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EDITOR'S MESSAGE

Safeguarding the Future through Excellence in Dental
Education

The future of dentistry depends on the strength of its
educational foundations. High standards in dental education
are essential to ensure that graduates are not only clinically
competent but also ethical, evidence-based professionals.
The quality of education we provide today directly shapes
excellence of tomorrow’s dental professionals. As new
technologies and challenges emerge, our commitment to
quality education safeguards public trust and patient care.
Let us continue to uphold these standards, shaping a future
that is both safe and progressive for our profession and the
communities we serve. As editors, educators, and
practitioners, we have a shared responsibility to champion
these standards—not as an option, but as a necessity for the
future of dentistry.

Dr.Prameetha George Ittycheria
Editor




ASSISTANT EDITOR'S MESSAGE

Greetings to all dear IDA Thiruvalla members!

The oral health condition around the world is highly alarming. As
per WHO, nearly 3.5 billion people suffers from oral diseases.
Despite, the advancement in the field of dentistry, oral care
remains backseat in several countries. In this second issue of our
journal “Taper” we aim to share knowledge and current
breakthrough in the field of dentistry.

The effect of oral diseases is not just localized. Researchers has
shown its link with systemic conditions such as cardiovascular
diseases, diabetes mellitus. Therefore, its an absolute need of the
hour to merge oral health into wider healthcare systems. This in
turn could results in global reduction of oral diseases. Prioritizing
oral health, it can be managed in certain ingenious ways such as
community-based programs, research and digital health
technologies. Our journal stands as a platform to create
awareness, foster communication and building trust. So, lets join
our hands together for a better tomorrow.

Dr. Merlin Thomas
Assistant Journal Editor




PRESIDENT'S MESSAGE

Dear Members,
It is with immense pride and pleasure that I present to you the second
edition of TAPER, the official journal of IDA Thiruvalla. This
publication stands as a testament to our branch's unwavering
commitment to academic excellence, clinical progress, and professional
unity.

As we navigate the ever evolving field of dentistry, TAPER serves as a
platform not just to share knowledge, but also to celebrate the
collective spirit of our fraternity. I extend my heartfelt thanks to all
those who contributed for this edition. From clinical insights to
personal perspectives, every contribution in this journal mirrors the
vibrant and dynamic nature of our branch.

Our branch continues to grow in strength, driven by the active
participation of our members and the tireless efforts of our editorial
team, led by the dynamic and dedicated individuals behind this journal.
I extend my heartfelt congratulations to all contributors and express
my sincere appreciation to the editorial board headed by Dr.
Prameetha George Ittycheria and Dr. Merlin Thomas for their hard
work in shaping this vibrant edition. Special gratitude to Dr. Sandra
Arun for designing and compiling this issue.

Let this journal serve as a source of inspiration and encouragement for
all of us to keep learning, sharing, and progressing together.

Wishing you all an enriching reading experience.

Warm regards,

Dr. Maya Mathai
President, IDA Thiruvalla




SLEEP-RELATED BREATHING DISORDERS (SRB

PERIODONTITIS

Y

DS) AND

1. Dr. Saumya John .2.Dr. Thomas George V,3.Dr.Prameetha George Ittycheria
1, 3. Reader, Department of Periodontology, Pushpagiri College of Dental sciences.
2. Professor &HOD Department of Periodontology, Pushpagiri College of Dental sciences.

INTRODUCTION

Sleep is an essential part of the well-being
of an individual. It is taken for granted as
long as there are no problems associated
with it. The panorama of sleep related
disorders has been broadly classified as:
breathing

Insomnia, Sleep related

disorders,  Hypersomnias, Circadian

rhythm sleep disorder, Parasomnia and
Sleep related movement disorders.(1)
Sleep related breathing disorders (SRBDs)

have been found to considerably impact
the oral_heal-tﬁ; -'\'\,_
A \

\ |

They have been broadly classified as

- obstructive sleep apnoea

- central sleep apnoea

hypoventilation

- sleep  related

disorders.’

As per a systematic review in the Indian
population prevalence of Obstructive
Sleep Apnea has been found to be in
around 37.4% of the Indian population.’
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SLEEP-RELATED BREATHING
(SRBDS) AND

DISORDERS
PERIODONTITIS

There is growing evidence linking sleep-
related breathing disorders (SRBDs)—
especially obstructive sleep apnea (OSA)
—with an increased risk of periodontitis.
(4) Though the exact nature of the
relationship is still being researched, both
conditions share common risk factors and
may influence each other through
inflammatory pathways. A number of
observational studies and systematic
reviews have found a positive association
between OSA and periodontitis, especially
moderate-to-severe periodontitis. Patients
with OSA often have deeper periodontal
pockets, more attachment loss, and higher
plaque scores. The risk is higher in older
adults, males, obese individuals, and those
with comorbid conditions like diabetes.

THE CONNECTION: HOW
SRBDS AND PERIODONTITIS

MAY BE RELATED

Oxidative
stress

Immune
dysfunction

Systemic Xerostomia
Inflammation
SRBDs

1. Systemic Inflammation-

OSA is characterized by repeated episodes
of partial or complete upper airway
obstruction during sleep, leading to
intermittent hypoxia (low oxygen levels)
and sleep fragmentation. This triggers
chronic systemic inflammation, which
also plays a central role in the
pathogenesis of periodontitis. Elevated
levels of inflammatory markers (e.g.,
CRP, IL-6, TNF-a) are common in both
conditions.

2. Oxidative Stress

Intermittent hypoxia increases oxidative
stress, damaging tissues, including
periodontal structures.

3. Immune Dysfunction

SRBDs can impair immune responses,
making it harder to control bacterial
infections like those involved in
periodontitis.

4. Dry Mouth (Xerostomia)

Many individuals with OSA breathe
through the mouth, especially when using
CPAP (Continuous Positive Airway
Pressure) therapy without humidification.
Xerostomia contributes to bacterial
overgrowth, plaque accumulation, and
gingivitis or periodontitis.

Risk Factors obesity

for SRBDs

and

Peridontitis diabetes mellitus

smoking
advanced age
sedentary lifestyle

poor diet
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« Dentists should screen for signs of
SRBDs in patients with unexplained
periodontal disease, especially if
resistant to treatment.

Medical providers treating OSA
should encourage patients to maintain
oral health, particularly if using oral
CPAP(continuous
positive airway pressure).

appliances  or

Interprofessional collaboration
between dentists, sleep specialists, and
primary care providers can improve

outcomes.

Important conditions or symptoms reported by patient

Hypertension

Gastroesophageal reflux disease

Excessive daytime sleepiness

Cardiovascular disease, including arrhythmias

Type 2 diabetes

Hypathyroidism

Obesity

Sudden onset of snoring

Awareness of snoring or SRBD

Use of a snore appliance from a de ar anotner
SOurce

Signs of Sleep Related Breathing Disorders

= wear patterns on opposing incisor teeth

= maobility of incisor teeth

* progressive bone less in sites of unusual wear or mobility
* Tongue crenulations

= anterior or lateral openbite relationship

*» dimpling of cusps and lingual surface of teeth

= Orofacial pain, TMJ dysfunction, masticatory muscle fatigues
* Prominent tonsils

* Xerostomia

MANAGEMENT OFSRBDS

1. Timely diagnosis of the condition by
the dentist or the general practioner

2. Otolaryngology or oromaxillofacial
obstructions

surgery for  physical

(e.g.tonsils, deviated septum, nasal
polyps)

3. Positive Airway pressure therapy

4. Oral devices including mandibular
repositioning device

CLINICAL
RECOMMENDATIONS

* Encourage good oral hygiene and
routine dental visits in patients with OSA.
« Treat dry mouth symptoms with
hydration,  saliva  substitutes, or
humidifiers for CPAP users.

* Consider periodontal evaluations in
OSA patients and vice versa to ensure
periodontium is stable during
management of SRBDs.

* Identify sleep bruxism prior to
prescribing oral devices and warn patients
adequately that it would influence the life
of their mandibular repositioning device

CONCLUSION

SRBDs and their impact on oral health is
relatively a recent finding in the Indian
population. Dentists are usually the first
to diagnose these conditions. A timely
identification and treatment would save
the patients a life time of woes!

TAPER™ JOURNAL OF INDIAN DENTAL ASSOCIATION, THIRUVALLA 14
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ORAL CANCER: DIAGNOSTIC APPROACHES FbR EARLY

DETECTION

Dr. Gigi Royl, Dr Nadah Najeeb Rawther2, Dr Divya Nair3
1. Senior Lecturer, Department of Oral Medicine and RadiologyIndira Gandhi Dental College
2,3 Reader, Department of Oral Medicine and RadiologylIndira Gandhi Dental College

INTRODUCTION

Oral cancer is the sixth most common
cancer worldwide, with major risk factors
including tobacco use, alcohol
consumption, and persistent infection with
oncogenic human papillomavirus (HPV)
serotypes. Other contributing factors such
as prolonged sun exposure and chronic
mucosal irritation also increase the risk of
developing malignancy.l Early detection
plays a pivotal role in improving survival
outcomes, as diagnosis at an early stage
significantly reduces mortality and allows
for timely initiation of treatment.
Screening should be prioritized regardless
of the method employed, as taking the

first step is more effective than in action.

£

Biopsy remains the gold standard for
diagnosis, with accurate site selection,
proper biopsy technique, and
appropriate specimen handling being
essential for precise histopathological
evaluation. Treatment should be based
on the biopsy report, with regular
follow-up to monitor disease progression
or recurrence. Although conventional
oral examination (COE) (Figure 1) is
detect

malignant disorders, it cannot reliably

widely used to potentially

distinguish between progressive
malignant lesions and non-progressive
counterparts, highlighting the need for

improved diagnostic adjuncts.2
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FIGURE 1-
examination

Conventional oral

The various diagnostic modalities for oral
cancer detection includes the following:
« Visual examination
« Excision biopsy and Histopathology
« Oral brush biopsy (OralCDx)
« Toluidine blue
. Light-based detection systems
« Chemiluminescence (ViziLite Plus;
Microlux/DL, Orascoptic-DK)
« Tissue
(VELscope)
« Tissue fluorescence spectroscopy

fluorescence imaging

. Biomarkers
« DNA-analysis
« Laser capture microdissection

LIGHT-BASED ORAL CANCER

SCREENING AIDS

A variety of light-based
technologies have been developed to

screening
support the early identification of
precancerous and cancerous lesions in the
oral cavity.. These devices are designed to
serve as adjuncts to the conventional oral
examination, enhancing the visualization
of suspicious mucosal changes that may
not be easily detectable under normal
lighting conditions.

Commercially available | systems such as
ViziLite Plus with TBlue, VELscope,
Microlux/DL,
operate on the principle that abnormal

and  Orascoptic . DK

metabolic or structural changes in tissues
alter their light absorption and reflectance
characteristics, thereby facilitating the
identification of potentially malignant
areas.3

VELscope

The VELscope is a portable device that
emits visible light at a wavelength of
around 430 nm, stimulating natural tissue
fluorescence to help identify abnormal
areas. (Figure 2) It has been

used for the screening and diagnosis of
precancerous lesions in various organs,
including the lungs, uterine cervix, and
skin. In the oral cavity, healthy mucosa
exhibits a pale green appearance due to
natural tissue autofluorescence when
stimulated by blue light in the 400460 nm
range. In contrast, dysplastic or malignant
tissues appear darker because of reduced
While VELscope
demonstrates high sensitivity in detecting

autofluorescence.

abnormal tissue changes, its specificity
remains low. The principle behind
fluorescence imaging involves exposing
tissues to a specific wavelength of light,
which excites cellular fluorophores and
produces autofluorescence, aiding in the
visual differentiation of healthy and
potentially malignant areas.4

| TAPER JOURNAL OF INDIAN DENTAL ASSOCIATION, THIRUVALLA 17




FIGURE 2- VELscope

VIZILITE

The ViziLite procedure starts with an
acetic acid rinse of the oral cavity,
followed by the use of a chemiluminescent
light stick that emits blue or white light
within the 490-510 nm wavelength range
to examine the oral tissues.(Figure 3) The
acetic acid serves to remove the
glycoprotein barrier and slightly desiccate
the oral mucosa, enhancing the contrast
between normal and abnormal tissues.
Abnormal epithelial cells, which typically
have a higher nuclear-to- cytoplasmic
ratio, absorb and reflect light differently,
appearing more acetowhite with brighter,
sharper, and more defined margins
compared to normal mucosa. Vizilite is
often used in conjunction with toluidine
blue staining to improve lesion detection.3
The ViziLite Plus system incorporates a
tolonium chloride (TBlue) solution that
helps highlight acetowhite lesions,
enabling more accurate targeting for
biopsy  following  the  light-based
examination.5

Abnovmal
FIGURE 3- ViziLite

Orascoptic DK

Orascoptic DK utilizes a mild acetic acid
rinse followed by examination with a
compact three-in- one device that
combines a battery-powered handheld
light source and an illuminated mirror.
(Figure 4) This system enhances the
visualization of oral lesions by improving
contrast between normal and abnormal
tissues.4

FIGURE 4- Orascoptic DK
Microlux

Microlux operates similarly to ViziLite,
requiring the patient to rinse with acetic
acid before examination.
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Rather than using a chemiluminescent
light source, it employs a battery-operated
fiberoptic system that emits visible light to
illuminate the oral cavity.. Abnormal or
irregular cells appear as whitish areas due
to their altered light absorption and
reflection characteristics.3

Identafi

Identafi employs multispectral
fluorescence and reflectance technology to
improve the detection and visualization of
oral lesions. By combining anatomical
imaging with fluorescence, fiber optics,
and confocal microscopy, it enables
precise mapping of suspicious areas within
the oral cavity. The device employs three
distinct wavelengths of light—white,
violet, and green- amber—to elicit tissue
responses and reveal abnormalities. The
green-amber light (540-575 nm) is
particularly useful for enhancing the
visibility of vascular changes by
improving the reflective contrast of the
oral mucosa, aiding in the differentiation
between normal and abnormal blood
vessel patterns. Violet light enhances the
natural fluorescence of healthy tissue,
while suspicious or abnormal tissue
appears darker due to reduced
fluorescence.(Figure 5) A notable
advantage of Identafi over VELscope is
its compact size and enhanced
accessibility to all areas within the oral
cavity.6

FIGURE 5- Three distinct wavelengths

VITAL STAINING'

Vital tissue staining serves as a valuable
adjunct in the early detection of
malignant and potentially malignant oral
lesions.  Toluidine blue (tolonium
chloride)) a  metachromatic  dye,
selectively binds to mitochondrial DNA
and highlights cells with increased or
altered DNA content, which are
characteristic of dysplastic or malignant
transformation.” This staining technique
assists in identifying clinically suspicious
mucosal changes and 1is particularly
useful for delineating the margins of
lesions prior to surgical excision.(Figure
6) However, it is important to note that
false-positive results may occur, which
can limit its specificity.*

FIGURE 6- Vital tissue staining
BRUSH BIOPSY

The brush biopsy, introduced by CDx
Laboratories (Suffern, NY) in 1999,
emerged as a case- finding tool for oral
cancer, particularly for evaluating lesions
that may not typically warrant immediate
scalpel biopsy due to their low clinical
suspicion.8
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Also known as the OralCDx Brush Test
system, this technique involves collecting
a full-thickness transepithelial cell sample
from a mucosal lesion, encompassing
superficial, intermediate, and
basal/parabasal epithelial layers.9 A
specially designed non-invasive brush is
used to collect cells, which are then fixed
on a glass slide, stained using a modified
Papanicolaou method, and analyzed
through a computer-assisted imaging
system. Results are categorized as
“positive” or “atypical” when cellular
changes suggest epithelial dysplasia or
malignancy, and “negative” when no
abnormalities are detected. However,
since brush cytology does not provide a
definitive diagnosis, any atypical or
positive results should be followed up
with a confirmatory scalpel biopsy.10

TISSUE FLUORESCENCE
SPECTROSCOPY

Tissue fluorescence spectroscopy utilizes a
small optical fiber to deliver various
excitation  wavelengths and  record
reflected fluorescence spectra using a
dedicated spectrograph and analysis
software.  This method eliminates
subjective interpretation by providing
quantitative fluorescence data. However,
it is limited in its ability to accurately
classify lesion types and is unsuitable for
screening large areas or detecting new
lesions, as the fiber can only assess a small
portion of the mucosa.'

SALIVA AS A |DIAGNOSTIC
TOOL

Saliva is an easily accessible, non-invasive
biological fluid composed primarily of
water (98%), along with organic and
inorganic components, including DNA,
proteins, RNA, metabolites, and
microorganisms. It mirrors the body's
physiological and pathological conditions
and has emerged as a promising tool for
disease detection. Saliva collection is
simple, cost-effective, and well- tolerated,
making it 1ideal for point-of-care
diagnostics. It has already shown
potential  in  identifying  various
conditions, including viral (e.g., SARS-
CoV-2), bacterial, fungal infections,
cancer, and genetic disorders. Salivary
diagnostics has led to the evolution of the
term "Salivaomics," which encompasses
various domains such as genomics and
epigenomics (gene
expression and methylation),
transcriptomics (mRNA), proteomics
(proteins), metabolomics (metabolites),
lipidomics (lipids), and microbiomics
(oral microflora).11-13

LASER CAPTURE
MICRODISSECTION

Laser Capture Microdissection (LCM) is
a powerful technique that enables the
precise extraction of specific cell
populations from tissue samples while
preserving the morphology of both target
and surrounding cells. When combined
with rapid immunohistochemical staining,
LCM allows for accurate isolation and
study of cellular subsets.
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It plays a significant role in biomarker
discovery and in constructing protein
expression profiles ("protein fingerprints")
for the early detection of oral squamous
cell carcinoma.14

LAB-ON-A-CHIP

Microfluidic technology, also referred to
as lab-on-a-chip or micro-total-analysis
systems (TAS), integrates complex
laboratory processes into a single
miniaturized device. These chips are
capable of identifying dysplastic and
malignant oral cells by analyzing the
expression of  specific membrane-
associated proteins and unique gene
transcription patterns. This innovative
platform is considered a biomedical
parallel to the silicon chip revolution in
electronics, offering potential for rapid,
automated, and  highly  sensitive
diagnostics.15

DNA-ANALYSIS

DNA image cytometry is a technique used
to assess the ploidy status of cells, helping
to evaluate their malignant potential.
After staining with Feulgen dye, cellular
DNA content is quantified and compared
against a normal reference population.
Computer-assisted  analysis  enhances
precision and identifies deviations in
DNA  content, reflecting genomic
instability—a  hallmark  of  cancer
progression. This method may help
distinguish dysplastic lesions with high
risk of malignant transformation.16

OPTICAL
TOMOGRAPHY

Optical Coherence Tomography (OCT) is
a non-invasive imaging modality that

COHERENCE

produces high- resolution, cross-sectional
images of tissue architecture by capturing
subsurface reflections of light. It enables
the wvisualization of inflammation,
dysplasia, and malignancy without
radiation

exposure. The use of contrast agents,
such as gold nanoparticles exhibiting
surface plasmon resonance, can enhance
image clarity.17 OCT offers real-time
results and holds promise in both the
diagnosis and follow-up of oral
potentially malignant disorders and
cancers.18

BIMODAL MULTISPECTRAL
IMAGING SYSTEM (BMIS)

Bimodal Multispectral Imaging System
(BMIS) is an advanced diagnostic tool
that integrates tissue autofluorescence and
diffuse reflectance (DR) to assess changes
in  oxygenated hemoglobin (HbO,)
absorption within the oral mucosa. This
dual-modality approach enables the
quantification of tissue abnormalities and
assists in guiding biopsy site selection. The
BMIS device features a compact
monochrome camera equipped with a 5
MP CMOS sensor, 2.2-micron pixel size,
and a resolution of 2592%x1944 for high-
quality image capture. Illumination is
provided by a set of LEDs arranged
around the camera lens, emitting light at
four specific wavelengths—violet (405
nm), green (545 nm), yellow (575 nm), and
red (610 nm)—to enhance tissue
visualization.
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Prior to imaging, the oral cavity is rinsed
with water, followed by saline or an
antibacterial mouthwash. A reference
photograph of the lesion is captured using
a mobile phone camera. For hygiene and
safety, the screening probe is disinfected
with isopropyl alcohol and covered with a
transparent plastic cling film to avoid
direct contact with oral tissues. The
examination is conducted in a dimly lit
environment to maintain calibration
conditions. Upon activation, the probe
initially emits violet light, which is used to
detect oral potentially malignant lesions
(OPMLs) through autofluorescence and
to pinpoint areas requiring closer

inspection.19

N

FIGURE 7- BMIS System

CONCLUSIONS

Early detection of oral cancer is essential
for enhancing patient outcomes, with
dental professionals playing a key role in
this critical process. Enhancing the
knowledge and diagnostic capabilities of
clinicians regarding oral cancer risk
factors and precancerous conditions is
essential.

While several emerging diagnostic
technologies—such as tissue fluorescence,
saliva- based biomarkers, lab-on-a-chip
systems, and OCT—show promise in
aiding early detection, their integration
into routine clinical practice remains
limited. Current evidence supporting
these tools is often anecdotal, with a lack
of large-scale, methodologically robust
clinical trials. Further research is needed
to validate their effectiveness, establish
correlations ~ with  histopathological
findings, and assess their impact on
patient survival and recurrence risk.
Moving forward, rigorous evaluation and
standardization of these technologies
through prospective clinical studies will
be key to their successful incorporation
into early detection protocols, ultimately
improving outcomes for individuals at
risk of oral cancer.
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INTRODUCTION

The concept of lasers is based on Albert
Einstein’s theory of spontaneous and
stimulated emission of radiation .The
first working laser was made in 1960 by
Theodore H. Maiman at Hughes
Research Laboratories [1, 2]

\ |

Since then, researchers have studied the
effects of both low and high-intensity
lasers in dentistry, with a particular
focus on Periodontology. In recent
decades, technological advancements
have significantly transformed dental
practice, with lasers emerging as one of
the most impactful innovations.
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Among these innovations, lasers and
similar devices were primarily developed
as alternatives to conventional
instruments  traditionally used in
periodontal therapy to substitute for
curettes, scalpels, and other tools
commonly  employed in  invasive
periodontal procedures. Studies
confirmed that dental lasers are an
adjunctive tool in the treatment of
periodontal disease and are not intended
to replace conventional therapies [3, 4, 5].
By utilizing focused light energy, dental
lasers offer a high degree of precision,
reduced bleeding, faster healing and
enhanced patient comfort compared to
conventional surgical methods. Their
application ranges from soft tissue
procedures like gingivectomy and pocket
decontamination to hard tissue treatments
such as bone regeneration. As laser
technology continues to evolve, its
integration into periodontal therapy is
redefining clinical protocols and setting

new standards in patient care.
2. Properties of Lasers

The acronym LASER stands for Light
Amplification by Stimulated Emission of
Radiation [6]. Lasers possess distinct
physical properties that differentiate them
from conventional light sources. These
characteristics not only define the
behavior of laser light but also contribute
significantly to their expanding role in
modern dental and periodontal
practice.Lasers are now widely used in
periodontics for procedures such as soft
tissue surgery, bacterial reduction, pocket
decontamination;and biostimulation.

Understanding the core- properties of
lasers is essential for their effective and
safe clinical application.

2.1. Monochromaticity

Laser light consists of a single wavelength,
unlike ordinary light which contains
multiple wavelengths. This
monochromatic nature allows for selective
interaction with specific tissue
components, such as hemoglobin,
melanin, or water. In periodontics, this
property facilitates targeted treatment
with minimal damage to surrounding
tissues.

2. 2. Coherence

Laser beams exhibit spatial and temporal
coherence, meaning the emitted light
waves are in consistent phase. This
coherence contributes to the laser's
precision and focus, essential for delicate
periodontal procedures like sulcular
debridement, gingival contouring, and
flap surgeries.

2.3. Directionality

Lasers emit highly collimated beams,
allowing them to travel in a straight,
narrow path with minimal divergence.
This directionality enhances control and
accuracy during intraoral applications,
enabling clinicians to perform minimally
invasive  procedures  with  superior
visualization and reduced trauma.
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2.4. High Intensity

Because laser energy is concentrated into
a small area, it achieves a high power
density, making it highly effective for
cutting, ablation, and coagulation. In
periodontics, this allows for efficient soft
tissue management, improved hemostasis,
and faster postoperative healing [7].

3. Laser Mechanisms and Their
Interactions with Biological Tissues

Lasers work by emitting concentrated
light energy at specific wavelengths, which
interact with biological tissues through
various mechanisms-absorption,
reflection, transmission, and scattering.
Figure 1 shows the four potential laser-
tissue interactions. The nature of this
interaction depends largely on the laser's
wavelength and the tissue's composition,
particularly its water, pigment, and
mineral content. Each laser has a unique
wavelength spectrum resulting in specific
absorption characteristics. Figure 2 shows
laser wavelengths. The wavelength of
most of the lasers used in dentistry is in
the red and near-infrared spectrum.

Laser Tissue Effects

Easer Irradiation

Transmission

Figure 1. Four potential laser-tissue
interactions. The laser beam may be
reflected, | absorbed,  scattered, or
transmitted [8,9] ‘

Er:YAG

Er:YSGG
Ty

Er,Cr:YSGG

Diode Nd:YAL Ho:¥YAG ity

e L. U R =11 T

Figure 2. Laser wavelengths [8, 9]

In periodontics, laser-tissue interaction
typically results in one or more of the
following effects: photothermal,
photochemical, photoacoustic, and
biostimulatory. Photothermal effects, for
instance, cause coagulation, vaporization,
or ablation of soft tissues, making lasers
ideal for procedures such as gingival
contouring or periodontal  pocket
debridement. Certain wavelengths, such
as those of diode and Nd:YAG lasers, are
highly absorbed by melanin and
hemoglobin, allowing for efficient soft
tissue treatment with minimal bleeding.
On the other hand, Er:YAG and
Er,Cr:YSGG lasers are better suited for
hard tissue applications due to their
affinity for water and hydroxyapatite.
These controlled interactions not only
enhance clinical precision but also reduce
collateral damage, postoperative
discomfort, and healing time, making
lasers a valuable tool in periodontal
therapy

3.1. Photothermal Interaction

This is the most common mechanism in
soft tissue procedures. The laser energy is
absorbed and converted into heat,
leading to coagulation (hemostasis),
vaporization (ablation of soft tissues),
and carbonization (at higher
temperatures).
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This interaction is widely wused for
procedures like gingivectomy, frenectomy,
and pocket decontamination.

3.2. Photochemical Interaction

In this process, laser energy triggers or
enhances chemical reactions. One example
1s Photodynamic Therapy (PDT), where a
photosensitizer and  specific  laser
wavelength work together to destroy
bacteria in periodontal pockets with
minimal tissue damage.

3.3.Photoacoustic/
Photomechanical Interaction

Ultra-short  laser  pulses  generate
shockwaves that can disrupt tissue or
bacterial biofilms. This interaction is
particularly relevant in root surface
debridement and calculus removal using
erbium lasers.

3.4.Biostimulatory
(Photobiomodulation) Effect

Low-level laser  therapy (LLLT)
promotes cellular regeneration, reduce
inflammation, and accelerate wound
healing. This is useful in managing
postoperative discomfort and enhancing
tissue repair in periodontal therapy.

4. Laser Operation parameters

The clinical effectiveness of lasers in
periodontics is primarily based on their
interaction with biological tissues.

When laser energy is -delivered to
periodontal tissues, several physical and
biochemical effects can occur, depending
on factors such as wavelength, power
output, pulse duration, and tissue
composition. The signature of laser is
basically its wave length .The nature and
outcome of laser—tissue interactions in
periodontics  depend on  several
interrelated factors. A proper
understanding of these variables helps
optimize treatment efficacy and minimize
tissue damage. Figure 3 represents
various laser operating parameters

Wavelength

Contact! Non
contact mode Power (W), Duration of
EXPOsUre

Power amd
energy density

Spot sizc

Mode of aperation-
Continuous ! Pulsed

Amount of Nature of fissue
chromophore

Figure 3. Laser operating parameters

4.1. Wavelength

Each laser emits light at a specific
wavelength, which determines how it is
absorbed by different tissue components
such as water, hemoglobin, or melanin.
For example, the diode and Nd:YAG
lasers are well absorbed by pigmented
tissues. On the other hand, Er:YAG and
CO, lasers are highly absorbed by water,
making them effective for both soft and
hard tissues..
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4.2. Power Output and Energy
Density

Higher power settings increase the
thermal effect, while lower settings may be
used for biostimulation or superficial
treatments. Energy density (fluence),
which is energy per unit area, directly
influences tissue penetration and the type
of response (cutting vs. coagulation).

4.3. Mode of Delivery

Lasers can operate in continuous wave,
pulsed, or super-pulsed modes. Pulsed
delivery reduces thermal damage by
allowing cooling periods between
emissions, making it safer for sensitive
periodontal tissues. Figure 4 represents
various emission modes of laser.

Gated Pulse Mode
Dinde, Co2lasers

y, Pulsed- On & Off

4 Free Running Pulsed
Vd 1 Mude Nd: YAG,
Emission Modes ¢ Er:YAG
\_\. -
\
\
Continuous Wave

\
*  Constant -On | Mode Diode.Co2lasers

Figure 4. Emission modes of laser

4.4. Exposure Time

The duration of laser application affects
the depth and extent of tissue response.
Longer exposure may increase thermal
damage, while shorter pulses offer more
precise control.

4.5. Tissue Characteristics

Different tissues (e.g., inflamed  vs.
healthy, pigmented vs. non-pigmented)
absorb laser energy differently. Moisture
content, vascularity, and pigmentation all
influence how the tissue reacts to laser
irradiation.

4.6. Beam Focus

Laser energy can be delivered in two
primary modes, each producing different
clinical effects depending on the intended
treatment goal:

4.6.1. Focused Mode:

In this mode, the laser beam is tightly
concentrated onto a small area, resulting
in high energy density. It is primarily
used for precise incision, excision, and
ablation of soft tissues. This mode
enables controlled cutting with minimal
bleeding due to effective coagulation.

4.6.2. Defocused Mode:

Here, the laser beam is intentionally
dispersed over a wider area by increasing
the distance between the laser tip and the
tissue. This lowers the energy density and
is commonly used for superficial tissue
coagulation, hemostasis, or gentle tissue
warming, as in photobiomodulation.

4.7. Laser spot size

Laser spot size refers to the diameter of
the laser beam as it contacts the tissue
and significantly influences the energy
density delivered.
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A smaller spot size concentrates energy
for precise cutting or ablation, while a
larger spot size spreads energy for
broader, gentler effects such as
coagulation or biostimulation. Adjusting
the spot size allows clinicians to tailor
laser effects based on the clinical objective
in periodontal procedures.

4.8. Contact and non contact mode

In contact mode, the laser tip touches the
tissue directly, allowing better tactile
control and is commonly wused for
procedures like incision, excision, or
debridement. In non-contact mode, the
laser beam is applied at a distance from
the tissue, 1ideal for coagulation,
decontamination, or
photobiomodulation. The choice between
contact and non-contact modes depends
on the desired clinical effect and the type
of laser being used in periodontal therapy
[8,9,7].

5. Laser-Based Approaches in
Periodontal Treatment

Laser-based therapies have
revolutionized periodontal treatment by
offering a range of minimally invasive
options for managing both soft and hard
tissue conditions. These approaches are
tailored to the specific clinical needs of
patients and are selected based on the
type of laser and its interaction with the
target tissue. Key laser-based approaches
in | periodontal therapy are discussed
below.

5.1. Laser-Assisted New
Attachment Procedure (EANAP):

Laser-Assisted New Attachment
Procedure (LANAP) is an advanced,
FDA-cleared laser protocol designed for
the treatment of moderate to severe
periodontitis. This minimally invasive
technique employs a Nd:YAG laser
(wavelength 1064 nm) to selectively
remove diseased epithelial tissue and
bacterial pathogens from periodontal
pockets  while  preserving  healthy
surrounding tissue. Following laser
application, ultrasonic scalers and hand
instruments are used to debride the root
surfaces. A second pass of the laser then
helps form a stable fibrin clot that seals
the periodontal pocket and promotes
regeneration. LANAP offers numerous
clinical benefits, including the absence of
sutures, reduced bleeding, minimal
postoperative discomfort, and faster
healing compared to traditional flap
surgery. It also facilitates the
regeneration  of  lost  periodontal
structures, making it possible to preserve
teeth that might otherwise require
extraction. LANAP is particularly
suitable for treating moderate to severe
chronic periodontitis, patients who are
unwilling or wunable to undergo
conventional surgery, and cases of peri-
implantitis .Despite its advantages,
LANAP does have limitations. A, long-
term success depends on careful case
selection, patient compliance, and
ongoing maintenance therapy. While
clinical outcomes have been promising,
more long-term studies are needed to
fully validate LANAP as a mainstream
periodontal treatment.
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Nonetheless, LANAP represents a
significant ~ advancement in  laser
periodontics, offering a less invasive,
regenerative alternative to traditional

surgical approaches [10, 11].

5.2. Laser Curettage and Pocket
Decontamination:

Diode and Nd:YAG lasers are frequently
used for subgingival debridement and
bacterial reduction in  periodontal
pockets, improving clinical attachment
levels and reducing inflammation[12,13].

5.3. Gingivectomy and
Gingivoplasty:

Lasers allow precise soft tissue removal
and contouring with minimal bleeding,
faster healing and improved patient
comfort compared to traditional scalpel
techniques [9].

5.4. Peri-implantitis Management:

Lasers are increasingly used in the non-
surgical and surgical treatment of peri-
implant infections, offering effective
bacterial decontamination and

promoting re-osseointegration [14].

5.5. Low-Level Laser Therapy
(LLLT) /Photobiomodulation
Therapy (PBMT):

Low-level lasers are used to stimulate
cellular activity, reduce inflammation,
and accelerate wound healing in
periodontal tissues.

Low-Level Laser Therapy (LLLT)
operates  primarily by stimulating
mitochondrial  activity,  particularly
targeting the enzyme cytochrome c
oxidase. This activation enhances cellular
respiration and leads to increased
production of adenosine triphosphate
(ATP), which fuels various cellular
processes. As a result, there is enhanced
cell proliferation and tissue regeneration,
along with modulation of the
inflammatory response—key factors in
promoting healing in periodontal tissues
[15].LLLT offers several advantages in
periodontal therapy. It is a non-invasive
and painless treatment modality, making
it highly comfortable for patients.
Additionally, it presents minimal side
effects when applied correctly and
significantly accelerates tissue repair and
healing, reducing recovery time. The
most commonly used lasers for LLLT in
periodontics include diode lasers with
wavelengths such as 660 nm, 810 nm, and
980 nm. These are preferred for their
effectiveness and versatility. Low-power
Nd:YAG lasers are also utilized,
especially for deeper tissue penetration
and anti-inflammatory effects. Helium-
Neon (He-Ne) lasers are another option,
particularly valued for their role in
biostimulation and soft tissue healing [16,
12 ,17]. Tablel shows various
applications of LLT .
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Table 1. Application of LLT

Application Description

Pain Reduction - Reduces post-operative discomfort
after scaling, root planing, or surgery.

- Decreases the need for analgesics.

Anti-inflammatory | - Modulates inflammatory responses
Effects in gingivitis and periodontitis. -

Reduces swelling and redness in

periodontal tissues.
Wound Healing - Accelerates soft tissue healing after
periodontal surgeries. - Promotes

fibroblast proliferation and collagen

synthesis.
Bone - May enhance osteoblastic activity. -
Regeneration Supports bone regeneration in defects
or after implant placement.
Adjunct to | - Enhances outcomes when combined
Nonsurgical with scaling and root planing. -
Therapy Improves pocket depth reduction and
attachment level gain.
Desensitization - Reduces tooth sensitivity. - Affects

nerve conduction and stimulates

reparative dentin formation.

5.6. Photodynamic Therapy (PDT)

Photodynamic Therapy (PDT) is a
minimally invasive and highly targeted
treatment increasingly used as an adjunct
to conventional periodontal therapy. It
involves  the application of a
photosensitizing agent-commonly
methylene blue or toluidine blue-into the
periodontal pocket. This agent is then
activated by low-power laser light within
a specific wavelength range, typically in

the red spectrum (630-690 nm).

Upon activation, the “photosensitizer
produces reactive oxygen species (ROS),
mainly singlet oxygen, which selectively
destroy pathogenic bacteria, disrupt
biofilms, and reduce inflammation
without harming healthy tissue. In
periodontics, PDT serves multiple clinical
applications. It enhances bacterial
reduction when used alongside scaling
and root planing, particularly against
anaerobic pathogens like Porphyromonas
gingivalis. It is also beneficial in the
treatment of peri-implantitis, where it
targets bacteria around implants without
damaging titanium surfaces. In cases of
chronic periodontitis, PDT helps improve
clinical outcomes, such as pocket depth
reduction and attachment level gain.
Additionally, it is effective in managing
gingivitis and early periodontitis by
lowering inflammation and microbial
load. PDT offers several advantages: it is
non-invasive, painless, and does not lead
to bacterial resistance. It selectively
targets harmful microorganisms,
preserves healthy tissue, has minimal side
effects, and can be used repeatedly
without complications. However, some
limitations exist. The therapy requires
specialized equipment and clinician
training, and its effectiveness may vary
depending on factors like pocket depth
and the extent of photosensitizer
penetration. While PDT is a powerful
adjunct, it is not a complete replacement
for mechanical debridement but rather a
complementary  tool to  enhance
periodontal therapy outcomes.
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These laser-based approaches provide
clinicians with versatile tools that
enhance the effectiveness and efficiency
of periodontal therapy. When used
appropriately, they can lead to better
clinical outcomes, reduced discomfort,
and higher patient satisfaction. However,
successful application requires proper
case selection, understanding of laser-
tissue interactions, and adherence to
evidence-based protocols [ 18, 19].

6. Advantages and disadvantages
of Laser Therapy in Periodontics

The use of lasers in periodontics has
gained significant attention due to their
precision, minimal invasiveness, and
improved patient comfort. While lasers
offer numerous clinical advantages, such
as reduced bleeding, faster healing, and
effective microbial control, they also
present certain limitations. A balanced
understanding of both the benefits and
drawbacks is essential for their safe and
effective integration into periodontal
practice. A summary of the advantages
and disadvantages of Laser therapy is
shown in Table2.

7. Laser safety measures

Ensuring safety during laser use is critical
to protect both the patient and clinical
staff. Essential precautions include the
use of appropriate protective eyewear
specific  to the laser wavelength,
implementation of warning signs outside
the operatory, and adherence to laser
manufacturer guidelines.

Table 2. : Advantages and Disadvaniages of Lase

Therapy in Periodontics [20,21]

Advantages Disadvantages
Minimally inva.'r)ive,i High initial cost of
reduces need for| equipment

sutures

Reduced  bleeding | Requires specialized

due to coagulative training and experience
effects

Less ;:-c)swpcmtiveI Limited effectiveness on
pain and discomfort hard tissues like calculus
and bone

Faster healing and | Risk of thermal damage if

tissue regeneration used improperly

Antimicrobial effect| Lack of standardized
reduces bacterial load | clinical protocols
Increased patie:ntE Cannot  fully replace
comfort and conventional periodontal
acceptance surgical methods

|
Selective targeting of | May not be effective in

diseased tissue deep or complex

periodontal pockets

Additional measures include proper
training, avoiding reflective instruments,
using high-volume suction to reduce laser
plume, and maintaining controlled beam
exposure to prevent accidental tissue
damage. A designated Laser Safety Officer
(LSO) 1s recommended in clinical settings
where lasers are regularly used [22].

8. Future Directions

The future of laser therapy in periodontics
is promising, with ongoing research and
technological advancements paving the
way for broader and more effective clinical
applications.
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As laser systems become more
sophisticated, with better wavelength
control and integrated imaging, clinicians
can expect enhanced precision in
diagnosing and treating periodontal
conditions. Emerging trends include the
integration of laser-assisted regenerative
procedures, such as guided tissue
regeneration and PBMT, which promote
cellular activity, wound healing, and
tissue repair. The use of LLLT for
stimulating periodontal ligament and
bone regeneration is gaining attention
due to its non-invasive nature and
potential for long-term clinical benefits
[21, 23, 24; 25,26].

Additionally, combining lasers with
digital  technologies may improve
treatment planning and outcomes in
complex periodontal cases. Personalized
laser protocols based on genetic and
microbiological profiling could also
enhance treatment efficacy. However, for
these future directions to be fully
realized, further clinical trials, protocol
standardization, and cost reduction are
essential. With continued innovation and
research, lasers are expected to play an
increasingly central role in modern
periodontal therapy, offering safer,
faster, and more patient friendly
treatment modalities.

9. Conclusion

Laser therapy presents several potential
advantages in the management of
periodontal and periimplant diseases.

Current literature offers——encouraging
findings; however, much of the evidence is
derived from case reports and case series,
limiting  the strength of  clinical
recommendations. To establish laser
therapy as a reliable modality in
periodontal care, well-designed
randomized controlled trials are essential
to validate its efficacy and long-term
outcomes. Additionally, clinicians aiming
to incorporate laser technology into their
practice should undergo appropriate
training to ensure its safe and effective use.
Future research should focus on larger,
multi-center studies involving multiple
investigators to evaluate whether laser
therapy offers a predictable and reliable
approach to periodontal treatment, with
consistent and sustained long-term
outcomes.
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INTRODUCTION

In recent years the field of

prosthodontics has witnessed a paradigm
shift, due to rapid advancements in
technologies. Now 3-D printing emerged
as a transformative force by redefining
the way dental professionals approach
the design, fabrication, and delivery of
prosthetic solutions(1). Traditionally,
prosthodontic procedures relied on
labor-intensive and  time-consuming
manual techniques, often resulting in
Variabilinty and-*limitéd customization.

The 3-D printing has revolutionized by
enabling precise digital modeling of
dental structures, rapid prototyping and
fabrication of crowns, bridges, dentures,
and surgical guides and also personalized
treatment plans tailored to individual
patient anatomy(2). This technology
leverages computer-aided design (CAD)
and advanced materials, allowing for the
production of highly accurate, durable,
and esthetically pleasing prostheses(3).
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The integration of 3D printing into
prosthodontics not only streamlines
workflows but also enhances patient
outcomes by reducing turnaround times
and improving fit and function.

As the dental community continues to
embrace digital transformation,
understanding the principles, applications,
and future directions of 3D printing in
prosthodontics is essential. This review
article explores the current state of 3D
printing in prosthodontics, highlighting its
clinical benefits, technological
innovations, and the challenges that must
be addressed to fully realize its potential

in modern dental practice.

EVOLUTION OF 3-D PRINTING

The concept of 3D printing emerged in
science fiction in the mid-20th century and
began to materialize with patents for
metal printing devices in the 1970s(1) . A
major breakthrough came with Charles
Hull's invention of stereolithography in
the 1980s, followed by the development of
Selective Laser Sintering (SLS) and Fused
Deposition Modeling (FDM) in the late
1980s (1). By the late 1990s and early
2000s, 3D printing started to gain traction
in dentistry, particularly in
prosthodontics, as advancements in
material science and CAD/CAM
technology enhanced its capabilities (4).
Current developments in 3D printing
include various advancements that have
major implications for multiple industries.
These advancements involve  new
materials, such as waste materials and
recycled sand, to-improve sustainability

().

Novel research has shown that 3D
printing resulted in better results for
prosthetic fit, aesthetic appeal; and
patient satisfaction. Traditional
prosthodontic fabrication relied on
manual craftsmanship, which was time-
consuming and prone to variability(2).
The introduction of 3D printing allowed
for the creation of highly accurate,
customized  prostheses, significantly
reducing production time and improving
precision and fit (6). The convergence of
3D printing with digital dentistry—using
intraoral scanners, CAD software, and
digital workflows—has enabled seamless
data transfer from patient scans to
prosthesis fabrication(7).

This integration has led to the production
of fixed dental prostheses, implants,
surgical guides, and splints with
enhanced accuracy and patient-specific
customization 3D printing has
streamlined  laboratory  procedures,
reduced chairside time, and improved
patient comfort and satisfaction (5).
Challenges remain, including initial
investment costs, material limitations,
and the need for specialized skills(8).
Future trends point toward further
material innovation, integration with
artificial intelligence, bioprinting, and
regulatory standardization to ensure
safety and broader adoption(8). 3D
printing continues to set new standards
for precision, efficiency, and
customization in prosthodontics,
heralding a new era in dental
rehabilitation and patient care(9).
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DIFFERENT METHODS IN 3-D
PRINTING TECHNOLOGY

3-D Printing technology is classified by
the American Society for Testing and
Materials (ASTM) into seven processes
according to the print method (8):

1) Vat photo polymerization

2) FDM (Fused Deposition Modelling)

3) PBF (Powder Bed Fusion)

4) Binder jetting or three-dimensional
printing (3DP).

5) Material jetting or inkjet printing

6) DED (Direct Energy Deposition)

7) Manufacturing of laminated objects
(LOM)

VAT PHOTO POLYMERIZATION

a) Stereolithography

This method is one of the first AM methods
that was discovered in 1986 (4). This
method i1s based on light polymerization
and uses UV light or an electron beam to
initiate the chain reaction of resin and
monomer. The raw materials are in liquid
form and include photopolymers such as
polyamides, elastomers, pure polymer
resins, composite resins, and ceramic +
resin slurry (8). The construction platform
1s located in a tank of liquid photopolymer.
By moving the construction platform up
and using laser radiation, polymerization is
done and the first layer is made. To make
the next layers, the construction platform
moves down and sinks into the tank so that
the surface of the built layer is covered by
liquid polymer, and polymerization is done
again with the movement of the platform.

Printing by SLA has high quality and
resolution, but this “method is  time-
consuming and expensive, and the
materials that can be used in it are very
limited. On the other hand, the resin is
sensitizing and causes inflammation due
to contact with the eyes and skin (1). The
energy of the light source and the amount
of exposure are the main factors that
control the thickness of each layer . In
dentistry, SLA is used to make implants,
casts, full removable prostheses,
temporary veneers, cast models, and
metal frames(8).

b) Digital light processing

DLP is a rapid printing method. it is used
for resin designs. Similar to SLA, DLP
uses a light source to cure layers at once,
which aids in speeding up the process. It
is widely used in prosthodontics for
dental restorations and orthodontic
models. Although DLP technology
enhances the mechanical and
antibacterial properties of polymethyl
methacrylate (PMMA) composite resin
for dental applications, it is restricted to
photopolymers that emit odors, which
can be an issue in office environments (1).
The printing process and the materials
used in it are the same as SLA, with the
difference that in SLA, a laser is used for
polymerization, but in DLP, a digital
projector is used. The speed of this
method is higher compared to SLA(S).
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c) Continuous  Digital light
processing

The printing process and the materials
used in it are the same as the previous two
methods, with the difference that LED or
oxygen is used for polymerization. This

method is faster than SLA and less
expensive than DLP (8).

FUSED DEPOSITION
MODELLING

FDM has gained significant traction in
prosthodontics due to its accessibility, cost-
effectiveness, and  versatility.  This
technology excels in creating complex
diagnostic models, surgical guides, and
orthodontic appliances(4). The filament is
heated until the material becomes semi-
liquid and the desired model is made layer
by layer. Acrylonitrile butadiene styrene
(ABS), polylactic acid (PLA), and
polycarbonates are the most commonly
used materials. The main feature of this
method is the thermoplastic property of the
polymer, which causes the layers to be
connected during the printing process, and
after printing, they turn into a solid state at
room temperature. The melting point of the
material should be low, and after melting,
its viscosity should be enough to be smooth
and come out of the nozzle easily. On the
other hand, it should be strong enough to
support the next layers (6). Layer thickness,
diameter, filament orientation, and
porosity are the most important factors
that affect the mechanical properties of the
printed material. Low cost, high speed, and
easy processing are the most important

advantages of FDM.

Low mechanical |strength, ' layered
appearance, low surface quality, and low
variety of thermoplastic materials are
some of the limitations of this method
(4)). The evolution of fiber reinforced
composites has increased the mechanical
strength of the FDM printed model. The
orientation of the fibers, the bond
between the fiber and the matrix, and the
presence of porosity are the main
challenges in using these composites.
Rapid prototyping (RP) capabilities
offered by FDM facilitate the iterative
design and evaluation of dental devices,
accelerating the development process (95).

POWDER- BED FUSION

In this method, a thin layer of powder is
spread on a plate and then packed. The
powder in each layer is connected by a
laser or connector. These plates are
layered on top of each other to make the
final 3D product. Then, the powder
additions are removed by vacuum, and if
needed, the final processing of the details
is done by infiltration, coating, and
sintering. The distribution and size of the
powder particles in the density of the
printed area, is the most important
effective factor in this method. In
powders with low melting temperatures,
a laser is used to connect the layers. In
the powder with a high melting
temperature, a liquid binder is used (8).
The most important limitations of the
powder bed fusion method are the slow
and time-consuming process, high cost,
and high porosity when using the binder

(1).
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a) Selective laser sintering (SLS)

SLS is applied for dental frameworks and
bases. It uses a laser to fuse powdered
material layers to create 3D objects. SLS
can be used to print different polymers,
metals, and alloys. In SLS, the laser does
not completely melt the fabric, and the
surface heat of the powder grains causes
the layers to join together (8). This
technology employs a laser to selectively
fuse powdered material, layer by layer, to
create precise 3D objects. This process
results in highly detailed and accurate
models with natural contours, making it
particularly well-suited for complex dental
conditions. However, it has defects such
as possible inhalation hazards from
particles, messy disposal of extra powder,
and slower production speed compared to
certain 3D-printing modalities (4).

b) Selective Laser Melting (SLM)

Unlike SLS, SLM is only used for special
metals such as steel and aluminium. In
SLM, the powder is completely melted
and connected, which increases the
mechanical strength (8). This method is
used in prosthetics to make metal frames.

Electron Beam Melting (EBM)
EBM is an advanced additive
manufacturing technique that uses an
electron beam to melt metal powder,
creating high-quality 3D structures. In
the dental and maxillofacial fields, it is
utilized for a range of applications,
including dental implants, customized
implant abutments, precise orthodontic
appliances, and  accurate surgical
templates.

BINDER JETTING-OR THREE-
DIMENSIONAL PRINTING

This system is similar to the powder bed
system (PBF) except that a liquid binder
is used to connect the layers to each
other. First, a layer of powder is
deposited on the bed, and then it is
aligned with the roller. Then, according
to the information obtained by CAD, the
binder drops are spread on the powder
bed. The chemical properties of the
binder, the shape and size of the powder
particles, and the reaction between the
binder and the powder play an important
role in the 3DP process (4). The amount
of porosity in this method is higher than
using a laser.

MATERIAL JETTING OR INK
JET PRINTING

Material jetting is an advanced 3D-
printing technique that layers liquid
materials to create dental restorations. In
prosthodontics, it offers advantages such
as high precision and biocompatibility,
allowing for the production of
restorations.  Furthermore,  material
jetting enables RP, speeding up design
and modification processes. It i1s a
photopolymer injection system that
makes the whole three-dimensional
object layer by layer through several
nozzles(4). The chemical basis of the
material is similar to vat
photopolymerization and it is cured by
ultraviolet light. This method is used to
make ceramics with a complex structure
in tissue engineering.
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In this process, a stable suspension of
ceramics, such as zirconium oxide powder
in water, is pumped by a nozzle onto a
substrate and deposited(1). The drops
form a continuous pattern that provides
sufficient strength to support the next
layers (7). Frequently used materials
include photocurable resins for their
accuracy, ceramics for their aesthetic
appeal and biocompatibility, and metal
alloys for their durability in implants and
frameworks. This technology significantly
enhances the quality and efficiency of
dental restoration fabrication (10).

DIRECT ENERGY
DEPOSOTION (DED)

They are used to make alloys. Raw
materials are melted and then deposited
and connected together. The difference
between this method and SLM is that
powder is not used in this method, and
higher energy is needed to melt raw
materials. Compared to SLM, DED has
lower accuracy and lower surface quality,
but it has the ability to make models with
less complexity. This method is faster and
cheaper (4).

LAMINATED OBJECT
MANUFACTURING (LOM)

In this method, the materials are in the
form of sheets that are cut layer by layer
by laser or mechanical methods, and then
they are connected. In this method,
composites, ceramics, and metals can be
used. Depending on the type of material,
1t requires final processing. LOM (without
processing) has a lower surface quality
and its dimensional\ accuracy compared
to other methods of powder bed is less(8).

APPLICATION OE3-D
PRINTING IN
PROSTHODONTICS

Printers are used in various fields of
dentistry, including tissue engineering,
implants, maxillofacial surgery, and
prosthetics. One of the first uses of CAD-
CAM was the creation of accurate
anatomical models and surgical guides to
help surgeons simulate the surgical
procedure before surgery(8). In 1987,
Brix and Lambrecht made the first
anatomical models using lathes. Lathes
were limited to making complex models.
In 1992, Klein et al . introduced a method
based on stereolithography. Implants can
be made by the SLM method using
titanium powder, which is
biocompatible(1). Absorbable implants
are also made of calcium and phosphate.
Some studies used tricalcium phosphate
and hydroxyapatite to make implants
and reported acceptable results (3).

Dental Implants

Dental implants are artificial tooth roots
that help replace missing teeth, ensuring a
good fit for each individual.
Advancements in 3D-printing technology
have improved the incorporation of
implants (5). An experimental study
compared bone healing and implant
stability among threaded implants, 3D-
printed implants without spikes, and 3D-
printed implants with spikes in four
beagle dogs. Despite initial differences,
all implants showed similar stability and
bone integration after 12 weeks.

| TAPER JOURNAL OF INDIAN DENTAL ASSOCIATION, THIRUVALLA 42




In addition, histomorphometry analysis
confirmed comparable outcomes for
bone-to-implant contact among the three
implant types (8).

Custom Trays

Custom trays are crucial for taking
impressions,  registering  bites, and
making temporary restorations. Usually,
these trays were handcrafted from acrylic
or silicone over stone casts of patients'
teeth. 3D printing now offers a faster and
more accurate method for producing
custom trays, while digital oral scans can
also be used to create tailored trays (6).

Fixed Partial Dentures (FPDs)

FPDs or dental bridges are artificial tools
that fill gaps left by missing teeth by
connecting natural teeth or dental
implants. In the past, fixed partial
dentures were made using complex
procedures such as creating wax patterns,
casting in investment materials, and
adding metal or ceramic veneers (5). 3D
printing has made the production of fixed
partial dentures faster and more tailored.

Removable Partial Dentures (RPDs)

RPDs serve as a solution for replacing
missing teeth. These dentures are
artificial teeth mounted on a framework
that connects to the existing teeth and
gums, facilitating ease of removal and
cleaning (2). A recent systematic review
showed that RPDs generally had high
satisfaction rates (50-81%), influenced by
factors such as age, gender, RPD
experience, denture type (metal vs.
flexible), and attachments.

Complete Dentures

CDs replace all teeth in the upper or
lower dental arch to restore oral function
and aesthetics for patients who have lost
all their natural teeth . There is an
ongoing  discussion regarding the
effectiveness and  contentment  of
traditional full dentures compared to
those made through 3D printing. A
comparison of digital and traditional
methods in creating CDs was conducted
in 14 laboratory studies. Digital CDs
typically exhibited acceptable adaptation
and occlusal accuracy, occasionally
surpassing  traditionally  fabricated
CDs(1).

Maxillofacial Prostheses

Maxillofacial  prosthetics  assist  in
restoring facial appearance and oral
functions following surgery or injury.
Progress in 3D printing has enhanced
precision, shortened surgery time, and
boosted outcomes for maxillofacial
surgery patients. Recent studies show
that 3D-printed models can aid in
treatment planning and radiography (8).
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MATERIALS USED IN 3-D PRINTING AND ITS CLINICAL
APPLICATION IN PROSTHODONTICS

MATERIAL TYPE

Photopolymer Resins

Metal Alloys (e.g., Co-Cr)

Polyether ether
ketone (PEEK)

Polylactic Acid (PLA)

Polyvinyl Alcohol (PVA)

Thermoplastic Elastomers

Hybrid Composites

CHARACTERISTICS

High resolution, smooth

surface finish

High strength and
durability Corrosion
resistance

High strength-weight
ratio, excellent wear
resistance

Biodegradable, low

toxicity, ease of printing

Water soluble, excellent

adhesion to build layers

Flexibility and resilience,
impact resistance

Combines properties of
different
customizable properties

materials,

CLINICAL
APPLICATIONS

Crowns and bridges,
temporary prostheses,
orthodontic models and
aligners

Implant-supported
frameworks, dental models
and frameworks, partial

dentures

Temporomandibular
(TMJ) devices,
partial dentures

joint
removable

Temporary crowns and
bridges, orthodontic
appliances

Support structures during

printing, dissolvable models
for casting and molding

Soft
guards, occlusal splints

denture liners, bite

Hybrid
hybrid implant prostheses,
hybrid restorative materials

denture bases,
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ADVANTAGES AND
DISADVANTAGE

ADVANTAGES

« High customization and precision
« Faster fabrication and workflow
« Cost reduction in materials/labor
« Improved patient outcomes

« On-site, versatile production
 Easy digital storage/replication

« Rapid prototyping capability

DISADVANTAGES

 High initial investment

. Limited material options

« Technical/labor training
needed

« Post-processing requirements

« Quality control consistency

« Regulatory/standardization
gaps

« Risk of machine/software
failures

CONCLUSION

Three-dimensional (3D) printing has
profoundly transformed the field of
prosthodontics, ushering in a new era of
precision, customization, and efficiency.
With the integration of digital design
and advanced printing technologies,
prosthodontists can now create highly

accurate, individualized dental
prostheses  that were  previously
unattainable using traditional

fabrication methods.

3D printing enables the fabrication of
prostheses with superior ~ precision,
leading to improved prosthesis fit and
better marginal adaptation compared to
conventional techniques. Patient-
specific solutions are possible, allowing
for optimized esthetics and comfort in
restorations such as crowns, bridges,
implants, and maxillofacial prosthetics.
Digital workflows significantly reduce
production times and enable
practitioners to make rapid design
modifications, enhancing both clinical
outcomes and patient satisfaction.
Ongoing improvements in printable
biomaterials continue to expand the
indications and durability of 3D-printed
prosthodontic appliances.

Some printable materials still lack the
ideal = combination  of  strength,
durability, and biocompatibility for all
clinical scenarios. The initial investment
and learning curve associated with
digital workflows may be barriers to
widespread adoption. Further research
1s necessary to fully validate the long-

term durability and cost-effectiveness of

3D-printed  prostheses in  clinical
practices.
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PRESERVING NATURAL DENTITION AND ENHANCING
PROSTHETIC REHABILITATION WITH CU-SIL E)ENTURE

A CASE REPORT

Author: - Dr Joshy P Abraham, Reader Department of Prosthodontics, Pushpagiri College of Dental sciences

INTRODUCTION

Edentulism significantly impacts an
individual's oral health, function,
appearance, and emotional well-being,
necessitating prompt and effective
intervention to enhance overall health
and quality of life.]1 Modern dentistry
prioritizes the preservation of natural
teeth, which is crucial for maintaining
proper oral function and improving
overall quality of life. Even in cases with
numerous natural teeth still present,
prosthetic rehabilitation can be achieved
through various options, including
overdentures, immediate  dentures,
transitional dentures, or complete
dentures following the extraction of all
remaining teeth. rve the alveolar crest

structure.

They achieve this by providing a
"bumper" and splinting effect for each
natural tooth through the hard denture
base. A key feature of Cu-Sil dentures is
their soft elastomeric seal, which snugly
holds the neck of each natural tooth.
This seal effectively prevents food and
fluids from accumulating around the
natural teeth and their supporting
structures, thereby contributing to their
conservation.3 This innovative design
makes Cu-Sil dentures an excellent
choice for patients who wish to retain
their remaining teeth without the need
for complex laboratory procedures.
Furthermore, a significant advantage of
Cu-Sil dentures is their adaptability; they
can be readily modified to accommodate
any future tooth loss, offering a long-
term, flexible solution for prosthetic
rehabilitation.4
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Cu-Sil  dentures are advised for
individuals who have few remaining teeth,
whose general health or supporting tissue
suggests a poor prognosis for full
dentures, and who are not well enough to
benefit from fixed or other detachable
partial  dentures. Cu-Sil  dentures,
however, might not be appropriate in
situations where there are an excessive
number of residual teeth, inadequate oral
hygiene and infection control, or hostile
undercuts that could interfere with the
manufacture and positioning of the
denture.5

Cu-Sil dentures can be fabricated using
different methods, including conventional
fashion, injection moulding fashion, and
digital CAD-CAM and 3D printing. The
method for fabricating Cu-Sil dentures in
standard dental setups utilize long-term
soft liners as necessary.6

The purpose of this case report is to
provide prosthetic rehabilitation for a
partially  edentulous patient  while
conserving the remaining natural teeth
and their supporting structures.

CASE 1

A 68-year-old female presented to the
prosthodontics department reporting
difficulty with speech and mastication
due to the loss of most of her maxillary
and mandibular teeth five years prior.
Following the intraoral examination, it
was observed that only third molars
remained in mandibular arches. All other
teeth in mandibular arch had been
extracted five years ago. Importantly, the
remaining teeth were periodontally sound
and in good condition. The extraoral
examination ~ yielded no  clinically
significant findings:

Considering the patient's-age, impaired
health, and socioeconomic status, the
treatment plan was to fabricate a
maxillary and mandibular  Cu-Sil
denture.

To begin the case, a primary impression
was taken using irreversible hydrocolloid
impression material (Algitex Alginate
Impression Material - Dental Product of
India), which was then cast in dental
plaster.

To ensure minimal stress on the
remaining teeth, custom trays were
fabricated for both the maxillary and
mandibular casts. The mandibular
custom tray was designed with a double
spacer (DPI-RR cold cure; Dental
Products of India) specifically over the
remaining teeth. Green stick impression
compound (Pinnacle Tracing Sticks;
Dental Products of India) was used for
border molding the mandibular arch, and
additional silicone light body impression
material was used for the secondary
impression (Zhermack Elite HD plus
Light Body). Dental stone was poured
into the secondary impressions to create
the master casts. Subsequently, denture
bases and occlusal rims were fabricated
on these master casts. After recording the
maxillo-mandibular relationship, both
casts were mounted on an articulator.
Artificial teeth were positioned using
traditional methods, and a try-in
procedure was performed to verify
aesthetics and occlusion (fig 1).
Following a successful try-in, traditional
dewaxing was carried out. During the
dough stage of the resin, heat cure acrylic
(DPI heat cure; Dental Product of India)
was mixed and applied to the dewaxed
area.
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This was followed by traditional curing.
Once the denture was retrieved from the
mold, it underwent finishing and polishing
procedures (fig 2). The space in the
maxillary partial denture around the
remaining teeth can be expanded to
provide a 3 mm clearance and Silicone
liner can be applied to the surrounding
acrylic neck area of the denture. The
denture was finished, polished and
insertion was done in maxillary and
mandibular arch(fig 3,4,5). The patient
was recalled on a periodic review which
showed that the patient was comfortable
in using the denture (fig 6).

Figure 5
Figure 2 N
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Figure 6

CASE 2

A 50-year-old male patient presented to
our department with chief complaints of
difficulty chewing and dissatisfaction
with his smile. He specifically sought
replacement for his missing lower teeth.
Upon examination, only two teeth
remained in his mandibular arch(32,35)
(fig 7). Intraoral radiographs confirmed
that these remaining teeth had adequate
bone support. Given the patient's strong
preference to retain his natural teeth, we
decided to fabricate a transitional CU-
SIL denture for his mandibular arch. We
took diagnostic impressions of both his
upper and lower jaws. Following this, a
custom tray with a full-coverage spacer
was fabricated on the mandibular
diagnostic. cast using autopolymerizing
acrylic resin (DPIR\R| Cold Cure).

\ |

|
Border moulding wasll.\ ﬁerforhied using
DPI Pinnacle tracing s"’t\ig_ks ,_(gr‘ee_ri stick
compound), and a second:a_fy impression
was taken with Zhermack Elite HD Plus
Light Body impression material. A
master cast was then prepared from this
impression. Occlusal rims were fabricated
on the master cast, and bite registration
was accurately recorded. A wax try-in of
the denture was performed to evaluate
the occlusion, as well as the dental and
facial esthetics. Once approved, the

denture proceeded to acrylization using
DPI heat cure material(fig 8). Finally, the
denture was finished, polished, and
inserted (fig 9,10).

Figure 7, 8
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Figure 9

Figure 10

DISCUSSION

When addressing patients with a limited
number of remaining natural teeth, a
comprehensive evaluation of all available
treatment options is crucial. Transitional
dentures, overdentures, and immediate
dentures each present viable solutions,
but are accompanied by their own
distinct advantages and disadvantages.

Overdentures, for instance, may not be
universally  suitable due to the
requirement for meticulous maintenance,
involving multiple follow-up visits and
often necessitating prior endodontic
therapy.

Conversely, the prosbé"ct._of full, tooth
extraction followed by ihlmediate denture
placement  can have significant
psychological impacts for the patient.7
By preserving natural teeth and their
supporting tissues, this type of denture
significantly contributes to the patient's

mental and emotional well-being.

The primary objective of such dentures is
to maintain the integrity of natural
dentition and surrounding structures,
thereby uplifting the patient's mood and
emotional health.8

Compared to patients wearing traditional
complete  dentures, fixed, partial
supported Cu-Sil-like dentures can
enhance masticatory efficiency by
improving prosthesis retention and
stability. A notable advantage of Cu-Sil
dentures is that they do not require
specialized tools or supplies for their
fabrication or maintenance.
Furthermore, the denture can be readily
adjusted to replace any natural teeth that
may be lost in the future, extending its
functional lifespan.9

Since Cu-Sil dentures preserve natural
teeth and their supporting tissues, they
have the potential to remain functional
for an extended period. For individuals
with a limited number of remaining
natural teeth who wish to avoid
extractions, Cu-Sil dentures offer a
sensible and  practical therapeutic
alternative.6They can also be beneficial
for patients with periodontal issues or
those who prefer not to undergo other
dental procedures. Additionally, Cu-Sil
dentures can serve as a transitional
denture for patients who require an
interim solution.

|  TAPER  JOURNAL OF INDIAN DENTAL ASSOCIATION, THIRUVALLA 51

\ | \
14 "\



Patients with single, isolated teeth or a
strong desire to preserve their remaining
natural teeth are also excellent candidates
for Cu-Sil dentures.10
However, it is important to note that Cu-
Sil dentures may not be suitable for all
patients.

While commending this type of
transitional denture, it is crucial to
acknowledge that Cu-Sil dentures may
not be appropriate for all patients.
Specifically, they may not be suitable for
individuals with an excessive number of
remaining natural teeth, severe soft and
hard tissue undercuts, high smile lines, or
bruxism. Therefore, a careful and
individualized evaluation of each
patient's case and overall oral health is
essential to determine the most
appropriate and effective treatment
option.11

Despite having only one or two
permanent teeth remaining, the Cu-Sil
denture maintains its stability and ease of
manufacture, among other significant
benefits. Furthermore, it plays a crucial
role in  helping patients retain
proprioception, thereby minimizing any
potential psychological impacts
associated with tooth loss. This type of
denture also  enhances  speaking,
mastication, and overall aesthetics. A key
feature of the Cu-Sil denture is its
elimination of the need for conventional
clasps. Instead, it utilizes an elastomeric
gasket that splints, cushions, and
stabilizes the teeth, providing excellent
retention and effectively keeping food
particles out, all while promoting good
oral hygiene.12

However, there are |certain potential
drawbacks of Cu-Sil dentures that should
be taken into account. Firstly, the soft
liner typically has a short functional life
and may require regular replacement.

Furthermore, plaque buildup can occur
along the entire gingival margin of the
remaining teeth covered by the denture,
which could be detrimental to oral health.
Lastly, it is critical to understand that Cu-
Sil lower dentures are brittle when pressed
against natural upper teeth.13

In this context, Cu-Sil dentures emerge as
a particularly Dbeneficial therapeutic
strategy. They not only aid in preserving
the patient's remaining natural teeth and
the supporting bone structure but also
offer considerable psychological benefits
by allowing patients to retain their natural
dentition and avoid the immediate and
potentially distressing impact of complete
tooth loss.13

CONCLUSION

For patients with very few remaining
teeth, transitional dentures like the Cu-sil
denture offer a great alternative to
traditional treatments. These dentures
enhance retention without needing special
attachments and help maintain the
vertical dimension of the bite.

Cu-sil dentures are beneficial because they
contribute to the preservation of natural
teeth and the integrity of the alveolar
ridge. They also help maintain
periodontal proprioception, which can
have a significant positive psychological
impact on patients.Ultimately, Cu-sil
dentures are an excellent choice for
individuals who prefer to avoid
overdentures or the extraction of their
remaining natural teeth.
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