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Endoscopic techniques have revolutionized diagnostic and therapeutic practices across multiple
medical specialties, including orthopedics, neurology, gastroenterology, pulmonology, urology,
and gynecology. Initially developed for diagnostic visualization, advancements in optics, flexible
instruments, and minimally invasive approaches have expanded endoscopy’s role to complex
surgical interventions. These techniques offer significant benefits such as reduced surgical trauma,
improved patient outcomes, faster recovery, and lower complication rates. Endoscopy is now
integral to procedures like arthroscopy, neuroendoscopy, therapeutic colonoscopy, bronchoscopic
lung biopsy, ureteroscopy, and hysteroscopy. Moreover, innovations in imaging, robotics, and
artificial intelligence are rapidly enhancing precision and capabilities in real-time diagnosis and
treatment. The growing emphasis on training, simulation, and interdisciplinary collaboration is
essential to ensure safe and effective practice. As technology continues to evolve, endoscopy is
poised to become a cornerstone of future medical interventions.
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1. Introduction to Endoscopic Techniques

Endoscopy refers to techniques that allow the
visualization of the interior of hollow organs and body
cavities with the aid of a flexible tube. The suffix “-scopy”
derives from the Greek word “skopein,” meaning to view,
while the prefix “endo-” originates from the Greek word
“endon,” meaning in, within, or inner [1]. In medicine,
the endoscope is used with an optical connect. This
device is composed of glass lenses and a relayed digital
camera with light source and eyepiece, allowing high
magnification and visualization on a screen [2]. The
endoscope is equipped with a working channel that
allows instruments to be introduced into the body,
enabling the execution of therapeutic procedures during
direct visualization [3]. Flexibility is a distinctive
characteristic of an endoscope as it mimics the natural
anatomical curvatures. This feature theoretically allows
the inspection of the entire digestive tract, and other
hollow organs such as the bladder and uterus. Specific
applications of endoscopy also facilitate the examination
of otherwise inaccessible regions. These include the
larynx, middle ear, nose, and pleural space. Besides the

ear, fundus, and airways, exogenous rigid scopes may
also allow the observation of the interior of the joint.
Manual mobilization of the endoscope requires
experience and coordination but allows intracorporeal
navigation in cases of induction or remission, with
reduced damage to the natural ciliation of the mucosa
while optimizing exploration duration [4].

The first rigid endoscopic apparatus used in animals was
introduced in 1806 to examine the urethra, followed by a
peritoneoscope in 1888, and a laryngoscope and otoscope
in 1898. In 1930, a device was developed to visualize the
stomach, allowing closure with a balloon rather than
suturing. In 1940, a fiberoptic apparatus equipped with a
glass lens was produced, allowing the exploration of
previously inaccessible sites. The first flexible cystoscope
and duodenoesophagoscope were developed in 1951 and
1952, respectively. Today, the endoscopic provision for
minimally invasive surgical treatment is a standard for
various procedures, including gynecological surgeries,
urology, bariatrics, postoperative damage repair, and
more [5].
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2. Endoscopic Techniques in Orthopedics

General surgery, thoracic, gynecological or other doctors
have already been using endoscopy for some time and so
far, realize what has long been achieved in orthopaedics:
the unitary development of arthroscopy, the realization of
surgery through a small hole, with a high precision,
allowing the realization of any arthroscopic technique:
diagnosis and treatment of antero, postero-inferior or
superior pathologies of the joint [6]. An increasing
number of scientific studies report that less invasive
techniques have a lower associated complication rate and
improve patient quality of life postoperatively. However,
currently, academic reports refer to less invasive
techniques or restricted access. Interestingly, there is no
group consensus linking less invasive and restricted
access techniques. In orthopedic surgery specifically,
minimally invasive surgery is generally perceived as the
realization of surgical techniques using restricted access
[7]. Surgeons in all parts adopt the concept of MIS as
synonymous with reduced trauma, less bleeding and a
better postoperative recovery. No longer do we focus only
on healing the surgical wound. We want to help the
patients become independent more quickly. For this
reason, among the small incision procedures,
arthroscopy and endoscopy technique stand out for their
surprising speed of recovery. An ever-growing number of
pathologies, all complicated, with reconstruction
techniques, are routinely being solved arthroscopically,
for the advantages that minimizing the surgical trauma
implies [8].

Arthroscopy surgery techniques reduce surgery time,
blood loss, transfusion rate, improve security, allow a
quick return to work and sports, with the associated
savings. On a long-term basis, they also reduce general
morbidity and mortality. However, the procedure is not a
long-term solution intrinsic to the surgical team, but a
learning and gradual acquisition of experience over the
years. In recent years, arthroscopy has become the first
technique of choice in knee surgery. It is also being
increasingly used; the success rates after surgical
treatment of the pathologies indicated here seem to
confirm this [9].

2.1. Minimally Invasive Surgery

Minimally Invasive Surgery (MIS) can be defined as
operations done through a few small cuts which allow the
surgeon to remove, repair or replace damaged joints or
bones. Besides the cosmetic and aesthetic advantages, it
definitely reduces the postoperative pain and allows early
rehabilitation preventing venous thrombo-embolism.
Minimally Invasive Interfacetal Joint Surgery (MIISS) is
another example of the concept further brought into
clinical practice being established as a successful
treatment protocol for low back problems, including disc
herniation, facet degeneration, fractures, and spinal
instabilities with chronic pain [10].

The growing demand for innovative and less invasive
surgical techniques has advanced the field of minimally
invasive spinal surgery. These procedures, particularly
interfacetal joint and percutaneous spinal approaches,
offer significant benefits for patients by reducing trauma,
shortening hospital stays, and speeding up recovery. By
accessing the spine through smaller, critical entry points,
these methods minimize systemic inflammatory

responses and support quicker rehabilitation [11].

2.2, Arthroscopy Procedures

The advent of endoscopic techniques brought about a
reduction in surgery-related issues, both for patients and
medical professionals. In knee arthroscopy, the most
common minimally invasive surgery in the world, it is
possible to perform different types of surgical techniques
for the treatment of several intra-articular pathologies.
The most common knee problems are meniscus tears and
cruciate ligament lesions, both of which need surgical
treatment. Knee arthroscopy has gained prominence
within the last few decades. In addition to treating intra-
articular knee pathologies, arthroscopy is being used for
procedures to repair ganglia, remove loose bodies, and
synovial disease. Knee arthroscopy is also used for
surgery and revision of anterior and posterior cruciate
ligament surgery, when associated with a peritendinous
approach. It is projected and described as being the most
common orthopedic surgical procedure, with around 2
million cases performed every year.[12] Shoulder
arthroscopy, second only to knee arthroscopy in
frequency, has become a widely used surgical technique
for treating various shoulder conditions, such as
instability, rotator cuff injuries, acromioplasty,
arthrolysis, and infections. It is also employed in revision
surgeries for shoulder arthroplasty. Both knee and
shoulder arthroscopies are considered surgical
procedures [13].

During these surgeries, images are recorded and stored
in patient information systems, allowing surgeons,
radiologists, and assistants to review and discuss cases in
detail. This system enhances patient understanding and
promotes better collaboration among healthcare
professionals [14].

2.3. Benefits and Limitations

Endoscopic techniques, a key component of minimally
invasive surgery, offer significant benefits in reducing
tissue damage and complications while enhancing
surgical outcomes. Once limited to diagnostics, these
methods are now widely used for therapeutic purposes in
orthopedic trauma, treating conditions like malunion,
nonunion, and osteoarthritis [15]. They are well-
established in shoulder, knee, hip, and spine surgeries,
allowing precise interventions with minimal soft tissue
damage. However, not all patients are ideal candidates—
factors like lesion characteristics and comorbidities must
guide selection. While these techniques have advanced
orthopedic practice, they require expertise and are not
universally favored among surgeons [16].

3. Endoscopic Techniques in Neurology
Over the past 30 years, advancements in MRI and
endosurgical tools have significantly expanded the role of
neuroendoscopy in neurosurgery. Originally used for
treating intraventricular conditions, it is now widely
applied to complex issues like craniosynostosis, skull
base reconstruction, functional disorders (e.g., epilepsy,
movement disorders), and psychiatric conditions.
Neuroendoscopy supports minimally invasive biopsies,
tumor resections, and CSF diversion, often reducing the
risks associated with open surgery. As its applications
grow rapidly, neuroendoscopy is becoming an essential
tool for managing cranial, spinal, and skull base
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pathologies, with future progress hinging on its
thoughtful integration into surgical practice and
education [17].

3.1. Endoscopic Skull Base Surgery

Skull base surgery has gained prominence in both
oncologic and functional neurosurgery, driven by
advancements in high-definition optics and the success of
endoscopic approaches for pituitary lesions. Larger
tumors like craniopharyngiomas and meningiomas are
now addressed with endoscopic assistance [18]. Despite
being a relatively small field volume-wise, skull base
surgery  benefits greatly from multidisciplinary
collaboration among neurosurgeons, ENT, and
maxillofacial surgeons. The endonasal route offers direct
access and a broad visual field, but challenges include
limited space, fiber optic wear, and difficulty in
maintaining  optimal  surgical conditions like
pneumatization and decongestion [19].

3.2. Neuroendoscopy Applications

Neuroendoscopy is a minimally invasive technique used
to diagnose and treat diseases within the cranial and
spinal cavities [20]. This chapter reviews its historical
development, key techniques, and current indications,
which include intraventricular hemorrhages, tumors,
cysts, pituitary lesions, craniopharyngiomas, arachnoid
cysts, and spinal conditions such as hydromelia and
scoliosis linked to syringomyelia. Advances in flexible
endoscopes have improved access to complex lesions,
enabling treatment of previously difficult cases and
postoperative complications. Neuroendoscopy serves as
both a primary and complementary approach, with
growing relevance in brain and skull base tumor
treatment [21].

3.3. Case Studies and Outcomes

Endoscopic skull base surgery (ESBS) has become a well-
established technique in modern neurosurgery, offering
advantages such as improved magnification and
illumination, particularly in the temporal bone area [22].
The introduction of hybrid approaches, like the combined
endoscopic transnasal and microscopic transoral
methods, has led to successful resection of
hypopharyngeal tumors with favorable outcomes. ESBS
has also facilitated innovative procedures such as bony
debridement and vocal fold suturing with minimal
postoperative discomfort [23]. Advances in laryngeal
surgery have enabled scar-free repairs through endonasal
approaches, including stabilization with titanium plates.
Various techniques for treating skull base osseous defects
have been reported, with endoscopic methods showing
promising results, particularly in minimal maxillary sinus
defects [24].

4. Endoscopic Techniques in Gastroenterology
Endoscopy has become a cornerstone of modern
gastroenterology, enabling accurate diagnosis and a wide
range of therapeutic procedures throughout the
gastrointestinal tract. Technological advances—such as
high-definition imaging, narrow band imaging, and
powered instruments for dissection and hemostasis—
have significantly enhanced safety, speed, and
effectiveness [25]. Modern endoscopy now manages
many conditions once reserved for surgery, delivering
excellent outcomes. Innovations like digital virtual
endoscopy and augmented reality are expanding access
and redefining endoscopy’s role beyond diagnostics to
targeted, software-driven therapies. Overall, endoscopy
has transformed gastroenterology, blending precision,
science, and innovation in patient care shown in figure 1
[26].
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Figure 1: Illustration of Endoscopy Techniques in
Gastroenterology: This chart depicts four key
endoscopic procedures Upper Endoscopy, Endoscopic
Ultrasound, Capsule Endoscopy, and Colonoscopy—
used for diagnosing and treating gastrointestinal
conditions. Each procedure is represented with clear
anatomical illustrations to highlight their respective
applications.

4.1. Upper Gastrointestinal Endoscopy

Located above the diaphragm, the upper
gastrointestinal (GI) tract consists of the esophagus,
stomach, and the upper small intestine (mainly, the
duodenum). Upper GI endoscopy usually begins in a
resting, sedated patient in the left lateral decubitus
position with insertion of a flexible endoscope through
the oral cavity and into the pharynx. Once the
esophageal sphincters are traversed, a gentle
withdrawal brings the instrument into contact with the
wall and mucosa of the esophagus. Sequential
insufflation of air and suction of secretions allow
visualization of the proximal, mid, and distal
esophagus along with the cricopharyngeal and
diaphragmatic muscle fibers. Careful inspection of
each area during withdrawal allows precise
visualization of the vast spectrum of pathologies that
can occur, including gastroesophageal reflux disease,
eosinophilic esophagitis, Barrett's esophagus with
dysplasia, esophageal cancer, and esophageal varices.
Products of the esophagus and stomach and
surrounding structures should also be evaluated. The
esophagus can be passed directly into the second part
of the duodenum following opening of the pylorus; at
the time of withdrawal, the bulb and proximal
transverse duodenum can be inspected. Each portion
should be examined for abnormalities, considering
that gastric pathologies may mimic duodenal
pathologies. Special attention should also be placed on
the ampulla of Vater and brunner glands as their
pathology can sometimes lead to significant patient
morbidity [27].

4.2. Colonoscopy Techniques

Colonoscopy is a minimally invasive procedure that
uses a flexible tube with a camera to transmit images
of the colonic mucosa for both diagnosis and
treatment. It is commonly used to investigate
conditions like bleeding, obstruction, tumors, polyps,
Crohn’s disease, and other gastrointestinal issues.
Colonoscopy allows for therapeutic interventions such
as biopsy, tumor removal, bleeding control, and stoma
creation or reversal. The quality of colonoscopy images
depends on both the scope and proper colon
preparation, which includes water-cleansing systems
and electrolyte solutions. While complications like
perforation, bleeding, and infections are rare, early
diagnosis and treatment improve recovery outcomes.
Advanced techniques make colonoscopy a versatile,
minimally invasive procedure with fast recovery times
when used appropriately [28].

4.3. Therapeutic Endoscopy
Since the introduction of flexible fiber-optic

endoscopes, therapeutic endoscopy has become a

leading  minimally  invasive  treatment for
gastrointestinal  diseases. Common therapeutic
procedures include submucosal dissection, mucosal
resection, balloon dilation, sphincterotomy, and
endoscopic bariatric surgery, which are used for tumor
resection, pancreatobiliary duct stone treatment, and
conditions like achalasia, pancreatitis, and obesity.
The growth of laparoscopic surgery has further
influenced endoscopic advancements. While open or
laparoscopic surgeries are still preferred for certain
diseases, ongoing research may expand endoscopy’s
role. Successful therapeutic endoscopy requires careful
patient selection, optimal techniques, and advanced
tools, offering a safer, more effective option for
patients at high risk for open surgery, with the benefit
of shorter recovery times [29].

5. Endoscopic Techniques in Pulmonology
Advancements in endoscopic techniques have
significantly impacted pulmonology, promoting
minimally invasive procedures focused on fast
recovery and outpatient care. Flexible bronchoscopy,
developed in the 1960s, is now a primary tool, with
over 4 million procedures performed annually in the
U.S. It plays a key role in diagnosing and managing
pulmonary conditions like lung cancer, airway
obstruction, pneumonia, foreign body aspiration, and
pulmonary hemorrhage. Bronchoscopy is increasingly
used for diagnosing lung cancer, utilizing methods like
biopsy, bronchoalveolar lavage, and endobronchial
ultrasound. The rise of three-dimensional printing and
robotic-assisted bronchoscopy further enhances
nodule localization and the diagnosis of peripheral
lung conditions [30].

5.1. Bronchoscopy Procedures

Flexible bronchoscopy is a vital tool for diagnosing
and treating various respiratory diseases, including
lung cancer, pulmonary infections, and airway
obstruction. It is used for procedures like
bronchoalveolar lavage, biopsy, stent placement, and
foreign body removal. While commonly used in lung
cancer staging and ventilated patients, its small
working channel limits its effectiveness in complex
cases, especially with airway compromise. Virtual
bronchoscopy, based on CT imaging, offers non-
invasive assessment of the bronchial tree, but cannot
perform biopsies or clear obstructions. It is useful for
screening and in paediatric cases where conventional
bronchoscopy may be challenging [31].

5.2. Endobronchial Ultrasound

Endobronchial ultrasound (EBUS) has transformed
bronchoscopy imaging, allowing precise evaluation of
mediastinal lymph nodes and lung lesions. Over the
past two decades, EBUS has become the preferred
method for diagnosing lung cancer and staging
mediastinal lymph nodes, as well as detecting
inflammatory and infectious diseases. Various EBUS
approaches, such as convex probe, radial probe, and
ultra-small flexible EBUS, have improved imaging
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capabilities. EBUS-TBNA (transbronchial needle
aspiration) has made the procedure safer and more
accurate, expanding its use to assess distal hilar lymph
nodes and bronchogenic carcinoma. EBUS-TBNA has
become the technique of choice for lymph node
staging, especially for determining surgical resect
ability and guiding chemoradiotherapy in lung cancer
patients [32].

5.3. Innovations in Lung Biopsy

Oxygen is essential for the body’s functions, but the air
we breathe also carries airborne pathogens that can
harm us. The respiratory tract has protective filters to
prevent such harm, but when these filters fail, it can
lead to serious issues like tumors and lung cancer,
increasing the need for lung biopsies. Bronchoscopy
and Virtual Bronchoscopy are key tools for diagnosing
and assessing lung masses. While bronchoscopy is an
invasive procedure with potential complications,
advances like improved fiber optics and smaller
bronchoscope diameters have enhanced its
effectiveness. Additionally, ultrasound techniques
have improved the identification and biopsy of
bronchial lesions. Percutaneous lung biopsies, guided
by fluorescent bronchography and scintigraphy, are
also gaining attention for their ability to target
bronchopulmonary masses effectively [33].

6. Endoscopic Techniques in Urology

Endourology, a specialty focused on using endoscopic
procedures, involves accessing the urinary tract
through native orifices or percutaneous access. The
field has advanced significantly, particularly with
miniaturization of flexible and rigid scopes.
Ureteroscopy, which has been part of urology since the
advent of optics, has evolved with the development of
semirigid ureteroscopes and advances in optics and
instrumentation. It is now used for both diagnostic
purposes and for thermal ablation and fragmentation
of kidney stones, which were once difficult to treat

[34].

For proper stone inspection, the infundibulum and
renal pelvis must be assessed. Flexible ureteroscopy is
preferred for stones in the infundibulum, while
semirigid ureteroscopy is used for stones in the renal
pelvis. Flexible ureteroscopes, with their smaller
working channels, allow for better access and easier
removal of larger stones, facilitating subsequent
procedures. Transurethral resection (TUR) of the
bladder and urethra, once the standard treatment for
tumours, has been surpassed by newer procedures like
holmium laser enucleation for benign prostatic
hyperplasia (BPH), thanks to advances in
miniaturization and retention rates [35].

6.1. Ureteroscopy Techniques

Ureteroscopy is a common procedure in urology used
to examine the ureters, and it involves the use of both
flexible and rigid scopes, along with digital and
standard optics. Recent advancements have
introduced additional techniques like pyeloscopy and
laparoscopic pyeloscopy. The chapter explores the
different types of ureteroscopes, their mechanics,
optics, and pricing, as well as ancillary methods such

as robotic-assisted ureteroscopy and laser-assisted
ureteroscopy [36].

Ureteroscopy is increasingly favored for its minimally
invasive approach and is used for a variety of
urological procedures. Innovations in tools like lasers,
balloons, stents, cameras, and heating/cooling devices
have expanded its capabilities. Ureteroscopy is now
applied beyond just urolithiasis, with growing use in
procedures such as pyeloplasty, ureteroureterostomy,
stricture repair, tumor excision, and renal biopsy. This
broadening of its use to different patient populations,
including infants, children, the elderly, and those with
abnormal renal structures, requires evidence-based
outcomes to fully support these adjunct procedures

[37].

6.2. Endoscopic Procedures for Kidney Stones
Endoscopic-assisted treatments for urinary stones
include various methods such as shock wave
lithotripsy, flexible and rigid ureterorenoscopy with
laser lithotripsy, percutaneous nephrolithotomy
(PCNL), flexible nephroscopy, laparoscopic or robotic-
assisted surgery, retroperitoneal percutaneous
surgery, and robotic-PCNL. The choice of treatment
depends on factors like stone size, location, urinary
anatomical alterations, and comorbidities that may
increase complications. Flexible ureterorenoscopy has
evolved over the last three decades with advances in
flexibility and miniaturized laser technology. It is
indicated for stones larger than 10 mm in the
proximal/middle ureter, over 5 mm in the distal
ureter, and for kidney stones [38].

Percutaneous nephrolithotomy is the gold standard for
treating large upper urinary tract stones (=20 mm)
and is also used for stones smaller than 20 mm in
select patients. The procedure involves inserting an
access sheath into the kidney through which a flexible
nephroscope is introduced. Minimally invasive
techniques, including single-access PCNL, are being
increasingly adopted. The use of miniaturized optics
offers better visualization while reducing the risk of
injury to adjacent organs [39].

6.3. Transurethral Resection

Transurethral resection (TUR) was the first
endoscopic technique to become a standard approach
in urological surgery, particularly for treating benign
prostatic hyperplasia and bladder tumours. Despite
the advent of other less-invasive procedures, TUR
remains essential in both urological oncology and
functional urology due to its effectiveness. However, it
is crucial to avoid performing TUR mindlessly, as
socioeconomic constraints and surgical demands may
lead to delays, complications, and longer recovery
times. Due to its complexity, TUR is typically
recommended to be performed by senior urologists,
especially during residency training. Following the
principle of "surgical undo,” TUR cases should be
carefully reviewed with a second look, especially in
patients with low-risk TUR for bladder tumours (TUR-
BT). Innovative techniques and management
algorithms are continuously improving the procedure,
and the benefits of TUR in terms of haemostasis and
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recovery over open surgery make it crucial for training,
monitoring, and reducing complications [40].

7. Endoscopic Techniques in Gynaecology
Endoscopic techniques have significantly transformed
gynaecology, offering less invasiveness and faster
recovery for patients. Approximately one-quarter of
gynaecological surgeries are now performed through
laparoscopy, with hysteroscopy being the most
common outpatient procedure. Advances in
anaesthetics, high-definition cameras, and more
affordable instrumentation have made these
techniques the preferred choice for treating most
gynaecological conditions. Laparoscopy is the gold
standard for various gynaecological surgeries,
including hysterectomy, myomectomy, pelvic floor
reconstruction, and the treatment of conditions like
endometriosis, fibroids, ectopic pregnancies, and
cysts. First introduced in 1983, laparoscopy has
become increasingly common alongside hysteroscopic
surgery, which is used for inspecting and treating
conditions inside the uterine cavity. Hysteroscopy,
which has been around since 1805 and evolved with
resectoscopic  approaches, has grown  with
advancements in optical technology, providing high-
vision and digital imaging systems. Outpatient
hysteroscopy offers the advantages of short-term local
anesthesia, quick recovery, and lower morbidity,
making it a popular choice for treating intracavitary
pathologies [41].

7.1. Laparoscopy in Gynecological Surgery

In the 1960s, laparoscopy emerged as a challenge to
traditional gynecological procedures like laparotomy.
This technique revolutionized the field of gynecology,
allowing both diagnoses and surgeries to be performed
with only small incisions, typically at the umbilicus.
Since the 1980s, laparoscopy has grown steadily,
particularly due to advancements in optics, although
energy devices have also contributed. Despite its
advantages, there were initial challenges in adopting
laparoscopy, including resistance to change and the
lack of hands-on experience, which slowed its
widespread use [42].

Endoscopic techniques are often first used for
anatomical reconstruction, and later for more basic or
complex procedures. Although laparoscopy is
considered minimally invasive, it does carry risks and
potential complications. In the United States,
approximately 200,000 laparoscopic hysterectomies
are performed annually. Compared to open
hysterectomy, laparoscopic  hysterectomy has
advantages such as shorter hospital stays, reduced
postoperative pain, and lower infection risk. However,
it also has some drawbacks, including longer surgery
times and higher costs [43].

7.2. Hysteroscopy Procedures

Hysteroscopy is a medical procedure that allows direct
visualization of the inside of the uterine cavity using a
hysteroscope. It is instrumental in diagnosing and
localizing uterine lesions or pathologies, such as
intrauterine adhesions, fibroids, and polyps. Common
indications for hysteroscopy include abnormal uterine

bleeding, abnormal cervical cytology results, findings
of  endometrial lesions in asymptomatic
postmenopausal women, and abnormal findings from
other methods like sonography or
hysterosalpingography. During the procedure, surgical
interventions can also be performed, such as
polypectomy (removal of polyps), myomectomy
(removal of fibroids), endomyometrial ablation
(removal of the endometrium), and septum division.
While other diagnostic methods, like
hysterosalpingography and hysterosonography, may
be used, they do not offer the same level of
visualization as hysteroscopy, which makes the
procedure essential for accurate diagnosis [44].

Hysteroscopy is classified into two types: diagnostic
and operative. In diagnostic hysteroscopy, the goal is
to simply visualize the uterine cavity and cervical
canal. In contrast, operative hysteroscopy involves the
treatment of lesions inside the uterus, such as
removal, division, or ablation of abnormal tissue.
Hysteroscopy can often be performed as an outpatient
procedure, helping reduce the burden on healthcare
systems. It can be done under local, regional, or
general anesthesia, depending on the complexity of the
case and the patient's needs [45].

7.3. Fertility Treatments

Endoscopic techniques have had a transformative
impact on fertility treatments in gynecology, enabling
minimally invasive procedures to diagnose and treat
various fertility-related conditions in both men and
women. In women, endoscopy plays a pivotal role in
identifying and managing conditions such as
anovulation, endometriosis, inflammatory pelvic
disease, and salpingitis, which are commonly
associated with  subfertility. Hysteroscopy is
particularly useful for assessing and treating uterine
abnormalities, such as fibroids and polyps, which can
negatively affect fertility. Additionally, laparoscopy is
commonly employed to diagnose and treat
endometriosis, a condition that can hinder fertility by
causing damage to the reproductive organs [46].

Endoscopic techniques have also revolutionized
assisted reproductive technologies (ART), particularly
in procedures like in vitro fertilization (IVF). For
instance, the use of thin, flexible endoscopes during
embryo transfer allows for more precise catheter
placement into the endometrium with minimal
trauma, which improves success rates. Advances in
endoscopic technology have led to the development of
specialized tools that facilitate safer and easier
procedures, such as creating a "sky" effect within the
uterus to guide instruments through narrow areas
[47]. The diagnosis and treatment of Asherman
syndrome, a condition characterized by intrauterine
adhesions, have also been greatly enhanced by
hysteroscopy. Under direct visualization, adhesions
can be divided accurately, improving the chances of
successful  pregnancy outcomes. Additionally,
laparoscopy has become the preferred method for
treating endometrial polyps, fibroids, and other
uterine anomalies, preventing complications like re-
invasion or healing from scarring [48].
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Endoscopic surgery has led to higher Cclinical
pregnancy and live birth rates compared to traditional
open surgical procedures. While debates continue
about the optimal timing for embryo transfer after
procedures like polypectomy or myomectomy, studies
suggest that endoscopic interventions generally offer
better outcomes, demonstrating the significant
advancements in fertility care brought about by
minimally invasive techniques [49].

8. Technological Advances in Endoscopy
Endoscopy has evolved into a more user-friendly tool
in the hands of a growing number of clinicians,
capable of being applied in an increasingly varied
array of situations. Historically, diagnostic
applications for flexible endoscopy and relevant
surgical interventions have developed along separate
pathways, utilizing different levels of sophistication,
but recently the possibility of carrying out minimally
invasive surgery has been extended to flexible,
endoscopic-assisted techniques [50]. Such procedures
may be performed as a solitary approach, but
frequently they are performed in association or
combination with complementary surgical access to
the cavity being altered, contributing important gains
in terms of reduced complication rates and shortened
recovery times for the patient. These techniques are
beginning to penetrate a variety of fields, allowing
procedures within the thoracic, abdominal, and pelvic
spaces [51].

Likewise, technological advances with imaging and
visualization through fiberoptics, robotic-assisted
flexible endoscopy, and the incorporation of newer
technologies, such as fluorescence, spectroscopy,
augmented reality, and artificial intelligence, may be
expected to hasten this growth and accessibility. In
robotics-assisted flexible instruments, improvements
in dexterity, precision, and ergonomic comfort are
combined with the potential for decreased risk and
success for interventionist procedures through natural
orifices. 3D imaging seems to offer significant
advantages in the crucial steps of visualization,
orientation, and navigation during endorobotic and
endoscopic procedures, such as identifying the correct
points of approach, orienting the optical system,
accurately mapping lesions, and determining levels of
depth during surgery, with the goal of improving
outcomes and decreasing complications [52].

8.1. 3D Imaging and Visualization

Imaging and visualization are central to the continued
evolution of endoscopy, offering an ever-expanding
array of capabilities to enhance diagnostic and
therapeutic procedures. Traditional 2D endoscope-
imaging systems have been widely used, but recent
advancements in technology are pushing the
boundaries of what can be visualized, enabling
healthcare professionals to assess tissues in a more
detailed and dynamic way.The ability to reconstruct
3D images from a series of 2D snapshots is a major
leap forward, giving clinicians a deeper understanding
of complex structures within the body. New imaging
modalities like multispectral imaging, optical
coherence tomography (OCT), optical-resolution
photoacoustic microscopy, and photoacoustic imaging

allow for incredibly detailed imaging at the cellular
and even subcellular levels [53]. These techniques
provide a virtually non-invasive means to visualize
tissues, offering unprecedented insight into the
underlying biology of various conditions. The history
of 3D imaging in endoscopy dates back to 1838 when
Sir Charles Wheatstone invented the stereoscope,
laying the foundation for binocular vision and the
eventual development of 3D imaging. Technological
advances such as CCD and CMOS cameras enabled the
capture of high-quality 2D images, which closely
mimic human vision in terms of color and resolution.
This paved the way for the development of 3D
cameras, which, although still expensive and with
limited applications, have been making strides in
endoscopy. These 3D endoscopes are now used in
procedures such as tumor resections, allowing for
better navigation in complex structures like the
abdominal cavity and luminal tracts [54].

Cutting-edge technologies like 3D endoscopic optical
coherence  tomography and optical-resolution
photoacoustic microscopy at multispectral
wavelengths are pushing the resolution even further,
achieving sub-micron-level details. These innovations
enable in vivo imaging of tissue compartments,
providing a level of detail that was previously
unimaginable. As these technologies continue to
advance, they will not only improve the quality of
diagnostics but also contribute to more precise and
effective treatments [55].

8.2. Robotic-Assisted Endoscopy

Traditional endoscopy has a limitation in that the
operator cannot use multiple instruments or work in
different quadrants of anatomy simultaneously.
Robotic surgical systems address this by offering a
master-slave model where the operator controls
precisely articulated robotic instruments remotely,
allowing for greater precision and flexibility. These
systems provide a stereoscopic view while seated at a
console and are especially useful for complex
procedures requiring detailed reconstructions or
removals [56].

Although robotic endoscopes have not yet been fully
studied in long-term or multi-institutional biological
comparisons, their reported benefits include improved
precision, the removal of tremors, and enhanced
movement strength. Some systems also use robotic
mechanisms to assist with camera motion, restricting
the field of view to the area of interest or automatically
pointing the camera toward specific anatomy.
Additionally, highly achromatic micro-optical systems
enable clear cooperative stereo vision even in poorly lit
areas. The development of 3D multi-view endoscopic
techniques is aimed at further enhancing the quality of
surgical images, leading to better surgical outcomes

[57].

8.3. Artificial Intelligence in Endoscopy

Artificial Intelligence (AI), particularly deep learning,
is becoming increasingly important in medical
specialties, including endoscopy. In the realm of
endoscopy, Al helps analyze images using deep neural
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networks, which can classify and detect complex
patterns in endoscopic images. Deep learning has been
propelled by advances in image datasets,
computational power, and model architectures,
transforming tasks like image-based classification and
object detection [58].

One of the main challenges in AI applications for
endoscopy is the rarity of certain events, which makes
it difficult to gather large and diverse datasets. For Al
to be effective, a robust set of annotated video
sequences validated by expert endoscopists is
necessary. Additionally, real-time feedback during
procedures is crucial for Al to assist endoscopists in
identifying abnormalities that could be missed,
enhancing sensitivity and specificity. This technology
aims to improve diagnostic accuracy and assist in
decision-making during endoscopic procedures [59].

9. Training and Education in Endoscopic
Techniques

Training and education in endoscopic techniques are
crucial for producing skilled and competent surgeons,
especially with the rapid advancements in technology
and surgical techniques. Traditionally, surgical
education occurred at the bedside, but the
introduction of minimally invasive surgery and
endoscopic techniques has necessitated specialized
training programs. These programs are particularly
important for surgeons learning new skills in
minimally invasive and robotic surgeries, which
require precision and careful decision-making [60]. To
ensure competence, surgeons are now required to
undergo advanced training programs, such as the
Advanced Gynecological Endoscopy Fellowship, which
provides multi-specialty certification in robotic and
minimally invasive techniques. This training includes
risk management and complex decision-making,
which are essential for handling more intricate
surgeries [61].

Minimally invasive surgery offers significant
advantages for patients, including faster recovery
times, but the challenge lies in effectively teaching
these new techniques. Currently, there are no
universal standards for the curriculum in surgical
fellowships, though efforts are underway to create a
global consensus. Many programs involve a year-long
academic center-based experience. Additionally,
virtual surgical simulations are being developed to
help surgeons practice complex procedures, improving
their skills before performing them in real-life settings.
Refresher courses and skill assessments may help
experienced surgeons refine their abilities and
maintain proficiency in specific techniques [62].

9.1. Curriculum Development

Minimally invasive surgery has become one of the
fastest-growing fields in medicine over the past two
decades, with procedures now being performed
through small incisions across various medical
specialties. This evolution has been driven by advances
in laparoscopic surgery, which have been applied to
diverse fields such as digestive surgery, gynecology,
urology, thoracic surgery, and even pediatrics and

otorhinolaryngology. Endoscopic techniques have thus
become integral to many clinical practices, expanding
beyond traditional surgical domains [63].

The equipment used in laparoscopic surgery differs
from that in other endoscopic procedures, with
specialized tools and scopes tailored to each specialty.
The visualized anatomy and tissue manipulation also
vary, depending on the field of surgery. Given these
differences, specialized training is required for each
medical specialty, ensuring proficiency in performing
these techniques safely. Training should follow
structured protocols that involve supervised learning,
progressive  steps, simulation, and mentored
procedures. The introduction of virtual reality
simulators has further enhanced training by providing
a controlled environment for practice [64].

9.2. Simulation Training

Simulation training has become a crucial component
in medical specialties, providing a safe, controlled
environment for learning and skill development. This
training helps prevent risks to patients from
procedures performed by inexperienced practitioners.
It offers the opportunity for repeated practice,
allowing trainees to master specific techniques before
applying them in real-world situations. While
simulation training is widely used across various
fields, there is currently no standard approach for
training in endoscopic and general surgery (EGS)
procedures. High-fidelity simulation has shown
effectiveness in reducing learning curves and
minimizing stress for trainees in many procedures.
Evidence supports its use in procedures such as chest
tube placement and tracheostomy. However, suitable
simulators for EGS procedures remain limited, as
most simulators are designed for specific tasks rather
than entire procedures. Simulation training in
laparoscopic ~ surgery has  seen  significant
advancements, helping trainees develop technical
skills through structured, validated curricula [65].

While early-career fellows may have experience in
open surgery, they often lack hands-on training in
minimally invasive techniques. As a result, they rely on
simulation technology to build proficiency in these
procedures. Simulation training has been shown to
enhance psychomotor skills and promote the
acquisition of advanced techniques. Despite this, there
is currently no definitive evidence supporting the
mandatory use of simulation before performing
procedures in EGS fellowships. Nonetheless, many
programs are beginning to incorporate simulation into
their training programs to improve outcomes [66].

9.3. Certification Programs

Endoscopic physicians must progress beyond the
beginner stage of training, with physical simulation
alone being insufficient to master the movement of the
endoscope in patients. Essential training includes
performing a minimum of fifty upper endoscopies,
fifty  colonoscopies, and twenty therapeutic
endoscopies under supervision. This training should
span two years, starting from observation and
gradually progressing to hands-on experience. During
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this period, physicians develop the necessary skills for
each procedure and learn to manage complications

[67].

Once they have gained proficiency, physicians perform
procedures  independently, after passing an
examination of knowledge and verification of skills.
Certification is awarded upon successful completion.
The central goal of this program is to ensure patient
safety and procedural quality while adapting to
advancements in endoscopic technology. The
certification program is internationally recognized,
with over 2400 individuals from 122 countries
enrolled, and more than 4500 physicians certified
[68].

10. Ethical Considerations in Endoscopic
Procedures

Endoscopic techniques raise important clinical and
ethical considerations, including risk/benefit ratios,
learning curves, costs, and outcomes. Physicians'
performance and communication with patients are key
factors, particularly as many endoscopic procedures
are life-saving or aimed at alleviating symptoms like
pain and bleeding. While therapeutic procedures may
sometimes be performed without explicit informed
consent, ethical standards dictate that patients should
be thoroughly informed about the advantages,
disadvantages, risks, and technical challenges of
diagnostic and therapeutic endoscopy [69].

Patient safety is the top priority, and protocols are in
place to ensure safety during and after procedures.
However, effective communication before the
procedure is just as critical. Patients may not fully
understand what has been explained to them, leading
to anxiety and fears. This is especially important when
dealing with urgent or end-of-life decisions. Physicians
must carefully assess the effectiveness and
appropriateness of an endoscopic procedure before
making therapeutic decisions [770].

10.1. Informed Consent

Informed consent is a fundamental ethical principle in
the medical profession, emphasizing the importance of
patient autonomy and decision-making. It refers to the
process by which a patient voluntarily agrees to a
medical procedure after receiving a comprehensive
explanation of the technique involved and its potential
risks. For consent to be considered valid and
informed, four key conditions must be met. First, the
patient must be in a coherent mental state, capable of
understanding the information provided. Second, the
patient must be adequately informed about the nature
of the procedure, its benefits, risks, and possible
alternatives. Third, the consent must be given freely,
in a setting free from any pressure or coercion. Lastly,
the decision must be made voluntarily, without any
manipulation or undue influence. These conditions
ensure that the patient's rights, dignity, and autonomy
are respected throughout the medical decision-making
process [71].

Textbooks generally teach that the informed consent
process is an ongoing conversation that starts with the

first contact with the patient. Ideally, that initial
conversation should relax the patient and build trust
between him and the doctor. In modern medicine, this
period is usually brief and the informed consent is a
formal procedure that is filled by secretaries and the
real dialog remains —in most cases— only in the
doctor's head. The informed consent has only a legal
function and is needed only when things go wrong
[72]. This is the sad reality in which medicine has
landed; a reality of distrust of both parties. Few laws
exist about what is necessary to inform before entering
the consent process, and this may vary according to
the country, but by and large, the standard is to
explain the diagnosis, the procedure to be performed,
the benefits and the risks, alternatives to the
procedure both surgical and non-surgical. However, it
must be the physician's good sense and experience to
know how far the information about probabilities of
success in surgical procedures, whether an endoscopy
or a surgery, should be. Parents give informed consent
to their children when the child is unable to give it. In
the case of incompetent adults, an advanced directive
is desired. Some people will also say that presumed
consent applies when the doctor is sure of what the
patient would prefer if lucid [73].

10.2. Patient Safety Protocols

The advancement of endoscopic techniques, which
allow for interventions of increasing complexity and
sophistication, highlights the importance of patient
safety advisory groups. The Surgical Safety Checklist is
an essential tool in the prevention of morbidity and
mortality related to surgical and invasive procedures.
The application of the checklist in endoscopy allows
real-time intervention by the physician or the nursing
staff to prevent adverse events. Modification of the
format or ongoing education is recommended to
optimize its benefits [74].

Active disconfirmation is a strategy based on the
concept of "backup behaviour" which has been used in
general surgery and some other surgical specialties.
This protocol allows the "in-charge" person to
interrupt a procedure if the preparations are not
appropriate, taking personal responsibility before an
event of complication. At present, few protocols
describe this strategy for use in endoscopy. The
importance of the checklist as a tool to improve
patient safety is progressively gaining acceptance in
the field of endoscopy, and Spain was one of the first
countries to implement it in the syllabus of the
training course. We must emphasize that, although its
use in our specialty is still not obligatory, its
application is effective in reducing errors and
complications in endoscopy and can be especially
helpful in patients more prone to the development of
complications. Furthermore, this checklist could be of
help in difficult situations that arise on odd occasions
and allow risk factors to be standardized in practice;
for example, hoisting a large patient for bronchoscopy.
Thus, a checklist can be of use to make the
communication channels active and facilitate the
transfer of information, making success more likely

[751.

10.3. End-of-Life Decisions
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The decision to stop life-extending treatments or
forego certain measures for terminally ill patients is
one of the most difficult and ethically complex choices
in healthcare. These decisions, aimed at improving the
quality of life in the patient's final days, may shorten
life expectancy but provide relief from suffering. The
decision-making process involves not only the patient
but also the family, who may be more aware of the
patient's fatigue. Ethical considerations include
ensuring the medical team is not overly influenced by
the patient's impending death, taking into account the
emotional impact on the family, and recognizing that
the consequences of such decisions can be painful and
complex. It’s important for medical professionals to
carefully consider the patient's state and avoid rash
decisions based on temporary feelings of euphoria
[76].

11. Future Directions in
Techniques

Endoscopic surgery has expanded to include a broader
range of patients, even those with more advanced or
unusual conditions, due to its growing safety. Initially,
advanced resections with high risks, such as large
bleeding or complex tumors, were contraindicated for
endoscopy. However, recent reports from various
countries show that endoscopic surgery is being
successfully applied to larger resections, including for
benign lesions, tumors with high malignancy
suspicion, and superficial carcinoma. Despite this,
some cases, such as those involving patients with
chronic anticoagulation or with node-positive tumors,
remain unsuitable for endoscopic surgery. Research
and development in advanced instrumentation are
progressing, and robotics-assisted surgery is expected
to play a key role in complex resections in the future
[771.

Endoscopic

11.1. Emerging Trends

Endoscopic surgery is advancing towards more
minimally invasive and versatile procedures.
Innovations like thinner, flexible instruments with
higher-resolution imaging and multifunctional
capabilities are expanding its use across medical
specialties. New technologies, such as TLD and
TiMUPS systems, promise further less invasive
applications. The focus is on damage control surgery,
using minimally invasive techniques for diagnostic
and therapeutic purposes in critical situations, like
gastrointestinal ~ bleeding or trauma. These
advancements are enhancing safety and broadening
the range of conditions that can be treated effectively
with endoscopy [78].

11.2. Research and Development

The future of endoscopy is set for groundbreaking
advancements, pushing the boundaries of current
equipment and techniques. As the field moves toward
less invasive procedures, new tools and technologies
will be developed to enhance clinicians' understanding
of human anatomy and provide more effective
treatment options. Innovations will include advanced
imaging modalities, optoelectronic and sensor
technologies, miniaturization through surgical
robotics, capsule endoscopy, and smarter surveillance
methods in various environments [79].

Additionally, technologies like unmanned ground or
aerial vehicles (UGVs or UAVs) may enable real-time
data gathering and communication, pushing the limits
of current endoscopic capabilities. New, safer, and
more efficient diagnostic and therapeutic tools,
including in-vivo screens for non-endoluminal
surveillance, will revolutionize the field. The focus will
be on devices and procedures that have reached
advanced stages of research and development, with
the potential for imminent commercial deployment
[80].

11.3. Global Perspectives

The use of minimally invasive endoscopic techniques
has significantly increased globally, with growing
indications in both diagnostic and therapeutic fields.
Interestingly, there are global differences in the
adoption of these techniques. In the USA, the volume
of upper GI endoscopy has increased, while in the EU,
the growth has been more gradual. In Japan, however,
there is still a demand for surgical interventions, even
though many patients may have already undergone
operations. For lower GI endoscopy, the volume has
steadily increased across the USA, EU, and Japan.
Colorectal cancer screening colonoscopies have risen
sharply, though surveillance colonoscopies for patients
with conditions like ulcerative colitis or those with a
history of colorectal cancer recurrence have remained
stable [81].

In China, there is growing concern over the rising
incidence of colorectal cancer. Notably, endoscopically
assisted transanal approaches for lower rectal surgery
have shown promise, providing a safe and effective
method that preserves the sphincter muscle while
enabling complete tumor excision and removal of
surrounding tissues. With advances in endoscopic
training, robotic surgery, and techniques like natural
orifice transluminal endoscopic surgery, the use of
endoscopy is expected to expand further in the future,
with increased interest in its broader application. of
the endoscopic closure technique, which is the most
challenging technique in endoscopy [82].

Conclusion

Endoscopic  techniques  have emerged  as
transformative tools in modern medicine, breaking
traditional boundaries between diagnostic and surgical
disciplines. The integration of flexible and rigid
endoscopy into diverse specialties has enhanced the
safety, efficacy, and recovery profiles of numerous
procedures. This  multidisciplinary  expansion
necessitates the continuous advancement of physician
training and the development of dedicated
interventional subspecialties. While technology such
as robotics, high-definition imaging, and AI is
accelerating progress, the core of success remains
rooted in skilled execution, informed consent, ethical
practice, and patient-centered care. Looking ahead,
further innovations and global collaboration will be
essential to refine endoscopic approaches and extend
their benefits to wider patient populations across
increasingly complex clinical scenarios.
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