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27 May wpy
_A(From: Secretary of the Navy
ﬁ \ / To: Commander, Naval Air Development Center, Warnnnster
W Pennsylvama 18974
/) ( ) 3 Subj:  Permission for the use of huma olunteers as subjects in

the test and evaluation of head 1« : (raint devices

Ref: (a) NAVAIRDEVCEN ltr ACS {4 2l) of 20 Jul 1970 with
endorsements
(b) ADO 43-12X: Air Crew Impact Injury Prevention

S Your redquest and endorsements by higher authority have been
reviewed and the use of volunteer subjects in the test and evaluation
of head restraint devices is approved.

The need for the proposed development, test and evaluation
effort is recognized and supported, but the work should not include
the use of human subjects or animals for the primary purpose of
gathering biomedical data of the kind being developed in response
to reference (b).

Safety of the subjects undergoing the test procedure must
remain paramount at all times,

ROBERT 4. FRUOSCH .
Assistant Secretary of the Navy .
(Reseerch and Dev elopment)

Copy to:
NAVAIRSYSCOM (AIR 340B)
NAVAIRSYSCOM (AIR 531)

CENAVMAT (NMAT 034D)
BUMED (Code 711

CHNAVPERS (A242)
CNO (OP-098L)
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enclosure (3), the Copy of AIRTASK 33405311/2023/1r32~

suuxn~7113-1sgw':j e

TATRD ENDORBEHENT on NADG ltr 4241 of 2o,au1y 1970 |

ke

. Proms lof, Buresu of Medicina and snrgen( ‘

(2) Chief of Naval 0pezations (0§~o7s)

Subj: Pmiaaian xor the uaa of human subj in lnvas-f
o tigatlon of mechanisn of head 1njury md f}.ight ’
créw head protective processesyt xw&at for

Encl: (2) BUMED ltr BUMED~71l3:gw of 11 pec 1970

(3) NAVAIRDEVCEN lex ACB (532) of 20 Jan 1971 éf'
g T Enaloma (2) requested additional information to /’4/ ,
satisfy the requirements of reference (b) to basie letter 177

-~—clarification of devices to ba tested, ‘methodology,
and what end points will be used in determining the
effectiveness of head protective devices. Enclosure {3)
tion neaded. . '

zefl ﬁ@th&'in Bectiun 24'6! enelcs

451-~403, Work Unit 03, which was forwarded at the
request of this Bureau, that physiological and psycho- / ?/
logical indices of subconcussive injury will be developeé /]
to svaluate the effectiveness of head protective restraint
syetams when Wsing animal and humisi subjeats. In keaping
‘with the Sécond Endorsement.td the basic laetter this
approach should not be an independent objective since

ceadbre e

in the judgment of this Bureau it could incur hazards ﬂ :
not acceptable within the present astate of knowledge. 2 .

Bowevar gathering physiological and psychological data -7 / 7 _
as a part of safety monitoring and to help determine

aeffectiveness of the restraints is desirsble.
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"Encl: (1) Copy of AIRTASK A3405311/2028/1F32-4 51403,
~_Work Unit 03..

" 7(2) Copy of Consent Statement

(3) Description of a prototype head restraint
system and method for its evaluation

BUMED STAMP 6500 26 Jan 1971 3
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Commander, Naval Air Development Center, Warminster, Pa. 18974 :
Chief, Bureau of Medicine and Surgery (BUMED-7113)

Permission for the use of human subjects in investigation of -
mechanisms. of head injury and flight crew head protective
processes; supplementary information concerning

éa; BUMED 1tr BUMED-#113:gw of 11 ° 1970
b) NAVAIRDEVCEN 1tr ACS_?4241)‘0f Jul 1970

21§ Copy of AIRTASK A3405311/202%:  “3 -451-403, Work Unit 03
e 2) Copy of Consent Statement

£ : (3) Description of a prototy, heaa restraint system and
e method for its evaluation

AL 1. As requested by reference (a), enclosures (1), (2), and (3) are

‘ forwarded for information and attachment to reference (p). The principal

f investigator for the Work Unit (enclosure (1)) is Mr. William G. Law and

; Dr. Frank H. Jacobson is an associate investigator. Dr. Jacobson will

function as Physiological Test Director. Medical support will be
directly furnished by Lt. Robert B. Keyser, MC, USNR; Dr. Jacobson will
provide for biomedical and physiologital monitoring. Consultant assist-

: ance will be provided by Dr. Ayub K. Ommaya of NINDS and Dr. Edwin Hendler.

S Emergency medical support will be provided by the U.S. Naval Hospital in

L0 Philadelphia.

2. It is the intention of the work authorized in enclosure (1) to

develop an optimum head restraint system. As steps in the development

of an optimum system, it is anticipated that a number of different kinds

of head restraint systems will be ‘designed and prototypes fabricated.

Human volunteers will be utilized to aid in the evaiﬁﬁgiqﬂ;ofwﬁﬁese“; . S
systems under conditions simulating those aspects of the real environment E
considered to be most relevant. Enclosure (2) is a copy of the consent

. statement and summary of test procedure to be read by the subjects.

SR A description of the first prototype head restraint system to be evaluated

o is given in enclosure (3), along with the method to be utilized in its

evaluation. A discussion of end points, as requested in reference {a),

is included in enclosure (3). )

Copy to:

NAVAIR (AIR-340B), w/all encl
NAVAIR (AIR-531), w/all encl &
: NAVMAT (MAT-031M), w/all encl pd
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TECHNJCAT MAN-YEARS. ... . R B ) I 2.0

TOTAL DIRECT LABGR MAN-YEARS . '.'1 8 3.5

TOTAL LABOR AND OVERHEAD lx# " 4.0 105.0

MATERIALS AND TRAVEL $!K} 6,0 15.0 -
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NAVAL AIR UEVELUPMENT CENTER -
AEROSPACE CREW EQUIPMENT DEPARTMENT
~ WARMINSTER, PENNSYLVANIA 18974

CONSENT TO PARTICIPATE VOLUNTARILY IN A RESEARCH,"

DEVELOPMENT, TEST, OR EVALUATION (RDT&E) PROCEDURE

'DATE

- Te. I hereby volunteer to participate as a subaect in ant" & procedure

belng conducted under Element No. 62211N, Project No.: F’” ’.‘ Work

Unit 3, Work Unit Title "Investigation of Mechanism t.- Heuad 1njury and
Flight Crew Head Protective Processes," which has beer. authorized by the
Naval Air Systems Command. I understand that the adequacy of safety
measures has been certified by the Chief, Bureau of Medicine and Surgery,
and that authority to use human vo1unteers has been granted by the

Secretary of the Navy.

2. The nature and purpose of the proceduﬁés the been explained to me

as follows (see attached summary).

3. In making my decision to volunteer, I am not relying upon any infor-
mation or representation not set forth in this document, or attached
summary. My consent is given as an exercise of free w1]1 without any
force or duress of any kind. -I understand that my consent to participate
does not constitute a release from any possible future 1iability by the

United States attributable to the experiments.

WITNESSED

SIGNED.

{typed name, rank, rate, or grade)

{date

(not directly involved in test)

Copy to:
Service Record or Personnel File

APPROVED

of birth)

Director
Aerospace Crew Equipment Dept.

enclosure (2)
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1. ‘General. The purpose of this test program shall be to determine

)

© “'SUMMARY OF TEST PROCEDURE

Just how effective various protective devices are in restricting

- head movements during acceleration. It has been found by experiments

that - the jncidence of head injuries can be reduced or eliminated when
the body is agce]erated, by preventing or slowing forward rotation of
the head. This is the type of head movement which results when a

- vehicle moving forward is suddenly stopped, while the driver's body

- is held in place by a lap beit and a shoule “arness. Information
~vgained from the tests to be conducted will  used to design improved
... methods for restraining the head, as well  ~  achieve a better
uhderstanding of the body's response to #~ 1 accelerations.

2. Procedure.

a. An initial pool of subjects shall be set up, composed of volun-
teers who are eligible. to receive hazardous duty pay'and who have been

.examined physically and found qualified to participate in this test

P

b. Before and after each exposure to acceleration, the subject
shall be examined by a physician and a record made of the findings.
In addition to such other tests as the physician may feel necessary,
a number of tests to evaluate the physiological status of the subject
and his ability to perform a psychomotor ‘task shall be made. The physi-

~ological status shall be based on evaluation of the electroencephalogram,

electrocardiogram, electro-oculogram, and electromyogram, and on measures
of blood pressure, respiration, and evoked cerebral potentials. A per-
formance task shall be administered and scored before and after each
exposure to acceleration. Electrodes shall be applied to the surface

of the subject's body in the conventional manner to record physiological
‘ data before, during,‘and'after exposure;pochce1eratiqn.;;;‘ .

¢. The subject shall be seated on the sled of the NADC linear
accelerator and restrained within the seat by a lap belt and shoulder
harness assembly. Al1 parts of the system shall have been tested prior
to subject exposure using dummies, so that all restraint and support
components shall have successfully withstood dynamic loads at least
twice as great as those anticipated during tests with human subjects.

d. Progression in magnitude of acceleration applied to the subjects
from one test to the next shall be made in small increments, depending
upon the comments of the subject, and an evaluation of the subject's
condition by the physician and physiologist.

RN :.'x* “ﬂ'\”i
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SUMMARY OF TEST PROCEDURE
(continued)

e. Tests shall be made on subjects with or without the head
restraint device. Measures of head rotation (angular acceleration
and velocity) shall be made from accelerometers, as well as from
analyses of high-speed motion pictures.

f. The following factors shall be considered in deciding whether
to continue the testing for any particular subject:

) (1) sub; - 's comments and willingness to proceed (under no
circumstances w*:  any subject be exposed to any test condition
without his cem.n. )

(¢ resu-¢s of physical examination of subject by the physician
(3) nature of changes in recordings of physiological data
(4) nature of changes in psychomotor performance task.

g. The frequency of exposure to the test conditions of each
individual subject shall be determined by the attending physician.
No subject shall be exposed to acceleration when residual effects of
a previous exposure are evident by direct medical examination and by
evaluation of such clinical tests as may be considered desirable.
The authority for each exposure of the subject to any test condition
rests with the physician.

h. A1l equipment and means shall be provided to render appropriate
medical care to the subject at the test site in case of an emergency,
and provisions for transporting the subject to the U.S. Naval Hospital,
Philadelphia, shall be present while tests are in progress.
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- DESCRIPTIUN OF A PROTOTYPE HEAD RESTRAINT SYSTEM
AND METHOD FOR ITS EVALUATION

As presently conceived, the prototype restraint consists of a
bladder folded into (or against the underside of) the crewman's
helmet chin strap, except after emergency activation. When activated,
it is rapidly infTated to occupy the angle between the jaw and neck
column from the mandible to the sternum. Thus, it opposes forward
““*ation of the head. It wi]l be automatically inflated from a gas

ot rator attached to, or built into, the crewman's helmet whenever a
v .ical velocity of the crewman's seat of -150 Gy-msec is attained.

. h-s trigger value has been chosen because it is outside the flight-

- ing profile of fighter aircraft and can be attained only at impact,
y ¢ it is within human tolerance!s»2s3 (see also below).) It has also
been recommended" as the trigger value for inflation of impact
cushions in automobiles.

Preliminary tests at Holloman Air Force Base on the Daisy Accel-
erator exposed non-Navy human subjects to -10Gy for 60 msec without a
protective device and caused no injury. Thus, the tests reconfirmed
the assumption that the trigger velocity of -150G,-msec is a safe one.
High-speed motion pictures of these tests, as well as dummy tests on
the Naval Air Development Center drop tower and ejection seat tower,
permitted the observation that the prototype restraint did reduce
angular velocity and displacement of the subjects' heads.

Angular acceleration (a) and velocity (fadt, where t = time over
which o acts) will be calculated by the method of Bendixen.®> High-speed
motion pictures will provide a backup method for obtaining angular
velocity.

Any device which produces a statistically significant reduction of
angular velocity of the head for a given value of s-Gydt at the seat
will be considered to have protective value. When two devices are
being compared, that which produces the greater reduction in angular
velocity of the head will be considered to have greater protective
value. It is the present aim of the program to continue development of
restraints until a design is_achieved by which head rotation can be
held well below a velocity of 26 radians/sec for any value of /f-Gydt
which can reasonably be expected to occur at impact of present-day
aircraft. Twenty-six radians/sec have been exceeded (31.14 radians/
sec) in at least one subject of a study reported by Ewing et al.s
"on nominal 10G, 250G/sec runs. . . with no history of actual stunning,
loss of consciousness, or functional impairment.” The prediction for
man was projected from data on the chimpanzee.’ We have chosen as our
critical value to be avoided, 26 radians/sec, which is projected from
the lowest angular velocity at which concussion occurred in any
chimpanzee.

enclosure (3)
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DESCRIPTION OF A PROTUTYPE HEAD RESTRAINT SYSTEM
AND METHOD FOR ITS EVALUATION

fé (continued)
S REFERENCES _
= IMIL-A-8861(ASG), Airplane Strength and Rigidity, Flight Loads.
K Command Systems Engineering Group, WPAFB, 1960,
2MIL-A-8862(ASG), Airplane Strength and Rigidity, Land Plane
- Landing and Ground Handling Loads. Command Systems
B Engineering Group, WPAFB, 1962,
j{' 3MIL-A-8863, Airplane Strength and Rigidity, Additional Loads for
. Carrier-Based Land Planes.
.fﬁ “*Mazelsky, Bernard (Pres., ARA Industries, West Covina, Calif.).
L Personal communication.

SBendixen, Charles D. Measurement of head angular acceleration,
Report No. ARL-TR-70-5. Holloman AFB, 1970.

®Ewing, C. L., D. J. Thomas, L. M. Patrick, G. W. Beeler, and
M. J. Smith. Living human dynamic response to -Gy.
impact acceleration. II - Accelerations measured on the
head and neck. 13th Stapp Car Crash Conference, 1969.
SAE, N. Y.

’Mahone, R., P. Corrao, A. Ommaya, E. Hendler, and M. Schulman.
A theory on the mechanics of whiplash-produced concussion
in primates. Preprint for 40th Aerosp. Med. Assoc.
Meeting, May 1969, pp. 44-45.
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" ‘From: Chief, Buredu of Medicine and Surgery

o1 Cosmander, Naval Air Davelopment Center, Whrninster.
Pennsylvania 18974

- Buk Permission for tlie use of human subjects in investi~

gation of mechanism of head injury and flight crow
head protective processes; requaest for information
conce:ning

Ref: (2) BADC ltr AC34241 dtd 20 July 1970
(b) SECHEAVINST 3900.39
(c) AIRTASK 80.A34$31/202/70P324514G3. Work Onit #3
- {d) 3 ltr MATO34DCMM dtd 23 Hov 1970 .

1. Refersnce(a), requesting permission to uic human volun-
teers, has just been received by this Bursau for evaluation
and endorsement.

2. Becausa ©f lack of information an adequate evaluation
cannot be made. It is requested that the relow information
be provided by leottar so that the request can be expedi-~
tiously evaluated.

2n accordapce with refersuce(b) the neme of the project
copy o6f the consent statement to be utilfred, sre requie
4. Copy of raference(c) should be included in the letter.

3. BIMED concurs with Chisf of Naval Material endorsement
{referencel{d)) that the evaluation of hardware to reduce
flight crew injuries and fatalities is an extremely impor-
tant objective. But nowhere in reference(a) and its enclo-
sure are the davices to be tested descridbaed, nor the meth-
odology presented as to how such devices will be evaluated

and what and points will be used in determining the effective-
ness of these devices. Such information is basic to the
evaluation of the degree of hazard inharent in the tests,
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SECOND ENDORSEMENT on NADC ltr 4241 of 20 July 1970

From: Chief of Naval Material

}hf i To: Secretary of the Navy (ASN(R&D)) 93 NOV 1972
[l Via: f1) Chief, Bureau of Medicine and Surgery (Code 7)
(2) Chief of Naval Personnel (PERS-A212)

(3) Chief-of Naval Operations (OP-Q7E)

T Subj: Permission for the use of human subjects .- investigation of
= mechanism of head 1nJury and flight head or. tective processes;
i request for

1. Forwarded, recommending approval of use of: ii.1 subjects for the
primary obJectlve, but not for the seconde , obj. -t1ve, as described
below.

S 2, a., The primary objective is the evaluation of hardware specifically

s ‘ designed to restrain the head and neck so as to reduce the rotation/flexion

ol which can produce flight crew injuries and fatalities. This is an extremely
important objective, and the necessary evaluation technology is state-of-
the-art. Approval of use of human subjects for this objective is therefore
recommended,

b. The secondary objective is to establish definitively that
o . transitory changes in heart rate and brain wave patterns are, or are not,
o benign concomitants of low levels of acceleration. The portions of
reference (c) and enclosure (1) to the basic NADC letter which are
applicable to this objective, reveal deficiencies (e.g., in review of
the relevant scientific literature, in cognizance of related ongoing
efforts) sufficient to question seriously the soundness of the technical
approach. It is recommended, thetrefore, that use of human subjects be
disapproved for any portion of the proposed investigation which would
pursue this secondary objective independent of the evaluation of restraint
equipment described above as the primary objective,

Q

Copy to: T AV e
NADC Warminster D'MD - PAVIES
NAVAIR eatty Ciizf of Naval Matests

{D::v';fop-?.r:n.“)
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FIRST ENDORSEMENT on NADC 1tr ACS 4241 of 20 July 1970

From: Commander, Naval Air Systems Command

To: Secretary of the Navy (ASN(R%D)) )

Via: 1) Chief of Naval Material (MAT-031M ’
22; Chief, Bureau of Medicin: and Surgery (Code 7) s
(3) Chief of Naval Personnel ?ERS-A212) ,

(4) chief of Naval Operaticn: (OP-07E)

Subj: Permission for the use 0¥ i’ ‘ui subjects in investigation of
mechanism of head iny y anc flight crew head protective pro-
cesses; request for i ’ ‘

1. Forwarded, recommending approval.-

2. The NAVAIRSYSCOM is extremely interested in this particular series
of tests and has sponsored this project with the prime purpose of eval-
vating hardware that has been specifically designed to restrain the

head and upper torso so as to increase the human tolerance levels for
accelerations resulting from ejection, crash and ditching. The success-
ful development of this hardware will result in: (a) the reduction or
elimination of fatal head injuries due to abrupt acceleration during a
survivable crash or ditching and (b) the reduction or elimination of
back injuries resulting from head and neck rotation/flexion during
emergency ejection.

R, J. SCHNEIDER
Assistant Commander for
Besearcp_anqﬁrechnolagy

Copy to: -
NADC, Warminster, Pa.
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Via:

}'7~«_”/,;;7(3) Chief. Bureau of Medicine and Surgery (Code 7)

1.

- s 2
2 .
. ?

if,From'~

. Subj:

 Ref:

Encl:

In order to eva]uate properly the effect1veness of systems and
procedures to provwde head and neck protect1on to naval aircrew

- personnel, it is requested that permission be given to utilize human
volunteers for the investigation proposed. in enclosure (1). In addi-
tion to -the primary purpose of this investigation, as stated above, - :

..Important information will also be collected regarding physiological e

-"and psychological ‘responses ‘of the human to abruptly, appiled impact
forces."

contained in references (a) and (b

be carried out to meet the ‘requirements of reference (c)

DEPARTMENT OF THE NAVY

NEVAL L AIR NEVEL OPMENT. &l g A -

o Lonnsvices Lo
WARMINSTER, PA 16874

‘ Z'f:t

&0 JUL 157

Commander, Naval Air Deve1opment Center, warm1nster, Pa. 18974
Secretary of the Navy (ASN(R&D)) a

(1) Commander, Naval Air Systems Command (AIR 3408)

(2) Chief of Naval Material (MAT-031M) -

(4) Chic  f Naval Personnel (PERS- A212)
(5)’§h1€ f Nava] 0perat1ons (oP- 07E)

,Pérmfk' 1 or the use of human subaects_in 1nvestlgationwof,\fﬁlwA
‘wechaad.  of head 1n3ury and f11ght crew. head protective S

pr\.esses, request for.

(a) Manual of the Medical Dept., u. S Navy '
Art. 20-8 R R

(b) SECNAVINST:3900 39 B

(¢) AIRTASK No. A34531/202/70F32451403 Work Unit 3, ent1t1ed
"Investigation of Head Injury and Flight Crew Head Protec-‘“‘
tive Processes”

(1) Experimental Design - Investigation of Mechanism of Head -
Injury and F]1ght Crew Head Protect1ve Processes

“This request has been prepared in conformancé with' information
g and the investigation itself will

It shou]d be noted that ‘the present study is the culmination of a o
head protection program undeitaken jointly by the National Institutes . o
of Health, Naval Medical Research Center, Naval Ship Research and -

ﬁiih Development Center, and Naval Air Development Center (NAVAIRDEVCEN),

and carried on under Naval Air Systems Command sponsorsh1p for approx1-
mately the past five years. Experimental head injury was studied using

a variety of primates, and the concept of providing protection from
cerebral concussion by eliminating head rotation was experimentally: .-
verified. During the present study, close collaboration with experts S
from the activities mentioned will continue,
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ﬁ;§dbj Permission for the use of human subjects in investigation of
‘ mechanism of head 1n3ury and flight crew. head protective
processes; request for -

- 3. The equ1pment to be used in the proposed 1nvest1gat1on is pr1mar11ygﬁ°
the NAVAIRDEVCEN 1inear accélerator; in addition, the NAVAIRDEVCEN drop ~~
tower. and ejection seat tower may be used, if th1s appears necessary or. -
desirable. A1l of these devices have been man-rated and have been &
utilized with volunteer subjects to evaluate restraint and support B
ices of various kinds. - Subjects will be selected. from .among locally .
Igned naval personnel and will receive. hazardous duty pay. A1l sub-,
ts. shall be examined before and after exposure to acceleration by a. i
o f]ight surgeon to detect any 1nd1cation of adverse’ physio]ogical caa
vects. The flight surgeon shall be in attendance: dur1ng the course of ©
ci] testing involving the subjects; clinical evaluation of the subjects - .
. shall -also be supplemented by continuous e]ectrocardIOgraphlc. electro-

: encephalograph1c, blood pressure (us1ng an_indirect,’ non-invasive method)
" and réSpiration recordings. Based upon’ “tests of a’ s1m11a nature con-"
ducted. at .this and other act1vit1es no adverse medical effects are ;
,-t‘anticlpatedf‘:‘~ S R S A I L

4, Antlcwpated benefits to be derived from this 1nvest1gat1on are:

} a. More effective methods for restraining the head and neck of
77 naval pegsonnel exposed to abrupt acceleratlons w111 be,deve]oped and >
eva]uate _ ‘ u“,

. Add1t1ona1 1nformat1on on the phys1o1og1ca1 and psychological
~effects of abrupt accelerations on man will be made available to the
~scientific and technical community. Such information could be of con- - -
siderable use 1n c11n1ca11y evaluat1ng the effects of head and neck -

.,.1n3ury§§r
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: “demonstratedl that. in subhuman primates the,pnobab111ty of deatx

EXPER.MENTAL vESlen el
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INVESTIGATION OF MECHANISM OF HEAD INJURY
AND FLIGHT CREW HEAD PROTECTIVE PROCESSES

1. BACKGROUND

_ It is now genera]]y agreed that head rotation, such as can occur 1n :
ditching and crashes ~of naval aircraft, can result 1n serious 1n* v oopt
death, even in the absence of head 1mpact ‘7Furthermore, 1t has e

el R A e

’*1mpact can be s1gn1f1cant1y reduced by" dev1ces that reduce hagu at1on}fﬁ_j?jf
~ Design parameters for head-restraining dev1ces and the effeet on head e
_rotation of the we1ght and location of the center ' ;'
‘can be prOJected for 11ve human subJects from measur‘uents
"fsubhuman pr1mates dumm1es, and cadavers.; However, the u]t1mate'evaluav
tion of the dev1ce must be made on live ‘human subJects. This study has |
been proposed so that the evaluation will be made under control]ed
rather than crash, conditions when the subJect s life will not depend on :
‘success of the device. In this evaluation, as in others made in the past;ﬁgjij
(or still to be made), the questions will be asked: "How far can we take
our subjects in simulating the conditions against which we hope to pro-
tect them? By what cr1ter1a do we Judge? Are there obJective endp01nts?"

B O A L. C T PN

Past exposures to acce]erat1on have depended on loss of consc1ous-y
-ness and subaect1ve reports of pain or loss of vision as the 1imits of !
strain to be allowed. Objective changes in heart rate and electroen-

LT e AP S

cepha1ogram2 have been ignored, even though similar physio]ogica] changes
occurred on]y after concussion in anesthet1zed monkeys and dogs 1 3
Unpub]lshed data of Ommaya et al. indicate that they occur near, but

- short of, concussion in unanesthet1zed chimpanzees. They have been
ignored in man (a) because they could not be correlated with objective
evidence of injury; and (b) because they occurred at low levels of

©rath et M AR A

\‘

enclosure (1)

RS I L1k - £

Y.



- acce1erat1on that prev1ous human subJects had been known to survive
w1thout pain or detected 1mpairment of function. It is conce1vab1e
that trans1tory loss of consciousness did occur in these subjects, but
was undetected because it ended before the subjects cou]d be examined. o
In this study, . consciousness will be monitored throughout the exposure.i o
Furthermore, techniques are now available for detecting diminished . G
consciousness as well as absence of consciousness. These techniques
w1l] be app]'ed 1nned1ate1y after exposure; if-it" ot poss1b1e to .

e ‘ phys1o1og1ca1 changes to’ diminished o , ltered consc1ous-hi:&
ness, 1t may be poss1b1e to f1nd pos1t1ve evider~. . * ¢ these are not
an 1nd1cat1on of injury and shou]d not be rey rded .s endpo1nts to

exposure.

L

"~ On the‘ hér hand, at 1east one symptom of concu551on (change in
~ blood pressure) is known to occur also in a11 three spec1es of experi-
mental animals when they approach, but do not cross, the threshold of |
concussion. It is des1rab1e to learn whether this, and other, warning
signs_occur also in man, and whether some function of ‘these signs are

corre]ated w1th prox1m1ty to concuss1on. :

The cr1t1ca1 values of rotat1ona1 ve10c1ty and acce]erat1on of the
head needed to produce concussion have been extrapo]ated to_man.

It is conceivab]e that angu]ar velocities below the’ cr1t1cal value may
be a measure of prox1m1ty to concuss1on. It 1s conce1vab1e also that
u;decrements 1n performance may also be a measure. of: prox1m1ty to concus-

“sion. It is des1rab1e therefore, to learn whether some function of

b
4
s
!

blood pressure or other phys1olog1ca1 variables is correlated with

angular ve]oc1ty or performance decrement, and whether there is a
critical value of this function of blood pressure or other physiolog1ca1
variables which also defines the threshold of cerebral concussion.
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The program objectiVe is twofold:

a. To evaluate the effegtivenéss of devices for reducing head
rotation and the probability of head and neck injury.

b. To establish definitively that transitory changes in heart
rate and brain wave patterns are, or are not, benign concomitants of ‘
Tow Tevels of acceleration. The endpoints would be expressed in terms

of physiological and psychological - 1surements. .

PROCEDURE

The subJects will be exposed on the NAVAIRDEVCEN Tinear accelerator
to accelerat1ons designed to simulate the cond1t1ons of crash 1mpact

(- Gx) In no case, however will the angu]ar ve10c1ty of the head be 'Tuit
‘permitted to reach 26 rad1ans/sec. Th1s ‘value 1s predicted from the

Towest velocity (60 radians/sec) at which concussion occurred in any
chimpanzee exposed on the NAVAIRDEVCEN accelerator.* It is not possible
to predict from present knowledge how angular acce]erat1on of the head

f';w111 be related to the contro]lab]e linear acceleration of the sled.
‘Therefore, angular acceleration of the head will be measured as the

subjects are linearly accelerated in 1G increments for durations in the
millisecond range. No subject shall be exposed more than once per day
to the test conditions. E]ectroencepha]ogfams,_e]ectrocardiograms, and

-vespiration will be traced; blood pressure and/or brain evoked poten-

tials will be measured and a performance task will be scored immediately
before, during (when feasible), and after acceleration, Should any
physiological change or decrement in performance occur, attempts will be
made to establish that the;éAéhénges are not the result of injury,vno
hatter how Tow the level of acceleration. Failing to establish that the
changes are either benign or malignant, the Test Director (physiologist)
will consult with the attending Flight Surgeon concerning the implications
of the changes and the safety and advisability of proceeding to higher
levels of acceleration. The Test Director will terminate the procedure
at any stage if it is likely that continuation will result in injury

to a subject.’
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] Accelerat1on is the on1y stress., ‘Measuring procedures are in no )
;‘way hazardous or stressfu] (B]ood pressure will be measured 1nd1rect1y o
so that invas1on of arter1es is obviated.) Each of the measurements is :

in 1tse1f a monltor of -the SUbJect s condition and safety. Duration of
the stress is shorter than. the time requ1red to actuate a "stop the run“?
'M, No. adve~-~ med1ca1 effects are antic1pated Adequate
, ac1]it1es, zluding the U S Nava] Hosp1ta1 Philadelphia.
a 's1tuated in the qre . cte v1c1n1ty of the test s1te. .
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