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INTRODUCTION RESULTS
Several groups have reported nonlinear behavior of the I e o
head-neck complex [Keshner, Mergner, Viviani, Gresty, HEALTHY SUBJECTS Experiment/ ] '
Fard]. Recent results demonstrating time-varying spectral “ ) ) | |
characteristics in head stabilization during external S - ] Figure 3 . Head L JEREEE i
perturbations [Gurses et al. 2005] suggest that oo e | | angular position 1 ) g = i
nonlinearity in system behavior Is due to shifts between | | (pitch) and velocity o - o ; A B
control mechanisms. : 1t | data from a typical e T — ' - .
THE GOAL OF THIS STUDY  |%, # | subject. A) 081 Hz | o ;
o J © 1 and 15 mm peak § .
Does the presence or absence of vision alter | amplitude B) 2.25 Hz | i+ ) A d ]
nonlinear behavior of the stabilizing system | & " i+ o 25 mm. o | | R
with an intact or impaired CNS ~ ? e e NI B e S s
C— ead angular position [deg
Table 1 . Mean D, values of 12 healthy subjects (V)
15 mm 25 mm Figure 6. Mean values for HAD and HAV for healthy subjects
|\/| ETHODS 0.81 Hz 1.76 Hz 2.25 Hz 0.81 Hz 1.76 Hz 2.25 H (Left). Phase plane representation of head dynamics for a
Ri___Ril___ Ry IR RT__Ril___Ri___IRd typical subjectéds response ( Rl
AA linear sled (Fig. 1) delivered sinusoidal anterior-posterior 3806 |48412 34203 WTH05 [3502 37804 4604 34202 W4TH8 [3.7303

translations (experiment I : 0.81, 1.76 and 2.25 Hz for £ 15 and 25

. *1.7 2.25H ignificantly higher at R -1 (p<.
mm; experiment 1l : 0.6, 0.81 and 1.11 Hz for £ 114 and 156 mm) 6 and 2.25 Hz were significantly higher a (p<.0000)
**1.76 Hz was significantly lower at R -1l compared (p<.0152)

A 12 healthy subjects (Experiment | ) and 10 healthy young Table 2 . Mean D, values of 3 healthy subjects (Experiment II)

adults, 4 cerebellar deficit patients, and 6 Bilateral Vestibular Loss Visual
(BVL) patients (Experiment Il ) were seated with the trunk fixed S8t 15 et ts b te 114 mm 156 mm
to the seat ° | | = 4 0 L L L 0 L L L L 0.6 Hz 0.81 Hz 1.11 Hz 0.6 Hz 0.81Hz 1.11 Hz
. . — . . 3.620.1 3.6%0.1 3.7%0.1 3.740.1 3.840.3 3.540.4

AHead of the subject was aligned initially using the head-fixed
laser K 5 15 Eyes Closed

< c < 114 mm 156 mm
AEyes were closed EC) or a head-fixed laser was aligned with an : £ £ 0.6 Hz 0.81 Hz 1.11 Hz 0.6 Hz 0.81 Hz 1.11 Hz
earth-fixed horizontal line (V) i il ce e l e like 3.630.1 3.430.1 3.630.2 3.840.2 3.740.2 3.730.5
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AMeasured head angular displacement (HAD) and head angular R C T .2 o T
velocity (HAV) Figure 4 . A typical two-slope (knee-like) behavior observed at

higher frequencies. ° R ° T ° S

AANOVA performed for condition (EC vs V) and frequency
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0.81 Hz: Subjects did not present a knee-like behavior

regardless of perturbation amplitude [The two dynamics with Lo 10¢ 01
Screen Bite bar, Angular velocity sensor, and two different orders are correlated when the response .
Laser beam projector amplitudes are small but uncorrelated when response ) - +
amplitudes are large; Eckmann and Ruelle] ’ ’ °
| aser line Infra -red markers\.&@ .
nira - or or ok
Infra -red marker " red 1.76 and 2.25 Hz : Knee-like behavior was present at. - - -
Trunk Strap marker Perturbation amplitudes were no different ; perturbation N =" 21®
frequencies were significantly different (p<.0000). 10
Infra - ” ! ? In = |
o4” red / - / . . : :
rootrest marker Experiment /I Healthy subjects Figure 7 . A typical one-slope behavior observed at lower frequencies
| | l A Vision significantly attenuated HAD and HAV(p<0.000, p<0.02, at healthy subjects
Moving platform respectively)
_ o _ _ ABoth HAD and HAVsignificantly differed with perturbation , . ) , ]
Figure 1 . Position of the subject on the linear sled frequency (p<0.00 0) Direction for further investigation
AAt 1.11 Hz, system behavior became more periodic regardless of . _ twosslope behavior

A product dynamical system Ix |l may exist
such that DI and DIl are two non -interacting
. sub-systems with two different degrees of
freedom (or order) with respecttor <r _ical
and r > r .., Fespectively. Further, DI may

' have a time dependency on DIl [Eckmann,
Ruelle].

visual condition

, N,ONL”,\IEAR AN,ALYSES AHAV was similar for EC and Vat 1.11 Hz but significantly
Correlation dimension (D,) estimates the order of the different for EC and V at 0.6 and 0.81 Hz 5

aynamics. Poincare jseCtlans_and Ly a'_O Urnov exponents AHAD significantly differed across EC and Vat both 0.81 and
quantify chaotic behavior 111 Hz 10

In C(r)

None of the three subjects analyzed, presented a knee-like
A 5 behavior (Fig. 7, Table 2 ). 15

Nevertheless, existence of Ix Il is frequency dependent and may be
Responses with bilateral vestibular /0ss pointing the interaction between visual and/or vestibular -system mechanics

' trol acti the head.
(BVL) and Cerebellar disorders control actions on the hea

There was a significant group by frequency interaction for HAD and

HAV (p < 0.002 and p < 0.000 , respectively) DISCUSSION
cio o sinusoidall driven inverted pendulum is ACerebellar pa“e”tj_ had signficantly higher HAD and HAV at ANonlinear head dynamics demonstrates oneslope behavior below
a I?near s stem which ch never be Chaopt)ic where (o e actosseoncions 1 Hz, but a two-slope behavior after 1 Hz.
ystem v | | AHAD and HAV inBVL patients were not different from healthy AWNhen eyes closed the order of dynamics below 1 Hz did not

the correlation dimension, D, is 1 (one-slope subjects at all frequencies and conditions (Fig. 5) change

behavior). C(r) Is the correlation integral and r Is the L - . .

tolerance) dis(t;nce J AVision had a stabilizing effect below 1.11 Hz in healthy subjects

| V.  EC 0.6Hz V. EC 06 ABVL patients presented similar kinematic measures as healthy
| | Ho . . . e .
An attractor can be a point, a curve, a manifold, or even a s_ubjects_ but cerebellar patients differed significantly in head
complicated set with a fractal structure. _ — kinematic measures
. . . . 2 D ANon-linear behavior of the head-neck system was altered by the
For example, the dimension of a stable fixed point has a zero =) Vv EC  0.81Hz > Vv EC 081 5 £ visi th tact CNS. but not with
measure, a stable periodic oscillation (limit cycle ) has a <DE ﬁ Hz presgnce Or absence ot vision V\_” an intac , but not wi
dimension of one (D,=1), and a double periodic oscillation ( 2- T > Impaired sensory or motor function
torus ) has a dimension of two ( D, =2). 2 T
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