories for side and front

impacts with the dummy head attached to the torso and for side impact



with the dummy head suspended by a cord are shown in Figures 3, 4. and 3,
respectively. For comparison, Figures 6 and 7 give the resultant
accelerations for the side and front impacts for the dummy test with the

Bell bicycle helmet.

INTERPRETATION OF TEST DATA

The experimental data. summarized in Table 3, include only those
tests in which the baseball struck the dummy head directly: glancing type
impacts have been excluded. The tests where the baseball struck the
dummy head with a glancing blow produced HIC values in the range 139 to
246, which were much lower than for direct impacts. The table shows that
in direct side impacts with the dummy head a baseball traveling at 90-100
mph produces a mean HIC of 1,025 + 631.* The corresponding mean for the - -
maximum head acceleration was 268g + 55g.

Impacts to the front 6f the dummy head shown in Table 3 were
divided into those where the baseball struck the forehead and those that
struck the top of the head. The direct impacts to the forehead produced
a higher mean HIC of 1,035 + 20 compared to 666 + 33 for the less direct
impacts to the top of the head. The corresponding means for maximum head
acceleration were 359g + 99 for direct impacts and 265g + 23g for less
direct impacts.

In terms of the federal motor vehicle standards, the results of
this particular test setup indicate that FMVSS 208 provides more
stringent protectioh than does FMVSS 218. Regardless of whether the
impact was to the side or front of the head, a direct hit by thé baseball

caused the unprotected dummy head to experience a HIC value of

.

* Experimental errors quoted are one standard deviation.










































19

Table 4 (cont'd)

Player Team Date* . Injury Details

Baseball Injuries - Fractures

Tony Conigliaro Boston 1967 Fractured cheekbone, permanently
Red Sox impaired vision.
Al Cowens Detroit 5/8/779 Broken jaw.
Tigers ‘
Ellis Valentine Montreal 5/30/78  Hit cheekbone, out for two months.
Mike Jorgensen Texas 5/28/78 Hit in the head. Entered hospital
Rangers four days later with headaches. Passed

out in hospital room and went into
convulsions. Blood clot in brain. Life
saved by instant administration of
oxygen. Almost died.

Billy Martin Cleveland 1959 Hit in cheek. "Lost half the 1959
Indians season”", Face caved in.

unnamed minor Hit in ear, tore ear lobe off,

rookie league nervous breakdown (sanitarium).

Baseball Injuries - Concussion

Pee Wee Reese Brooklyn 1940-58 Concussion.
Dodgers

Pete Reiser Brooklyn 1940-52 Concussion.
Dodgers '

Hank Leiber New York 1933-42 Concussion. Shortened career.
(NL) Giants

Joe Adcock Milwaukee 1954 Concussion (while wearing a helmet).
Braves

Clint. Hurdle Kansas City 1980 . Hit on helmet just above right eye,
Reds , fell, stunned for moment but able to

walk off.
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Table 4 (cont'd)

Player Team Date* Injury Details
- Baseball Injuries - Concussion

Bob Bailor New York 1981(2) Mild concussion.
Mets

Jim Rivera Chicago Hit in head, carried off field.
White Sox

Frank Robinson Cincinnatti 4/58 Hit in head., two weeks in hospital,
Reds headaches for a month.

Don Cardwell Chicago 8/8/61 Carried off field.
Cubs ‘

*Date of injury is given where possible; otherwise, professional baseball -

career years are given.

t
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APPENDIX I
Specifications of Criteria for Head Injury

For Passenger Cars and for Motorcycle Helmets
U.S. Code of Federal Regulations

Part 571, §208. OQccupant Crash Protection in Passenger Cars,

Multipurpose Passenger Vehicles, Trucks and Buses.

§6.2. The resultant acceleration at the center of gravity of the head

shall be such that the expression:
t 2.5

1 2
—_— a dt t,-t
' t1 .

shall not exceed 1,000 where a is the resultant acceleration expressed as a

multiple of g (the acceleration of gravity), and t. and t: are any two
points in time during the crash. However, in the case of a passenger car
manufactured before August 31, 1976, or a truck or multipurpose passenger
vehicle with a GVWR of 10,000 pounds or less manufactured before ‘August 15,
1977, when the dummy is restrained by a seat belt system, t: and t: are

any two points in time during any interval in which the head is in continous
contact Qith a part of the vehicle other than the belt system.

Part 571, §218. Motorcycle Helmets.

§5.1. Impact attenuation. When an impact attenuation test is conducted
in accordance with §7.1.* all of the following requirements shall be met:

(a) Peak accelerations shall not exceed 400g; |

(b) Accelerations in excess of 200g shall not exceed a cumulative
duration of 2.0 milliseconds; and

(c) Accelerations in excess of 150g shall not exceed a cumulative

duration of 4.0 milliseconds.

* This requires a helmeted test head form to be dropped free fall from heights
of 54.5 inches and 72 inches.
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APPENDIX II

Sports Literature Reviewed for Baseball Injuries

Publication Date Article

Sport 1/56 "The Four Sides of the Beanball Argument”
Sports Illustrated 7/10/61 "Baseball's Secret Weapon: Terror"

Sports Illustrated 4/19/82 "Stép the Music”

Sports Illustrated 7/14/80 "The?'re up in Arms Over Beanballs"
Sports Illustrated 7/29/63 "Beanballs and Other Headaches"

Sports Illustrated 8/18/7S "Their Lives on the Line"

Sport 1761 "The Ball Players and the Beanball"
Sport 9/63 " *Al Daren discusses the Beanball"

Sport 3/66 "Fear and the Beanball"

Sport 2/54 "The Duster and the Beanball"”
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78E00S

Figure 1 — Time Sequence for Direct Impact of Baseball on Unprotected Dummy Head

— Test No. 78E005.
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Figure 2 — Point of Impact of Baseball with Dummy Head for Each Test.
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Figure 2 (cont’'d) — PointofImpact of Baseball with Dummy Head for Each Test.
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Figure 2 (cont'd) — Point of Impact of Baseball with Dummy Head for Each Test.
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Figure 2 (cont'd — Pointof Impact of Baseball with Dummy Head for Each Test.
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Figure 2 (cont'd) — Pointof Impact of Baseball with Dummy Head for Each Test
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Figure 2 (cont’'d) — Pointofimpact of Baseball with Dummy Head for Each Test.
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thure 3 — Resultant Head Acceleration Versus Time for Unprotected Head

in Side Impact Test No. 78E021.
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Figure S — Resulitant Head Acceleration Versus Time for Unprotected Head
Suspended by Cord — TestNo. 78E051.
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Figure 6 — Resultant Head Acceleration Versus Time for Head Protected
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Figure 7 — Resultant Head Acceleration Versus Time for Head Protected
with Bell (Bicycle) Helmet — Frontal Impact — Test No. 78E0386.



