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Preserving the residual dentin after cavity or root canal preparation is of paramount
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iatrogenic factor,
measurement of
RDT, root canal..

importance as it directly impacts both pulp vitality and the permeability of dentin to oral
fluids. These factors ultimately influence the tooth’s resistance to fractures. Successful
endodontic therapy requires a comprehensive understanding of root canal anatomy. It is
crucial to maintain the thickness of the root canal wall, as any misjudgements in this regard
can result in issues such as soft tissue involvement during cavity preparation or strip

perforation during root canal preparation.

Introduction

With the knowledge of current concept, the primary
goal of any restorative or endodontic treatment is to
preserve the RDT. This aspect holds particular
significance in any restorative procedure, particularly
in the context of safeguarding the overall tooth
structure.

Ensuring the preservation of an appropriate thickness
of residual dentin is imperative for upholding the
structural integrity of the tooth. It provides support and
helps prevent fractures, ensuring the tooth can continue
to function effectively. Too much dentin removal can
weaken the tooth, so it’s a delicate balance between
thorough cleaning and preservation.

Effect of remaining dentin thickness on dentin and
dental pulp

The thickness of the remaining dentin plays a crucial
factor that significantly influences the health of dentin
and dental pulp. A decrease in the thickness of
remaining dentin correlates with a reduction in the
number of odontoblasts which leads to more immediate
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infiltration of bacteria from oral fluid, potentially
triggering inflammatory responses within the dental

pulp.

Historically, research studies hence put forth
recommendations for maintaining RDT of 2mm to
ensure the protection of the pulp. While some have
advocated for a minimum of 1mm, the current
consensus acknowledges a minimum thickness of
0.5mm. When a lesion encroaches within 0.25mm to
0.3mm of the pulp, inflammatory responses associated
with pulpitis and hyperemia are initiated.®

The deposition of reactionary dentin is most
pronounced within the range of 0.25mm to 0.5mm of
remaining dentin thickness, a condition that can be
exacerbated by the presence of bacteria. Remaining
dentin thickness below 0.25mm has the potential to
damage odontoblasts, impeding their secretory
functions. At thickness of 0.5 mm and below, there is a
notable reduction in odontoblast number by 33.7%,
while a decrease of 13.6% is observed within the range
of 0.25mm to 0.5mm.?
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Importance of remaining dentin thickness in
restorative dentistry

RDT acts as a protective barrier for the dental pulp of
dentin during restorative procedures helps safeguard
the pulp from external stimuli, reducing the risk of
post-treatment sensitivity and maintaining pulp vitality.
With the decrease in thickness of remaining dentin,
there is a concurrent reduction in the number of
odontoblasts, thereby increasing the susceptibility to
pulpal inflammation. Thick heightened vulnerability
arises from the facilitated access to bacteria and their
byproducts to the pulp and periradicular area. A
sufficient RDT acts as a critical protective barrier
against potential vibrational injuries and the frictional
heat generated by dental burs during tooth or cavity
preparation.® Moreover, it functions as a defence
mechanism against cytotoxic injuries that may arise
from procedures like acid etching or the application of
restorative materials. It also influences the bonding

/
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strength between restorative material and dentin.
Insufficient dentin thickness can compromise the
adhesive bond, leading to restoration failure.

Various authors have presented their perspective on
RDT, suggesting that an RDT of at least 1mm is
adequate to shield the pulp from cytotoxic effects
caused by certain restorative materials, while an RDT
of 2mm is recommended to protect the pulp from
injuries resulting from both restorative materials and
treatment procedures. Additionally, it is emphasized
that an RDT of at least 0.5mm is necessary to prevent
pulpal damage, whereas an RDT of less than 0.25mm
may lead to inflammatory reactions within the pulp.®*

The impact of RDT on odontoblast survival, the
formation of reactionary dentin, and the occurrence of
pulpal inflammation in a prepared cavity is a critical
aspect of understanding the intricate dynamics
involved in restorative dentistry which are as follows:

RDT of prepared cavity

BN

Reactionary dentin Pulpal inflammation

farmation
slight mimnimal
slight minimal
significant increasing
slight severe
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Less More RDT
RDT less damagel
to pulp

Different restorative materials have been shown in a
very deep cavity (0.5mm) to evaluate the survival of
odontoblast and these are:

Calcium hydroxide have shown 100% survival of
odontoblast, so it is safe to use in a very deep cavity.
Other restorative materials like polycarboxylate, zinc
oxide, composite resin, and resin-modified GIC have
shown 81.1%, 78.4%, 74.2%, and 43.1% survival of
odontoblasts respectively. This shows that restorative
materials like resin-modified GIC must be avoided in
very deep cavity preparation because they are
cytotoxic.®

Importance of residual dentin thickness in
endodontics

The importance of RDT in root canal treatment cannot
be overstated, as it significantly influences the success
and overall outcome of the procedure. Residual dentin
contributes to the overall strength and stability of the
tooth. During root canal preparation, careful
consideration of RDT helps prevent excessive removal
of dentin, which could weaken the tooth structure and
increase the risk of fractures.

Maintaining an optimal RDT is crucial for preventing
complications such as strip perforations. Excessive
dentin removal, especially in critical areas known as
“danger zones,” can compromise the tooth’s structural
integrity and lead to undesirable outcomes.

The success of root canal treatment also depends on
post-endodontic  restoration. Preserving sufficient
residual dentin provides a stable foundation for post-
endodontic restorative procedures, ensuring long-term
success and functionality.

Endodontic guidelines often recommended that a
minimum thickness of dentin, typically around 1mm,
should be maintained along the entire length of root
canal after the completion of root canal procedures.
This guideline aims to strike a balance between
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effective cleaning and shaping of the canal while
preserving enough dentin to pulp protection.®

Methods for estimation of remaining dentin
thickness

In the clinical context, various methods have been
developed to estimate RDT during dental procedures.
These methods aim to overcome the challenges
associated with conventional techniques and provide
more accurate and reliable estimations of RDT. The
choice of method depends on factors such as the
specific dental procedure, equipment availability, and
the need for non- invasive measurements. These
methods include:

1. Radiographic method: Traditional X-ray
techniques, such as intraoral  periapical
radiographs, have been historically used. However,
these methods may have limitations due to
inherent distortion such as elongation and
foreshortening and challenges in accurately
measuring the RDT.

2. Radiographic grid method: To overcome the
constraints linked to traditional radiographic
approaches, Everett and Fixot introduced a
refinement in 1963 known as the radiographic grid
method. This technique involved the integration of
metallic grids into radiographs. However, the
application of metal grids within the oral cavity
presented practical challenges, and their inherent
metallic nature posed issues during placement.
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Additionally, the high radiopacity of these grids
resulted in the obscuration of anatomical
structures, further complicating the accurate
assessment of the radiographic image.(”

Digital radiographic technique: Utilizing digital
technology, this method provides enhanced
imaging quality and allows for more accurate
assessments of RDT.

o

>
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Transillumination techniques: These involve
passing light through the tooth to visualize and
estimate the thickness of remaining dentin.
Various devices and methods, such as Fiber- optic
transillumination, have been explored for this
purpose.

EndoEst 3D: This innovative method quantifies
electric resistance within the dentin, offering a
means to ascertain the thickness of remaining
dentin. It provides a non-invasive approach to
RDT measurement.

9.

Ultrasonic micrometer: Baum et.al
(1963)pioneered the utilization of a non-invasive
ultrasonic  diagnostic  technique for dental
applications. This technique involves essential
components such as transducer, pulse receiver, and
oscilloscope.

Prepometer: The device, created by Hager in
2007, is a battery-operated tool designed to control
the depth of preparation through the utilization of
colored light- emitting diodes. Primarily developed
for assessing residual dentin thickness (RDT)
during crown preparation, this instrument
measures electric resistance to achieve its intended
purpose.®

Optical coherence tomography (OCT): The
application of OCT in dentistry commenced in
California in 1998, introducing a non-invasive
laser technique. This method, initially described by
Fujita et al. in 2014, was specifically introduced
for the measurement of RDT.

Cone Beam Computed Tomography: It

produces 3-D images with a lower radiation dose in
comparison to traditional computed tomography. The
precision and efficiency of the 3-D images acquired
through CBCT make it a valuable tool for evaluating
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residual dentin thickness. Additionally, CBCT allows
for the comprehensive assessment of various aspects of
the root canal system, including critical areas like
middle of the root where root curvature is often found,
commonly referred to as the “danger zone”. This
capability is particularly important for identifying and
mitigating the risk of iatrogenic mishaps in such
vulnerable regions.®

10. Micro-computed tomography &  virtual
simulation technique: This approach is non-
invasive and non-destructive, offering a 3-D
representation of the tooth. Utilizing 3D micro-
computed tomography data, the software employs
a direct ray casting technique to generate simulated
2D radiographs without the need for actual
radiographic imaging. This simulated radiograph
aids in the precise measurement of RDT.

11. Laser methods: Laser Doppler Flowmetry
primarily used to assess pulp vitality, but laser
techniques have also been investigated for
estimating RDT. It measures blood flow in the
pulp and indirectly provides information about the
thickness of overlying dentin.

Among all these micro-CT gives more precise result
than CBCT and other devices in evaluating RDT but it
is not suitable for clinical use.®

Clinical considerations in preserving remaining
dentin thickness

1. Smart prep burs

Although carbide dental burs are efficient in the
removal of non-decalcified enamel and dentin, they
lack the capacity to differentiate between carious and
normal dentin during cavity preparation. Caries-
affected dentin exhibits a knoop hardness value in the
range of 10-40 kg/sqgmm, distinguishing it from healthy
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dentin, which typically falls within the range of 45-63
kg/sqmm.D

The SmartPrep bur- like instrument, composed of a
medical- grade polymer within a hardness less than that
of healthy dentin, is specifically engineered for the
selective removal of carious dentin. This is achieved by
its intentional loss of cutting efficiency upon reaching
caries-affected dentin. The bur blades employ a
“plowing” mechanism, wherein carious dentin is
initially compressed locally and subsequently pushed
along the more resilient dentin surface, leading to
rupture at this level. The loosened fragments are then
transported to the surface.

Noteworthy advantages of SmartPrep bur include its
ability to locate the orifice of the root canals with non-
linear access, identify calcifications and obliterations,
and reduce the risk of procedural errors such as
gouging and strip perforation. Additionally, it aids in
the preservation of more pericervical dentin.

Other burs that prevent the RDT are fissurotomy,
SmartP, SmartBur I1, and PolyBur P1.

2. Taper

It is crucial to acknowledge that no instrumentation
method can achieve complete debridement of root
canal walls. This underscores the significance of
preventing procedural mishaps, such as deviation,
zipping, or perforations, as these complications can
pose challenges for effective disinfection. Preserving as
much radicular dentin as possible is equally paramount
to prevent root weakening and enhance fracture
resistance. The establishment of a straight-line access
to each canal becomes pivotal in preventing excessive
thinning of radicular structures during instrumentation.
Dentin thickness results from these procedures emerge
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as a key factor directly associated with a root’s fracture
resistance.?)

Lim and Stock have advocated for a minimum RDT of
0.3mm, emphasizing its necessity for ensuring
adequate fracture resistance and preserving canal wall
integrity.

A recent study conducted by De-Deus and colleagues
proposed that successive enlargement of root canals
using instrument sizes 30/0.04 (S2) and 30/0.06 (S3) is
anticipated to lead to a reduction in dentin thickness.
Furthermore, this study indicated a shift in the position
of the danger zone from the middle to the coronal third
during such enlargements.

3. Access cavity preparation

Traditional endodontic cavities (TECs) advocate for a
straight-line access approach to enhance preparation
efficacy, but implementing this in anterior teeth poses
challenges. TECs may exert increased flexural forces,
leading to heightened strain at the crown-root junction
and elevating the risk of tooth fracture, particularly as
significant dentin removal occurs in the pericervical
region. Therefore, a shift toward minimal access cavity
preparation is imperative.

In conservative access cavity preparation, the approach
involves a 1mm anatomic flattening, employing a
penetration angle less than 45 degrees until reaching
the dentinal map. This is achieved through the
utilization of more conservative CK micro endodontic
access preparation burs. Aligned with the principles of
“minimal invasive endodontics”, this technique aims to
avoid excessive enlargement of the radicular dentin,
recognizing the undesirability of such enlargement in
preserving tooth structure.®®

Newer designs of access cavity preparation:
e Conservative endodontic access cavity
e  Ultra conservative access cavity / ‘Ninja'

e Orifice—directed dentin conservation access
cavity / Truss

e Caries driven
e Restorative driven
e Cala Lilly enamel preparation

e Image-guided endodontic access
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e Dynamically guided endodontic access

e Micro-guided endodontic access

Traditional Access Cavity (TEC) Conservative Access Cavity (CEC)

0 #
® q

Truss Access Cavity (TREC) Ultraconservative Access Cavity (UEC)

4. Minimizing tooth preparation

Optimal selection of a crown type should prioritize the
patient’s well-being, taking into account functional
necessities, the stability and vitality of the tooth
structure, and considerations for aesthetics and
individual morphological characteristics of each tooth.
Metal crowns offer the advantage of requiring a
minimal preparation depth (0.4mm). in contrast,
ceramic crowns, composites, or combinations of these
materials with metal necessitate a deeper preparation
(1.5-2mm), thereby posing an increased risk of
adversely affecting tooth structures or functions over
the long term.(4

Therefore, the strategic approach involves minimizing
the extent of dentin removal during tooth preparation.
This is achieved by preserving the RDT through the
use of minimally invasive instruments. Such an
approach serves to maximize the strength and
resistance to fracture of teeth, aligning with the
overarching goal of ensuring the patient’s dental health
and longevity.

Discussion

The significance of RDT in dentistry is a crucial
consideration in various dental procedures, particularly
in context to tooth preparation for restorative
interventions. Maintaining an adequate RDT is
essential as it influences the mechanical stability and
strength of the restored tooth and preserving the vitality
of dental pulp. Insufficient RDT can compromise the
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structural integrity of the tooth, leading to increased
susceptibility to fractures and other mechanical
failures. Excessive removal of dentin can result in pulp
exposure and potential damage, leading to
postoperative sensitivity.

In prosthodontics, the significance of RDT extends to
the design of fixed or removable prostheses. Adequate
RDT is necessary for ensuring proper retention and
stability of prosthetic appliances, minimizing the risk
of complications such as prosthesis debonding or
fracture.

In endodontics, RDT is closely linked to the prevention
of procedural complications. Maintaining an
appropriate thickness of dentin helps prevent iatrogenic
errors, such as perforations or ledges, during the
instrumentation and obturation phase of root canal
therapy. These complications can significantly impact
the success of the treatment.®

Conclusion

The significance of residual dentin thickness in root
canal treatment encompasses its role in maintaining the
structural integrity of the tooth, preventing procedural
complications, preserving pulp vitality, and supporting
the success of subsequent restorative interventions
which cannot be ignored. Specialists must carefully
assess and manage RDT to optimize outcomes and
enhance the overall health and longevity of the treated
tooth.
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