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Abstract 
AIM: To study the esophageal transit time (ETT) 
and compare its mean value among three anatomical 
inclinations of the body; and to analyze the correlation 
of ETT to body mass index (BMI). 
ME THODS: A biomagnetic technique was 
implemented to perform this study: (1) The transit 
time of a magnetic marker (MM) through the 
esophagus was measured using two fluxgate sensors 
placed over the chest of 14 healthy subjects; (2) the 
ETT was assessed in three anatomical positions (at 
upright, fowler, and supine positions; goo, 450 and oo, 
respectively). 
RESULTS: ANOVA and Tuckey post-hoc tests 
demonstrated significant differences between ETT mean 
of the different positions. The ETT means were 5.2 ± 
1.1 s, 6.1 ± 1.5 s, and 23.6 ± 9.2 s for 90°, 450 and oo, 
respectively. Pearson correlation results were r = -0.716 
and P < 0.001 by subjects' anatomical position, and r = 
-0.024 and P > 0.05 according the subject's BMI. 
CONCLUSION: We demonstrated that using this 
biomagnetic technique, it is possible to measure the 
ETT and the effects of the anatomical position on the 
ETT. 

© 2008 The WJG Press. All rights reserved. 
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INTRODUCTION 
The esophageal phase is the last phase in the swallow 
process; it includes the propulsion of the meal through the 
esophagus toward the stomach. The esophageal transit time 
(ET!) reported for solid and semisolid meals is between 4 
and 8 s, whereas liquid ETI lasts approximately 1 to 2 s in 
healthy peoplel11. A diagnosis of gastroesophageal reflmt 
disease should include the presence of a pathological 
reflux in patients lacking another motility disorder or 
damage in the esophagusr:z.;;J_ If this condition can not be 
met, then the evaluation should include the assessment 
of disintegration time of oral tablets before they enter 
the stomach['!_ Currently, diagnosis of gastroesophageal 
refltL"" diseases is made with endoscop/

0
•
61, manometryl31, 

imaging metl10ds[7], impedance[SJ, scintigraphy[9J and otl1er 
techniquesr2,ioJ_ These assessments are useful to quantify 
the liquid and solid volumes retained in tl1e esophagus. 
Currently, tl1e scintigrnphic teclmique is tl1e gold standard 
test accepted to assess ETI and it is indicated in cases 
·where ti1e manometric and barometric studies do not give 
a differential diagnosisr111

. 

The ETT assessment is u sed to complete the 
diagnosis of diseases, such as gastroesophageal refltL""112

•
14

l, 

dysphagiar13
'
161

, esophagitis[t7,tSJ, and achalasiar6
'
19

'
201

. The 
latter studies are commonly performed witl1 scintigraphic 
and manometiic teclmiques[211

, in healtl1yr221
, geriatricl231

, 

and pediatric patient sr241
, despite the use of ionizing 

radiation and ca.tl1eters in each test, respectively. Recently, 
several assessments were performed using ti1e biomagnetic 
teclmique, including gastric emptying timel231 and colon 
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transit time[26
l_ TI1ese studies have the advantage of being 

non-invasive, comfortable for the patient, and do not use 
ionizing radiation. D aghastanli et aF71 in 1998 reported 
an ETT study carried out ·with a biosusceptometer and a 
magnetic tracer, where they used 5 g of manganese (Mn) 
and ferrite power. In their study, they also measured the 
ETT using the sci.ntigraphy technique and found that the 
ETT was 4.6 ± 0.9 s when biomagnetic technique was 
used, in comparison to a time of 3.8 ± 0.8 s as measured 
by the scintigraphy technique. TI1e results of these studies 
demonstrated the efficacy of the magnetic techniques to 
cany ou t the ETI. 

In this study, we implemented a novel modality of 
the biom agnetic technique using m odern instruments, 
which included the monitoring of a magnetic marker 
(IvfJ.\tI) traveling though the length of the esophagus. 
This was done using a pair of fl.1u::gate magnetometers. 
W/e hypothesized that the esophagus motility and the 
mean ETT are significantly different when they are 
tested as a f1mction of different anatomical positions of 
a subject (supine = 0°; fowler= 45°, and upright = 90°, 
respectively) (Figure 1). 

MATERIALS AND METHODS 
I n Figure 1, we present a schematic set up of th e 
biomagnetic probe used, which consisted of two digital 
tri-axis flm,gate magnetometers which were placed in an 
electronic device. They were separated 19 cm and were 
positioned in a line along the esophagus, just above the 
subjects' thorax (Figure 2) . A 3-mm long and 4-mm high 
magnet was used as the biomagnetic source or .Mi\lI. T his 
magnet was enclosed in a polycarbonate sphere 6 mm in 
diameter (Figure 3) in order to avoid chemical reactions 
with the gastric acids. 

Subjects 
Fourteen normal and healthy adult subjects (10 men and 
4 women) participated in tl1e study; they did not have 
clinical antecedents of esophageal or gastrointestinal 
disease. TI1e subject's mean age and body mass index (BMI) 
were 21.8 ± 1.5 years and 23.9 ± 2.7 kg/ m2

, respectively. 
All volunteers received instructions before starting the 
experiment and signed an informed consent approved 
by the Institutional Review Board of our institution. TI1e 
e..-..periment was canied out according to the Declaration 
of Helsinki. 

Procedure 
Subjects were studied after fasting for 12 h. All of them 
were assessed in tluee anatomical positions: (1) up1ight 
position, 90°; (2) fowler position, tlus is a semi-laying 
position bent at 45°; and (3) supine position, tlus is a 
laying position with a bend of 0° (Figure 1). The MM 
or magnetic particle was introduced inside the mouth 
of the subjects and swallowed with 20 rnL of yogurt 
(50 kcal), tlus substance was used as l'vfM velucle. 

Data collection and signal processing 
The magnetic signal was registered for 1 min, with a 
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sampling rate of 30 samples/ s. D ata acquisition was 
carried out using a routine informatic implemented \v:ith 
software of LabVIEW 7 platform. Then, collected data 
were exported and graplucally analyzed in Matlab 6.5 in 
order to measure tl1e ETT. 

Statistical analysis 
W/e calculated the mean age and BMI of the subjects 
using descriptive statistics. Using one way ANOVA 
and Tuckey post-hoc test, we compared the differences 
among tl1e mean ETT obtained when subjects adopted 
each of the th ree anatomical positions. A Pearson 
correlation was used to determine th e correlation 
coefficient between the ETT and the subject's age, BtH 
and the angle of inclination of the anatomical position. 
P < 0.05 was considered statistically sigiuficant. 

RESULTS 
Figure 4 shows the raw sigi1als recorded from one subject 
in three anatomical positions. The time signal shown 
as a continuous line is the recording with the fluxgate 
magi1etometer added in tl1e upper part of tl1e esophagus, 
while the dashed line corresponds to the fluxgate 
magi1etometer in tl1e bottom part of tl1e esophagus. TI1e 
different time between the dominant peaks of each raw 
sigi1al gives tl1e ETT in each case. In Figure 4, it shows the 
raw recordings carried out in each anatomical position of 
one subject. W/e estimate that tl1e differences in the time 
seen here was typical of all subjects. 

Figure 5 demonstrates the mean and standard 
deviation values of tl1e ETTs, wluch were sigiuficantly 
longer at 0° (23.6 ± 9.2 s) than at 45° (6.1 ± 1.5 s), 
and 90° (5.18 ± 1.8 s) . The results of the ANOVA 
and Tuckey post-hoc test demonstrated the significant 
differences between the groups (Figure 5) . Pearson 
correlation coefficient test demonstrated an indirect 
relationship between anatonucal position and ETT. 
T his means that when subjects adopt a greater angle 
of inclination, they will have shorter ETT values. Tius 
relationslup had a coefficient of ,. = -0.716, P < 0.001. 
However, we did not find any statistically significant 
difference between the EET and weight, age or BMI. 

DISCUSSION 
The esophageal phase is the last phase in the swallow 
process; it includes the propulsion of tl1e meal tluough 
the esophagus toward tl1e stomach. The ETT reported 
for solid and senusolid meals is between 4 and 8 s, 
whereas liquid E TT lasts approximately 1 to 2 s in 
h ealthy peoplef1

l_ Using the biomagnetic technique, 
we demonstrated that ETT is affected by anatomical 
position, with a sig11ificantly larger transit time when 
subjects adopted an upright position. These results 
concur with previous reportsf1

l, including studies in 
wluch a biosusceptometer magi1etometer was used[27]_ 

Previously, researchers reported tl1at ETT in healtl1y 
individu als was approximately 4- 8 s for solid and 
semisolid meals, and 1-2 s for liquid mealsl11

•
28

•
29

l_ In 
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Figure 1 Measurement of ETT at different anatomical positions. A: 90° (upright); B 45° (fowler); C: 0° (supine). The posrtions of the magnetic sensors are presented 
(S1 = sensor one, and S2 = sensor 2). 
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Figure 2 The schemEtic of the setup, anatomical location of the esophagus, and the circuits for data collection. 
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Figure 3 Cross-sectional profile of MM. 

agreement with the aforementioned findings, our study 
demonstrated that the mean ETI was 6.1 ± 1.5 s in the 
upright position and 5.18 ± 1.8 s in the fowler position. 
H owever, the only value which was inconsistent ·with 
previous reports was that of the supine position, a 
transit time of 23.6 ± 9.2 s. This can be explained by the 
effects of gravity on the test meal and magnets. 

Our study demonstrated that ETT is affected by 
gravity, and therefore, the subjects' anatomical position 

changes ETT. This phenomenon is explained by the 
physiology of the esophagus, which combines resistance 
and contraction to cause movement of the bolus or 
liquid. \Vhen gravity also contributes to the propulsion 
of the bolus or liquid through the esophagus, transit 
time is decreased and esophageal transit rates are 
increased. 

Using this biomagnetic modality, we demonstrated 
that ETI varies depending on the subjects' anatomical 
position. I n this study, we found no relationship 
between ETT and the subjects' age, which can be 
explained by the fact that we generally evaluated 
only young and healthy subjects (mean age: 2 1.8 ± 
1.5 years) . However, more studies assessing the ETT in 
older subjects and patients with different pathologies, 
such as gastroesophageal reflux112 

"
1
, dysphagia1

" ·
161, 

esophagitis117
'
181

, and achalasia16
'
19

'
201

, are necessary to 
determine the differences in ETT of healthy subjects 
versus patients. It is likely that the ETT will differ in 
patients \vith a clinical diagnosis of esophageal disease. 

In this study, we found no significant correlation 
between ETI and the subject's Bi'vll, which also may be 
explained by the samples from a largely homogeneous 
group of healthy and non-obese subjects (BMI: 23.9 
± 2.7 kg / m 2) . T herefore, in order to demonstrate 
the relationship of Bi'vll and ETT, additional studies 
are needed using m ales and females with BJ\fl within 
normal and obese ranges. Other clinical applications of 
biomagnetic technique exist in gastro-pharmacology 
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Figure 4 This series of graph showing the raw signal recorded from a single 
representative subjecl lying in the three angles of inclination 90° (A). 45° (B) 
and 0° (C) 

studies, where researchers are testing the efficacy of a 
drug to increase or decrease ETT. 

An advantage of this new application o f the 
biomagnetic technique, implemented for the measurement 
of ETT, is that it demands little space and hardware, since 
all that is needed is a low-cost magnetometer. Therefore, 
this teclmique could be implemented for clinical assessment 
of esophageal disorders in general practice medicine, for 
gastroenterologists studying drng transit time14

•
111 and in 

other specialties. Additionally, because of its low cost and 
non-invasiveness, this technique could be implemented 
in small clinical areas and hospitals. Although this 
tecl111ique has already been validatedl27J, further studies 
are needed to compare biomagnetism with the most 
innovative and sophisticated techniques commonly 
used for esophageal evaluation in order to identii)r its 
sensitivity and reproducibility. 
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Figure 5 The results of one way ANOVA demonstrate statistically significant 
differences in the subjects· ETT between the supine posttion (0°) and both the 
fowler (45°) and the upright (90°) positions 
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COMMENTS 
Background 
Esophageal transit time (ETT) assessment is used to diagnose of 
gastroesophageal disease. such as esophagttis and achalasia. These studies 
are carried out using etther scintigraphic or manometric techniques, but each 
has its own disadvaniage scintigraphy uses ionizing radiation, while manometry 
uses an invasive probe. Recently, several assessments of other body systems 
were performed using the biomagnetic technique (BMT), including ETT, gastric 
emptying time. and ~olon transit time. These studies have the advantage of 
being non-invasive, comfortable for the patient, and are conducted without 
ionizing radiation. Recently, researchers have tested the validity of BMT by 
comparing it with the scintigraphic technique (the gold standard test acoepted 
to assess ETT) in the evaluation of ETT. 

Research frontiers 
In this study, authors implemented a novel use of the BMT using modern 
instruments, which included the monitoring of a magnetic marker (MM) 
traveling though the length of the esophagus. Using the BMT technique, they 
demonstrated that ETT varies depending on the subJecls' anatomical posttion 

Innovations and breakthroughs 
The Fluxgate magnetometer is a small device which functions at room 
temperature without a magnetic un-shielding room. Its range to precisely 
identify locations of a small MM is approximately a distance of less than 50 
cm. It is possible to record magnetic signals through solid objects including 
the human body, and therefore, the technique is still valid if the MM is held in 
one's hand or is passing through the esophagus. Therefore, this is a portable 
evaluation system that can be implemented for the clinical study and diagnosis 
of esophegeal disorders in hospitals around the world. 

Applications 
A major application of this technique is the simultaneous collection of peristaltic 
activity data from different points along the esophagus. By a subject ingesting 
an MM similar in size and shape to a pill and following tt as it passes through 
the esophageous by monitoring its progress at several sites along the 
esophagus, researcl1ers can deduce the peristaltic behavior of the esophagus. 
Accordingly, ETT and propulsion velocity can aocuratly be estimated using this 
technique. 

Terminology 
Body anatomical inclnations is an angle of the human body, sucl1 as standing 
upright (90°). fowler ( 45°) and supine positions (0°) Biomagnetic technique 
is a technique which uses either external or internal magnetic fields applied 
to biological matenals. Biomagnetism is the phenomenon that involves 
magnetic fields produced by the human body and other living entities. It is 
to be distinguished from magnetic fields applied to the body, properly called 
magnetobiology. Biosusceptometer magnetometer is a probe instrument 
using room-temperature sensor(s) that can measure variations in magnetic 
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susceptibilities MM means external magnetic substance or object used in 
this case as a vehicle to monitor the passage of an orally taken substance 
(food. drug, tablet, capsule. etc ) through the intestinal tract Fluxgate senscr 
is a scientific instrument used to measure the strength and/or direction of the 
magnetic field in the ·1icinity of the instrument Magnetic susceptibility means 
the magnetization of a material per unit applied field. It describes the magnetic 
response of a substance to an applied magnetic field. 

Peer review 
This is an interesting study_ Authors used a BMT to monitor ETT to test the 
hypothesis that escphageal motility and the mean ETT are significantly different 
when subjects adopt different anatomical inclinations. With this technique. they 
demonstrated that the mean values of ETT vary depending on the subjects' 
anatomical inclination. 
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