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The purpose of this thesis work was to attempt to develop a human model of

otolith-spinal function. To this ends, it was a desirable first step to examine whether

knownvestibulospinal synaptology as derived from animal experiments is present and

detectable in humans. Experiments were designed to examine the effects of static tilt,

a practical form of natural otolith stimulation, on myotatic and cutaneomuscular reflex

excitability of human lower limb motoneurons.

The first series of experiments, addressed the effects of natural otolith stimulation

on connections to amble extensor motoneurons from Deiters'nucleus (DN), the site

of second order neurons of the primary otolith afferents. By stimulating the posterior

tibial nerve with paired (S1-S2) shocks, both the monosynaptic pattern of excitability

of the soleus motoneuron pool and the H-reflex recovery curve was examined during

whole body tilts in the pitch axis. The outcome of this study revealed no dependence

between angle of tilt and the magnitude of the soleus H-reflex. However a highly

significant effect was observed between angle of tilt and the recovery of a test H-

reflex (H2) preceded by a conditioning H-reflex (Ht).These results support the view

that with surface EMG recordings, the soleus H-reflex method does not provide a

sensitive measure of the central effects of static tilt. With respect to the tilt-dependent

response (the conditioned H2 response), unfortunately little information is available as

to the neural elements involved (segmental or supraspinal).

These results were followed up with a second series of experiments designed to

test for a convergent effect in lower limb muscles of static tilt and the reflex action

of cutaneous nerve stimulation. The latency and magnitude of the reflex responses in

lower limb flexor and extensor muscles evoked by sural nerve stimulationwere examined

duringwhole body tilts in the pitch axis. Ahighly significant tilt-dependent modulation

of the magnitude of the cutaneomuscular reflex response for; the contralateral tibialis
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anterior (coTA), ipsilateral hamstrings (iH), and ipsilateral quadriceps (iQ) was demon-

strated. It was concluded that astep toward an identification of the spinal neural

elements involved in the central effects of static tilt has been made.
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INTRODUCTION

The vestibular sense organs provide the central nervous systemwith information

about the position and motion of the head in space. Although we are not normally

aware of this dimension of our sensory experience, disorders of the vestibular system

result not only in a significant functional impairment of balance and oculomotor control

but also distressing sensations that all too quickly infringe on our consciousness.

In contrast to the semicircular canals, human otolith organ function is much

more difficult to assess. This is probably due to the fact that activation of semicircular

canals evokes reflex responses in extraocular eye muscles which are easily produced

and recorded.In the case of human otolith end organs it is safe to say that few, if

any, feasible test of function with the appropriate selectivity are available today.

Substantial linear acceleration stimuli or off-vertical axis rotations are required to

generate otolith mediated eye movements. However,in humans, these types of stimuli

are difficult to produce and control. Static tilt with respect to the gravity vector, a

powerful stimulus to the otolith organs, provokes small and inconsistent eye movements.

Tests that measure, in humans, the ability to maintain balance have in general failed

to yield information of physiological significance about otolith organ function in postural

control. An otolith mediated reflex in lower limb muscle has been reported to occur in

humans during vertical linear acceleration, but again, this does not make for a practical

clinical test.

The objective of this thesis work was to obtain evidence for a physiological

tinkage between otolith end organs and human lower limb musculature and to characterize

the pathway(s) mediating it. In this regard, it was a desirable first step to examine

whether knownvestibulospinal synaptology as derived from animal experiments is

1
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present and detectable in humans. Only thenwill it be possible to: L) establish a

sensitive and feasible test of human otolith function; 2) investigate when and how

activity originating in otolith receptors is normally used during postural control; 3)

examine the process of vestibular compensation in people with selective vestibular

disorders. To this ends the approach taken in this work was to examine the effects of

natural otolith stimulation on the modulation of myotatic and cutaneomuscular reflex

excitabiliw in the lower limb musculature.

2



2.1- INTRODUCTION

This literature review will provide a concise overview of the relevant morphological

aspects of the vestibular apparatus in particular the otolith end organs. Next an

examination of the transduction process and physiological responses of vestibular

primary afferents will be presented, focusing on linear acceleration stimuli. A detailed

description of the vestibulospinal systemwill follow. In this regard, the effects of

vestibulospinal signals on spinal reflex arcs, and muscle activity will be discussed.

A more detailed anatomical descrþtion and physiological analysis of the vestibular

system can be found in reviews 266,58,70,241., L39, t49,269,273,274,231', and

207.

CHAPTER 2

LITERATURE REVIEW

2.2 - MORPHOLOGY OF THE VESTIBUIAR APPARATUS

The fully formed inner ear has a complex geometry arising from the infolding,

twisting, and fusion of the walls of the otic vesicle. The otic vesicle is derived from

the otic placode - the first rudiments of the membranous labyrinth. The membranous

labyrinth is a closed space of interconnecting ducts and sacs that comprise the vestibular

and auditory peripheral organs. This space contains its own fluid - the endolymph.

The walls of the membranous labyrinth are composed of two layers; an inner epithelial

layer of ectodermal origin, and an outer mesenchymal layer. The inner layer consists

3
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mainly of a single layer of squamous epithelial cells.In specialized regions the epithelium

is considerably more differentiated. This differentiated epithelium constitutes the

sensory hair cells. This is true for the organ of Corti, the maculae utriculi, the maculae

sacculi, and the cristae ampullares.

The membranous labyrinth lies enclosed in the bony labyrinth which consists of

a series of cavities in the petrous temporal bone. The membranous labyrinth is generally

separated from the bony labyrinth by a perilymphatic space. This space holds its own

fluid - perilymph.

The gross anatomical features and location of the internal labyrinthine system,

which contains auditory and vestibular components are illustrated in Fig. 1. The ves-

tibular tabyrinth consists of two principle sets of structures: 1) a pair of sac like

swellings - the otolith organs; and?) three semicircular ducts - the semicircular

canals.

There are two otolith organs, the utricle and the saccule. Each contains a specia-

lized receptor region called the macula. The utricular macula lies on the floor of the

utricle sac which has a horizontal orientation with the head tilted forward 20 to 30

degrees from the normal upright anatomical position. The saccular macula lies on the

medial wall of the saccular sac and is orientated in a vertical plane, approximately

orthogonal to the plane of the utricular macula.

The three almost orthogonal semicircular canals are the most prominent structures

of the vestibular labyrinth and are termed the horizontal (lateral), anterior vertical

(superior), and posterior vertical (inferior) canals. All three canals arise out of the

utricular sac which provides endolymph fluid continuity. The ampulla, which is the

receptor region of the individual canals, is a small enlargement of the duct where it

joins the utricle. The structure and components of the ampulla are illustrated in Fig.

2. A thickened zone of epithetium producing a ridge like structure contains the hair

4
























































































































































































































































































