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Background: By bringing technology that improve predictability, safety, and treatment alternatives, digitization
has transformed the medical and dental sectors. Nonetheless, when these discoveries are included into regular
therapy operations, there are difficulties that call for changes to conventional wisdom. One such invention is
guided implantology, which has evolved into a dependable and efficient technique with many uses—including jaw
biopsies. This work investigates oral and maxillofacial pathology surgical methods, treatment planning, and
diagnosis using technology like guided implantology, 3D printing, and cone-beam computed tomography (CBCT).
Aim:The aim of this research is to investigate the detection and treatment of oral and maxillofacial diseases using
additive manufacturing and contemporary imaging technology. We will assess the effectiveness of directed bone
biopsies, 3D surgical modeling, and customizing of implants. Apart from the main goals of the research, which
underline the need of precise lesion detection utilizing biopsy and can help dentistry and reconstructive surgery
clinical outcomes by means of computer-assisted technologies.

Conclusion:3D printing, guided implantology, and CBCT are just a few examples of the technological
advancements that are causing waves in the oral and maxillofacial diagnostics and therapy fields. These tools for
less invasive therapies and more accurate diagnoses, which in turn improve surgical accuracy and patient
outcomes. Despite the benefits, achieving their full potential necessitates fixing issues including accurate biopsy
results, technology accessibility, and correct sampling. As the fields of maxillofacial surgery and dentistry embrace
new innovations, it is critical to keep an emphasis on accurate diagnostic processes and the enhancement of
clinical skills.
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Introduction

In the dental and medical sectors, digitization offers various benefits including better predictability,
enhanced safety, and fresh treatment choices. The current difficulty is including these new technologies into regular
clinical practice and simultaneously modifying current approaches to handle new problems. Guided implantology
has evolved into a consistent and successful technique with time and practice. These benefits find a lot of possible
applications, including in biopsies of jaws.!

Usually, a histological analysis is needed to make a definitive diagnosis; although, radiological scans might
occasionally unintentionally reveal jawbone irregularities. These osseous lesions, albeit caused by different diseases,
look similar even though detected. Pathophysiology can call for either developmental, reactive, or even malignant
processes. A mix of osteoid, bone, and cementum-like calcifications replaces the bone. Usually not painful, these
lesions can recur and proliferate in one area rather extensively. Thus, upon their finding, a proper diagnosis is of
great relevance.?

The present method of lesion classification generates continuous debate and modification is under question.
The 2017 World Health Organization (WHO) Classification is the most relevant one even if various other published
categories exist. In the medical area, the reasons behind the outcomes are somewhat erratic. Among the several

1040



Advancements in 3D Printing for Oral and Cranio-Maxillofacial Surgery: Revolutionizing Diagnosis, Treatment, and Reconstruction

treatments accessible are cosmetic surgical revision, systemic drug management, surgical exploration, full resection,
surgical recall, and radiological recall. Any treatment plan depends on a correct diagnosis; nevertheless,
radiologically perfect diagnosis is not always attainable and certain lesions are not biopsied following risk
assessment.’

Some believe that the risk of damaging nearby structures, such nerves and dental roots, makes a biopsy
unnecessary. Rather, they support thorough observation. Furthermore, conventional techniques of obtaining a
representative biopsy frequently depend on general anesthesia, and postoperative symptoms are somewhat prevalent
following these procedures.*

Modern 3D imaging technology and guided implantology together enable minimally invasive guided bone
biopsies to be routinely carried out in a safe manner. Two such technologies are cone beam computed tomography
(CBCT) and dental scanning. This approach lowers invasiveness and hazards while allowing the reliable
performance of challenging bone biopsies under local anesthetic.?

Though, anatomical factors include the opening size of the mouth, lesion position, and presence or lack of
soft tissue could limit its utilization. Computer-assisted treatments, which cut running times and improve patient
results, can help further craniofacial operations.®

Thanks to technological advancements, oral and cranio-maxillofacial surgery are dynamic, always evolving
fields. Often confused with additive manufacturing, a popular additive manufacturing method is "three-dimensional
printing" (3DP). This method's central idea is the use of a print head, nozzle, or other printing tool to deposit
material to produce objects.”

CAD/CAM then can build objects layer by layer. Originally developed in the 1980s to enable the fast
fabrication of small, custom-designed objects, it transformed prototyping and found use in various manufacturing
techniques. Among the several medical disciplines that have benefited historically from AM's use are dentistry,
maxillofacial, orthopedic, and neurosurgery.®

Creating surgical templates—which enable more exact treatments, faster recovery times, and lower patient
risk of complications—is one common therapeutic use of 3D printing. These days, oral and craniofacial surgeons
use it routinely. A quite recent development in 3D-printing technology is the fabrication of personalized implants
using radiological data from patients. Even with a great volume of commercially accessible custom implants
microfabricated, this opens incredible new possibilities in large-scale bone defect restoration surgeries including
cranioplasty and temporo-mandibular joint replacement.’

With x-ray data from patients, 3D printing lets one create exact physical representations. For patient
imaging evaluations including CT and MRI scans, fast access of DICOM data is crucial. You can then save them
using another format or STL as a digital 3D object file.Surgeons can create these models using several printing
techniques including material extrusion (ME), binder jetting (BJ), and vat photopolymerization (VP). Every one of
the numerous 3D printing procedures accessible nowadays has advantages and disadvantages. '°

There are many various printing materials available, and each one has different mechanical, and accuracy
need. To get the result, there could be a phase after curing required. Three possible uses for the obtained surgical
models are modeling, preparation, and education.!!
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Figure 1 shows surgical quick prototyping techniques: powder bed fusion; vat photopolymerization; material
extrusion; binder jetting; and material jetting combined with other related processes.'
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Many diseases can affect the mouth and the surrounding tissues. Among these groups include infectious,
reactive, developmental, neoplastic, and infectious disorders. In the field of oral and maxillofacial diseases,
misdiagnosis is widespread since many of these cases lack symptoms and the great range of disorders that can affect
the jaw and mouth.'?

Oral and maxillofacial area exposure to carcinogens and other toxic substances can cause a range of
diseases, some of which can only be found by clinical signs. Many disorders affecting soft tissues or pathologies
involving bone structures call for a definite diagnosis based on a biopsy—either an incisional or an excisional
biopsy.!?

To determine the community-wide frequency, find subgroups at risk, and maximize the use of healthcare
resources, a comprehensive analysis of the distribution of oral and maxillofacial lesions was undertaken. Knowing
their age, sex, and favorite location will help to clarify the demographic of oral health problems. 4

Regional differences in climate and personal behavior lead these lesions to manifest themselves in
somewhat various ways in different parts of the world. Though most studies on children's oral health have focused
on four issues—caries, periodontal disease, malocclusion, and tooth damage—the World Health Organization
(WHO) has advised the epidemiologic evaluation of oral lesions.

Around thirty percent of people have lesions in their oral mucosa. The mouth cavity provides better access
for clinical examinations than other bodily areas. Most times, the clinical features of oral mucosal lesions let one
make a diagnosis. Still, validation or refinement of a diagnostic diagnosis sometimes depends on microscopic
analysis of a biopsy sample.'®

Though they sometimes contradict clinical observations, histological diagnoses are the gold standard for
oral mucosal lesions. Different evaluators utilize different diagnostic criteria and have varied degrees of
understanding, thus there is not consistency.!”

There is a paucity of both intellectual and practical skills in these fields, hence it is arguable whether dental
schools provide enough training in procedures linked to oral pathology and medicine during undergraduate studies.
The fact that often missing or incomplete referral letters or forms abound in histology specimens supports these
points of view. One cannot get an accurate histology diagnosis without enough information. '®

When removal of the whole lesion is neither required nor possible, an incisional biopsy can be performed.
Most would agree that the view of a pathologist on a biopsy sample does not represent an objective evaluation of the
doctor's work. Clinics should make sure they gather enough tissue during a biopsy. Recent statistics indicate that
10% of histopathologic tests devoid of a clear diagnosis result from inadequate sampling of important dimensions.
There has not, however, any data-driven study looking at how biopsy size affects histopathologic diagnosis. '

The whole lesion might not be covered by minute samples. Small-sized or insufficiently voluminous
samples are more likely to feature histological tissue artifacts. As so, the pathologist's interpretation could be
skewed, rendering a clear diagnosis unattainable. Certain studies imply that incisional biopsy sizes can vary
significantly. Usually, the necessary length is not subject to any exact guideline.?

Some scholars claim that three times the breadth is the ideal sample size. We had mentioned a depth of 2—-5
mm. While deciding a depth, one should consider the connective tissue beneath and the basement membrane. Its
significance increases in view of hyperkeratosis and a thicker epithelial layer. Furthermore, in cases of dysplastic or
malignant mucosal lesions, great diagnostic value may be shown by high tissue depth. Under such circumstances,
looking at the basement membrane and the underlying corium is the only way to determine whether invasion is
present, therefore affecting diagnosis and prognosis.?!

The size of the biopsy determines the likelihood of a histological diagnosis; so, more thorough sampling
guarantees a more accurate diagnosis. Using concordance analysis, a limited number of authors assessed the
accuracy of incisional biopsy examination by comparing the results of provisional and final resection diagnosis. The
mucosal biopsy study produced an amazing 87.5% accuracy percentage. Not enough tissue caused one in thirteen
misdiagnoses.?

The primary cause of the discrepancy turned out to be a sampling error whereby the given samples do not
fairly represent the lesion. The multiple-site biopsy test is an interesting technique recommended to produce more
representative samples. Regarding possibly malignant lesions, underdiagnosis is a major issue; multiple-site biopsies
seem to be more effective than single-site analysis in reducing the underdiagnosis rate.?

Franklin and Jones stress that sufficient and appropriate tissue collecting is required for accurate evaluation,
diagnosis, and therapy. Dentists performing biopsies thus have to be informed on what is sufficient and appropriate.
Three primary elements Poh et al. thoroughly examine determine whether a biopsy is representative of the lesion:
the site of the biopsy, the type of biopsy employed, and the appropriate method the material is transported to the
lab.24'25
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No less crucial is turning in the suitable volume of tissue. Though it is not necessary that a biopsy be very
large, it should not be excessively shallow or too small either since both can produce distorted or lost findings or fail
to detect sufficient disease. Of great relevance is making sure there is enough tissue for analysis. At last, a thorough
and pertinent clinical description of the lesion will help the pathologist to improve the diagnosis.2

Biopsy

For those suspected of having cancer, the diagnostic process cannot be without a biopsy. There are many
several kinds of biopsies available, and each one has particular use, accuracy, and potency. Carefully following
accepted procedures will help one to get the precision, efficiency, and problem-free completion of the biopsy
operation. Sometimes intraoperative microscopy and biopsies can modify the surgical strategy.?’

Techniques in Biopsy Conducting

Universal guidelines for musculoskeletal tumor biopsies apply independent of technique. (a) Usually
heterogeneous, tumors in soft tissues and bones require multiple samples to support a diagnosis. While the danger of
tumor cells migrating to other areas is lowered, this operation raises the risk of local recurrence. Given the great
possibility of contamination, the biopsy tract must be removed during the last procedure. By doing the biopsy at the
same site as the planned incision, one ensures that it will be included within the operative specimen. Apart from
avoiding the neurovascular bundle, the biopsy tract should not reach any other anatomical area.?

Applying computer-assisted 3-D printing

A relatively recent development during the past 30 years, 3D printing has the power to completely
transform the area of reconstructive medicine. 3D printing has found multiple uses in several disciplines, including
aerospace, engineering, consumer products, the arts, the food industry, education, manufacturing, and medical ever
since its 1981 description by Hideo Kodama.?

Using metals, ceramics, and polymers among other materials, 3D printing—also known as additive
manufacturing (AM)—can One of many conceivable applications for this approach is in the medical domain.
Usually layer upon layer, the AM process is defined by the ISO and the ASTM as the "process of joining materials
to make parts from 3D model data, usually layer upon layer, as opposed to subtractive and formative manufacturing
methods.>

Since the techniques involved in additive manufacturing (AM) are substantially the same as the widely
used two-dimensional digital printers, a frequent term for it is "3D printing". Over the past thirty years, additive
manufacturing (AM) has gone under a multitude of names: direct digital manufacturing, rapid prototyping, additive
processes, additive fabrication, free-formed fabrication, solid free-formed fabrication, and many more.>!

AM technology is better than conventional manufacturing techniques (i.e., subtractive and formative
manufacturing processes) at making highly functional, geometrically complex objects at a reasonable production
cost. For this reason, AM is considered as the perfect technique for creating bespoke, low-quantity 3D items, which
find extensive use in the medical and dental sectors.*?

Several 3D Printing Methods

Modern medicine makes great use of AM techniques and printers in reconstructive surgery affecting the
mouth and craniofacial area. All AM operations, however, follow a basic flow: first, anatomical pictures are obtained
using imaging modalities such computed tomography (CT) and magnetic resonance imaging (MRI). Then a CAD
model is processed and optimized using specific computer techniques. Next in setting an AM system is exporting the
CAD model into an STL file, sometimes known as standard triangulation or tessellation language.**

Using stereolithography calls

Stereolithography (SLA) creates the three-dimensional model layer by layer starting from axial CT scan
data. This technique, whose exact name is "vat photopolymerization AM," involves putting ultraviolet (UV) light
into a solution of photopolymerizer resin to cure it. The manufacturing arrangement determines whether the
concentrated energy beam is employed to progressively elevate it out of the bath or lower it following the first
layer's building. The next layer shows itself in line with it as well.>*

Usually, a layer's thickness after polymerization falls between 0.05 mm and 0.15 mm. This process keeps
on until the resin model exactly replics every relevant CT scan slice. Among the many medical uses are resident
teaching, soft tissue incision and surgical resection margin design, evaluation of bony defects for grafting, adaptation
and pre-bending reconstruction plates, fabrication of custom prosthesis, surgical guide and template generation. SLA
models fulfill many more needs as well as these ones exactly. Usually, the models are prepared from acrylic or
epoxy resin.?

Several studies have verified that these printed objects realistically depict human anatomy and can be used
in preoperative planning to improve the predictability of treating maxillofacial abnormalities caused by pathologic
conditions or trauma.>¢
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Combining Plants with Metals

Medical fields now heavily rely on powder bed fusion techniques like AM, LS, and equivalent operations.
This group includes direct metal laser sintering, laser melting, selective laser sintering, and other like procedures. Its
core is the same AM idea of constructing levels. Typical components of this type of system are a laser, an automated
powder stacking tool, a personal computer for process management, and auxiliary systems including powder bed
heaters and gas detectors. on the webpage.What an LS system is all about is fusing a powdered substrate into a
desired form using a concentrated high-energy laser. Usually, one sinter successive layers of substrate, stack them on
top of the developing structure, and then apply further heat.?’

Here a broad range of lasers—including CO2, Nd:YAG, fiber, disc, and others—are used. The metallurgical
process of powder densification as well as the absorption rate of the material determine which specific laser is used.
Usually roughly 100 pm thick, a thin layer of loose powder is sprayed over the leveled substrate after it has been
attached to the construction platform.3®

Following CAD guidance, a laser beam then scans the surface of the powder bed to build a layer. Layer by
layer, the process produces a part that is virtually completely densified, very precise, and totally functional until a
very exact density is obtained. Although this method originated in non-biological printing, it has subsequently found
new applications incorporating biological substrates.?’

LS technology has changed the workflow for numerous OMF surgery subspecialties in recent years. Using
this approach, we were able to produce a variety of goods to meet the anatomical needs of every patient. Many
objects fit this category: exact surgical osteotomy guides, grids, sub-periosteal dental implants, cranial plates,
titanium orbital floors.*

Extrusion Printing: Ensuring Success

Extrusion printing is one of the most used AM methods even if it performs effectively with thermoplastic
composites and polymers. Still, it can 3D print non-biological as well as biological materials. Fusion deposition
modeling (FDM) and fused filament fabrication (FFF) techniques constitute the fundamental components of this
method. Basic additive material extrusion technology holds that printed material is loaded and then liquefied. Using
pneumatic pressure drives the substance through a nozzle or aperture. It is then under control to ensure a particular
flow. Layer by layer bonding of the component to either another material or itself marks the last stage in building a
strong construction. The build platform or extrusion head travels down or up after every layer is formed, depositing
a fresh layer of material on top of the last one and bonding it. Unlike other AM techniques, extrusion printing allows
the simultaneous insertion of one or more extrusion units therefore facilitating multi-material deposition.
Furthermore, advantageous for utilization inside the identical product are alternate thermoplastics.*!,*?

Three basic categories can help one classify material extrusion additive manufacturing based on screw,
plunger, and filament bases. Every kind of extruder is used specifically in different ways. By means of its patenting,
Stratasys invented the commercialization of fused deposition modeling (FDM), a technique involving material
extrusion of filaments. This AM procedure is a safe and simple approach to create something since it excludes
powders, lasers, solvents, or volatile components. Two more reasons the technology is so popular in the medical
profession are its inexpensive cost and availability of a wide range of printing filaments.*!

For surgical guide manufacture in OMF reconstructive surgery, preoperative planning of complicated
surgical operations has largely applied FDM technology in recent years. Though they were produced using this
method not too long ago, polyetheretherketone (PEEK) alloplastics were Resistance to chemicals and fatigue, low
weight, great yield strength, stiffness, and lifespan [56] make PEEK an excellent material for PST manufacturing.*’
Conclusion

3D printing, guided implantology, and CBCT are just a few examples of the technological advancements
that are causing waves in the oral and maxillofacial diagnostics and therapy fields. These tools for less invasive
therapies and more accurate diagnoses, which in turn improve surgical accuracy and patient outcomes. Despite the
benefits, achieving their full potential necessitates fixing issues including accurate biopsy results, technology
accessibility, and correct sampling. As the fields of maxillofacial surgery and dentistry embrace new innovations, it
is critical to keep an emphasis on accurate diagnostic processes and the enhancement of clinical skills.
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