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Abstract

Digitalization in medicine and dentistry offers new treatment options and increased safety and
predictability. The challenge is to integrate these technologies into clinical practice and use
existing methods to address new problems. Guided implantology has developed into a reliable
and accurate method, benefiting other a*pplications like jawbone biopsies. Irregularities in the
jawbone are often found accidentally on radiological scans, but a histopathological
examination is required for a reliable diagnosis. Lesion classifications are a controversial
topic, with the 2017 World Health Organization Classification being the most relevant
guideline. Therapies may include radiological recall, aesthetic surgical revision, systemic
management with medications, surgical exploration, or full resection. However, radiologically
exact diagnoses are sometimes not made, and some lesions are not biopsied after risk
assessment. Today's 3-dimensional (3D) imaging, such as cone beam computed tomography
(CBCT) and dental scans, can be combined with modern guided implantology to integrate safe
and minimally invasive guided bone biopsies into the clinical routine. However, anatomical
conditions may restrict its use, and computer-assisted interventions may reduce operating time
and improve patient outcomes.

Keywords: 3D printed tooth-supported drilling template in biopsy removal for intra-bony
lesions.

Introduction
Technological advancements are driving the evolution of oral and cranio-maxillofacial surgery,

with additive manufacturing (AM) processes such as 3D printing playing a growing role. 3D
printing involves fabricating objects through the deposition of material using a print head,
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nozzle, or other printing technology. It allows creating objects layer-by-layer through
computer-aided design/computer-aided manufacturing (CAD/CAM). 8 Originally developed
in the 1980s to accelerate the production of small and custom-designed objects, 3D printing
revolutionized prototyping concepts and embraced many applications in manufacturing
industries. It has been integrated into various medical techniques and procedures, providing
important inputs to various domains such as dentistry, maxillofacial surgery, orthopedics, and
neurosurgery. (Lin et al; 2018 and D’Haese et al; 2000).

Frequent clinical applications of 3D printing include the fabrication of surgical templates to
improve surgery accuracy and reduce the duration and morbidity of interventions. It is now
applied in routine oral and craniofacial surgery. Recent progress in 3D-printing of implantable
biomaterials has been applied to the fabrication of custom implants based on patients'
radiological data. (Charles et al; 2019; Park et al; 2016).

Three-dimensional printing techniques involve creating accurate physical 3D models from
patient radiological data. Techniques such as vat photopolymerization, material extrusion, and
binder jetting can be used for surgical model fabrication. The obtained surgical models can
fulfill three purposes: training, planning, and simulating. (Charles et al; 2019 and Meglioli et
al; 2020).
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Fig 1: Rapid prototyping techniques for surgical applications are represented
schematically as follows: (a) Powder bed fusion (b) Vat photopolymerisation (¢) Material
extrusion (d) Binder jetting (e) Material jetting (Meglioli et al; 2020).

Oral and perioral tissues are susceptible to various diseases, including developmental,
neoplastic, infectious, inflammatory, and reactive pathologies. Diagnosing these pathologies
can be challenging due to their diverse nature and nonspecific features. The oral and
maxillofacial area is exposed to harmful factors and carcinogenic chemicals, leading to a
variety of diseases. Some can only be identified based on clinical signs and symptoms, while
others require incisional or excisional biopsy for soft tissue diseases and bony structures. The
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distribution of oral and maxillofacial lesions is assessed to estimate prevalence, identify high-
risk subpopulations, and optimize healthcare resources. (Hassona et al; 2020 and Alhindi et
al; 2019).

The occurrence of these lesions varies globally due to environmental differences and lifestyles.

Most studies on oral conditions in children have focused on caries, periodontal disease,
malocclusion, and dental trauma. Oral mucosal lesions occur in approximately 30% of the
general population, and clinical characteristics can lead to definitive diagnoses. However,
biopsy and microscopic examination are often necessary to confirm or refine a preliminary
diagnosis. Discords between clinical impressions and histopathological diagnoses often occur
due to methodological differences in diagnosis criteria and evaluation professionals.
(Mahmoudi et al; 2018 and Melrose et al; 2019).

Dental schools often lack sufficient training in oral pathology and medicine, leading to
incomplete referral letters or forms accompanying specimens submitted for histopathological
examination. This lack of knowledge makes it difficult to achieve accurate histopathological
diagnoses. Incisional biopsy is used when removal of the whole lesion is not possible or
indicated, and clinician performance is crucial. However, the impact of biopsy size on
histopathologic diagnosis remains an under-evaluated issue. Small samples may lack
representative areas of the lesion and exhibit more histological tissue artifacts, compromising
interpretation and impeding pathologists' ability to reach definitive diagnoses. (Sardella et al;
2017 and Ghoreishi et al; 2020).

Empirical suggestions vary concerning the dimensions of incisional biopsy, with some
suggesting a length of three times its width and a depth of 2 to 5 mm. Depth should include the
basement membrane and underlying connective tissue, especially in cases of thickened
epithelial lining and hyperkeratosis. Adequate tissue depth can reveal important diagnostic
features in mucosal dysplastic and malignant lesions, influencing diagnosis and prognosis.
(Avon & Klieb; 2022 and Poh et al; 2018).

Biopsy size affects the possibility of reaching a histopathological diagnosis, but larger sampling
allows for more accurate diagnosis. Mucosal biopsy examination showed a satisfactory
accuracy rate of 87.5%, but 13.3% of misdiagnoses were attributed to insufficient tissue. Most
discordance was imputed to sampling error, which is when submitted specimens are not
representative of the lesion. Multiple-site biopsy examination is advocated to allow for more
representative specimens, and it seems to be powerful to decrease under diagnosis rates
compared to single-site examination. (Ji et al; 2020).

Franklin and Jones emphasize the importance of adequate tissue collection for accurate
examination, diagnosis, and treatment. Dentists who perform biopsy procedures must
understand the appropriate amount of tissue for the lesion. This depends on the selection of the
biopsy site, the type of biopsy, and the specimen's submission to the laboratory. Small or
superficial biopsies can be insufficient and not diagnostically useful, as they can be lost or
distorted during processing. The amount of tissue submitted is crucial for assessment, and an
accurate clinical description of the lesion can aid the pathologist in diagnosis. (Poh et al; 2018
and Melrose et al; 2017).

Selection of biopsy site

In large lesions, there may be discrepancies in histological features between sites within the
lesion. The site chosen for a biopsy must be representative of the overall pathology present in
the lesion. Multiple smaller biopsies may be appropriate to provide representative tissue for
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examination. A recent study by Lee et al. showed that when histological diagnoses from single-
site biopsies of oral leukoplakia’s were compared with histological diagnoses after resection,
the "agreement rate" was only 56%. However, 29.5% of patients were underdiagnosed. The
rate of underdiagnosis was reduced to 11.9% when multiple biopsies were taken initially. For
smaller, discrete lesions, an excisional biopsy may be appropriate. Clinical factors such as
surrounding anatomical factors and the clinical nature of the lesion may also influence the type
of biopsy or tissue selection.29,30( Mehrotra et al; 2019 and Da Silveira et al; 2017).

Surgical biopsy

The traditional method for collecting tissue for histological examination is scalpel biopsy,
which can be done by taking a sample of the lesion or removing the entire lesion. The choice
between incisional or excisional biopsy depends on factors such as the lesion's anatomical site,
proximity to other structures, and the size and nature of the lesion. Excisional biopsy is suitable
for small, clinically benign lesions, while punch biopsies are another method commonly used.
Disposable punch biopsies are available in different sizes and can be provided on request from
pathology laboratories. These biopsies are useful and easy to perform, depending on the type
of lesion and clinical access, and produce few artefacts within the tissue. (Diamanti et al;
2022).

Exfoliative cytology/brush biopsies

The use of digital guided biopsies is a non-invasive method that can be useful in evaluating
mucosal pathology, particularly in assessing superficial cellular features of lesions for signs of
malignancy. However, the accuracy of cytological analysis has improved with the advent of
computer-assisted analysis, but diagnosis based on examination of cytological features alone
is not recommended for definitive diagnosis of malignant lesions. In cases of clinically
suspicious lesions, surgical biopsy techniques should be considered due to the limited
sensitivity and specificity of cytological examination. (Seone et al; 2019).

Despite the importance of submission of tissue for histological examination, there may be
difficulties in the interpretation of the histology or a lack of correlation between clinical signs
and symptoms and the histological features observed. Digital guided biopsies can be combined
with modern guided implantology knowledge to integrate safe and minimally invasive guided
bone biopsies into the clinical routine. This method enables challenging bone biopsies to be
performed under local anesthesia in a predictable manner, reducing both risks and invasiveness.
However, anatomical conditions such as the locations of the lesion, mouth opening, and
existing soft tissue may restrict its use.35 (Pellegrino et al; 2020).

Bypassing a biopsy provides a wider tolerance to obtain a representative specimen, but it also
requires deviations from the planned position due to the necessary sliding fit of the printed
sleeve. Studies have shown that the accuracy of surgical guides with distal extension is lower
in comparison to the accuracy of surgical guides without extension. Further research is needed
to investigate the dependence of accuracy on the angulation of the biopsy relative to the
orthograde tooth axis.36,37 (Martin et al; 2021).

Depth deviations may be caused by cylinders not fractured at the lowest point before removal
and variations in the hardness of osseous lesions. In the future, samples should be planned
deeper depending on the density of the lesion. Increased temperature during drilling is expected
due to friction on the large surface of the trephine bur, which can lead to inaccuracies due to
thermoplastic manipulation and thermal damage of soft and hard tissue. To avoid contamination
and increase precision, metal sleeves can be used, but studies have shown that due to the current

Migration Letters



1804 The Effectiveness Of A 3D Printed Tooth-Supported Drilling Template In Biopsy Removal For
Intra-Bony Lesions

accuracy of 3D printing and the necessary tolerances of two metal-guided surfaces, even lower
accuracy would be expected. (Tallarico et al; 2019).

Computer guided 3D printing

Three-dimensional (3D) printing, also known as additive manufacturing (AM), has evolved
over the past three decades and has the potential to revolutionize various fields, including
reconstructive medicine. Initially described by Hideo Kodama in 1981, 3D technology has
evolved into more sophisticated printers, allowing for applications in aerospace, engineering,
consumer products, arts, food industry, education, manufacturing, and medicine. AM uses
metals, ceramics, and plastic materials to produce 3D objects for various disciplines, including
medical applications. The process, defined by ISO and ASTM, involves joining materials to
create parts from 3D model data layer by layer, unlike subtractive and formative manufacturing
methodologies. (Steven et al; 2023).

Additive manufacturing (AM) has various definitions over the last 30 years, including direct
digital manufacturing, additive layer manufacturing, additive fabrication, additive processes,
free-formed fabrication, solid free-formed fabrication, rapid manufacturing, and rapid
prototyping. Unlike conventional manufacturing processes, AM technology can create complex
geometric products with high functionality and low manufacturing costs, making it an ideal
technology for producing unique 3D objects in low volumes, commonly used for medical and
dental applications. (Anand & Prasad, 2021).

Three-Dimensional (3D) Printing Techniques

In the medical field, there are various variants of additive manufacturing (AM) processes and
printers available today. These processes share a common workflow: capturing anatomical
scans using imaging techniques like MRI and CT scans, processing and optimizing CAD
models, and transforming them into a standard triangulation or tessellation language (STL) file
and imported into an AM setup. Each model is formatted in the STL to a geometric shape,
sliced into thin layers, and the movement of the depositing or fusing unit, substrate, and other
parameters is programmed by specialized software. (Ghantous et al; 2020).

Stereolithography

Stereolithography (SLA) is a 3D printing process that generates 3D models in layers based on
CT scan axial image slices. This method uses a vat photopolymerization AM process in which
UV light is directed onto a photopolymerize resin solution. The layers are polymerized to a
thickness of 0.05-0.15 mm, and the process repeats until each CT image slice is reproduced in
the resin model. SLA models are utilized in medicine, notably in OMF surgery, for surgical
guides, templates, training, designing soft tissue incisions, resection margins, assessing bone
defects, adapting and pre-bending reconstructive plates, and fabricating custom prostheses.
Numerous reports have shown the accuracy with which these printed items resemble human
anatomy and their utility in perioperative management. (Mehra et al; 2011).

Laser Sintering

Laser sintering (LS) is a powder bed fusion process in additive manufacturing (AM) that is
widely used in medical fields. It is based on layer-by-layer AM and includes a laser, an
automatic powder layering equipment, a computer system for process control, and additional
mechanisms such as gas protection and powder bed preheating systems. The procedure entails
concentrating a high-powered energy laser onto a powdered substrate, inducing fusion into the
desired shape. After one layer of substrate has been sintered, a second layer is added, and energy
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is injected once more. Different types of lasers are utilized, depending on the material's laser
absorptivity and the metallurgical process of powder densification. (Gu et al; 2012).

The procedure consists of levelling and stabilizing the substrate, deposition of a thin layer of
loose powder, and scanning the powder bed surface to create a layer based on CAD data. The
technique is repeated layer by layer until a complete, extremely accurate, virtually full density
functional part is created. LS technologies have transformed the workflow for a variety of
surgical procedures, enabling the creation of a diverse range of objects such as surgical
osteotomy guides, custom-made titanium orbital floors, grids, sub-periosteal dental implants,
and cranial plates. (Mangano et al; 2014).

Extrusion Printing

Extrusion printing is a popular 3D printing technique for biological and non-biological
materials, particularly polymers and thermoplastic composites. It entails loading and
liquefaction of a printed material, which is forced through a nozzle or aperture using pneumatic
pressure. The liquid material is then plotted along a predetermined course, with layer-by-layer
bonding to create a coherent solid structure. The technology allows for multi-material
deposition and can be used to several thermoplastics in the same product. Material extrusion
additive manufacturing is grouped into three types: plunger-based, filament-based, and screw-
based. Stratasys first patented the method, which was later commercialized as fused deposition
modelling (FDM). FDM is popular in the medical profession because of its safe and simple
construction method, low equipment costs, and wide range of filaments. Previously, FDM was
employed for OMF reconstructive surgery, primarily to create surgical guidelines for difficult
surgical procedures. However, it has lately been effectively utilized to print alloplastic materials
such as polyetheretherketone (PEEK), which possesses high-temperature performance,
chemical resistance, fatigue resistance, lightweightness, high yield strength, stiffness, and
longevity. (Honigmann et al; 2018 and Turner et al; 2014).

Surgical stent fabrication

Surgical stent fabrication software makes possible the direct link between anatomic
interpretation, surgical and prosthetic treatment planning, and precise surgical execution. Bone
preparation is guided through computerized digital procedures, and patient-specific surgical
guides are developed to obtain the optimum result of implant insertion in predetermined,
prosthetically acceptable positions. Clinicians may face challenges when performing osseous
biopsies on the lower jaw due to its individual anatomy and the presence of anatomical
structures such as nerves and tooth roots. Computer-assisted methods may be helpful in
avoiding damage to these structures. (Manfredini et al; 2023).

Navigation systems are used for surgical procedures in the head area, but they often require
registration to locate the position of anatomical structures, such as the lower jaw. Markers are
often used to track the position of these structures as the patient moves, such as the mandible's
bone or teeth. A surgical template is a common auxiliary tool used for implant positioning in
dentistry and does not require registration. In dental implantology, conventional methods are
used to produce surgical guides, which usually include surface information from a plaster
model and information about the location of the bony lesion. (Postl et al; 2022).

Computer-aided design (CAD) technology is used to combine these two data to plan a precise
surgical guide. CAD provides a complex 3D body of the surgical guide, which can be realized
using computer-aided manufacturing (CAM) technology. CAD/CAM technology has gained
attention in recent years, and many systems allow computer-assisted implementation using data
from CT scans. Although computer-assisted surgeries are gaining popularity for implant
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positioning, they are not yet established as standard procedures for osseous biopsies of the jaw.
(Gulati et al; 2015).

Comparison of guided surgery with freehand surgery

Free-hand surgery involves using panoramic and periapical radiographs to assess the width and
alveolar bone profile for implant placement, examining surrounding anatomy, and relying on
CBCT imaging. Periodontal probes, gauges, or calipers are used to make sounds in the bone,
providing a logical view of the height and thickness of the ridge. The surrounding teeth can
also be used as a guide for determining the correct position of the implant. (Choi et al; 2017).

Implants placed too close to the root of an adjacent tooth can result from poor surgical
technique, treatment planning, insufficient space, and incorrect angle, leading to bone
displacement in the periodontal ligament (PDL) space, changes in blood supply to adjacent
teeth, loss of tooth freshness, apical periodontitis, and internal or external resorption. Implants
very close to nearby teeth are more likely to be lost due to infection or bone resorption. If the
distance between the implant and the adjacent tooth is more than 1.5mm, any bone defect
around the implant remains a vertical defect, which does not occur in adjacent natural teeth.
(Yogui et al; 2021).

Free-hand surgery has many benefits for the dentist, such as visualization and relation of
diagnostic data to the actual clinical condition, easy performance of additional treatments like
bone grafts, PRF, and GBR, and the use of diagnostic wax for planning the surgical procedure.
Guided implant surgery differs from free-hand surgery in that after completing CBCT imaging,
a DICOM file is created, accompanied by a digital intraoral impression or precise putty light
body impression to prepare the model. The DICOM file is passed to the implant scheduling
software along with the patient data, which presents data in two dimensions and three
dimensions. (Todescan et al; 2021).

Digital planning

A 3D radiograph (CBCT) is uploaded into SMOP planning software as a DICOM file, followed
by superimposition using an intraoral surface scan or a surface scan of a cast model. Tooth
crowns are used as landmarks for facilitated matching, resulting in alignment of the 3D image
and intraoral scan. The software was originally designed for guided implant surgery but can
now insert a cylinder equivalent to the inner dimension of a trephine bur virtually into the lesion
in the desired position. The new tooth-supported drill guide STL file can be exported and sent
to a 3D printer, allowing for design according to individual surgical situations and providing
enough space for water cooling. A visual overview for the surgeon can be achieved using a
skeletal design. (Franchina et al; 2020)
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Figure (2): Planning software created for guided implant surgery (Martin et al; 2021)

Conclusion

Digitalization in medicine and dentistry opens new therapeutic possibilities while improving
safety and predictability. The issue is to integrate these technologies into clinical practice while
utilizing existing ways to solve new difficulties. Guided implantology has evolved into a
dependable and accurate procedure, which benefits additional applications such as jawbone
biopsies. Irregularities in the jawbone are frequently discovered incidentally on radiological
scans, but a histological study is required for a definitive diagnosis. Lesion classifications are
a contentious issue, with the 2017 World Health Organization Classification serving as the
most appropriate guideline. Radiological recall, aesthetic surgical revision, medication-based
systemic therapy, surgical exploration, or complete resection are all possible treatments.
However, radiologically precise diagnoses are not always obtained, and some lesions are not
biopsied following risk assessment. Today's 3D imaging technologies, including cone beam
computed tomography (CBCT) and dental scans, can be integrated with current guided
implantology to include safe and minimally invasive guided bone biopsies into clinical
practice. However, anatomical factors may limit its utilization, and computer-assisted therapies
may save operating time while improving patient outcomes.
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