DENTAL CHEMISTRY & APPLICATIONS

A Review of Dental Tissue

Microstructure, Biomodification,
and Adhesion

ABSTRACT: Advancements in biomaterials and adhesive tech-
nology, along with the progression toward conservative, less invasive
dental procedures, require a thorough knowledge of the micromor-
phology of dental tissues. This article provides a description of the
morphological, histological, and physiological characteristics of the
dental tissue substrates, explains the interplay between biomodifica-
tion of the tissue and adhesion, and reviews the adhesion strategies at
the restorative interface and criteria for its improvement.

omplete understanding of the unique characteristics of

enamel and dentin tissues is essential for the optimal

adhesion of the different restorative materials to these
surfaces. It is also necessary as the basis for more conservative
preparation designs and to preserve more tooth structure while
increasing the longevity of adhesive restorations.

CHARACTERISTICS OF ENAMEL

The anatomic crown of a tooth is comprised of an acellular calci-
fied material known as enamel, which is the hardest tissue in the
body.! The thickness of the enamel varies according to the shape
of the tooth and its location on the crown. The thickest area of
enamel is normally located at the crest of the cusp or incisal edges,

courtesy of Dr. Didier Dietschi).
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FIGURES 1A AND 1B These tooth sections depict the varying thicknesses of the enamel according to
the shape of the tooth and its location on the crown (Figure 1A courtesy of Dr. Stephan J. Paul; Figure 1B

whereas the thinner regions are usually over the slope, at the cer-
vix, or within the fissures and pits of multi-cuspid teeth! (Figures
1A and 1B). Human adult enamel, an inert, high-energy crystal-
line structure with high intermolecular forces, has been called a
composite bioceramic.> Enamel is a highly brittle and rigid struc-
ture because it possesses a high modulus of elasticity and low ten-
sile strength.? Dental enamel is acellular and does not regenerate.!

The largest basic structural component is the enamel prism or
rod, densely packed and intertwined in a wavy course extending
from the dentoenamel junction (DE]) up to a few micrometers
short of the enamel tooth surface.® The ideal structure of these
prisms is a keyhole-like configuration with an average width of
about 0.5 pm. The rods appear in a transverse section as a round-
ed head or body section and as a tail section forming a repetitive
series of interlocking prisms. The enamel prism is narrowest at its
origin and gradually enlarges as it approaches the surface, with an
average diameter of 4.0 um. Enamel prisms are arranged parallel
to each other and run outward from the DEJ in a radial pattern,
approximately perpendicular to the external surface of the crown.
In the region of the enamel cusps, the rod orientation is perpendi-
cular to the DEJ, while in the cervical region (ie, where the con-
tours of the crown become constricted), prisms exhibit a gingival
or apical inclination.? In the incisal or oc-
clusal third, the prisms form an increas-
ingly acute angle with the surface as the
tip of the crown is approached, exhibiting
an orientation that is more directly op-
posed to the forces of mastication."* This
basic knowledge is important during cav-
ity preparation in order to avoid under-
mining enamel rods, which can fracture
along cleavage planes paralleling the course
of the enamel prisms. It also supports the
clinician’s decision to incorporate bevels
in adhesive preparation designs in order to
provide union at the ends of the enamel
rods instead of at their long axis, which in-
creases surface area and provides strength
and greater retention.’

The enamel prisms are filled with mil-
lions of small, elongated, tightly packed
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carbonated apatite crystallites that vary in size and shape.>® The
enamel apatite, hexagonal in cross-section, is the largest and
longest biological crystal* (Figure 2). These enamel crystallites are
tightly packed in a distinct orientation pattern that provides struc-
tural identity and strength to the prisms. The long axis of the apa-
tite crystallites within the central region of the head is aligned
almost parallel to the rod long axis, but in the tail region, the crys-
tallites incline with increasing angles (ie, as much as 65°) to the
prism axis. The susceptibility of these crystallites to acid (eg, from
caries or etching procedures) appears to be related to their orienta-
tion,? resulting in differential etching patterns that facilitate micro-
mechanical retention. The interfacial area is a protein-rich section
between the prisms or rods, which is termed interprismatic sub-
stance or inter-rod enamel.>*# Encompassing each enamel rod is
an organic matrix or prism sheath, which is an organically rich
interspace.>® This sheath may be an increased spacing between dif-
ferently oriented crystallites so that the “tail” portion of one rod
meets the “head” portion of another.!>8

CHARACTERISTICS OF DENTIN

The dentin is a living tissue and constitutes the largest portion of
tooth structure. Its microstructure has been characterized by
scanning and transmission electron microscopy, atomic force mi-
croscopy, visible microscopy, and various methods of surface
analysis.>!? The past two decades of research have expanded
knowledge of the nature of dentin and the dentin-restorative
material interface.!! Dentin’s microstructure is substantially dif-
ferent from that of enamel. Dentin is similar to bone and cementum
in that it originates from mesenchyme cells known as odonto-
blasts. The dentin is a specialized calcified connective tissue that is
harder and denser than bone.!3%8 Its surfaces are bordered exter-
nally by enamel and cementum, and internally by the odontoblas-
tic layer. The dentin has been considered part of the pulp-dentin
complex by many researchers and the odontoblast as a part of
both, with the mineralized dentin an end product of cell differen-
tiation and maturation.?

While dentin and enamel have similar inorganic crystallite con-
stituents, there is a considerable difference in their organic com-
ponent and percentage of composition.'? The dentin has been
referred to as a “composite” of hydroxyapatite, collagen, and
water.!? Volumetrically, about 50% of the dentin is composed of
hydrated organic material.'* The inorganic portion of the dentin
is composed of hydroxyapatite crystallites arranged with less uni-
formity than enamel crystallites. Similar in size to those of bone
and cementum, the dentinal crystallites are smaller, thinner, and
needle-shaped.}>!> A large percentage of these crystals are inter-
spersed among the collagen fiber network to reinforce the colla-
gen matrix.* The individual fibrils within the collagen fibers also
have crystals at their ends. The lower mineral composition gives
the dentin a low modulus of elasticity (ie, 1.67 x 10° PSI), which
allows more elastic deformation during loading of the more brit-
tle, nonresilient enamel.>*

The structural and morphological entities of the dentin in-
clude the dentin tubule, the peritubular dentin, the intertubular
dentin, the odontoblast with its odontoblastic process, and the per-
iodontoblastic space (Figure 3).!> The structure of dentin consists of
a calcified matrix penetrated by tubules that extend from the pulp
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FIGURE 2 The enamel apatite is the largest and longest biological crystal;

it is hexagonal in cross-section.

to the DEJ and are formed at a slight angle to the DE]J and pulp
chamber.* The direction of the tubules are sigmoidally curved and
follow a gentle “S” curve in the coronal regions of the crown; their
path is straighter in direction in the incisal ridges, cusps, and root
areas.!® The average diameter of the dentinal tubules varies in size
from 0.5 um to 0.9 um at the DEJ and from 2.0 um to 3.0 pm at
the pulp interface.* The concentration of tubules is higher along
the inner or deep dentin (ie, approximately 45,000 to 65,000 tu-
bules/mm?) than at the middle dentin (ie, approximately 35,000
tubules/ mm?), or the superficial dentin (ie, approximately 15,000
to 20,000 tubules/ mm?).* Therefore, the surface area of dentin is
larger at the dentinoenamel or dentinocemental junction than at
the pulp. The entire length of the dentinal tubules is lined by a
sheet-like structure called the lamina limitans,'> and each tubule
contains the cytoplasmic cell process (ie, Tomes’ fiber) of an odon-
toblast. These cytoplasmic extensions extend at least one third
into the dentin, and may extend the entire length of the tubules,
which is why the dentin has been regarded as an anatomical and
physiological extension of the pulp!? (Figure 4). Additionally,
these tubules are filled with a tissue fluid, a transudate of plasma
referred to as the dentinal fluid or dentin liquor.>!> The primary
dentin tubules are often interconnected by an intercommunicat-
ing and anastomosing network of laterally secondary tubules and
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are generally more numerous in the dentin of the root than in the
coronal dentin.>1316

The matrices in dentin include the predentin, which is a non-
mineralized zone of developing dentin adjacent to the odonto-
blasts, and the mineralized mature dentin. This nonmineralized
matrix surrounds the odontoblastic process and is an essential
exchange medium; in combination with the odontoblasts process,
it forms the soft components of dentin called the periodontoblast
matrix. In the dentinal tubules, the nonmineralized matrix sepa-
rates the protoplasmic processes from the tubule wall.! The cal-
cified mature dentin has three different mineral densities: low,
moderate, and high. Characterized by its high mineral content, the
high-density dentin (ie, the peritubular dentin) encircles the tubule
and forms the tubule wall. The high-mineralized peritubular
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FIGURE 3 The SEM shows the peritubular and intertubular dentin
(courtesy of Dr. Paul).

FIGURE 4 The scanning electron micrograph (SEM) image reveals that

the cytoplasmic extensions extend at least one third into the dentin, and

may extend the entire length of the tubules, which is why the dentin has

been regarded as an anatomical and physiological extension of the pulp
(courtesy of Dr. Jorge Perdigao).

dentin varies in width depending on several factors (eg, the age of
the tooth), and may completely obliterate the tubules. The inter-
tubular dentin is found between the peritubular dentin of adja-
cent tubules and has a matrix of moderate mineral density and
abundant collagen'” (Figure 4). The zone of low mineral content is
at the calcifying front between the predentin and the dentin. The
collagen fibers are mainly found in the intertubular dentin; only a
sparse amount of organic material is present in the peritubular and
periodontoblastic space.!?

Unlike enamel, which is unable to develop once the enamel rod
forms and the ameloblast degenerates, dentin continues to form
after tooth eruption and development and throughout the life of
the pulp. As long as the odontoblastic cell processes are present,
the formation of dentin (ie, dentinogenesis) will continue at dif-
ferent rates, depending upon the biological and functional de-
mand.! These cell processes are the reason dentin is considered a
living tissue with the capability to react to physiologic and patho-
logic stimuli. These stimuli can result in changing structural fea-
tures and dentin thickness throughout the life of the tooth, with
the formation of secondary dentin, reparative dentin, sclerotic
dentin, and dead tracts.">?

BIOMODIFICATION AND ADHESION

TO DENTAL TISSUE SUBSTRATES

The biomodification (ie, chemical treatment) of enamel and den-
tin by buffered acids facilitates interdiffussion of resins into the
dental tissue substrates and has been the standard clinical proce-
dure in adhesive dentistry since the 1960s. Acids can remove the
smear layer either completely or partially. This raises the surface
energy of the tissue, alters the mineral content of the substrates,
and the created microretentions can be subsequently infiltrated
by primers and bonding resins. The mechanism of adhesion is
similar for enamel and dentin (ie, a micromechanical entangle-
ment of monomers into the enamel microporosities or collagen
interfibrilar spaces occurs) (Figures 5A and 5B).

ENAMEL

Acid etching of enamel has become a standard procedure for
resin-bonded interfaces because of its demonstrated ability to
obtain an effective micromechanical bond of 20 MPa or more
between resin and tooth enamel!” (Figures 6A and 6B). Note: 19
MPa is considered the minimal clinically acceptable bond strength.
While various studies have been undertaken to improve the depth
of the etched zone or the amount of surface enamel removed during
etching, a 15-second etch with 37% phosphoric acid is generally
sufficient to produce microtags that facilitate the bonding proc-
ess.!” When evaluating restorative success, the marginal integrity
achieved from this enamel acid-etching procedure becomes a pri-
ority, since an intact restorative tooth interface is essential to the
exclusion of bacteria and the interfacial hydrodynamic equilibri-
um of the dentinopulpal complex.

DENTIN

Contemporary bonding philosophies adopt two different adhe-
sive strategies (ie, total-etch and self-etch) for successful bonding
to dentin.'® Both require an understanding of the altered mor-
phology of the dentin and its composition after instrumentation
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FIGURE 5A The SEM of the hybrid layer or resin-dentin interdiffusion
zone shows polymerized resin intermingled with collagen fibers. This view
demonstrates good formation of the hybrid layer in dentin
(courtesy of Dr. Trajtenberg).

DENTAL CHEMISTRY & APPLICATIONS

[ o '8 A —— 18km ) :
JEOW (iskd~ 4321, a8 1T nmy
FIGURE 5B The resin monomer is intimately integrated within the
dentin, forming the resin tags and properly bonding to intertubular dentin
(courtesy of Dr. Trajtenberg).
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FIGURE 6A The SEM shows the depth of the etched zone in enamel for
different acids and concentrations. In this view, the enamel is etched with
20% polyacrylic acid® for 15 seconds (courtesy of Dr. Jorge Perdigdo).

(ie, smear layer), but differ in the method in which it is treated and
the adhesive system utilized. A better understanding of the smear
layer is necessary for a complete evaluation of the two strategies
and their respective adhesive systems.

The smear layer appears on the dentin surface after instrumen-
tation and consists of “altered morphology” and “various particu-
late debris.”'® The debris is burnished against and bound to the
surfaces of the dentin during instrumentation for cavity prepara-
tion. The altered morphology of the dentin includes a roughened,
smeared appearance with obliteration of the tubule orifices. This
may be a result of heat generation and plastic and elastic deforma-
tion of the surface during the cutting procedure.!® 20 The particu-
late debris is composed of saliva, blood, and micro-organisms, as
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FIGURE 6B Enamel from the same tooth as in Figure 5 is etched with 35%
phosphoric acid? for 15 seconds (courtesy of Dr. Perdigdo).

well as ground enamel and dentin? (Figure 7). The thickness of the
smear layer (ie, approximately 0.5 pm to 5.0 pm) depends on the
type of cutting instrument used.?’ Depending on how it is gener-
ated, the surface topography may vary. Diamond burs produce a
rougher surface than carbide burs, and dry cutting produces greater
smearing and roughness than wet cutting??* (Figures 8A and 8B).
The smear layer occludes the dentinal tubules and acts as a “dif-
fusion barrier” that decreases dentinal permeability; it can be
considered an obstruction that prevents resin from reaching the
underlying substrate.??

2 GC Cavity Conditioner, GC America Inc., Alsip, IL
b Keta™ Conditioner, 3M ESPE, St. Paul, MN
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FIGURE 7 The SEM view demonstrates the particulate debris of the
smear layer. Note the composition of saliva, blood, micro-organisms,
ground enamel, and dentin (courtesy of Dr. Perdigao).
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FIGURES 8A AND 8B The SEMs show that diamond burs (top) produce
a rougher surface in comparison to carbide burs (bottom)
(courtesy of Dr. Perdigdo).

TOTAL-ETCH TECHNIQUE
The total-etch technique requires the application of an acid or cal-
cium chelators that decalcify the outer layer of dentin and a sepa-
rate application of a primer and adhesive. The acid-etching process
removes the smear layer and the dentinal tubule plugs, increases
dentinal permeability, and decalcifies the intertubular and per-
itubular dentin (Figure 9). The removal of the inorganic support
(ie, the hydroxyapatite crystals) leaves a network of collagenous
fibrils exposed, which collapses on the deep, undecalcified inor-
ganic dentin support.?4%>

After the conditioner is washed off, a primer containing one or
more hydrophilic monomers is applied. These primer molecules
[ie, hydroxy-ethyl-methacrylate (HEMA), biphenyl dimethacry-
late (BPDM), and 4-methacryloxyethyl trimellitate anhydride (4-
META)] contain two functional groups: a hydrophilic and hy-
drophobic. The hydrophilic group has an affinity for the water
content within the dentin; the hydrophobic group has an affinity
for the resin monomer. The primer wets and penetrates the colla-
gen network. An unfilled adhesive resin is applied to and pene-
trates into the primed dentin, copolymerizing with the primer to
form an interlock with the dentinal matrix. The primary bonding
mechanism of many current adhesive systems, this layer of poly-
merized resin intermingled with collagen fibers has been demon-
strated and previously defined as the resin-reinforced dentin,
resin-reinforced zone, resin-infiltrated layer, or hybrid layer.>42

SELF-ETCH TECHNIQUE
The self-etching primer/adhesive strategy leaves the smear layer in
place. These dentin bonding systems are based on the infiltration
and modification of the smear layer by a weaker acidic monomer
compared to the stronger total-etch counterpart that completely
dissolves it. The objective is to incorporate the smear layer into the
hybridized demineralized dentin. These less acidic, higher pH hy-
drophilic primers penetrate the smear layer and achieve microme-
chanical bonding of the infiltrating adhesive monomers to the
underlying demineralized dentin. This technique allows the simul-
taneous infiltration of the collagen fibers and decalcified tissue to
the same depth in dentin, thus minimizing the risk of not reinforc-
ing part of the demineralized dentin (Figure 10). Additionally, this
prevents the collapse of the collagen fibrils after conditioning and
drying. The resin may slightly infiltrate (ie, 0.1 pm to 0.5 pm) the
smear layer and the dentin and copolymerize.?®

The clinical advantages reported with the self-etch compared to
the total-etch adhesive technique include a simplified protocol and
reduced postoperative sensitivity. However, there is only limited
clinical data on the longevity of the bonds. Self-etch systems do not
require a separate acid-etching step and the washing off of acid.

Self-etch adhesives are less technique sensitive than the acid-etch
adhesives in the categories that follow:

1. The technique sensitivity associated with substrate hydration is
eliminated, since water is a fundamental ingredient of these
self-etch systems, allowing ionization of the acidic monomers
for demineralization of hard dental tissues.?’

2. In comparison to acid-etch adhesives, self-etch adhesives do
not allow a discrepancy between the depth of demineraliza-
tion and the depth of resin infiltration because both processes
occur simultaneously.?®
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FIGURE 9 This SEM shows the decalcification of the outer layer of dentin
from the application of acid (courtesy of Dr. Perdigao).
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FIGURE 11 The SEM reveals a restorative material properly bonded to
enamel and dentin that provides the potential for long-term functional suc-
cess of a tooth and restoration (courtesy of Dr. Perdigdo).

3. Since the smear plugs are not removed before the application
of the adhesive, the potential for postoperative sensitivity is less
than with total-etch adhesives.?8

4. Finally, a dentin primer is required on enamel with multi-bottle
total-etch adhesives and the moist bonding technique. How-
ever, moist bonding is not required for self-etch adhesives. 28

ADHESION AT THE

RESTORATIVE INTERFACE

The word “adhesion” is derived from the Latin roots translating as
“to” and “stick together.” Defined as the “molecular attraction
exerted between the surfaces of bodies in contact,” the force re-
ferred to as adhesion occurs when unlike molecules are attracted.!”
Conversely, cohesion occurs when molecules of the same kind are
attracted. The adhesive, frequently a viscous fluid, is comprised
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FIGURE 10 This SEM shows the simultaneous infiltration of the collagen
fibers while decalcifying the inorganic component to the same depth in
dentin (courtesy of Dr. Perdigao).
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FIGURE 12 The SEM illustrates a restorative material improperly bonded
to enamel and dentin that can result in clinical failure of the restoration
(courtesy of Dr. Perdigdo).

of a material or film that joins together two substrates and solid-
ifies them. The adherend is the material or initial substrate to
which the adhesive is applied.!” In dentistry, a surface sealant
would be defined as a single adhesive “joint,” since only one inter-
face exists. While most adhesive joints involve only two inter-
faces, a bonded composite restoration would be an example of
a more complex adhesive joint.* Ensuring adequate performance
of the adhesive joint requires knowledge and experience in the
types of adherends (ie, enamel, dentin, metal alloy, and compos-
ite material) and the nature of the surface pretreatment or prim-
er. The adhesive, adherend, and surface all impact the durability
of the bonded structure. The mechanical behavior of the bond-
ed structure is influenced by the details of the joint design and
by the way in which the applied loads are transferred from one
adherend to the other. The specific energy of adhesion—defined
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FIGURE 13 This view demonstrates improper integration of resin

monomer into demineralized dentin. Note the separation at the bottom of
the hybrid layer from the demineralized dentin (C=composite; R= bonding
resin; D=dentin; T=resin tag) (courtesy of Dr. Trajtenberg).

by chemical, physical, and mechanical attributes of the substrate
and adhesive—determines the ability to form a joint and the re-
sistance of the joint to failure.* Achievement of such interfacial
molecular contact is a necessary first step in the formation of
strong and stable adhesive joints. Inherent in the formation of an
optimal adhesive bond is the ability of the adhesive to wet and
spread on the adherends being joined. Good wetting usually occurs
with solids that demonstrate high surface energy. Adhesives should
exhibit low viscosities or low surface tension in order to increase
their wetting capabilities.?’

Once wetting is achieved, intrinsic adhesive forces are generat-
ed across the interface through mechanisms of mechanical inter-
locking, adsorption, diffusion, or any one of their combinations.
Mechanical interlocking occurs when adhesive flows into pores in
the adherend surface or around projections on the surface. In
adsorption, adhesive molecules adsorb onto a solid surface and
bond to it. This process may involve the chemical bonding be-
tween the resin (ie, adhesive) and the inorganic or organic ele-
ments (ie, adherend) of the tooth structure. Diffusion involves a
mechanical or chemical bonding between polymer molecules (ie,
resin) and a precipitation of substances on the tooth surface (ie,
adherend). Most often, more than one of these mechanisms play a
role in achieving the desired level of adhesion for various types of
adhesive and adherend.*

The bonded restorative complex includes the outer layers of the
substrate, the adhesive layer, and the restorative material. The lat-
ter, when properly joined to the tooth substrate, is able to provide
an improved marginal seal while reducing marginal contraction
gaps, microleakage, nanoleakage, marginal staining, and secondary
caries.?” The adhesion between tooth and biomaterial also results in
restoration retention and a reduction of stress at the tooth-restora-
tive interface. Biomechanically, this bond reinforces tooth structure
and biologically preserves tissues, seals dentin tubules, and provides
long-term functional success®*-3? (Figures 11 and 12).

The integrity of the hybridized zone is very important for the
longevity of the bond. Any defect below or above the hybrid layer
is critical. These separation zones typically occur below the hybrid
layer as a consequence of excessive water remaining on the tissue,
the “overwet phenomenon,” or improper infiltration of the adhesive
monomer. These defects at the bottom of the hybridized zone can
eventually lead to nanoleakage and failure of the bond (Figure 13).

CRITERIA FOR IMPROVING
ADHESION AT THE INTERFACE
Achieving success with adhesive restorations begins at the restora-
tive interface. A durable interfacial adhesion between the tooth and
biomaterial requires a clean surface of the substrate, a low contact
angle that allows the adhesive to spread over the entire surface of
the substrate, and optimal infiltration of adhesive monomers into
the substrates.

The following treatment strategies are prerequisites for achiev-
ing a durable adhesive interface.

« Utilize dental dam isolation. Contamination of the enamel and
dentin with saliva, moisture from intraoral humidity, blood,
and crevicular fluid can compromise the longevity of the adhe-
sive restoration by affecting the adhesion at the interface and
reducing bond strengths.

Limit the use of astringents or hemostatic agents, caries detectors,
peroxides from bleaching agents, and zinc oxide and eugenol that
can contaminate and reduce the bond strength by 50% or more.**
Manage shrinkage stress at the interface by reducing cavity vol-
ume and intensity of curing lights, selecting low shrinkage
composite resins, and utilizing stress-reducing restorative place-
ment techniques.?

Understand and develop knowledge of the kind of solvent (eg,
water, ethanol, and acetone) in the adhesive and how it affects
the application technique and the necessary moisture content
needed in the dentin.

Evaluate tooth composition during preparation (eg, ground vs.
prepared enamel); dentin that has experienced microstructural
modifications (ie, sclerotic dentin) presents challenges to con-
sistent and predictable bonding.

Preserve marginal integrity during finishing procedures. Fin-
ishing and polishing protocols can influence the longevity of
adhesive restorations by affecting wear resistance.’® Reduced
and/or delayed finishing may help to preserve the marginal
integrity. Avoid aggressive cutting of tooth structure and muti-
lation of margins.

Consider the application of a surface sealant to the interface.
Application of a composite surface sealant after initial finish-
ing may help to seal microcracks or microscopic porosities that
may have formed during the procedure and has been shown to
reduce the wear of posterior composite restorations.?”

Achieve occlusal stability prior to treatment. Interceptive occlusal
equilibration and occlusal guard therapy prior to restorative
treatment can reduce excessive interocclusal loading that can
compromise the dimensional stability of the adhesive interface.

CONCLUSION
Since the initial mid-century discovery and introduction of bio-
modification of dental tissues by Hagger and Buonocore, restorative
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concepts have continued to evolve. The transition from a non-
adhesive mentality of the G.V. Black era to the adhesive era result-
ed in a modification of the restorative mechanical paradigm to a
biologic, minimally invasive approach that preserves tooth struc-
ture. The adhesive design concept requires an understanding of
the biological microstructure of the dental tissues and influences
the preparation design, restorative material selection, and material
placement technique. The last half of the 20th century has evi-
denced two main bonding philosophies that implement biomod-
ification as greatly influenced by the adhesive composition, footh-
surface mechanical treatment (ie, bur, laser, and hand instrument),
and the micromorphology of the dental tissues. This evolution
in surface biomodification has revolutionized the way clinicians
practice restorative dentistry in their offices today.
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