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Abstract: Bowel sounds are important acoustic physiological signals that reflect gastrointestinal motility and have
significant clinical value in the evaluation of postoperative ileus, intestinal obstruction, and inflammatory bowel diseases.
Conventional auscultation is highly subjective and often irreproducible, making continuous and objective monitoring
difficult. With advances in microelectronics and signal processing technologies, wearable devices have enabled long—term,
dynamic, and noninvasive acquisition of bowel sound signals. Meanwhile, ecological momentary assessment (EMA) ,
characterized by real-time and repeated data collection of individual behaviors and physiological states in realistic
situations, provides a novel methodological framework to overcome the limitations of momentary bowel sound monitoring
and to facilitate context—based interpretation. This review systematically summarizes the development of wearable bowel
sound monitoring technologies, outlining three stages of the technological evolution stationary acquisition, dedicated
portable systems, and wearable long—term monitoring. The clinical application value of bowel sound monitoring in multiple
scenarios, including irritable bowel syndrome and inflammatory bowel diseases, is also discussed. Furthermore, the
theoretical framework of EMA is introduced for the first time in the field of bowel sound monitoring, and its potential

value, application scenarios, and methodological challenges are explored. The integration of wearable technology with the
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EMA framework may provide a theoretical basis for constructing an, individualized long—term gastrointestinal motility

monitoring system with high ecological validity, to optimize postoperative care, improve home management of chronic

gastrointestinal diseases, and advance precision health monitoring. Future efforts should focus on key issues such as

equipment standardization, clinical validation, and algorithmic interpretability to accelerate progress in this field.

Key words: bowel sounds; ecological momentary assessment; wearable devices; gastrointestinal motility; precision
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Table 1 Summary of characteristics of bowel sound detection devices

Device name

Sensor technology Wearable

Key features

Advantages

Limitations

Littmann® CORE Dig-

ital Stethoscope'""

Thinklabs One

Digital Stethoscope"’

Wearable Bowel Sound
Monitoring System

(Patch-type Sensor)"’

Dedicated Contact Mi-
crophone (with Porta-
ble Recorder) '"”!

GastroDigitalShirt
(Smart T—shirt) "

YM-TYJL-01 Continu-
ous Bowel Sound Re-

corder™™

Dual-sided stain-
less steel chest

piece with tunable
No (hand-

technology; digital
echnology; digita held)

accessory supports
Bluetooth connec-

tion

Patented electro-
magnetic dia-

phragm technolo-

No (hand-
held)

gy; detects capaci-
tance changes be-
tween diaphragm
and rear electrode

plate

Patch—type sensor

integrating a digi-

tal microphone and
P (patch)

low—power micro-

controller unit

Low-resonant—fre-
quency piezoelec-

tric sensor placed
inside a custom

3D—printed stetho- (patch)

scope bell; acous-

to—electric isola-

tion design

Array of eight digi-

Yes (inte-
tal MEMS micro-

grated into
phones embedded

. . . garment)
in elastic fabric
Acquisition patch
. Yes
used with a Blue-
(patch)

tooth receiver

High acoustic perfor-
mance; uses smart-
phone as interface ;
fixed software filters
for heart and lung

sounds

High sensitivity ;
switchable multiple
filters; lightweight

(50 ¢)

Supports Bluetooth
data transmission;
real—time monitoring
and alerting; up to
24 h of continuous

operation

High recording reso-
lution and excellent

data fidelity ; primar-
ily used for nighttime

sleep monitoring

Sensors secured by
the garment itself;
supports continuous
monitoring for ap-

proximately 6 h

Supports Bluetooth
data transmission ;
wirelessly transmits
data to terminal for
analysis; supports
multi—day continu-

ous monitoring

Reliable signal quali-
ty; high familiarity

among clinicians

High sensitivity; flexi-
ble digital control

Enables long—term,
wireless monitoring;
allows limited patient
mobility ; supports dy-

namic trend analysis

Extremely high signal
fidelity; effectively
captures weak bowel
sounds; nighttime ac-
quisition avoids day-
time noise and dietary

interference

Comfortable and unob-
trusive to wear; sup-
ports synchronous
monitoring at multiple

anatomical sites

It enables long—term
continuous monitoring
in real-world clinical
settings, and the data
obtained can be direct-
ly used to guide clini-

cal management

Heavy (232 g),
bulky, high cost; un-
able to perform multi—
channel synchronous
monitoring; supports
only short—term, oper-
ator—dependent manu-
al auscultation
Highly sensitive to air
gaps between sensor
and skin, leading to
significant perfor-
mance degradation ;
unsuitable for long—
term continuous moni-

toring

Prolonged wear may
cause discomfort ; mo-
tion artifacts require

further processing

Not capable of wire-
less real—time trans-
mission; requires
wearing a recording
device; primarily de-
signed for static sleep

scenarios

Fit of the garment di-
rectly affects signal
quality; high system
integration complexity
and cost; difficult to

wash and maintain

These recommenda-
tions require further

validation
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