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Minimally invasive surgery has been widely adopted in Japanese surgical practice, and its clinical usefulness has been highly
evaluated. Compared with conventional open surgery, minimally invasive surgery offers several advantages, including a shorte
postoperative recovery period, reduced pain, and a lower risk of complications, thereby reducing the physical burden on patients. In|
addition, from the perspective of clinical practice and medical economics, minimally invasive surgery contributes to a reduction in
lhospital stay and an improvement in surgical efficiency. For these reasons, minimally invasive surgery plays a central role in modern|

surgery, and endoscopic surgery has attracted considerable attention as a representative modality.

In endoscopic surgery, slender instruments are inserted into the human body to remove malignant lesions such as tumors and
polyps. Procedures using a flexible endoscope require not only sufficient flexibility to navigate complex anatomical structures but
also adequate operability and a stable visual field. Consequently, there is a strong demand for surgical instruments that can achieve
both high flexibility and high-precision manipulation. Among such instruments, snares used in endoscopic mucosal resection (EMR

and polypectomy typically employ a stranded-wire structure, which provides higher flexibility than a single-wire structure.

Conventionally, these flexible snares have adopted an electrosurgical method, in which electrical current is applied to excise]
lcsions through thermal cffccts. However, because clectrosurgical snarcs rcly on high temperaturcs to achicve tissuc cutting and
coagulation, thermal or electrical energy may be transmitted to surrounding healthy tissues, increasing the risk of unintended tissug
damage. Furthermore, the generation of surgical smoke during cauterization degrades endoscopic visibility, which may interfere with
surgical manipulation. These limitations indicate that the development of surgical instruments capable of maintaining flexibility

while enabling safe and efficient tumor resection is an urgent issue.

In recent years, ultrasonic coagulation and cutting devices have attracted attention as a novel approach in endoscopic surgery|
Compared with high-frequency electrosurgical snares, ultrasonic devices enable tissue coagulation at lower temperatures, thereby]
reducing thermal damage to normal tissues and suppressing the generation of intraoperative smoke. Moreover, because ultrasonid
devices utilize mechanical vibration energy rather than directly transmitting electrical current through the patient’s body, they arg
expected to offer improved safety. However, ultrasonic vibration is inherently a mechanical vibration phenomenon, and its energy
transmission efficiency decreases as instrument flexibility increases. As a result, flexible ultrasonic surgical instruments capable of

achieving sufficient coagulation and cutting performance have not yet been realized.

In our laboratory, research has been conducted to miniaturize ultrasonic coagulation and cutting devices while enhancing their

output by exploiting mechanical vibration characteristics. Nevertheless, in conventional single-wire structures, securing a sufficient

cross-scctional arca to transmit adequate ultrasonic energy limits the ability of the instrument to follow complex anatomical shapes,
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thereby restricting deformation and flexibility. Consequently, further improvement in flexibility remains a challenge.

Against this background, the present study aims to develop a novel ultrasonic surgical instrument that transmits ultrasonid
vibration through a stranded-wire structure, which exhibits higher flexibility than a single wire with an equivalent cross-sectional
area. [n this approach, ultrasonic vibration is transmitted through the stranded wire, and frictional heat generated between individuall

filaments is utilized to coagulate and cut tumor tissue.

As a primary issue, experiments revealed unintended heat generation along the length of the stranded wire during ultrasonid
vibration transmission. While this result provides evidence that ultrasonic vibration can propagate through a stranded wire, thel
associated heat generation poses a risk of damage to surrounding devices, indicating that suppression of this phenomenon i
necessary. To clarity the mechanism of heat generation, a frictional heat generation simulation model based on the finite element|
imethod was constructed and implemented. The simulation results suggested that the primary cause of heat generation is friction|
between individual filaments, particularly at the contact interfaces between the core wire and the side wires, as well as between|

adjacent side wires.

Based on these findings, an ultrasonic horn equipped with a stranded wire was fabricated to experimentally validate the simulation|
results. Methods for vibration observation and temperature measurement were established, and the experimental results werel
compared with the simulated heat generation trends and behaviors. In addition, the temperature and vibration amplitude required for

etfective tissue coagulation were discussed.

‘This dissertation consists of five chapters. Chapter 1 describes the research background, the objectives of the study, and the
challenges associated with enhancing flexibility in ultrasonic vibration transmission. Particular attention is given to the limitationg
arising from the rigidity of conventional metallic ultrasonic horns, and the potential of introducing a stranded-wire structure to
improve tlexibility is discussed in comparison with related studies. Chapter 2 presents a coupled structural—contact—thermal analysig
imodel developed to identify issues in ultrasonic transmission through stranded wires. The analysis confirms localized|
friction-induced heat generation and demonstrates that variations in structural geometry and excitation frequency significantly affect]
heat distribution and vibration propagation characteristics. Chapter 3 estimates the output required for vascular coagulation using
ultrasonic devices by applying composite vibrations with inverse phases, and evaluates temperature distributions and protein
denaturation regions in vascular tissue. The results indicate that vascular coagulation is achievable at an average cumulative
temperature of 4310%+14.53 °C's. Chapter 4 describes the fabrication of a prototype stranded-wire device compatible with 2
commercial ultrasonic scalpel actuator and evaluates the vibration modes of individual filaments through experiments and
simulations, revealing a relationship between the vibration mode of side wires and heat generation. Finally, Chapter 5 summarizes the

findings of this study and discusses future challenges and perspectives.
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