Optic Flow in Postural Control

Subjects: Neurosciences

Contributor: Alessandro Piras

Optic flow stimuli are crucial for the control of stance in the upright position. The visual control of posture has recently
received a lot of interest from several researchers. One of the most intriguing aspects is the contribution of the different
parts of the visual field in the control of stance.
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| 1. Introduction

Different optic flow patterns provide important information about self-motion . In 1950, James J. Gibson introduced the

concept of “optic flow” to describe the visual stimulation provided to an observer who moves through the extra-personal
space 23],

Within the cortical network, the optic flow input is integrated with other somato-sensory signals to guide locomotion and to
maintain correct posture . The somatosensory input originates from the proprioceptive signals of muscles and joints,
whereas the vestibular input originates from the linear and rotational acceleration of the head relative to the body 2. Optic
flow is a complex visual array with specific spatial and temporal characteristics, like geometric structure, amplitude, speed,
frequency, and location in the visual field (such as the foveal or peripheral regions). All these features can influence
evoked postural responses BIZIBIBILOILLIZNSA4]S] The physiological mechanisms within the neural network integrate
optic flow and other somato-sensory signals to generate a typical body oscillation, which has been called “body sway”.
Indeed, several studies have shown that visual stimulation evokes body sway REIL7IL8IASI2021] These small postural
oscillations reflect the regulatory activity of several control loops responsible for the control of posture 41221,

It is known that in somato-sensory integration, the optic flow visual stimuli play a fundamental role in the maintenance of
quiet stance in the upright position LY. Changes in the visual input, such as passing from a dark to light environment, or
directional changes such as from a forward to backward locomotion, require an updating of the sensory integration in
order to provide the motor cortex with precise and consistent information about both the extra-personal space and the
internal state BIAR2I23] Thys, a motor action consists of many interconnected contributing factors 241,

| 2. Optic Flow

The optic flow visual signal is created by the relative motion between an observer who moves through the environment
and the environmental structures 2. The extra-personal space consists of objects bounded by surfaces and visual
perception is possible because light is reflected by such surfaces. In most cases, light is not reflected uniformly. Instead, it
originates from a densely structured optical array at the point of observation. The optical array can be thought of as a
bundle of narrow light cones, with their apices at the observation point 24, Each cone has, as its basis, an element of
distinct environmental texture and is therefore optically differentiable from its neighbors in terms of the intensity and the
spectral composition of the light it contains. In each observation point there is a unique optical array. As a result, when the
head or the eye moves relative to the environment, the optical array to the eye changes continuously over time, giving rise
to an optical flow field.

Gibson showed that when an observer moves through the environment, the visual motion in the optical array expands
radially from a single point, known as the “focus of expansion” (FOE), which has an important role in heading perception.
The FOE is the point in the distance where the optic flow originates, thus in the FOE there is no flow. When an observer
moves through the environment while fixating on his/her final destination, the visual perception of self-motion is mainly
due to the FOE of the optic flow field. However, in daily life, self-motion perception requires the combination of different
brain functions, given that eye and head movements change the FOE position with respect to the fovea.



The information provided by the optic flow input is necessary to encode the heading direction, spatial orientation and self-
motion perception in the three-dimensional space 23, Optic flow becomes absolutely important for the control of posture
and locomotion, and for the selection of the appropriate motor actions 18I171[24126] - Eyery transformation of the retinal
input provides the observer with an experience of a movement. In the laboratory experimental condition, we usually have
an immobile observer who views the optic flow stimuli projected on a screen. Thus, an expanding optic flow simulates a
condition in which the observer moves forward, whereas a contracting optic flow simulates a condition in which the
observer moves backward [ZZ128129)[30][31][32][33][34][35] The processing of the perception of a movement is different in the
retina, the brain or in the consciousness, because vision is a sensory-dependent variable of experience 2.

| 3. The Important Role of Optic Flow in Postural Control

In the last decade, the role of optic flow in the control of posture has received more and more interest from the scientific
community and the research on many aspects has been advancing. Many factors have to be considered in the generation
of the experimental paradigm, including the dimension of the stimulated visual field, the type of optic flow stimuli used (i.e.,
moving dots, moving stripes), and the duration of the stimulation.

This review focuses on an important aspect to take into account: the dimension of the stimulated visual field. The choice
of the exact portion of the retina to be stimulated is crucial given that the stimulation of the different central and the
peripheral parts of the retina leads to the activation of different geniculo-cortical pathways, which prompts different cortical
processing of information, and thus results in a differential activation of motor pathways.

Until now, several studies have been aimed at uncovering the functional roles of the peripheral and central visual fields in
postural control, leading to different conclusions. Many authors have already pointed out that such differences and the
controversial results are likely to have arisen from the different experimental protocols and approaches.

According to the retinal distribution of cone and rod photoreceptors, the definition of central vision ranges between 2° and
4° of the visual field 28], In the retina, the density of the cone photoreceptors decreases as the distance from the fovea
increases 728l However, considering that projections from the retina to the cortical area are responsible for processing
central vision, the central visual field has been defined as the 7° surrounding the fovea, thus including the foveal,
parafoveal and perifoveal regions 2.

Besides the different definitions of the central and peripheral visual fields, the visual stimuli and the methodologies also
differed across studies. In some studies, the stimuli were formed by random dot patterns, whereas in other studies, the
stimuli were formed by vertical moving bars. In the majority of the studies, the stimuli were projected on a screen placed in
front of the participants, whereas in other studies, the stimuli either originated from a side of the visual field or from placing
subjects in a room with moving walls. The following chapters specify the protocols and definitions adopted by each study
reported in this review, trying to explain how the different protocols conditioned the results.

| 4. Visual Pathways

Uncovering the role of optic flow in postural control, and more specifically, elucidating the functional differences between
the central and peripheral visual fields, is challenging due to the complex anatomo-physiological organization of the
mammalian retina. Anatomical studies showed that each retinal area projects to different cortical pathways. It is thought
that the primate retina contains more than 20 types of ganglion cells, most of which are unstudied. Dannis Dacey reported
that there are three main types of ganglion cells projecting to the lateral geniculate nucleus: the parasol, the midget and
the small bistratified cells 2. As reported by Dacey in 1994, the relative densities of the three types of ganglion cells vary
in eccentricity. In the fovea, the midget cells represent about 90% of the total ganglion cells, the parasol cells about 5%
and small bistratified cells about 1%. On the contrary, the peripheral retina is formed for the major part by the midget cells,
which are the 45-50% of the total ganglion cells, the parasol cells are about 20% and the small bistratified cells are about
10%. Thus, from the peripheral to the central retina, the number of midget ganglion cells progressively increases relative
to the parasol and the small bistratified types “%. The parasol cells project to the geniculate magnocellular layers while the
midget and the bistratified cells project to the geniculate parvocellular layers.

In the lateral geniculate nucleus, the parvocellular and magnocellular layers originate from two different pathways, namely
the ventral and dorsal visual streams, respectively. The ventral stream, which mostly originates from the fovea, processes
information related to the color and shape of objects; it is also called the “what” pathway. On the other hand, the dorsal
stream, which mostly originates from the peripheral regions of the retina, processes information related to self-motion
perception, depth, and spatial orientation; it is also called the “where” pathway 211421143][44]



Dearing and Harris already reported that the view that the peripheral visual field is crucial in generating vection has been

challenged #2. A reasonable behavioral explanation for the periphery being more important in perceptual orientation

arises from the observation that the peripheral visual field is not usually occluded by objects of interest. In addition, salient

features that are relevant for motion perception, like walls or floors, are more visible in this region.

It thus becomes clear that a precise anatomical distinction between the foveal (or central) and peripheral retinal fields is

necessary for developing an appropriate experimental protocol to study the contribution of optic flow in postural control.

Even the inclusion of a few degrees of visual angle in either the peripheral or central visual fields could change the results

and lead to contradictory findings.
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