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Hypothetical role of gravity in Rapid Eye Movements during sleep
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A B S T R A C T

Dream periods during sleep have been observed in most mammals as early in history as antiquity.
Sleep researchers at the University of Chicago, discovered the phase of rapid eye movement (REM) during sleep and connected it to the dream period. During this

period, called the REM phase (after the American terminology), although the brain shows electrical activity, it is insensitive to external stimulations, including light,
sound, contact and, a little unexpectedly, gravity. However, since this discovery was mаde there has been no definitive explanation of the rapid eye movements Many
possible explanations have been offered, and yet, the causes and contributing factors of the REM sleep phase are inadequately understood.

It has often been proposed that the eyes observe the images produced during dreams, but researchers are not convinced.
It is proposed here that the movements of the eyes during REM sleep are due to a feeling of disorientation and a subjective loss of landmarks. During the REM sleep

phase, the brain has a reduced sensation of gravity, and the sleeper is in a state similar to weightlessness. The instinctive search for the vertical or horizontal direction
triggers movements of the eyes, looking for usual points of reference. This hypothesis is reinforced by an original experiment that was conducted in space. The
frequency of the eye movements of astronauts during their first night in space is 10 times more than what is experienced on the ground, and that moment in time is
when the feeling or the sensation of weightlessness is certainly the most disturbing. Upon the return to Earth, the frequency of the eye movements increases again the
first night after landing. These two moments are when the effects of gravity are felt most drastically.

The present assumption needs to be validated experimentally and may necessitate further research.

Introduction

Discovery of REM sleep

At the University of Chicago in 1952, Eugene Aserinsky and
Nathaniel Kleitman [1] discovered the phase of rapid eye movement
(REM) during sleep and connected this phase to the dream period.

At that time, brain waves could be measured via polysomnography,
which enabled the REM phase to be unequivocally identified.

As this is a universal feature of sleep among mammals, sleep sci-
entists have adopted the term “REM sleep”. Other names, such as
“paradoxical sleep” [2] or “active sleep” refer to the same phase but
take into account the activity of the brain and the fact that the brain
waves observed through electrodes during this phase are similar in
amplitude and frequency to the beta waves observed during wakeful-
ness and that all the muscles of the body show atonia, so the body is
inert. The REM phase is so characteristic that the rest of the sleep
duration is best defined negatively as non-REM (NREM) sleep.Dreams,
which are thoughts and mental images coming to the mind, have re-
tained most of the attention and the efforts of sleep scientists searching
for a reliable explanation to their origin and content.

Rapid eye movements are the authentic marks indicating the REM

period. REM sleep has been observed in many living species, but
mammals represent the class most studied . In mammals, REM sleep
occurs after an NREM sleep period when all sensations coming from the
outside world – light, sound, contact, odor, and taste – are drastically
reduced and when the brain and the nervous system, via relaxed
muscles, tend to decrease the control of gravity as well, though this had
not been established before [3].

Vigilance against a possible fall is reduced. This occurs when the
following conditions are met: a “preparatory” phase of NREM sleep and
feeling safe in a safe posture and position. REM sleep leads to an almost
complete paralysis and unconscious awareness of the outside world.

Potential explanations of the eye movements

The scanning hypothesis

One explanation for eye movements is based on the “scanning hy-
pothesis”. This suggests that the eyes are following visually what hap-
pens in dream, for instance, a game of tennis [4]. This dream is rarely
quoted in the list of the most frequent dreams, such as falling or flying
[5]. The scanning hypothesis has not yet been validated experimentally
[6,7].
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Wakefulness similarity

Another proposal suggests that the eyes are rearranging previously
seen images. Velocities of saccades were comparable to velocities of
open eyes during wakefulness. Thus, REM may be related to exploratory
saccadic behavior during wakefulness to remember visual stimuli [8].

Another comparison with eye movements during the awake period
has been proposed: “A candidate for this equivalence is attention. Body
signs indicating the state of attention can be observed and measured.
When the organism is solicited by stimulation, it turns itself towards the
source of it.” [9].

A very detailed study involving the implantation of electrodes in the
brain measured slow waves corresponding to the eye movements
during the imaging of visual scenes.

“The results suggest that REM during sleep rearranges discrete
epochs of visual-like processing as during wakefulness.
Nevertheless, given that the vast majority of awakenings from REM
sleep yield vivid dream recalls, it seems reasonable to assume that
REM episodes analyzed here were likewise associated with
dreaming.” [10]

The ‘environmental information’ hypothesis

The insidious role of gravity

Acceleration due to gravity has not changed much since the Earth
was formed billions of years ago. Gravity produces the force of attrac-
tion between matter and the Earth and gives weight to all things on
Earth.

Gravity plays a primordial role in the perception and control of the
orientation that is made in relation to the perception of the vertical.

Over the millennia, humans have evolved to stand perfectly verti-
cally, and in humans, the evolution of the brain has allowed eye
movements to be dissociated from movements of the body.
The vestibulo-ocular reflex is involved in the stabilization of eye
movements during the natural movement of the head as a person walks,
runs or is exposed to vibration. The vestibular system exercises control
over the eye muscles to stabilize the image of an object on the retina as
the head moves. A major activity of the brain of most vertebrates during
awake behavior is the processing of sensory information, pre-
ponderantly visual.

Movements of the eyes

It is proposed that during the REM sleep period, when the sensation
of weightlessness occurs, the instinctive search for the vertical or hor-
izontal direction triggers movements of the eyes, looking or searching
for usual points of reference. It is suggested that the eye movements are
due to a feeling of spatial disorientation and an effort to recognize what
is up, down, left and right.

A very original and important study that was conducted in space
confirms and consolidates this hypothesis [8].

The scientists analyzed the eye movement frequencies of an astro-
naut working and sleeping in space. This was the first experiment in
which the eye movement patterns during sleep were recorded in space,
namely, during the Spacelab-1 flight, which was conducted in 1983.
“To summarize, the number of high frequency eye movements (D) was
higher during the first night in-flight and during the first night after
landing. The numbers returned respectively to normal during the
second night.” (See Figs. 1 and 2.)

“The higher values of D during the first night in-flight and the first
night after landing indicate that the changes in gravity have a cu-
mulative organising.“
“The present results also provide evidence that the eye

movementsduring sleep cannot be regarded merely as an optical
system, but rather constitute an important extension of the brain
itself.”

Although weightlessness allows sleep in any position – even on the
ceiling – astronauts mostly tether themselves to sleeping bags to pre-
vent floating around and bumping into things as they sleep. However,
the vestibular system does not provide an indication on the position of
the body, hence the feeling of disorientation.

Discussion

The fact that fetuses [11] and blind people [12] show eye move-
ments means that a more universal cause than a visual cause is the
source of eye movements.

Blind people are submitted to gravity just as every human on Earth,
and their muscular system works during wakefulness and needs a
period for rest during REM sleep; they also experience a sensation of
weightlessness.

Fig. 1. Number of eye movements per 40 s of sleep at various times.

Fig. 2. Ratio of eye movements frequencies higher than 1 per second to those
lower than 1 per 2 second at various times.
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In the course of the development of the muscular system, which
essentially serves to build the future posture, the fetus may need long
periods of rest to relax their muscles during long REM sleep periods,
similar to the atonia of muscles in adults.

Another example from a completely different study [13] on lamb
fetuses, showed that those placed on a marble table ceased their eye
movements, as if they were stabilized.

“Delivery of the lamb from the warm saline bath onto a warm table,
with gentle restraint, arrested respiratory and rapid-eye-movements
for an hour; both returned a short time after the lamb was immersed
once more.”

The horizontal marble table may provide a reference that stops the
search for a landmark.

Herein, a possible explanation for the eye movements during REM
sleep has been proposed. This assumption needs to be validated by
other studies, just like any other new hypothesis, but it suggests strong
ties between gravity and eye movements.
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