


• 
Y. KING LIU 

CURRICULUM VITAE 

t. Personal.Data ----:-
Born in ~anking, China on May 3, 1934. 
Citizen. i 

Married, two children. U.S. 

. 
II. University Education 

B •. S. 
M.S. 

. Ph.D. 

(M.E.), Bradley, University, Peoria, IL 
(~.E.). University of Wisconsin, Madison, WI 
(~iomechanics), Wayne State Univ., Detroit, MI 

I 

III. Licensure 

1955 
1959 
1963 

Certifie~ Acupuncturist, State of California, License No. AC737 1978 
I 

·IV. Teachingiand Research Experience 
. . 

Milwaukee School of Engineering, Milwaukee, WI 
Assistant Professor, Mechanical Engineeri_ng 

Wayne State University, Detroit, MI 
Instructor, Enginl!ering Mechanics 

University of Michigan, Ann Arbor, MI 
Lectur•r, Engineering, Mechanics 
Assistant Professor, Engineering Mechanics 

Stanford!University, Stanford, CA 

1956-1956 

1960-1963 

1963-1964 
1964-1968. 

Visiti*g Assistant Professor, Aeronautics and Astronautics 1968-1969 

I 

Tulane U~iversity Schools of Medicine and Engineering, 
; New Orleans, LA 

Associ~te Profes.sor, Biomechanics 
Professor and Director, Biomechanics Laboratory 

University of Iowa College of Engineering and Medicine, 
Iowa~City, IA 

Profesaor and Director, Center for Materials Research 
~o-Dir~ctor, Rehabilitation Engineering Center 

v. Industrial Experience 

a. Employment 
J.I •. Case Company, Bettendorf, IA 

Product Design Engineer 

b·. Consulting 
Kurz!and Root Company, Cedarburg, WI 
Vincon Corporation, Detroit, MI 
Various attorneys · · 
Biokinetics & Assoc., Ottawa, Ontario, 

I 
Canada 

1969-1972 
1972-1978 

1978-Date 
1979-Date 

1955-1956 

1958-1961 
1962 

1978-Date 
1981 

• 
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VI. Honors and Awards 

Full Tu(tion Scholarship, Bradley University 
Sigma Xi', Full Member 
American Men and.Women of Science 
Special ~esearch Fellow, National Institutes of Health · 
Research Career Development Award, NIH 
Visiting Professor of Biomechanics, Karolinska Institute 

Stockholm,. Sweden · . 
VII. Current and Past Research Grants and Contracts 

.......,.._.,.,_.....- ;..- - -------*indlcat;es project is current 

1952-1955 
1961-Date 
1962-Date 
1968-1969 
1971-1976 

• 
1972 

1. UI-00025-01,02,03 PHS Grant "The Human Body Under Time-Dependent 
Bbundary Conditions," Principal Investigator, University of 
Michigan, Ann Arbor, MI, September, 1966-August, 1969. 

2. ~3-67-1136 PHS Contract with NINBS, Head Injury Proje~t, 
p'.rincipal Project Analyst, University of Michigan, Ann Arbor, MI, 
S~ptember,. 1967-August, 1968. 

3. EC-00402-01 PHS Grant, •The Human Body Under Time-Dependent 
Boundary Conditions," Principal Investigator, Tulane University, 
N~w Orleans, LA, September, 1969-August, 1970. 

4. f.D-00055-08 'PHS Grant, "Experim~ntal Acceleration Injury," 
C'o-Principal Investigator, Tulane University, New Orleans, LA, 
S~ptember, 1969-September, 1971. 

5. 

6. 

7. 

i 

F13615•72-C-1212 Research Contract with Aerospace Medical 
Research Lab., U.S. Air Force Systems Command·, Wright-Patterson 
~FB, entitled, "A Continuum Model of Primate Body Response to 
I~pact,• Principal Investigator, June, ~970-March, 1973, 
s;n,964. 

i 
DABCOL-73-1068 Research Contract with U.S. Army Aeromedical 
R.esearch Lab., Ft. Rucker, AL, entitled "T~e Effect of Initial 
Configuration on Pilot Ejection," Principal Investigator, 
J.anuary-July, 1973. $9, 968. 
' 
' GK 32047 National Science Foundation Research G~ant, "The 

S1tructural Biomechanics of the Human Spine," Principal 
Investigator, January 15, 1972-December 31, 1974. $79,996. 

8. NS 10517 National Institute of Neurological Diseases and Stroke,· 
NIH Research Grant, "Acceleration Injuries to the Spi~al Cord ~nd 
s·rainstem," Principal Investigator, May, 1972-December, 1974. 
$63,299. 

9. DAMD 17-74-G-9384 Research Contract with U.S. Army Aeromedical 
Research Lab., Ft.· Rucker, AL; entitled, "The In Vivo Dynamic 
M!aterial Properties of the Spinal Cord - A Feasibility Study," 
P.rin.cipal Investigator, September, 1973-August, 1974. $4,991. • 



10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

GM-40723 NIH Research Grant,"The Bioniechanics of the Musculoskeletal 
System," Research Career Development Awardee, May, 1971-April, 1976. 
$119!500 for 5 years. 

GM-19107 National Institute of General Medical Sciences, NIH 
Research Grant, "The Traumatology of the Head and Spine," Principal 
Inve~tigator, J~ne, 1972-January, 1976. $118,555. 

Edward G. Schlieder Educational Foundation, Research Grant,• 
"Loc.lization of Acupuncture Points in Experimental Animals," 
Principal Investigator, July 1, 1974-June 30, 1976. $36,983 • 

. 
NS-10517, National Institute of Neurological Diseases and Stroke, 
NIH Research Grant, "Acceleration Injuries to the Spinal Cord and 
Brai~stem," Principal Investigator, May, 1975-September, 1978. 
'$115~509. 

DABT•Ol-75-C-0237,.Research Contract with U.S. Army Aeromedical 
Research Lab., Ft. Rucker, AL, "The In Vivo Dynamic ~aterial 
Properties of the Spinal Cord," Principal Investigator, April, 
19757March, 1976. $16,363. 

GM-19107-06 Research Grant with National Institute of General 
Medi~al Sc~ences, NIH, "The Trau~atology of the Head and Spine," 
Principal Investigator, February 1, 1976-January 31, 1979. 
$181,54_2. . ' 

F336i5-76-C-0526 Research Contract with Aerospace Medical Research 
Lab.; U.S. Air Force Systems Command, Wright-Patterson AFB, 
"Investigation of Cervical Spine Dynamics," Principal Investigator, 
September, 1976-December, 1979. $48,552. 

·! 

· DABTf01~77-C-0015 Research Contract with U.S. Army Aeromedical 
Research Lab., Ft. Rucker, AL, "The In Vivo Dynamic Material 
Prop~rties of the Canine Spinal Cord," Principal Investigator, 
November, 1976-0ctober, 1977. $24,239. 

DABT~Ol-C-008& Research Contract with U.S. Army Aeromedical Research 
Lab.~ Ft. Rucker, AL. "The In Vivo Dynamic Material Properties of 
the ~anine Spinal Cord," Principal Investigator, February, 
1978~Dece~ber 1979. $27,632. · 

19. GM-2~608-01, Research Grant with National Institute of General 

20. 

21. 

. Medical Sciences, NIH, "The Traumatology of the llead and Spine," 
Principal Investigator, April l, 1979-March 31, 1981. $169,598. 

13-6i7, Grant from Rehabilitation Services Administration~ 
Rehabilitation Engineering Center Grant, September, Co-Director, 
September, 1979-August, 1980. $54,700 out of $400,000 center budget 
earmarked for biomechanics of the spine. · 

Gran~ from the American Osteopathic Academy of Sclerotherapy, "A 
Biomechanical Study of Connective Tissue Reaction to Irritating 
Substances, Principal Investigator, December, 1978-July, 1980. 
$6,4$6. . 



22. 23-P~59176, Grant from National Institute for Handicapped Research, 
Department of Education, Rehabilitation Engineering Center Grant, 
Co-Director, September 1980-August 1981. $90,000 out of $45,000 
budget earmarked for· engineering analysis of the spine. 

,. 

23. *DAMD~l7-81-C-ll86, Contract from the U.S. Army Aeromedical Research 
Lab.~ DOD, Ft. Rucker, AL, "A Finite-Element Model Analysis of the 
Protection Provided by Army Aviator Helmets to the Human Heild and 
Neck', .. Pri.ncipal Investigator, September 28, 1981-May 28, 1982. 
$39 .~21. . 

. . 

24. *23-P~59176, Grant from National Institute for Handicapped Research; 
Department of Education, Rehabilitation Engineering Center Grapt, 
Co-D~rector, September 1981-August 1982. $109,825 out of $434,200 
cent~r.budget earmarked for basic studies of low-back pain. 

VIII. Current ~nd !.!!!, Training Grants !!!! Contracts 

1. 01007-03-04 U.S. Public Health Service Training Grant, 
"Mul~iphasic Research Training in Injury Control,'" Coordinator, 
July· 1,. 1969-January 31, 1972 •. 

' 

IX. ~ Relevant Research Activity 

a. Grants and Contracts.Review 
1. Member, Safety and Occupational Health Study Section, National 

;· Institute for Occupational Safety and Health, {NIOSH), Public 
: Health Service.- Term: July, 1970-July, 1972. 

2. Clinical B Study Section, NIH, 1979-1981 ., 
! 
' 

b. Cons~ltancy on Biomechanics to 
1. p.s. Army Aeromedical Research Lab., Ft. Rucker, AL 
2. V.A. ·Hospital, New Orleans, LA 
3. pept. of Neurological Surgery, University of Chicago, IL. 

c. National Committees 
1. :Chairman, Subcommittee on Animal Research, Head and Neck Injury 

; Research Workshop, Dept. of Transportation, 1978 
2. 

1
Chairman, Working Group on Biomechanics Data Bank, Committee on 
: Hearing Bioacoustics and Biomechanics (CHABA), National 
; Research Council, National Academy of Sciences, 1977-1979 

J. ,Advisor-at-Large, Committee on Hearing Bioacoustics and 
· Biomechanics ( CHABA), National Research Council, National .._ 

Academy of Sciences, 1979-present · 



X. Publications 

a. Book• and monographs 

1. Lfu, Y.K, and Wickstrom, J.K., "Estimation of Inertial Property 
D~stribution of the Hu~an Torso From Segmented Cadaveric Data," 
Perspectives .in Biomedical Engineering, R.M. Kenedi, Ed., 
University Park Press, Baltimore, MD, 1972, pp. 293-213. 

2. L~u, Y.K., "Mechanics, Evaluation, Prognosis and Management of 
Head Injury," Invited Chapter in Perspectives in Biomechanics 
(Reul, Ghista, and Rau, Eds.), Vol. 1, Part B.:-Harwood-Academic 
Press, 1980., Chapter 11, PP• 573-599. · 

l . 
I 

3. L~u, Y.K., "Spinal Injury; Mechanisms, Modelling, Systems for 
M~nimizing Trauma," Chap. in book, Biomechanics of Physiological 
Mechanism and Body Dynamics, D.N. Ghista, Ed., Oxford Univ. Press 
(in press). 

I 

4. H~sey, R., and Liu, Y.K., "A Homeomorphic Finite Element Model of 
t~e Human Head and Neck", Chapter 18, Finite Element Methods in 
B~omechanics, John Wiley & Son (in press). 

b. Pape~s already published and accepted for publication in technical 
journals or proceedings with rigorous review procedure. · 

1. Denman, H.H. 
0

and Liu, Y.'K., "A Graphical Procedu're for the 
Approximation of the Period of Non-Linear Free Oscillations," 
JQurnal of Applied Mechanics, Vol. 31, No. 4, December, 1964, pp. 
718-719. 

2. Denman, H.H. and Liu, Y., "Application of Ultraspherical · 
P4lynomials to Non-Linear Oscillations, II - Free Oscillations," 
Quarterly Applied Mathematics, Vol. 22, No. 4, January, 1965, pp. 
213-292. 

3. Denman, H.H. and Liu, Y.'K., "Application of Ultraspherical 
Polynomials· to Non-Linear Systems with Step-Function Excitation," 
Journal Industrial Mathematics Society, Vol. 15, Part 1, 1965, 
pp. 19-35. 

4. Liu, Y.K., "Application of Ultraspherical Polynomials to 
Non-Linear Forced Oscillations," Journal of Applied Mechanics, 
Vol. 34, Part 1, March, 1967, pp. 223-226. 

5. Liu, Y.K., "Towards a Stress Criterion of Injury - An Example :J,.p 
Caudocephalad Acceleration," Journal of Biomechanics, Vol. 2, 

. Part 2, May, 1969, PP• 145-149. · 

6. Engin, A.E. and Liu, Y.K., "Axisymmetric Response of a 
Fiuid-Filled Spherical Shell in Free Vibrations," Journal of 
Biomechanics, Vol. 3, Part 1, January, 1970, pp. 11-22. 

7. Orne, D. and Liu, Y.K., "A Mathematical Model of Spinal Response 
to Impact," Journal of Biomechanics, Vol. 41, Part l, January, 
1971, PP• 49-71. (ASHE Preprint No. 70-BHF-l) 

• 



8. ·uu, Y.K., Laborde, J.M. and Van Buskirk, w.c., "Inertial 
:Properties of a Segmented Cadaver Trunk: Their Implications in 
:Acceleration Injuries," Aerospace Medicine, Vol. 42, Part 6, 
:1971, PP• 650-657. 

9. ;Liu, Y.K. and von Rosenberg, D.U., "A One-Dimensional Continuum 
!Model of Direct-Closed Head Impact," Proceedings of the 
:conference on International Research Committee on Bioki"netics of 
:Impacts, Amsterdam, Holland, June, 1973, pp. 285-301. 

10. :Chan, H.S. and Liu, Y.K., '"The Asymmetric Response of a 
;Fluid-Filled Spherical Sheli - A Mathematical Simulation of a 
'Glancing Blow to the Head," Journal of Biomechanics, Vol. 7, Part 
l1, January, 1974, pp. 43-59. ! . 

' 11. 'Liu, Y.K. and von Rosenberg, D.U., "The Effects of Caudocephalad 
:(+Gz) Acceleration on the Initially Curved Spine," Computers in 
;Biology and Medicine·, Vol. 4; Part l, June, 1974, pp. 85-106. 

12. !Liu, Y.K., Ray, G. and Hirsch, C., "The Resistance of the Lumbar 
':Spine to Direct Shear," The Orthopaedic Clinics of North America, 
:Vol.·6, Part 1, January, 1975, pp. 33-48. 

13. 

14. 

15. 

16. 

. 17. 

18. 

19. 

i 

.Liu, Y.K. and Chandran, K.B., ~The Exact Solution to the Trans­
lational Acceleration of Inviscid Compressible Fluid in Rigid 
:Spherical Shells," Mathematical Biosciences, Vol. 24, 1/2, June, 
11975, PP• 1-16. · 
' ; 
:uu, Y.K. and Chandran, K.B., "Package Cushioning for the Human 
:Head I. Analytical Considerations," Journal of Applied 
;Mechanics, Vol. 42., 1975, pp. 541-546. (ASME Preprint No. 
:WA/Bio-10) 
' 
' ;uu, Y.K., Chandran, K.B. and von Rosenberg, D.U., "Angular 
!Acceleration of Viscoelastic (Kelvin) Material in a Rigid 
'Spherical Shell - A Rotational Head Injury Model," Journal of 
·Biomechanics, Vol. 8, No. 5, September, 1975, pp. 285-292. 

;Liu, Y .K., Varela, M. and Oswald, R., '"The Correspondence Between 
,Some Motor Points and Acupuncture Loci," American Journal of 
;Chinese Medicine, Vol. 3, Part 4, October, l975, pp. 347-358. 
I 
'.Chandran, K.B., Liu, Y.K. and von Rosenberg, D.U., 'The Exact 
Solution of the Translational Acceleration of a Low Modulus 
Elastic Medium in Rigid Spherical Shells - Implications for He.ad 
Injury Models," Journal of Applied Mechanics, Vol. 42, Part 4, 
December 1975, pp. 759-762. 

tiu·, Y.K., Nikravesh, P. and Beck, c., "Optimal Protection in 
Direct-Closed Head Impact," Institute of Electrical and 
Electronics Engineers, tnc., Transactions of Biomedical Engineers 
I 

Vol. BME-23, No •. 1, January, 1976, pp. 29-35. 

.Cramer, H., Liu, Y.K. and von Rosenberg, D.U., "A Distributed 
Parameter Model of the Inertially-Loaded Human Spine," Journal 
of Biomechanics, Vol. 9, Part 3, March, 1976. pp. 1!5-130. 

• 



20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

Chandran, K.B., Liu, Y.K, and von Rosenberg, D.U., "Stress Wave 
Propagation in Maxwell Fluid Contained in Rigid Spherical 
Shells," Journal of Sound and Vibration, Vol. 47, Part 1, July, 
1~76, PP• 107-114. 

Liu, Y.K. and Chandran, K.B., "An Experimental Study of Package. 
C~shioning f9r the Human Head," Journal of Applied Mechanics, 
Vol. 43, Part 3, September, 1976, pp. 469-474. 

' 
Van Buskirk, w.c., Watts, R.G. and Liu, Y.K., "The Fluid 
Mechanics of the Semi-Circular Canals," Journal of Fluid 
Mechanics, Vol. 78, Part 2, December, 1976, pp. 87-99. 

Lin, H.S., and Liu, Y.K. and Adams, K.H., "Mechanical Response of 
L~mbar Intervertebral Joint Under Physiological (Complex) 
Loading," Journal of Bone and Joint Surgery, Vol. 60:Al, January, 
1978, PP• 41-55. 

I 

Liu, Y.K. and Ray, G.; "Systems Identification Scheme for the 
Estimation of the Liner Viscoelastic Properties of the. Inter­
Vertbral Disc," Aviation, Space and Environmental Medicine, Vol. 
4~, Part· 1, January, 1978, pp. 175-177. · 

Liu, Y.K., "Biomechanics of Closed-Head Impact;" Journal of 
Engineering Mechanics Division, American Society of Civil 
Engi_neers, Seecial Volume on Biomechanics, T .K. _Hung, Ed., Vol. 
1Q4, No. EMl• Proc. Paper 13540, February, 1978, pp. 131~152. 

Lin, H.S., Liu, Y.K., Ray, G. and Nikravesh, P., "Systems 
I~en~ification for Material Properties of the Intervertebral 
Joint," Journal of Biomechanics, Vol. 11, 1978, pp. 1-14. 

·I 

DQmer, F., Liu, Y.K., Chandran, K.B. and Krieger, K.W., "The 
Effect of Hyperextension-Hyperflexion (Whiplash) on the Function 
of the Blood-Brain Barrier of Rhesus Monkeys," Experimental 
Neurology, Vol. 63, 1979, pp. 304-310. 

I 

c. lnvited;papers published in Proceedings, Congresses, Symposia 

1. M.u; Y.K. and Murray, J.D., "A Theoretical Study of the Effects 
of Impulse on the Human Torso," Biomechanics, American Society 
Mechanical Engineers, Y.C. Fung, Ed., November, 1966, pp. 
1~7-186. 

2. Liu, Y.K., "Distributed-Parameter Dynamic Models of the Spine," 
Proceedings of the Workshop in Bioengineering Approaches to th~ 
Problems of the Spine, Washington, D.C., September, 1970, pp. 
51-58. 

3. Liu, Y.K., "The Biomechanics of Spinal and Head Impact: Problems 
of Mathematical Simulation," Proceedings Symposium on Biodynamic 
Modelling and Its Applications, Dayton, OH, AMRL-TR-71-29, 
October, 1970, pp. 701-736. • 



4. Liu, Y.K., Chan, H.S. and Nelson, J.A.,III, "Intracranical 
Pressure Wave Propagation in Head Impact," Proceedings of Summer 
Computer Simulation Conference, Boston, MA, July, 1971, pp. 
984-994. 

5. Liu,· Y.K. and Chandran, K.B., '"The Exact Solution to the 
Rotational Acceleration of Elastic Material in Rigid Spherical 
Shells," Recent Advances in Engineering Science, Proceedings 
10th Annual Meeting of the Society of Engineering Science, Vol. 
8~ Raleigh, NC, November, 1973, pp. 255-264. ' 

6. Chandran, K.B., Liu, Y.K. and von Rosenberg, D.U., "Brain Injury 
Simulation - Translational Acceleration of Maxwell Medium in 
Rigid Spherical Shells," Proceedings of the 11th Annual Meeting 
of the Society of Engineering Science, Vol •. 9, Durham, NC, 
N9vember, 1974, pp. 182-183. 

· 7. Pontius, U.R. and Liu, Y.K., "Neuromuscular Effects in a Dynamic 
Model of the Cervical Spine," Proceedings of the NSF Workshop of 
the Biomechanics of Volitional Effort, University of Florida, 
G~inesville, FL, April, 1975, pp. 147-175. · 

i 

8. P~ntius, U.R. and Liu, Y.K., "Neuromuscular Model of the Cervical 
Spine," Society of Automotive Engineers, Special Issue No. 412, 
October, 1976, pp. 21-30 (Paper No. 760770). · 

9. Hung, T.K., Skalak, R., Bugliarello, G., Liu, Y.K., Patel, D.J. 
and Albin, M.S., "Perspectives in Biomechanics Research and 
Education for Next Decade," Journal of Engineering Mechanics 
Division, Ameri·can Society of Civil. Engineers, Special Volume on 
Biomechanics, T.K. Hung, Ed., Vol. 104, February, 1978, pp. 3-9 •. 

10. Liu, Y.K., "Biomechanics and Biophysics of Central Nervous System 
(CNS) Trauma," Chapter 3 in CNS Trauma Research Status Report, 
Sponsored by The Stroke and Trauma Program, National Institutes 
Neurological, Communicative Diseases and Stroke (NINCDS), 
N~tional Institutes of Health, 1979, pp. 36-52. 

d. Letter~-to-the-Editors 

1. :Liu, Y.K. and Chandran, K.B., "Comment on 'Mathematical Model 
i of a Head Subjected to an Angular Acceleration'," G.N. Bycroft, 
iJournal of Biomechanics, Vol. 7, 1974, pp. 319-321. 

2. ,Liu, Y.K., "Discussion of Measurement of Angular Acceleration 
;of a Rigid Body Using Linear Accelerometers','" A.J. Padgaonkar, 
~K.W. Krieger and A.I. King, Journal of Applied Mechanics, vo:i... 
:43, 1976, pp. 337-338. 

3. :Liu, Y.K., "Response to Comments on Motor Points and 
:Acupuncture Loci'" by C.M. Godfrey in American Journal of 
'.Chinese Medicine; Vol. 4, 1976, pp. 408-409. 
I 

4. : Liu, Y.K., "Discussion of 'Mathematical Modelling, Simulation • 
:and Experimental Testing of Biomechanical System Crash 
:Response'," by A.I. King and C.C.Chou, Jour. of Biomechanics, 
'Vol. 10, 1977, pp. 149-152. - -



6.· Liu, Y.K., Cowin, S.C., von Rosenberg, D.U. and Adams, K.H., "A· 
Continuum Model of the Primate Body Response to Impact,·· 
Research Report, AMRL-TR-71-99, Aerospace Medical Research 

7 .: 

8.: 

I 
i 
! 

9.; 

11. 

; 

12.: 

13. 

14. 

Lab., Wright-Patterson, AFB, 1971. 

Liu, Y.K •. and Ray, G., "A Finite Element Analysis of Wave Pro­
pagation in the Human Spine," Research Report, AMRL-TR-73-40, 
Aerospace Medical Research Lab, Wright-Patterson, AFB•, 1973. 

Liu Y.K., Cramer, H. and van Rosenberg, D.U., "A Distributed 
Parameter Model of the Inertially-Loaded Human Spine: A Finite 
Difference Solution," AMRL-TR-73-65, Aerospace Medical Research 
Lab, Wright-Patterson, AFB, 1973. 

Liu, Y.K., Pontius, U. and Hosey, R., "The Effects of Initial 
Spinal Configuration on Pilot Ejection," Final Report on 
Research Contract DABCOl-73-C-1068, U.S. Army Aeromedical 
Research Lab, Fort Rucker, AL, 1973. 

Liu, Y.K., Chandran, K.B., and Van Buskirk, W.C., "The In Vivo 
Dynamic Material Propertles of the Spinal Cord - A Feasibility 
Study," Final Report on Research Contract No. DAHD-17-74-G9384, 
U.S. Army Aeromedical Research Lab., Fort Rucker, AL, 1974. 

~iu, Y. K._, "The Localization of Acupuncture Points in 
Experimental Animals," Annual Report to Edward G. Schlieder 
Education Foundation," November, 1974. 

Liu, Y.K. and Edisen, A.E.U., "Effects of Electroacupuncture 
Stimulation on the Thalamus and Cortex of the Cat," Annual 
Report to Edward G. Schlieder Education Foundatio~, Dec., 1975. 

Liu, Y.K., Jarratt. D., Chandran, K.B. and Krieger, K.W., "The 
fn Vivo Dynamic Material Properties of the Feline CNS," Final 
Report on Research Contract DABTOI-77-C-0015, U.S. Army · 
Aeromedical Research Lab., Fort Rucker, AL, October, 1977. 

Liu, Y.K., Krieger, K.W., Njus, G., Ueno, K., Connors, M., 
Wakano, K., and Thies, D., "Cervical Spine Stiffness and 
Geometry of the Young Human Male," Fin~l Report of Contract 
F33615-76-C-0526, AFAMRL-TR-80-138, U.S. Air Force 
Aerospace Med. Research Lab., Wright-Patterson AFB. OH, 
September 1981. 



g. Journals,publishers, and research support reviews 
~ournal of Biomechanical Engineering 
Journal of Biomechanics 
Journal of Applied Mechanics 
Journal of Sound and Vibration 
lnt'l Journ~l of Neurological Sciences 
Medicine and Science in Sports and Exercise 
GRC Review of Bioengineering 
National Science Foundation 
National Institutes of Health 

h. .Abstracts in the Proceedings of Scientific Meetings 
i . . 
r 

1. ~u, .Y.K., "Application of Ultratranspherical Polynomials to 
~onlinear Forced Oscillations," Proceedings 5th U.S. National 
Conference of Applied Mechanics, American Society of Mechanical 
Engineers, Minneapolis, MN, 1966, p. 144. 
I . 

2. Liu, Y.K., "A Nonlinear Problem in Parametric Excitation," 
Proceedings of the Canadian Conference on Applied Mechanics, 
Canadian Congress of Applied Mechanics·, Quebec City, Canada, Vol. 
l, 1967, P• .l-192. . 
' 

3. Liu, Y.K., "Towards a Stress Criterion of Injury," Proceedings 
Annual Conference on Engineering in Biology and Medicine, . 
Alliance for Engg. in Medicine and Biology, Houston, TX, Vol. 10, 
1968, P• 328. 
I 
; 
i 

4. Liu, Y.K., "On the Nonlinear Steady-State Vibrations with 
~-degrees of Freedom," Proceedings of the 2nd Canadian Conference 
on Applied Mechanics, Canadian Congress of Applied Mechanics, 
~aterloo, Ontario, Canada; 1969, p. 7. 
r 

5 •. Liu, Y.X.., "!ntracranial Pressure ancl· Pressure Gradient in Head 
lmpact," Proceedings 8th International Conference on Medicine and 
Biology in Engineering (ICMBF.) and the 22nd Annual Conference on 
Engineering in Biology and Medicine (ACEMB), Alliance for 
Engineering in Medicine and Biology, Chicago, IL, July, 1969, 
,f\bs. 18-12. 

6. Liu, Y.K. and Chan R.S., "Propagation of Pressure Waves in Head 
Jmpact," Proceedings 23rd Annual Conference on Engineering in 
Medicine and Biology, Alliance for Engineering in Medicine and 
Biology, Washington, D.C., Vol. 12, 1970, p. 60. 

7. Liu, Y.K., "The Biodynamic Response of the Spine to Impact," 
Proceedings of the 24th Annual Conference on Engineering in 
Medicine and Biology, Alliance for Engineering in Medicine and 
~iology, Las Vegas, NV, Vol. 13, 1971, p. 294. 

8. fontius, U.R., Liu, Y.K. and Van Buskirk, W.C., "Effect of the 
Cervical Neuromusculature on the Oynamics of Whiplash," 
Proceedings of the 25th Annual Conference of Engineering in 
Medicine and Biology, Alliance for Engineering in Medicine and 
Biology, Bal Harbour, FL, Vol. 14, 1972, p. 239. 

• 



9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

Cramer, H., Liu, Y.K. and von Rosenberg, D.U., "A Distributed 
Parameter Model of the Inertially-Loaded Human Spine," 
Proceedings of the Biomechanics Symposium of the American Society 
of Mechanical Engineers Joint Applied Mechanics and Fluid 
Engineering Meeting, American Society of Mechanical Engineers, 
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rehabilitation specifically provided by a multidisciplinary team is essen-

tial for the future well-being of the plaintiff. Dr. Novack will discuss 

the problems created by plaintiff's condition from the educational view-

point and the different modes and necessities caused by this condition 

in relationship to the family structure. ( 4S minutes) 

·. Y .- King Liu, Ph.D. 
Professor of Bioengineering 
University of Iowa 

The witness will testify in detail about his evaluation and research 

with monkeys indicating the different forces and movements that can 

cause brain injury from deceleration and impact. Dr. Y. King Liu will 

testify that the accident environment of the CSA deceleration and impact 

is reasonably simulated by laboratory environment produced by him and 

his research team in their evaluation of brain function in monkeys 

subjected to accidents. Dr. Liu will testify that in his opinion the 

injuries in monkeys subjected to impact and deceleration and the long 

-term effect of such injuries correlate the central nervous dysfunction 

(MBD) in humans. In describing his research in this field, Dr. Liu 

will display a movie produced by him on monkeys subjected to trauma. 
-

Dr. Liu will also discuss his consultation and evaluation of the accident 

environment of the CSA with Ors. Snyder, Busby and Mr. Cromack. 

(4S minutes) 

DEFT. EX.~- L ( u -tt .3_ 
DAT£: L_~ Iii / (1 
REPORTER: ALa~RT J. GAsomr 



[CREW] 

NEILL, Harriet Goffinet: 

TATE, Marcia Wirtz: 

AUNE, Regina: 

GMEREK, Gregory: 

COMPOSITE OF 

TROOP COMPARTMENT 

INJURIES 

Fractured clavicle 

Burns on ear 

Bruises all up and down backs 

of legs 

Lacerations - right leg and thigh 

Big hematoma on leg and under right 

arm 

Pulled muscles in back 

No physical injuries, but suffered 

from extreme fright -- remembers 

only .2!!! impact, so may have 

lost consciousness 

4 broken bones in right foot 

Puncture wound on leg 

Decompression fracture of L-3 in back 

Laceration on elbow 

Cuts and scrapes 

Multiple black and blues 

Fractured ribs 

Lacerations on forehead and chin 

Lost consciousness for a time 

Great difficulty breathing 



PARKER, William 

BOUTWELL, Olen: 

DOUGHTY, Peter: 

PERKINS, Howard: 

HADLEY, James: 

[CIVILIANS] 

ADAMS, Barbara: 

ADAMS, Linda: 

THOMPSON, Thelma: 

DIEJJ: 

Chronic brain syndrome 

Fracture left femur 

Hemophorax left partial 

(See Certificate of Death, attached) 

Unknown, other than hurt ribs 

( 11 minor injury") 1 

lJnknown ("minor injury") 1 

ST A TEMENT 1-is missing, but known 

to have dislocated right shoulder 

and knee 

No injury 

DIED: 

Crushed and bruised chest 

Multiple bruises and lacerations 

all over body 

(See Autopsy Report, attached) 

Whiplash 

Torn knee pads, muscles stretched 

in both legs 

Cut on foot that left scar 

Full extent of injuries not known 

Received stitches but not known 



DERGE, Susan: Lost her ear 

Back broken in 4 places 

STARK, Merritt, M.D.: No apparent injuries 

LIEVERMANN, Christie: Multiple bruises and scratches 

on arms and legs 

Pulled muscles -- right leg and arm 

1 "Minor injury" : see "status" category of Tab SS to 
Collateral ~eport (attached) 

2 
Statement given to Collateral Board post-crash. 



NAME RANK SSAN -
TRAYNOR, DENNIS CAPT 
HARP, TILFORD CAPT 
LANGFORD, JOHN CAPT 
ENGELS, ALLEN TSGT 
MALONE, KEITH CAPT 
MEL TON, EDGAR CAPT 
WALLACE, WILLIAM MAJ 
DIONUE, DONALD SSGT 

McATEE, LYHU MSGT 
DOUGHTY, PETER TSGT 
AGO I LLOlr;·-rt:LIZARJJO---TS"GT 
PAYNE, WEUDLE MSGT 
BRADLEY, PERCY TSGT 
St/EDEGAR, RAY SMSGT 
PERKINS, HOWARD SMSGT 

f~J<E.~_, __ ~!!-.E~~ '!'SGT 
AUNE, REGINA LT 
WIRfi .. ·--MARCfA LT 
- ............ ! .. -----·-·--··- ---
GOFF_It:JE!? .. !!~!3:RIET LT __ _ 
"70HUSON, DENNING TSGT 
Ji.ADLEY,_ JAMES _______ SSGT. 
GHERE:K-.. GR~GORX _____ $~..._-
WISE, PHILLIP SGT 
BC:JTwELL,. OWEH _____ MSCT __ 
KLINKER, MARY CAPT 
PAGET, MICHAEL SSGT 
CASTRO, JOE MSGT 
NANCE, KEN SGT 
WILLIS, WILLIAM LTCOL 

CREW 
POSITION 

Pilot 
Copilot 
Navigator 
Flt Engineer 
Pilot 
Pilot 
Navigator 
Flt Engineer 

LOCATION DURING 
RAPID DECOMP 

Left pilot's seat 
Copilot's seat 
Navigator's seat 
Flt Engr Seat 
Crew :rest area 
Crew :rest area 
Crew ?'est at>ea 
Cargo compartment 

LOCATION AT 
IMPACT 

Same 
Same 
Same 
Same 
IP seat 
Cargo compartment 
Same 
Tht>own from air­
craft at rapid · 
decompression 

STATUS 

Minor injury 
Minor injury 
Minor injury 
Minor injury 
Minor injury 
Fatal injuries 
Minor injury 
Fatal injuries 

Flt Engineer Cockpit Crew :rest area Minor injury 
Loadmaste:r Troop compartment Same Minor injury 

-10a-dmil"ster---caz;go-coiilpar-tiiieii1: ___ . saiiie ___________ _,,.rata1 injuries 

Loadmaster Cargo compartment Same Fatal injuries 
Loadmaster Cargo compat>tment Crew rest area Minor injury 
Loadmaster Crew t>est area Same Minor inJury 
Loadmaster Aft laddet> T~~~p~~~P~!!!!~l'!~- Dislocation right 
--····-·-··-------·----- ---·--lshoµlq~r ... ~~~ kn~: .. 

____ 'fr.Q.QP coml?§rtm~nl ··--~9!'1~e ____________ .FatqLlnJuries. 
Flifil!t Nurse Tt'oop' compart!!!~!!t Same Fracture right foot 
!'.!!e;!!!_!!~~.!~ __ r.ro.op cornp~!'tm~!!t Same ··--- ~irior injury ·- - -
!'.!is~t Hurse Tt'oop _ comp~!'._!.~~!!t Same Fracture clavicle 
Med Tech Cat>go compartment Same Fatai.i.njuries 
l-J~J~~h fr..Q9JL.CPIDPSW..tm~nt S.am~- _ o i!:!j ury 
Med 'l'.ech fyQQR._g9.ffim!:rtment §.~'!!~ F!'.~'=.r!!~ed ri~s 
Med Tech Cargo compartment Same Concus~ion 
tle<Ll'..e.ch l'rp9p_c.9mp~r.tment ___ $.9r.ie .JHn9r injury. 
Flight Hurse Ca:i•go compartment Same fatal injuries 
Med Tech Cargo compartment Same Fatal injuries 
Photographer Cargo compartment Same Fatal injuries 
Photographer Cargo compartment Same Fatal injur·ies 
ACM Cockpit Cargo compartment Fatal injuries 
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Ml.VULt;; JNlTl1\J, J..JU.L l l\ .. '\.L.J.lH.,.J J.lh.J "'' J. .L J. ""' ,, \' ~. 

MAC Hission Observer: 

Willis, William S. 
'\ 

Medical C1.-ew Hembcrs 

Wirtz, ltarcia 

Lt Col 244-44-3250 HMO Cmd Plt F 

FN N 

Aune, Regina 
11.t 
lLt 
Sgt 
St;t 
SS gt 
lLt 
TS gt 
MS gt 
C.Jpt 
SS gt 

FN TT 90 
Wisc, Philip 
Gnerek, Gre&ory 
lladlt:?y, Jam<?s A. 
Goffinett, Harriet 
\Johnson, Denning C. 

MT TT 120 
, 'MT TT lf4 

Hl: N 
FN TT 21 

Bo·.itwcJ.l, Olen 
Klinker , M.ny T. 
J.>aget, Hich.iel G. 

AAVS Photographers 

castt·o, Joe (I~1I) 
Nance, Kenneth E. 

Passengers: 
. --·· 

-----

MS[)t 
.... Sgt 

-
MT 
MT 
FN 
MT 

ACM 
ACM 

F. 
N 
F 
F 

F 
F 

~· A manifest of pa$sengcrs was received from the Defense Attache Office tn S.li.gon. 
l'ht? manifest contained the n;1mes of Lil+ DOD perst"•nncl .ind dependr?nts. Of the 
pcra•:lnncl on the manifest: five arc kno\Jn to hove survi.ved the c1·ash. An addit­
ional Hot of 10 attendants W3S received frc"1 the· Defeni;c At::a.:hc Offic1?. Of 
thc;?sc attendant a, three are known· to have survivl•d the crash. 'Ihere was no 
manifeG:: of orphnno aboard the aircraft; however, Saigon of (icials reported 
247 were aboard. The aircrew interviews confirmed 145 orphans were located 
in the troop cc:•mpartment of which 143 are believed to have survived. A1~pro'<­

im11tely 102 orphans we1·e locnted in the cargo compartment. Six .,.ere known to 
have surviv~d. The chaos whi.ch followed the cra~h, the nuruLer of hospitals 
to which injured survivors were dispatched, the nmlti-11ge11cies which accepted 
remains and the unstable political situ.ition in the Republic of Viet Nam made 
a total accurate accounting impor.aiblc. The following is the final best estimate 
furniohP.d-by a rcpresent.:itivn from Air Force Military Personnel Center and 
concurred in by the investigation board. 

ON BOARD. SURVIVED DECE/\SED 

Flight Crew 16 11 5 

Med Crew 10 7 3 

Photographers 2 0 2 

MAC Observer 1 . 0 1 

Orphans . q;~oop Compt) 145 143* 2* 

Attendants (Troop Compt) 7* 6* 1 

Orphans (Caq~o Compt) 102* 6 96* 

Others (Cargo Compt) ....il* -2 l1S* 

Totals r\- 330 175 155 

Note: Aoteriak indicates figures which were di!ficult to verify. 



• 
CASUALTY REPORT 

The following data was compiled from crew testimony, existing 

manifests, and discussion with JCRC (Saigon) and Army patholo­

gists at Camp .5amae San, Thailand. It i_s believed that the 

figures given ate very accurate although, in some categories, 

not precise (those with an asterisk). Imprecision of some of 

the figures was unavoidable despite the exhaustive effort of 

CWO Scott to co~pile this casualty/survivor list for several 

reasons: 

a. There was no manifest for the orphans. 

b. There wa3 conflicting crew testimony in some categories. 

c. Civilian attendants were moving about the aircraft while 

a head count was being done. Therefore, some may have been 

counted twice or not at all. 

d. There were several American children on board and it 

could not be ascertained if they were counted as orphans or 

civilian attendar&ts. 

e. After the crash, the exact number of survivors could not 

be counted because they were hurriedly taken. to many hospitals 

and orphanages throughout Saigon. 

ON BOARD SAVED DECEASED 

1. Flight Crew 16 12 4 

2. Med Crew 10 7 3 

3. Photo 2 0 2 

·4. Observer 1 0 1 

s. Orphans Troop Cmpt 145 143* 2* 

6. Attendants Troop Cmpt 7* 6* 1 



7. Orphans C~rgo Cmpt 

8. Others Cargo Cmpt 

ON BOARD 

102* 

47* 

SAVED 

6 

2 

DECEASED 

96* 

45* 

1. Data aoncerring flight crew, medical crew, photographers, and 

observer are def:nitely correct. 

2. The number of orphans in the troop compartment is exact as 

determined by crew testimony. However, there was the possibility 

that there were three rather than two fatalities. 

3. The number of attendants in the troop compartment i$ an esti­

mate according to· the crew. The count was confused because some 

of the attendant~ were going to and from the cargo compartment. 

However, the figure seven is probably realistic. It was defi­

nitely ascertained that only one of the attendants sustained 

fatal injury. 

4. JCRC Offic~ in Saigon got figure of 247-253 orphans aboard. 

Crew was sure 145 were in troop compartment. Sgt Wise, survivor 

from cargo compartment believes at least over 100 children in 

cargo compartment. This figure (102) with six survivors appears 

realistic. Six survivors was count by crew. 

5. Sgt Wise said at least SO adults in cargo compartment. Some 

adults moved up and down from troop compartment. With number of 

adults manifeste~/nonmanifested thought to be aboard, 47 appears 

accurate. 

6. Central Identification Laboratory has reported they have 

probable remains of 47/46 adults (excluding crew). They repprt 

having remains of 93 children with possibility of more. Difficult 

to determine at this time (18 April) because of status of remains. 
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ABSTRACT 

A controlled study, involving EEG recordings from the scalp and chroni-

cally implanted electrodes in the cortex (ECoG) as well as from selected 

subcortical nuclei, was undertaken to investigate the neurophysiologic effects 

on rhesus monkeys following experimental whiplash (hyperextension of the head 

and neck). Sixteen animals, equally divided into four groups, were studied 

through the following protocol: two 

~ lashed j\and then deep electrodes were 

two animals were implanted with deep electrodes and then one was whiplashed 

after healing. Weekly EEG follow-ups showed hippocampal spiking in 3 of the 

4 whiplashed and then electrode-implanted animals and in 1 of the 4 electrode-

implanted and then whiplashed animals. 

Several results deserve attention. (1) Prior to the onset of spiking, 

i.e., 6 to 8 weeks post-whiplash, practically all scalp, cortical and sub-

cortical EEG recordings were normal. (2) When hippocampal EEG spiking did 

take place, only normal and mildly abnormal changes were seen in either the 

ECoG or scalp EEG. (3) The growth and development of this trauma-induced 

epileptogenic focus. This subclinical form of post-traumatic epilepsy may 

be a combined phenomenon, i.e., the whiplash plus the subcortical electrode 

placements further decrease the already well-known low-spiking threshold of 

the hippocampi. 



INTRODUCTION 

After a front-to-rear automobile collision, the occupants of the 

automobile hit from behind may suffer a "whiplash injury", a term attributed 

i.. """' 
to Crowe (l..95'8) to describe an injury to the neck iq such accidents. Phenomeno-

logically, the term comes from a description of the violent motion of head 

and neck in which the head is suddenly thrown backward resulting in a hyper-

extension of the neck (the whip phase) and immediately afterwards is r~coiled 

in the opposite direction forcing the neck into hyperflexion (the lash phase). 

•> 
The use of the term "whiplash injury" by Braaf and Rosner (5061 and States 

et al. (~ have been criti?.ed by other authors, e.g., Hamel and James (~ 
and Farbman(~, because it described the motion rather than the pathology. 

In spite of the criticism, the term is entrenched in the lay, medical and 

legal literature. Whiplash will be the term used hereafter in this paper 

to describe this special type of head and neck injury instead of the more 

cumbersome "hyperextension-hyperflexion injury". 

The clinical problem associated with whiplash injury has been well stated 
ll l 

by McNab(~: 

Everyone is well acquainted with the common story associated 
with whiplash injuries. Despite the history of pain the the neck, 
pain·between the shoulder blades, pain the back of the head, pain 
down the arm, dysphagia, tinnitus, vertigo, and intermittent blurring 
of vision, there is remarkably little to find on examination. The 
usual x-ray films do not commonly show any gross abnormalities, even 
though there may be an alteration in the normal cervical curve. 
Despite the frustratingly negative examination, the patient's aches 
and pains fail to respond to the Brownian movements of routine medical 
therapy. As the months roll by, it becomes increasingly apparent that 
the patient is grossly emotionally disturbed. 

There is general agreement on the type of symptoms to be expected, 
but widely divergent views are held on the significance of these 
symptoms. These divergent viewpoints, rigidly held and hotly con­
tested, are firmly based on impressions only. In an endeavor to 
make these impressions more factually significant, the progress of 
515 patients has been carefully followed. Many physicians beiieve 



that the 'whiplash syndrome' is demonstrated only by a group of 
hysterical, neurotic, if not frankly dishonest, people. However, 
there are certain disturbing features apparent from an analysis of 
the case histories available that make it difficult to accept the 
belief that litigation neurosis is the sole explanaticn of the long 
drawn out disability in every instance. 

He proceeded to show, quite conclusively, that;two or more years after 

settiement of the court action, 121 out of 266 or 45% continued to have 

symptoms. 
/'f) 

In a recent paper using insurance claim data, O'Neill et al. (~ have 

stated, that despite some reduction in head and neck injuries due to the 

requirement of head restraints, the number of whiplash injuries in the U.S. 

may be "considerably in excess of one million." The reason given for the 

limited success of what appears to be a rational solution for the whiplash 

problem is that the adjustable head restraints were usually improperly 

positioned. The authors warned: 

an adjustable head restraint if left in its lowest position actually 
may increase the chances of severe whiplash injuries by acting as a 
fulcrum for the head, especially for taller people. 

n) 
Torres and Shapiro Cl!il7 have investigated the EEG of post-whiplashed pa-

tients. In a population of 45 patients, 46% had electrical abnormalities of 

moderate or marked degree while the rest had either mildly .abnormal or normal 

EEGs. Those patients who had more than one EEG showed progressive deterioration 

instead of improvement in their follow-up records. The authors conclu~ed that: 

It is highly improbable that the association of these abnormalities, 
of higher degree and much higher incidence than any series of normals, 
with the history and clinical findings of whiplash injury might be 
exclusively ~ue to chance factors. We con~lude, therefore, that the 
electrical Abnormalities were probably cau~sd by the injury. 

r 
Gibbs (.:971) has reassessed the use of clinical EEG as an objective 

indicator of brain disorder in whiplash injury. He compared the percentage 

incidence of abnormal findings among 178 medicolegal cases of whiplash with 



the percentage incidence of these same EEG findings among asymptomatic control 

subjects. He found that 11% had EEGs with focal slowing and 5% had paroxysmal 

slowing, two abnormalities almost never found in asymptomatic control subjects. 

Though age related, practically all the other abnormalities are found in whip-

lashed patients as well as asymptomatic controls. It should be emphasized, 

however, that the incidence of such abnormalities in the asymptomatic controls 

are found less frequently than in the whiplashed patients. In the adult group 

between ages of 20 to 60, which accounts for 148 of the 178 cases studied, 

approximately 65% of these patients with symptoms show normal EEG. Gibbs 
5") 

(19ll! has further contended: 

A patient who has symptoms and whose EEG shows mild abnormalities 
might deserve consideration, even though his complaints and abnor­
malities are the same as those of many other persons. 

Scalp EEG work based on animal studies has been reported by Wickstrom 
~i..) 

et al. (!;!16.9)':. Thirty-six EEGs were recorded from rhesus monkeys before and 

after controlled whiplash. The recorded EEGs were interpreted by an electro­

encephalographer. Of the 36, 7 had abnormal EEGs. Of the 7 with abnormal 

EEGs, 6 also had abnormal behavioral symptoms under clinical examination, 

yet only 4 had identifiable histopathology after necropsy. Of the remaining 

29 with "normal" EEGs, examination subsequent to sacrifice revealed that 

3 had spinal cord ~esions, 2 had brain injuries and 2 others had both brain 

and spinal cord pathology. In short, approximately 24% of the monkeys with 

definite neurohistological lesions had no EEG abnormalities by the simulated 

clinical procedure. Thus, the abnormal scalp EEG is a rather poor indicator of 

nervous tissue injury. Conversely, the presence or absence of neurohistological 

lesions cannot be depended upon as the indicator of EEG abnormality either. 



q) • 
Koshino et al. (~ have utilized megihlide activation of the EEG to 

study whiplash and head injury patients with stubborn subjective symptoms, 

but who showed neither objective abnormalities of the neck nor abnormal 

clinical EEG. In a clinical study involving 35 whiplash and 45 head injury 

patients, it was found that 57% of the whiplash group and 73.3% of the head 

injury group had abnormal activated EEGs after injection of less than 100 mg 

of megimide. The mean doses of megimide required for the activation of 

irregular spike and wave complex in the whiplash and head injury groups were 

80 mg and 72 mg respectively. Wada (1966) has shown that the threshold of 

m.egimide activation of EEG in the normal person is more than 150 mg, and 

generally an abnormality is indicated if a threshold of less than 100 mg of 

m.egimide activated the EEG. Furthermore, the activated abnormal.EEGs were 

provoked at almost the same rate irrespective of the duration from the time 

of injury to that of examination. 

As far as we are aware, the only previous study of subcortical EEG 
tM 

changes following experimental whiplash was the work of Tsuchiya et al. (~ 

Rigid electrodes were implanted into the following areas of the rabbit brain: 

neocortex, hippocampus, premammillary area, internal capsule, preoptic area, 

lateral hypothalamus, ventromedial hypothalamus, central gray matter, and 

the reticular formation. The results can be summarized as follows: 

1) In the neocortex, low amplitude fast waves whic~ere observed 

immediately after the impact returned almost to the control 

pattern within 2 to 6 days, 

2) In the hypothalamus, normal EEG pattern was observed soon after 

trauma. However, abnormal EEG, such as the high amplitude 

slow waves or spikes, were observed 7 to 45 days after the 

impact and continued for some period. The regions from which f 



the abnormal waves were recorded were: the medial preoptic 

area, ventromedial hypothalamic nucleus, posterior hypothalamus, 

preoptic area. 

3) In the midbrain reticular formation, sporadic sharp spikes were 

observed within 2 to 3 days after the whiplash injury, with the 

EEG ap~arently returning to normal thereafter. 

Besides the obvious objection to the use of rigid electrodes, the 
I~ 

experiments of Tsuchiya et al. (~ were incompletely controlled. The com-

bination of rigid electrodes implanted in the subcortex together with a 

high rotational acceleration during whiplash obviously contributed to the 

injury and the subsequent EEG changes. This illuminates the need for improved 

controls in spite of· this study's importance and originality. This study by 

Tsuchiya, et al. (~ has laid the difficult foundations upon which our 

research is based. 



MATERIALS AND METHODS 

1. Experimental Design 

The experimental protocol called for the use of four matched groups of 
. 

rhesus monkeys of the same sex, each weighing about 4 kgs. The study began 

with at least two baseline scalp EEG recordings per animal. In each series, 

after ascertaining the scalp EEG to be normal, two of the four animals were 

whiplashed in the acceleration facility. After the post-whiplash baseline 

scalp EEG was recorded, one (Animal A) of the above two experimental animals 

was randomly chosen to act as the scalp control, while the other had flexible 

electrodes implanted in its brain (Animal B). The third (Animal C) had elec-

trodes implanted in its brain and then whiplashed after the wounds were allowed 

to heal. The fourth (Animal D) had electrodes implanted in the same sites to 

act as the electrode control for the series. The protocol is summarized as 

follows: Animal (A), whiplashed and scalp EEG followed; Animal (B), whiplashed 

and then followed by deep elect~ode implantation in the brain; Animal (C), 

deep electrode implantation in the brain and then whiplashed; and Animal (D), 

deep electrode implantation in the brain only. 

One of the main concerns in the above experimental protocol was: how 

can one be reasonably sure that, for Animal (C), the whiplash head injury 

was not the result of presence of deep flexible electrodes in the brain 

interacting with the high angular acceleration during the whiplash? To 

insure that the flexible electrode used did not excessively damage the brain 

during the acceleration pulse, we simulated our experiment in a gel-filled 

transparent half skull. Electrodes were inserted into the gel as during 

in vivo implantation into the brain. Indian ink was then injected into the 



electrode track until it was filled. A small plastic wedge was used to fix 

and seal the electrode at the skull, just as used in an actual implantation 

procedure. The ensemble was whiplashed in a similar fashion as in a test, 

although the angular acceleration levels achieved were much lower. The 

procedure was recorded on high speed film and then ~aly?.ed. N~ft 
the tracks. 

2. Flexible Electrode Implantation 
;) 

The stereotaxic brain implantation was done in the manner of Heath (~ 

using flexible bipolar electrodes with silver-balled tips of approximatly 0.5 mm 

diameter and located 1 mm apart. The electrode implantation was performed 

under approximately 120 mg of phenobarbitol administered i.v. Because 

patients with whiplash symptoms very often become emotionally disturbed with 

time, we postulated the probable involvement of the limbic system, which 
t~) tO) a;) 

has been theorized by Papez (~, Maclean ~ , Nauta ~ , and Zanchetti 
.,..}) ,. ) 
(~, as the regulator of emotional expression. Heath (~ has reported on 

data collected over a 20-year period which showed functional connections 

between certain sensory relay nuclei (ventro-postero-lateral nucleus of 

the thalamus and the fastigius nucleus of the cerebellum) and brain sites 

(primarily the septal region and hippocampus), where physiologic activity 

has been shown to be correlated with emotional expression. Thus, the deep 

sites chosen for chronic electrode implanation were: the left and right 

hippocampi (L HIP and R HIP), right reticular formation (R RETIC), right 

anterior septum (RA SEP) and right cerebellum fastigius nucleus (R CBL FAS). 

Epidural cortical leads were placed over the frontal, temporal and occipital 

cortex, to obtain the electrocorticogram (ECoG). The scalp leads used were 

F7, T3, TS, TS, T4, and T6, i.e., the midtemporal chain in the international 



10-20 system. The animals received antibiotics upon completion of their 

electrode implantation to minimize infection at the surgical sites. Ten 

days to two weeks were allowed for wound healing. 

3. Hyperextension-hyperflexion Trauma 

On the day of the whiplash, the animal was tranquilized with phencycli­

dine hydrochloride (Sernylan@ 2 mg/kg) intramuscularly. The torso of 

the rhesus was then restrained with a jacket and placed sitting on a miniature 

cart with its head and neck unrestrained. Briefly, the experimental setup 

consisted of a compressed air pump and reservoir connected to a 152 mm diameter 

circular cylinder with an associated piston having a 914 mm stroke length. 

The magnitude of the acceleration exerted on the cart was controlled by 

the pressure of the compressed air in the reservoir. The duration of 

acceleration of the vehicle can be varied somewhat by the placement of 

polyurethane pads of different thickne.ss onto the impacting piston. During 

the acceleration phase, the cart triggers three pulsed x-ray units (Fexitron 

No. 730 Hewlett-Packard Corp.) through microswitches to record the changing 

relationship during the various stages of the hyperextension of the head and 

neck. A typical radiograph of an animal implanted with deep electrodes 

being whiplashed is shown in Figure 1. The event is also recorded on a 

Hycam (Redlake Corp.) high speed camera at 1,000 frames/sec against a preset 

grid. The acceleration procedure outlined above was previously reported 
~) 

in Domer et al. (];9'!S. 

4. Data Acquisition 

Whenever possible, at least one EEG per week per animal was monitored 

and tape recorded. The EEG technician kept a continuous log of each animal 



during the recording session. Information, such as the beginning and end of 

sleep, wakefulness, and any abnormalities during these recording sessions 

was carefully noted and correlated to a time-code generator signal in 

order to facilitate the later signal analysis. 



RESULTS 

Typical cart and linear accelerations of the skull as well as 

the computed angular accelerations have been illustrated previously in 

Domer et al. (~9'-. In the interest of continuity; the numerical results 

are reiterated: (1) The maximum linear acceleration of the cart was about 

35 g's, occurring at about 30 msec after the onset of the impact. (2) The 

maximal calculated angular acceleration, achieved during hyperextension, 

3 2 was approximately 40 x 10 rad/sec which occurred 50 msec after impact. 

None of the monkeys lost consciousness following the whiplash as 

evidenced by the lack of eye closure and the maintenance of muscular tone. 

Furthermore, no blood issued from any orifice. 

A synopsis of the electroencephalographic changes, if any, for all of the 

animals in the 4 series is given in Table I. 

The animals with hippocampal spiking are: I-B, II-B, IV-B and IV-C. 

The time course of development of the hippocampal spiking activity in all 

4 animals warrant individual attention and are summarized below: 

Follow-up on Animal I-B 

Two weeks post-whiplash, this animal developed occasional paroxysmal 

focal slowing during light sleep in F4-C4 and F3-C3 scalp leads. Since focal 

slowing is a form of scalp EEG abnormality that is almost never seen in unwhip-

lashed rhesus monkeys, we chose this animal for depth-electrode implanta-

tion on the notion that the depth correlates of the surface phenomena could 

be found. The electrode implantation took place 3 weeks post-whiplash. 

Two weeks were allowed for the surgical trauma to heal before the first 



post-implant (5th week post-whiplash) recording was taken and shown in 

Fig. 2. Note the absence of abnormalities in the scalp, cortical and depth 

leads. Figures 3 through 6 recorded the serial events as the weeks passed. 

Figure 3 illustrates the incipient spiking activity_in the right hippo­

campus 6 weeks post-whiplash during light sleep. The frontal cortical . 

lead, which showed no abnormality, was dropped to make room for the right 

hippocampus in the first 6 channels. This was done to ease the signal 

analysis problem anticipated, i.e., the problem of detecting the subcortical 

spikes at the scalp. By the 8th week, shown in Fig. 4, the ~ hippocampus 

had developed a mirror focus. Figure 5 shows that during the 11th week, the 

left hippocampal activity during sleep was less dependent on the original 

right hippocampal focus, indicating the near completion of the epileptiform 

mirror focus. The temporal cortical lead was dropped to make room for the 

R HIP lead. By the 13th week, the right hippocampus of the animal was in 

complete "sei?.ure-like" activity but only during sleep. By the 16th week, 

both hippocampi were contin~~sly spiking practically at ~11 times.. Figure 

6 is taken from the record of the 18th week showing continuous spiking 

. acitivity in the hippocampi. Weekly tape-recordings continued until the 

27th week when the animal knocked out its plugs by accident. The animal 

was sacrificed at this time. The last recording made showed a slight 

diminution of the spiking activity. 

Follow-up Details on Animal II-B 

This animal was whiplashed and then its subcortex implanted with electrodes 

two days later. Its first EEG record was taken 2 weeks after trauma. The 7th 

week post-whiplash record showed, during sleep, an occasional single spike in 



the left hippocampus. When compared to the corresponding record (8th week 

post-whiplash) in the previous series shown in Fig. 4, the amplitude of the 

spikes are of equal magnitude but the frequency of occurrence is much 

lower. The frequency increased in the next two weekly recordings and 

reac~ed a maximum.of about 3 to 5 spikes for each ten seconds of sleep 

record as shown in Fig. 7. No mirror focus developed in the right hippo­

campus nor did the spiking reach the "sei?.ure" level found in Series I. 

Follow-up Details of Animal IV-B 

This animal was whiplashed and its subcortex implanted with electrodes 

10 days' later. The first post-implant record was taken 10 days following 

electrode implantation. The 8th week post-whiplash record showed sharp waves 

and an occasional spike in the right hippocampus. The activity increased in 

the right hippocampus as the weeks passed and by the 11th week, a mirror focus 

had developed in the left hippocampus. By the 18th week, both hippocampi were 

showing continuous spiking activity. The recordings were continued for 52 weeks 

with only a slight attenuation in activity. The results were very similar 

to animal I-B. 

Follow-up Details of Animal IV-C 

This animal was implanted with electrodes and then monitored for 

16 weeks and no abnormalities developed in the EEG. The animal was whip­

lashed at this point. The post-whiplash recordings were started 4 days 

later. Seven we~ks post-whiplash, the record showed random sharp waves and 

occasional spikes in the left hippocampus with delta and theta wave activity 

in the right hippocampus. By the 10th week, the left hippo~ampus had 



developed random bursts of sharp waves and spikes and the right hippocampus 

had developed a mirror focus. By the 14th week, both sides were in complete 

"seizure-like" activity with the left hippocampus slightly more active. 

Continuous spiking activity occurred in both hippocampi thereafter. This 

was the first C type animal which developed spiking activity. The results 

were again very similar to animal I-B. 

Histologic Controls and Pathological Findings 

A standard intracardiac perfusion-fixation technique was used at the 

time of sacrifice. A laminectomy was performed on the cervical spine to 

expose the cervical spinal cord. A craniotomy was next performed and the 

brain and spinal cord removed in toto. Any gross pathology was described 

and photographed. Following coronal section, the blocks were embedded in 

celloidin. The sections were stained with either hematoxylin-eosin or 

cresyl-violet or both techniques. The histological evaluation was done in 
1'1) 

the manner of Unterharnscheidt and Higgins (~. In our eval,uation, special 

attention was given to the exact locations of the electrode tracts and their 

endpoints described. The neurohistology has been completed in Series I and II. 

All animals showed traumatic lesions associated with the electrode 

·implantation. In the interest of brevity, only the microphotographs 

associated with the spiking nuclei are displayed. Figures 8 and 9 show 

the right and left Ammon's horn formation in animals I-B and II-B respec-

tively. In Fig. 8, the endpoint of the electrode tract in Sommer's sector 

(h1) is labelled a. Only a few neurons are visible in the region surrounded 

by the arrows. Figl,1%'e 9 shows typically the marked local glial and mesen-

chymal reaction surrounding the electrode tract labelled a. All the neuro-



histology completed thus far confirms the electrode placement for all 8 

animals. There were no primary or secondary tra•.llllatic lesions elsewhere 

in the brain or spinal cord. 



~2.) 
population of rhesus done by Wickstrom et al. (4969'.t did show a few such 

lesions. 
2.1) 

Walker et al. (~ have described experimental results to support the 

concept that the traumatic unconscious state is very_ similar to the aftermath 

of a.generali?.ed epileptic convulsion.I Subcortical spiking at locali?.ed 

nuclear sites of the brain, however, seldom leads to a clinical sei?.ure. 

In the rhesus monkey brain, with our particular depth leads, the point has 
r) 

been made by Heath (-m;a: 

In some experiments (with cobalt induced epileptiform activity), 
when these. epileptiform discharges spread to encompass the entire 
brain, the monkey had a clinical epileptic sei?.ure. Behavioral 
changes were minimal or absent when the epileptif orm discharges 
were limited to one or more nuclear sites without affecting the 
septal region. But when the septal region was involved, either 
alone or in concert with epileptiform activity at other deep 
nuclear sites, the monkeys invariably displayed gross behavioral 
aberrations in the form of impaired emotionality and reduced aware­
ness which progressed to catatonia. 

No gross motor behavioral changes, such as clinical convulsions, were observed 

in any of the 4 animals even when the spiking discharges in the hippocampi 

were continuous. 

The mirror focus phenomenon, seen in animals 1-B, IV-B, and IV-C 

have been seen in all experimentally induced epilepsy using different 
11...) 

agents on the cortex. Merrel (Ei5it has characteri?.ed the growth and devel-

opment of the mirror-focus as being similar to the learning curve. The 

growth and development of our trauma-induced hippocampal focus closely 

parallels an artificially induced local epileptiform activity. Thus, the 

hippocampal spik.lng exhibited by whiplashed primates might be considered as 

a subclinical form of post-traumatic-epilepsy. 

The hippocampal spiking activity is most probably an additive phenomenon, 

i.e., the combination. of the whiplash and the traumatic presence of the 



DISCUSSION 

Numerous means have been found to induce epileptiform activity in the 

brain. These include a range of different agents such as cobalt, penicillin, 

metrazol, ethylene chloride, dry ice and others. AS far as we are aware, 

this is the first time that subcortical epileptiform activity has been 

exhibited in a controlled whiplash primate experiment. Post-t:raumatic 

epilepsy occurs in 10% of all severely closed head-injured patients with a 

clinical diagnosis of contusion. In the present experiment, the physical 

event initiating trauma was a whiplash movement of the head and neck and not 

a direct-contact impact of the scalp and skull. If one accepts cerebral con-

cussion as the dramatic, sudden loss of consciousness as a result of trauma, 

then none of the whiplashed animals in this study we~e concussed. 

Torres and Shapiro (~ve compared the clinical EEG of 45 head injury 

patients with 45 patients suffering from whiplash injuries. In their 

patient selection procedure,_ they showed that while both groups had the 

same subjective complaints, there was one major difference: 23 of the 

patients with contact head injuries suffered from cerebral concussion, or 

amnesia but this was totally absent in the whiplashed group. Thus, the 

fact that our animals were not concussed is, therefore, not surprising. 

Traumatological investigators differ widely on the question of whether._ 

traumatic unconsciousness and whiplash injuries are accompanied by histo-

logic changes. Our neurohistological findings for Series I and II show 

no definite primary or secondary traumatic lesions as a result of our 

measured whiplash input although previous results on a much larger 



electrode is enough to drive the sensitive neuronal system and/or the 

neurons themselves, beyond its spiking threshold; whereas, each by itself 

is insufficient to accomplish the same. The low spiking threshold of the 

hippocampus is well-known and as such it is not surprising that it is the 

only site in our experimental study to exhibit such a phenomenon. 

When subcortical spiking does occur, why is it confined mainly to the 

animal which was whiplashed and then had electrodes implanted in its brain, 

i.e., animal B in each series? We sought the answer to the above question 

through its control, animal C, which had electrodes implanted in its brain 

and then whiplashed. The only difference between B and C, other than the 

normal variations of the repeatability of the experiment, is the presence 

of the deep electrodes during whiplash. Our tentative conjecture is that 

the presence of the electrodes tether the brain, so that the relative 

motion between the skull and brain is less than would be the case if the 

electrodes were absent. The brain material is almost incompressible with 

a bulk modulus K • 2.07 giga pascals (300,000 psi) and a Young's modulus 

E • 68,900 pascals· (10 psi). On the other hand, its shear modulus is 

1,378 pascals (G • 0.2 psi). In whiplash, the mechanical input is primar­

ily a rotational acceleration and secondarily a translational acceleration 

of the head and neck. Both inputs induce a graded set of shear strains, 

maximum at the subdural cortex and decreasing towards the 

diencephalomesencephalic core. The flexible electrodes, which are 

anchored by plastic wedges on the skull, have an order of magnitude higher 

shear modulus. The brain, being a viscoelastic material, begins to compress 

the implanted electrode soon after insertion. The frictional forces gener­

ated are such that no discernable movement of the electrodes were detected 



from either the flash x-rays or from the neurohistology subsequent to 

sacrifice. 

When the spiking activity was continuous within the hippocampi, the 

EEG activity of the remaining scalp leads, which simulated the clinical 

EEG, was only mildly abnormal or normal. However, if the scalp EEG records 

from Figs. 2 through 6 were read serially, it is possible to discern a 

progressive deterioration. This mild abnormality is in agreement with the 
11) 

results of Torres and Shapiro <:um on human whiplash patients. · 

In spite of the relatively small experimental sample size, some con-

clusions can be drawn from the above reslts. The most. important point to 

be made concerns the number of electrode controls, i.e. D animals, which on 

the basis of the experimental protocol given above is only four. In fact, 

h~ever, Heath ~ has impla ted .deep electrodes into the v8J1:.ous nuclei 
,.....,...,_"' +ea.. .--.c.... . co.- ' ~ ..t.>..L 

of the limbic system of the rhesus ov r the past 20 years In over 200 

animals in which our chosen sites were implanted as electrode controls, 

~ have developed subcortical spiking during long-term follow-up using 

identical electrodes and procedures as in the present study. If in 200 

normally implanted animals no spiking occurred, but that as a result of the 

given whiplash, 3 our of 4 of the B animals and 1 out of 4 C animals devel-

oped spiking, then.heuristically, one would assume that the whiplash episode 

was a significant event. 

It is premature to come to any definite conclusions concerning the 

interesting neurohistologic lesions observed. Many more extensive and 

detailed experiments are needed before one can decide whether these lesions 

are caused by the whiplash or electrode trauma or one additively or synergis-

tically acting on the other. The neurohistology will constitute the content 

of a future paper. 



CONCLUSION 

1) The immediate post-whiplash scalp EEG can be considered as a normal 

baseline recording if free from any previous abnormalities. So far, when 
. 

the whiplash animals do develop abnormalities, they do so at least 6 weeks 

post-whiplash. 

2) When subcortical EEG changes did take place, only normal or mild abnormal 

tracings were observable in either the ECoG or the scalp EEG during the same 

time period in this series of experiments. 

3) The spiking activities in the bippocampi occurred mainly in animals which 

were whiplashed and then had electrodes implanted in their brains, i.e., 

B animals. The presence of spiking activity was observed in only one animal 

which had electrodes implanted.in its brain and then whiplashed. These 

results suggest that not only is there minimal interaction between the 

brain matter and the flexible electrodes due to the whiplash but that these 

electrodes may have had a tethering effect in reducing the rotation displace-

ment of the brain. 

4) The hippocampal spiking activities is most likely a combined phenomenon, 

i.e., the spiking is the result of either the additive or the synergistic 

combination of the invasive presence of the recording electrodes and the 

hypersensitivity of the hippocampi to whiplash. P evious subcortical elec-
(}"W&. J<t- (}A>~ l.R .e,. w.) 

trode implantat on.s u more than 2 rhesus monkeys over a 20 year 

period have\shown that the invasive placements of these flexible electrodes ~ 

in these limbic system sites by themselves did !!2!, produce spiking activity 

even in long term (up to 26 weeks) EEG follow-ups. Hence, the hippocampal 

spiking seen in our small sample constitutes a statistically significant event. 



• 
,. 

Our experimental results suggest the following alternative management 
. I I 

of potential medicolegal whip~sh patients: ~ 

(a) Sbo~d the patien~exhibit a reduct~f lordosis of·th,('cervical 

spine toget~r with severe~uscle spasm dur,~the a~ute phase~£ the 

syndrome tryen at least on,, preferably two, linical EEGs shoul be ordered. 
I , 
I I I (b) !If subjective ~omplaints persist/after 6 weeks, e.g1 radicular I I / . I 

symptoms/ further serial EEGs, in addit~~n to the traditioj'i EMG, sho~d f 
be ord~red. Based on

1
,{he data of. Torr7s and Shapiro (1961) and Gibbs (197 ) , { 

in 40%; of these patr_t•, EEG abnorma,riues should appei, thus estabu.lg I 
a pr

1
ima facie clini,al diagnosis. / · 1 j 

(c) For all ,atients with a Jeduction of cerv al lordosis,llcon-
/ . i· 

vulsant drugs sue~ as phenytoin a~d/or phenobarbit~l may be simul neously 

r . / I I p escribed on an
1
1 experimental ba,sis as a prophylactic measure ev.en though 

. I I I 
he definitive !J,.per13Mmcal / clinical studii are still l"""/1'"-B· These 

drugs have alrrady been approyed for use in di~ect-impact cl.osed head 
l .1 I 

injuries and therefore, should be suitable for a clinical t~ial in whipla-h 
; I . I 
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ANIMAL 

I-A 

I-B 

I-C 

I-D 

II-A 

II-B 

II-C 

II-D 

III-A 

III-B 

III-C 

III-D 

WEIGHT 
and 
SEX 

38 N 
p 

45 w 
F 

38 N 
F 

38 N 
F 

36 N 
M 

35 N 
M 

37 N 
M 

38 N 
M 

38 N 
M 

29 N 
M 

36 N 
M 

36 N 

TABLE~ 

EEG CHANGES 

No post-whipl~sh abnormalities in scalp EEG for 27 weeks. 

Two weeks post-whiplash occasional paroxysmal focal 
slowing appeared in F4-C4 and F3-C3 during light sleep. 
Hippocampal spiking developed 6-weeks post whiplash on 
L HIP which spread to the right side as a mirror-focus. 
Lost electrode plug on 27th week. 

No post-whiplash abnormalities in scalp and depth EEG in 
27 weeks. 

No poet whi-plaea abnormalities in scalp and depth EEG in 
27 weeks. 

No post-whiplash abnormalities in scalp and depth EEG in 
11 weeks. 

No scalp EEG abnormalities post whiplash. Seven weeks 
post-whiplash, occasional left hippocampal spiking occurred. 
Spiking continued to 11th week. Lost electrode plug in 
11th week. No mirror focus phenomenon. 

No EEG abnormalities post-whiplash..:.- ll ~ . 

No 
~ ti ~­

abnormalities.pG&t whiplaeh. 

No scalp EEG changes for 10 weeks. Recording interrupted 
for 6 weeks. Resumed recording for 2 more weeks. No 
scalp EEG changes. 

Post whiplash EEG recording for 10 weeks with no changes. 
No recording for 6 weeks for technical reasons. Resumed 
recording for 2 more weeks. No discernable changes. 

Post whiplash EEG recordi~i for 10 weeks with no changes. 
No recording for 6 weeks for technical reasons. Resumed 
recording for 2 more weeks. No discernable changes. 

No EEG changes in either scalp of depth leads for 10 
weeks. Recording interrupted for 6 weeks. Resumed 
recording for 2 more weeks with no discerning changes. 



IV-A 

IV-B 

IV-C 

IV-D 

37 N 
M 

40 N 
M 

44 N 
M 

36 N 
M 

TABLE I (cont.) 

No scalp EEG changes in 22 weeks. 

Left hippocampal spiking 8 weeks post-whiplash. Mirror­
focus fully developed on right hippocampus by the 10th 
week. Continuous spiking in both hippocampi from 12th 
week on. Sacrificed on 52nd week. 

Right hippocampal spiking 7 weeks post-whiplash. Mirror­
focua fully developed on left hippocampus by 11th week. 
Continuous spiking thereafter. ~...pheny~oin-on~ 

.2.St:h-..week-By the 31.a~k;-t:he--spiking ~act.ilJi~~ 
-markecU.y- decreased an the l~f_t_hippocampua-hut-iess ae 
-ea· ~e l:!i~-hippoeampu9'. Lost plug at 42nd week. 

No scalp or depth EEG changes for 22 weeks. 

Caption for Table I 

Synopsis of EEG follow up on all animals in the experimental 

protocol. Animal weight given in newtons (N~ 



Fig. 1 

Fig. 2 

Fig. 3 

LIST OF FIGURES 

Flash X-ray of a rhesus monkey head and neck implanted with elec­

trodes and then whiplashed (animal C) during the hyperextension 

phase. 

The EEG of animal I-B 5 weeks post-whiplash and 2 weeks post 

electrode implantation. This record is considered normal. 

The EEG of animal I-B 6 weeks post-whiplash showing incipien~ 

spiking in the right hippocampus (R HIP) during light sleep. The 

frontal cortical lead was dropped to accommodate the R HIP lead in 

order to facilitate later signal analysis to correlate the deep 

and scalp EEG. 

Fig. 4 · The EEG of animal I-B 8 weeks post-whiplash illustrating the devel-

Fig. 5 

Fig. 6 

Fig. 7 

opment of a mirror or secondary focus in the left hippocampus 

(L HI~) during sleep. 

The EEG of animal I-B 11 weeks post-whiplash showing the increasing 

·independence of the mirror focus (L HIP) during sleep. The temporal 

cortical lead was dropped to accommodate the L HIP lead. 

The EEG of animal I-B 18 weeks post-whiplash illustrating the 

complete independence of the spiking foci (R HIP and L HIP). 

Furthermore, the "sei?.ure" activity was practically continuous. 

The EEG of animal II-B 9 weeks post-whiplash during sleep. Note 

the number of spikes is typically 3 spikes per 10 seconds of sleep 

record. No mirror focus phenomenon. 



Fig. S(a) Ammon's horn formation. Endpoint of electrode tract is Sommer's 

sector (h1) labelled a. Traumatic necrosis of the entire area of 

Sommer's sector (h1). Only a few neurons are visible in the region 

surrounded by the arrows. Spielmeyer's se.ctor (h2), and Bratz' 

sector (h3) are intact. Cresyl-violet; 30:1. Animal I-B. 

Fig. 8(b) The electrode tract shows hemosiderin laden macro_phages and a 

marked glial-mesenchymal scar. The area of the traumatic necrosis 

contain debris laden macrophages and gitter cells. A few remaining 

neurons of the Sommer's sector (b
1

) are shrunken and hyperchromatic. 

Cresyl-violet; 50:1. Animal 1-B. 

Fig. 9(a) Amman's horn formation. Electrode tract extending into Sommer's 

sector(h
1
). Marked local glial and mesenchymal reaction surround­

ing the tract labelled a. Neurons in Bratz sector (h3), Spielmeyer's 

sector (h2) and Sommer's sector (h1) intact with the exception of 

a minimal loss _of neurons with glial reaction in the immediate 

surrounding of the electrode tract in (~). Hematoxylin-eosin; 

30:1. Animal 11-B. 

Fig. 9(b) The glial-mesenchymal scar surrounding the electrode tract in 

Ch1) is visible. Local loss of neurons with microglial and 

astroglial reaction in the area directly surrounding the electrode 

tract; otherwise intact neurons. Hemotoxylin-eosin; 50:1. 

Animal II-B. 
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· Crcish vi.ctim 
t 

Vietnamese orphan 
awarded $500,000 

W ASIDNGTON (AP) - A Viet- Force crew fiew the . plane. The 
namese orphan who lived through amount to be p8id by each was not 
an Air Force plane crash in ·Viet- made public. • . 
nam bas won a $500,000 award from . On Wednesday, the same jury will 
a federal jury that now will turn its hear the case of James Matthew · 
attention to a similar suit filed by a Zimmerly of St. Louis, who like 
second survivor. · · Schneider was an infant Vietnamese 

Tbe jury award Monday was to orphan on the plane. 
Michael Moses Schneider, whose The Air Force said 135 children 
name was Hguyen Pbi Khan when and adults of the 330 on board were 
he boarded a C6A mercy flight car- killed. Of the 226 orphans on board, .1 ·. 
rying homeless youngsters from 7& perished. C6A's are the world's r: 
Saigon to adoptive homes around largest aircraft. 
the world. The plane crashed in a Schneider, &, living ~th adoptive 
Saigon rice paddy April 4, 1975. parents in Denver, suffered perma-

ibe damages will be paid by nent brain damage when the plane 
Lockheed Aircraft Corp., which lost oxygen in flight and then 
manufactured the plane, and the. crasbec;t near Saigon's airport, the 
federal government, whose Air boy's attorney said. 
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ABSTRACT 

A controlled study, involving EEG recording~ from the scalp and 

chronically implanted electrodes in the cortex (ECoG) as well)as from 

selected sUbcortical nuclei, was undertaken to investigate th~ neurophysiologic 
. i 

effects on rhesus monkeys following experimental whiplash (hyperextension 

of the he!ld and neck).. Sixteen animals, equally divided into~ four groups, 

were studied. through the f~llowing protocol: two antmals wit~in each group 

were whiplashed and then the brain of one was implanted with ;eep electrodes, 

while the second two animals were implanted with deep electro~es a~d then 

one was whiplashed after healing. 
! . 

Weekly EEG follow-ups . show~d hippo.eampal 

spiking in 3 of ~he 4 whiplashed and then electrode_;implanted:animals and in 

1 of the 4 electrode-implanted and then whiplashed animals. · 

Several result·s ·deserve attention. (1) Prioi- to the onset o~ spiking, 

i.e., 6 to 8 weeks post-whiplash, all scalp, cortical and subcortical EEG 
! 

recordings were normal. . (2) When hippocampal EEG spiking did'. take. place, 

only normal and mildly abnormal changes were seen in either-the ECoG or 

scalp EEG~ (3) The growth and development of this tra~-indhced hippocampal 

spiking foliowed the classic sequence for the spread of an .ep~leptogenic 
I 
I 

focus. This subclinical form of post-traumatic epilepsy may he a threshold 
. ' 

phenomenon, i.e., the whiplash plus the subcortical electrode placements 

further decrease the already well-known ·1ow-spiking threshold: of the 

hippocampi. 



·INTRODUCTION . 

_After a front-to-rear automobile collision, the occupant~ of the 
. . . 

automobile hit from behind may suffer a "whiplash injury", a t:erm attributed 
. . 

to C'rowe (1) to describe an injury to the neck in·such accide~ts. Phenomena-

logically·, the term comes from a description of the violent mo;tion of head· . 
! 

and neck in whieh the head.is suddenly thrown backward resultiing in a hyper~ 

extension ·of the neck (the whip phase) and immediately afterwairds is recoiled 

in the opposite direction forcing the neck into hyperflexion (the lash phase). 
• ' • I 

. . ' 
The use of the term "whiplash injury" by Braaf and Rosner (2) :and, States 

i 
et al. (3) have. been crit-ized by other authors, e.g., Hamel a~·James. (4) 

and Farbman (5), because it described the motion rather than tihe pathology. 

In spite of the criticism, the ·term is entrenched in rhe lay, ;medical and 
. .. , . . . . ; 

legal literature. Whiplash will be the term used hereafter i~ this paper . . . 

to describe thiS special type of head and neck injury ins•tead '.of the more 

cumbersome "hyperextension-hyperflexion". 
I 

The clinical problem associated with whiplash injury has been well stated 

by McNab (6): 

Everyone is well acquainted with the co1J1111on story assoiciated 
with whiplash injuries. Despite the ·history of pain the the neck, 
pain between the shoulder blades, pain the back of the hea.d, pain 

· down the arm, dysphagia, tinnitus, vertigo, and. 'intermittent blurring 
of vision, there is remarkably little to find on examinatibn. The . 
usual x-ray films do not commonly show any gross· abnormai:Lties, .even 
though there may be an alteration in the normal cervical c:urve. 
Despite the frustratingly negative examination, ·the patie~t's aches 
and pains fail to respond to the Brownian ~vements of ·rou;tine medical 
therapy. As the months roll by, it. becomes· increasingly apparent that 
the patient.is grossly emotionally disturbed. ; 

There_ is· general agreement on the type of symptoms to be expected, 
but widely .divergent views are held on the sign.ificance of'. these 

·symptoms. These divergent· viewpoints, rigidly held and.hotly con~ 
tested, are firmly based on impressions only. In an endea~or to 
make these impressions more factually significant, the pro'gress of 
575 patients has been carefully followed. Uany physicians'. believe 



t_hat the 'whiplash syndroiue' is demonstrated only by a group of 
hys.terical, neurotic, if not frankly dishonesc., people. However, 

· ' there are certain disturbing features apparent ·from an analysis of 
the case histories availa}:)le that make it difficuit to. accept the. 
belief that litigation neurosis is the sol.e explanation of ;i:ne long 
drawn out disability in every instance. · : 

He proceeded to show, quite conclusively,· that two.or more· years after 

settlement of the court action, 121 out of 266 or 45% continuedi to have 

symptoms. 
·1 i 

In a recent paper using insurance claim data, O'Neill et a~. (7) have 

stated~ that despite some reduction in head and neck injuries d~e to the 

requirement of head restraints; the number of whiplash injurie~ i~ the U.S. 

may be "considerably in eXCeSS of one million." The reason givjen for the 

limited success. of what appear.a to. be a rational solution for the whiplash 
l ·. 

problem is that the adjustable·head restraints were usually improperly 

pos:J,tioned. The a~thors.warned: 

an adjustable head restraint if left in its 
may increase the chances of severe whip.lash 
fulcrum for the head-, especially for taller 

' i 
lowest positiort actually 
injuries by ac~ing as a 
people. · 

Torres and Shapiro (8) have investigated the EEG of post-whiplashed pa-, 

tients. In a population of 45 patients, 46% had electrical abnormalities of 

moderate or marked degree while the rest had either mildly abncirm~l or normal 
. . . . . . . '..3 .. _: 

EEGs. Those patients who had more than one EEG showed progressive deter.ioration 

inst"ead of improvement in their follow-up records~ The author$ concluded that: 
i ,. 

It is highly.improbable that the association.of these abno~alities, 
of higher degree and· much higher incidence ·than any s·eries '.of normals, 
with the history and clinical findings of whiplash injury might be 

·exclusively-due to chance factors. We conclude, therefore~ that the 
electrical abnormalities were probably caused by the inJuey. 

; 

Gibbs (9) has reassessed the use of.clinical EEG as an objective 

indicator of brain disorder in·whiplash injury. He cdmpared the percentage 

incidence of abnormal findings among 176 medicolegal cases of ~hiplash with 



the percentage incidence of these same EEG findings among asymptomatic control 

' 
subjects. He found that 11% had EEGs with focal slo~ing and st had paroxysmal 

' 
slowing t two abnormalities almost never found in asymptomatic: control subj.ects. 

Though age related, practically all the other·abnQrmalities ar~ found in whip-

lashe4 patients as well as. asymptomatic controls. It should be emphasized, 

however; that the incidence of such abnormalities in the asymptomatic controls 
i 

·are found less frequently than in the whiplashed patients. Ini the adult group 

between ages of.20 to 60, which accounts for 148 of the 178 ca$es studied; 

' · approximateli. 65-% of these .patients with symptoms show normal tEG. Gibbs (9) 

has further contended: 

A patient ~o has symptoms and whose EEG shows mild abnormalit~es 
'.might deserve consideration~ even though his complaints ancll abnor­
malities are the same as those of many other persons. 

Scalp EEG wo~k based on animal studies has been reported ?Y Wickstrom 
j 

et al. (10). Thirty-six EEGs were recorded from rhesus monkey~ be£ore and 
. 

after controlled whip.lash. The recorded EEGs were 1.nterpreted by an electro-

encephalographer·. Of the 36, 7 had abnormal EEGs. Of the 7 w:i. th abnormal 
' . 

EEGs, 6 also had abnormal. behavioral symptoms under clinical examination, 

yet only 4 had identifiable histopathology after necropsy.· Of:the remaining 
! . 

I 

29 with "normal" EEGs, examination subsequent to sacrifice revealed that 

3 had spinal cord lesions, 2 had brain injuries and 2 others· had both brain . l . 
I 

and spinal cord pathology. In short, approximately 24% of th~:monkeys with 

definite neurohistological lesions had no EEG abnormalities by'. the simulated 

clinical procedure. Thus, the abnormal EEG is ~ rather poor i~dicator of 

nervous tissue injury. Conversely, the presence or ~bsence· of ~eurohistological 

lesions cannot be depended upon as the indicator of EEG abno~lity either. · 



' 

' 
Koshino et al. (12) have utilized megimide activation .of ;the EEG ta· 

study whiplash·a,nd head injury patients with stubborn subj.ectiive symptoms, 

but ~ho showed_neither objective abnormalities of the neck nor! ~bnormal 

clinical EEG. In a clinical study involving 35 whiplash and 4-S head injury 

patients, it was found that 57% of the whiplash group and 73 .• J'.% of the head 

injury group had abnormal activated EEGs after injection of less ~h~n 100 mg 

of megimide. 
i . . 

The mean dos.es of megimide required for the aetivation of 
! 

I 

irregular spike and wave complex in the whiplash and head injuiry groups were 

' 80 mg and 72 mg respectively •. Wada (13) has shown that the threshold of 
i . 

megimide activation of EEG in the normal person is more than 130 mg, and· 
! . 
I . 

generally· an aonormality is· indicated if a threshold of less tp.an 100 mg of .. 

megimide a·ctiv.ated the EEG. Furthermore, the activated abnor.l EEG' s were 

provoked at almost the same rate irrespective of the ·duration '.from the time 

of injury to that of examination. 

' 
As far as we are aware, the only previous study of subcor'tical EEG 

changes following experimental whiplash.was the work of Tsuchiya et al. (11). 

Rigid electrodes were im~lanted·into the following areas of th~ rabbit brain: 

neocortex, hippocampus, premammillary area, internal capsule, preoptic ·area, 

lateral hypothalamus, ventromedial hypothalamus~- central gray )natter, and 

the.reticular formation~ The results can be summarized as follows: 
i 

1) In the neocortex, low amplitude fast waves.which w~r~ observed 

immediately after the impact returned almost to the control 

. pattern within 2 to 6 days, 
; 

2) In the.hypothalamus, normal EEG.pattern was obs~rved; soon after 

trauma. However, abnormal EEG, such as the·high amplitude 

slow waves or spikes, were observed 7 to 45 days aftbr the 



' 

3) 

impact and conti~ued for some period.· The regions f~om which 
i 

the' abnormal waves ~ere recorded were: the medial pre9ptic 
' 

area, ventromedial hypothalamic nucleus, posterior hypothalamus,-

premammillary nucleus, lateral hypo"thalamic nucleus and lateral 

preoptic area. 

In the.midbrain reticular formation, sporadic sharp spikes-were 
I 

observed within 2 to 3 days after the whiplash injurJ, with the 
. I . 

EEG apparentiy returning to normal thereafter. 

Besides ·the obvious oojection to the use of rigid electrodes, the 

experiments of Tsuchiya et al. (11) were ·incompletely controll~d. The com-
. . . . . I 

bination of ·rigid electrodes implanted in the subcortex togeth~r with a 
,I l 

i 

high rotational acceleration during whiplash obviously contributed to the 

_injury and the subsequent EEG. changes. This illuminates the need for improved 
r 

controls in spite of this study's importance and. original~ty. ;This study by 

Tsuchiya·, et al •. (11) has laid the difficult foundation·s upon ~hich our 

research is based. 



' MATERIALS· AND METHODS 

l. ·Experimental Design 

The experimental protocol·called for the.use of four matched· groups of 

' rhesus monkeys of the same sex, each weighing about 4 k. The ~tudy began 
' 

with at least two baseline scalp EEG recordings per animal. Itj each-series, 
i 

after ascertaining the scalp EEG to be normal, two of th~ four!animals were 

whiplashed in the acceleration·facility. After the post-whipl.!ish baseline 

scalp EEG was.recorded, one. (Animal A) of the abov~ two experi~ental animals 

was randomly chosen to act as the scalp control, while the oth~r was implanted 

with flE!Xible deep electrodes (Animal B). The third. (Animal C) was.implanted 
I 

i 
with electrodes and then whiplashed after the wounds were allo~ed to heal. 

The fourth (Animal D)· was implanted with electrodes to act as the electrode 
. \ ·i 

·; 

control for the series. The protocol is sunnnarized as follows~ Animal (A), 

whiplashed and scalp ~EG followed; Animal CB), whiplashed ana then implanted 

with deep electrodes; Animal (C), implanted with deep electrodes and then . . . . ! 

whiplashed; and Animal (D), implanted with deep electrodes only •. 

One of the main concerns in the above experimental protocql was: how 

can one be ·reasonably sure that, f~r Animal (C) ,:. the whiplash head injury 

was not the re$ult of presence of deep flexible electrodes in the brain 
• j 

I 

interacting with the high angular acceleration during the whi~iash? To 

insure that the flexible eiectrode used did not excessively damage ·the brain 

during the acceleration pulse, we simulated our experiment in ~ gel-filled 

transp.arent half ·skull. Electrodes were· inserted i~to the· gel: as during · 

in vivo implanta.tion into the brain. Indian ink was then injected into the 



electrode track until it was filled. ' . 
A ·small plastic wedge was used to fix·. 

and seal the electrode at the.skull, just as.used in ~n actual !implantation 
. ~-

procedure.· Th~·ens.emble was whiplashed in a similar fashion as in a test,. 

although the angular acceleration levels achie"lted JoTere much: iower· •. The - . . 
' 

procedure was recorded on high speed film and then analyzed. No ink left 

the trackS. 

2. Flexible Electrode Implantation 

The ste~eotaxic implantation was done in the manner of He~th (14), using 

flexible bipolar electrodes with silver-balled tips of approxin,latly 0.5 mm 
i 

diameter and located 1 mm apart •. The electrode implantation Y~s performed 

under approximately 120 mg of phenobarbital administered i.v. lBecause 
I 

patients with whiplash symptoms very of ten become emotionally disturbed with 

time, we postulated the probable involvement of 
i 

the limbic sys;em:t which 

has·been theorized by Papez (15), Maclean (16), Nau ta (17)' sind. Zanchetti 

(18) ,. as the regulator of emotional expression. Heath (19) has reported on 

data collected over a 20-year period which showed functional connections 

between certain sensory relay nuclei (ventro-postero-lateral nucleus of 
• 

the thalamus and the fastigius nucleus of.the cerebellum} and brain sites 

(primarily the.septa! region and hippocampus), where physiologic activ.ity 
. . ' 

I 
has been shown to be correlated with emotional expression. T?$s, the deep 

sites chosen for chronic electrode implanation'were: the left ~nd right 

hippocampi (L HIP and R HIP), right retic.ular formation CR RETIC), right 

anterior septum .(RA SEP) and right cerebellum fastigius nucleu$ (R CBL FAS). 
I 

. ' 
Epidural cortical leads were placed over the frontal, .temporal; and occipital 

cortex, to obtain the electrocorticog~am (ECoG). The scalp leads used were 

' 
F7, T3, TS, TS, T4, and T6, i.e., the midtemporal chain in,the:international 



.10-20 system. The animals received antibiotics·upan completio~ of ·their 

i 
electrode implantation to minimize infection at the surgical sites. ·Ten 

;· 

days to two weeks were allowed for wound healing. 

3. Hyperextension-hyperflexion Trauma 

~ the day of the whiplash, the animal was tranquilized with phencycli-· 

. dine hydrod1lorid.e (Sernylan@ 2 mg/kg) intramuscularly. The ~orso of 
i 

the rhesus was then restrained with a jacket and placed sittin~ on a· miniature 

cart with its head and· neck un:cestrained. Briefly, t.he exPeri~ental setup 

consisted of a compressed air pump and reservoir connected to a 152 mm diameter i . . 

circular cylinder with an ·associated piston having a 914 mm sdoke length •. 
• I 

The magnitude of the acceleration exerted on the cart was conttolled by 
I 

the pressure of the compressed air in the reservolr •. The dura~ion of 
·\ 

acceleration of the vehicle can be varied somewhat by the placement of 

polyurethane pads of different thickness onto the impacting piston. During 

the acceleration phase, the cart triggers three pulsed x-rayu~its (Fexitron 

No. 730 Hewlett-Packard Co.rp.) through microswitches to record, the changing 

relationship during the various stages of the. hyperextension of the head and 
! . 

neck. A typical radiograph of ~n animal implanted with deep e:!.ectrodes 

being whiplashed is shown in F.ig.ure 1. The event is also recorded on a . ' 
i 

Hycam (Redlake Corp.) high speed camera at 1,000 frames/sec against a preset 

grid. The acceleration procedure outlined above was previously repor.ted· 

in Domer et al. (20). 

4. Data Acquisition 

Whenever possible, at least· one EEG per week per animal was monitored 

and tape recorded. The EEG technician kept a continuous log o~ each animal 



during the recording session. ·Information, ·such as the bewinning and end of 

sleep, wakefulness, and any abnormalities during these recdrding sessions 

was carefully noted and correlated to a time-code generator. signal in 

order to facilitate the later signal analysis. 



. ' RESULTS 

; i' 

Typical cart and linear accelerations o·f the skull as well as 

the comput~d angular accelerations have been _illustrated previously in 
. . 

Domer et al. (20). In .the interest of continuity,. the numerictl results 

are reiterated: (1) The maximum linear.acceleration of the cart was about 
. i 

35 g's, occurring at about 30 msec after the onset of the impact. (2) The 
. . ! 

I 

maximal calculated angular acceleration, achieved_duringhyper•xtension, 

was approxima_tely 40 x. io3 .rad/sec2 which occurred 50_ msec aft~r impa~t. 
None.of the monkeys lost consciousness following the whiplash as 

. ! 

evidenced by the lack of eye closure and the maintenance of mu~cular tone. 

Furthermore, no blood issued from any orifice. 

A synopsis of the e_lectroencephalographic changes, if any~ for all of the 

animals in the 4 series is given in Table I• 

The animals _with hippocampal spiking are: I-B, II-B, IV-B'and IV-C. 

The time· course of development of t.he hippocampal spiking activity in all 

4 animals warrant individual attention and are summarized below: 

Follow-up on Animal I-B 

Two weeks post-whiplash, this animal deve!oped,occasional:paroxrsmal. 

focal slowing during light sleep.in F4~C4 and F3-C3. Since fo~al slowing·. 
~· i 

is a form of scalp EEG abnormality· that is almost .!!!Y!!. seen i~ unwhip­

lashed rhesus monkeys, we chose this animal for depth-electrode implanta-

tion on the notion that the depth correlates of the surface phf?nomena could 
I 

be found. The. _electrode implantation took place 3 weeks pos.t-whiplash. 

Two weeks were allowed for the surgic_al trauma to heal before the first . 



,post-implant (5th week post-whiplash) recording"was taken and shown in 

. i 
Fig.· 2. Note the absence of abnormalities in the scalp, corticat and depth 

. ; I 

leads. Figures 3 through 6 recorded the serial events as the weeks passed·. 

Figure 3 illustrates the incipient.spiking activit;y in the right hippo-

cam.pus 6 weeks post-whiplash during light sleep. The frontal d.ortical 

lead, which showed no abnormality, was dropped to make room for the right 
I 

hippocam.pus in the first 6 channels. This was done to ease th4 sign~l 

analysis problem anticipated, i.e., ·the problem of detecting t~e subcortical 

spikes. at the· scalp. By th°e 8th week, shown in Fig. 4, the left hippocampus 

had developed a.mirror focus. Figure 5 shows that during the hth week,. the 
I . . 

left hippocampal activity during, sleep was less dependent on the original ' 
i 
I . 

right hippocampal focus, indicattng· the near completion of the;. epileptiform 

mirror focus. The temporal cortical lead was dropped to make ~oom fox the 

R HIP lead. By the 13th week, the right hippocampus of t~e animal was.in 

compiete "seizur.e-like''. activity but only during sleep. By the 16th week, 

both hippocampi·were continuously spiking practically at ail times. Figure 

6 is taken from the record of the 18th week showing. continuO'l,is; spiking 

acitivity in the hippocampi. Weekly tape-recordi~gs con.tinuedi until the 
I 

27th week when the animal knocked out its plugs by accident. The an:bnai 

was sacrificed at this time. The last recording made ~howed ajslight 
~· i . . 

diminution of.the spiking activity. 

Follow-up Details on Animal II~B 

This animal.was whiplashed and then· its subcortex implanted with electrodes 
• . I 

'. 

two days later. Its first EEG record was taken 2 weeks after :trauma. The 7th 

week post-whiplash record showed, during sleep, an occasional ~ingle spike in 



~he left hippocampus. When .compared to the corresponding record (8.th week 

post-whiplash)~ in the previous series .shown in Fig~ 4 ~ ,the amplltude of the . . r . 

spikes are of equal.magnitude out the frequency of occurrence is much 

lower. Th~ frequency increased in .the next two we~kly recordings and· 

r.eached a maximum of about 3 - 5 spikes for each ten. seconds of sleep 

record as shown in Fig. 7. No lllirTor focus developed in the right hippo~ 
I 

campus nor did the spiking reach the "seizure" level found in S~ries I. 
( 

Follow-up Details of Animal IV-B· 

This animal was whiplashed and its subcortex implanted .with electrodes 
j 

10 days later. The first post-implant record was.taken 10 days: following 

electrode implantation. The 8th week post-whiplash record sho~d sharp· waves 
I 

and an.occasional spike in the right hippocampus. The activity increased in 
. . ! 

the· right hippocampus as the weeks passed and by the 11th week,! a mirror focus 

had develo.ped in the left hippocampus. By ·the lS·th week, 'both '.hippocampi were 

showing continuous spiking activity. The recordings were cont~nued for ~2 weeks 

with only ·a slight attenuation in activity. The results were very similar 

to animal I-B. 

Follow-up Details of Animal IV-C 

This animal was implan.ted with electrodes and then monii:o~ed for 
I 

~· i 

16 weeks and no.abnormalities developed in the EEG. ·The anima~ was-whip~ 

lashed at this point~ The post-whiplash.recordings were start~d 4 days 

later. Seven weeks post-whiplash, the record showed random sh$rp waves and 

occasional spikes in the left hippocampus with delta and theta;wave activity 

in the righthippocampus. By the 10th week, the left hippocampus had 



•developed random burs ts of sharp waves and spikes ·and the. righ~ hippo campus· 
i 

had dev~loped a mirror focus. By the 14th week, both sines wefe,. in complete 

"seizure-U.ke" activity with the left hippocampus slightly more active~ 

Continuous spiking activity occurred in both hippoeampi thereafter~ Tilis 

was the first C type animal which developed spiking activity. '.Th.e results 

were again very similar to animal I-B. 

Histalogic Controls and Pathological Findings 

' 
A standard.intracardi~c perfusion-fixation tech~ique was used at the 

time of sacrifice. A l·aminectomy was performed on the cervica1 spine to· 
. ! 

I 

expose the cervical spinal cord. A craniotomy was .next perforpied and the 

brain an<l. spinal cord removed in toto. 
i . 

Any gross pathology was described 

and photographed·. Following _coronal section, the blocks were '.embedded in 
i 
! 

celloidin. The sections wer~. stained· with eitper hematoxyliri-eos·in or 

_cresyl-violet or both techniques. The histological evalu~tion'was done in 

the manner of Unterharnscheidt and Higgins (21). In our evaluation, special 
I . 

attention. was given to t~e exact locations of the electrode tr'acts and their 

endpoints described. The neurohistology has been completed i~ Series I and II. 

All animals showed traumatic lesions associated with the. :electr.ode 

implantation. In the interest of brevity; only the microphotographs 
i 
I 

associated with·the spiking nuclei are.displayed. Figures 8-'~nd 9 show 

the right:and left Ammon's horn formation in animals I-Band II-B respec-

tively •. In Fig. 8, the endpoint of the electrode tract in Souimer's sector 
; 

·ch1) is labelled· a. Only a few neurons ·are visible in the region surrounded 

by the arrows. Figure 9 shows· typically the marked local gli.iil and ntesen..;.. 

chymal reaction surrounding the electrode tract labelled a. All the neuro-



' histology completed thus far con:f irms the electrode placement for all 8 
I 

' animals. There were no primary or secondary traumati:c lesionsjelsewhere 

in the brain or spinal cord. 



' ·DISCUSSION 

I 

Numerous means have been found to induce epileptiform act~vity in the 

brain. These include a range of different agents. such as coba~t~ penicillin, 

metrazol, ethy·lene chloride, dry ice and others. As far as wei are aware, 
. . . 

this is the first time that s1:1bcortical epileptiform activity ~as been · 
i 

exhibited _in a controlled whiplash primate experiment. Post-tjC'aumatic 

epilepsy occurs in 10% of all severely closed head-injured patients with a 

clinical dia.gnosis of contusion. 

In the present exp"eriment, the physical event initiating ~rauma was 
., 

a whiplashmov~ent of the head and neck and not a direct-contact i~pact 
: 
I 

of· the scalp and skull. If one accepts cerebra~ concussion as1 the dramat~c, 

sudden loss of co~sciousness .as a result of trauma, then none of the whip-

lashed animals in this study were concussed. 

Torres and Shapiro- (8) have ~ompared the clinical EEG of 4s head injury 

patients with 45 patients suffering from whiplash injuries. In their 
I 

patient selection procedure, they showed that while both groups h1;1d the . . . 

same subjective complaints, there w:as one major difference·: 23 of the· 
' i 

patients with contact head injuries suffered from ·cerebral co~cussion, or 

amnesia but this was totally absent in the whiplashed group. 

fact that our animals were not concussed is, therefore, not 

'.Thus, the 
l 
I 

~Jrprising. 

Traumatological investigators differ· widely on the question of whether 

t-raumatic unconsciousness and whiplash injuries."are accompanied by histo­

logic changes. Our neurohistological findings for .series· I artd II show 

no definite primary or secondary traumatic. lesions as a result of our 

measured whiplash input although previous results on a much l~rger 
' 



population of rhesus done by Wickstrom et al. (10).did show a f;ew such 

.·lesions .• · Thus, the hippocampal spiking exhibited by ~hiplashed primates 
; t 
' 

might be considered.as a subclinical form of post-traumatic-epilepsy. 

Walker et al. (22) have describ~d experimenta~ results to :Support the 

concept that the traumatic unconscious state is very similar td the aftermath 

of a generalized ~pileptic convulsion. SubcoTtical spiking at :localized 
I 

·nuclear sit.es of the brain, however, seldom .leads to· a clinicall seizure. 

In the rhesus monkey brain, with our particular depth leads,.tbe point has 

been ma~e by Heath (19): 

Iri some experiments (with cobalt induced epileptiform 'acti~ity), 
when these epileptifonn discharges spread to encompass the'.entire 
brain, ·the monkey had a clinical epileptic seizure. Behavioral: 
changes were minimal or absent when the epileptif orm disch~rges 
were limited to one or more nuclear. sites without affecting the 
septal region. B~t when the septa! region was involved, either 
alone or in concert with epileptif orm activity at other de~p 
nuclear sites, the monkeys invariably displayed gross beha~ioral 
aberrations in the form of impaired emotionality and reduced aware~ 
ness which progressed to catatonia. · , 

No gross motor behavioral changes, such as clinical convulsions, were observed 

in any of ·the 4 animals even when the spiking discharges in the hippocampi 

were continuous. 

The mirror focus phenomenon, seen in.animals I-B, IV-B, aJd IV-C 

have. been seen.in all e'xperimentally induced epilepsy using different 
. . ' 

agents on the cortex. 
.i 

Morrel (23) has characterized the grow~~ and devel-

opm.ent of the ·mirror-focus. as being similar to :the learning cUJi've. The 

·grol.rth and development of our trammatically induced hippocampai focus 
; 

closel.y parallels an artificially induced local epileptiform a¢tivity. 
. • I 

The altered .metabolism of the nervous tissue appears· to be the!unifying 

factor connecting all the experimental models, including our own. This 



altered metabolism can be in either the neurons.themselves or in the ' . 

autoregulatory system of the neuronal networks, or both. 
i 

The hippoc·amp~l spiking act.ivity is most probably a threshold phenomenon, 

i.e., the combination of the traumatic presence oi; the electrode-plus the 

whiplash is enough to drive the sensitive neuronal system and/~r the 

neurons themselves, beyond.its -spiking threshold; whereas~ each by· i~self 
i 

is insufficient to accomplish the same. The law spiking threshold of the 

hip~ocampus is well~known and as such it is not surprising that it is 

only site· in our experimental study to exhibit such a phenomenpn. 

When subcortical spiking does o.ccur, why is it confined ~inly to 

animal which was whiplashed and ·then implanted with electrodesi, i.e._, 
~ \ 

atlimal B in.each series? We sought the answer to the above question 

through its contr~l, animal C, which was implanted with elect~odes and 
! 
I 
I 

then whiplashed. The only difference between-Band C, other ~ban the 

the 

the 

·normal variations of .. the ·repeatability ot" the experiment,· is the. presence 

of the deep electrodes during whiplash. Our tentative conjec'ture is that 

the presence of the electrodes tether the brain, so that the relative .. 

motion between the skull and brain is less than would be the qas·e if the 
. . . r 

electrodes were absent~ The brain material is almost incompressible wi-th 

a bulk modulus K • 2.07 giga pascals (300,000 psi) and a Youn$'s modulus 
. I 

I 

E • 68,900 pascals·(lO psi) •. On the other hand, its shear mb4ulus is 

1,378 pascals (G • 0.2 psi). In whiplash, the mechanical input is ptimar­

ily a rotational acceleration and secondarily~ translational:acceleration 

o·f the head and ·neck. Both inputs induce a graded set of· shear strains, . ' 

maximum at the .subdural cortex and decreasing towards the 

diencephalomesencephalic tore. The flexible electrodes, which are 
' 



anchored by plastic wedges on the skull, have an order of magnitude higher 
' 
shear modulus. The brain, being a viscoelastic material, begiJs to compress. 

: } 
r 

the implanted electrode soon after insertion. .The frictional forces gener.­

ated are such that no discernable movement of the .electrodes w~re. detected 
,, 

from either the flash x-rays or from the neurohistology subsequent to 

sacrifice~ 

When the spiking activity was continuous within the hippocampi, the 

EEG ac.tivity of the remaining scalp leads, which simulated the: clinical 

' EEG, was only:mildly abnormal or normal. However, if· the scalp EEG records 

from Figs. 2 through 6 were read serially, it.is possible to discern a 
. . 

progressive deterioration. This mild abnormality is in agreem~nt with the 
i 
I 

results of Torres and Shapiro· (8) on human whiplash patients •. ! 

in spite of .~he relatively small experimental sample sizet some con-
' ., 

clusions can be drawn frOm. the above results. The most impori:a*t point to 
. 

be made concerns the number of electrode controls, i.e. D animals, which on 

the basis of th~· experimental protocol given above is only fout. In fact, 

however, Heath (14) has implanted deep e],ectrodes into the var~ous nuclei 

of the limbic system of.the rhesus over the past 20 years.· In:over.200 
! 
I 

animals in which our chosen sites were implanted as electrode controls, 
. ' 

none have developed subcortical spiking during long-term follow-up using . . ' 
I 

; i 

identical electrodes and p-rocedures as in the present study. ~ If in 200 

normally implanted animals no spiking occurred, but that as a result of the 

given whiplash, 3 out of 4 of the B animals and ·1 out of 4 C animals devel-
; 

oped spiking, then heuristically, one would assume t;:hat the wh~plash episode 

was a significant event. 



• It is premature to come to any definite conclusidns conce~ning the 
•P•1,. 

inter~sting lesihns observed.· 
. i 

Many more extensive and detailed ~xpetiments 
•; I 

' 

are needed before one can decide whether these lesions are cau$ed by the 

whiplash or electrode trauma or one synergistically acting on the other. 

The neurohistology will constitute the content of a future pap~r. 



' 
CONCLUSION 

1) .. The immediate post-whiplash scalp EEG can be considered a~ !a normal 

baseline recording' if free from any previous abnormalitie-s. So far, when 

the whiplash animals do develop abnormalities, they do so at l~ast 6 weeks 

post-whiplash. 

2) When subcordcal EEG changes did take place, only normal br mild abnoruial 

traci~gs were observable in either the ECoG or the scalp EEG d4ring the same 

time period .in.this·series of experiments. 

3) The spiking activities in the hippocampi occurred mainly in animals which 
i 

were whiplashed. and then implanted with electrodes i.e., B aniinals. The pres-

ence of spiking activity was observed in only one animal whichjwas implanted 
. I 

with electrodes and then whiplashed. These results suggest th~t not only is 
. 

there minimal interaction between the brain matter and the.fle~ible electrodes 

due to the whiplash but that these electrodes may have a tethe~ing effect in 

reducing the rotation displacement of the brain. 
I 

4) The hippocampal spiking activities is most likely a threshold phenomenon, 

i.e., the spiking is the ~esult of the synergistic combination of the inva-. . 

sive presence of the recording electrodes and the hyper~ensit~~ity of the 

hipJ>ocampi to whiplash-•. Previous electrode implantation studi,es in more · 
' 

than 200 rhesus monkeys over a 20 year period have shown that !the invasive 
; I 

placements of' these flexible electrodes 'in these limbic syst~ sites by 

themselves did ~ produce spiking activ1.ty even in long. term ;(up to 26 

.weeks) EEG follow-ups. Hence, the hippocampal spiking seen in our small 

sample constitutes a statistically significant event. 

Our experimental results suggest the following alternativ.e management 

of potential medicolegal whiplash patients: 



(a) Should the patient exhibit a reduction of lordosis of the cervical 

spine together with severe muscle spasm during the acute. phasJ ()f the 
,. . 

I 

syndrome then at l_east one, preferably zyo, clinical EEGs should be ordered. 

(b) If subjective complaint~ persist after _6 weeks, e.g~ r·adicular 

symptoms, further serial EEGs, in addition to the traditionaliEMG, should 

be ordered. Based on the data· of Torres and Shapiro (8) and Gibbs {9)'in 
i 

40% of these patients, EEG abnormalities as compared to ~he baseline re-

cording, should ~ppear, thus establishing a prima facie·clinieal diagnosis. 
I 

(c) For all patients· with a reduction of cervical iordosis, anticon-

vulsant drugs .such as phenytoin and/or phenobarbital may be simultaneously 
i . . 

prescribed on an experimental basis as a prophylactic measure~even· though 
: . 
i 

the definitive experimental and clinical studies are still latking. These 

drugs have already been· approved for use in direct-impact clo~e~ head 
• I 

injuries and therefore, should·be suitable for a clinical tri41l in whiplash 

· patients. 

Acknowledgment 

The .authors wish to express appreciation to ~Ir. ·Herbert Diagle for 

the technical assistance provided in electrode :implantation a~d EEG 

monitoring. The generous bioinstrumentation assistance provi~ed by 

I 
Dr. K. W. Krieger during the second-half· of this study is h~r~by acknowl-

edged. The advice and encouragement of Dr. J. K. Wickstrom, ~mmedia_te pa·st 

Chairman of Orthopedic Surgery, Tulane University School of Medicine, through~ 

out the course of this research is very_ much appreciated• 



REFERENCES 

CROWE, H. D. 1958. 
; ·~ 

Whiplash injuries in cervical spirie. Proc. 

Insurance Negligence and Compensation Law, :American Bar Association, · 

176-184. 

2. BRAAF, M. M.,and S. Rosner. 1966. Whiplash in3ury of :the n~ck.­

i fact or fancy? International Surgical Digest, 46: .176-182. 

3 •. 

4. 

5. 

. . ! 

. I 

STATES, J. D., M. W. KORN, and J. B, MASENGILL •. 1970. i The enigma of 

whiplash injury. N. Y. State J. Med., 70: 2971-:2978~· 
. • • j 

HAMEL,H. A., and O. E. JA,MES, JR. 1962. Acute traumatic cervical 
i 

. syndrome. Southern Medical Journal, 55: 1171-1177: 
I 

FARBMAN, A. A. 1973. 'Neck sprain. J .A.M.A., 223: 10~0-1015 •. 

6.. MCNAB, I. 1969. Acceleration-extension injuries of the cervical 
! 

spine. Symp. on the Spine, Mosby Co., St. Louis, I0-17. 

1. o·'NEILL, B., w. HADDON, A. B. KELLEY, .AND w. soR.E!Nsoo.: 1972. 

AutoD10bile head restraint - frequency of neck inju~y claims in 

relation to the presence of head restraints. Am. J. Pub. Hlth., 

62: 399-406. 
I 

8. TORRES, F.~ and s. K. ·SHAPIRO. 1961. Electroencephalograms in whip-

lash injury. ·Arch. Neurol., 5: 28-35. 
i 

9. · GIBBS, F •. A. 1971. Objective evidence of br.ain disorders in cases 

of whiplash injury. Clincial EEG, 2:2: 107-110• 

10. WICKSTROM, J. K., J. L •. MARTINEZ, R. RODRIGUEZ, JR.·, AND D. M. HAINES. 

Hyperextension and hyperflexion injuries to the he~d and neck of 
. . . • I 

primates.. Pages 10.8-117 in Neckache & Bac.hache. G. C. Thomas, 

Chap. 10. 



ll. TSUCHIYA, K., K. HIYAMA, M. KAWAHARA, T. TSUCHIYA, AND' A. SEKIMOTO. 
. . . i . 

A study of the deep EEG pattern from the brain stem: of rabbits 
. • i" 

I 

with experimental whiplash injury. J. Jap. Orthop.' Assoc., 42:11, 

·1057-1065. (In Japane~e with English Abstract) 

12. · KOSHINO, K., M. TANAKA, S. KUBOTA, M. NAKAMO, K. KAWAU'COTO, 

T. NAI<AJIMA, AND N. ·KAGEYAMA. 1972. Activated irre8ular -spike and 
I 

. wave complex in traumatic cervical syndrome. Brai~ and Nerve 

24: 49-55. 

13. .WADA; T• 1966. Clinical Electroencephalography. Japanese edition. 

Kane~ra Shuppan, Japan, 193. 

14. HEATH,.R. G. 1963. Closing remarks, with commentary on depth EEG in 
i 

epilepsy and schizophrenia. ;Pages 377-393 in EEG ahd Behavior, 

ed. by,G. H. Glaser, New York Basic Books. 

15. P~EZ, J. W. 1937. A pro~osed mechanism of emotion.: Arch~ Neurol. 

Psychia., 38·: ?25:-743. 

16. ·MA.CLEAN.~ P. D. 1958. Contrasting functions of limbic a;nd neocortical 

systems of the brain· and their relevance to psychop.hysiological 

aspects of medicine, Ain. J. Med., 25: 611~626. 

17. NAUTA, W.J.H. 1958. Hippocampal ·projections and related neural 

pathways to the midbrain ih the cat. Brain, 81: ·3~9. 
I 

l~ i 

18• ZANCHETTI', A. 1976. Subcortical and cortical mechanisms in.arousal 

and emotional behavior. Pagt;!s 602-614 in The N~ur~sciences, 

Quarton, G.C., Melnechuk, T., and Schmitt, F.O. (eqs.)~ The 

Rockefeller University Press, New York •. 

19. HEATH, R. G. 1972. Physiologic· basis of emotional expression: evoked 
! 

potential and mirror focus ·studies in rhesus monkei;s. Rial. Psychia. 

5:1, 15~31. 



20. DOMER, F. R., Y. K. Liu, IC B. Chandran., and K. W. Krieger. 1979. 

Effect of hyperextension-hyperflexion (whiplash) on! the· func.tion 

of. the blood-brain barrier of rhesus monkeys. Exp.: Neurol., 

·63: 304-310. 

· 21. Unterharnscheidt, F., and L. S. Higgins. 1969. ·Traumatic lesions of 
' 

brain and spinal cord due to nondeforming angular acceleratibn. 

· of the head, Texas Report on Biol. & Med., 27:1, 127-166. 

22~ WALKER, A. E., J. J.~ Kollros, and T. J. Case. 1944. The physiological 

b·asis of concussion~ J. of Neurosurg., 1: .103..,.116. ; 

23·. MORllEL~ 'F. 1959. · Experimental focal epilepsy in anima,J.s, Arch. Neural., 

·i: 141-147. I. 



' 

ANIMAL 

I-A 

I-B 

1-C 

I-D 

II-A 

· II-B· 

II-C 

II-D 

III-A 

III-B 

WEIGHT 
and 
SEX 

38 N 
F 

45 N 
F 

38 N. 
F 

38. N 
F 

36 N • 
M 

35 N .. 
M. 

37 N 
.. M 

38 N 
M 

38 N 
M 

29 N· · 
.M 

TABLE I 

·EEG CHANGES 

No post-whiplash abnormaliti~s in scalp EEG for 27 weeks. 

Two weeks post-whiplash.occasional paroxysmal.focal 
slowing appeared in F4-C4 and F3-C3 during light sieep. 
Hippocampal spiking developed 6-weeks post whiplash on 
L HIP which spread to the right side as aimirror-focus. 
Lost electrode plug on 27th week~ ' 

' 
No post-whiplash abnormalities in scalp arid depth EEG 
in. 27 weeks.· 

No post-whiplash abnormalities in scalp arl.d depth EEG, 
' in. 27 weeks. i 
I 

No post-whiplash abnormalities in scalp atjd depth EEG 
in 11 weeks. 

No .·scalp EEG abnormalities post whiplash •. Seven weeks 
post-whiplash, occasional left hippocampai ·spiking 
occurred. Spiking continued.to.11th week~ Lost 
electrode p;lug in 11th week. No mirror focus phenomenon. 

No EEG abnormalities post-whiplash. 

No· scalp EEG abnormalities post whiplash •. 
. ' 

; i 

No scalp EEG changes for lO·weeks. Recording interrupted 
for 6.weeks. Resumed recording for 2 mar~ weeks~ No 
scalp EEG changes 

; 

Post whiplash EEG recording for 10 weeks with no changes. 
No recording for 6 weeks for technical reasons. Resumed 
recording for 2 more weeks. No discernab.ie changes •. 



' 

III..:C 

III-D 

IV-A 

IV-B 

IV-C 

IV-D · 

36 N 
M 

36 N 
M 

37.N 
M 

40 N 
M· 

44 N 
. M 

. TABLE I (cont.) 

Post whiplash EEG recording for 10 weeks Jith no changes. 
No recording for 6 weeks for technical reasons. Resumed 
recording·for 2 more weeks.· No discernable changes. 

i 
No EEG changes in either scalp or depth leads for 
10 weeks. . Recording interrupted for 6 we~ks. · Resmned 
recording for 2 more weeks with no discertjing changes. 

·No scalp EEG cltanges in 22 weeks. 

Left hippocampal spiking 8 weeks. post-whiplash. Mirror­
focus fully developed on right hippocampu~ by the 10th 
week •. Continuous spiking inboth hippocBII1pi from 
12th week on. Sacrificed on 52nd week. . i 

Right hippocampal spiking 7 weeks post-whiplash. Mirror~ 

foc~s fully developed on left hippocampus :by 11th week • 
Continuous spiking thereafter. Given pheriytoin on the 
28th week. By the 31st WE;ek, the spiking ~activ;f.ty 
markedly decreased on .the left hippoc.ampu~ but less so 
on the right hippocampus. Lost plug at"42nd week. 

No scalp or depth EEG changes for 22 weeks. 

Caption for Table I 

I 
I 

Synopsis of EEG follow up on ail animals in t:h·e; 

experimental protocol. Animal weight 

given in newtons (N) ; 
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Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

. Fig. 5 

Fig •. 6 

.Fig. 7 

LIST OF FIGURES 

i 
Flash X-ray of a rhesus monkey head and neck implarit~d with 
electrodes and then whiplashed (animal C) during the hyperextension 
phase. · 

The EEG of animal I-B 5 weeks post-whiplash and 2 weeks· post 
· electrode implantation. This record is considered :normal. 

i 

' The EEG of animal I-B 6 weeks post-whiplash shewin~ inci12ient 
spiking in the right hippocampus (R HIP) during li~ht sleep. 
The frontal cortical lead was dropped to acconnnoda~e the R HIP 

· lead in order to facilitate later signal analysis ~o correlate 
. . the deep and scalp EEG. · · 

The.EEG of animal I-B 8 weeks post-whiplash illustrating the 
'deveiopment of a mirror or secondary . focus in' the left hippo­
campus (L. HIP) during sleep • 

. _. . . I -

The EEG of animal I-B 11 weeks post-whiplash showi1'8 the inc~easing 
independence of the mirror focus (L HIP) during sleep. The tem-

. poral' co·rtical lead was dropped to accommodate the ~ HIP lead. 

The EEG of animal I-B 18 weeks post-whiplash illust'.rating the 
complete independence of the spiking foci (R HIP anid L HIP). 
Furthermore, the "seizure" activitY. was practically continuous. 

The EEG of animal II-B 9 weeks post-whiplash d~ring sleep. Note 
the nmnber of spikes is typically 3 spikes per 10 s.econds of sleep 
record. No mirror focus phenomenon. 

Fig. 8(a) Amman's horn formation. Endpoint of electrode traC't is Sommer's 
sector (h1) labelled a. Traumatic necrosis of the ~nti:ce area of 
Sommer' s sector (h1) •. Only .a few neurons are visib'.le in the 
region surrounded by the arrows.. Spielmeyer '. s sec ~or (h2) , and 

·Bratz' sector (h3) are intact •.. Cresyl-violet; 30:1; •. Animal I-B. 

Fig. 8(b) The· electrode·tract shows hemosiderin laden macrophages and a 
marked glial-mesenchymal scar.. The area of the tr~uinatic necrosis 
contain debris laden macrophages and gitter cellsi i A few remaining 
neurons of the Sommer's sector (h1)-are shrunken arid hyperchromatic. 
Cresyl-violet; 50:1. Animal I-B. 

Fig.:9(a) Amman's horn formation. Electrode tract extending :into Sommer's 
sector (h1). Marked local glial and mesenchymal re,iac_tion sur-
round:l.ng the tract labelled a-. Neurons in Bratz· septor (h3), Spie1meyer 
sec~or (h2) and Sommer's sector (h1) intact with the exception of 
a minimal loss of neurons with glial reaction in th!e immediate· 
surrounding of the electrode tract in (h1). Hematoxylin-eosin; 
30:1. Animal II-B. ' 



Fig •. 9 (b) Th~ glial-mesenchymal ·scar surround·ing the electrode tract in 
(h1). is visible •. Local loss of neurons with microglial and 
astroglial reaction in the area directly surroundfitg the . 
electrode tract; otherwise intact neurons. Hemotoix}tlin-eosin; 
50:1 •. Animal II-B. . 
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Fig. 1 Flash X-ray of a rhesus·monkey head and neck implant~d with 
electr.odes ·and then whiplashed (animal C) during the; hypere~tension 
phase. , 

·i 
i 
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The.EEG of animal 1-B 5 weeks post-w'hiplash and 2 veeks post 
electrode implant~tion. This record is considered normal. 
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Fig. 4 The EEG of animal 1-B 8 weeks post-w'hiplash illustrating the 
development of a mirror or secondary focus in the left hipp~­
campus (L HIP) during sleep .• \ . 
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Fig. ·5. The EEG of animal I~B 11 weeks post-whiplash ~hawing the increasj 

independence of the mirror focus (L HIP) duripg sleep. The tem­
poral cortical lead was dropped to accomm9date the L HIP lead. 
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Fig.-6 The EEG of animal 1-B 18weeks post-whiplash illustrating the 
complete independence of the spiking foci (R HIP and L HIP). 

_ Furthermore, the "seizure" activity was practically continuous • 
.. -·-- -·----·--· -- ---,. ... ----····; - - ------- -··· ·----- -.··-· ----- ----- --------- -·----- - ··--·-··--·······--.--
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The .EEG of ani111<1l II-B 9 weeks post-whiplash durfnB sleep. Note 
the number of spikes is typically 3 spikes per 10 seconds of sleep· 
record. No mirror focus phenomena~. 
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(a) (b) 

Fig. 8(a) Amman's horn .formation •. Endpoint of elect·rode tract is Sqmmer's 
sector (h1) at a. Traumatic necrosis of the entire area df 
Sommer's sector (h1). Only a few neurons·are visible in ~he 
region surrounded by the arrows. Spielmeyer's sector (h~}, and 
Bratz' sector (h3) are intact. Cresyl-violet; 30:1. Animal I-B. 

F.ig. 8(b) The electrode tract s~ows hemosiderin laden m~crophages and a 
marked glial-mesenchymal scar. The area of the· traumatic ~ecrosis 
contain debris laden macrophages and gitter cells. A few remaining 
neurons of the Sommer's sector. (h1) are shrunken and:hyperchromatic. 
Cresyl~violet; 50:1. Animal I-B. ' 



,.• . 

... 
~,' . ·_.-, 

... '~ ... 
·. ; 

I C ~~~~iiili 
a b 

Fig. 9~ Anmiop' s horn formation. Electrode tract extendi~g into Sommer' s 
secto~ _(h1). Marked local glial and mesenchymal !reaction sur­
rounding the tract at a. Neurons in Bratz secto~ (h3), Spielmeyer's 
sector (h2) and Sommer's sector (h1) intact 'with ;·the exception of 
a minimnl loss of neurons with glial renction in the imr.lediate 
surrounding of the electrode tract in (h1). H.ematoxylin-eosin; 
30:1. Animal II-B. 

Fig. 9 b The glial-mesenchymal scar surrounding the e lee tr6de tract in 
(h1) is visible. Local loss of neurons with micr9glial and 
ascroglial reaction in the area directly surrounding the 
electrode tract; othe~ise. intact neurons. ijemot6xylin..:.eosin; 
50:1. Animal II-B. 



• Accident Report 

On ~pri~ 4,. 1975 a Lockheed C-5A aft ramp together with 

the attached.pressure door failed at approximately 23,000 ft. 

The structur~l failure resulted in a sudden decompression of the 

aircraft, and partial loss of control by the. cutting of the number 

l and 2 hydraulic lines, the control cables to the tail, and the al-
, 

ternate elec~ric trim and rudder yaw, Even though number three hy-
I 
i -

draulic syst~m was not damaged, primary.pitch and yaw control were 
I ' .. 

lost due to qamage to the control cables to the tail. Using the 
I 

remaining controls available to them, right aileron, spoilers, 

and engine tlirust; the pilots were able to maintain control of the 

aircraft by q combination of banking aircraft and thrusting the · 

engines in order to keep a quasi-level descent for an emergency 

landing. A quasi-level descent being a series of dives and pull-ups 

until the aiJtcraft was at landing altitide. The aircraft approached 

its first totlch down point on the east side of the Saigon River. 
I 
I 

Just before 1iouch down the engines were at full throttle to reduce 
I 

the descent tate and the aircraft was at a slight roll angle. As 

the aircraft.was touching down the engines were retarded to idle. 
' The velocity:of the aircraft as recorded by the MADAR DATA was 

approximately 270 knots (456 ft./s~c.) approximately 3-4 seconds. 
; 

The average wind velocity recorded at Saigon Airport at the time of 

the crash was 15 knots. The direction of the wind was approximately 

to the west, :therefore the ground airspeed of the C-5A was about 283 

knots (478 ft./sec.). The velocity is about 2-1/2 times the air-

craft's normal landing velocity., It will be demonstrated later that 
! 

the C-5A.came to a complete stop in a shorter distance (""1900 ft.). 

-:-:-- I l 
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than it does.when it lands at its normal landing velocity (-2300 ft.). 

Therefore th~ aircraft impacted at 283 knots, and stopped in ap­

proximately 1900 ft •• A normal landing would be at approximately 

110 knots. (190 ft./sec.) and would stop in about 2300 ft. 

Impacts on the East Side of the Saigon River 

As the C-SA approached its first impact point it had a 
I 

i 

velocity of ~83 knots and the pilots had limited control of· the 

aircraft. There was no record of the descent speed; The ini­

tial impact occurred when the aft landing gear struck a dike. 

The aircraft:still lofting above the ground struck another dike 

this time mo~e severely than the first. The ·1anding gear dug 

into the soil for a short distance. The aircraft bounced up 

again and then settled back down hitting a third dike. The · 
I 
\ 

landing gear'.again dug into the soil. It is probable that two 

complete set~ of landing gear were lost during or shortly after 
! 

thi's impact. ; Photographs show wheels and pieces of the landing 
I 

gear spread tµiroughout this area. The c-SA bounced up again . 

and made several small ruts with its engines .or wing tips. The 

aircraft then hit another dike. Finally the C-SA became air-
I 

borne again ~licing several treetops off with its starboard 

wing. I • • . From ~e f1lms it appears that there were at least 
, 

eight or mor~ distinct impact points east of the· Saigon River. 

These multiple impacts all occurred in a distance of about 350 

yards. The impacts were of sufficient magnitude ('snapped off 

several pieces of landing gear) ·to have weakened part or all of 
! 

the c-s~ structure. • 



Impacts on the West Side of the Saigon River 

The C-5A crossed the Saigon River at·a probable velocity 
~ 

of 283 knots.: This velocity may not be precisely relied upon and is 
l 

believed ·to $omewhat £ess because of the .series of impacts en-
. . 

countered on:the east side. The angle of attack of the aircraft· 

(nose up or down) also cannot be estimated because of the lack 

of in-flight;data. It is to be emphasized that the pilots had 
' i 

no control o:lf the·C-5A during any of the impacts. 

The aircraft impacted on the west side of the Saigon River 
' 

breaking the!remainder of. its landing gear off. T~e c~5A went 

into a sl
0

iditjg skid for about 175 yards. After this point the 

skid marks disappeared indicating that the aircraft may have 

lifted off the ground. The C-5A traveled about 150 yards and 

broke into four s.eparate s~ctions: the T-tail, the aft troop 
i 

compartment, ithe flight deck and the.complete wing structure. 

At this poin-t;. of impact, large amounts of debris were found and 
! 
I • a large section of the cargo.floor was located. This is also 

- ' . 

the area whete almost all of the dead were located. North­
! 

west and abo~t 100 y~rds away from the last impact point, the 
' 

T-tail was found. The T-tail had a clean fracture indicating 

_a sudden ·sep~ration from the fuselage. It appears the tail was 

_thrown over to its location as a result of the impact. The 

flight deck moved in a south-west direction and traveled ap-
t 

proximately 400 yards from the impact. It appears that the 

flight deck traveled about 150 yards in the air and skidded to 

a stop in the remaining 250 yards. The wing structure also 
I 

detached during the impact and through a combination of inertial • 

(96,;0oo lbs. ; fuel.) and lift forces was propelled approximately 



525 yards from the point of last impact. The aft troop com­

partment b~came detached from between the wing section and the 
! 

T-tail, an~ was propelled from the impact primarily by iner;.. 

tial force~ and possibly some lift force. The troop com-
: 

partment began digging into the ground approximately 175 yds. 

from the point of last impact~ The aft troop ·compartment then 
. ' 

,sam.e tg a $ndden stop after hitting an elevation. The total 
! 

distan·ce ~e troop compartment dug into the ground was ap-: 

proximate!~ 2 le~gths of the stz-Ucture or.about 40 yards. 
I . 

The velocity of the four major sections were equal at the 

point of break-up. The velocity at this p9int has been es­

timated (see Appendix I) as 200 knots, (338 ft./sec.). The es­

timated 11 G" forces for the aft troop compartment, flight deck 
-. 

and the·T-~ail are summarized below (see Appendix· I.for details):· 

1. 

2. 

T-tail: After close examination of the photographs, 

it was concluded that the T-tail had been 

sheared off during the last impact. The minimum 

"G" force range required to break th:! tail off according . . 

to our engineering analysis with data from Lock;.. 

heed reports is 11 to 15. 

Flight Deck: Given the initial velocity as 200 knots, 

and the measured slide path of the f.light deck, 

an average "G" force range of i:Lhas been es­

timated. 



3. Aft Troop Compartment: The aft troop compartment 

had an initial height at the point of break­

up. The height combined with a velocity of -
200 knots turned the aft· troop compartment into 

,a projectile. The troop eompartment was air­

borne as indicated by the photographs for ap-

proximately 175 yards, and smashed down onto the 

ground at the end of its trajectory.· The. 

average vertical "G" force range was estimated -
to be 10.-30t The aft troop compartment then 

started digging into the ground and came to a 

sudden stop by hitting a small hill. The 

average estimated horizontal "G" force range 

during th~ deceleration was 7-13. At the point 

of impact with the hill, the estimated hori­

zontal "G" force range was 220 to 480. It is 

obvious from the engineering analysis that the 

"G" force environment in the aft troop compart-

ment wa~ extremely compl~ and severe. 

Swmnary 

In conclusion the C-SA had an approach speed of 2-1/2 

times its ·normal landing speed. The pilot only had limited 
! 

con·trol of : the aircraft before the crash and no control during 

the crash landing. The C-SA structure experienced a series of 

8;..12 impac~s, some sufficiently severe to break off landing 
I 

gear, on the east side of the Saigon River. Approaching the • 

, 
• 

west side of the river the aircraft had a velocity of. approximate-

ly 270 knots. The c-SA impacted and slid for a short time and 

-s-



bounced into the air again and impacted again about 400 _feet away, 

breaking up ~nto four major sections, each moving at a velocity of 

!I 
approximatelY; 200 knots. The aft troop compartment experienced 

··a severe and iextremelY complex "G" force environment. The 

engineering ~alysis of Appendix I demonstrates the complexity 

involved in ~ttempting to calculate the "G" force environment. 

The assumption of constant deceleration over the complete crash 
' i 
I . 

site cannot :Qe.used. The average "G" force ranges in Appendix I 

are all based on conservative assumptions. Peak "G" forces, 
' 
' greater than 'what is calculated, undoubtly exist; but cannot be 

calculated. 



Appendix•r 

Estimation of Deceleration Levels 

In orde~ for some of the passengers and crew to survive 

the crash, ti;le airframe and ground had to absorb the energy 

of the airfrci.me/passengers/crew·in a manner that made their 

survival possible while removing the danger of a post landing 

fire. This ~nergy absorftion was accomplished over several de-
; 

finable periqds·of time/distances. One.method of characte~izing 
; . 

the events that occurred during the time from aircraft touch-
' down to points where the various parts came to rest wouldbe to 

develop the deceleration time histox-Y. As indicated ·by the 

location of the major parts in the photographs of the crash 

site, the aircraft was subjected to complex set aerodynamic, 

inertia, and;frictional fo~ces. These complex forces thus 
' would yield ctn equally complex deceleration time history. Since 

only the fin~l position and an estimation of the initial condi-
1 
I 

tions are known, it is not possible to evaluate but the ~implest 
I . 

assumptions (constant deceleration) without some additional data. 
! 

Even though not valid, the assumption of a constant deceleration 
~ . . 
' for both the'.flight deck and aft troop compartment may be made 
' after the aircraft breaks up. 
i 

This assumption will yield a lower 
' . ... 

bound on the\estimated maximum "G" load. Since only the initial con­

ditions are known, additional data (structural failure) is needed 
i 

to determine :the intermediate conditions. Use of structural 

failures wili only yield a lower bound on the applied loads/maximum 

"G's" since 1;.he rate of failure is not known. 



The first step is to determine the form of the deceleration 

while the ~ircraft is intact, thus developing lift. The de-
i 

celeration:force is given by: 

s = .A (W-L) + D - T - DP 

Where: ..u.. = Coefficient friction 

w = Weight 

Lift 
2 

L = = l/~V Cz.S 

D = Drag = l/~v2cds . I 
! 
I 

T = Thrust 

D = p Drag of landing gear post 

,A = Densi'f;.y of air 

v = Velocity 
'e 

~ = Coefficient of lift 
I 
; 
i. 

Coefficient Cd = of drag 

s = Wing area. 

The deceleration is given by: 

where : m = mass of aircraft 

I 

The deceleration can be written as: 

dv = a 
dt 

or 

m.dv ~ 
A (W-L~ + D - T - p • 



since L, o:and DP will be a fwiction of velocity. The aircraft· 

may be pit9hing, therefore both CL and Cd may be a fwiction of 

time, but ~hey are assumed to change much slower than the velo­

city •. Int~rgrating·the above will allow an estimation of the 

form of de6eleration versus time.. A cubic· vari.ation of decele-

ration with time would be a good approximation for the above 
. -

equation u$ing the stated assumptio.ns: 

dv 
dt = a = ct3 

i 

where c = constant 

yielding: 

VF.- VI= .£!:4 
4 

where VF = final velocity 

~d, 
VI = Initial 

i' . 5 
, SF - SI = 2~ + VIt. 

where SF = final position 
I Sr = Initial position 

Next, the ~quations can be developed for the region in which a 

constant deceleration is to be assumed, as with the structural 
i 

failure which is to be used with the abo~e equation, this as-

sumption wtll yield a lower bowid on the maximum "G" estimate. 

For this a$sumption: 

yielding: 

and, 

dv = a 
dt 



For the above formulations the distances are obtained from the 

referenced r~ports, velocities from referenced reports and cal­

culations. the calculatio~ of an intermediate velocity is made 

by assuming ~ minimwn·deceleration to fail parts. of the structure. 

This must be'done since there is one more unknown than equations 

available. The tail failure was selected because the normal 
' 

flight loads ;on the tail are seen as b.ending movements/axial. 
I 

loads on the!fuselage. The deceleration loads are also seen as ' . . 

bending mov~ents/axial loads on the fuselage, thus, the loads 
I 

needed to fail the fuselage are known ·(Figure I and Lockheed 
; 

Reports) • S~nce the axial force is now higher,. several calculations 

on the magnitude of the failure load were made. The calculated 

"G's" for the failure load is 13 plus or minus 2. For the estimate 

"G" an intermediate veloci:ty of 360 ft./sec. _plus or minus 20 
I 

ft./sec. is 9btained (Figure II) • The aft troop compartment will 

require abou~ one and a half seconds to travel from the break up 
I 
I 

point to its:final touch down point, about the same time to travel 

from its break up height to the ground. At the point of final impact 
! 

the aft trooi;> compar~ent will experience 10-30 yertical maximum "G's .... 
I 

The horizontal maximum "G's" will depend on the method used. If it 

is assumed that the aft troop compartment would have gone as far as 

the forward flight deck if the hill- had not been present, then the 
' 

average "G's" would have been about 7 (Figure III) with a much higher, 
! 

"G" level when the hill is impacted·, (Figure IV) • If the average "G" ! 

.• 

is calculated then the "G" is about 13. Since some o"f the seats con- · 

taining children failed, it is possible to estimate a level of 
I 

horizontal "G" loading in the aft troop compartment. Depending on -
the weight gt the children the hgrizgntal loading would range from 

60-85 "G's", •(Figure V). 



Summary 

Within ~e assumptions made, the following maximum "G" loadings 
; 

have been caiculated, these would be mimimum;values since the time 

rate of failure is not known. 

Horizontal 

11 - lS:before break-up (use of structural failure) 
I 

7 - 13!after break-up (integration) 

60 - ao:after break-up (use of structur.al failure) 

Within the assumptions made, the following "G" loadings has been 

estimated fo~ various impa~ts. 

Horizontal 

60 - 80 after break-up (use of structural failure) 

22 0 - 480 after· break-up (integration) 

Vertical 

10 - 30 after break-up (integration) 



W.L. -· 

Item 

~ullet 

H.S. 

v.s. 

! 

I 

.. 

I 

i 

330! 0 . 

Weight 

769.4 

3275.4 

6151. 0 

x 

2895.6 

'2921.3 

2786.6 

® 

I 
I 
I 
I 

® I 
I I I 

I I 
I I I I I 

I I 
I 

y 

o.o 

140.l 

-0.1 

z 

786.6 

787.5 

633.l 

F = m(a) = [ 23.9 + 203.4 + 196] a= 428.3(a) 15. 
; 

Mass 

23.9 

101. 7 

191. 02 

M =. 2~.9 (456.6) a+ (2) (101.7) (457.5) a+ (191.02) (303.l)a 
; 

M = 1~619 x io5 ca> 

Figure I - Sample Calculation 



Deceleration gi_ven by . 

a = ct3 

' i 
where a =-i3. i'G' s" = -416 ft./sec2 

v 
F 

I 

= et4 

T4 
=-416t 

-4-

= v + .ct4 
:I 4 

v e + ,I 

'. 
; 
; 

= -104t 

-20.at2 + VIt - (SF - S1) = 0 

ta -V~ !.l (VI) 2 - ( 4) (20. 8) (SF - SI) 

(-20. BY (2) 

41.6 

' 
t;::: 1,2 sec. VF-:::::: 360 ft./sec. 

Figure II - Sample Collections 

, where Sr = O 

SF z 500 ft. 

VI~ 463 ft./sec 

I 



YF 
- VI = at 

f F - Sr = at2 + V1t -r 
SF s = a v 2 

I 2 
I 

r 

a= - C.Vr> 2 
- (2) (Sp -.Sr) 

Deceleration would· b.e 7 .o + • 5 

t-:=::0.5 

' Velocity at Impact 

a 

V = V + at 
F I 

, where VF = 0 

. VI = 360 

SF·~ 750 

v 2 s = 0 I . I 
a 

V = 250 ft./sec. + 10 ft./sec. 
F 

Figure III· - Sample Calculations 

ft. 



"G" = (V ) 2 
I 

64. 4 (AX) 

AX= penetration into hill 

. A x = 2 I 3 I 4 ft • 

then ''G II = 460 + 20 2 -
llG II ·~ '320 + 20 3 

llG " = 240 + 20 4 

t2 = VI 
= 

1SO '(s --e:1 

(32.2) "G II 

2. 3 2..'Z. '(s-vCfl;o) 
t3 = VI 

= 
2-s-o t Is e:::. 

• 
(32.2) "G II 3 

)'-.1,, (j?.O) 

t4 = VI 
= 

(32.2) "G II 

4 

Figure IV - Sample Calculations 

.Olb" ~GOY 
.\~.~~UC 

I 0 Zf '!> ~ "" 
z+.3 .,,,.,.J,J.l; ~ 

•03*~¢ t 

3). ~~ ~:Jl:~ 



Seat is de~igned to transfer: 

2500 lb horizontal 

1250 lb vertical 

375 lb lateral 

to the floor beam without failing. For seat to fail in the 
I 

horizontalj direction with children, the. "G" would be given by 

G = 2500 
(N)Wc 

N = n'\lmber of children 

Wc = Weight per child. 

G = ·60 - 85, 

, actual valµe would depend on the weight of the children. Note: 
'· I 

\ 

~e moment! aJ:JD has oot been adjusted for the children so the above 

estimates ~ould be less than the actual values. 
I 

·, 

Figure V - Sample Calculations 



Appendix II 

Review: of Reports by J.W. Turnbow and John w. Edwards 

Turnbbw indicated that all seats remained attached and 

were faging rearward. Not all the seats in the aft troop 

compa~tment were facing rearward, and evidence presented 
I 

I 
I 

I 

indic.ted that some seats failed, but remained partie1;lly attached. 
• I 

I 

The d$nsity of. the wreckage and its location does not 

agree: with the concept of many succes.sive failures that 

TUrnb9w and Edwards hold. to. In fact the wreckage di-agram 

indicates that the aircraft parts were not always in con­

tact ~ith the growi.d. 

Structural failures in the aft troop compartment and the 
I 
I 

T-tail.are inconsistent with the "G" forces they calculate. 

I 

!. 

Photo~raphs of the crash site and their description of the 
' site are inconsistent. Example: rise the aft troop compart-

ment is resting against. 
i 

The amusement ride comparison with the C-SA crash a~alogy 

given'.by R.D. Jablonsky, Inc. cannot be compared. An 

amusement· ride is a controlled uni-directional recreational 

vehicie. It produces constant accelerations and decele-
1 

rations and is designed fo~ safety. The c-SA crash was an. 
; 

uncontrollable large mass moving at 270 knots on incon-

sistent terrain. Multiple directional "G" forces were ex-

perienced with extremely high and uneven peaks. 



Material Review 

e USAF Co~lateral Report,· Vol. I, II, III. 

• Photogr~phic documentation (still and motion picture) 

of the accident site and wreckage. 
' 

I 

i 

• John Edwards 
' 

* Trial T~stimony - 5-21-80 
I 

* Trial T~stimony - 3-11-80 

* Report ~ Crash of AF68-218 c-5A on 4 April 1975 

• James T~rnbow 
I 

* Deposition - 8 October 1981 
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INTRODUCTION 

This report _addresses three questions regarding the 1975 
. I 

crash of a Lockheed C-SA aircraft near Saigon, South Vietnam. 

Said aircraft apparently developed mechanical problems shortly 

after takeoff from Saigon on the afternoon of April 4 and while 

attempting a return landing crashed a few miles northeast of 

the airport in an area devoted· to rice paddy culture. After 

making a series· of very brief contacts with the groYnd on the 
. 0 

east side of the Saigon River (heading approximately 275·), the 

aircraft became airborne f.or a dist;ance sufficient t;o overfly 

the river (see Plaintiff's Exhibit 3h reproduced he~e as Figure 

l}. It made a second major contact immediately wes~ of the 

river and later lost its structural integrity 

' and separated into several units, each of which came to a final 

rest at some distance from the others. One of th~ units, called 

the "troop compartment," but also·described.as "compartment E" 
. ' 

on Lockheed diagrams of the C-SA.configuration, is the focus of 

this report (see L...:fendant's Exhibit 01217 reproduced here as 

Figure 2) . 

By analysis of low altitude aerial oblique photograpl~s 

taken shortly after the accident, (within 24-48 houts), the 

first question involves measurement of the lengths and depths 

of tracks pr.oduced by the aircraft's landinq gear 

at its main points of impact on both the east and w~st side of 
I 

the Saigon River. Measurement of the length and depth of what 

appear to be "skid marks" made·. by the troop comparti;nent after 
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it separated from the main frame are also reported. The second 

question relates to soil/water relations along the ground track 
I . • • 

of the aircraft, and an explanation of the topogrnphic con-
1 

ditions in the vicinity of the troop compartment. Lastly, the 

third question involves ~n assessment of ·vegetational conditions 

with specific regard to patterns and discolorations observed on the 

photographs • ·· 

All of the measurements reported in Section I df this analy-

sis were made directly from 5 11 x 7" black-and-white ;prints pro-

vided to the author by the firm of Lewis, Wilson, Lewis and 

Jones. ·As a convenience to the reader, the .annotated prints 
. i 

included in the following pages are 8 11 x 10" enlargements of 
' 

those same photographs, which, for purposes of inventory control, 
' 

have been given the following numerical designations: 

Walker Proof Set # Morain # 

748 14 

257 15 

269 16 

736 18 

321 19 

735(?) 17 

767 7 

335 8 

338 9 
262 2 
340 1 
762 3 
761 4 
757 4A 

187 5 
83 6 

300 6A 

EARTHSCAN INTERNATIONAL, INC. 

4 



' 

Measurements were made using a Bausch and Lomb ,7-power 

hand magnifier having a 0 .1 millimeter . (mm) etched scale. · Photo 

lengths longer than 2 centimeters (cm) were made witih a National 

Bureau of Standards 15 centimeter scale. Calculations were 

performe.d with a Canon Card LC-61T hand calculator. 

SECTION 1: PHOTOGRAMMETRIC MEASUREMENTS 

I. Point of-First Touch Down - East of Saigon Rive~ 
! 

A. ·Length of Main Tire Tracks (calculated to be 100-110 
feet long) 

On the photo marked Morain #14 (Walker ·748) th~ tire locate~ 
i 

in corner of field at right middle foreground was u~ed to measure 
' -the field boundary running roughly orthogonal to th~ aircraft's 
I 

flight path (Figure 3). On Defendant's Exhibit Dl2~6 (Figure 4), 

tire height _(diameter) is given as 3. 75.'. This is ¢qual to 

.4cm on Morain #14. By intersection of the paddy borders to the 

left of the photograph a border length of 15.7cm is obtained; 

therefore, by proportional measurement 

0.4cm:3.75' as 15.7cm:length of paddy dike~ 147' 

Since this border is not parallel with the bottom edge of 

the photo, a cosine correction can be applied. The ~ngle is so 

small, however, ( < 10°) that for these purposes the: cosine ap­

proaches unity and the border can be assumed.to-be somewhere 

between 145' and 150' long. 

On the photo marked Morain #15 (Walker 257) and shown here 

as Figure 5, the field border measured on photo Morain #14 is 
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.94cm long. The aerial view on #15 indicates that its extended 

length is 1. OScm. Therefore., the true _length of the border is: 

0.94:147' as 1.0Scm:x = 164' 

The field extending eastward from the above measured border 

measures 4.35cm. 

1.05:164' as 4.3Scm:x = 679' x cos. 20°(.94) - 639' 
I 

I 

For confirmation of the above measurement the photo:marked Morain 

#16 (Walker 269) can be used (Figure 6). The field;border pre-

visouly measured as 147' measures . 82cm. The exten1ea .length 

is .9lcm, therefore: 

.82cm:l47' as .9lcm:x = 163', and ••.. 

• 9lcm:l63' as 3.6Scm:x = 654'x cos. (.~4) =:615' 

From this_same photograph the length of the main track on the 

east side of the river measures .-60mm. This would :r;ctake it ap-

proximately: 

.9lcm:l63' as .60cm:x = 107' long 

The shorter segment of the track, continuing eastward along the 

main track, .is .20mm or about 36' long. Since these measurements 

all lie in nearly the same range of the photo marked Morain #16, 

no cosine correction needs to be applied. 
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B. Depth of Tire Tracks (calculated to be 25-30 inches 
at deepest point) · : 

On Morain #14 (Walker 748), see Figure 3, the tire in the 
i 

right foreground is known to be 17" (.1.4') high (data taken from 

published statistics). The tire measures 0.1cm on the photo­

graph and the dike inunediately behind the tire is· .12cm. There-

fore, the height of the paddy dike is calculated to 'be 

O.lcm:l.4' as .12cm:x = 1.68' or 20 inch~s 
' 

On the photo marked Morain ~18 (Walker 736) and pr~~ented 

here as Figure 7, it is reasonable to assume· that pdddy dikes 

in the vicinity of the C-5A tracks average 15-20" i~ height. 

In some places, depending upon i:iinor variations in ~elief they 
i 

may only be 12". (1 foot) •. Morain #19 (which is Wal~er 321), 

Figure 8, is a ground photograph of tire marks shOWJ1. in Morain 
' 

#18 and Morain #17 (which is Walker 735 - Figure 9). The per­

spective of this ground based photo shows the relative height 

of the paddy dike in the immediate foreground in front of the 

inspecting officer, as well as behind him in the mid-distance. 

Tire marks in the field in which the two military p~rsonnel are 
' 

standing appear to be merely scrapes having a depth of probably 

no more than 6 or 8". The tire marks go through ·thEt dike, as 

clearly indicated in Figure 9, and begin to penetrate the soil 

more deeply in the adjacent fie:!.d. The absence of water in 

these grooves indicates that the depth of penetration w~s in­

sufficient to initiate lateral~seepage from the per~hed water 

table that characterizes these soils. 
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Measurements from the left track on Figure 7 i~dicate a 

depth of approximately: (assuming the .dike in the foreground 

is 20" high) 

0.15cm:20" as .2cm:~ = 27" · 

II. Point of First Touch Down - West Side of Saigon.River 

A. Length of Tracks 

Procedure #1 

(Procedure #1 - maximum ;460' ). 

(Procedure #2 - minimumi442'; 
maximum 5 7 6 ' ) 

'• 

Based on an estimated height of the Vietnamese;person lo-

cated at point A in Figure 10,. which is Morain #7 arid Walker767, 

and by intersecting the field boundaries to right of said pie"'." 

* ture, the length of the paddy dike is estimated to be 100 feet. 

This is calculated as follows: 

* 

•Vietnamese person is estimated to be 5.33'.tall. 

He measures 0.49cm on photo. Therefore .•.• 

• 49crn:5.3' as·x:l' = .09cm. Therefore: l' =: .09cm 

.• If the field border is now measured from left (flooded 

channel) to right (intersection of field borders to 

right of picture), it measures 9cm. Therefoke .•.. 

• 09cm:l' as 9cm:x' = 100 feet 

Figure 10 is cropped slightly dizferently from th~ photograph 
actually employed in the measurement phase. Extension of the 
boundaries to the right is not necessary in Figure 10 since 
the boundary intersection can be viewed directly on the photo. 
If the same procedures are ap?lied to Figure 10, the_ length of 
the paddy dike is calculated to be 106 feet. 



.. 



On photo marked Morain #8 (also Walker 335) .and shown here 

as Figure 11, it is possible to extend the east-west running 

field border eastward to its intersection with the riorth-south 

border of the adjacent field (d~sh~d line ~n Figure :11) • If 

it is assumed that this intersection.is 100 f~et from the canal, 

as measured earlier, then it is possible to measure ,the length 

of the north-south border of the field as: 

3cm:lOO' as 3.7cm:x = 123.3' 

'• 
Also in Figure 11. there is a person (as.sumed tq be Vietnamese) 

walking toward the C-5A track along the north-south itrending 

. drainage ditch in middle foreground (marked as point A on the 

photo) • This person measures 0.29cm. 
i . 

Assuming the :person is 

5 • 3 I tall.• • • 

.29cm:5.3' as x:l' = .SScm = l' 

If the field border ·along which the person is walki~g measures 

6.Scm, the border is.118' long. 

By visual inspection of the photo marked Morairi #9 (also 

Walker 338) and shown here as Figure 12, the field border closest 

to the west bank of the river is estimated to be between 120 and 
' 
' 

140 feet. From this combined evidence the track cart be recon-

strur.:ted as shown in Figure 13 and calculated to be 4'60 feet long. 

Procedure #2 

One can. use the Army Topographic Command Map .a~ 1:.50,000 

scale for verification of the above calculation. O~ this map 
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192" 

Morain 2 

Fi<jure 13 

. t c,~;~ 
210· 

Morain 2 

310· 
Morain 2 

290· 
Morain 2 

Morain 8 

2so· 1 MI ---
RIVER 

Main Track 
455· (completely flooded) 

Scale: \14 .. = so· 



• 

(Figure l~ - line segment A) , the distance from the west bank of 
I 

the Saigon River to the north-south trending drainage canal is 

0. 7cm or 1155' .• The same distance as shown on the ghoto marked 

Morain #2 (which is Walker 262) and shown.here as Figure 15, 

* using measurements from the T-tail section to establish scale 

is calculated to be 1150' • 

• 18cm:34.5' as 6cm:x = 1150', and lcm = ~92' 

I 

I conclude from this that Figure 15 can be used to give 
~. 

accurate measurements of distances so long as they are on a 

horizontal line equidis~ant from the camera lens. 

The remaining measurements in this section wer~ made from 
I 

Figure 15 but use supporting data from the photos m.irked Morain 

#7, 8, 9 (which are Walker 767, 335 and 338, respectively). The 
' 

tail section is .85cm west of the north-south trending drainage 

canal. This is equivalent to 163', or a total of·l313' from the 

west bank of the Saigon R·iver (1150 + 163) . 

• 18cm:34.5' as .85cm:x = 163' 

I 

The aft end of the troop compartment is 2.95cm from: th~ north-

south trending canal, which is equivalent to 565'~ :The aft end 
i 

of troop compartment therefore is 565' + 1150' fromlwest bank 

of river, or 1715' . 

• 18cm:34.5' as 2.95cm:x = 565' 

* See page 27 for method for calculating dimensions of T-tail. 
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For comparison the debris map (doc C-5A SN 68-218 - 4 April 1975), 

and shown here as Figure 1-6, shows approximately 1315 : and 210.0-', 

'respectively. If there had beeri continuous contact with the 
I 

ground after touch down on the west bank, the maximum length of 

the deceleration tracks for .the troop compartment would be some­

where between 1115' and 1740'. The evidence in Figures 10, 11 

and 12, ·as well as those figures presented in Part III indicate 

that there was not continuous contact and that, therefore,. the 

deceleration tracks are shorter than 1715'. 

From Figure 12 it is clear that the main floode!i track 

begins approximately one-third of the way into the f .ield adja.;. 
; 

! 

cent to the west bank of the river and ends essentiailly at the 

field line extending north-south from the brushfiel~ a few huri-

dred feet south of the track. As m~asured · on Figure: 15 this 

would make the main track a minimum of 2. 3cm long. Therefo.re, 

if lcm = 192' (as has already been shown), then 2._3c'm = 442'. 

The end of this skid mark is identifiable on the photograph 
I 

(Figure 12) as a short left (southwa~d) trending hoe>k of water. 

Evident, but less prominent, marks that are shallow ;and only 

partially flooded extend westward for a short distaqce (approx. 

another 0. 7cm from the terminus of the main track) . . Therefore, 

maximum length of track would be 3cm, or 576'. The :extension 

of 0.7cm for the less prominent track is estimated from relation-

ships illustrated in Figures 10, 11 and 12, where i~ is clearly 

shown that the tracks disappear completely near the 'west field 

border of the next adjacent paddy. Water is evident in this 

track for only 538', the last 38', or so, being essentially dry. 
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• 

B. Depth of Tracks (Refer to Figures 10, 11) 

Throughout most of their length the tracks are :flooded by 

seepage water. The · prominence of these gouges and tdhe general 

absence of soil material or grass stems aiong them suggests that 

the water standing in them is at least several inches deep. At 

their western end the tracks become less deep a·nd less . water-

logged until they finally disappear altogether. The remaining 
·• 

paragraphs in this part refer only to the depths· of !depressions 

from the general soil surface to the top of the water surface. 

From the point of first touch down on the west side :of the river 

to their disappearance toward the west, it appears that the 

tracks gradually diminish in depth. The most pronounced soil 
i 

depression occurs at the very beginning and is teardrop-shaped 

(center foreground Figure 11). Water does not fill :the depres­

sion, which indicates along with several other similar occur-

rences to the left center of the photo that water.did not enter 

the dep=essions via the drainage canals fringing th~ field. 

Since water seeks its own level, it is reasonable that all of 
; 

the· water in the scene represents the same topographic level. 

For water to have entered the teardrop depression, the only 

reasonable explanation is that there is a shallow s~bsurface 
' 

(perched) water . table in the area,and that water has seeped 

laterally into it (see Section II - Soil/Water Ile.lations for 

more discussion on this point) . 

Because of the oblique nature of the photo and ; the absence 

of nearby features to aid in measurement, it is not : possible to . 



calculate the depth of the teardrop depression. However, there 

is a pe:i;son ;standing on the dike in the left foreground (point B 

on Figure ll) who can be used for scale. If this person is 
; 

between 5 I and 6 I taU, it is. reasonably clear that the depres-

sions can be no· more than 6" to 12" deep. As they progres:..: west­

ward (Figure 10), they become shallower ..• probabiy. no more than 

4 " to .8 " . de~p. 
I 

The fe~tures presumed to be strut and engine gouges on 

Figure 10 g~ve the clearest notions of depth along this part of 

the C-SA's ~round trajectory. By comparison to other measurable 

features in :the scene, their depth does not exceed--6 to 8 inches. 

III. Tracks Leading to Troop Compartment 

A. Basis of Measurements (Refer to Figure 4, Defendant's 
Jtxhibi t Dl216) 

The aft tip of fuselage to the aft tip of tail calculated to 
l 
I 

be· about 351 by the following reasoning: 

• Ve·· ·.ical height from base of wheels to top of 

fuse~age = 30.58' 
' 

• Vertical height of wheels = 3.75' 

o Vertical height from aft tip of fuselage to hori-

zontal extension along top of fuselage= 3.75' 

• Heig~t from base of tires to top of tail = 65.08' 

G Heig~t from horizontal extension along top of 

tail to aft tip of tail = 3.75' 

• Height from aft tip of tail to aft tip of fuselage 
I 

therefore is (65.08 - 3.75) - (30.58 - 3.75), or 

34. 5; feet. 
i 

• 



• 
By an alternate method using proportional measurements taken 

directly from Figure 4, the dimension is •..• 

l..65cm:30.6' as l.95cni x = 36' 

The length o~ the troop compartment (compartment E} derived di­

rectly from Figure 2 (Defendant's Exhibit 0~217) using the propor-

tional measurement method is calculated to be •..• 
. ' . 

l.55cm:l55" as 7.9cm:x = 790" or 65' 

B. Length of Tracks (calculated to be a maximum of 260') 
i 

Derived!by.the proportional measurement method on photograph 

marked Morain #1 (also Walker 340) and-shown here as Figure 17. 
. . I . 

Length visible on the right side of the compartment (containing 

water) is 4. 2 cm. Troop compartment is 1. OS cm. Therefore ..•. 

r l.05cm:65' as 4.2cm:x = 260' 

Conditions on the surface show that the soil only bore a very 

heavy weight'for a distance of two or three times the length of the 
' 

troop compartment, or a total of 160-175 feet. Although there are 

minor tracks 
1
extending for another 100 feet to the east, they are so 

! 
shallow·that:I conclude they were made either by an object only modest-

I 

ly in contac~ with the surface, or one skimming lightly over it. 

c. Depth of ~racks 

The main track leading to compartment E is shown in photos marked 
I 

Morain #3 (W4lker 762) and #4 (Walker 761), Figures 18 and 19, re-
I 
:These show the extent of lateral seepage (drainage) re-

ferred to above. They also show that the marks begin almost exactly 

at the point where the vegetation looks taller in the middle 

foreground. There are faint indications of tracks eastward from 

this point but they appear to be displaced laterally to the right. 
! 

and may therefore be unrelated. Figure 19, in particular, ·refute~ 

the idea that the tracks extend eastward onto the drier terrain. 
I 
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Evidence from the photo marked Morain #5 (Walker 187) and 

shown here as Figure 20, shows tracks flooded by water leading 
i 

irito the aft end of compartment E. The surface appears to be 

relatively flat, so it is not possible to ~alculate the depth of 
I 

tracks. The track on the l~ft side of the compartment cannot 

be too deep·because grass stems and even some soil material 

along the track a.re above the seepage line. Ground between. the 
; 

tracks is saturated with water but more than half of the area 
' 

is above the water (seepage) line. In the photo marked Morain 
I 

*6 (Walker $3) and presented here as Figure 21, it appe~rs that 

the skid pathway is depressed in relation to the ground level 

on either s;j.de of the pathway. From measurements taken from 

Figure 20, and compared to aircraft design specifications in 

Defendant's: Exhibit 01217 (Figure 2), the depression is no more 
' than 11" deep. 

Method of Calculation: design specification for the width 
! 
I 

of the aft end of compartment Eat the inflection point= 232". 
' 

On Figure 20 this dimension measures S.2cm. The point of in­
! 

flection on: the right side of the compar't:ffient is .4cm above 

soil/water level. Therefore: 

5.2cm:232" as .4cm:x = 17.8" 

The same po~nt on the left side of the compartment is .lScm 

above soil/water level. Therefore: 

5.2cm:232" as .lScm:x = 6.7" 

By subtraction the left side of the compartment is about one 

foot lower than the right side. 
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IV. Distance from Troop Compartment to Wing Debris Area 

The diptance from the troop compartment to the wing debris 

area is estlmated to be around 350'. This is an average of three 

measurements and is 9. reasonable value. based on pictorial evi-

dence shown: in Plaintiff's Exhibits 3E and" 3210 (also labeled 

as Piper 12) • In these photos the wing area and troop compartment 

are clearly: visible., and the wing debris is shown to be located -. 

in the f iel~ immediately to the west of the location of the troop 
' 

compartment. By previous calculations (Figure 13, page 20) these 

fields tendl to have·dimensions ranging from roughly 200' to 300'. 

A secohd line of evidence confirms that 350' is a reasonable 

diatance. By previous calculations, the troop compartment is lo-
' 

cated some 1715' west of the west bank of the Saigon River. An 

additional ~50' would place the wing area some 2065' west of the 

river bank.! Figure 14 (page 22) and Plaintiff's Exhibit 1000-57 

show that there is ·a drainage canal located approximately 1990' 
I 

west of the! river bank (distance arrived. at by proportional mea-

surement of: Figure 14), and that the wing has come to rest in the 
! 

field just ~est of that north-south trending canal. Plaintiff's 

Exhibit 3210 also shows this canal. Document c-5A SN68-218 shows 

the wing area to be 2425' west of the river bank, which would 

place it some 440' west of the canal. This is not possible, as 

Exhibits 3210 and 3E clearly show. 

V. Distance from Troop Compartment to Flight Deck 

The di~tance from the foreward end of the troop compartment 

to the cent~r of the flight deck.area is calculated to be 150'. 



This is based on four independent proportional measurements from 

Figures 17,; 18 and 19 of this report and Plaintiff's Exhibit 3E. 

The value is reasonable when viewed on Plaintiff's Exhibit 1000-87 

and comparefi to othe~ distances already calculated~ The troop 

compartment: is approximately 400' from the T-tail (page 21-24), 

and 350' eastward of the wing debris. The aerial view in Exhibit 

1000-87 clearly shows that the flight deck is closer to the troop 

compartment\ than either of the other units mentioned. Document 
' 

c-SA SN 68-218 indicates a distance of approximately 325' which 

would placeiit at about the same distance as the wing debris. 

Neither Plaintiff's Exhibit 3210 nor 3216 suggest this. In both 

cases they show the flight deck to be much closer to the troop 
I 

compartment than is the wing debris. 



SECTION II: SOILS AND THE WATER ENVIRONMENT 

I. So~l/Waper Relations 

Coordipates for the site of the C-SA incident are given as 

10°50'20" North latitude and 106°42'40" East longitude. Ac·cord­

ing to Defendant's Exhibit DD-2541-5 (Figure 22). this is an area 
I ~ 

I 
of acid alli.ivial soils and acid sulphate soils developed on the 

flood plain; of the Saigon River and its tributaries. Such soils 

are charact~rized by their fine particle textures dominated by 

silt and cl~y size particles tgenerally .002 to· .OOSmm). The 

result is that they are generally heavy and intractable, parti-

cularly wher wet. 

Tropicp.l occurrences of these. soils, as is the case through-

out the low~r Mekong River Delta are generally poorly drained. 

Unlike rice; growing regions in East Asia where irrigation is re­

quired for successful cropping, Southeast Asia is characterized 

by a need for drainage canals. Normal flood water and monsoon 

rainfall coinbine to make the region so wet that drainage, not 

irrigation,, is the major problem. This is an important point 

with regard' to the C-SA case because it means the subsoils are 
I 

water-logged most of the year and that only for a few months 

during the season of lower rainfall would the soils be rela-

tively dry at the surface. Climatic diagrams of the Saigon 

area indica.te that this lower:, rainfall period occurs from 

January to March. By April the rainy season has generally begun. 



Undifrcren1ia1ed 3Jluvial soils. 
Sols allu11iaux, non dil/ir1nciis. 

Saline; alluvial soils. 
Sols allu11iawc salins. 

Acid alluvfal soils (acid sulpha1e soils). 
Sols allu11iauic acidts (sols sul/atis add1s)· 

; 

Very acid alluvial soil~ (s1rongly acid sulpha1e soils). 
Sols allu11iauic tris acidu (sols sul/atis iris acid11 )• 

Red and yellow podzolic soils on old alluvial sediments ; plane 10 undulating lopugraphy. 
Sols Pf'dzoliqu1s rou111 11 jaun11 sur allu11ioru anciuuus; 1opo1raphi1 plat1 _d onduU1. 

Gray podzolic soils on old alluvial sedimenis ; plane 10 undulating toRography. 
Sols podzoli9u11 iris sur allu11ioru ancimnn; 1opo1raphi1 pla11 d ondu1'1. 

i . • 

Low humic glcy soils on old alluvial sediments ; plane topography. · 
"Low .humic 1l1y soils" sur allu11ioru anci1nms; 1opo1raplait platc. 



The persistence of water in the rice growing soils around 

Saigon lead~ to the development of subsoil layers that are 

generally very clay rich and which impede the downward percola­

tion of natural rain water •. Often the recognition ·that a na-
• I ~ t • 

tural area ~ould be suitable for the development of paddy culture 

is based on'.the presence of these subsoil clay layers and the 

naturally bqggy conditions that r.esult. Current rice producing 

areas in th~·vicinity_of Saigon have been under paddy since be-
' . 
' . 

fore the turn of the century, and, as a result, one can reason-

ably assume[that the conditions .favoring their initial develop-

ment have been enhanced. An example of the formation of these 

clay layers-; is given in Figure 23 showing a typical paddy soil 
I 

in the Bangkok Plain of Thailand (an area similar in most re-

- gards to th~t-around Saigon). Figure.24 (from Defendant's Ex­

hibit DD-25_~1-6} shows in diagrammatic form the mechanism by 

which water: is impeded and seeps lateral.ly into depressions 
I 

that penetr<!J.:te to any level below the level of perched water. 

When o~e compares this general scenario with the appear­
! 

ance of tracks left by the c-·sA on both the east and west sides 

of the Saigon River, the following points may be raised: 

• On the east side of the river little or no standing 

wat~r can be observed in the wheel marks. This 

would indicate that the soils are relatively dry 

and: that the depth of penetration did not reach 

the. level of perched water. 

• The; paddy fields in the vicinity of the initial 
I . 

touch down also· appear to be relatively dry. 



Figu.re 23 



Figure 24: Extracted from Defendant's Exhibit DD-2541-6. Shows 
the relationship of soil layers and the mechanism by 

:which water seeps laterally into depressions. 
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Only in rare instances can a pool of standing 

wat~r be seen, and these are generally in the 

corners of fields. This follows with the idea 

tha~ the inc~dent occurred at the end of the 

dryest part of the year. 

• On the west side of the riv.er the perched water 

table must have been closer t~ the surf ace than 

on i:he east side. Evidence for this is given ., 

by the fact that the tracks are shallower than 

on the east side but are nevertheless filled 

with water. 

• Tow~rd the western terminus of the tracks shown 

in Figures 11, 12 and 13 there is ·less water 

visibie at the surface, and eventually they 

bec~me dry altogether. This suggests that 

the' C-5A was gradually becoming airborne and 

placing less stress on what would otherwise 

have been a rather boggy and plastic situation. 

• The tracks terminating at the aft end of the 

troop compartment are flooded but otherwise 

appear to be rather shallow. The compartment 

its~lf seems to be resting in a small swampy 

depression, we·stward of which there is a 

topographic rise. 

II. Topography_ 

Evi<le~ce for the existence of higher (slightly elevated) 

terrain forward of the troop compartment can be observed on 



Plaintiff's Exhibit lOj; 3E; and Tarbell 4F, 4HH and 4II. 

Exhibi;t lOj provides an indication of a gentle rise ex­

tending fro~ the middle left side of the image along a line 

passing in front of ~he crew compartment, reaching a high 

point in the vicinity of the troop compartment and declini~g 

slightly toward the right center of the frame. It appears 

that the land slopes gently westward from this line toward 

the river tjributary in the middle distance. Both the wing 

section and. the crew compartment are westward of this slope 

inflection.: Looking eastward from the troop compartment: land 

appears to be sloping toward the Saigon River and the drainage 

canal fring~ng it. In this perspective the margin of discolored 

terrain seems to follow fairly closely the slope inflection • 
. 

Exhibit 3E shows an oblique aerial perspective the right 

side of whiich shows a distinct change in vegetation type along 

which it may be inferred there is a corresponding change in 
I 

elevation aind drainage conditions. A tracing has been made of 

the line di.!stinguishing the two terrain conditions but, because 
I 

of the patt;ern of discoloration in the vicinity of the troop 

compartment, its location can only be inferred. 

Tarbel!l 4F shows a helicopter parked near the crew compart-

ment. The '.photo was taken from a position somewhere between the 

troop and '1rew compartments in an area of discolored vegetation 

(facing approximately 225° or ~~SW) • The helicopter is resting 

on the. ground but is sloping such that the nose is higher than 

the aft section. This is evidence that the land surface is 



sloping awai from the viewer (a conclusion confirmed by inter­

pretation of Plaintiff's Exhibit lOj and 3E). In the fore-· 
; 

ground of the photo, vegetation has clearly been burned as 

noted by the absence.of leaves, dense mat of bare stems and 
I 

absence of ~hlorophyll. Green matter appears to be present 

in the vicinity of the helicopter. 

Tarbell 4HH shows the exact same helicopter looking east­

ward from aipoint a few yards away from the crew compartment 
' 

back toward·: the Saigon River (facing approximately 135° ESE) . 
I 

In this perspective both the crew compartment and helicopter 

are resting'.on a land surface that is sloping away from the 

viewer. Th~s slope is gentle but the vantage point of the 

photographer clearly shows that he is standing on higher ground 

which slopes away to the middle distance, then levels off on 

the paddy l~nd immediately west of the Saigon River. 

Tarbell 4II was taken by the photographer rotating his 
I 

angle of vi~w from the previous photo to approximately 70° east 
I 

of north. ~he view shows the same helicopter and its location 

with regard, to the troop compartment. Again it appears that 
' 

the terrain' slopes away from the photographer toward the troop 

compartment', beyond which the terrain levels off. The foreward 

end of the ~roop compartment is located at the base of the slope . 

. From this evidence I conclude that •... 

• There is a slight elevational rise (perhaps no more 

than a few feet) at the forward end of the troop 

compartment. 

o The! soils at the forward end are comprised of iron rich clays • 
containing some pelletized iron concreticns, all of which is highly 

resistent to deformation. 



• Water infiltrating the slight rise percolated 

dow~ward, then seeped laterally onto the terrain 

wher:e the troop compartment finally came to rest. 

This; accounts. for the generally boggy conditions 

and presence of standing water around ~he troop 

compartment. This topographic situation is 

typi'.cal of natu:z;al bogs iz:i. low lying terrain 
I 

and ;springs in more arid environments. 

SECTION III: VEGETATION CONDITIONS 

General vegetation in the vicinity of the c-SA flight path 

is rice paddies in various stages of growth, scattered shrubs 
I 

and trees (mainly palms) and patches of natural grass (possibly 

re~rowth). :Along the immediate path rice paddies were dominant 

u:itil the filnal few hundred feet of the trajectory of the.troop 

compartment.' At this point, which I have referred to as the 
I 

area of tal~ grass in Figures 17 and 18, the vegetation appears 

to be natural and has much the same aspect of a small boggy 

depression. Westward of the troop compartment there appear to 
I 

be small patches of palmetto-type regrowth (ie. dense stands of 

short palm scrub rather than. stands of palm trees) • These are 

interspersed with grass and low growing herbaceous vegetation. 

It can be stated without reservation that the vegetation around 

the troop compartment is not rice or rice stubble, but natural 

grass and palm. The best aerial photos I have seen in this 

connection are Plaintiff's Exhibit 3E and Tarbell 4E, 4G, 4I, 
I 

4CC, 4EE and 4HH. 



The point of greatest interest in Plaintiff's Exhibit 3E 

is the bird 1 s eye view of discolorations associated with the 

vegetation. ! An interpretation of these patterns has been made 

and prepareq as an overlay to this exhibit. From visual in­

spection of ~the above listed photographs, I am confident that 

some areas show the effects of fire, others the effects of either 

a flash fir~ or of physiological damage caused by a fuel spill 

and still others appear to be 11 normal. 11 The main evidence for 
' i 
I 

,, 
burning consists of blackened surface, absence of chlorophyll 

and absence:of leaves to reveal stems and twigs. Evidence for 
i 

the flash fire or physiologic damage consists of an orange-brown 
: 

surface, d~age to growing tips (leading_to a brown or orange 

surface) but retention of leafy matter. The damage is such as 

to remove chl?rophyll but not to consume the vegetable matter. 

The blackened areas, on the other hand, reveal a consumption o-f 
I 

vegetable matter as well as the loss of chlorophyll. 

As a final a:nclusion, I have noted that several pictures 

show the c-SA wing on fire westward of the troop compartment. 

Plaintiff's!Exhibit 3E shows not only the area of the troop 

compartment; but also those of the crew compartment and wing. 

Areas known to have burned in the vicinity of the wing have 

essentially! the same appearance as those around the other·main 
I 

uni~s.- Consequently, it seems reasonable to conclude that all 

of these areas experienced burning and fuel spill, even if mo-

roentary, during the final moments of the incident. It is 

reasonable to further conclude that burning around the troop 

compartment
1 
would have been quickly self-extinguishing because 

of all the water .. 



SUMMARY 

A. Ma~erials Used 

The revised wreckage diagram presented in this summary is 

based on calculations from the photographs illustrated in the 

report; add~tional photographs cited, but not illustrated; multi-

ple viewings of a short color aerial film strip; and, pertinent 

maps prepared by the U.S. Army Topographic Command. Photographs 
•I 

£rom the Wa~ker series, the Piper series and the Tarbell series 

are includeF:l in the analysis. It is my conclusion that the dia­

gram repres~nts a reasonable reconstruction based on these mea-
: 

surements. The points summarized in Part C of .this. section are 

based on pe~sonal field experience and research into the nature 

and propert~e~ of tropical soils; experience in rice-growing 

areas; libr~ry research regarding soil and vegetation conditions 
I 
i 

in the Meko~g Delta, which includes the area around Saigon; and, 

interpretabion of the photographs cited in the report. 
' ' ! 

' 

. B. Key Measurements 
I 

1. East Side of Saigon River 

a. the longest and deepest ruts are about 110' 

long and 27" deep, and terminate approximately 

2240' east of the river bank; 

b. there are indications of multiple contacts 

with the ground, but very few of the marks 

are long enough, or deep enough, to have 

initiated lateral seepage from the perched 

water table that exists in this soil environ- • 

ment. 



2. West Side of Saigon River 

a. the first, most prominent and continuous track 

is approximately 500' long and of unknown depth 

due to standing water. The-depth from water 

level to general ground level is estimated to 

be 6-12". There is no evidence that .these 

tracks breach the main drainage canal at their 

western end; 

b. evidence for less prominent tracks extending 

across the main drainage canal to the west is 

weak. The marks that are most observable trend 

in a direction parallel to this canal which leads 

to the conclusion that they are related to the 

drainage system in the field and not to the C-5A; 

c. the T-tail, aft end of the troop compartment, 

flight deck and wing debris area are located 

1310', 1715', 1840' and· 2065' respectively from 

the river bank. These measurements are confirmed 

by the plotted locations of major north-south 

trending canals and walkways on the 1:50,000 

scale Army Topographic Command Map; 

d. the length of tracks aft of the troop compartment 

is calculated to be 260'. Only the last 165 feet 

supported a heavy weight as evidenced by the 

swampy condition of the site.. In their eastward 

end (100 feet) the tracks are shallower. From 

this I conclude they were made by an object tnat 

was only skimming the surface. 



e. the length of tracks leading into the remains 

of the flight deck is calculated to be 460-feet. 

The absence of water around this unit indicates 

that it came to rest on a relatively well-drained 

slope (see also point C.lc, below).; 

f.. the distance over which no tracks can be rea-

sonably discerned is 950 feet. It is in ·this 
.. 

area that most of the C-SA debris is found. 

c. Ot~er Soil/Water and Vegetational Conclusions 

1.: Evidence from published maps, ·combined with the geo-

graphic coordinates of the crash site, confirm the 

presence of so-called "acid alluvial" and "acid 

sulphate" soil. By nature, these soils are poorly 

drained and their general mode of gen.esis leads to the 

existence of a perched water table which fluctuates 

vertically throughout the year. In April, at the 

, beginning of the wettest part of the annual cycle 

one finds this water table anywhere from a few 

; inches to a foot or more below the soil surface. 

, a. On the east side of the river there is no in-

dication of standing water in the multiple con-

tacks made by the C-SA. Thus, it is reasonable 

to conclude that the aircraft was only "skimming" 

the surface and that, except for one or two in­

stances, never impacted hard enough to penetrate 

the surface soil layer and initiate lateral seep.-

age; 



b. On the west side of the river, the initial im­

pact was sufficiently deep that the resulting 

tracks are flooded. These tracks terminate 

rather abruptly and do not breach the drainage 

canal toward which they are headed. It is rea­

sonable to conclude, therefore, that the air­

craft was no longer in complete contact with 

the ground, although it might have been skim­

ming the surface. There is evidence of a 

"skipping" action beyond the terminus o'f the 

main track, and almost all of the resulting 

depressions are filled with water. The absence 

of water-filled tracks for the ensuing 950 feet 

cause me to conclude that the aircraft was not 

rolling across the surface. The next indis­

putable evidence of tracks occurs 260' eastward 

of the troop compartment and these are flooded. 

I conclude that the last major impact of the troop 

co.mpartmen t occurred 165 feet away from its 

final resting place. The intensity of its im­

pact was sufficient to cause seepage to take 

place around it. The occurrence of water in 

this locale is enhanced by the presence of an 

elevational abuttment at the foreward end of 

the troop compartment (see below). 

c. Evidence from several of the photographs clearly 

indicates a hummock-like feature having a sligrttly 1 



·' 

higher elevation than the surrounding te:i::rain 

(two or more feet). Drainage radiates away 

from the troop compartment to the northwest, 

west and southwest (which explains why. the 

flight deck is located on relatively dry ground); 

while, to the east, the terrain is essentially 

flat. Water infiltrating this hummock percolates 

downward to the subsurface water table. ''The· 

water level in the hununock fluctuates seasonally, 

just as it does in the surrounding terrain, but 

over a greater vertical range. The result is 

that over a long period of time, iron has been 

mobilized during the chemically reducing, wett-

est par~ of the annual cycle, and oxidized during 

the better drained, driest part of the year. This 

leads to the formation of resistent "iron stone" 

or pelletized, iron-rich, concretions surrounded 

by non-expanding clay species. In my experience 

this would be a wall-like abuttment against which 

the troop compartment came to rest. 

1.; Evidence has been presented to show that patterns of 
I 

vegetation discoloration around the troop compartment 

and flight deck are similar to those in the vicinity 

of the wing debris. It is logical and reasonable to 

conclude that some burning took place around all of 

1 these units, but that it was obviously most intense 



and prolonged around the wing. The fire around 

. the troop compartment was most probably brie£ and 

self-extinguishing due to the swampy environment. 

D. Re~ised Wreckage Diagram 

A revi:sed wreckage diagram has been prepared from all of the 

above evidence (Figure 25). For comparative purposes it has been 

designed along lines similar to Figure 16 (page 25), which was 
I 

' 

prepared by the U.S. Government. Figure 25 lists all of the key 

measurements and makes note of major terrain observations along 
i 

the ground ,track of the aircraft. The most noticeable difference 

between the two figures is that photographic measurements place 

the troop compartment, wing section and crew compartment much 

closer to th& west bank than originally shown. In addition, the 

debris area; has been subdivided into "heavy" and "light" cate-

gories, and the length of tracks has been scaled to reflect their 

measured le?gth from the photographs. 
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