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AHHOTanMsA: B 3TOM crarbe paccMaTpuBAaKOTCS OCHOBBI AKYCTHKH U HX
IMPUMCHCHHUC B COBpeMeHHOﬁ MCEIUIIUHCE. B Hell 00BSICHAIOTCS OCHOBHBIC IMPUHIIUIIBI
3BYKa, BKIJIIOYas pacOpoOCTpaHCHHE BOJIH, YaCTOTy M HMHTCHCHUBHOCTH, a TaKXkKe
HCCIICAYCTCA nux MEOAUITUHCKOC IIPUMCHCHHC, HaIIpHUMCEp, ANArHoCTUYECCKaa
BHU3YyaJIn3alus, TCpamus u XUPYPIru4cCKuce BMCIIATCIIBCTBA. Ota CTaThbsl,
MpeIHa3HAYCHHAs IS CTYACHTOB-MEIHWKOB, YCTpPaHSAET pa3phiB MEXAy (OU3UKONW U
KJIMHUYECKOM HpaKTHKOﬁ, MOAYCPKUBAA BAKHOCTb AKYCTHUKH B YIYUIICHHUHN yXOIa 3ad
IManqucCHTaAMU.

KuroueBble ciaoBa: AKyCTHKa, YJIbTPa3BYK, 3BYKOBBIE BOJIHBI, MEIUIMHCKAs
BU3yaJIn3allvs, TCPAIMA, 4aCcToTa, AUArHOCTUICCKHUEC ITPUTOKCHUS.

Abstract: This article examines the fundamentals of acoustics and their application
in modern medicine. It explains the basic principles of sound, including wave propagation,
frequency, and intensity, and explores their medical uses, such as diagnostic imaging,
therapy, and surgical interventions. Designed for medical students, this article bridges the
gap between physics and clinical practice, emphasizing the importance of acoustics in
enhancing patient care.

Keywords: Acoustics, ultrasound, sound waves, medical imaging, therapy,
frequency, diagnostic applications.

INTRODUCTION

Acoustics is the study of sound waves, their properties, and interactions with
various materials. In medicine, sound is a powerful tool for diagnosis, treatment, and
research. Technologies such as ultrasound imaging, lithotripsy, and high-intensity focused
ultrasound (HIFU) rely on acoustic principles to noninvasively visualize and treat
conditions.

Understanding the basics of acoustics helps medical students comprehend how
sound-based technologies work and how to interpret diagnostic results effectively. This
article explores the fundamentals of acoustics and its transformative role in medical
practice.

LITERATURE ANALYSIS AND METHODOLOGY
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Fundamentals of Sound Waves

Sound is a mechanical wave generated by vibrations in a medium (solid, liquid, or
gas). Its properties include:

« Frequency (fff): Measured in Hertz (Hz), it determines the pitch of the sound.

« Wavelength (Mlambdad): The distance between successive wave crests.

« Amplitude: The height of the wave, related to sound intensity.

« Velocity (vvv): The speed of sound, which depends on the medium.

Sound in Medicine

Early applications of sound in medicine date back to the 1940s, with the
development of ultrasound imaging. Researchers like lan Donald pioneered its use in
obstetrics, revolutionizing fetal imaging. More recently, high-frequency sound waves
have been applied in therapeutic contexts, such as tumor ablation.

This article synthesizes foundational acoustic principles with real-world
applications in medicine. Data from scientific studies and clinical guidelines are used to
Illustrate the efficacy and safety of sound-based technologies.

Key Acoustic Technologies

Ultrasound Imaging:

Uses high-frequency sound waves (2—-15 MHz).

Produces real-time images of internal organs and blood flow.

Therapeutic Ultrasound:

Employs focused sound waves for physiotherapy, pain management, and tissue
repair.

Lithotripsy:

Breaks kidney stones into smaller fragments using shock waves.

High-Intensity Focused Ultrasound (HIFU):

Noninvasive treatment for tumors, using sound energy to destroy targeted tissues.

RESULTS

Diagnostic Applications

Ultrasound Imaging:

Ultrasound is widely used in obstetrics, cardiology, and abdominal imaging. It is
noninvasive, safe, and cost-effective. Doppler ultrasound helps assess blood flow in
vascular conditions.

Elastography:
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A specialized ultrasound technique measures tissue stiffness, aiding in the diagnosis
of liver fibrosis and tumors.

Therapeutic Applications

Pain Management:

Therapeutic ultrasound accelerates tissue healing and reduces inflammation.

Oncology:

HIFU has shown promising results in treating prostate and liver cancers without
surgery.

Surgical Applications

Focused Ultrasound Surgery:

Ultrasonic scalpels are used for precise cuts and tissue ablation during surgeries.

Acoustic mechanobiology Emerging acoustic technologies Point-of-care diagnostics
in biology and medicine

Sound brane
/'/

o Mcilecullar j— Cell/Vesicle
PIEZQ &7 _» eve ® Level
ion cha;-el 3 Nucleus V \

R'eﬁ.c;ner. LI

In-vivo manipulation d it

Mu_:ro_robot [ Carrier ‘ . : | =
~ -—L / '/ ~——— -
=, \
\ 2 MO_Y/Q- -/ | System Tissue

— \‘\_ ___/"’

- Level Level A
3 —
L (I Al CAAMN oyt
Transducer - ‘ > f rfgoursatﬁ, Gel-construct
Array , KHz MHz GHz °g )

Figure 1. The future of biomedical acoustics.
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Figure 2. Representation of a sound wave. (a) compressions and rarefactions

caused in air by the sound wave. (b) graphic representation of pressure variations
above and below.
Table 1. Summarizing the applications of sound in medicine, along with their

(a)

acoustic »
pressure

(b)

principles and key benefits

Application Principle Uses in Medicine Key Benefits
Ultrasound High-frequency Obstetrics, Noninvasive, real-
Imaging sound waves cardiology, time imaging, safe
reflected off abdominal for repeated use.
tissues to create | imaging, vascular
images. studies.
Doppler Frequency shift of | Assessing blood Helps diagnose
Ultrasound sound waves due | flow and detecting circulatory
to moving blood vascular problems and
cells (Doppler conditions. monitor flow
effect). changes.
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Therapeutic Low-intensity Physiotherapy, Noninvasive,
Ultrasound sound waves wound healing, promotes natural
stimulate tissue | pain management. tissue
repair and reduce regeneration.
Elastography Measures tissue | Diagnosis of liver |Provides additional
stiffness using fibrosis, cancer | diagnostic data on
sound wave detection. tissue
propagation. composition.
Lithotripsy Shock waves break Treatment of Noninvasive,
down kidney kidney stones and | reduces the need
stones into smaller gallstones. for surgical
fragments. intervention.
High-Intensity Focused sound  [Noninvasive tumor Precise,
Focused waves generate | treatment, such as noninvasive,
Ultrasound heat to destroy prostate and liver | minimal recovery
(HIFU) targeted tissues. cancers. time.
Focused High-frequency Neurosurgery, Reduces the need
Ultrasound sound waves used uterine fibroid for open surgery,
Surgery for precise tissue treatment, and | minimizes damage
cutting or ablation. | targeted ablation. to surrounding
tissues.

The versatility of sound in medicine stems from its ability to penetrate tissues and
interact selectively with biological structures. Its applications range from imaging and
diagnosis to minimally invasive therapies. For instance:

Advantages:

Noninvasive and safe.

Real-time imaging capabilities.

Cost-effective compared to other imaging modalities like MRI.

Limitations:

Limited penetration in dense tissues (e.g., bone).
Operator dependency in diagnostic accuracy.

321
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Acoustics has significantly advanced medical care, but continued research is needed
to enhance resolution, reduce artifacts, and expand therapeutic applications.

CONCLUSION

Sound-based technologies have revolutionized medicine by providing noninvasive,
accurate, and effective diagnostic and therapeutic tools. From fetal imaging to cancer
treatment, acoustics bridges physics and clinical practice, offering new possibilities for
patient care. Understanding these principles equips medical students to apply and interpret
these technologies in their future careers.
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