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Dear Readers,

At KMCT Dental College, we believe that education should not only shape competent
professionals but also responsible citizens who care for the environment. The adoption
of a Green Protocol on our campus reflects this shared commitment toward
sustainability and ecological responsibility.

A green campus is not built overnight. It evolves through consistent efforts in reducing
environmental impact and promoting eco-friendly practices. Our institution has taken
meaningful steps in this direction by encouraging the use of conventional energy
responsibly, reducing unnecessary electricity consumption, and promoting awareness
about energy conservation among students and staff. Small changes in daily habits can
make a significant difference.

Waste management continues to be one of the major pillars of our green initiative.
Proper segregation of waste, scientific disposal methods, and minimizing waste
generation remain our priorities. Along with this, we are steadily moving toward a
paper-less and plastic-free campus, encouraging digital communication and
responsible material usage wherever possible.

Our campus biodiversity initiatives are equally encouraging. The plantation of fruit
trees, development of a butterfly park, and continuous landscaping efforts are helping
create a healthier and more vibrant ecosystem within our institution. These steps not
only improve environmental quality but also provide students with a living example of
sustainable practices.

Another important initiative is the regulation of vehicle parking away from academic
zones, which helps reduce pollution within the core campus and promotes a cleaner
learning environment for everyone.

To further strengthen these efforts, our Green Audit scheduled in the third week of
February will serve as an important milestone. It will help us assess our present
practices, identify areas for improvement, and guide us toward achieving higher
standards of environmental responsibility.

Let us work together as a campus community to make sustainability not just a policy,
but a culture. A greener campus today ensures a healthier tomorrow for all.

With warm regards,
Dr. Manoj Kumar K.P
Principal
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COMPARATIVE EVALUATION OF PUSH-OUT BOND
STRENGTH OF MINERAL TRIOXIDE AGGREGATE
CEMENT, MTA PUTTY AND BIODENTINE- RETROGRADE
FILLING MATERIALS IN TEETH WITH ROOT APICES
RESECTED AT 90°- AN IN-VITRO STUDY.

*Dr. Archana A, **Dr. Elsy P Simon, ***Dr Khadeeja M, ***Dr Nejiya P K,
*#* Dr Kavya Belaram
Abstract:

Background: An ideal retrograde material should be able to adhere to the dentin walls of the
root-end preparation. The material — dentin interface must be kept intact in static situations and
also during function. Material properties and the surface of root-end preparation strongly affect
the bond strength of retrograde filling material.

Aim: The aim of the study is to compare the push-out bond strength of mineral trioxide
aggregate cement (MTA Angelus), MTA putty (Maarcdental) and biodentine (septodont)-
retrograde filling materials in teeth with root apices resected at 90 degrees.

Materials and Methods: An in vitro study was conducted on 54 extracted human teeth,
decoronated to standard root length of 16 mm. Instrumentation of the canals was done with
NiTi rotary files upto 6% 30 size files. Canals irrigated with 3% sodium hypochlorite,17%
EDTA and distilled water. Canals then dried and obturated with gutta-percha and Zinc oxide
eugenol sealer. After 1 week of storage apical 3mm root resection will be performed with a
diamond disc under continual distilled water irrigation at a 90° angle to the tooth’s long axis
with an ultrasonic surgical tip a 3 mm deep root-end cavity will be made and specimens will
be divided randomly into groups. ¢ Group I: The retro-cavities were filled with MTA Angelus
* Group II: The retro-cavities were filled MTA Putty. « Group III: The retro-cavities were filled
with Biodentine

Results: Biodentine showed the highest mean push-out bond strength among the three
retrograde filling materials tested. MTA Angelus demonstrated intermediate bond strength,
higher than MTA Putty but lower than Biodentine. MTA Putty had the lowest mean push-out
bond strength of the three groups:

Conclusion:

Within the limits of this study, it can be concluded that Biodentine may be considered the most
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favorable retrograde filling material when superior bond strength is desired. MTA Angelus

demonstrated intermediate bond strength, higher than MTA Putty but lower than Biodentine.

Key words: Retrograde filling, Biodentine, MTA, MTA PUTTY, Push out bond strength

Corresponding author: Dr Archana A (archanarajan987@gmail.com)

* Post graduate student, ** Professor and Head, ***Assistant Professor, Department of
Conservative Dentistry and Endodontics, KMCT Dental College, Kozhikode, Kerala.

Introduction the push-out test is to evaluate the

. . . . resistance of the tested material to
Apical surgery is advised when traditional

. . . dislodgement. Greater push-out strength
root canal treatment fails. This technique & P 8

. . . implies stronger adhesion between the
necessitates resection of the root end, which P &

. tested material and the tooth surface. High
removes the infected area of the root

h-out strength i irable in clinical
following which a root end preparation is push-out strength is desirable in clinica

. ) applications as it suggests better stabilit
done and sealed with a suitable root end pp &g Y

filling material. An ideal retrograde and longevity of dental restoration.

material should be able to adhere to the White mineral trioxide aggregate (MTA) is

dentin walls of the root-end preparation, ! considered the gold standard for the single-

visit apexification technique. However, this
The push-out bond strength  test P q

. . material presents certain shortcomings
conventionally assesses the material's

includi 1 t-up ti d handli
resistance to displacement by applying a ieiuding a fong set-tp tme ant handing

difficulties.’ Recently, a new type of MTA
known as MTA PUTTY has been proposed.

perpendicular force to the material

interface. This test is employed to gauge the

) ) . Another commercially available bioactive
interfacial shear strength between various

. . material is Biodentine (Septodont, Saint-
cement-like materials (such as root-end (Sep

. . . ) Maur-des-Fossés, France), which also
filling, perforation repair  material,

. . offers color stability and is easier to appl
obturation material, and root canal sealer) Y PPYY

and the adjacent tooth structure.2 in several clinical procedures including the
ure.

. . . . management of immature necrotic teeth.
This test provides information about the £

. . . . The material — dentin interface must be kept
adhesive properties of the material being

. . intact in static situations and also durin
tested by helping the dental practitioner &

. ) function. During apexification procedures,
understand how well the material can bind & ap p

th ical pl t be able t i
to the tooth structure.! The primary focus of © apical plug must be able 1o remaii
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bonded to the root canal walls without
displacement while maintaining the
dentin/material interfacial integrity either
by frictional retention or adhesion. Material
properties and the surface of root-end
preparation strongly affect the bond
strength of retrograde filling material.
Therefore, the aim of the present research is
to evaluation the “push-out bond strength”
of three different calcium silicate-based
cements commonly used as retrograde
cements, namely

MTA Cement (MTA Angelus), MTA Putty
(Maarc dental), and Biodentine (Septodont)

retrograde restorations.

Materials and methods
Sample selection

and Sample Preparation

Total 54 number of extracted mandibular
premolars collected and decoronated to
standard root length of 16 mm (from root
apex to coronal reference point).
Instrumentation of the canals was done with
NiTi rotary files upto 6% 30 size files (fig
1). During instrumentation irrigation of root
canals will be done with 3% sodium
hypochlorite and distilled water. Final
irrigation with 17% EDTA followed with
distilled water. Canals then will be dried
with paper points before being obturating
with gutta-percha and Zinc oxide eugenol
sealer (fig2). After 24 hrs dry storage at

room temperature, the apical 3mm of the

root was resected at 90° angle to the tooth’s
long axis using a carborundum disc(fig.3).
will be divided randomly into three groups.
With an ultrasonic surgical tip(#£D10) a 5
mm depth, cylinder shaped root-end cavity
was made (fig 3a,3b).

Specimens were the divided randomly into
three experimental groups, each group
contain 18 samples.

Grouping

* Group I: The retro-cavities were filled
with MTA Angelus

* Group II: The retro-cavities were filled
MTA Putty.

» Group III: The retro-cavities were filled
with Biodentin Retrograde filling done
according to the group. (fig.4)

'L

Fig.1 Instrumentation of the canals was

done with NiTi rotary files upto 6% 30 size
files.
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The cut ends were covered with wax
while mounting in acrylic blocks(

fig.5).

Fig.2 Canals obturation

Fig.5 Tooth section mounted on acrylic

resin

Fig3a With an ultrasonic surgical tip Pushout bond strength testing

(#ED10) a 5 mm depth, cylinder shaped The specimens were attached to a
root-end cavity was made. Universal Testing Machine with the
needle directed in an apicocoronal
direction positioned in the center of the
cement. A compressive push-out load

was applied until debonding

occurs(fig.6).
Fig3b.Retrograde cavity

Bonded surface area analysed using a
digital microscope and measured using

Fig.4 Retrograde filling the equation:(fig.7)

Debonding force(N)

Bondedsurfacearea (mmz)

Bond Strength (MPa) =

Bonded surface area= 2nrh

r=radius of bonded area

h=Thickness if specimen (fig.6).

Smm apical root discs were made by
cutting perpendicular to the long axis of

the root.

DENTAL BITES | Volume 13 Issue 1 — January - March 2026 —
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Fig.6 Pushout bond strength testing in

universal testing machine

Fig.7: Radius measured by digital
microscope

Statistical Analysis

Data was analysed using statistical package
via multipurpose programming language

Python 3.11 version. A p-value of <0.005
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was considered statistically significant.

Results

Analysis 1 presents the mean, standard
deviation (SD), standard error (SE),
minimum and maximum values of push-out
bond strength (in MPa) for each
experimental group: MTA Angelus, MTA
Putty, and Biodentine. It allows for a clear
comparison of the central tendency and
variability of bond strength among the
tested materials, illustrating which material
demonstrated the highest and lowest
resistance to dislodgement.

Analysis 2 summarizes the results of the
post-hoc Tukey HSD test, which was
performed following one-way ANOVA. It
displays the mean difference in push-out
bond strength between each pair of
materials, along with the corresponding
standard deviation and P-value. This table
identifies which differences between

groups are statistically significant, helping

Analysis 1: Descriptive Statistics of Push-Out Bond Strength (MPa)

Material Mean + SD Minimum Maximum
Biodentine 15.42 + 1.52 13.50 16.90
MTA Angelus 12,18+ 1.23 10.80 13.75
MTA Putty 8.95 + 0,98 7.60 10.20

Analysis 2: Comparison of Push-Out Bond Strength Between Individual Groups Using Post-Hoc

Tukey HSD Test.

Comparison Difference + SD P-value
Biodentine vs. MTA Angelus 3.24 +1.52 =0.001
Biodentine vs. MTA Putty 6.47 + 0.98 <0.001
MTA Angelus vs. MTA Putty 3.23+1.23 =0.001

Analysis 3: One-way ANOVA summary table showing the comparison of push-out bond strength.

Source of Variation Degrees of Freedom F-value P-value
Between Groups 2 96.81 =0.001
Within Groups 33

DENTAL BITES | Volume 13 Issue 1 — January - March 2026
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to clarify the hierarchy of material
performance.

Analysis 3 provides the essential results of
the one-way ANOVA used to compare the
mean push-out bond strengths across all
groups. It includes the degrees of freedom,
F-value, and P-value, indicating whether
there is a statistically significant difference
among the materials tested. This concise

summary supports the validity of further

pairwise comparisons.

200

Push-Out Bond Strength (MPa)

00

Biodentine

MTA Angelus MTA Putty

Graph 1: Mean push out bond strength.

Bar graph shows the mean push-out bond
strength (MPa) of Biodentine, MTA
Angelus and MTA Putty as retrograde
filling materials. Error bars represent
standard deviation for each group.
Biodentine exhibited the highest mean
bond strength, followed by MTA Angelus

and MTA Putty.
Discussion

The success of surgical endodontic

treatment is largely influenced by the

:»
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sealing ability and retention of retrograde

filling materials.

All calcium silicate-based material has
good sealing ability which is attributed to
the formation of calcium hydroxyapatite
the interface between dentin and the

material. >

However, the findings in this study are
consistent with previous literature, which
suggests that Biodentine exhibits superior
handling characteristics, enhanced
marginal adaptation, and faster setting time,
all of which contribute to improved bond
strength to dentin.’

Gunesar M et al (2013) showed that the
good adhesion of Biodentine to root canal
walls is because of the finer particle size
ranging at 10 microns that enhances the
infiltration of the cement into the dentinal
tubules.*

Martin RI et al (2007) reported drawbacks
in MTA such as prolonged setting time,
difficult handling characteristics that can
affect the bonding in comparison to
Biodentin.’

MTA putty, a pre mixed ready to use
material, showed the least bond strength
among the three materials; though the
composition is said to be similar to MTA
cement. This may be related to physical
alterations of the product affecting the

wettability of the cement. Further studies

are required to identify the reason for poor

DENTAL BITES | Volume 13 Issue 1 — January - March 2026
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bond strength.
Limitations

In vitro design, which does not fully
replicate  the clinical environment,
including the presence of moisture,
periapical tissue pressure, and healing

response.

More research is needed to understand the
physical properties of MTA putty, a

recently introduced material.

This study evaluated the bond strength only
at 24 hours; However, assessment of long-

term bond strength is also necessary.

Additionally, long-term stability and
sealing ability under functional load need to

be assessed.

Conclusion

Within the limits of this study, we may
conclude that Biodentine may be
considered the most favorable retrograde
filling material when superior bond

strength is desired.

MTA Angelus demonstrated intermediate
bond strength, higher than MTA Putty but
lower than Biodentine. MTA Putty had the
lowest mean push-out bond strength of the

three groups.

Further studies are required to understand

the physical properties of MTA putty.
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COMPARATIVE EVALUATION OF EFFECT OF TWO
DIFFERENT BLEACHING AGENTS ON MICROHARDNESS
OF NANOFILLED COMPOSITE RESINS — AN IN VITRO
STUDY

*Dr Fathimathu Farisa Abdul Aziz, **Dr. Elsy P Simon, *** Dr Chandini Raveendran,
*#%%Dr Ravi SV**** Dr Sarin Koroth, *****Dr Kavya Belaram

Abstract:

Dental bleaching is a widely accepted conservative procedure for tooth whitening. However,
bleaching agents act through oxidative mechanisms that may adversely affect restorative
materials, particularly composite resins. Nanofilled composite resins, despite their superior
mechanical and esthetic properties, may undergo alterations in surface characteristics

following exposure to bleaching agents.

Aim:
To compare and evaluate the effect of 35% hydrogen peroxide and 16% carbamide peroxide

on the microhardness of nanofilled composite resin.

Materials and Methods:

Sixty nanofilled composite resin specimens (n = 60) were fabricated and randomly divided
into three groups (n =20 each). Group I (control) specimens were stored in distilled water.
Group II specimens were treated with 35% hydrogen peroxide for 45 minutes over a period
of two weeks. Group III specimens were treated with 16% carbamide peroxide for 6 hours
daily for two weeks. Microhardness was evaluated using a Vickers microhardness tester
under standardized conditions. Statistical analysis was performed using one-way ANOVA,

and a p-value < 0.05 was considered statistically significant.

DENTAL BITES | Volume 13 Issue 1 — January - March 2026
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Results:

A statistically significant reduction in microhardness was observed in both bleaching groups
compared to the control group (p = 0.001). The greatest reduction in microhardness was
noted in specimens treated with 35% hydrogen peroxide. The 16% carbamide peroxide group

exhibited a comparatively moderate decrease in microhardness values.

Conclusion:

Bleaching agents significantly influence the microhardness of nanofilled composite resins.
The extent of reduction is dependent on the concentration and type of bleaching agent, with
higher concentration hydrogen peroxide producing greater surface softening. Repolishing of
composite restorations following bleaching procedures is recommended to restore surface

integrity.

Keywords: Nanofilled composite resin, hydrogen peroxide, carbamide peroxide, bleaching,

microhardness, Vickers hardness test.

Corresponding author: Dr Fathimathu Farisa Abdul Aziz (farisamna019@gmail.com)

*Postgraduate, **Professor & HOD, ***Professor **** Associate Professor, ***** Agsistant
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Introduction breakdown of carbamide peroxide.

Carbamide peroxide acts as a reservoir

Dental bleaching has become one of the .
compound, decomposing into hydrogen

most widely accepted and conservative . .
y P peroxide and urea, thereby enabling

aesthetic procedures for enhancing tooth ) L .
sustained whitening action.

brightness. The bleaching process

primarily relies on hydrogen peroxide Carbamide  peroxide formulations,

as the active agent, which may be particularly at 10% concentration, are

applied directly or released through the

DENTAL BITES | Volume 13 Issue 1 — January - March 2026
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commonly used for supervised home
bleaching, whereas higher concentrations
of hydrogen peroxide (up to 35%) are
generally recommended for in-office and
non-vital bleaching procedures. Recently,
there has been an increasing trend toward
prescribing carbamide peroxide gels
exceeding 10% concentration for home use,
raising concerns regarding their potential
effects on dental tissues and restorative

materials.!

Although bleaching agents are considered
safe when properly administered, higher
concentrations may increase the risk of
adverse effects, including tooth sensitivity,
soft tissue irritation, and alterations in the
structural integrity and microhardness of
enamel, dentin, and restorative materials.
However, the  literature  presents
inconsistent findings regarding the extent
and severity of these morphological and

biomechanical changes.!

Surface roughness is a critical property of

restorative  materials, as  increased

roughness can promote plaque

accumulation, discoloration, and reduced
longevity of restorations. Previous studies
evaluating the effects of bleaching agents
on composite resins have reported
contradictory results. Some investigations
demonstrated but

slight statistically

significant increases in surface roughness

KMCT org || KMCT
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with carbamide peroxide concentrations
ranging from 10% to 16%, whereas others
found no significant alterations even with
hydrogen peroxide concentrations as high
as 30-35%. These discrepancies may be
attributed to differences in composite resin
formulations,

bleaching protocols, or

measurement methodologies. !

Patients having composite restorations may
demand whiter teeth to enhance their
aesthetic appearance. Bleaching agents
were introduced by Haywood and Heyman
and are now gaining popularity in
improving the aesthetic form of patients
because of their efficacy as well as safety.
Bleaching comprises 30-38 % hydrogen
peroxide in the form of gel for in-office
bleaching technique and 10 to 22 %
carbamide peroxide in gel form for at-home
bleaching technique. This peroxide is
decomposed to release free radicals, which
undergo oxidation/reduction reactions.
These free radicals split the double bond of
pigmented molecules to smaller sizes that
either are diffused out of the tooth or appear

lighter due to less absorption of light.

Organic matrix in composite resin is more
susceptible to be chemically altered as
compared to other aesthetic restorations
including ceramic or metal. The impact of
bleaching agents on certain properties of

composites like surface hardness, surface

DENTAL BITES | Volume 13 Issue 1 — January - March 2026
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roughness, staining susceptibility,
microleakage, etc. have been examined by

a lot of scholars.?

One of the most crucial physical properties
of dental materials is their surface hardness,
which describes the strength of the material
and its ability to resist abrasion from
opposing structures. Bleaching results in
chemical softening of organic portion of
restoration, which raises objections on the
clinical durability of composite. Hence, it
proves the aim of this research study, which
states that, the microhardness of a
nanofilled composite is reduced after the
use of bleaching agents (16% carbamide

peroxide and 35% hydrogen peroxide).?

The aim of this study is to compare &
evaluate the influence of bleaching with
35% hydrogen peroxide & 16% carbamide
peroxide on microhardness of nanofilled

composite resin.

Materials and Methods

Sample preparation

60 Composite resin blocks of 10mm
diameter & 2mm thickness were prepared
from a square mold with glass slide kept
underneath.

Light curing of material was done
continuously from top & bottom according

to manufacturer’s instructions

GROUP OF INSTITUTIONS
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Figure 1: Preparation of composite resin
blocks

Figure 2: Bleaching agents used- 35%
hydrogen peroxide & 16% carbamide
peroxide

The specimens were then polished using
silicon carbide burs of increasing
granulation. Then the discs were stored in

relative humidity at 37°C for 24 hrs.
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Figure 3: Polishing of the
prepared composite discs

Figure 4: Prepared 60 composite resin
blocks

An initial microhardness test was
performed after completion of
polymerization.

Then the composite resin blocks were
divided into 3 groups with equal number of

samples

Grouping
The prepared 60 nanofilled composite resin
blocks were then randomly assigned into 3

groups:

4 KMC ] o
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Group I: Stored in distilled water

(n=20)

Group II: Immersed in 35% hydrogen
peroxide for 45 min -- 2 weeks

(n=20)

Group III: Immersed in 16% carbamide
peroxide for 6 hrs — 2 weeks

(n=20)

After 15 days when the bleaching process
was completed a quantitative evaluation of

final microhardness values was taken.

Microhardness Testing

At the end of the treatment period, all
specimens were subjected to Vickers
surface microhardness testing using a
microhardness tester. The composite resin
blocks were stabilized & placed in Vickers
microhardness testing machine. A load of
100 grams was applied for 15 seconds at
on each
specimen, Vickers

Hardness Number (VHN) as recorded for

three standardized locations

and the average
each sample by viewing the indentations
under digital microscopy.

The average value was converted into
Vickers (VHN) &

hardness number

expressed in kg/mm?.
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Figure 5: Stabilization of composite
resin blocks in Vickers Microhardness
Tester and recording of Vickers hardness

number under digital microscopy

final Vickers Hardness number value of
individual specimen. The baseline and final
obtained VHN for every specimen were
statistical

statistically  analyzed. All

procedures  were  performed  using
Statistical Package for Social Sciences
(SPSS) 20.0.

One way ANOVA test was used.
Probability value p <0.05 was considered

statistically significant.
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Results

The results showed that bleaching agents
significantly influenced the microhardness
values of nanofilled resin composites (p =
0.001). Lower microhardness values were
noted after bleaching treatment with 35%
hydrogen peroxide. Compared to the
significant reduction in microhardness
observed with 35% hydrogen peroxide,
16% carbamide peroxide resulted in a more

moderate decrease.

Pre-Bleaching HV

N Mea | Std. Std,
n | Deviation |Error | Mean

Lower Upper
Bound Bound

95% Confidence Intervalfor | F value

Pvalue

Distiled |20 (896 | 1920 | 42952 |887580 | 905560 |67

Water

0.004*

35.H02 120 (909 2053 | 45907 |899732 | 918948

16 0 [889 [1382 30014 (883050 | 89.5990
Carbamide 5
Perodde

Total 60 |88 | 1% 316 (893411 | %0354

Table 1: Vickers hardness values recorded

pre bleaching.
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N Mea | Std. Std,
n | Deviation |Error | Mean

Lower Upper
Bound Bound

95% Confidence Interval for | Fualue | Pvalue

680
Water

Distlled |20 | 884 |193590 | 43288 |875620  {89.3740 | 15231 |0.001*

35.H202 |20 | 759 | 278044 | 62172 | 746197 | 713
10

16 0 | 810 | 204586 | 45747 | 801315 82,0465
Carbamide 890
_Peroxide

Total 60 |88 | 565713 |.73033 | 80.3646 83.2874
260

Table 2: Vickers hardness values recorded

post bleaching

Microhardness of Nanofilled Composite Resin
After 14 Days of Immersion (n=20 per group)

Mean Vickers Hardness Number (VHN)

16% Carbamide Peroxide
(6 hrs/day x 14 days)

Distilled Water 35% Hydrogen Peroxide
{Control) (45 min/day x 14 days)

Graph 1: Bar graph showing Mean Vickers
microhardness (VHN) of nanofilled composite
resin after 14 days of treatment. The 35%
hydrogen peroxide group showed the greatest
reduction compared to control and 16%

carbamide peroxide.

Discussion

Effect of Bleaching Agents on Composite

Resin

The results of the present study
demonstrated that both hydrogen peroxide
and carbamide peroxide produced a
statistically significant reduction in the
microhardness of nanofilled composite
resin (p < 0.05). The reduction was more

pronounced in the hydrogen peroxide

group.

Hydrogen peroxide exhibits strong
oxidative potential, which facilitates the
generation of free radicals. These free
radicals are capable of attacking the
unreacted double bonds present within the
polymer matrix, resulting in oxidative
cleavage of polymer chains. This
degradation of the resin matrix contributes
to a reduction in surface microhardness.
Furthermore, the by-products of peroxide
decomposition may accelerate hydrolytic
degradation at the resin—filler interface. As
described by Chakraborty et al., free
radical activity can lead to filler—matrix
debonding, formation of microscopic
cracks, and increased surface roughness,

ultimately compromising the mechanical

integrity of composite resins.’

Similarly, Andrade et al. reported that

bleaching agents promote breakdown of

DENTAL BITES | Volume 13 Issue 1 — January - March 2026
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polymer chains, adversely affecting the

physical  properties of  composite
restorations and leading to softening of both
superficial and deeper layers. The
disruption of the filler—resin bond may
result in increased water absorption and
filler particle loss, thereby reducing surface
microhardness. The oxidative capacity of
peroxides has also been implicated in
cleaving composite polymer chains, further

contributing to surface degradation.*

In contrast, the present study observed that

16% carbamide peroxide caused a

comparatively moderate decrease in

microhardness. This finding may be
attributed to its slower decomposition rate
and lower concentration of active hydrogen
peroxide, as explained by Tahmeena et al.,
who suggested that reduced oxidative
results in less

intensity pronounced

structural degradation.’

However, literature findings are not entirely
consistent. Bandiera et al. demonstrated in
an in situ study that bleaching with 15%
carbamide peroxide did not significantly
affect the microhardness of nanofilled
composite resin, possibly due to dilution of
the bleaching agent by saliva. Conversely,
Malkondu et al. reported a significant
decrease in microhardness following 6
10%
that

hours per day application of

carbamide peroxide, suggesting

prolonged exposure may allow sufficient

diffusion of peroxide into the high

molecular weight organic matrix of

nanofilled composites, thereby inducing

degradation.®

Additionally, Satheesh et al. suggested that
repolishing composite restorations after

bleaching procedures can enhance surface

microhardness by removing the

superficially degraded layer.’

Overall, the findings indicate that the effect
of bleaching agents on composite resin
microhardness is influenced by peroxide

concentration, exposure duration, and

environmental conditions.

Conclusion

Within the limitations of this in vitro study,

bleaching procedures were found to

significantly  influence  the  surface

properties of nanofilled composite

restorations. Both hydrogen peroxide and
carbamide peroxide resulted in a reduction

in microhardness, with the extent of

alteration being dependent on the

composition of the restorative material as
well as the concentration and duration of

exposure to the bleaching agents.

The findings wunderscore the clinical

relevance of repolishing composite
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restorations following bleaching therapy to
restore surface smoothness and improve
surface microhardness, thereby
maintaining the longevity and functional

integrity of the restoration.

Limitations

This in vitro study did not incorporate
artificial aging procedures to simulate the
dynamic oral environment. Clinical factors
such as saliva and occlusion, which were
not replicated that may influence the

surface properties of restorative materials.
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MANAGEMENT OF UNTREATED HORIZONTAL ROOT

FRACTURE: A CASE REPORT
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Abstract

Traumatic dental injuries often occur to the teeth and their supporting tissues and they are the
main reasons for an emergency visit to a dental clinic. Horizontal root fractures usually are
characterized by a fracture line that is perpendicular to the long axis of the root. Root fractures
are diagnosed through clinical and radiographic examination. Treatment depends on the
position of the fracture, the extent of root involvement, correct diagnosis, clinical management,
and radiographic follow-up. This article presents endodontic management of horizontal root
fracture using a fibre post. A 57-year-old female patient presented with a horizontal fracture of
the maxillary right central incisor at the cervical level. Root canal treatment followed by fiber

post gave satisfactory results.

Key words: Conservative management, fiber post, horizontal root fracture, trauma.
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Introduction fractures are seen in the middle third of the

root compared to the coronal and apical
Root fracture can be defined as a “fracture P p

third.? Due to the position of the maxilla
that involves cementum, dentin and pulp”.! P Yy

central incisor in the dental arch, the chance
This type of dental injury is relatively

. of occurrence of traumatic dental injuries is
uncommon. Among all the traumatic dental

o more in these teeth (approximately 68%).
injuries, root fractures account only for (app Y ")

This is followed b ill lateral
0.5%-7%. Most commonly, horizontal root 15 15 loflowed by maxiilary latera
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incisors (27%) and mandibular incisors

(5%).34

The chance of occurrence is more in male
patients which may be due to trauma
associated with automobile accidents,
sports injuries, fights, etc. A root fracture is
frequently seen in teeth that are permanent
and fully erupted having complete
formation of the apex. This may be due to
the presence of support through bone and

periodontium.!

For accurate diagnosis of root fracture, the

proper  clinical and  radiographic
examination should be done like Intraoral
periapical radiograph and cone-beam
computed tomography. Pulp vitality and
mobility of the coronal fragment also
should be evaluated. On radiographic
examination, a radiolucent line is seen
which separates the coronal and the apical
fragment. The

angular  displacement

imaging technique is one of several
techniques and diagnostic methods to

identify the correct angulation of fracture.’

Splinting of teeth is done whenever
required by repositioning and stabilizing
the teeth in their correct position. Following
this injury periodic checking of teeth is
done to evaluate the vitality of pulp. But
evaluation of pulp vitality can be difficult in
these cases. Actual pulp vitality can be

determined even after several months as

A
V
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said by Feiglin.%’ The vitality test actually
does not indicate the true status of the pulp
as here the nerve supply is damaged & non-
functional but the blood supply remains

intact.

Case report

A 57-year-old female patient reported to the
Department of Conservative Dentistry and
Endodontics, KMCT Dental College,
Kozhikode, after trauma in the upper front
region because of an accidental collision
that happened when a child fell on to the
patient, resulting in direct impact to the
upper anterior region 1 month back. The
patient complained of fractured teeth in the
upper anterior region and desired to replace
the same. Past medical history was not
significant. On clinical examination, a
complicated crown fracture of maxillary
right central incisor was seen with grade 11
mobility of the coronal portion of the tooth
according to Miller's classification of tooth
mobility (Figure 1) and labially displaced
11 (Figure 2). On radiographic
examination, the maxillary right central
incisor revealed a horizontal root fracture at
the cervical third of the crown labially
3). An

radiograph was taken using bisecting angle

(Figure intraoral  periapical
technique with Photostimulable Phosphor

plate digital system.
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The treatment plan was explained to the
patient and her consent was obtained.
Following clinical and radiographic
evaluation, a flexible splint was fabricated
extending from the maxillary right canine
to the maxillary left canine using
orthodontic ligature wire to stabilize the
traumatized tooth and prevent further
mobility (Figure 4). Root canal treatment
was initiated in maxillary right central
incisor. Access opening was done using
round bur (BR45 Bur, Mani, Japan) and
safe end bur (EX24 Bur, Mani, Japan)
(Figure 5). Following pulp extirpation,

working length was determined correctly

using an electronic apex locater and

Figure 1 and 2: Preoperative clinical radiograph. Working length of 11 was
photograph ~ demonstrating complicated found to be 26mm. Both the coronal and
crown fracture of maxillary right central apical fragments were cleaned and shaped
incisor with labial displacement. using the K file in a step-back manner with

apical file size #60. The canal was irrigated
thoroughly using 3% sodium hypochlorite
(PREVESTDenPro) and 0.9% normal
saline for the removal of remaining pulp
tissue and debris. This was done using a
side vented irrigation needle. Calcium

hydroxide iodoform paste was then placed

as an intracanal medicament and a
temporary pack was given (Orafil-G,

Figure 3: Preoperative radiograph showin
s P SHp s PREVESTDenPro).

horizontal root fracture at the cervical

region of 11
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Figure 3: Tooth stabilized using ligature

wire from 23 to 13

Figure 4: Access opening done in relation

to 11

On the second visit, the patient reported
back asymptomatic. The temporary
dressing was removed and the canal was
irrigated using saline to remove the calcium
hydroxide iodoform paste from the canal.
The working length was redetermined and
the obturation was carried out in relation to
11 with lateral compaction technique

(Figure 5).

}Q\/I(JTOrg KMCT
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Figure 5: Obturation done irt 11

On the third visit, post space was prepared
up to 15 mm from the coronal reference
point of 11 using a Peeso reamer from size
1 to 3. Glass fiber post fit was checked and
was confirmed using a radiograph (Figure
6). A self-etch adhesive system was applied
to the canal walls according to the
manufacturer’s instructions and gently air-
thinned to ensure uniform distribution. A
prefabricated fiber post of appropriate size
was selected and trial-fitted to ensure
passive adaptation. Dual-cure composite
resin core build-up material (ParaCore) was
injected into the canal using an automix
syringe. The fiber post was coated with the
same material and seated into the canal
under gentle pressure. Excess material was
removed, and light curing was performed to
ensure adequate polymerization (Figure 6).
The flexible splint extending from tooth 13
to 23 was removed following satisfactory

clinical and radiographic evaluation.

(Figure 7).
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Figure 7: Flexible splint removed and tooth

polished

Discussion

Preserving natural dentition and restoring
its normal function is one of the goals of
dentistry. Extraction of the tooth and its
replacement with an osseointegrated
implant should always be considered the
last treatment option when all other means
of retaining the natural tooth have been
tried.®

In this case, a fiber post was used. The
modulus of elasticity of fiber post is similar
to that of dentin, which minimizes the

chances of root fracture. According to

Gurtu and Singhal using post provides

support and stability to the tooth. >!° As the
restoration is subjected to tangential stress,
the post helps to retain the fractured
fragment and also provides strength to the
restoration complex. It also creates a
monoblock between the post,
reconstructive material, cement and the
tooth. Also, it prevents dislodgement due to
due to nonaxial forces. Fiber post is
preferred as it provides good aesthetics and
is able to restore the function of a such
compromised tooth.

As the cement has higher viscosity and
pressure is not applied, this helps in
reducing the flow of resin. The amount of
resin used should be limited such that a
desirable bond is achieved between the post
and the dentin. Glass fibre posts were
selected as their modulus of elasticity is
similar to that of dentin and also they have
an added advantage of higher fatigue and
tensile strength. When we consider the
prognosis of permanent teeth with root
fracture, this is related to the amount of
dislocation, stage of root development at
the time of injury and to some extent, it also
depends upon whether the treatment was
done.

Andreasen et al. proposed the sequelae to
root fracture which can be divided into the
following four types (Table 1).'° In such
cases, long-term follow-ups are required to

check if there is any pathological alteration.
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1. Andreasen FM, Andreasen JO.
Table 1. Sequelae to root fracture. Textbook and color atlas of traumatic

injuries to the teeth. Copenhagen:

Srno.  Sequela to Root fracture Munksgaard; 2007. p. 219-256.

1] Healing with calcified tissue - there is close contact between fragments but the 2. Bramante CM, Menezes R, Moraes IG,

lne can be seen radiographically. Bernardinelli N, Garcia RB, Letra A.
2] Healing with interproximal connective tissue - when seen radiographically, the Use of MTA and intracanal post

separation between the fragments s seen as narrow radiolucent ine and the fr reinforcement  in a  horizontally

edges appear narron fractured tooth: a case report. Dent
3] Healing with interproximal bone and connective tissue - the separation betwee Traumatol. 2006;22:275-278.
fractured fragment as seen radiographically is through distinct bony bridge. doi:10.1111/j.1600-
_ L , , ‘ 9657.2006.00353.x.
4] Interproximal inflammatory tissue without healing - fracture line seems to wid
. 3. Andrade ES, de Campos Sobrinho AL,
seen on radiograph.
Andrade MG, Matos JL. Root healing
after horizontal fracture: a case report
. with a 13-year followup. Dent
Conclusion Y P
) o Traumatol. 2008;24:0.
“Preservation of natural dentition and _ .
] ) doi:10.1111/3.1600-
restoration of the oral cavity to a normal
9657.2008.00556.x.

functional state” is the primary goal in
) o N 4. Caliskan MK, Pehlivan Y. Prognosis of
dentistry. Maintaining the position of
root-fractured  permanent incisors.
Endod Dent Traumatol. 1996;12:129—
136. doi:10.1111/5.1600-
9657.1996.tb00111.x.
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fractured teeth in the dental arch is the main
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] ] ) ] Trope M, Lee JY. Root fractures in
materials are available including the fibre
. children and adolescents: diagnostic
post and dual-cure resin cement that has
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2008;24:503-509. doi:10.1111/j.1600-
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ENDODONTIC MANAGEMENT OF MAXILLARY FIRST
PREMOLAR WITH THREE ROOT CANALS: A CASE

REPORT
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Abstract

Effective and successful endodontic treatment requires dentists to have adequate information
on the clinical variations in root canal anatomy. The maxillary first premolar exhibiting the
greatest variation in root canal morphology, with three-canal configurations being a rare but
clinically significant finding. This case report presents a 44-year-old female patient diagnosed
with chronic periapical abscess in tooth #14, confirmed to have three root canals which

underwent endodontic treatment-

Keywords: Root canals, Anatomical variation, Maxillary first premolar, Three roots, CBCT,

Endodontic treatment.
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Introduction

Identification, negotiation, disinfection,

and blockage of the whole root canal
system are key elements of the success of

root canal treatment by clinicians.!

Variations in the root canal morphology

may pose challenges to the clinician during
the operative stages. Additional canals, C-

shaped, unusual curvatures, canal

calcifications, dens invaginatus, and

taurodontism often present considerable
treatment  challenges.

diagnostic and

Failure to identify and manage of such
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complexities can lead to a persistent
infection and poor treatment outcomes.
The maxillary first premolar is a two-
cusped tooth with the buccal cusp being
prominently larger than the palatal cusp.
This tooth is widely regarded as exhibiting
the greatest variation in root anatomy and
root canal morphology.>* Although it most
commonly presents with two canals, three
canals may be encountered, and this third
canal can easily be overlooked during
treatment.

This article reports a rare finding of three
canals in a maxillary first premolar during
root canal treatment, highlighting a unique
anatomical variation of this tooth that

clinicians should be aware of.

Case report

A 44 yrs old female patient reported to the
department of Conservative dentistry and
Endodontics with a chief complaint of
severe pain associated with the upper right
back tooth.
The patient reported swelling and pain for
the past 3 months. The pain was gradual in
onset, localized, intermittent and dull
aching in nature. The patient consulted in a
private clinic and took medication for the
same, following which the pain relieved.
However, the intensity of pain increased
over the past to 2 weeks. The patient had
undergone filling corresponding to the

same tooth 1 year ago, which fractured a

few months back. The patient had
undergone few restorations and extractions
previously, all of which were uneventful.
No relevant medical history was reported.

Clinical examination revealed a soft tissue
swelling of approximately 8*4 mm over the
right buccal lateral vestibule in respect to

apical region of #14 (figure 1.1).

~

r
X

.

Figure 1.1 Intraoral soft tissue swelling

over the right buccal lateral vestibule #14

No color change was noted over the
overlying skin. The swelling was firm and
tender on palpation. Hard tissue
examination showed Class II deep caries on
disto-occlusal aspect of tooth #14 (figure
1.2), tenderness on vertical percussion,
Grade I mobility (Miller’s classification)

and normal probing depth.
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CBCT images were analyzed and revealed
the following findings: coronal hypodensity
is noticed involving enamel, dentin and
approximating the pulp suggestive of deep
dental caries in tooth #14. An ill-defined
periapical hypodensity is noticed at the root
apices suggestive of periapical pathology

(periapical abscess). Loss of buccal cortex

also observed (figure 1.41).
Figure 1.2-ClassllI disto-occlusal caries in

#14

The preoperative radiograph revealed
radiolucency involving the enamel, dentine

and approximating pulp in the distal aspect

of tooth #14 along with break in the lamina

dura and widening of periodontal ligament Figure 1.41 Three-dimensional cone-beam

computed tomographic (CBCT) images of
tooth #14

space

apically. Root canal splitting was noted

radiographically, raising suspicion of three The axial section revealed the presence of

canals(figurel.3). three canals in tooth #14 -

mesiobuccal,distobuccal ~ and  palatal

(figure 1.42)

Figure 1.3 Preoperative intra oral
periapical radiograph of #14

Figure 1.42 Three-dimensional cone-beam
computed tomographic (CBCT) images of

tooth #14 three root canals
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Cold vitality test revealed no response. A
final diagnosis of chronic periapical

abscess was established to tooth #14, and

root canal therapy was planned. The
treatment plan was explained to the patient f
in detail and written informed consent was

obtained prior to the initiation of therapy.

The tooth was isolated using a rubber dam

following infiltration with local anesthesia Figure 2.2 Access cavity preparation

(2% lidocaine with 1:100000 epinephrine). showing 3 canal orifices- mesiobuccal
_ _ ' (MB), distobuccal (DB) and palatal(P).
Caries excavation was performed using a

Canal exploration was performed using # 8

K and #10 K files. The working extents of

round bur, and access opening was
achieved using an Endo-access bur. Three
canal orifices located using DG-16 explorer three root canals were measured using apex
-mesiobuccal (MB), distobuccal (DB) and

palatal(P).

locator and verified radiographically,
confirming a Type VIII Vertucci root canal

morphology (figure 3). The canals were

The conventional access cavity was dried with paper points and a closed

modified to triangular shape with a base dressing done

facing the buccal aspect (figure 2.1,2.2). I

Figure 3 Radiographic confirmation of

working length #14

. . . A week later, the patient was reviewed and,
Figure 2.1 Access cavity preparation

she felt slight tenderness to percussion with
the base of the mouth mirror but assessing

the canals, they were found to be dry and
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uninfected. Biomechanical preparation was The canals were dried using absorbent
carried out using the crown down technique points. Subsequently, obturation was

) . . . . completed using the lateral condensation
with recapitulation to the original working

. technique with zinc oxide eugenol-based
length. Buccal canals were shaped to size q g

ler (Zical) and gutta-percha (fi 5.1),
25.04 and palatal canal to size 30.04, under sealer (Zical) and gutta-percha (figure 5.1)

followed by composite resin restoration

(figure 5.2).

copious irrigation with 3% sodium
hypochlorite, 17% EDTA and 2% CHX,
with normal saline in between. The canals

were dried using paper points.

Calcium hydroxide (RC Cal) was placed as
an intracanal medicament, and the access
cavity restored with temporary filling

material over cotton wool pledget.

At the subsequent appointment after 2
. . Figure 5.1Post-obturation radiograph #14
weeks, intracanal medicament was

removed with copious saline irrigation.
Final flush was performed with 17% EDTA
followed by 3% sodium hypochlorite.
Master apical cone selected: 4% 30GP —
Palatal canal, 4% 25 GP- MB, DB canal and

confirmed radiographically (figure 4).

Figure 5.2 Final radiograph after restoration
Discussion

Endodontic therapy of premolar teeth is

particularly challenging due to the high

Figure 4 Radiographic confirmation  of probability of supernumerary root canals.*

master cone #14. The maxillary first premolar is well known
Manual dynamic activation of irrigants was for exhibiting the greatest variation in root

performed prior to obturation. anatomy and root canal morphology. Two
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distinct types of three canal maxillary
premolars presentations: two-rooted three
canal and three-rooted three canal teeth. A
maxillary premolar with three canals has
been described by various terminologies,
including “Small molars” and “Minimolar”
as described by Miabaum or ‘Radiculous”
as described by Goon.>®

The prevalence of single root ranges from
22.0-49.4%; two roots from 50.6-72% and
three roots from 0-6%. ’° Researches
related to the canal structure of the first
maxillary premolars have demonstrated
that the majority of cases present with two
canals (73.3-92%), while teeth with one or
three canals occur less frequently(8-26.2%
and 0-6%, respectively).!® Mariusz et al
found 9.2% of first maxillary premolars
with three canals.!!

The most common root canal morphologies
for M1Ps were Type IV according to
Vertucci’s classification and 2MP B1 Pl
according to Ahmed’s classification. Type
IV was found in 60.3% of right and 56.8%
of left premolars, while 2MP B1 P1 was
noted in 54.6% of right and 51.6% of left
premolars. 2

Good quality radiographs are mandatory
for accurate detection of canals especially
when analyzing the anatomic details of the
root that are not clearly visible or distinct.'?
Radiographic indicators suggestive of a
third canal or root include disappearance or

sudden narrowing root canals (fast break),

A
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abrupt straightening or broadening of the
canal path, a mesio-distal width of the mid-
root equal to or greater than that of the
instrument

crown, and an endodontic

appearing eccentric within the root on
radiographic examination.!'*
Three-dimensional imaging modalities
such as cone beam computed tomography
(CBCT) are highly reliable in identifying
variant anatomical configurations.
However, routine use of CBCT is limited
due to economic constraints and radiation-
exposure concerns.

Root canal orifices serve as the primary
guide in determining the outline form of the
access cavity. The maxillary first premolar
has an ovoid outline form in the
buccopalatal direction. An eccentric canal
orifice is an important indicator of the
presence of an additional canal. In three-
canal maxillary premolars, the buccal
orifices are situated close proximity to each
other and therefore difficult to locate. As
suggested by Balleri et al. (1997), a third
canal orifice should be anticipated by
making a cut at the bucco-proximal angle,
extending from the entrance of the buccal
canals to the cavosurface angle."> A pulp
chamber that appears triangular in shape or
too large in a mesiodistal plane should raise
suspicion of more than one root canal. A T
designed cavity is perfect for debridement
and achieving straightforward entrance to
Additionally,

three rooted premolars.
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proper tactile sensitivity and adequate pre-
curving of the file are essential during canal
negotiation. '

The location of canal orifices is best
achieved under good illumination with a
dry pulp floor. Magnification using loupes
or a dental operating microscope (DOM) is
considered beneficial, with the DOM being
particularly advantageous for the detection
of additional orifices.!¢

In certain instances, the two buccal canals
originate from a narrow common main
canal extending from the pulp chamber,
creating an “S”- shaped configuration that
restricts instrumentation. This situation can
be effectively managed by troughing to a
depth of 1-2 mm in an apical direction and
between the two buccal canals, similar to
the preflaring technique used in endodontic
preparation. This maneuver -effectively
straightens the “S”-shaped canal, rendering
apical instrumentation more efficient and
effective, and should be carried out
following access preparation.

Narrow buccal canals should be enlarged
with caution, as excessive removal of
radicular dentin may result in a strip
perforation. The safest approach involves
the use of small endodontic file till the full
working length, followed by step-back
flaring, reverse flaring, and reverse filing as
clinically indicated, after which the canal

obturation is performed."’

KMCT org || KMCT
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Conclusion

In addition to having adequate knowledge
on the variations of the root canal anatomy,
periapical radiographs from different
angles, including CBCT,  careful
examination of the pulp chamber floor, and
use of dental operation microscope during
the procedure are also important factors that
contribute to identification of additional
roots and canals and successful outcome in

root canal therapy.
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Abstract

The flipped classroom model has emerged as an innovative pedagogical approach in health
professions education, including dental education. Unlike traditional lecture-based teaching,
the flipped classroom reverses the instructional process by delivering core content outside the
classroom through digital resources while using classroom time for active learning activities.
This narrative review aims to examine the concept, implementation, benefits, and challenges
of the flipped classroom model in dental education. Literature suggests that flipped learning
promotes active engagement, enhances critical thinking, and improves students’ satisfaction
and learning outcomes. However, challenges such as increased faculty workload, technological
requirements, and the need for student self-discipline remain barriers to its implementation.
Despite these limitations, the flipped classroom is increasingly recognized as an effective

strategy to enhance competency-based dental education.
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teaching methods
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Introduction lecture-based teaching methods in which
instructors deliver theoretical content

Dental education has traditionally relied on during classroom sessions. However,
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advances in educational technology and the
growing demand for competency-based
training have led educators to explore more

interactive teaching strategies. !

The flipped classroom model represents a

form of blended learning in which
instructional content is delivered before
class through online resources such as
videos, podcasts, and reading materials.
Classroom time is then dedicated to active
learning activities including case-based
discussions, problem-solving exercises,
and clinical simulations. This approach

encourages student participation, self-
directed learning, and deeper understanding

of concepts.

Recent studies have  demonstrated
increasing adoption of flipped classrooms
in dental curricula, as educators seek to
improve student engagement and learning

outcomes. !

2. Methodology of the Narrative

Review

This narrative review was conducted
through a literature search of electronic
databases including PubMed, Scopus,
Google Scholar, and Web of Science.
Keywords used included flipped classroom,
flipped dental

learning, education,
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innovative teaching methods, and blended
learning. Articles published between 2015
and 2025 were included. Studies
examining the application, effectiveness,
and perception of flipped classroom models
in dental education were reviewed.
Relevant systematic reviews, randomized
studies, and observational studies were
included to provide a comprehensive

overview of the topic.

3. Concept and Principles of the
Flipped Classroom

The flipped classroom is a teaching strategy

that reverses the traditional learning
sequence. In this model, students review
learning materials before attending class,
while class time is devoted to interactive

activities.

The core principles of flipped learning

include:

1. Pre-class preparation: Students

access lecture videos, reading

materials, or multimedia resources

before class.

2. Active  classroom learning:
Classroom sessions focus on
discussions, case-based learning,

and collaborative problem solving.
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3. Instructor facilitation: Teachers
act as facilitators guiding student
learning rather than delivering
lengthy lectures.

4. Continuous assessment: Quizzes,
reflection exercises, and feedback
mechanisms are used to evaluate

learning.

This model aligns with Bloom’s
taxonomy, where lower-order cognitive
tasks (remembering and understanding)
occur before class, while higher-order skills
(analysis and application) are developed

during class activities .>

4.Application of Flipped

Classroom in Dental Education

The flipped classroom approach has been
implemented in multiple dental disciplines
including orthodontics, endodontics, oral
and dental

medicine, prosthodontics,

anatomy.

In orthodontics education, flipped learning
has been used to improve students’ skills in
and

interpreting cephalograms

understanding  orthodontic ~ concepts.
Studies have reported improved knowledge
acquisition, practical skills, and student
satisfaction following the implementation

of flipped teaching methods.

A
V

KMCT org || KMCT

GROUP OF INSTITUTIONS

DENTAL COLLEGE

Similarly, studies evaluating emerging
teaching models in dental education report
that flipped classroom approaches often
produce higher engagement and better
academic performance compared with

traditional lecture-based learning.

The model is particularly effective in
clinical disciplines where students can
apply theoretical knowledge to case-based
and treatment

discussions planning

exercises during classroom sessions.*

5.Advantages of Flipped

Classroom in Dental Education

5.1 Enhanced Student Engagement

Active learning strategies used in flipped

classrooms  encourage  students to
participate in discussions and collaborative

learning, improving engagement.’
5.2 Improved Critical Thinking

Case-based discussions and problem-
solving exercises help students develop
skills clinical

analytical required for

decision-making.*
5.3 Self-Directed Learning

The flipped model encourages students to

take responsibility for their own learning by
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reviewing materials at their own pace.’
5.4 Better Knowledge Retention

Active learning methods have been shown
to improve knowledge retention compared

to passive lectures.
5.5 Flexibility in Learning

Digital resources allow students to revisit
lecture materials multiple times, improving

understanding of complex topics.

Studies evaluating innovative teaching
methods report that approaches such as
flipped classrooms and simulation-based
learning improve student performance and

satisfaction in dental education.®

6. Challenges and Limitations

Despite its advantages, the flipped
classroom model also presents several

challenges.
6.1 Increased Faculty Workload

Developing pre-class materials such as
video lectures and online modules requires

significant time and effort.
6.2 Student Adaptation

Some students may initially resist the

flipped model due to unfamiliarity with

self-directed learning.’
6.3 Technological Barriers

Implementation requires access to digital

learning  platforms, reliable internet

connectivity, and technical support.’
6.4 Uneven Student Preparation

The success of flipped learning depends on
students completing pre-class materials,

which may not always occur.

Research evaluating flipped classroom
models also notes that while student
satisfaction is generally high, the impact on
examination scores and skill development

varies across studies.

7.Strategies for Effective

Implementation

For successful integration of flipped

classrooms in dental education, the

following strategies are recommended:

e Development of concise and

engaging pre-class video lectures

e Use of Ilearning management
systems to monitor student
participation
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e Incorporation of formative
assessments such as quizzes

e Design of clinically relevant case-
based discussions

e Providing feedback and guidance
during classroom activities

e Faculty training in educational

technology.®

8. Future Perspectives

Future research should focus on evaluating
long-term outcomes of flipped classroom
implementation, including its impact on
and

clinical competence, patient -care,

professional skills. The integration of

flipped  learning  with  simulation
technologies, virtual reality, and digital
dentistry may further enhance dental

education .}

Conclusion

The flipped classroom model represents a
promising pedagogical approach in dental
education. By shifting basic knowledge
acquisition outside the classroom and
emphasizing active learning during class
time, it promotes deeper understanding,
student engagement, and critical thinking.

Although challenges related to technology,
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faculty workload, and student readiness

exist, proper implementation  and

institutional ~ support can  facilitate
successful adoption of this innovative

teaching model.
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Abstract:

Local drug delivery in periodontal therapy continues to face major limitations, particularly
because gingival crevicular fluid rapidly washes away therapeutic agents and biofilms restrict
drug penetration. Microneedle technology, originally developed for painless transdermal
administration, is now being explored as a method to achieve deeper, more controlled delivery
into gingival tissues. Early laboratory evidence shows that microneedles enhance tissue
permeation, improve drug retention, and offer a minimally invasive approach that may
overcome many drawbacks of current periodontal delivery systems. While clinical studies
remain limited, the emerging science suggests that microneedles could occupy an important

place in the future of precision periodontal therapy.
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Introduction environments for effective drug delivery

) ) ) because they are narrow, moist, and
Periodontal pockets are uniquely difficult Y

continually exposed to gingival crevicular
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fluid, which dilutes and removes topical
medicaments.! Although gels, chips, fibres,
and microspheres have been used for
decades, many fail to sustain therapeutic
levels long enough to significantly disrupt
established biofilms.? The persistence and
structural complexity of biofilms create an
additional obstacle by reducing the
diffusion of antimicrobial agents and
increasing bacterial resistance.®> These
challenges have led researchers to explore
alternative delivery systems that bypass
superficial barriers and transport active
agents directly into periodontal tissues.
Microneedles, which have proven effective
in dermatology and vaccine delivery, have
recently attracted interest in dentistry
because they can create controlled micro-
channels allow drugs to enter tissues more
efficiently  while causing  minimal
discomfort.* Their potential to deliver drugs
within the periodontal pocket represents a
novel approach that aligns well with the
trend toward minimally invasive
periodontics.> As gingival tissues are
relatively accessible and richly
vascularized, they provide an attractive
target for microneedle-assisted delivery
systems. This review explores the scientific
background, emerging evidence, and

clinical implications of using microneedles

for periodontal drug delivery.

Nanoparticles(NPs)
&

Nanocrystal  lipid NPs  Polymeric NPs

Microneedles(MNs)

ww Wy

Dissolvable MNs  Solid MNs
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lSkln insertion
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The schematic representation of nanoparticle transdermal
distribution using microneedles (Jiang et al., 2022)

Microneedles as Micro-Precision
Delivery Tools

Microneedles are tiny projections, typically
a few hundred microns in length,
engineered to penetrate the superficial
layers of tissue without causing significant
pain or bleeding.* They may be solid,
coated, hollow, dissolvable, or hydrogel-
forming, and each design offers distinct
advantages for drug loading, stability, and
release kinetics.® Their primary function is
to create microscopic pores or channels that
bypass the epithelial barrier, a feature
particularly valuable in periodontal therapy
where passive diffusion alone is
insufficient for deep tissue penetration.”
When applied to gingival tissues,
microneedles have the potential to deposit
antimicrobials, anti-inflammatory agents,
or regenerative biomolecules directly into
target layers while minimising drug loss to

the oral environment.
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Overcoming Periodontal Barriers
Through Micro-Channel
Innovation

The suitability of microneedles for
periodontal drug delivery arises from
several  biological and  mechanical
advantages. The creation of micro-channels
can modestly disrupt biofilm structure,
thereby improving the interaction between
antimicrobials and bacterial communities.?
By delivering agents beneath the superficial
layer, microneedles may also reduce the
rate of washout by gingival crevicular fluid,

allowing drugs to persist for longer periods

at therapeutic concentrations.*
Furthermore, the ability to design
microneedles in varying lengths and

flexibilities makes it theoretically possible

to tailor them to different pocket depths or

anatomic locations, including curved
gingival  surfaces.” @ These  features
collectively suggest that microneedles

could offer a level of precision that is not

achievable with conventional delivery
systems.
Emerging Evidence from

Laboratory and Prototype Studies

Emerging  laboratory  evidence
provides early support for these
concepts. In vitro studies
demonstrate that microneedle arrays

significantly enhance the penetration

of antimicrobials and nanoparticles

into soft tissues and biofilm

structures.® Hydrogel-forming
microneedles are biocompatible and
capable of sustained drug release in
animal models, which could translate
into longer therapeutic action within
periodontal pockets.® Experimental
prototypes designed for flexible or
tissue-conforming application further
strengthen the possibility of adapting
microneedle technology to the
anatomical complexity of the oral
cavity.” Although human trials are
these foundational

still  scarce,

studies indicate a  promising

trajectory for periodontal
applications.

Clinical Considerations in
Bringing Microneedles Chairside

From a clinical perspective, several
considerations must be addressed
before microneedles can be used
chairside. Access to deep posterior
pockets, furcation areas, and narrow
intra-bony defects may require
specially engineered devices capable

of angulation or curvature. Safety
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data  from  dermatology and
transdermal applications indicate

minimal discomfort and low tissue
trauma, suggesting that gingival use
is likely to be well tolerated, although

direct clinical evaluation n

periodontal patients is still needed.*
Practical factors such as sterilization,

cost, ease of handling, and

compatibility with existing

periodontal instruments will also

influence adoption. Despite these

challenges, the potential of

microneedles to enhance precision,

reduce dosing frequency, and

improve patient comfort makes them
an appealing future adjunct.

A Comparison with Established
Local Delivery Approaches

When compared with current local drug

delivery systems, microneedles offer

several conceptual advantages. Drugs
delivered below the epithelial surface are
less susceptible to dilution by crevicular
fluid, potentially improving retention and
bioavailability.®* Micro-channel formation
enhances biofilm penetration, addressing
one of the key limitations of many
Additionally,

conventional agents.?

microneedles avoid the bulk, placement
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difficulty, or patient awareness associated
with traditional chips or fibres. At the same
time, the absence of robust clinical
evidence remains the primary limitation
and underscores the need for carefully
designed human trials before widespread

clinical implementation. '°

Future Pathways for Smart and
Responsive Periodontal Therapies

Future research is expanding toward

smart microneedles capable of

releasing drugs in response to

environmental cues such as pH
changes or bacterial enzymes, which
may allow selective targeting of

active disease sites. The incorporation

of nanoparticles, antimicrobial peptides, or
regenerative molecules into microneedle
door for multifunctional

opens the

periodontal  therapies.®  Combination
approaches, such as microneedling paired
with photodynamic therapy, are also being
explored to enhance antimicrobial
effectiveness. These innovations suggest a
future in which microneedles may serve not
only as delivery tools but also as a
responsive therapeutic platform within

periodontal pockets.

Conclusion
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Microneedle technology represents an
innovative and promising direction for
periodontal drug delivery. By enabling
deeper, more targeted deposition of
therapeutic agents and offering potential
advantages in penetration, retention, and
patient comfort, microneedles address
many of the limitations of current local
delivery methods®. Although significant
clinical work remains to validate safety,
effectiveness, and feasibility in human
periodontal therapy, the emerging evidence
indicates  substantial  potential  for
integration into future minimally invasive
periodontal  practices. As  scientific
development continues, microneedles may
evolve into a valuable tool for periodontists
seeking greater precision and efficacy in

managing periodontal disease.
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ADVANCED POLYMERS: REVOLUTIONIZING DENTAL
RESTORATIONS
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Abstract:

Polyaryletherketones (PAEKSs) are a class of high-performance thermoplastic polymers that
have gained increasing attention in dentistry due to their favourable mechanical properties,
chemical stability, and biocompatibility. Among them, polyetheretherketone (PEEK) and
polyetherketoneketone (PEKK) have emerged as promising alternatives to conventional
metallic and ceramic dental materials. Recent advances in surface modification, reinforcement
strategies, and adhesive protocols have expanded their clinical applicability, particularly in
prosthodontics and implant dentistry. This review consolidates current evidence on the
structure, properties, modifications, and dental applications of PEEK, PEKK, and PAEK-based
blends, drawing from recent literature. The advantages, limitations, and future prospects of

these materials in oral rehabilitation are also discussed.
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Introduction

The continuous evolution of dental

biomaterials aims to achieve optimal
biomechanical compatibility, esthetics, and
long-term clinical success. Traditional
materials such as metals and ceramics,
while clinically reliable, exhibit inherent
drawbacks including stress shielding,
corrosion, hypersensitivity reactions, and
esthetic limitations. This has led to
increasing interest in high-performance
polymers, particularly polyaryletherketones

(PAEKs).!

PAEKs are semicrystalline thermoplastics
characterized by aromatic rings linked by
ether and ketone groups. Their unique
molecular architecture confers excellent
thermal stability, chemical resistance, and
mechanical strength. Among this family,
PEEK and PEKK have demonstrated
significant potential in dental applications

ranging from removable prostheses to

implant-supported restorations.’

Classification and Chemistry of

Polyaryletherketones

PAEKSs consist of repeating aromatic units
interconnected by ether (—O—) and ketone (—
CO-) linkages. Variation in the ratio and
arrangement of these linkages results in
different polymers with distinct physical

and mechanical characteristics.
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e PEEK (Polyetheretherketone):
Contains two ether groups and one

ketone group per repeating unit.'

e PEKK (Polyetherketoneketone):
Contains one ether group and two
ketone groups, leading to increased
rigidity and

higher  melting

temperature.’
e PAEK Blends: Combinations of
PEEK or PEKK with fillers or
reinforcements to enhance specific

properties.’

The ketone-to-ether ratio plays a critical
role in determining crystallinity, stiffness,

thermal resistance, and processability.

‘W/Wn
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Polyetheretherketone (PEEK):

Properties and Dental Relevance

1. Mechanical Properties

PEEK exhibits an elastic modulus of
approximately 3-4 GPa, which closely
resembles that of cortical bone. This
biomechanical similarity reduces stress
shielding and promotes favorable load
transfer, particularly in implant-supported
restorations. Reinforced PEEK variants,
such as carbon fiber-reinforced PEEK
(CFR-PEEK),

higher stiffness and strength.’

demonstrate significantly

2. Biological Properties

PEEK is chemically inert, radiolucent, and

biocompatible. Studies report minimal
cytotoxicity and favorable tissue response.
However, its bioinert surface limits direct
surface

osseointegration unless

modification is employed.*

3. Dental Applications

e Frameworks for removable partial
dentures

e Implant abutments and provisional
implants

e Fixed dental prostheses

e CAD-CAM milled crowns
bridges

and

:»
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Dental
Implant

Endodontic
Post

Removable
Denture
Framework

these advantages, unmodified

Despite

PEEK exhibits poor bonding to resin

cements and veneering composites,

necessitating surface treatments.’

Advances in Mechanical and

Adhesive Properties of PEEK

Recent research highlights strategies to
overcome PEEK’s limitations, especially

regarding adhesion and esthetics.

1. Surface Modification Techniques
e Sandblasting
e Plasma treatment
e Sulfuric acid etching

e Laser surface modification

These methods increase surface roughness
and surface energy, improving bonding
efficacy.
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2. Reinforcement Strategies

The incorporation of fillers such as carbon
fibers, glass fibers, and ceramic particles
enhances mechanical

strength,  wear

resistance, and fatigue

making PEEK

performance,
suitable for long-span

prostheses.?

Polyetherketoneketone (PEKK):

An Emerging Dental Biomaterial

PEKK differs structurally from PEEK by
having a higher ketone content, resulting in
increased stiffness, hardness, and thermal

resistance.

1. Mechanical and Thermal

Characteristics

PEKK exhibits superior compressive
strength and a higher glass transition
temperature compared to PEEK. These
properties make it particularly suitable for

high-load-bearing dental applications.’

2. Clinical Applications
e Implant frameworks
e Fixed prosthodontic frameworks

e Implant-supported full-arch
prostheses
PEKK also demonstrates improved surface
reactivity, allowing better adhesion to

veneering materials compared to PEEK. !
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Polyaryletherketone-Based Blends

and Modifications

PAEK blends are developed to tailor
material properties for specific clinical
demands. Blending PEEK or PEKK with
bioactive fillers such as hydroxyapatite
while

enhances osteoconductivity,

polymer-polymer blends improve

toughness and machinability.Such

modifications allow clinicians to balance

rigidity,  esthetics, and  biological

performance according to the prosthetic

requirement.’
Advantages of PAEKS in Dentistry

e Excellent biocompatibility

e Bone-like elastic modulus

e Radiolucency

o Chemical and thermal stability

e Compatibility with CAD-CAM
technology

e Lightweight and metal-free.
Limitations and Challenges
e Limited intrinsic esthetics

e Poor bonding without surface
treatment
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e Higher cost compared to
conventional polymers

e Limited long-term clinical data.*

Future Perspectives

Ongoing research focuses on improving

bioactivity ~ through  nanocomposites,

surface coatings, and additive
manufacturing techniques. With continued
development and long-term clinical
validation, PAEKs are expected to play a
significant role in next-generation dental

prosthetics.?
Conclusion

Polyaryletherketones represent a promising
class of dental biomaterials that bridge the
gap between metals and ceramics.! PEEK
and PEKK, in particular, offer favorable
mechanical and biological properties
suitable for a wide range of prosthodontic
applications.>  Advances in surface
modification and material blending have
significantly expanded their clinical utility.
However, further long-term clinical studies
are essential to establish standardized

protocols and ensure predictable outcomes.*
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DIGITAL FABRICATION TECHNOLOGIES OF
REMOVABLE PARTIAL DENTURES: A SYSTEMATIC
REVIEW
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Abstract:

Introduction

Traditionally, removable partial denture (RPD) frameworks have been fabricated using the
conventional lost-wax and casting technique. Although this method has served as the
foundational approach in prosthodontics for decades, it remains highly technique-sensitive and
susceptible to multiple sources of inaccuracy. Distortions arising from wax pattern
deformation, investment and casting variables may adversely affect the dimensional accuracy,

fit, strength, stability, support and retention of the final framework

The advent of computer-aided design and computer-aided manufacturing (CAD-CAM)
technology provides a contemporary solution to these limitations. CAD—CAM-generated
frameworks demonstrate superior fit accuracy, enhanced mechanical properties, and improved

surface finish compared with conventionally cast counterparts.
Methodology

A comprehensive manual and electronic search was conducted from 2010 to 2025 across 3
databases (PubMed/Medline, EBSCOhost, and Google Scholar) using the key words
Computer-Aided Design, Computer-Aided Manufacturing, removable partial dentures, CAD-
CAM frameworks, CAD-CAM RPD

Conclusion

CAD-CAM technologies yield removable partial denture frameworks with enhanced
dimensional precision, trueness, and overall fit when compared with those produced through
conventional casting. These improvements are reflected in retention characteristics, superior

adaptation of critical components, and a reduction in fabrication-related discrepancies.

DENTAL BITES | Volume 13 Issue 1 — January - March 2026
ISSN 2394-9848



KMCT org || KMCT

Groupor INsTITUTIONS | DENTAL COLLEGE

However, differences in accuracy and surface quality between subtractive (milling) and

additive manufacturing approaches, the relative high cost of equipment, requirement for trained

personnel limits widespread adoption. Additional research is necessary to establish the long-

term clinical reliability of digitally fabricated frameworks and to refine and standardize digital

protocols across various CAD-CAM systems

Keywords - Digital dentistry, CAD/CAM frameworks, Removable partial dentures,

CAD/CAM Cast partial dentures
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Digital Manufacturing Techniques
for Removable Partial Dentures:
Materials, Accuracy, and Clinical

Implications

1. Introduction

Conventional lost-wax casting techniques
for fabrication of Removable partial
denture (RPDs), although clinically
reliable, are associated with dimensional
inaccuracies and limited compatibility with
contemporary materials. In contrast, digital
workflows incorporating reductive and
additive manufacturing enable improved
accuracy, reproducibility, and consistency
in the fabrication of both metal and non-
metal RPD frameworks by minimizing
processing-related  discrepancies.  This
review  summarizes current  digital

manufacturing techniques for RPDs,

including  milling, stereolithography,
selective laser melting, and selective laser
sintering, and compares their accuracy,
material properties, clinical performance,
advantages, limitations and  future
directions for enhancing digital workflows
and material development. !

Traditional lost-wax casting techniques are
well established for metallic RPD
frameworks; however, they are not easily
transferable to novel non-metal materials
such as aryl ketone polymers. With the
increasing demand for  metal-free,
lightweight, and esthetic prostheses, digital
manufacturing technologies have gained
prominence. These technologies may be
broadly  categorized into  reductive
(subtractive) and additive manufacturing

methods. 2
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2. Reductive (Subtractive)

Manufacturing

2.1 Milling Technology

Reductive manufacturing in removable
prosthodontics primarily involves
computer numerical control (CNC) milling.
Denture frameworks or baseplates are
milled from pre-fabricated material blanks
using CAD/CAM software that controls
tool sequencing, motion, and direction.
Three-axis milling systems are most
commonly used in dentistry for fabrication
of crowns, five-axis milling is more
suitable for fabrication of RPD frameworks
and they yield higher accuracy and
adaptability than 3- or 4-axis systems for
fabrication of complex RPD designs. **

The various milling workflows Used for

RPD Frameworks are

KMCT org || KMCT
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Technology | Description | Materials

/ Workflow commonly
fabricated

5-Axis CNC | Removes Co—Cr,

Milling
(Subtractive | solid  disks | PEEK,
CAD/CAM) | with  multi- | PMMA,

material from | titanium,

directional zirconia

milling burs;

ideal for
complex RPD
designs

Dry Milling | Used mainly | PEEK,

Systems for polymer- | PMMA,
based acetal
frameworks;
reduces
contamination

and simplifies

workflow

Wet Milling | Utilizes
Systems coolant  for
metal and | Co—Cr, Ti,
ceramic hybrid
materials  to | ceramics

prevent

overheating

Hybrid
Milling

Combines Co—Cr,

both; found in | zirconia,
(Wet + Dry) | systems like | polymers
Ceramill

Motion 2

Comparative investigations of removable
partial denture clasp materials indicate that
milled clasps fabricated using 5-axis CNC
milling technology demonstrate improved
manufacturing consistency and surface
integrity compared with conventionally
cast cobalt—chromium (Co—Cr) clasps.
Although the elastic modulus of milled Co—
Cr remains similar to that of cast alloys, 5-
axis milling enables precise control of clasp
geometry, resulting in more predictable

flexibility and fracture behavior. °
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Gray et al. highlighted that the choice
between dry and wet milling workflows is
largely dependent on the material used for
removable partial denture fabrication. Dry
milling is particularly suitable for modern
metal-free polymeric materials such as
PMMA and
(PAEKS), including PEEK and PEKK, as it

polyaryletherketones

simplifies the workflow, avoids coolant
contamination. In contrast, wet milling is
required for harder materials due to heat
generation during machining, but is less
commonly indicated for polymer-based

RPD frameworks. &’

2.2 Accuracy and Limitations

5-axis CNC milling, technology provides
high accuracy and reproducibility, enables
access to complex geometries such as rests
and clasps, and reduces the need for manual
finishing. However, it is associated with
high material waste, prolonged milling
times, significant tool wear, difficulty
milling very thin clasp arms in metals and
high equipment costs. Moreover, milling
Co—Cr frameworks remain technically
challenging and less efficient than additive
manufacturing techniques. ®

Dry milling systems are primarily used for
polymers such as PEEK, PMMA, acetal
resin, and pre-sintered zirconia. They offer
clean  workflow without  coolant

contamination, faster processing, and are

particularly suitable for polymer-based

frameworks. The main limitations include
heat generation restricting their use to
polymers, unsuitability for metals, and
potential surface damage if milling
parameters are not carefully optimized.’
Wet milling systems are preferred for
harder materials such as titanium, Co—Cr
(limited), glass/hybrid ceramics, and
zirconia. The use of coolant prevents
overheating and reduces bur wear. Despite
these advantages, milling metal RPD
frameworks is time-consuming, tool wear
remains  significant, and  complex
framework geometries can exceed milling
efficiency. For Co—Cr frameworks, wet
milling is generally inferior to selective
laser melting techniques.'”

Hybrid milling systems, capable of both
wet and dry milling, provide versatility for
laboratories handling multiple materials,
reducing the need for multiple machines.
Nevertheless, these systems require careful
workflow optimization, as compromise
settings may reduce material-specific
accuracy, and maintenance costs are higher
Studies have demonstrated that milled
restorations may exhibit inferior marginal
fit compared with cast prostheses. Milled
titanium crowns have shown larger
marginal discrepancies than cast titanium
crowns, and milled Ilithium disilicate
veneers demonstrate greater marginal gaps

than pressed counterparts, potentially

increasing microleakage. !
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4 »
Milling is more economically viable for high- Selective Sinter | Nylon, | Fast
impact polymers such as Laser ing PEEK, | productio
polyetheretherketone (PEEK) and Sintering | (not |PMMA |n, low
polyetherketoneketone (PEKK), or for (SLS) full residual
producing burnout resin patterns for melti stress
conventional casting.!! ng) of
3. Additive Manufacturing (3D poly
Printing) mer
or
Additive manufacturing builds objects layer- metal
by-layer from digital design data, enabling the powd
fabrication of complex geometries with o1
reduced material waste. The various additive Direct Simil | Co-Cr, | Precise
manufacturing techniques currently in Metal ar to | Tialloys | surface
practice are: Laser SLM, detail,
Sintering | optim biocompa
Technolog | Princ | Materi | Key (DMLS) ized tibility
y iple als Advanta for
commo | ges denta
nly :
used for alloys
Selective Co_Cr , | High Electron Electr | Titaniu
Laser | . Beam on m
Laser Ti, density, St
. melts Melting beam one
Melting et alloys strong framewor
(SLM) mechanic (EBM) fuses ks
powd | powd T
o a . minimal
. erina
) properties oxidation
ayer vacuu
by ’
excellent m
layer fit Digital UV | Photopo | Used for
Light light | lymer pattern
cures | resin printing
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Processing | resin before
(DLP) in casting
layers
Stereolitho | Laser | Dental | Used for
graphy cures | resin resin
(SLA) resin prototype
with or
high investme
accur nt pattern
acy

Alqutaibi et al. (2025) evaluated the
application of selective laser melting (SLM)
and direct metal laser sintering (DMLS) for
the fabrication of cobalt-chromium and
titanium  removable  partial  denture
frameworks. Their study demonstrated high
framework density, favorable mechanical
properties, and clinically acceptable accuracy
compared  with  conventionally  cast

frameworks. '?

Bradfield et al. (2025) investigated multiple
digital fabrication techniques, including
SLM, SLA, and DLP, for removable partial
dentures. They reported that SLM-produced
metal frameworks exhibited superior fit and
reproducibility, while SLA and DLP were
most effective for producing accurate resin
patterns and prototypes prior to conventional

casting. ’

KMCT org || KMCT

Groupor INsTITUTIONS | DENTAL COLLEGE

Nogueira et al. (2020) focused on the
dimensional accuracy and reproducibility
of SLM-fabricated cobalt—chromium RPD
frameworks.  Their findings indicated
improved consistency and reduced distortion
when compared with traditional lost-wax

casting techniques.

Hassan (2025) examined the use of selective
laser sintering (SLS) for polymer-based
materials such as nylon, PEEK, and PMMA.
The study highlighted advantages including
rapid fabrication and reduced residual stress,
although mechanical properties were inferior

to those of metal frameworks.

Yan (2025) assessed SLS, DLP, and SLA
technologies in removable prosthodontics,
emphasizing their role in fabricating polymer
frameworks and resin patterns. The author
concluded that these techniques are most
suitable for provisional frameworks or as
intermediates in hybrid digital workflows.

Miyazaki et al. (2023) evaluated electron
beam melting (EBM) for titanium RPD
frameworks. Their study demonstrated that
EBM produced strong, oxidation-resistant
frameworks under vacuum conditions,
supporting its potential use for metal RPD
fabrication (12). The principal additive
techniques relevant to RPD fabrication
include stereolithography (SLA), selective
laser melting (SLM), and selective laser

sintering (SLS). %13
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4. Rapid Prototyping Techniques

Rapid prototyping (RP) refers to the
automated layer-by-layer fabrication of dental
components directly from CAD designs,
eliminating wax patterns and manual casting
errors. In dentistry, RP is primarily
implemented via additive manufacturing (3D
printing) for RPD frameworks, diagnostic
models, wax patterns, and trial dentures.

RP is a subset of Additive Manufacturing
(AM), but the term is used when the printed
object serves as a prototype, mold, or pattern

for final casting or milling.

4.1 Stereolithography (SLA)

SLA was the first additive technique used for
dental applications. It employs ultraviolet
laser beams to polymerize photosensitive
resin layer-by-layer. In prosthodontics, SLA
is primarily used to fabricate resin patterns for
subsequent conventional casting, eliminating
errors associated with manual wax-ups.'*
SLA produces reproducible and consistent
patterns but remains time-consuming due to
post-processing and casting steps. The need
for support structures and sensitivity to laser
parameters and resin properties further limits
its efficiency. Nevertheless,

SLA remains a cost-effective alternative for
laboratories without access to high-end metal

printing systems. '3

A
V
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4.2 Selective Laser Melting (SLM)

SLM is an additive manufacturing technique
in which fine metal powders are selectively
melted using a high-energy laser to produce
fully dense metal components directly from
CAD data. Initially developed for aerospace
and automotive industries, SLM is now
widely adopted in dentistry.

SLM eliminates multiple conventional steps
such as spruing, investing, casting, and
devesting. Although initial capital costs are
high, SLM offers superior efficiency in terms
of labor, and

time, material utilization,

reproducibility. However, outcomes are
highly dependent on CAD file quality, build
orientation, and material-specific laser
parameters.

Mechanical properties of SLM-fabricated
Co—Cr and titanium alloys have been shown
to surpass those of cast alloys. Nevertheless,
the technique remains sensitive to processing
variables, and post-processing steps are often

required.'®

4.3 Selective Laser Sintering (SLS)

SLS uses a CO: laser to sinter powdered
materials, including polymers, ceramics, and
metals, into three-dimensional objects. Unlike
SLM, SLS does not fully melt the powder,
allowing 1its application to thermoplastic
polymers.

A key advantage of SLS is that the

surrounding powder supports the object

during fabrication, eliminating the need for
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support structures and enabling complex
geometries. Unfused powder can be recycled,
reducing waste. SLS-fabricated frameworks
have demonstrated superior fatigue resistance
and mechanical properties compared with cast
frameworks and allow high-precision

fabrication of components as small as 0.5

(a )Fabrication of the framework. a PRDP
frameworks in the building platform
processed by laser-sintering technology (b)
3D-printed resin patterns of partial
removable dental prostheses (c) resin pattern
of PRDP framework with wax sprue ready for
casting (d) metal frameworks of Partial
removable dental prosthesis cast from 3D-

printed resin patterns

Clinical application
The most significant rapid prototyping

technologies for RPD fabrication are:

2 KMC g
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e SLA and DLP — for high-resolution

resin pattern fabrication

e SLS and SLM — for direct metal or

polymer  framework  fabrication
These RP methods improve accuracy,
efficiency, and reproducibility over
traditional casting and are rapidly
becoming the industry standard for

digital removable prosthodontics.

5. Hybrid Milling and Casting

Techniques

Prefabricated denture teeth are produced in
various shapes and sizes and can be adjusted
to fit an edentulous area. However, even with
the available range of tooth forms, significant
modification is often necessary to adapt the
teeth to the available space. In cases with
severe discrepancies in the edentulous area,
adjusting  prefabricated teeth can Dbe
inefficient and time-consuming.

An alternative approach involves the use of
digital technology to design and fabricate
customized denture teeth directly for the cast
metal framework. When replacing multiple
missing teeth, the edentulous region is
designed as a splinted unit with connectors,
similar to a fixed partial denture. The
customized teeth are milled from a double
cross-linked polymer and used for a wax try-

in. After clinical verification, the RPD is

DENTAL BITES | Volume 13 Issue 1 — January - March 2026

!
ISSN 2394-9848



bldg
555 KMCTT . | e
AAANA AL N
144 KAkl .org
“%44SF | GROUP OF INSTITUTIONS DENTAL COLLEGE

processed using heat-polymerized acrylic
resin. Additional adjustments to the milled
teeth are performed after wax elimination to

enhance bonding and reduce the risk of

acrylic resin debonding.!’

A, Fit of teeth on cast metal framework

evaluated to ensure engaging fit. B, Occlusion

verified

For practitioners experienced with traditional
removable partial denture fabrication, this

approach offers a relatively simple way to

incorporate digital tooth arrangement into
their workflow. This technique can be
advantageous in cases with limited
interocclusal or interarch space, as it helps
reduce the extensive grinding.

However, Clinicians with limited experience
in CAD-CAM technology may find that

scanning, designing, and milling custom teeth

initially requires more time than modifying

A, Tooth designed to fit over cast metal prefabricated denture teeth and may not
framework and occlusion optimized. B, completely eliminate the need for occlusal
Prosthetic teeth milled in double-cross-linked adjustments.

polymer Overall clinical time savings are moderate

due to the continued need for casting,
finishing, and fitting. High equipment costs
initially  limited adoption, but hybrid
workflows remain a practical transitional

solution for many laboratories. '8

6. Development of Metal-Free
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Denture Materials

Early metal-free alternatives to PMMA
included polyamides and acetal resins. These
materials are fabricated using injection

molding, which reduces polymerization
shrinkage and improves dimensional stability.
Polyamides offer excellent esthetics,
flexibility, patient comfort, and retention
without metal clasps. !

However, their low rigidity, increased surface
roughness, difficulty in bonding to repair
resins, and susceptibility to biofilm
accumulation limit their long-term clinical
performance. The tissue-borne nature of these
dentures may also contribute to alveolar
occlusal

resorption  and instability,

particularly in distal extension cases.?%*!
7. Advantages and Challenges of
Digital RPD Fabrication

7.1 Advantages
Digital workflows simplify denture design by

enabling virtual surveying, undercut analysis,

and path of insertion determination.
CAD/CAM enhances precision,
reproducibility, = communication = among

stakeholders, and ease of prosthesis

duplication. Digital fabrication reduces
clinical  appointments, improves fit,
minimizes microbial colonization, and

supports standardization in clinical research.
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Additive manufacturing techniques also

reduce  material waste and enable

environmentally  sustainable  production

through powder recycling.?

7.2 Challenges

Limitations remain in the accurate digital
capture of soft tissue contours, particularly in
edentulous areas particularly in Kennedy
Class 1 and Kennedy Class II cases. Border
Moulding movements to record functional
areas are not accurately captured during intra
oral scanning. High initial equipment costs,
steep learning curves, and the continued need
for manual finishing and polishing prevent
complete replacement of conventional
workflows. Additive manufacturing may also

produce surface roughness due to the stair-

step effect, necessitating post-processing.?’

8. Accuracy, Fit, and Material

Performance

8.1 Digital Impressions and Jaw Relations
Digital impression accuracy decreases with
increasing edentulous span, although artificial
landmarks can improve trueness and
precision. Digital maxillomandibular relation
records are most accurate in minimally
and less reliable in

edentulous arches

extensive edentulism.
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8.2 Framework Fit and Surface
Characteristics
SLM frameworks generally demonstrate

higher trueness than cast frameworks,
although clinical fit varies depending on
design, relief, and build orientation. Casting
remains superior for overall fit in Co—Cr
frameworks, while SLM shows advantages
for titanium frameworks. Hybrid processing
improves surface roughness compared with

either technique alone.

8.3 Mechanical Properties

SLM-fabricated Co—Cr and titanium alloys
exhibit superior yield strength, tensile
strength, and fatigue resistance compared
with cast alloys. Fatigue resistance is
influenced by build orientation, with optimal
results achieved when clasp arms are oriented

perpendicular to the build direction.

9. Denture Bases and Artificial Teeth
Digitally fabricated denture bases commonly
use PMMA-based materials, while artificial
teeth may be fabricated from PMMA,
composite resin, zirconia, or PEEK. Printing
orientation influences flexural strength and
surface roughness. Nano-filler incorporation
has shown promise in enhancing mechanical
and antibacterial properties. Bond strength
remains highest with heat-cured PMMA

systems.

A
V
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10. Future Directions

Future research should focus on:

1. Automated CAD software for

framework design
2. Predictive digital treatment planning

3. Improved bonding between

frameworks and denture bases

4. Development of denture base

materials superior to PMMA

5. Reduction in system and fabrication

costs
Conclusion
Digital manufacturing has significantly
advanced removable partial  denture
fabrication, offering improved precision,
material  performance, and  workflow

efficiency. While challenges remain in soft
tissue capture, cost, and surface quality,
ongoing advancements in materials, software,
and additive manufacturing technologies are
expected to expand the clinical applicability
of digital RPDs.

or topical analgesics may be beneficial.
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