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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Abstract.

The term "Natural Orifice Transluminal Endoscopic Surgery"
(NOTES) defines a surgical approach that leverages the body's
natural orifices to access the abdominal cavity, presenting
a patient-centric perspective by highlighting its potential to
eliminate abdominal wall aggression, mitigate postoperative
discomfort, and offer benefits comparable to laparoscopic
surgery. This comprehensive paper aims to not only review
the existing landscape of NOTES techniques but also to
propose advancements in flexible tools augmenting established
endoscopic platforms, while also exploring the revolutionary
concept of robotic structures grounded in micromechatronics
and communication technologies. The thorough analysis
encompasses the assessment of advantages and limitations
associated with flexible devices and robotic platforms,
coupled with an in-depth evaluation of the current array of
devices used in NOTES, informed by pertinent literature.
The authors' comprehensive approach entails scrutinizing
technological breakthroughs and offering viable solutions,
fostering a comprehensive understanding. Furthermore, the
study encompasses an exhaustive evaluation and juxtaposition
of state-of-the-art NOTES devices, supplemented by a nuanced
discourse on the merits and demerits of flexible devices and
robotic platforms, with a focused emphasis on their inherent
strengths and weaknesses. Within this context, the discourse
extends to strategic suggestions aimed at refining extant designs
and cultivating robust, dependable autonomous robotic platforms
purpose-built for NOTES. This narrative encapsulates the
multifaceted exploration of benefits, challenges, and potential
remedies directed towards enhancing prevailing designs and
forging a dependable foundation for the future of NOTES.

Key words. Laparoscopic surgery, flexible devices, natural
orifice transluminal endoscopic surgery (notes), robotic.

Introduction.

Robotic surgery, natural orifice transluminal endoscopic
surgery (NOTES), and endoscopic procedures have all
revolutionised the minimally invasive surgery industry.
Because of their potential to improve patient outcomes and
surgical accuracy, these cutting-edge surgical procedures
have attracted a lot of attention and become very popular [1].
Robotic systems are used in surgery to help surgeons carry
out difficult procedures with greater dexterity and accuracy.
The surgeons have more control and flexibility because to the
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robotic platforms, enabling complex manoeuvres and better
visualization. Many surgical specialities, including urology,
gynaecology, and general surgery, have adopted the technology
[2]. On one hand, endoscopic methods use specialised tools
and cameras to view and access the interior organs through tiny
incisions. These methods have greatly decreased the necessity
for open procedures, which has decreased trauma, sped up
healing periods, and increased patient comfort. Surgery for the
gastrointestinal, respiratory, and urinary systems frequently
employs endoscopic techniques [3]. A NOTES surgical
procedure, which is minimally invasive, combines therapeutic
endoscopy with laparoscopy. By reaching the internal organs
via natural orifices like the anus, vagina, or mouth, it strives
to accomplish "scarless" surgery by obviating the necessity for
exterior incisions. This cutting-edge method lessens the extent
of the treatment and may provide advantages including reduced
postoperative pain, a quicker recovery, and better cosmetic
results has shown in figure 1.

A relatively recent technique called NOTES expands on
minimally invasive surgery by entering the cavity in the abdomen
through bodily passages like the vagina, mouth, or anus. NOTES
strives to further minimise surgical stress, lessen postoperative
discomfort, and improve cosmetic outcomes by doing away
with the necessity for external incisions. In the NOTES, the
vagina, mouth, urethra or anus, were used as natural orifices
to access the abdomen cavity. minimally invasive surgical
technique. Once a viscus, such as the bladder, colon, stomach,
or vagina, has been punctured, the peritoneal cavity can be
reached using a flexible endoscope. The surgical procedure was
subsequently performed using standard endoscopic instruments
through the endoscope's working channels. When compared
to conventional laparoscopic surgery, NOTES offers benefits
like better cosmetic outcomes, fewer anesthesia requirements,
less discomfort, a speedier recovery, and a decreased incidence
of wound-related issues [4]. After laparoscopy, NOTES was
regarded as a possible major paradigm change in surgery.
However, because it was still in its infancy, safety was still a
major worry. The creation of suitable surgical equipment was
essential for its effectiveness, as are ongoing clinical practice
and assessment [5].

The article [6] described a robotic vaginal natural orifice
transluminal endoscopic surgery (RVNOTES) using the
humanoid-shaped Hominis Surgical device, a robot-assisted
device. The first RVNOTES bilateral salpingo-oophorectomy
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Laparoscopy

Open Surgery

Flexible endoscopy NOTES

Figure 1. Invasive surgery.

(BSO) with the Hominis system was the main topic of the
article, which highlights its benefits and potential as a different
surgical strategy. The study emphasizes possible improvements
in surgical precision by highlighting enhanced dexterity
of Continuous robotics for cooperative natural aperture
transluminal endoscopy with two manipulators. Despite its
advantages, vaginal surgery was still not the accepted method
of treatment. The article [7] was to compare traditional
vNOTES surgery to robot-assisted transvaginal natural aperture
transluminal surgical procedure surgery in order to determine
its safety and viability. The emphasis was on comparing the
potential benefits and results of R-vNOTES to the traditional
T-vNOTES technique with regard to safety and viability. The
study's findings, which demonstrate the viability of robotic aid in
gynecological surgeries, include that robot-assisted transvaginal
NOTES excision exhibits equivalent surgical outcomes as
conventional transvaginal NOTES. In the article [8] used the
Hominis surgical system to execute the first 30 robot vaginal
natural orifice transluminal endoscopic surgery (RVNOTES)
hysterectomies, which are detailed in the article. The conclusion
is that benign gynecological problems can be successfully treated
using robotic vaginal native orifice transluminal endoscopic
hysterectomy. Evaluation of the viability and security of the
unique robot-assisted method for RVNOTES operations was
the main objective. The analysis and improvement of a novel
collaborative use of two manipulators agility of continuum
robot in cooperative environment are the main objectives of the
article. They demonstrated possible improvements in surgical
precision by demonstrating that collaborating dual-manipulator
space improves the dexterity for natural opening surgery using
transluminal endoscopes and ongoing robotics [9].

The dexterity function was evaluated using the low-Difference
Jacobian matrix of a kinematic model. A unique adaptable
parameters grey wolf coupled cuckoo optimization technique,
which provides greater accuracy and faster convergence,
was suggested to be used to optimize the objective function.
According to experimental findings, the continuum robot has
improved dexterity. The article [10] emphasized the features
and benefits of vNOTES-H, emphasizing the need to explain
its advantages and remove any obstacles to adoption in
order to encourage its wider use. Due to its benefits, vaginal
natural orifice transluminal endoscopic surgery hysterectomy
(VNOTES-H) has several advantages, such as persistent
visual guiding and the absence of abdominal skin incisions.
was becoming more and more common. Due to particular
equipment and expertise requirements, its introduction has been
delayed in several Japanese regional core hospitals. The study
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concludes that the VNOTES hysterectomy has some advantages
over the total laparoscopic hysterectomy. For patients with
small uteruses, suggesting promising based on a retrospective
examination, future possibilities at a central institution in the
region. In the work [11] introduced the robotic natural orifice
transluminal endoscopic surgery (NOTES), a revolutionary
surgical approach for hysterectomy. The surgery promises to be
gas-free and scar-free, with possible advantages for improved
cosmetic results and decreased postoperative discomfort. The
study concludes that robotic NOTES, the surgical procedure
known as a hysterectomy leaves no scars and uses no gas,
highlighting its potential advantages.

The research [12] compared traditional vNOTES (T-vNOTES)
hysterectomy to robotically aided R-vNOTES surgery in
order to determine its safety and viability. The evaluation of
R-vNOTES's prospective benefits and results in comparison to
the traditional T-vNOTES approach was the main objective.
The study concludes that comparing surgical outcomes
between robotic-assisted and traditional transvaginal natural
orifice transluminal endoscopic surgery for hysterectomy
highlights valuable insights in gynecological procedures.
The study [13] examined the viability of carrying out robotic
NOTES gynaecological procedures using a miniature single-
site surgical robotic system. A real porcine animal model was
used for the evaluation. The advantages of using robotic surgery
include less trauma, quicker recovery, and higher patient
satisfaction. However, the existing robotic systems utilized in
NOTES gynaecology have drawbacks, such as arm collisions,
countertraction difficulties, restricted area within the constrained
pelvic anatomy, and limited tool dexterity. They indicated the
successful implementation of robotic NOTES for using a pig
model, hysterectomy and salpingo-oophorectomy, highlighting
its feasibility and potential applicability.

For the surgical management of deeply infiltrating
endometriosis (DIE), robotically assisted transvaginal NOTES
must be performed in a safe manner, the study [14] shows
the step-by-step procedures. The emphasis was on giving a
thorough overview of the steps that make up the approach's
procedural process. The study concludes that robotic VNOTES is
a viable approach for resecting deeply infiltrated endometriosis
involving parametrial and bowel tissues, demonstrating
potential in gynecological procedures. In the research [15]
utilized endoscopy and surgery. Robotics' potential applications
are anticipated to increase with the adoption of therapeutic
endoscopy. Artificial intelligence (AI) has many uses in
endoscopic and surgical operations, including the detection,
diagnosis, procedural support, identification of the dissection



plane, and prognosis of adverse events. By enhancing depth
perception, 3D imaging improves both the optical and technical
components of these treatments. The study's findings suggest
that integrating Al, three-dimensional imagery, and NOTES
will advance robotic endoscopy and help to shape the future
of novel gastrointestinal procedures. The study [16] intended
to demonstrate the viability of RV-NOTES sacrocolpopexy
using intraabdominal suturing and knot-tying. The emphasis
was on demonstrating straightforward surgical methods for
these treatments. The study concludes that the combination of
a robotic platform in vNOTES for sacrocolpopexy introduces
a novel surgical technique with potential implications for
urological procedures.

The study [17] examined the potential effects on sexual function
of a surgical procedure that involves removing the kidney from
the vagina. The Golombok-Rust Inventory of Sexual Satisfaction
(GRISS) questionnaire was used by the authors to assess post-
surgical sexual function. The results show comparable overall
GRISS scores before and after surgery, indicating no substantial
changes in sexual satisfaction. The study concludes that the
current landscape of experimental applications of NOTES in
gynecological surgery highlights its evolving role and potential
advancements. In the study [18], a unique master manipulation
with a hybrid parallel/serial architecture was introduced. It
has advantages including increased stiffness and precision, a
sizable workspace, a low dampening ratio, and simple force
feedback implementation. The instrument has three degrees of
freedom (DoFs), two rotational forms, and dedicated driving
units for each DoF. It has active and passive modes, enabling
feedback from forces in all three degrees of freedom. The
paper concludes by presenting robot-assisted NOTES, a new
master manipulator with force feedback has been developed,
showcasing advancements in haptic technology for enhanced
surgical control.

The study [19] on vaginal NOTES (vNOTES) experiences
and outcomes in gynecologic surgery and focused on the new
technique of NOTES. It tries to offer a thorough analysis of the
corpus of research that is currently available in the area. The
study [20] seeks to demonstrate the step-by-step procedures
for effective application of the robotic-assisted high uterosacral
ligament suspension. The treatment of prolapsed pelvic organs,
either alongside or without uterine preservation, was the main
focus. The review concludes that vVNOTES finds diverse
applications in gynecologic surgery, highlighting its expanding
role and potential benefits.

This study looks at the most recent developments in
instruments made for NOTES in an effort to close the current
gap. Both flexible endoscope prototypes and machine learning
robotic platforms are the focus. This study seeks to increase
our knowledge of and ability to use NOTES techniques by
examining machine learning tools.

Materials and Methods.

The authors of this publication provide research of the most
cutting-edge tools currently employed in NOTES. They
emphasise how the minimally invasive character of NOTES,

which reduces abdominal wall aggressiveness and promises
lower postoperative pain, makes it appealing to patients. They
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do, however, agree that limited access and outdated technology
present difficulties for surgeons doing NOTES. To assure the
security and repeatability of this novel surgical strategy, the
authors stress the need for equipment revision. They cover two
major groups of instrumental advancements: flexible devices
based on enhanced endoscopic platform and robotic platforms
that make use of communications and micromechatronics
technologies. In order to create reliable and stable robotic
systems for NOTES, the benefits, drawbacks, and possibilities
for every category are discussed.

Endoscopic Flexible Platforms

Flexible endoscopes, which typically measure 70 to 180 mm
in length and 10mm in diameter are often used instruments
in minimally invasive surgery. The "HARP" robot, which is
300mm in length and 12mm diameter, is designed to resemble
a snake. It is made up of rigid cylindrical inner and outer snakes
joined by spherical joints. By altering the cables, the robot may
be either stiff or flexible, much like Shape Lock technology.
Early tests on pigs have successfully replaced the inner snake
with colonoscope forceps, locked the outside snake, and
reached the target. For teleoperated endoluminal surgery, two
versions of the ViaCath systems have also been created; the
second-generation device has dimensions of 120cm in length
and 7.2mm in diameter. It offers nine degrees of freedom and
has been tested for mechanical properties. Though, Further
testing with phantoms and animal models is necessary.

Figure 2 shows the Transport, a 16mm entry instrument
utilized for medical procedures. It has four substantial working
channels, including one for a typical 6mm endoscopy and 3
others for large-diameter instruments. Shape Lock is a style
used by the Transport device that enables independent guiding
of the tip, that may then be secured into place once it's reached
the operational site. Stronger and more flexible surgical
instruments can pass through the device's big 4mm and 6mm
channels. In order to carry out surgical procedures, flexible
endoscope platforms for NOTES need to be more strong and
stiff. Therapeutic endoscopes used in prototypes are frequently
altered by the addition of more channels and larger ones. A
l6mm access device with four sizable working channels,
the Transport multilumen operating platform was created in
association with USGI Medical. Since it makes use of the Shape
Lock architecture, the tip can be independently guided before
locking into place. Besides three additional channels for large-

Inflation Ports

4-Way steerable

rument Ports

Endoscope Port

Steering Controls

Figure 2. Shape-lock Transport endoscope.



diameter instruments, the platform has a normal 6mm endoscope
channel. Stronger and more flexible surgical tools can be used
thanks to the broad channels, which can produce up to 0.89 kg
of force at the tip and 0.1 kg of force when applying pressure.

Growth of the Robotic surgery

Although it is still in the early phases of development,
instrumentation for NOTES techniques is essential for the
general adoption of NOTES. Robotic technology holds
potential for enabling the development of more nimble and
precise tools, enabling procedures that are not practical with
traditional minimally invasive techniques. Recent years have
witnessed the rise of fresh concepts for miniature/modular
robots to tackle the drawbacks of conventional medical robots,
such as their bulkiness, high cost, constrained field of view, and
uncomfortable operation. These machine learning platforms
provide prospective remedies for NOTES and laparoscopic
surgeries. An overview of the developments in various robotic
systems is provided in this section.

Robot Imager

Using an imaging robot during a medical treatment can help
by giving visual feedback. The endoscope with a wireless
capsule has become a recognized method for inspecting the
gastrointestinal tract over the last ten years. The 11 mm by 26
mm capsule that houses the imaging robot also has lighting,
imaging, communication modules, and button batteries. After
being ingested, the capsule can wirelessly transmit images to an
Information from an outside recorder while it passes naturally
through the digestive tract via peristalsis. Medical microrobotics
have been designed and developed with inspiration from
capsules' ingestibility and technological breakthroughs. These
capsules, which feature directing or actuating mechanisms,
offer a great deal of potential to help with surgical procedures.

This study describes the creation of a camera-equipped robot
with a 75mm length and 12mm diameter. Two independently
moving wheels on the robot, powered with 6mm DC motors,
enable forward, backward, and rotating actions. For the purpose
of preventing counterrotation, a tail is used. Between the wheels
is a variable-focus image sensor that will provide visual input as
the robot moves. The robot was put to the test in a pig modelling
test, where it was injected into the abdomen via a transgastric
incision, explored the abdominal cavity, and then recovered via the
oesophagus using a conventional upper endoscope. Global flexible
endoscope market for2021 and 2030 plot is shown in figure 3.

Operative and Cooperative Robot

The dimension of the anatomical orifices restricts the insertion
of surgical instruments in minimally invasive procedures like
NOTES. One solution to this problem is to employ many
microrobots for cooperative activities, with each microrobot in
charge of a distinct task. Noninvasive triangulation and retraction
can be accomplished inside the abdomen by attaching tweezers
and retractors to tiny inside magnets and controlling them with
an enormous extracorporeal magnet. This method enables small
and straightforward robot structures. Because the gadgets may
be easily moved, the system can also be reconfigured.

The MAGS (Magnetic Anchoring and Guidance System)
consists of a curvaceously driven arm with a robot with a
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Elevator control lever

» Swing control knob
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; — Swing knife
I Multibending section

Figure 4. The R-scope (Olympus Medical Systems).

cauterising hook, two passive tissue retractors, and an internal
camera system. Three degrees of freedom are available on
the 158mm-long robotic arm. The first joint has a maximum
range of motion of 50 degrees, the second joint a maximum
range of motion of 45 degrees. As they have an opportunity to
improve the NOTES technique and address issues with flexible
platforms, the study's findings promote the further development
of magnetic devices for use in humans.

The monocular scope features a multibending portion which
allows it to be locked into place while being placed near to the target
area. It has two moveable 3.8mm sensor channels, one of which
may swing horizontally and the other up and down. As shown in
Figure 4, these channels offer a decent simulation of triangulation.
During the procedure, both instruments can be controlled via a
lever and a knob that are situated close to the R-scope's angulation
control knobs. The knob and lever can be locked into the desired
positions once they have been chosen for stability.

Self-Building Robot

With the development of Bluetooth programmable robotics
for endoluminal treatments, reconfigurable robots originally
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designed for exploration and surveillance have found use in
surgery. These robots are assembled, configured, and used
surgically under the guidance of a surgeon using an external
controller. The centre module, structure modules, and functional
modules of modular robots allow for a variety of topologies
inside the abdominal cavity. The robots can either keep their
shape after the procedure or separate into separate pieces for
simple insertion into the body. Self-assembly technology
decreases module size and makes it possible to add or remove
intervention functions while the procedure is being performed.
The disassembly procedure is where the difficulties lay, though.
While a magnetic anchoring surface limits some module
movements during disassembly, magnetic attraction makes
assembly easier. The research offers ideas for future uses despite
its limits in 2D operation and Imm module dimensions, albeit
it might not be appropriate for surgical use. Global surgical
robots market variation for various categories shown in Figure
5. When compared with the others, general surgery in robotics
were higher.

Limitations.

Robotic technique offers various benefits for surgical
procedures like NOTES when compared to flexible endoscopes.
It offers a solid and secure platform, enhances geometry and
ergonomics, and permits the use of several surgical instruments.
Individual functioning robots' structures can be made simpler
and can be made smaller to fit via a single port thanks to the
flexible and cooperative architecture. Microrobots are effective
at helping with additional work support and visualization,
according to experimental assessments. But at the moment, in
vivo robots are still being tested in non-survival animals and are
not yet developed enough for clinical application. Although this
strategy has promise, more technology advancement is required
to overcome present restrictions and guarantee simplicity of use
and security in the long run.

In the framework of NOTES, robot technology has a
number of drawbacks. Widespread acceptance is hampered
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by the intricacy of the procedure and the steep learning curve
required of the surgeons, as well as by the high initial price and
continuing maintenance expenditures. Limited haptic feedback
makes it difficult to remote control capabilities, and measure
tissue raise latency issues. Robotic system manoeuvrability and
efficiency in confined environments are impacted by their size
and configuration. Challenges include a shortage of sensory
perception, vulnerability to technical issues, and incompatibility
with specific processes. The lack of complete tactile feedback
and restricted access to anatomical regions, along with other
legal, moral, and integration difficulties, further limit their
application. To fully utilize the capabilities of robotic platforms
in NOTES, it was essential to address these constraints through
research and development.

Conclusions.

The NOTES has the capacity to bring about yet another
significant paradigm shift in surgery, comparable to the influence
of laparoscopic operations during the past three decades.
Clinical and engineering restrictions need to be resolved before
widespread usage, though. Creation of new operating platforms
with a focus on NOTES is a crucial demand. However, these
have limits in terms of transvaginal procedures, rigidity, and
meeting the needs of geometry and retraction. Recent studies
have used modified flexible endoscopes or standard laparoscopic
instruments. The creation of novel instruments, notably in the
realm of robotics, offers hope for overcoming these constraints.
Pilot experiments have shown that using operating and image
microrobots for task support is feasible. It is necessary to conduct
more research, including assessments of animal survival models
and, eventually, assessments of both safety and effectiveness in
humans. Future NOTES techniques are projected to develop and
gain widespread acceptance because to developments in robotics.
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