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SUMMARY

THE PROBLEM

While human head-neck kinematics for the -X vector direction have been successfully
predicted utilizing a deterministic head-neck linkage computer model driven by first thoracic
vertebral body (T-1) acceleration data, the lack of rhesus T-1 data has precluded the
development of a similar animal model. Therefore, an alternate method of relating human and
rhesus head kinematic responses is required to fully utilize the large database of rhesus
kinematic, injury, and pre-injury data collected at the Naval Biodynamics Laboratory
(NAVBIODYNLAB).

Since key human and rhesus head kinematic r-sponsc curves arc remarkably similar,
except for scale, and since various sled acceleration .id head initial position parameters are
common to both the human and rhesus databases, a st,,.istical modeling pro,:cdure can be used
to relate these responses to sled acceleration and head initial position parameters.

FINDINGS

(1) The first major peaks of key rhesus head kinematic response curves regress
excellently on sled acceleration and head initial position parameters.

(2) The effect of anesthesia on the rhesus head kinematic response is not statistically
significant.

(3) The effect of repeated exposures and out-of-plane kinematic behavior can be
explained.

(4) The -X rhesus data are not well distributed among the various levels of sled
acceleration and head initial position parameters.

(5) Inconsistencies between sensor acceleration variables and photo displacement
variables, and gaps in the photo displacement variables in high-g runs, prevented key velocity
and displacement variables from being modeled.

RECOMMENDATIONS

(1) Parametric methods for curve fitting the entire time histories of key kinematic
variables should be developed.

(2) Future human and rhesus run protocols should be designed to facilitate the necessary
statistical comparisons.

(3) Data reduction methods (e.g., EZFLOW) should be modified to eliminate photo gaps
in high-g runs.

(4) Rhcsus biomechanical data (e.g., mass, center of gravity, moments) should be
collected to allow the comparison of human and rhesus head dynamics.

la i i
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A STATISTICAL ANALYSIS OF -X RHESUS HEAD KINEMATICS

INTRODUCTION

This report addresses the question of rhesus head kinematic behavior. From a database
of 53 -G. rhesus tests from the 1984, 1985, and 1987 series (see Appendix A), statistical
relationships are developed, linking key head kinematic variables to anesthetic state, sled
acceleration, and initial head orientation. In addition, qualitative and quantitative
comparisons are made between human and rhesus kinematic response and anesthetized and
unanesthetized rhesus kinematic response. Assessments of the effect of repeated exposures and
out-of-plane response are also made.

EXPERIMENTAL METHODOLOGY

The reference and bibliography sections list technical information detailing the various
methodological issues involved in the acquisition, editing, and analysis of the rhesus database.
Various aspects of the medical, engineering/technical, data quality, and analytical concerns
are addressed in this literature.

DEFINITIONS

This section provides basic definitions and abbreviations for various input and output
variables analyzed in this report. Further details-may be found in the work of Becker, Ewing,
Frisch, Lustick, Majewski, Muzzy, Secmann, Thomas, and Willems [2-6].

The dependent and independent variables used in the various regressions are defined
with respect to either the laboratory coordinate system or the head anatomical coordinate
system.

The laboratory coordinate system is a non-translating, non-rotating orthogonal right
hand triad. The origin of the laboratory system is defined as the top center of a 3-in high, 2.5-
in diameter aluminum cylinder located at the northwest corner of the west rail. Positive X
(+X) is north and opposite to the thrust vector. Positive Z (+Z) is up and anti-parallel to the
local gravity vectcr at the Naval Biodynamics Laboratory in New Orleans. Positive Y (+Y) is
west and the cross product of Z x X.

The sled coordinate system is parallel to the laboratory one and its origin is defined by
a marker located on its longitudinal midline near the safety pin attachment point.

The head anatomical coordinate system is an orthogonal right hand triad defined as
follows: Points on the skin over the left and right inf raorbital notches and at the superior edge
of the left and right external auditory meatus are labeled with radiopaque markers. A plane
is established as the best least squares fit to these four markers. This is approximately the
Frankfort plane. The origin of the head anatomical coordinate system is at the midpoint of the

A quantitative statistical model for human kinematic response for the -X vector direction has been developed by Watkins
and the author (1].
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line connecting thc left and right cxtcrnal auditory meatus markers in the plane. The +X axis
is from the origin to a point between the infraorbital notches. The Z axis is from the origin
to a ccphalad direction perpendicular to the plane formed by the +X axis and the line between
th.- auditory meatus markers. The Y axis is from the origin toward the left ear perpendicular
to the XZ plane. The XZ plane is considered the mid-sagittal plane. The head anatomical co-
ordinate system is initially aligned with the laboratory co-ordinate system.

The dependent variables used in the various regressions are vaiues of the first
significant peaks of the head kinematic variables defined in Table 1. These variables are all
scnsor-derived (i.e., acquired by accelerometers or derived from accelerometer data).

The independent regression variables arc the various sled acceleration and initial head
orientation parameters defined in Tables 2 and 3, plus a grouping variable included to assess
the effect of anesthesia.

The sled acceleration parameters are the classic characteristics of the sled acceleration
profile, namely peak sled acceleration, cndstrokc sled velocity, rate of onset, and duration of
the peak.

The initial head orientation parameters arc photo-derived initial Euler angles with
respect to the head anatomical coordinate system. The initial photo linear displacements of the
h.ad anatomical origin with respect to the X, Y, and Z axes of the sled coordinate system were
not included -n -idependent regression variables s-ce they are subject to large between-animal
variation. Since rhesus kinematic data are not margorizcd [7], linear and angular velocities
were also not-considered. Finally, the peak linear and angular photo displacements were not
included among the dependent variables because of photographic lapses occurring during many
high-g rhesus impact tests. A final independent variable was used to account for the possible
effect of the anesthetic state on kinematic response. This grouping variable was denoted IGP
where IGP = 0 for an unanesthetized test and IGP = I for an anesthetized test.

TABLE 1. Definition of Head Kinematic Variables.

NAME DESCRIPTION jUNITS jCO-ORDINATE SYSTEM

QHB Angular acceleration rad/sec2  Head Anatomical
about Y-axis

RHB Angular velocity about Y- rad/sec2  Head Anatomical
axis

AAX X-component of linear m/sec2  Laboratory
acceleration

AAZ Z-component of linear m/sec 2  Laboratory
acceleration

AAR X-Z plane component of m/sec 2  Laboratory
linear acceleration

2
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TABLE 2. Definition of Sled Acceleration Parameters.

NAME DESCRIPTION UNITS

PSA Unsmoothed peak of the sled acceleration profile m/sec 2

ESV Endstroke sled velocity; velocity acquired between m/sec2

time of first motion and end of sled acceleration
profile

ROO Slope of least squares line fit to that portion of the m/sec 3 or
sled acceleration profile occurring in the range g/sec
[.2 PSA, .5 PSA] and before the time of PSA

DOP The total amount of time both pre- and post-PSA ms
spent above 75% of PSA

TABLE 3. Definition of Head Angular Initial Position Parameters.

NAME DESCRIPTION UNITS CO-ORDINATE SYSTEM

PHA The initial angle of rotation rad Head Anatomical
about the X-axis ("roll")

PHB The initial angle of rotation rad Head Anatomical
about the carried Y-axis

("pitch")

PHC The initial angle of rotation rad Head Anatomical
about the carried Z-axis

L ~ ("yaw")

DATABASE PARTITIONING

This section details the steps taken in partitioning the rhesus kinematic database.
Appendix B contains all relevant tables and piots referred to here. The tests in the 1984, 1985,
and 1987 rhesus -X series were first screened for data quality. For each test, a folder was
prepared containing plots of all head kinematic quantities, information on anesthetic state, sled
parameters, head initial condition parameters, and other relevant data.

All plots were checked for artifacts and other abnormal values. Descriptive statistics,
including means, standard deviations, maximum and minimum values and coefficients of
variation were computed. Histograms were generated to study the distribution of the
independent and dependent variables. All available medical information on the rhesus subjects
was gathered, including data on pre-test preparation, both long-term and routine, between-test
symptomatology, post-test medical status, and necropsy findings. Various preliminary
graphical analyses of the data were performed. Plots comparing unanesthetized and
anesthetized tests in the 1985 series were generated and analyzed.

3
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Since human -G x tests are almost invariably conducted in-plane and with the
neck-up/chin-up initial head orientation, various subsets of rhesus tests differing in planarity
and initial head orientation were identified. The subset of rhesus tests comparable to the in-
plane -X neck-up/chin-up human tests was too small to derive any reliable statistical
inferences, so new criteria were developed for comparing the key midsagittal in-plane
kinematic responses of human and rhesus subjects.

Employing a four-stage procedure, the rhesus kinematic database was partitioned into
two basic subsets:

Dataset A: a set of 29 runs termed NUCU (neck-up/chin-up), but in reality
encompassing the type of head kinematic behavior observed in the human
NUCU, NUCD (neck-up/chin-down), and NFCU (neck-forward/ chin-up) initial
head orientations.

Dataset B: a set of 24 runs denoted by NFCD (neck-forward/chin-down)
exhibiting the head kinematic behavior observed in human NFCD runs.

As noted in "The Effects of the Initial Position of the Head and Neck on the Dynamic
Response of the Human Head and Neck to -G X Impact Acceleration" [6], the response curves
for head angular acceleration (QHB) and velocity (RHB) in the NUCU, NUCD, and NFCU
orientations are very similar. The predominant first peak of both QHB and RHB is positive,
with the- largest values being attained in the NUCU condition, followed by NUCD and NFCU
respectively. For human NFCD runs, however, the maximum positive peak for head angular
acceleration and velocity is preceded by a comparable, often larger, negative peak. The
magnitude of the predominant NFCD positive or negative peaks are severely reduced with
respect to the corresponding peaks for the other three conditions.

As the first stage in the partitioning process, the rhesus NUCU, NUCD, NFCU, and
NFCD tests were identified by comparing the shapes of human and rhesus kinematic plots.
Any test with a significant first negative peak for head angular acceleration (QHB) and
velocity (RHB) was deemed NFCD (see Appendix B, pp. B-1 through B-6). Although direct
measurement of the rhesus head/neck relative angle was not available, tests with a large
negative first peak of head angular acceleration and velocity almost invariably corresponded
to large positive initial values of PHBo, while those with a predominant positive first peak
usually corresponded to the smaller positive or to negative values of PHB o.

The second stage of the partitioning process involved assessing the effect of large
out-of-plane kinematic response components on mid-sagittal kinematic response. Since twenty-
nine of the fifty-three tests used unanesthetized subjects, with head initial conditions
uncontrolled, the initial head roll (PHAo) and yaw (PHCo) components were frequently large.
In the typical human -X test, the out-of-plane head angular initial conditions (PHA o and PHC o)
are negligible and the primary peaks of the out-of-plane kinematic quantities (QHA, QHC,
RHA, RHC, AAY) are small in comparison to their midsagittal plane counterparts (QHB, RHB,
AAX, and AAZ). Fortunately, there were sufficient numbers of in-plane rhesus tests (13) to
allow for comparison with various types of human -X in-plane tests, and with the out-of-plane
portion of the rhesus data set (see Appendix B, pp. B-7 through B-40).

The third stage in test partitioning was to determine the effect of anesthetic state. In
the 1984 series, all animals were unanesthetized. In the 1985 series, devoted to determining the
effects of -anesthesia on head kinematic output, the head initial conditions for the anesthetized
test for a given animal were matched to those for a comparable unanesthetized test of the same
animal. In the 1987 series all animals were anesthetized, resulting in enhanced control of head

4
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initial conditions and test planarity. All twelve tests from the 1987 series arc in the NUCU
dataset; nine arc in-plane.

The effect of the anesthetic state on kinematic output was assessed in three different
ways. The fh :t method involved various graphical comparisons of key kinematic outputs to
determine within-subjcct repeatability in the anesthetized and unanesthetized states, and the
differences between unanesthetized and anesthetized responses (see Appendix B, pp. B-41
through B-58). Due to the small number of animals available for comparison and the
unbalanced distribution of the tests among the various g levels and anesthetic states, no formal
analysis of a variance (ANOVA) procedure was attempted.

However, with the pooling of the 1984, 1985, and 1987 series and the subsequent
partitioning into datasets A and B, a sufficient number of anesthetized and unanesthetized
tests existed in dataset A (NUCU) for a second assessment of the effect of anesthesia on
kinematic response. This assessment involved including a grouping variable (IGP) among the
independent variables in the various head kinematic regressions. As a third and final
assessment, the regression equations obtained for the 18 anesthetized NUCU tests in dataset A
were used to predict the kinematics of the other 11 unanesthetized NUCU tests. Since dataset
B (NFCD) contained only six anesthetized tests, no similar validation was attempted.

The final stage in the partitioning was to evaluate the effect of repeated exposures on
kinematic output, since the full dataset of 53 tests utilized a total of 26 animals. To evaluate
the effect of repeated exposures on kinematic output, the following assumptions were made:

(1) High g-level exposures in the NFCD position arc less hazardous than comparable
NUCU exposures.

(2) Tests at the 40 g level are not injurious.
(3) If a set of tests for a given animal with approximately the same inputs yield

approximately the same outputs, regardless of the number of intervening tests, no injury
adversely affecting head kinematics will have occurred.

Evidence to support the above assumptions is provided by plots on pp. B-53 through B-58
in Appendix B.

MATHEMATICAL METHODOLOGY

The following steps were taken in the statistical analysis of datasets A and B.*
(1) Descriptive statistics for all variables were generated using PID and P9R.
(2) Univariate regressions of each dependent variable QHB, RHB, AAX, AAZ, and

AAR on the independent variable vector (IGP, PSA, ESV,ROO, DOP, PHA, PHB, and PHC)
were performed using P9R (best subsets regression). In most cases regression on the whole
independent variable vector containing sled, head, and grouping parameters using the R2 or
adjusted R2 criteria provided an over-fitted model, yielding a good estimate of the minimal
residual sum of squares (RSS). Since no true replications were avcilable, this estimate was
compared with the RSS of models with fewer variables to check goodness of fit.

By analyzing the correlation structure of the independent variables, various candidates
for minimal subsets of independent variables were determined. These candidates were then
processed with P9R, using both the adjusted R 2 and the CP criteria to identify unbiased
minimal models for each dependent variable.

(3) The minimal fits obtained in step 2 (above) were assessed by checking standard

All statistical regression programs referred to are from the BMDP statistical software package 181.

5
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residual plots, by analyzing the t-statistics for the significance of the regression coefficients,
and by noting the F-statistic for significance of the overall regression.

(4) Careful study of the Mahalanobis [9] and Cook [10] statistics, and additional
analyses of various residual plots and histograms were made to check for and evaluate outlier,
influential points, and clusters in the data and to assess the need for higher order terms in the
model.

(5) Using the results of steps 1 through 4, a maximal F-,bset of outlier-free tests and a
minimal subset of independent variables was determined for each of the 5 dependent-variables
(QHB, RHB, AAX, AAZ, and AAR) for datasets A and B.

Appendix C contains the tabulated and plotted results of these final regressions.
In order to test the models produced by P9R and to check on the effects of possible

outlier and the high correl.cion between the independent variables, the data in sets A and B
were regressed using stepvvise regression (P2R), principal components regression (P4R), and
rank regression (P9R). These results corroborated the original models. Various cross-
validations were attempted using P9R. Regression equations based on data from anesthetized
tests were used to predict the results of unanesthetized tests in dataset A. Similarly, in-plane
data were used to predict out-of-plane results, single exposure data to predict the results of
later subjects exposed to multiple runs. However, due to the uneven distribution of tests among
the various categories -anesthetized, unanesthetized, in-plane, out-of-plane, single or multiple
exposures -no conclusive results were obtained.

The results of these model tests and cross-validations are not included in this report.
However, all these results, as well as those addressed in Appendix C and various other
statistical data, may be found in file 7933/USERS/SAL/ANIMALTECHI on the NAVBIO-
DYNLAB in-house HP9000/550 system.

DISCUSSION

The following observations are made concerning the results of this study:
(1) The similarity of human and rhesus mid-sagittal head kinematic responses in both

the NUCU and NFCD head orientations is undeniable (Appendix B, pp. B-I through B-6).
(2) In dataset A, the grouping variable (IGP) was not statistically significant. This,

combined with the various anesthetized and unanesthetized plots (Appendix B, pp. B-41
through B-58) strongly suggest that anesthesia has no appreciable effect on rhesus head
kinematics.

(3) The extremely high correlation among the sled parameters (PSA, ESV, ROO, DOP),
the small coefficients of variation of ESV, ROO, DOP, and the controllability of PSA led to
the choice of PSA as the representative sled parameter.

(4) No viable assessment of the effect of varying PSA, ESV, ROO, and DOP on
kinematic output was possible with the given data.

(5) PHB was found to be the most significant parameter in 23 in-plane animal tests.
Also, PHA and PHC correspond to an out-of-plane response not observed in human -G x tests.
Therefore, PHB was chosen as the representative head angular parameter.

(6) The effect of the observed out-of-plane kinematic responses is to decrease the
primary peak values of OHB and RHB. The underlying shape characteristics are left intact.
AAX, AAZ, and AAR are much less affected by out-of-plane behavior (Appendix B, pp. B-39
and B-40).

(7) For multiple exposures, a rhesus subject may be tested at higher g levels (70+g) in
the NFCD position without apparent degradation of kinematic output (Appendix B, pp. B-53

6
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through B-58). No comparable statement can be made about repeated high-g NUCU exposures.
Observations (1) through (7) imply that models based on PSA and PHB, while ignoring

the effects of anesthesia, lack of planarity, and repeated exposures, are justifiable. Such
models are desirable for comparison with human -G X results. Such comparisons should be made
only with sets of human -GX tests having small coefficients of variation for ESV, ROO, and
DOP.

The primary peaks of the five key kinematic variables (QHB, RHB, AAX, AAZ, and
AAR) regressed excellently on PSA, PHB, and PHB 2 in almost all cases, with R2 values ranging
from .84 to .94. Though obtained using best subsets regression (P9R), essentially the same
models resulted when, stepwise, rank and principal components regression techniques were
applied. The regressions for the linear accelerations AAX, AAZ, and AXZ were the best. The
relatively poor regression of AAZ in the NFCD case (R2-. 65) may be due to restraint
interaction or anatomical constraints in the rhesus head-neck area. Fourteen of the twenty-
four runs in dataset B have initial head pitches (PHB) ranging from 280 to 700 forward.

The 95% confidence intervals about the predicted mean responses contained the
observed responses in almost all cases. These intervals were usually fairly wide, sometimes
allowing a change in the sign of the response. This may be attributed to the larger variation
in rhesus head responses and to the imperfect classification of tests as either NUCU or NFCD.

CONCLUSIONS AND RECOMMENDATIONS

The following conclusions may be made:
(1) Rhesus mid-sagittal head-kinematic responses are repeatable and are not appreciably

affected by the anesthetic state.
(2) Rhesus head-kinematic responses regress well on the same input parameters (PSA,

PHB), as do human responses. Therefore, the similarity of human and rhesus response curves
is not coincidental.

(3) Head angular acceleration and velocity are most sensitive to out-of-plane kinematic
response while linear accelerations are extremely robust.

(4) Tests under extreme NUCU or NFCD conditions (i.e., large forward or backward
pitch) may require the addition of anatomical and/or restraint variables for improved
modeling.

(5) Unbalanced data distribution prevented adequate assessment of model stability and
determination of the effects of the sled parameters ESV, ROO, and DOP.

(6) Photo gaps in high-g tests prevented modeling of the photo displacements DAX,
DAZ, and PHB.

In light of the above conclusions, it is recommended that:
(1) All kinematic response curves in dataset A be fitted to the same parametric models

as human responses. If this proves successful, methods for scaling human and rhesus head-
kinematic response should be developed.

(2) Attempts-should be made to remove the photo gaps in future high-g rhesus runs, so
that displacement data may also be modeled.

(3) Future human and animal experimental series should be jointly planned to facilitate
statistical modeling.

(4) A set of -X rhesus experiments to determine the effects of sled parameters ESV,
ROO, and DOP should be conducted.

7
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TABLE Al. 1984 Animal -X Experimental Series: Summary.

HEAD EVOKED
TEST ID G LEVEL POSITION CONSCIOUSNESS POTENTIAL

LX4783 AR660B 57 NFCD U

LX4784 AR660B 64 NFCD U

LX4785 AR660B 79 NFCD U

LX4786 AR660B 96 NFCD U

LX4788 ARNRI6 56 NFCD U

LX4789 ARNR16 71 NFCD U

LX4790 ARNR16 85 NUCU U

LX4791 ARN r 16 101 NUCU U

LX4795 ARNR21 101 NFCD U YES

LX4799 ARNR18 106 NUCU U YES

LX4801* ARNR34 102 NUCU U

LX4803* ARNR24 86 NUCU U YES

LX4806 ARNRII1 86 NFCD U

LX4808 AR8739 56 NFCD U

LX4810 ARNR23 56 NUCU U YES

LX4812 AR8696 86 NFCD U YES

LX4814 ARNR36 71 NUCU U

LX4818 AR8789 71 NFCD U YES

LX4820 AR8739 56 NUCU U YES

LX4822 ARNR39 86 NUCU U

* Fatal run.

Number of runs: 20
Number of NUCU: 9
Number of NFCD: 11
Number of anesthetized: 0
Number of unanesthetized: 20
Number of evoked potentials: 7
Number of fatal runs: 2
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TABLE A2. 1985 Animal -X Experimental Series: Summary.

HEAD

TEST ID G LEVEL POSITION CONSCIOUSNESS

LX5123 AR0016 41 NFCD U

LX5125 AR0016 74 NFCD U

LX5128 AR0016 42 NFCD U

LX5129 AR0016 74 NFCD A

LX5132 AR8858 42 NFCD U

LX5135 AR8845 42 NUCU U

LX5138 ARNRI6 42 NFCD U

LX5141 ARNR16 75 NFCD U

LX5144 AR8858 75 NFCD U

LX5147 AR8845 74 NUCU U

LX5150 ARNR16 42 NUCU A

LX5151 ARNR16 42 NFCD A

LX5152 ARNRI6 42 NFCD A

LX5155 AROO16 42 NUCU A

LX5156 AR0016 42 NUCU A

LX5157 AROO16 42 NUCU A

LX5160 AR0016 74 NFCD A

LX5161 AR0016 75 NFCD A

LX5162 AR0016 75 NFCD A

LX5164 AR0016 75 NUCU A

LX5165 AR0016 76 NUCU A

Number of NUCU: 8
Number of NFCD: 13
Number of anesthetized: 12
Number of unanesthetized: 9
Numb.Icr of cvokcd potcntials: 0
Number of fatal runs: 0
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TABLE A3. 1986 Animal -X Experimental Series: Summary.
- _______ ______ _________ ____________

HEAD EVOKED
TEST ID G POSITION CONSCIOUSNESS POTENTIAL

LEVEL

LX5768 AR5855 58 NUCU A

LX5770 AR5852 57 NUCU A

LX5772 AR986B 57 NUCU A YES

LX5774 AR5855 57 NUCU A

LX5777 AR8776 75 NUCU A YES

LX5779 AR0019 57 NUCU A YES

LX5782 AR5851 75 NUCU A YES

LX5784 AR5852 75 NUCU A

LX5786 AR894C 89 NUCU A YES

LX5793 AR5853 90 NUCU A

LX5795 AR798B 92 NUCU A

LX5797 ARNR20 91 NUCU A

Number of runs: 12
Number of NUCU: 12

Number of NFCD: 0
Number of anesthetized: 12
Number of unanesthetized: 0
Number of evoked potentials: 5
Number of fatal runs: 0
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Figure 1. Sled accleration profile for 15 g, Figure 2. Sled acceleration profile for 89 g,
-X human NUCU run. -X animal NUCU run.
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Figure 3. Hcad angular acceleration (Y- Figure 4. Head angular acceleration (Y-
axis) for 15 g, -X human NUCU run. axis) for 89 g, -X animal NUCU run.
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Figure 5. Head angular velocity (Y- axis) Figure 6. Head angular velocity (Y- axis)
for 15 g, -X human, NUCU run. for 89 g, -X animal, NUCU run.
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Figure 7. Head linear acceleration (X- Figure 8. Head linear acceleration (X-
component) for 15 g, -X human, NUCU run. component) for 89 g, -X animal, NUCU run.
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Figure 9. Head linear acceleration (Z- Figure 10. Head linear acceleration (Z-
component) for 15 g, -X human, NUCU run. component) for 89 g, -X animal, NUCU run.
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Figure 11. Resultant linear acceleration (X- Figure 12. Resultant linear acceleration (X-
Z plane) for 15 g, -X human NUCU run. Z plane) for 89 g, -X animal, NUCU run.
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Figure 13. Sled acceleration profile for Figure 14. Sled acceleration profile for
10 g, -X human, NFCD run. 74 g, -X animal, NFCD run.
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Fiure 15. .. cad angular accelcration (Y- Figure 16. Head angular accecration(

axis) for 10 g, -X human, NFCD run. axis) for 74 g, -X animal, NFCD run.
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Figure 17. H-ead angular velocity (Y-axis) Figure 18. Head angular velocity (Y-axis)
for 10 g, -X human, NFCD run. for 74 g, -X animal, NFCD run.
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Figure 21. Head linear acceleration (Z- Figure 22. Head linear acceleration (Z-
component) for 10 g, -X human, NFCD run. component) for 74 g, -X animal, NFCD run.
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Figure 23. Resultant linear acceleration (X- Figure 24. Resultant linear acceleration (X-
Z plane) for 10 g, -X human, NFCD run. Z plane) for 74 g, -X animal, NFCD run.
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TEST SUBJCTJPHB TABLE B1.

TEST_ SUBJECT __ CONID. QHB IRHB AAX AAZ [AAR]
LX5782 AR5851 .144 NUCU 5417 77 -1612 -530 1691

1-4236

LX5161 AROO 16 .505 NFCD -6225 -33 -1660 -529 1677
_______ _______ ___ 24* ____

*Occurs very late.
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Figure 25. Sked acceleration profiles. Fgr 6 cdaglraclrto Y

axis).

Rhesus 75 g, In-Plane, NUCU vs. NFCD
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Figure 27. Head angular velocity (Y-axis). Figure 28. Head-linear acceleration (X-com-
ponent).
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Figure 29. Head linear acceleration (Z-com- Figure 30. Result-ant head linear acceleration
ponent). (X-Z plane).
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TABLE B2.

G

TEST SUBJECT LEVEL PHB QHB RHB AAX AAZ AAR

LX5135 AR8845 42 0.094 9546 55 -1120 -214 121

LX5772 AR986B 57 -0.008 12256 56 -1374 -385 140

LX5782 AR5851 75 -0.144* 15417 77 -1612 -530 169

LX5786 AR894C 89 -0.063 17661 89 -2132 -511 218

* Slightly more backward pitch than the rest.
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Figure 31. Sled acceleration profiles.

Effect of Increasing G Level, Pure NUCU, In-Plane.
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Figure 32. Head angular acceleration (Y-axis).

Effect of Increasing G Level, Pure NUCU, In-Plane.
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Figure 33. Head angular velocity (Y-axis).

Effect of. Increasing G Level, Pure NUCU, In-Plane.
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Figure 36. Resultant head linear acceleration (X-Z plane).

Effect of Increasing G Level, Pure NUCU, In-Plane.
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________ ~TABLE B3.____ ___

TEST ISUBJECT~ PHB QHB (RHB[ AAX IAAZ [AAR I
LX5782 AR5851 -0.144 15417 77 -1612 -530 1691

LX5784 AR5852 -0.213 18868 94 -1827 -552 1838

LX5777 AR8776 -0.433 22637 123 -1522 -808 1613

LX5165 AR0016 -0.820 128123 153 -1500 1-1124 1

*Double peak.
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Figure 37. Sled acceleration profile.

Effect of Increasing Negative Pitch (PHB), 75 g, In-Plane, NUCU.
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Figure 38. Head angular acceleration (Y-axis).

Ef fect of Increasing Negative Pitch (PHB), 75 g, In-Plane, NUCU.
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Figure 39. H11cad angular velocity (Y-axis).
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Figure 40. Head linear acceleration (X-componcnt).

Effect of Increasing Negative Pitch (PHB), 75 g, In-Plane, NUCU.
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Figure 41. Head linear acceleration (Z-component).

Ef fect of Increasing Negative Pitch (PHB), 75 g, In-Plane, NUCU.
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TABLE B4.

[TEST7 SUBJECT PHB QHB _RH1B AAX AAZ AAR

[LX5770 AR5852 -0.042 10113 64 -1435 -253 1435

MX77 AR986B -0.008 12256 156 -1374 -385 1403J
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v (EC 11(571 (a

Figure 43. Sled accelcration profile. Figure 44. Head angular acceleration (Y-

axis).

Between Animal Comparison, 57 g, In-Plane, NUCU.
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Figure 45. Head-angular velocity (Y-axis). Figure 46. Head linear acceleration (X-comn-
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400 1500

u 200 0
Wi Wi

W n1000
0 0

I- i-500
.... LX5770 Li X5770

2-20 .:-LX5772 2 _LX5772

-4001 0----
0.000 0.050 0.100 0.150- 0.000 00650 0.100 0.1,50

1IME (SEC) lIME (SEC)
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Between Animal Comparison, 57 g, In-Plane, NUCU.
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TABLE B5.

TEST SUBJECT PHB QHB RHB AAX AAZ AAR

LX5786 AR894C -0.063 17611 89 -2132 -511 2186

LX5797 ARNR20 -0.129 20052 87 -2347 -748 2388
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Figure 49. Sled accelcration profile. Figure 50. Head angular acclcration (Y-
axis).

Between Animal Comparison, 90 g, In-Plane, NUCU.
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Figure 51. Head angular velocity (Y-axis). Figure 52. Head linear accecleration (X-com-
ponent).
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Figure 53. Head linear acceleration (Z-com- Figure 54. Resultant head linear acceleration
ponent). (X-Z plane).

Between Animal Comparison, 90 g, In-Plane, NUCU.
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TABLE B6.

TEST SUBJECT G LEVEL PHA PHB PHC CONDITION

LX5786 AR894C 89 0.024 -0.063 -0.022 In-Plane

LX4799 ARNR18* 106 0.029 -0.019 -0.893 Out-of-Plane

TEST QHB RHB AAX AAZ AAR
LX5786 17661 89 -2132 -511 2186
LX4799 16726 74 -2821 -579 2879

* Sled acceleration profile not available.
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Figure 55. Head angular acceleration (Y-axis).

Effec.t of Out-of-Plane Behavior, NUCU.
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TABLE B7.
G

TEST SUBJECT LEVEL PHB QHB RHB AAX AAZ AAR

LX4883 AR660B 57 .705 -6386 -53 * -355 1416
LX5125 AROO16 74 .543 -8231 -48 -1844 -553 1851
LX4786 AR660B 96 .657 -12218 -58 -240 * 2411

• Not available.
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Figure 60. Sled acceleration profile.

Effect of Increasing G Level, In Plane, NFCD.
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Figure-61. Head angular acceleration (Y-axis).

Effect of Increasing G Level, In Plane, NFCD.
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Figure 62. Head angular velocity (Y-axis).

Effect of Increasing G Level, In Plane, NFCD.
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Figure 63. Head linear acceleration (X-componcnt).

Effect of Increasing G Level, In Plane, NFCD.
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Figure 64. Head lincar accelcration (Z-cornponcnt).

Effect pf Increasing G Level, In Plane, NFCD.
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Figure 65. Resultant head linear acceleration (X-Z plane).

Effect of Increasing G Level, In Plane, NFCD.
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__ TABLE B8. __

TEST SUBJECT PHB QHB , RHB AAX AAZ AAR

LX5160 AR0016 0.481 -5388 -36 -1679 -505 1679

LX5144 AR8858 0.358 -4824 -33 -2152 -722 2155

LX5161 AR0016 0.505 -6225 -33 -1660 -529 1677

LX5129 AR0016 0.632 -7004 -48 -1813 -416 1813
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\ -300-
V)
w -400-
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Figure 66. Sled acceleration profile.

Effect of Increasing Positive Pitch (PHB), 74 g, In-Plane, NFCD.
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Figure 67. Hcad angular acceleration (Y-axis).

Effect of Increasing Positive Pitch (PHB), 74 g, In-Plane, NFCD.
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Figure 68. Head angular velocity (Y-axis).

Effect of Increasing Positive Pitch (PHB), 74-g, In-Plane, NFCD.
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Figure 69. Head lincar acceleration TIcME (sen)

Effect of Increasing Positive Pitch (PHB), 74 g, In-Plane, NFCD.4
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Figure 70. Head linear acceleration (Z-component).

Effect of Increasing Positive Pitch (PHB), 74 g, In-Plane, NFCD.
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Figure 71. Resultant head linear acceleration (X-Z plane).

Effect of Increasing Positive Pitch (PHB), 74 g, In-Plane, NFCD.

B-38



A Statistical Analysis of -X Rhesus Head Kinematics

TABLE B9.

G

TEST SUBJECT LEVEL PHA PH1B PHC PLANARITY

LX4812 AR8696 86 0.111 0.364 0.411 Large yaw

LX5125 AROO16 73 0.062 0.543 -0.075 In-plane, more
forward pitch

TEST SUBJECT QHB RHB AAX AAZ AAR

LX4812 AR8696 -8122 -37 -2544 -619 2546

LX5125 AROO16 -8231 -48 -1844 -553 1851
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Figure 72. Sled acceleration profile. Figure 73. Head angular acceleration (Y-
axis).

Effect of Out-of-Plane Behavior, NFCD.
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Figure 74. Head angular velocity (Y-axis). Figure 75. Head linear acceleration (X-com-
ponent).

300 2700

200

100
'4 0 Id

1800

2001
LX4812 .... LX4812

__ -30 X5125 LX5125
~900*

-600

-700i 0..
0.000 0.050 0100 0A10 0,000 0.050 0.100 0150

TIME (SEC) TIME (SEC)

Figure 76. Head linear acceleration (Z-com- Figure 77. Resultant head linear acceleration
ponen t). (X%'-Z plane).

Effect of Out-of-Plane Behavior, NFCD.
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TABLE BO.

G
T 7ES T SUBJECT LEVEL PHA PHB PHC

LX5768 AR5855 58 0.076 -0.205" 0.128

LX5774 AR5855 57 -0.027 -0.126 0.132

TEST SUBJECT QHB RHB AAX AAZ AAR

LX5768 AR5855 9044 79 -1097 42 1121

LX5774 AR5855 9862 62 -1177 31 1200

* Slightly larger backward pitch inflates values somewhat.

50,

0-- . .. 8000
.... LX5768

00100 6000 __ 5774

o-150 . i4000
-200i

250 ...... [X5768

( 300 LX5I74 Z 0

w 400 -- 2000
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-550 :." -8000!
-WOJ 0000 0.05 0. 0 0,1500000 0.050 0.100 0.150
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Figure 79. Head angular acceleration (Y-

Figure 78. Sled acceleration profile. axis).

Within Animal Repeatability, Anesthetized, 57 g, NUCU.
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Figure 80. Head-angular velocity (Y-axis). Figure 81. Head linear acceleration (X-com-
ponent).
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Figure 82. HeadI linear acceleration (Z-com-_ Figure 83. Resultant head-linear acceleration
ponent). (X-Z plane).

Within Animal Repeatability, Anesthetized, 57 g, NUCU.
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TABLE BI1.

TEST SUBJECT G PHA PHB PHC QHB
LEVEL

LX5151 ARNRI6 42 -0.031 0.218 -0.490 -1674

LX5152 ARNRI6 42 -0.052 0.225 -0.455 -1903

TEST SUBJECT RHB AAX AAZ AAR

LX5151 ARNR16 -11 -949 -242 954

LX5152 ARNR16 -12 -950 -238 953

50, 5000
0 " 4000 ..... LX5151

50 [X5152

0 o 3000w -100t w

\ 2000o -150 0w w

20\ 1000
U) U)

n-250 Z
I- [ot_ 5x o.. V...'w -300.-

LX 300 __ i15152 o -1000
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-400. '-2000

-450 -3000
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Figure 84. Sled acceleration profile. Figure 85. Head angular acceleration (Y-
axis).

Within Animal Repeatability, Anesthetized, 42 g, NFCD.
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Figure 86. Head angular velocity (Y-axis). Figure 87. Head linear acceleration (X-

component).
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Figure 00. licad linear acceleration (Z- Figure 80. Resultant head linear accelera-

component). tion (X-Z plane).

Within Animal Repeatability, Anesthetized, 42 g, NFCD.

B-44



A Statistical Analysis of -X Rhesus Head Kinematics

[ _________________TABLE B12. ____ ________

TEST SUBJECT G LEVEL PHA PHB PHC QHB
LX5160 AROOI16 74 0.013 0.480 0.065 -5388
LX5161 AR00 16 75 -0.108 0.505 0.070 -6225
LX5162 AR0016 75 -0.184 0.510 0.068 .- 7049

TEST SUBJECT RHB AAX AAZ AAR
LX5160 AR0016 -36 -1679 -505 1679
LX5161 AROOl16 -33 -1660 -529 1 1677
LX5162 AR0016 -35 -1730 1-514 1738

Comments: Excellent replication in RHB, AAX, AAZ, and AXZ; QHB
value for LX5 162 seems a bit large.
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Figure 90. Sled acceleration profile.

Within Animal -Repeatability, Anesthetized, 74 g, NFCD.
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Figure 91. H-ead angular acceleration (Y-axis).

Within Animal Repeatability, Anesthetized, 74 g, NFCD.
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Figure 92. Head angular velocity (Y-axis).

Within Animal- Repeatability, Anesthetized, 74 g, NFCD.
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Figure 93. Head linear acceleration-s- (X-componcnt).

Within Animal Repeatability, Anesthetized, 74 g, NFCD.
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Figure 95. Resultant head linear accelerations (X-Z-plane).

Within Animal Repeatability, Anesthetized, 74 g, NFCD.
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TABLE B13. ]
G

TEST SUBJECT LEVEL PHA PHB PHC

LX5125* AR0016 73 0.062 0.543 -0.075

LX5129** AR0016 74 -0.155 0.632 0.138

TEST QHB RHB AAX AAZ AAR

LX5125* -8231 -48 -1844 -553 _1851

LX5129"* -7004 -48 -1813 -416 1813

* Unanesthetized.

** Anesthetized.
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Figure 96. Sled acceleration profile. Figure 97. Head angular acceleration (Y-
axis).

Anesthetized vs. Unanesthetized Subjects, 74 g, NFCD.

B-S 00



NAVAL BIODYNAMICS LABORATORY RESEARCH REPORT

30 200,

200. .. .. ....

-200-
10 () -400-

W0 \ 600
Wd -800

S-20 w -1200.

-5251600- ... 1X5125

-40T
-1800

-501 -2000_ ___ __

0.000 0.050 0.1;00 0.150 0.000 0.650 0.100 0.150

TIME (SEC) TIME (SEC)

Figure 98. Head angular velocity (Y-axis). Figure 99. Head linear acceleration (X-com-
ponent).
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Figure-It". -Hcad linear acceleration (Z-com- Figiure 101. Resultant -head linear acceler-
ponent). ation (X-Z plane).

Anesthetized vs. Unanesthetized Subjects, 74 g, NFCD.
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TABLE B14.

TEST SUBJECT G LEVEL PHAI PHB PHC QHB

LX5151 ARNRI6 42 -0.031 0.218 -0.490 3920

LX5152 ANR165 42 -0.052 0.225 -0.455 4480

TEST SUBJECT RHB AAX AAZ AAR

LX5151 ARNR16 -11 -949 -243 954

LX5152 ARNR16 -12 -950 -238 953_ _J
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Figure 102. Sled acceleration profile. Figure 103. Head angular acceleration (Y-
axis).

42 g Anesthetized Subject NFCD Reproducibility (Seven Previous Runs).
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Figure 104. Head angular vclocity (Y-axis). Figure 105. Hcad linear acceleration (X-

component).
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Figure 106. Head linear acceleration (Z-corn- Figure 107. Resultant head linear acceler-

ponent). ation (X-Z plane).

42 g Anesthetized Subject NFCD Reproducibility (Seven Previous Runs).
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STABLE B15.

TEST SUBJECT G LEVEL PHA PHB PHC QHB
LX5161 AR0016 74 -0.108 0.505 0.070 -6225
LX5162 AN0065 74 -0.184 0.510 0.068 -7049

TEST SUBJECT RHB AAX AAZ AAR
LX5161 AR0016 -33 -1660 -529 1677
LX5162 AR0016 -35 -1730 -514 1783
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Figure 108. Sled acceleration profile. Figure 109. Head angular acceleration (Y-
axis).

74 g Anesthetized Subject NFCD Reproducibility (Eight Previous Runs).
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Figure 110. Head-angular velocity (Y-axis). Figure 111. Head -linear acceleration (X-

component).
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Figure 112. Head linear acceleration (Z- Figure 113. Resultant head linear acceler-
comlponient). ation (X-Z plane).

74 g Anesthetized Subject NFCD-Reproducibility (Eight Previous Runs).
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TABLE B16.

G

TEST SUBJECT LEVEL PHA PHBI PHC IQHB

LX5129 ARNR16 74 -0.155 J 0.632 J 0.138 -7004

LX5160 ANRI65 74 0.013 0.481 0.065 -5388

TEST SUBJECT RHB AAX AAZ AAR

LX5129 ARNRI6 -48 -1813 -416 1813

LX5160 ARNR16 -36 -1679 -505 1679
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Figure 114. Sled acceleration profile. Figure 115. Head angular acceleration (Y-
axis).

42 g Anesthetized Subject NFCD Reproducibility

(Three Previous, Three Intervening Runs).
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Figure 116. Head angular velocity (Y-axis). Figure 117. Head linear acceleration (X-
component).
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Figure 118. Head linear acceleration-(Z-com- Figure 119. Resultant head lineari-accelera-
ponent). tion (X-Z plane).

42 g Anesthetized Subject NFCD Reproducibility
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APPENDIX C

DATA BREAKDOWN AND REGRESSION RESULTS



The results for datasets A and B are presented in a packet format consisting of the
following elements:

(1) An introductory page giving the name of the dataset, the number of runs in the
dataset, the peak choices for each of the five dependent kinematic variables, and the
indcpcndent sled, head angular orientation, and grouping variables used in the final
regressions.

(2) A breakdown of the runs according to animal ID, series, g level, head position, state
of consciousness, and evoked potential.

(3) A breakdown of the runs with respect to animal ID, values-of the sled parameters
and head initial position parameters, together with descriptive statistics.

(4) A breakdown of the runs according to animal ID, state of consciousness, planarity,
and peak values of the five dependent kinematic variables, with descriptive statistics.

(5) A table of regression coefficients for each of the five dependent kinematic
variables, together with a table of significance of the regression, giving the number of runs
used in a particular regression, the R values, the F level of overall regression, the standard
error-of estimate, and the t level of significance-for each regression coefficient.

-(6) For each of the five dependent kinematic variables, a table containing the observed
and predicted values for each run, and the left- and right-hand endpoints of a simultaneous
95% confidence interval about the mean predicted value for each observation. Descriptive-
statistics for the various quantities mentioned above are also given. Following the table is an
observed- versus predicted-value plot for the kinematic variable.
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"TABLE C1. Datasct A: Selected peaks for key head kinematic responses.
Head Initial Condition: Neck-up, Chin-up (NUCU).

K PEAK

KINEMATIC VARIABLE SYMBOL CHOSEN

Angular Acceleration (Y) QHB +
Angular Velocity (Y) RHB +
Linear Acceleration (X) AAX
Linear Acceleration (Z) AAZ
Resultant Linear Acceleration (X-Z) AAR +

Number of Runs: 29
Independent Variables Chosen:

(1) Peak Sled Acceleration (PSA)
(2) Initial Head Pitch (PHB)
(3) Squared Initial Head Pitch (PHB 2)
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TABLE C2. Dataset A: Summary of Experiments.

G EVOKED
[TEST ID SERIES LEVEL CONSCIOUSNESSj POTENTIAL

LX4790 ARNR16 1984 85 U
LLX4791 ARNRI6 1984 101 U

LX4799 ARNRI8 1984 106 U YES

LX4801* ARNR34 1984 102 U

LX4803* ARNR24 1984 86 U YES

LX4810 ARNR23 1984 56 U YES
LX4814 ARNR36 1984 71 U
LX4820 AR8739 1984 56 U YES
LX4822 ARNR39 1984 86 .1

LX5135 AR8845 1985 42 U
LX5147 AR8845 1985 74 U
LX5150 ARNR16 1985 42 A
LX5155 AR0016 1985 42 A

LX5156 AR0016 1985 42 A
LX5157 AR0016 1985 42 A
LX5164 AR0016 1985 75 A

LX5165 AR0016 1985 76 A

LX5768 AR5855 1987 58 A
LX5770 AR5852 1987 57 A

LX5772 AR986B 1987 57 A YES
LX5774 AR5855 1987 57 A
LX5777 AR8776 1987 75 A YES
LX5779 AR0C19 1987 57 A YES
LX5782 AR5851 1987 75 A YES
LX5784 AR5852 1987 75 A
LX5786 AR894C 1987 89 A YES
LX5793 AR5853 1987 90 A

LX5795 AR798B 1987 92 A
LX5797 ARNR20 1987 91 A

* Fatal run.

Number of tests: 29
Number of anesthetized subjects: 18
Number of unanesthetized subjects: 1
Number of evoked potentials: 9
Number of fatal runs: 2
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TABLE C3. Dataset A: Sled Parameters for NUCU Runs.

TEST ID PSA ROO ESV

LX4790 ARNR16 834 79893 26.1
LX4791 ARNR16 988 112651 28.3
LX4799 ARNR18 1040 133118 29.0
LX4801 ARNR34 995 133798 28.4
LX4803 ARNR24 844 98833 26.4
LX4810 ARNR23 545 42859 21.4
LX4814 ARNR36 692 64523 23.9
LX4820 AR8739 545 42122 21.3
LX4822 ARNR39 843 89519 26.2
LX5135 AR8845 409 21057 18.8
LX5147 AR8845 728 60409 24.8
LX5150 ARNRI6 411 20914 18.9
LX5155 AROO16 412 20099 18.9
LX5156 AR0016 415 25639 19.0
LX5157 AR0016 411 20274 18.8
LX5164 AR0016 732 56488 24.8
LX5165 AR0016 744 71209 25.3
LX5768 AR5855 570 33716 22.0
LX5770 AR5852 559 40550 22.0
LX5772 AR986B 556 39671 21.9
LX5774 AR5855 555 52025 22.0
LX5777 AR8776 730 54385 25.1
LX5779 AROO19 554 42724 21.9
LX5782 AR5851 733 55144 25.1
LX5784 AR5852 730 52818 25.0
LX5786 AR894C 870 76079 27.1
LX5793 AR5853 880 78933 27.2
LX5795 AR798B 897 75438 27.5
LX5797 ARNR20 889 82634 27.5

TESTS 29 29 29 29
MAXIMUM VALUE 1040 133798 29.0 31.8
MINIMUM VALUE 409 20099 18.8 19.2

MEAN VALUE 693 61294 24.0 24.4
I STD DEV 194 31497 3.2 4.0

COEFF VAR 28% 51% 13% 16%Y1
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TABLE C4. Dataset A: Initial Head Angular and Linear Position for NUCU Runs.

TEST ID PHA PHB PHC DAX DAY DAZ

LX4790 ARNR16 .215 -.046 -.443 -1.201 .007 .319

LX4791 ARNR16 .310 -.216 -.263 -1.228 -.008 .322
LX4799 ARNRI8 .292 -.019 -.839 -1.164 -.024 .301
LX4801 ARNR34 .371 -1.019 -.041 -1.220 -.009 .303
LX4803 ARNR24 .140 .225 -.111 -1.134 .016 .320
LX4810 ARNR23 .250 .057 -.800 -1.148 -.034 .287
LX4814 ARNR36 -.087 .339 .171 -1.114 .007 .278
LX4820 AR8739 .058 .185 -.222 -1.141 .015 .289

LX4822 ARNR39 -.012 .484 .147 -1.126 .019 .278

LX5135 AR8845 -.098 .094 -.030 -1.154 -.004 .309

LX5147 AR8845 .050 -.396 -.285 -1.184 .011 .328

LX5150 ARNR16 .039 .114 -.523 -1.156 -.015 .311

LX5155 AR0016 .076 .144 .325 -1.157 .001 .308

LX5156 AR0016 .144 .130 .390 -1.155 -.005 .315

LX5157 AR0016 .278 .175 .300 -1.150 -.005 .312

LX5164 AR0016 -.001 -.051 .027 -1.172 -.001 .332
LX5165 AR0016 .013 -.820 -.045 -1.195 -.006 .326

LX5768 AR5855 .076 -.205 .128 -1.174 -.004 .316

LX5770 AR5852 .064 -.042 .056 -1.186 -.010 .314
LX5772 AR986B .049 -.008 .072 -1.188 .008 .322

LX5774 AR5855 -.027 -.126 .132 -1.168 -.002 .319

LX5777 AR8776 .114 -.433 .117 -1.203 .005 .304

LX5779 AR0019 -.203 -.390 -.010 -1.189 .016 .309

LX5782 AR5851 -.034 -.144 .047 -1.177 .014 .317

LX5784 AR5852 -.269 -.213 -.037 -1.200 .024 .312

LX5786 AR894C -.024 -.063 .022 -1.165 .018 .307

LX5793 AR5853 -.017 -.294 .174 -1.192 -.012 .323
LX5795 AR798B -.039 -.086 .157 -1.166 .005 .314

LX5797 ARNR20 -.048 -.129 -.080 -1.162 .014 .328

TESTS 29 29 29 29 29 29

MAXIMUM VALUE .371 .484 .390 -1.114 .024 .332
MINIMUM VALUE -.269 -1.019 -.839 -1.228 .034 .278

MEAN VALUE .058 -.095 -.053 -1.171 .001 .311
I STD DEV .150 .314 .296 .027 .014 .014

COEFF VAR ... 2%-

C-5



NAVAL BIODYNAMICS LABORATORY RESEARCH REPORT

TABLE C5. Dataset A: Table of Peak Values for Key Head Kinematic Variables,
Anesthetic State, and Run Planarity.

TEST ID IA/UI PLANAR QHB I RHB IAAX AAZ AXZ

LX4790 ARNR16 U 10766 58 -2147 -502 2169

LX4791 ARNRI6 U 19243 89 -2374 -619 2423

LX4799 ARNRI8 U 16726 74 -2820 -578 2879

LX4801* ARNR34 U 49800 249 -2635 -2266

LX4803* ARNR24 U 18836 71 -2526 -558 2536

LX4810 ARNR23 U 10083 54 -1312 -226 1331

LX4814 ARNR36 U Yes 11710 42 -2146 -441 2157

LX4820 AR8739 U 10508 42 -1544 -429 1548

LX4822 ARNR39 U 22 -2514 -402 2522

LX5135 AR8845 U Yes 9546 55 -1120 -214 1120

LX5147 AR8845 U 21238 120 -1373 -860 1613

LX5150 ARNRI6 A 4661 22 -1058 -206 1058

LX5155 AR0016 A 2562 21 -958 -288 979

LX5156 AR0016 A 3671 28 -922 -321 930

LX5157 AR0016 A 3415 18 -895 -310 925

LX5164 AR0016 A Yes 7600 52 -1600 -500 1637

LX5165 AR0016 A Yes 28123 153 -1500 -1124

LX5768 AR5855 A Yes 9044 69 -1097 -342 1121

LX5770 AR5852 A Yes 10114 63 -1435 -253 1435

LX5772 AR986B A Yes 12256 56 -1374 -385 1403
LX5774 AR5855 A 9862 62 -1177 -330 1200
LX5777 AR8776 A Yes 22637 123 -1522 -808 1613

LX5779 AR0019 A Yes 15799 86 -1253 -542 1278

LX5782 AR5851 A Yes 15417 77 -1612 -530 1691

LX5784 AR5852 A Yes 18868 94 -1827 -552 1838

LX5786 AR894C A Yes 17661 89 -2132 -511 2186
LX5793 AR5853 A 14933 85 -1730 -662 1806

LX5795 AR798B A 20472 93 -1907 -547 1910

LX5797 ARNR20 A Yes 20052 87 -2347 -748 2388

TESTS 29 29 29 29 27

MAXIMUM VALUE 49800 249 895 -206 2879
MINIMUM VALUE 2562 18 -2820 -2267 925

MEAN 1484 75 -1685 -554 1692

STD DEV 9367 46 564 391 558

COEFF VAR 63% 62% 34% 71% 1 _33%

Fatal exposures.

C-6



A Statistical Analysis of -X Rhesus Head Kinematics

TABLE C6. Dataset A: Regression Results.

Table of Regression Coefficients

CONSTANT PSA PHB PHBI
QHB -2,861.0 22.00 -5,839.0 2,169.0
RHB 15.0 0.06 -76.0 108.0
AAX 304.0 -2.89 -1,039.0 -782.0
AAZ 4.2 -0.06 164.0 -1,515.0
AAR -312.0 2.90 955.0 1,103.0

Significance of Regression

F T LEVEL
TESTS R LEVEL SE PSA PHB PHB2

QHB 28 0.900 0.999 21% 0.999 0.871 0.999
RHB 26 0.840 0.999 18% 0.999 0.999 0.952
AAX 26 0.930 0.999 10% 0.999 0.999 0.740
AAZ 26 0.850 0.999 16% 0.999 0.908 0.999
AAR 26 0.940 0.999 9% 0.999 0.999 0.904
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TABLE C7. Datasct A: Tablc of Observed and Predicted Head Angular Accelerations
(QHB) and 95% Confidence Intervals.

OBSERVED PREDICTED 95% CONFIDENCE INTERVAL
TEST QHB QHB LEFT RIGHT LENGTH

LX4790 10770.0 15418.0 8648.0 22188.1 13540.1
LX4791 19240.0 20714.5 13715.7 27713.2 13997.5
LX4799 16730.0 19646.2 12457.5 26835.0 14377.6
LX4801 49800.0 47525.2 38991.7 56058.6 17066.9
LX4803 18840.0 15118.3 7882.5 22354.1 14471.6
LX4810 10080.0 8617.0 1897.5 15336.4 13438.9
LX4814 11710.0 12617.5 5050.1 20184.9 15134.8
LX4820 10510.0 8551.0 1683.2 15418.9 13735.7
LX5135 9546.0 5597.7 -1291.8 12487.2 13778.9

LX5147 21240.0 18601.4 11751.9 25450.9 13698.9

LX5150 4661.0 5611.8 -1284.1 12507.8 13791.9
LX5155 2562.0 5628.8 -1290.5 12548.1 13838.6
LX5156 3671.0 5695.2 -1206.1 12596.5 13802.6
LX5157 3415.0 5647.8 -1313.8 12609.4 13923.2
LX5164 7600.0 13264.8 6578.5 19951.1 13372.6
LX5165 28120.0 32856.8 25402.9 40310.7 14907.8
LX5768 9044.0 11541.0 4703.4 18378.6 13675.2
LX5770 10110.0 9453.0 2729.3 16176.7 13447.3
LX5772 12260.0 9162.9 2450.5 15875.3 13424.7
LX5774 9862.0 10177.8 3392.5 16963.0 13570.5
LX5777 22640.0 19543.2 12673.4 26412.9 13739.5
LX5779 15800.0 14723.5 7698.6 21748.5 14049.9
LX5782 15420.0 14220.4 7506.5 20934.2 13427.7
LX5784 870.0 15111.1 8362.8 21859.3 13496.5
LX5786 17660.0 16333.2 9519.1 23147.3 13628.2
LX5793 14930.0 19721.9 12870.0 26573.8 13703.8
LX5795 20470.0 17118.3 10268.4 23968.2 13699.8
LX5797 20050.0 17392.8 10558.0 24227.6 13669.6

TESTS 28 28 28 28 28
MAXIMUM 49800.0 47525.2 38991.7 56058.6 17066.9

MINIMUM 870.0 5597.7 -1313.8 12487.2 13372.6
MEAN 4200.4 14843.3 7871.6 28814.9 13943.2

STD DEV 9692.1 8879.0J 8604.11 9160.7 746.3
COEFF VAR 68% 60% 109% 32% 5%
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Figure C-1. Dataset A: Observed vs. Predicted Plot for Head Angular Acceleration about
Y-Axis (QHB).
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TABLE C8. Dataset A: Table of Observed and Predicted Head Angular Velocities
(RHB) and 95% Confidence Intervals.

OBSERVED PREDICTED 95% CONFIDENCE INTERVAL

TEST RHB RHB LEFT j RIGHT JLENGTH
LX4790 58.0 72.4 46.8 97.9 51.1
LX4791 89.0 100.0 73.8 126.3 52.4
LX4799 74.1 83.4 56.3 110.5 54.2
LX4803 71.3 57.6 30.1 85.1 55.0
LX4810 54.2 46.0 20.6 71.4 50.7
LX4814 42.1 46.2 15.7 76.7 61.0
LX4820 48.6 39.6 13.9 65.4 51.5
LX5135 55.0 35.0 9.1 61.0 51.9
LX5147 120.0 108.9 81.6 136.2 54.6
LX5150 22.0 34.1 8.2 60.0 51.8
LX5155 21.0 32.7 6.8 58.6 51.9
LX5156 28.0 33.6 7.7 59.5 51.8
LX5157 18.0 31.4 5.3 57.4 52.2
LX5164 52.0 66.2 40.9 91.5 50.6
LX5768 69.9 71.7 46.0 97.4 51.4
LX5770 63.6 54.2 28.7 79.8 51.0
LX5772 55.7 51.3 25.9 76.8 50.9
LX5774 62.4 61.9 36.3 87.6 51.3
LX5777 123.0 1-15.1 86.7 143.6- 56.8
LX5779 86.3 96.7 69.0 124.4 55.4
LX5782 76.7 75.3 50.0 100.6 50.6
LX5784 94.0 83.0 57.7 108.3 50.6
LX5786 89.4 76.2 50.5 101.9 51.4
LX5793 85.3 103.3 77.4 129.2 51.8
LX5795 92.9 80.0 54.2 105.8 51.6
LX5797 87.3 83.7 58.0 109.4 51.4

TESTS 26 26 26 26 26
MAXIMUM 123.0 1-15.1 86.7 143.6 61.0
MINIMUM 18.0 31.4 5.3 57.4 50.6

MEAN 66.9 66.9 40.7 93.2 52.5
STD DEV 27.9 25.6 25.4 25.8 2.4

COEFF VAR 42% 38% 62% 28% 5%
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Figure C-2. DATASET A: Observed vs. Predicted Plot for Head Angular Velocities about
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TABLE C9. Datasct A: Table of Observed and Predicted X- Component of Head
Linear Acceleration (AAX) and 95% Confidence.

OBSERVED PREDICTED 95% CONFIDENCE INTERVAL

TEST AAX AAX LEFT RIGHT LENGTH
LX4790 -2147.0 -2080.7 -2415.9 -1745.5 670.3
LX4791 -2374.0 -2388.2 -2731.4 -2045.0 686.4
LX4799 -2820.0 -2709.8 -3063.9 -2355.8 708.1
LX4803 -2526.0 -2419.8 -2781.1 -2058.5 722.6
LX4810 -1312.0 -1339.3 -1672.9 -1005.7 667.2
LX4814 -2146.0 -2136.1 -2537.5 -1734.6 802.9
LX4820 -1544.0 -1491.0 -1829.9 -1152.0 -677.8
LX5135 -1120.0 -982.4 -1323.8 -641.0 682.8
LX5147 -1373.0 -1514.7 -1874.0 -1155.3 718.6
LX5150 -1058.0 -1011.0 -1352.0 -670.0 681.9
LX5155 -958.0 -1049.9 -1391.2 -708.6 682.5
LX5156 -922.0 -1042.4 -1383.1 -701.6 681.4
LX5157 -895.0 -1085.8 -1428.8 -742.7 686.2

LX5164 -1600.0 -1777.2 -2109.3 -1445.2 664.1
LX5768 -1097.0 -1169.9 -1507.9 -831.9 676.1

LX5770 -1435.0 -1276.4 -1612.0 -940.8 671.2
LX5772 -1374.0 -1302.8 -1637.6 -968.0 669.5
LX5774 -1177.0 -1189.1 -1526.7 -851.6 675.1

LX5777 -1522.0 -1505.4 -1879.3 -1131.4 748.0
LX5779 -1253.0 -1009.1 -1373.4 -644.9 728.5
LX5782 -1612.0 -1695.7 -2027.6 -1363.8 663.8
LX5784 -1827.0 -1633.6 -1966.0 -1301.2 664.8

LX5786 -2132.0 -2170.1 -2507.0 -1833.2 673.8
LX5793 -1730.0 -2018.2 -2358.0 -1678.3 679.7
LX5795 -1907.0 -2227.1 -2565.3 -1889.0 676.3
LX5797 -2347.0 -2164.7 -2501.4 -1827.9 673.5

TESTS 26 26 26 26 26
MAXIMUM -895.0 -982.4 -1323.8 -641.0 802.9

MINIMUM -2820.0 -2709.8 -3063.9 -2355.8 663.8

MEAN 1623.4 -1630.4 -1975.3 -1285.5 689.7
STD DEV 536.6 524.3 527.4 521.6 31.7

COEFF VAR 33% 32% 27% 41% 5%
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Figure C-3. Dataset A: Observed vs. Predicted Plot of X-Component of Head Linear
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TABLE C1O. Dataset A: Table of Observed and Predicted Z-Componcnt of Head
Linear Acceleration (AAZ) and 95% Confidence Intervals.

OBSERVED PREDICTED 95% CONFIDENCE INTERVAL
TEST AAZ AAZ LEFT RIGHT LENGTH

LX4790 -502.0 -506.5 -668.5 -344.6 323.9
LX4791 -619.0 -694.3 -860.4 -528.2 332.2
LX4799 -578.5 -622.6 -794.2 -451.0 343.2
LX4803 -558.8 -541.3 -715.3 -367.2 348.2
LX4810 -226.0 -318.0 -478.7 -157.4 321.2
LX4814 -441.4 -529.3 -722.6 -336.0 386.6
LX4820 -428.9 -343.8 -506.9 -180.6 326.3
LX5135 -214.0 -239.0 -403.3 -74.6 328.7
LX5147 -860.0 -735.0 -907.9 -562.0 345.9
LX5150 -206.0 -243.1 -407.2 -78.9 328.3
LX5155 -288.0 -250.4 -414.7 -86.1 328.6

LX5156 -321.0 -248.9 -412.9 -84.8 328.1
LX5157 -310.0 -259.8 -425.0 -94.6 330.4
LX5164 -500.0 -447.0 -607.2 -286.8 320.4
LX5768 -342.4 -434.7 -597.5 -272.0 325.5
LX5770 -253.2 -340.2 -501.8 -178.5 323.3
LX5772 -385.3 -330.5 -491.7 -169.3 :2.4
LX5774 -330.5 -373.2 -535.8 -210.6 325.
LX5777 -808.1 -788.2 -968.2 -608.2 360.1,
LX5779 -542.5 -t)22.5 -797.9 -447.1 350.8
LX5782 -529.6 -490.1 -650.2 -330.0 320.2
LX5784 -552.0 ' -537.2 -697.4 -376.9 320.5
LX5786 -510.7 -533.7 -696.6 -370.3 325.7
LX5793 -662.1 '02.5 -866.5 -538.5 328.0
LX5795 -546,9 -558.7 -722.2 1-395.1 327.1
LX5797 .748.U -574.'t -73 7.5 -411.8 325.7

TESTS 26 26 ' 26 26 26
MAXIMUM 206.0 -239.0 -403.3 -74.6 386.6
MINIMUM -860.0 -788.2 -968.2 -608.2 320.2

MEAN -471.7 -471.7 -638.0 -305.4 332.5
STD DEV 180.6 166.5 169.9 163.3 15.2

COEFF VAR 38% 32% . ._7% .,53% _ _ 5%
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Figure C-4. Dataset A: Observed vs. Predicted Plot of Z - Component of Head Linear
Acceleration (AAZ).
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TABLE ClI. Dataset A: Table of Observed and Predicted Resultant Head Linear
Acceleration (X-Z Plane) and 95% Confidence Intervals.

OBSERVED PREDICTED 95% CONFIDENCE INTERVAL
TEST AAR AAR LEFT RIGHT__ LENGiH

LX4790 2169.0 2094.0 1781.1 2406.8 625.7
LX4791 2423.0 2432.6 2111.8 2753.5 641.7
LX4799 2879.0 2721.0 2389.4 3052.5 663.1
LX4803 2536.0 2434.8 2098.5 2771.0 672.5
LX4810 1331.0 1345.1 1034.9 1655.4 620.6
LX4814 2157.0 2170.0 1796.6 2543.4 746.8
LX4820 1548.0 1501.0 1185.8 1816.1 630.3
LX5135 1120.0 987.7 670.2 1305.2 635.0
LX5147 1613.0 1617.8 1283.7 1952.0 668.3
LX5150 1058.0 1016.6 699.5 1333.8 634.2
LX5155 978.9 1056.7 739.3 1374.2 634.8
LX5156 930.1 1048.6 731.7 1365.4 633.8
LX5157 925.0 1094.6 775.5 1413.8 638.3
LX5164 1637.0 1790.8 1481.3 2100.2 618.9
LX5768 1121.0 1210.5 896.1 1525.0 628.9
LX5770 1435.0 1288.6 976.3 1600.8 624.5
LX5772 1403.0 1311.8 1000.4 1623.3 622.9
LX5774 1200.0 1213.1 899.1 1527.2 628.1
LX5777 1613.0 1623.8 1276.1 1971.6 695.5
LX5779 1278.0 1-109.3 770.5 1448.1 677.6
LX5782 1691.0 1723.4 1414.1 2032.7 618.6
LX5784 1838.0 1676.6 1367.0 1986.2 619.2
LX5786 2186.0 2185.4 1870.7 2500.0 629.3
LX5793 1806.0 2084.6 1767.8 2401.4 633.6
LX5795 1910.0 2245.5 1929.6 2561.5 631.9
LX5797 2388.0 2190.0 1875.4 2504.5 629.1

TESTS 26 26 26 26 26
MAXIMUM 2879.0 2721.0 2389.4 3052.5 746.8
MINIMUM 925.0 987.7 670.2 1305.2 618.6

MEAN 1660.5 1660.5 1339.3 1981.8 624.4
STD DEV 542.1 524.9 521.4 528.8 29.3

COEFF VAR 33% 32% 27% 41% 5%

C-J6



A Statistical Analysis of -X Rhesus Head Kinematics

NUMBER OF CASES - 26

3000

2500

2000n

1500
m 00 0 0°

1000 0

500

0 I III

0 500 1000 1500 2000 2500 3000

PREDICTED
Figure C-5. Dataset A: Observed vs. Predicted Plot of Resultant Head Linear Acceleration
(X-Z Plane).
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TABLE C12. Dataset B: Selected peaks for key head kinematic responses.
Head Initial Condition: Neck-forward, Chin Down (NFCD).

KINEMATIC VARIABLE [SYMBOL CHOSEN

Angular Acceleration (Y) QHB -

Angular Velocity (Y) RHB -

Linear Acceleration (X) AAX -

Linear Acceleration (Z) AAZ
Resultant Linear Acceleration (X-Z) AAR +

Number of Runs: 24
Independent Variables Chosen:

(1) Peak Sled Acceleration (PSA)
(2) Initial Head Pitch (PHB)
(3) Squared Initial Head Pitch (PHB 2)
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TABLE C13. Dataset B: Summary of Experiments.

-EVOKED
TEST ID SERIES G LEVEL CONSCIOUSNESS POTENTIAL

LX4783 AR660B 1984 57 U
LX4784 AR660B 1984 64 U
LX4785 AR660B 1984 79 U

LX4786 AR660B 1984 96 U
LX4788 ARNR16 1984 56 U
LX4789 ARNRI6 1984 71 U
LX4795 ARNR21 1984 101 U YES
LX4806 ARNR11 1984 86 U
LX4808 AR8739 1984 56 U
LX4812 AR8696 1984 86 U YES
LX4818 AR8789 1984 71 U YES
LX5123 AR0016 1985 41. U

LX5125 AR0016 1985 74 U_

LX5128 AR0016 1985 42 U

LX5129 AR0016 1985 74 A

LX5132 AR8858 1985 42 U

LX5138 ARNR16 1985 42 U
LX5141 ARNR16 1985 75 U
LX5144 AR8858 1985 75 U
LX5151 ARNR16 1985 42 A
LX5152 ARNR16 1985 42 A

LX5160 AR0016 1985 74 A
LX5161 AR0016 1985 75 A

LX5162 AR0016 1985 75 A

Number of tests: 24
Number of NUCU: 0
Number of NFCD: 24
Number of anest: 6
Number of unanest: 18
Number of evoked potentials: 3
Number of fatal runs: 0
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TABLE C14. Dataset B: Sled Parameters for NFCD runs.

TEST ID PSA JROO ESV DOP

LX4783 AR660B 556 45791 21.5 25.2
LX4784 AR660B 625 45328 22.8 23.4

LX4785 AR660B 777 82057 25.2 22.6
LX4786 AR660B 940 119035 27.5 20.4
LX4788 ARNR16 552 40681 21.5 24.1
LX4789 ARNR.16 699 59345 24.1 23.4

LX4795 ARNR21 985 12? 212 28.4 20.4
LX4806 ARNR 1 839 103576 26.2 22.9
LX4808 AR8739 544 45641 21.4 26.2
LX4812 AR8696 845 105203 2 3 22.5
LX4818 AR8789 700 66283- 2,).0 24.1
LX5123 AR0016 404 35669 ",.7 34.2
LX5125 AR0016 720 60421 24.5 22.3
LX5128 AR0016 406 20350 18.7 30.7

LX5129 AR0016 725 66334 24.6 22.6
LX5132 AR8858 408 19313 18.8 30.6
LX5138 ARNR16 414 20482 19.0 30.6
LX5141 ARNR16 731 59887 24.9 22.3

LX5144 AR8858 732 61773 24.9 22.6
LXSI51 ARNR16 411 22789 18.9 31.9
LX5152 ARNR16 414 20193 18.9 30.6
LX5160 AR0016 724 74318 24.6 23.2
LX5161 AR0016 733 62816 25.0 22.8

LX5162 AR016 734 58484 25.1 22.3

TESTS 24 24 24 24

MAXIMUM VALUE 985 123212 28.4 34.2
MINIMUM VALUE 404 19313 18.7 20.4

MEAN VALUE 651 59124 23.1 25.1
1 STD DEV 176 30600 3.0 4.0

COEFF VAR 27% 52% 13% 16%
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TABLE C15. Dataset B: Initial Head Angular and Linear Position for NFCD Runs.

TEST ID PHA PHB PHC DAX DAY DAZ

LX4783 AR660B -.150 .705 -.035 -1.155 -.007 .270
LX4784 AR660B -.062 .515 .293 -1.167 .018 .290
LX4785 AR660B -.204 .603 .074 -1.156 .024 .274
LX4786 AR660B -.143 .657 -.024 -1.151 .006 .262
LX4788 ARNR16 -.287 .850 .304 -1.151 .013 .283
LX4789 ARNRI6 -.525 .846 .800 -1.148 .033 .276
LX4795 ARNR21 -.775 1.074 .918 -1.132 .035 .252
LX4806 ARNRII -.215 1.212 .097 -1.128 .028 .308
LX4808 AR8739 .467 .429 -.461 -1.131 -.033 .283
LX4812 AR8696 .111 .364 -.411 -1.117 .014 .296
LX4818 AR8789 .295 .526 -.637 -1.109 -.032 .301
LX5123 AR0016 .189 .214 .305 -1.158 -.015 .317
LX5125 AR0016 .062 .543 -.075 -1.156 -.031 ,318
LX5128 AR0016 .090 .336 .318 -1.151 .005 .315
LX5129 AR0016 -.155 .632 .138 -1.142 -.009 .294

LX5132 AR8858 -.031 .277 .405 -1.160 .004 ,332

LX5138 ARNR16 .098 .336 -.476 -1.154 -.004 .309
LX5141 ARNR16 .040 .596 -.149 -1.150 -.012 .305
LX5144 AR8858 .038 .358 -.025 -1.161 .002 .340

LX5151 ARNR16 -.031 .218 -.490 -1.155 -.007 .313
LX5152 ARNR6 -.052 .225 -.455 -1.155 -.008 .316
LX5160 AR0016 .013 .481 .065 -1.150 .001 .294
LX5161 AR0016 -.108 .505 .070 -1.141 -.011 .291

LX5162 AR0016 -.184 .510 .068 -1.144 -.003 .296

TESTS 24 24 24 24 24 24
MAXIMUM VALUE .467 1.212 .918 -1.109 .035 .340
MINIMUM VALUE -.775 .214 -.637 -1.167 -.033 .252
MEAN VALUE -.063 .542 .026 -1.147 .000 .297
1 STD DEV .251 .258 .392 .014 .019 .022

COEFF VAR 1% 7%
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TABLE C16. Dataset B: Table of Peak Values for Key Head Kinematic Variables,
Anesthetic State and Run Planarity.

TEST ID -A/U ["PLANAR QHB RIHB AAX AAZ AXZ

LX4783 AR660B U Yes -6386 -53 -355 1416
LX4784 AR660B U -7233 -46 -1773 -651 1774
LX4785 AR660B U -8717 -46 -584 -1100
LX4786 AR660B U Yes -12218 -58 -2405 2411

LX4788 ARNR16 U -9575 -66 -1226 -354 1226
LX4789 ARNR16 U -11520 -74 -1588 -369 1599
LX4795 ARNR21 U -19293 -103 -2314 -347 2403
LX4806 ARNRI1 U Yes -11085 -68 -2167 -106 2216
LX4808 AR8739 U -3162 -9 -1514 -159 1525
LX4812 AR8696 U -8121 -37 -2544 -619 2546
LX4818 AR8789 U -7515 -34 -2088 -454 2091
LX5123 AR0016 U -3352 -19 -1194 -376 1201
LX5125 AR0016 U Yes -8231 -48 -1844 -553 1850
LX5128 AR0016 U -2456 -15 -1016 -276 1018

LX5129 AROO16 A Yes -7004 -48 -1813 -416 1813
LX5132 AR8858 U -2650 -16 -1312 -396 1320
LX5138 ARNR16 U -1901 -13 -1010 -193 1010
LX5141 ARNR16 U Yes -6996 -46 -1827 -507 1828
LX5144 AR8858 U Yes -4824 -33 -2152 -722 2155

LX5151 ARNR16 A -1674 -11 -949- -243 955

LX5152 ARNR16 A -1903 -12 -950 -238 953
LX5160 AR0016 A Yes -5388 -36 -1679 -505 1679
LX5161 AROO16 A Yes -6225 -33 -1660 -529 1677

LX5162 AR0016 A Yes -7049 -35 -1730 -514 1738

TESTS 24 24 23- 23 23
MAXIMUM VALUE -1674 -9 -584 -106 2546
MINIMUM'VALUE -19293 -103 -2544- 1100 953
MEAN VALUE -6853 -40 -1623 -434 1670

1 STD DEV 4085 23 5261 215 485

COEFF VAR 60% 58% 32% 50% 29%
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TABLE C17. Dataset B: Regression Results.
Table of Regression Coefficients

CONSTANT PSA PHB PHB2

QHB 1,233.0 -14.00 14,990.0 22,236.00
RHB -2.5 -0.05 65.0 132.0
AAX -136.0 -3.0 1,120.0 -494.0
AAZ 114.0 -0.76 -557.0 737.0
AAR 139.0 3.00 -1054.0 507.0

Significance of Regression

F T LEVEL
RUNS R2  LEVEL SE PSA PHB PHB2

QHB 22 0.930 0.999 15% 0.999 0.944 0.997RHB 22 0.920 0.999 16% 0.999 0.808 0.994

AAX 22 0.890 0.999 10% 0.999 0.855 0.673
AAZ 22 0.650 0.999 26% 0.999 0.809 0.983AAR 22 0.900 0.999 10% 0.999 0.872 0.726

Number of runs: 24
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TABLE C18. Dataset B: Table of Observed and Predicted Head Angular Accelera-
tions (QHB) and 95% Confidence Intervals.

OBSERVED PREDICTED 95% CONFIDENCE INTERVAL
TEST QHB QHB LEFT RIGHT [LENGTH

LX4783 -6386.0 -6828.0 -8913.8 -4742.3 4171.5
LX4784 -7233.0 -5464.2 -7456.7 -3471.7 3985.0
LX4785 -8717.0 -8421.9 -10390.5 -6453.4 3937.1
LX4786 -12220.0 -11350.0 -13470.3 -9229.6 4240.7
LX4788 -9575.0 -9628.5 -11900.6 -7356.3 4544.3
LX4789 -11520.0 -11538.8 -13800.7 -9276.9 4523.8

LX4808 -3162.0 -3851.8 -5853.6 -1850.1 4003.5
LX4812 -8122.0 -7785.4 -9958.3 -5612.6 4345.7

LX4818 -7515.0 -6589.4 -8552.4 -4626.4 3926.0
LX5123 -3288.0 -2088.3 -4195.6 19.0 4214.6
LX5125 -8231.0 -7007.8 -8970.4 -5045.1 3925.3

LX5128 -1858.0 -1784.8 -3829.6 260.0 4089.6
LX5129 -7004.0 -8046.3 -10011.9 -6080.6 3931.3
LX5132 -2053.0- -1889.3 -3904.2 125.7 4029.8
LX5138 -1901.0 -1887.3 -3923.9 149.3 4073.2
LX5141 -6996.0 -7691.4 -9655.0 -5727.8 3927.1
LX5144 -4748.0 -6231.6 -8258.5 -4204.7 4053.8
LX5151 -1674.0 -2162.9 -4260.6 -65.3 4195.3

LX5152 -1903.0 -2163.4 -4243.8 -83.1 4160.7
LX5160 -5388.0 -6568.8 -8531.1 -4606.5 3924.5
LX5161 -6225.0 -6866.5 -8829.6 -4903.3 3926.3
LX5162 -7049.0 -6921.7 -8885.1 -4958.3 3926.8

TESTS 22 22 22 22 22

MAXIMUM -1674.0 -1784.8 -3829.6 260.6 4544.3
MINIMUM -12222.0 -11538.8 -13800.7 -9276.9 3924.5

MEAN -6034.9 -6034.9 -8081.6 -3988.2 4093.4
STD DEV 3149.3 3037.8 3063.8 3014.5 189.5

COEFF VAR 52% 50% 38% 76% 5%

C-24



A Stahstcal Analysis of-X Rhesus Head Kinematics

NUMBER OF CASES = 22

0

-5000-
w
>
Iii

VI)

0 -10000

-15000.

-12000 -8000 -4000 0

PREDICTED

Figure C-6. Dataset B: Observed vs. Predicted Plot for Head Angular Acceleration about
Y-Axis (QHB).
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TABLE C19. DATASET B: Table of Observed and Predicted Head Angular
Velocities (RHB) and 95% Confidence Intervals.

OBSERVED PREDICTED 95% CONFIDENCE INTERVAL
TEST RHB RHB LEFT RIGHT LENGTH

LX4783 -53.0 -48.1 -61.7 -34.5 27.2
LX4784 -46.0 -33.1 -46.2 -20.1 26.'0

LX4785 -46.0 -47.5 -60.4 -34.7 25.7
LX4786 -58.0 -60.6 -74.4 -46.7 27.7

LX4788 -66.0 -68.2 -83.1 -53.4 29.7

LX4789 -74.0 -74.4 -89.2 -59.6 29.5
LX4808 -9.0 -24.3 -37.4 -11.2 26.1

LX4812 -37.0 -35.7 -49.9 -21.5 28.4

LX4818 -33.0 -37.5 -50.3 -24.7 25.6
LX5123 -19.0 -13.5 -27.2 .3 27.5
LX5125 -48.0 -39.7 -52.5 -26.9 25.6
LX5128 -15.0 -14.6 -27.9 -1.2 26.7
LX5129 -48.0 -47.8 -60.6 -35.0 25.7
LX5132 -16.0 -13.7 -26.8 -.5 26.3
LX5138 -13.0 -14.9 -28.2 -1.6 26.6

LX5141 -46.0 -44.6 -57.5 -31.8 25.6
LX5144 -33.0 -30.2 -43.5 -17.0 26.5
LX5151 -11.0 -13.8 -27.5 -1 27.4

LX5152 -12.0 -13.9 -27.4 -.3 27.2
LX5160 -36.0 -35.5 -48.3 -22.7 25.6
LX5161 -33.0 -37.5 -50.3 -24.7 25.6

LX5162 -35.0 -37.9 50.7 -25.1 25.6

TESTS 22 22 22 22 22

MAXIMUM -9.0 -13.5 -26.0 0.3 29.7

MINIMUM -74.0 -74.4 -89.2 -59.6 25.6
MEAN -35.8 -35.8 -49.1 -22.4 26.7

STD DEV 18.7 17.9 18.1 17.7 1.2

COEFF VAR 52% 50% 37% 79% 4%
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Figure C-7. DATASET B: Observed vs. Predicted Plot for Head Angular Velocity About
the Y-axis for NFCD.
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TABLE C20. Dataset B: Table of Observed and Predicted X Component of Head
Linear Acceleration (AAX) and 95% Confidence Intervals.

OBSERVED PREDICTED 95% CONFIDENCE INTERVAL
TEST AAX AAX LEFT RIGHT_ LENGTH

LX4784 -1773.0 -1574.4 -1949.8 -1198.9 751.0
LX4786 -2405.0 -2447.1 -2 43.4 -2050.8 792.6
LX4788 -1226.0 -1205.4 -1628.4 -782.4 846.0
LX4789 -1588.0 -1649.0 -2041.6 -1256.5 785.1
LX4795 -2314.0 -2472.0 -2890.5 -2053.4 837.1
LX4806 -2167.0 -2031.5 -2495.7 -1567.2 928.6
LX4808 -1514.0 -1387.4 -1761.9 -1013.0 748.9
LX4812 -2544.0 -2342.1 -2754.6 -1929.6 825.0
LX4818 -2088.0 -1793.8 -2167.9 -1419.7 748.2
LX5123 -1194.0 -1135.9 -1533.0 -738.8 794.2
LX5125 -1844.0 -1843.9 -2218.9 -1468.9 750.0
LX5128 -1016.0 -1040.5 -1425.0 -656.1 768.9
LX5129 -1813.0 -1809.1 -2188.1 -1430.1 758.1
LX5132 -1312.0 -1094.2 -1479.3 -709.0 770.3
LX5138 -1010.0 -1063.1 -1446.5 -679.8 766.7
LX5141 -1827.0 -1846.1 -2223.3 -1468.9 754.4
LX5144 -2152.0 -2003.7 -2391.6 -1615.9 775.7
LX5151 -949.0 -1153.7 -1549.5 -757.9 791.6
LX5152 -950.0 -1155.5 -1549.4 -761.7 787.7
LX5160 -1679.0 -1893.5 -2268.2 -1518.9 749.3
LX5161 -1660.0 -1905.9 -2281.0 -1530.9 750.0
LX5162 -1730.0 -1907.0 -2282.1 -1531.9 750.2

TESTS 22 22 22 22 22
MAXIMUM -949.0 -1040.5 -1425.0 -656.1 928.6
MINIMUM -2544.0 -2472.0 -2890.5 -2053.4 748.2
MEAN 1670.7 -1670.7 -2062.3 -1279.1 783.2

STD DEV 485.4 458.6 463.4 454.7 43.7
COEFF VAR 29% 27% 22% 36% 6%
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Figure C-8. Dataset B: -Observed vs.-Predicted Plot of X - Component of Head Linear
Acceleration (AAX).
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TABLE C21. Dataset B: Table of Observed and Predicted Z-Component of Head
Linear Acceleration (AAZ) and 95% Confidence Intervals.

OBSERVED PREDICTED 95% CONFIDENCE INTERVAL
TEST AAZ AAZ LEFT I RIGHT LENGTH

LX4783 -355.0 -335.7 -575.2 -96.2 479.0
LX4784 -651.0 -453.5 -678.4 -228.5 449.9
LX4788 -354.0 -247.0 -494.5 .5 495.0
LX4789 -369.0 -361.7 -594.5 -128.8 465.8
LX4795 -347.4 -384.3 -637.7 -130.9 506.8
LX4806 -106.0 -116.7 -395.9 162.6 558.5
LX4808 -159.0 -403.8 -628.1 -179.6 448.6
LX4812 -619.1 -635.0 -884.7 -385.3 499.4
LX4818 -453.8 -507.7 -733.3 -282.1 451.2
LX5123 -376.0 -278.9 -518.1 -39.7 478.4
LX5 25 -553.0 -519.2 -745.6 -292.7 452.8
LX5128 -276.0 -299.3 -530.1 -68.6 461.5
LX5129 -416.0 -495.5 -723.3 -267.7 455.5
LX5132 -396.0 -294.6 -526.6 -V2.6 464.0
LX5138 -193.0 -305.1 -535.2 -74.9 460.2
LX5141 -507.0 -512.5 -739.8 -285.2 454.6
LX5144 -722.0 -548.0 -782.3 -313.8 468.5
LX5151 -243.0 -285.2 -523.6 -46.9 476.7
LX5152 -238.0 -288.9 -526.1 -51.7 474.4
LX5160 -505.0 -534.8 -761.6 -308.0 453.6
LX5161 -529.0 -537.4 -764.4 -310.3 454.1
LX5162 -514.0 -537.5 -764.6 -310.4 454.2

TESTS 22 22 22 22 22
MAXIMUM -106.0 -116.7 -395.9 162.6 558.5
MINIMUM -722.0 -635.0 -884.7 -385.7 448.6

MEAN -403.7 -403.7 -639.3 -168.2 471.0
STD DEV 162.6 131.5 125.1 138.8 25.7

COEFF VAR 40% 33% 20% 83% 5%
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Figure C-9. Dataset B: Observed vs. Predicted Plot for Head Linear Acceleration (Z-
component) for NFCD.
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TABLE C22. Dataset B: Table of Observed and Predicted Resultant Head Linear
Acceleration (X-Z Plane) and 95% Confidence Intervals.

OBSERVED PREDICTED 95% CONFIDENCE INTERVAL
RUNID AAR AAR LEFT RIGHT LENGTH
LX4783 1416.0 1300.5 914.6 1686.4 771.8
LX4784 1774.0 1588.8 1226.8 1950.8 723.9
LX4786 2411.0 2460.1 2076.0 2844.1 768.1
LX4788 1226.0 1250.9 852.5 1649.3 796.8
LX4789 1599.0 1688.1 1313.0 2063.1 750.1
LX4795 2403.0 2520.1 2114.6 2925.6 810.9
LX4806 2216.0 2099.0 1649.1 2549.0 900.0
LX4808 1525.0 1398.5 1037.1 1759.9 722.8
LX4812 2546.0 2335.9 1939.9 2731.9 792.0
LX4818 2091.0 1806.0 1444.2 2167.8 723.6
LX5123 1201.0 1137.1 752.5 1521.8 769.3
LX5125 1850.0 1856.7 1493.9 2219.4 725.5
LX5128 1018.0 1050.4 679.3 1421.4 742.1
LX5129 1813.0 1828.9 1463.6 2194.2 730.6
LX5132 1320.0 1099.6 726.5 1472.7 746.3
LX5138 1010.0 1072.7 702.5 1442.8 740.3
LX5141 1828.0 1862.7 1498.4 2226.9 728.5
LX5144 2155.0 2001.8 1627.2 2376.4 749.2
LX5151 953.9 1154.9 771.5 1538.3 766.8
LX5152 952.6 1157.1 775.5 1538.6 763.1
LX5160 1679.0 1901.3 1538.2 2264.3 726.1
LX5161 1677.0 1915.2 1551.9 2278.4 726.6
LX5162 1738.0 1916.6 1553.2 2279.9 726.7

TESTS 23 23 23 23 23
MAXIMUM 2546.0 2520.1 2114.6 2925-6 900.0
MINIMUM 952.6 1050.4 679.3 1421.4 722.8

MEAN 1669.7 1669.7 1291.4 2048.0 756.6
STD DEV 485.1 459.5 55.3 464.6 40.6

COEFF VAR 29% 28% 35% 23% 5%
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Figure C-10 Dataset B: Observed vs. Predicted Plot of Resultant Head Linear
Acceleration (X-Z Plane).
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