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 In previous study, it is difficult to estimate the biological states such as postural ones and 
aetas in accordance with the previous analysis of electrogastrograms (EGGs), basically 
the frequency resolution of healthy individuals. In addition, few studies have compared 
gastric myoelectrical activity in supine and sitting posture. The aim of this study is to 
evaluate the severity of 3D sickness in daily life. The authors herein conduct nonlinear 
analysis of EGGs of the healthy young and give the feasibility to discriminate the postural 
differences. It is suggested that the EGGs acquired in the seated position have increased 
wavelength irregularity and attractor complexity than those acquired in the supine position. 
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1. Introduction 

There are a myriad of activities in our sitting posture, including 
paper work, light work and others, and fatigue accumulates if this 
position is maintained for long periods. People usually sleep and 
respite in a supine position. Likewise, sick people and those 
affected by 3D sickness take a break in the supine posture. 
Moreover, humans hardly get motion sickness while maintaining 
a supine position [1]. In contrast, a seated position can lead to 
experience both motion sickness, especially in moving ships, cars, 
and trains, and visually induced motion sickness (VIMS) that 
occurs while viewing stereoscopic movies. Still, few studies have 
made a comparison between gastrointestinal motilities in supine 
and those in seated posture to evaluate the severity of the VIMS. 

One of the most relevant theories for VIMS is the sensory 
conflict theory [2-4]. According to this theory, sensory mismatch 
between visual and vestibular signals would be induced in virtual 
space compared to the real world [5]. Moreover, close anatomical 
and electrophysiological relationships between the autonomic and 
vestibular nervous systems have been reported [6]. It has been 
known that there is interaction between vestibular and autonomic 
nervous systems in the physiological fields; the motion sickness  
might affect both systems because dizziness and hidropoiesis are 
induced by the reaction of the autonomic nervous system due to 
the excessive stimulus for the vestibular system. For instance, it 
has been reported that the level of histamine increased in the 

hypothalamus and brainstem in rats due to the rotation stimuli, 
which is possibly associated with vomiting during the motion 
sickness [7]. In addition, motion sickness seems to be induced by 
the contradiction among visual, vestibular, auditory, and 
proprioceptive inputs. These sensory informations can be 
compared with the previous experiences. The sensory informations 
are expected from the previous ones, however, they might be 
deviating from the previous experiences. According to the sensory 
conflict theory, the motion sickness would be occurred by this kind 
of the divergence. 

Physiological and psychological measurements are used to 
evaluate the influence of VIMS on the body. The latter method to 
evaluate VIMS is the simulator sickness questionnaire [8]. On the 
other hand, physiological evaluation of VIMS has been conducted 
using parameters such as the high- and low- frequency components 
of electrogastrography, skin resistance, blood pressure, heart rate 
volubility, sweat rate, number of blinks, and respiratory rate [9–
11]. 

A unique rhythm is associated with each variation of a 
physiological phenomenon. These include short repeated cycles, 
such as pulses, which are repeated in units of seconds, and long 
cycles, such as seasonal variations, which repeat in units of years. 
For instance, we can observe the circadian-dependent variability in 
the human blood pressure [12]. This is known as intra-day blood 
pressure fluctuation and can have an intra-day variation pattern 
characterized by high blood pressure in the daytime and decreased 
blood pressure at night [13]. Autonomous nerve activity 
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considerably affects this variability. Blood pressure increases or 
decreases depending on the variations in circulating blood volume 
and postural blood pressure reflex activity due to variations in 
posture. Heartrate and blood pressure intra-day variations are 
known to act as an evaluation index for autonomic nervous 
function. Additionally, the head-up tilt test is known as an 
autonomic nervous functional test associated with passive postural 
change [14]. Heart rate in healthy individuals increases, and the R 
-R interval estimated from the Electrocardiogram (ECG) decreases 
when using a tilt-table to switch from a supine to standing position 
[14]. Also, the same effects are reportedly observed when 
switching from a supine to seated position [15]. In these cases, the 
blood is accumulated in the lower extremities, however, 
vasoconstriction is automatically conducted to prevent from the 
hypostasis. The arterial baroreceptor is known as an sensory organ 
to detect the variations in blood pressure owing to the postural 
changes and other activities. This bio-signal reaches the brain stem 
vasomotor center (BSVC) through afferent pathways in the 
medium of vagus or glossopharyngeal nerve. The BSVC is 
activated with decline in the activity of the afferent pathways when 
the blood pressure decreases, and an effect is observed in 
excitability toward the sympathetic nerve; Noradrenaline is 
secreted from vascular wall sympathetic nerve endings, and 
adrenaline is, therefore, secreted from the adrenal medulla. Hence, 
the blood pressure can be maintained. As venous return decreases, 
the vagus nerve activity in the afferent pathway decreases through 
the low-pressure receptors in pulmonary veins and the atrium. As 
this information is received by the brain stem and reaches the 
hypothalamus, arginine vasopressin is secreted from the posterior 
pituitary, and an increased effect occurs in vasoconstriction and 
circulating plasma volume. Although cardiocirculatory research 
after postural changes is readily available, studies regarding the 
impact of posture changes on electrogastrograms are limited. 

Percutaneous electrogastrography allows to noninvasively 
examine gastric myoelectrical activity. Human gastric 
myoelectrical activity cannot be measured by any other 
conventional method such as computed tomography, gastro-
fiberscopes or magnetic resonance imaging. An electrogastrogram 
(EGG) is usually evaluated using Fourier analysis, running spectral 
analysis, and other spectrum analysis. However, the information 
retrieved by this analysis is limited, and EGGs are not as usual as 
electrocardiograms, electroencephalograms, and other biosignal 
measurements, thus compromising their development. 

In 1921, Walter Alvarez [16] recorded the first human EGG. 
EGGs are recorded by placing Ag-AgCl electrodes on the surface 
of the epigastrium. EGG records the electrical signals which travel 
through the stomach muscles and control the muscle contractions. 
Human gastric slow wave or pacesetter potential activity generated 
by the interstitial cells of Cajal (ICCs) occurs at a frequency of 3 
cycles per minute [17] [18], as shown in Figure 1. The ICCs are 
known as pacemaker cells that spontaneously depolarize and 
repolarize. The ICCs set the myoelectrical rhythmicity of the 
stomach and other areas of gastrointestinal tract. Recorded EGG 
signals that have noise with higher frequencies > 0.15 Hz must be 
filtered out [19]. These filters such as a low-pass filter, a band-pass 
filter eliminate most respiratory and cardiac rhythms in 
electromyogram. 

Many previous studies on electrogastrography have been 
conducted but have been mostly related to the clinical field [20]. 
For instance, hormone, drugs, and motion sickness effects on EGG 
have been evaluated. Likewise, EGG has been used to study the  

 
Figure 1: Traveling slow waves. The ICCs set the myoelectrical rhythmicity of the 

stomach and other areas of gastrointestinal tract. 

effects of warm compresses on both gastrointestinal activity [21] 
and the epigastric region for relieving constipation [22], and to 
characterize the intestinal activity in patients with chronic 
constipation [23]. However, studies on clinical applications mainly 
consider patients, and hence scarce research is available on the 
EGG dynamics of healthy subjects. 

More specifically, few studies have been focused on 
gastrointestinal motility in seated and supine positions to evaluate 
the severity of motion sickness. As it has been reported that three-
dimensional motion sickness is strongly elicited when viewing 
stereoscopic movies for prolonged periods, it is important to assess 
the safety while viewing such movies. Therefore, in this study the 
authors compared EGGs in seated and supine positions using the 
Wayland algorithm to evaluate motion sickness induced by 
stereoscopic movies. 

2. Material and Method 

The participants were 5 healthy females aged 19 to 24 years. 
The Ethical Committee of Graduate School of Natural Sciences, 
Nagoya City University approved the experiment. Prior to the 
experiment, each participant signed their informed consents. 

The design of experiment is Figure 2. This experiments was 
conducted, considering the order effect in the protocol. In 
Addition, postural change on experiment B is passive position 
change to remove the effect of muscle sympathetic nerve activity. 

The experimental room and chair condition is Table 1. The 
experimental condition is Table 2. Participants finished their meals 
120 mins beforehand. Therefore, the experiments were not 
affected by the presence of food. 

Electrodes of EGG pasted on abdominal surface using 2 
disposable Ag-AgCl electrodes as shown in Figure 3. Their 
abdominal surface of the pasting points was cleaned out with 
cotton moistened with ethanol and the skin abrasion (SkinPure, 
Nihon Kohden, Japan).   

Using A/D converter, the analog signals of their EGGs were 
A/D-converted to digital signals at 1 kHz. A low-pass filter 
of 0.15 Hz eliminated the activity in respiratory, cardiac 
rhythms, electromyogram, and the noise of electronic 
devices. In addition, resampling was performed every 1 Hz to 
remove the noise in the abovementioned measurement. 
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Figure 2: Experiments A and B 

Table 1: Experimental room and chair condition 

 
Table 2 Experimental condition and machines 

 

Every 300-second, we analyzed time series data of the EGG 
for a 1024-second time window to divide the data (Figure 4). In 
this study, the authors calculated the translation error (Etrans) using 
Wayland algorithm from EGG time series data in 1 to 10 
dimensional phase space [24-26]. 

3. Results 

EGGs in seated (experiment A) and supine (experiment B) 
positions of healthy women over 5 min after 70 min from the 
beginning of measurements are shown in Figures 5(a) and (b), 
respectively. The EGG in seated position (Figure 5(a)) shows a 
large amplitude and unstable fluctuations. In contrast, the EGG in 
supine position (Figure 5(b)) shows a regular pattern. Figures 6(a) 

and (b) show the two-dimensional attractors (τ = 3) generated from 
the EGGs in seated (Figure 5(a)) and supine (Figure 5(b)) 
positions, respectively. 

 
Figure 3: Electrodes position pasted on the surfece of body. 

 
Figure 4: Moving segment of EGG-data. 

 

 
Figure 5: Typical examples of EGG in (a) experiment A and in (b) experiment B. 

The EGG translation errors over a ten-dimensional embedding 
space in the seated position (excluding control) ranged from 0.27 
to 0.58, with average of 0.46 and standard deviation of 0.07. The 
similar EGG translation errors in the supine position ranged from 
0.23 to 0.52, with average of 0.40 and standard deviation of 0.08. 
The authors compared the translation errors estimated from the 
EGGs of experiment A with those of experiment B. Variations of 
z-scores of translation error (average ± standard error) were 

(a) 

(b) 
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estimated from the EGGs of the individuals in the ten-dimensional 
embedding space (Figure 7). The z-scores in the seated position 
(excluding control) ranged from –2.48 to 2.45, with average of 
0.07 and standard error of 0.42, and those in the supine position 
ranged from –1.63 to 3.18, with average of 0.04 and standard error 
of 0.42.  

 

 
Figure 6: Attractors of EGG in (a) experiment A (Figure 5(a)) and in (b) 

experiment B (Figure 5(b)). 

Then, the values of the translation errors estimated from the 
EGGs of experiments A and B were compared using the Wilcoxon 
signed-rank test. Significant differences were observed 50 and 55 
min after the end of the resting period with p < 0.05. The authors 
confirmed that translation errors in the ten-dimensional embedding 
space are sufficiently stable compared to those in embedding 
spaces with lower dimension. Figure 8 shows variations of the 
difference between the translation error estimated from the EGG 
at time t and that at onset time t0, except for the resting period in 
the ten-dimensional embedding space. The variations were 
calculated as DTE in the seated position (excluding control) ranged 
from –0.19 to 0.13, with average of –0.001 and standard error of 
0.035, and that in the supine position ranged from –0.13 to 0.086, 
with average of –0.011 and standard error of 0.021. 

4. Discussion 

To estimate the EGG dynamics, the authors analyzed EGG 
signals using the Wayland algorithm. The regularity and 
periodicity of the EGGs was considered the cause of the 
abovementioned results. As shown in Figures 7 and 8, significant 
differences in translation errors estimated from EGGs in seated 
and supine positions were determined after 50 and 55 min from 
the resting period. 

 
Figure 7: Z-scores of translation error (average ± standard error). 

 
Figure 8: Difference translation errors (average ± standard error). 

DTE(t) = Etrans(t) － Etrans(t0). 

Some studies have reported about the effect of postural change 
on the cardiocirculatory system after subjects changes from a 
supine to seated/standing postures, however, few does not have 
studied the effect of postural change on the autonomic nervous 
system, especially on the EGGs recorded over a prolonged period. 
Measuring bowel sounds, Kobayashi et al. tried to investigate the 
effect of the postural changes on the intestinal peristalsis [27]. 
Healthy middle-aged women voluntary participated in this study. 
Their bowel sounds were recorded during the right lateral 
recumbent following the supine for an hour. The results showed 
that intestinal peristalsis was significantly rose  30-75 min after the 
postural change whereas these results are questionable owing to 
the considerable differences prevalent among the participants [27]. 
In the other previous work, it has been reported that intestinal 
peristalsis would be temporarily suppressed if the intra-abdominal 
organ were affected by  sudden postural changes [28]. Recording 
the bowel sounds 30 min after the postural change to the supine is 
appropriate for stationary measurements [29]. These results 
suggest that the stomach or intestines become active by means of 
parasympathetic nerve activity acceleration after a determined 
amount of time has passed since resuming supine position. 

In general, EGGs are recorded in either a seated or supine 
position [30], and motion sickness is more often induced in the 
seated than in the supine position. In addition, the effect of postural 

(a) 

(b) (b) 
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change on the autonomic nervous system, especially in the 
digestive system, has been investigated in some studies, although 
with focus on the cardiovascular system [31][32]. In this study, the 
authors conducted a basic experiment to investigate the effect of 
postural change on the autonomic nervous system with focus on 
the digestive system.  

5. Conclusions 

Motion sickness and diseases are usually settled in a seated 
position. In fact, humans can hardly get motion sickness in a 
supine position. This study aimed to compare EGGs acquired in 
seated and supine positions using the Wayland algorithm to 
evaluate motion sickness induced by stereoscopic movies. The 
authors verified that the supine position retrieves more stable 
EGG signals in the supine than in the seated position, thus 
confirming the benefits of the supine position to relieve motion 
sickness. There are various cycles that occur in biorhythms, and 
many of the variations are affected by regional differentiation of 
the sympathetic system. Biorhythms are also impacted by 
variations in posture as well as the physical condition of a person 
and their lifestyle. Integrative and multifaceted evaluation of 
impact from biorhythm and posture variations is therefore useful 
for evaluating autonomic nervous function and estimating 
biological condition. The lack of research on gastric motility and 
intestinal peristalsis due to variation in posture warrants an 
ongoing necessity for accumulation of foundational research.  In 
upcoming studies, the authors will measure heart rate, blood 
pressure and multichannel EGG signals in seated and supine 
positions.  
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