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SUMMARY: The aim of the present in vitro study is to visualize dentin to get an in-depth knowledge of the nature of dentin that
could provide useful information regarding conditioning dentinal substrate when treating dentinal lesions. Forty-nine lextnacted
third molars were obtained and prepared to produce artificial dentinal lesions through demineralizing with acetic addLbd@yam
or lactic acid for 7 days. The teeth were divided into groups and treated with either NaOCI, pepsin, trypsin, or phodpforabain
information on the morphology of the treated dentinal surfaces, all samples were visualized under high resolution fieldemisisig
electron microscope. With high magnification reaching xX50000 dentin was clearly visualized together with its constititest dhe e
various demineralization approaches and various treatment protocols were demonstrated clearly. The relationship betdiéenitige con
procedure steps and the subsequent bond strength was discussed. To our best knowledge, there is no previous clearibijhly magnif
scanning electron microscope images for dentin, and dentinal components and constitutes with and without various treatments. Th
current in vitro study suggests the complexity nature of dentin as a substrate that should be treated carefully espéstdhiquith
sensitive procedures such as adhesive restorations.
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INTRODUCTION

The essential goal of any adhesive restoration is to ~ Dentin crystallites are well known to be smaller
achieve a durable restoration with adequate mechani¢blikiforuk, 1985; ten Cate, 2001) and less systematically
properties together with long-lasting seal to enamel adiented (LeGeros, 1990) than enamel crystallites, resulting
dentin (Perdigao, 2020). While bonding to enamel b an increased surface area and rapid dissolving rate under
micromechanical interlocking of resin tags within the arragcid attacks (Ostrom, 1980). Organic Dentin material
of microporosities in acid-etched enamel can be reliabgontains 90 % collagen and 10 % non-collagenous
achieved and can effectively seal the restoration margigempounds (NCC) (Heinrich-Weltzien & Kneist, 2001).
against leakage, bonding effectively and durably to orgarféollagen type | is the predominant collagen in dentin (89
and humid dentin is a challenging task in adhesive dentistf§), type I trimer is 11 % and 1 % is of types I, V, VI
(Perdigao, 2020). (Heinrich-Weltzien & Kneist, 2001). Dentin collagen which

constitutes 90 % of dentin organic matrix forms a fibrous

Tooth enamel is a complex mineralized tissue consigiyree-dimensional network which remineralizes to provide
of 96 % inorganic and 4 % organic and water contenfjeé fundamental building blocks of dentin (Baloattal,
comprising of long and parallel apatite crystals configured004). Dentin cellular and extra-cellular proteins are
into decussating enamel rods (Pandya & Diekwisch, 201®ynthesized, controlled and secreted by the odontoblasts
On the other hand, dentin is a more complex dental substré&®ldberg & Smith, 2004). Those odontoblastic cells located
consists of 70 % inorganic phase in which carbonatéd the periphery of the dental pulp possess odontoblastic
calcium phosphate micro-crystals are located within g@itocesses arise from the cell body of the odontoblasts and
organic matrix that forms 20 % of dentin, the remainder J@enetrates into the mineralized dentine (Arana-Chavez &
% is water (Leest al, 2022). Massa, 2004). The odontoblastic processes traverse dentin
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contained in dentinal tubules, in which these dentinal tubulesvay from the pulp. Each half was divided into four slices
decrease in diameter and number in the direction of tparallel to the long axis of the tooth and extends from the
amelodentinal junction away from the pulp (Ostrom, 1980niddle of the tooth to the outer enamel with a thin saw
Heinrich-Weltzien & Kneist, 2001). Dentin that lines themicrotome (Leica SP 1600, GmbH, Nuf3loch, Germany)
inner walls of the tubules is called intra-tubular dentin aunder tap water.
peri-tubular dentin, while dentin in between these dentinal
tubules is called inter-tubular dentin (Luuké&bal.,, 2011). Except for twenty halves (fiieeth), all other dentin
exposed surfaces were polished flat with water proof silicon
Carious process is initiated by demineralization aofarbide abrasive paper (P500-grit) with a Leco VP 100
the mineral phase followed by the breakdown of the organiGmbH, Neuss, Germany) device. Subsequently they were
matrix (Abou Neelet al, 2016). The organic material in polished using wet polishing paper with silicone paste of
dentin is protected by the hydroxyapatites so that neithpolycrystalline diamonds of size 9 mm (DAP-7, Struers,
the bacterial nor the endogenous proteolytic enzymes ha@epenhagen, Denmark).
access to the organic matrix without dissolving the apatite
crystals first (Dunget al, 1994). As mentioned earlier the Dentin surfaces together with the surrounding
organic matrix of dentin is composed of 90 % collagen aniechnovit were covered with two coats of nail varnish to
10 % non-collagenous compounds (NCCs). avoid the penetration of the solutions’ molecules in any
marginal gaps that could exist between the tooth and the
Bonding of restorative material to dentin and it@crylate, leaving one window of exposed mid-coronal dentin
subsequent durability and success is highly affected Ipgr slice. Adhesive paper was cut into 1x1.5Ynpieces
several factors such as the tooth substrate to be restored athe attached to the dentin surfaces before applying the nail
restorative material, patient-factors, and operator-factorsvarnish to standardize the window. Two of the four exposed
surfaces were perpendicular to the dentinal tubules and the
The aim of thisn vitro study to visualize dentin under other two were parallel to the tubules. The samples were
Field Emission Scanning Electron Microscope (FE-SEMhen kept in air for about fifteen minutes to allow the nail
to get closer knowledge that could provide us with usefuhrnish to dry. After the removal of the adhesive strips each
information regarding conditioning dentinal substrate whemindow was etched for 20 s with 37 % phosphoric acid gel
treating dentinal lesions. (Total etch, Ivoclar Vivadent GmbH, Schaan, FL) to remove
the smear layer, except for sixteen slices (two teeth) perpen-
dicular to the dentinal tubules were kept without etching.
MATERIAL AND METHOD Successive steps of the preparation of the slices are
schematically shown in Figure 1.

Sample Preparation: Fourty-nine extracted human third (4, @) @) @)
molars were obtained and used within 8 months of extractic Q '*
After extraction teeth were immediately stored at roor - - U "a@ b

temperature in Ringer solution to which sodium-azide we

added to prevent bacterial growth. All teeth were clinicall —
sound and they were carefully observed for caries, abrasic s, ® ” |

or any mechanical traumas. Teeth were cleaned with atoi < 3-- %2352 =22

. . . A pE——, (e 7

bru_sh aldeq sometimes _W|th a scalpel to remove tl__-%--i- QN ET_. |

periodontal ligament and inter-crestal bone remnants a

rinsed under running tap water. Fig. 1. A schematic drawing illustrating the slice preparation. (1)

Caries free molar. (2) The root was abraded short below the ce-

The roots were cut 1.5-2.0 mm below thamento-enamel junction and the tooth was cut longitudinally from

cementoenamel junction. The teeth were then embeddbgmiddle. (3) The occlusal part of each half was removed to expose

individually in transparent cold-curing methylmethacrylat€€ep dentin. (4) a. longitudinal section of one half of the crown

(Technovit 4004, Kulzer GmbH, Wehrheim, Germany). -I—after the oc_clusal part_ was removed, b. cross section. (5) Each half

expose mid-coronal dentin each tooth was sectioned paralYég sliced into four slices (1, 2, 3, 4) and (5, 6, 7, 8). (6) Each slice

it | . hal . | d entin was prepared separately in which the close related slices
to its long axis into two halves using a slow spee Watq‘\’éd comparable windows. (7) One window per slice was prepared

cooled diamond saw (Isomet, Beuhler, lllinois, USA), thgarajiel to the dentinal tubules (slices 1, 2, 5 and 6) and slices 3, 4,

occlusal part of each half was then removed by a cut pgrand 8 were prepared with the windows perpendicular to the
pendicular to the long axis of the tooth and 1.5-3.0 maentinal tubules.
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Lesion formation: 256 slices (32 teeth) were immersed irCacodylateuffer pH 7.4, then immersed in 50 % alcohol for
80 ml of 0.5 M acetic acid (pH 5) for 7 days (n= 216), and0 min, subsequently in 70 %, 80 % and 90 % alcohol, each
14 days (n= 40). The demineralization process was alwalgs 20 min, and they were kept finally overnight in 96 %
with agitation of the solution with 150 rpm at°®7(Forma alcohol. According to Perdigaat al (1995) samples were
Orbital Shaker, Thermo Electron Corporation, Ohio, USAput in Hexamethyldisilazane for 10 min and air dried at room
with 20 ml per slice. The demineralizing solutions weréemperature. Each sample was then fixed with carbon paste
refreshed each three days to avoid changes of the soluticorsthe SEM sample holder. Gold sputtering was done for 1
pH of more than half a pH unit. min, with 1.0 kV, 0.3 mbar and 40 mA (Edwards Sputter
Coater S150B, Sussex, UK) and the pictures were then made
64 slices (8 teeth) were immersed in 80 ml of 1.0 Mvith a Leo FE-SEM (Leo DSM 982, Carl-Zeiss NTS GmbH,
lactic acid (pH 4) for 7 days with agitation of the solution a®berkochen, Germany).
in the acetic acid demineralization. The purpose of this par-
ticular lactic acid demineralization protocol is to expose sin- Throughout the whole experimental procedure care
gular naked collagen fibers without extrafibrillarwas taken to avoid dentin desiccation particularly after the
mineralization. lesion was formed to avoid collapsing of the demineralized
collagen fibrils. Exposing the demineralized fibrils to air
Various treatments: 32 slices (4 teeth) were treated withdrying before critical point drying would lead to collapsed
aqueous Sodium Hypochlorite (NaOCI) after 7 days acetiollagen fibrils and proteinaceous precipitates which would
acid demineralization: Each slice was incubated in 1.5 miask the accurate morphological appearance of the surface.
of 2.5 % of sodium hypochlorite for 5 min at 32 with
agitation 150 rpm. The slices were then washed with distilled Two teeth (16 slices) were intentionally kept dry after
water at £C. lesion formation to examine it under FE-SEM to visualize
collapsed dentin collagen fibers.
32 slices (4 teeth) were treated with 1.5 ml of pepsin
(pepsin from hog stomach, 77152, Fluka, Biochemika,
Sigma-Aldrich, Steinheim, Germany) (1 mg/1 ml 0.01 MRESULTS
HCI pH 2) for 5 min, at room temperature, after 7 days lactic
acid demineralization. Only half of the slices (n= 16) were
then rubbed with a micro brush. The slices were then washegctured dentin surface: As shown in Figures 2a and 2b
with 0.2 M HCl tris buffer pH 8.6 at4C to stop the reaction the fractured dentinal surfaces which are perpendicular to
and then washed with distilled water &Gl dentinal tubules and Figures 2c and 2d in which the fractured
dentinal surfaces are parallel to dentinal tubules, all figures
32 slices (4 teeth) were treated with 1.5 mg trypsidemonstrate typical sound dentin structure composed of
(trypsin from hog pancreas, 93614, Fluka, Biochemikanineralized inter-tubular dentin in which hydroxyapatites
Sigma-Aldrich, Steinheim, Germany) in 1.5 ml of 50 mMcompletely cover the collagen network fibers. Dentinal
HEPES buffer (50 mM HEPES, 5 mM CaCl2.H20, 0.15 Mubules are patent with peri-tubular dentin lining the inner
KCI, 5 mM sodium azide), pH 7.4, at 3C, with 150 rpm, walls of the tubules scattered within dentin.
for 10 min, at room temperature, after 14 days acetic acid
demineralization. The slices were then washed with distillddlemineralized dentin surface:One-week acetic acid
water at 4°C. demineralized dentinal surfaces (horizontal slices) which are
perpendicular to dentinal tubules as shown in Figures 3a to
32 horizontal slices (4 teeth) were not demineralize8d demonstrate partial demineralized dentin. Dentinal
and they were etched with 37 % phosphoric acid gel (Totaibules are patent and lack peritubular dentin which was
etch, lvoclar Vivadent GmbH, Schaan, FL) for 20 seconddissolved and demineralized. Hydroxyapatites scatters
Four slices were then rubbed after etching with micro brustovering the collagen network are clearly visible. Intact
and the other four were kept without brushing to serve asllagen fibers are shown clearly in some areas which were
control. totally deprived of inter-tubular mineralization, in which
extrafibrillar and intrafibrillar mineralization protected
Field Emission-Scanning Electron Microscope (FE-SEM): collagen fibers structural integrity from denaturation and
To obtain information on the morphology of thedestruction (Fig. 4). Surface precipitates which are thought
demineralized dentin surfaces, a high-resolution FE-SEM be remnants of dissolved minerals with NCPs (non-
was used. Samples were fixed in 0.25 M Glutaraldehyde éollagenous proteins) are scattered on the dentinal surfaces.
0.1 M Cacodylatebuffer pH 7.4 for 1 h, washed with 0.1 Mlthough no attempts were made to qualify these precipitates

197



AL-ASMAR, A. A. Clinical implementation of comprehending dentin on a microscopic lexell. Morphol., 41(1195-209, 2022.

10KV

TEONRHMG .

T1DCHRHM .TIF

Fig. 2. (A) The horizontal fractured surface of sound dentin (x5000). (B) The horizontal fractured surface of sound ded@in (£)0
The vertical fractured surface of sound dentin (x3000). (D) The vertical fractured surface of sound dentin (x10000).

in the present study, Figures 5a to 5d demonstrate the  Odontoblastic processes were clearly visible
similarity of these precipitates in comparison to enamekojecting from dentinal tubules and traversing them in most
hydroxyapatite at a higher magnification. of the slices as demonstrated in Figures 8a and 8b.

There was no difference in the morphologicaContaminated demineralized dentin surfaceAs shown
appearance of the lesions which were formed perpendidn-Figures 9a to 9d sound dentinal surfaces could be easily
lar to the dentinal tubules and those which were parallel tontaminated during preparation procedures with various
the dentinal tubules. However, the intermolecular crossecci bacteria. No attempts were made to classify those
links banding with periodicity of 62 nm were clearly visi-bacteria.
ble in the slices where windows were made parallel to the
dentinal tubules because the exposed deep inter-tubuGymponents of partially demineralized surface:Non
collagen between the cut tubules lacked the heawyform demineralization was amazingly demonstrated on
precipitates that covered the superficial inter-tubulghe surface of some samples in which all components of
collagen (Fig. 6). Naked inter-tubular collagen fibers at thgentin substrate were clearly visible in a magnificent sharp
edge of the cut deprived of surface precipitates were alskear unique image (Figs. 10a to 10c). Areas of
clearly visible (Figs. 7a and 7b). hydroxyapatite crystals completely covering collagen fibers
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network adjacent to areas where the collagen networklack extrafibrillar minerals but contain intra-fibrillar
uncovered and lack inter-tubular crystallized mineralsrystals. Denaturated collapsed collagen fibers were torn
Intact single collagen fibers which are enclosed witbutand odontoblastic processes projecting from dentinal
extrafibrillar minerals with other intact collagen fibers thatubules.

T 1imn E 10kU 11mm
ACET1RO.TIF ACET1R3.TIF
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x10000 <V 1imm 20C 10kV 10mm
=212 x 312 CET1R10.TIF X 212 PAZC4 .TIF

Fig 3. (A) The horizontal partially demineralized dentinal surface (x3000). (B,C) The horizontal partially demineraliz€s TRODID).
(D) (x20000).
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Fig. 4. Intact collagen fibers deprived of inter-tubula

mineralization, in which extrafibrillar and intrafibrillar |
mineralization protected collagen fibers structural integrity fronf?
denaturation.

r

Collagen fibers exposure after lactic acid
demineralization: In an attempt to completely demineralize
dentin and expose collagen fibers, lesions were produced
with lactic acid for two weeks. Completely demineralized
peritubular and inter-tubular dentin was clearly demonstrated
as naked collagen fibers were shown deprived of any extra
and intrafibrillar apatite crystals (Figs. 11a to 11c).

Collapsed collagen fibers:On the other hand, collapsed
demineralized collagen fibers were shown in Figure 12 as
unidentified structure.

Sodium hypochlorite (NaOCI) treated surfaces:Slices
which were treated with 2.5 % of NaOCI for 5 min showed
different surface properties in which all surface precipitates
and demineralized collagen fibers were digested. Partially
demineralized dentin fibers were completely covered with
ter-tubular dentin minerals and just the peritubular dentin
was dissolved incompletely (Figs. 13a and 13b).

51 = ] E raret ol

Fig. 5. (A,B) Demineralized enamel after 1 week of acetic acid demineralization (x2000) (x5000). (C) Demineralized enayegbhtitiro

(x50000). (D) Precipitates at dentin surface after 1 week of acetic acid demineralization (x50000).

200



AL-ASMAR, A. A. Clinical implementation of comprehending dentin on a microscopic lexell. Morphol., 41(1195-209, 2022.

Pepsin treated demineralized dentin surface with and
without brushing: After demineralizing dentin surfaces for

7 days with lactic acid, pepsin enzyme in its buffer was added
for 5 min. As it is shown in Figures 14a to 14d surface
precipitates completely covered the demineralized surface.
No attempts were made to qualify these precipitates. Half
of the slices (n= 16) were then rubbed with a micro brush
for several seconds after the pepsin treatment and as Figu-
res 15a to 15d showed the surface precipitates were
completely digested and removed leaving behind partially
demineralized dentin surface. Dentinal tubules were patent
and inter-tubular dentin was semi-permeable where collagen
fibres were covered with mineral hydroxyapatites.

Fig. 6. The banding pattern was clearly visible at the collagen
fibers when the surface layer was removed (x50000).

Fig. 7. (A) At the edge of the lesion and under the surface precipitate the demineralized collagen fibers were clearly
visible (x5000). (B) A higher magnlflcatlon of the demlnerallzed peri- and |nter-tubular dentin (xlOOO)

T
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Fig. 8. (A) Odontoblastic processes emerging from demineralized dentinal tubules (x500). (B) Demineralized peritubular
and inter-tubular dentin exposing collagen fiber network with odontoblastic processes clearly visible emerging from
patent dentinal tubules (x5000).
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Fig. 9. (A) Bacterial contamination throughout the experimental procedures (x5000). (B) Another specimen contamination(&L0000)
Bacteria embedded in inter-tubular dentin (x20000). (d) Bacterial contamination during remineralization experiment (x5000).

51 ' EPZE-Z53 T I = Epe- g e

Fig. 10. (A) Partially demineralized dentin surface with all components of dentin substrate visible (x2000). (B) (x500D00¢D) (

Trypsin treatment after 14 days demineralization: After ~ processes were demonstrated clearly. Partially demineralized
demineralizing dentin surfaces for 14 days with acetic acithter-tubular dentin with minerals covering most of the collagen
trypsin enzyme in its buffer was added for 10 min. As it ifiber network were also clearly visible, with some collagen
shown in Figures 16a to 16d patent dentinal tubules wifibers either deprived of extrafibrillar mineralization or covered
dissolved peritubular dentin and projecting odontoblastic a singular pattern with extrafibrillanineralization.
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Fig. 11. (A) Cross sectional completely demineralized peritubular and inter-tubular dentin, naked collagen fibers depyivedraf a
and intrafibrillar apatite crystals (x5000). (B) Longitudinal sectional completely demineralized peritubular and intedéuitinl&x10000).
(C) Naked collagen fibers deprived of any extra and intrafibrillar apatite crystals (x30000).

Non-etched and etched surfaces with and without
brushing: Slices which were not etched, the smear layer
was covering the dentin surface together with the dentinal
tubules and are represented by Figures 17a and17b. Etched
surfaces which were treated with 37 % phosphoric acid gel
for 20 sec without brushing the surface are represented by
Figure 17c in which some of the dentinal tubules are patent
and some are covered with smearing, with surface smearing
partially presented covering inter-tubular dentin. Etched
surfaces which were agitated during the 20 sec using micro
brush are represented by Figure 17d in which dentinal tubules
are patent and inter-tubular dentin is exposed and uncovered
with smear layer.

1O wm o - kU 1 Lmm
ENZTYHES
EPZS4 .TIF

Fig. 12. Collapsed dentin collagen fibers in partially demineralized
dentin surface which was kept dry after lesion formation (x3000).

Gmm

1Ok
PHSHAT TIF

Fig. 13. (A) Partially demineralized dentin covered with inter-tubular dentin minerals and just the peritubular dentimlved disen
treated with 2.5 % NaOCI treated surfaces for 5 min (x5000). (B) (x10000).
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Fig. 14. (A) Pepsin
treated surface of lactic
acid demineralized
dentin with surface
precipitates completely
covering the
demineralized treated
surface (x5000). (B)
(x10000). (C) (x20000).
(D) (x30000).

Fig. 15. (A) Rubbing the
surface after pepsin
treatment of lactic acid
demineralized dentin re-
moved surface
precipitates exposing
demineralized inter-
tubular dentin with patent
dentinal tubules (x5000).
(B) (x10000). (C)

(x20000). (D) (x30000).
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Fig. 16. (A) Trypsin
treated demineralized
dentin surface with
partially demineralized
inter-tubular dentin and
completely
demineralized
peritubular dentin, with
singular collagen fibers
covered with
extrafibrillar
mineralization showing
in some areas (x5000).
(B) (x10000). (C)
(x20000). (D)
(x30000).

Fig. 17. (A,B) Smear
layer covers dentin
surface (x5000). (C)
Etched surface with 37
% phosphoric acid gel
without brushing the
surface partially
covering the dentin
surface (x5000). (D)
Etched surface with
agitation during the
etching period using
micro brush exposed
dentinal tubules and
inter-tubular dentin
(x5000).
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DISCUSSION of solubilizing dentin collagen (Van Strigt al, 1992).
Lactic acid is a stronger organic acid (Featherstone &
Rodgers, 1981), although it did not show capability of
In the present study we aimed to visualize dentinalenaturating human dentin collagen after short incubation
lesions to get closer knowledge that could provide us witteriods (Dunget al, 1994). However, it is suggested that
useful information regarding conditioning dentinal substratgentin collagen is likely to denaturate during long-term acid
when treating dentinal lesions. exposure (Klont & ten Cate, 1991; Kle&ral, 1998). Both
acids are well known to be produced in major proportions
It is now well documented that dentinal carioudy dental plaque and play an important role in carious dentin
lesions consist of two layers, that differ in their microscopi(Featherstone & Rodgers, 1981; Hejoal, 1991).
structure and biochemical and physiological characteristics
(Shimizuet al, 1981). Superficial infected layer which The surface of the demineralized human dentin
should be removed completely due to several reasons whi&dmples after 7 days of demineralization, as shown in the
were described in details in literature, and inner affected lay®EM pictures, were similar for both acetic and lactic acids.
which could be left behind during excavation before restoririgue to its lower content of collagen, the peritubular dentin
the tooth due to multiple factors which can be summarizésl harder than inter-tubular dentin and therefore is more
as follows: quickly dissolved in acid than inter-tubular dentin, thus
enlarging the orifices of dentinal tubules (Luulkdal,
1. The inner layer was considered as a partially demineralizZ2011).
but otherwise morphologically intact dentin that
demonstrated similarity between collagen fibers of this Inter-tubular collagen fibers were partially
layer and sound dentin with characteristic cross-links amttmineralized and surface precipitates were formed. The
regularly arranged fibrils. triple-helix of collagen fibrils is resistant to most proteases
2. The numbers of viable microbial cells in this affected layemnd its degradation is initiated by cleavage of the three
are less than 0.1 % of those in the infected one. forming polypeptide chains (Brodsky & Ramshaw, 1997)
3. This layer is physiologically re-mineralizable due to thas a result of proteolytic enzyme activity. The triple-helix
following structural, biochemical and physiologicalof the undenaturated collagen is considered to be resistant
characteristics: to degradation by enzymes other than collagenases (Klont
et al, 1991). Therefore pepsin, which is a carboxylic
1. Collagen fibers in this layer are demineralized but n@rotease, is expected to act only on the non-helical and
denaturated in which the extrafibrillar minerals that li@lenaturated collagen segments (Kleteal, 1997; Tonami
within the interstitial spaces separating the fibrils wer& Ericson, 2005). Our results, as shown in the SEM
dissolved. These minerals are suggested to form the mapactures, indicated the capability of pepsin to remove a lot
portion of the mineral phase. On the other hand, thef the surface precipitates. Thus, large proportions of these
intrafibrillar minerals which are confined within or precipitates are thought to be denaturated collagen fibers.
immediately adjacent to the gap junctions of the collagedur hypothesis is supported by previous observations that
were not affected. Consequently, the internal structure tife same enzyme preparation was incapable of removing
the fibers was not destructed or degenerated. these surface precipitates when the demineralizing pre-
2. The phosphophoryns are in the phosphorylated insolultieatment was acetic acid and not lactic acid. It is known
bounded form and covalently cross-linked to the collagethat acetic acid lacks the potential to solubilize either dentin
so they are able to bind calcium and initiate crystalollagen (Van Strijeet al,1992) or dentin phosphorylated
nucleation and hydroxyapatite formation. phosphoprotein (Klont & ten Cate, 1991). Consequently,
3. Residual crystals and calcium ions are found in this layeve suggest that the surface layer precipitates at the lactic
4.0dontoblastic processes which contribute to recalcificati@cid demineralized dentin surfaces is formed due to two
are living. steps. First the acid diffuses in an un-uniform pathway
leaving remnants of hydroxyapatite at the surface together
Through imaging dentin utilizing FE-SEM with high with calcium and phosphate reprecipitations (Moreno &
magnifications we could visualized sound healthy dentidahradnik, 1974; Featherstoreal, 1983; Fejerskoet
clearly, so we can use it as a baseline reference to othér 2003). Second the degraded denaturated collagen fibres
images during modeling artificial lesions with both acetitogether with the released NCCs remain in the
and lactic acids, with various treatments. demineralized tissue (Klont & ten Cate, 1990). Moreover,
it was argued that mineral precipitates from the
Acetic acid is a weak organic acid that is incapabl@emineralizing solutions could also form some of these

206



AL-ASMAR, A. A. Clinical implementation of comprehending dentin on a microscopic lexell. Morphol., 41(1195-209, 2022.

surface precipitates due to the high similarity between the Our study through clearly visualizing dentin under
morphology of the surface precipitates and the morphologgveral conditions using high magnification FE-SEM images
of demineralized enamel hydroxyapatites as shown in cemphasize the followings regarding adhesive dentistry:
SEM images in the current study.
1. When etching dentin surface, timing is very crucial sense
Trypsin was used in comparison to pepsin, it is atoo much demineralizing will negatively affect the
serine protease that is also able to digest denaturatedubsequent bonding. The micro tensile bond strength tests
collagen, but at a neutral pH 7.4 (Klet¢al, 1997). Again, showed lowered bond strength between resins and
peritubular dentin was dissolved and inter-tubular dentindemineralized dentin (Fuentes al, 2004; Hareet al,
was partially demineralized with extrafibrillar covered 2004; Nakajimaet al, 2005). The bonding quality will be
collagen fibers remained intact without degradation severely altered, due to lack of tag formation, loss of the
(Brodsky & Ramshaw, 1997) resisting the proteolytic mineral support resulted in low mechanical properties and
enzyme activity (Klonet al, 1991). collagen matrix collapsing and improper resin infiltration
(Haraet al, 2004; Nakajimat al, 2005). Consequently,
NaOClI is a nonspecific proteolytic agent which is there will be no hybrid layer formation which is the basic
used widely in various dental procedures (Marsbigll, mechanism of resin-dentin bonding through the resin and
2001). It was introduced as a chemomechanical method t@ollagen fibril network molecular interlocking (Prati
remove carious dentin after mixing it with three amino acidsal., 1999). Despite the extensive and abnormal
in the CarisolvTM system. It was reported that these aminointerdiffusion at the resin-dentin interface (Hataal,
acids are responsible for the selective carious dentin tissu€004) the collapsed collagen fibers in the inter- and intra-
removal observed with the Carisolv system in comparisondemineralized dentin prevented the monomers from
to the pure NaOCI (Tonarst al, 2003). In our study 2.5% penetrating and complete infiltrating within the dentinal
of pure NaOCI was chosen to study the extent of its effect atayer (Fuentest al, 2004; Piemjaét al, 2004). This has
both demineralized and denaturated dentin. Our results werds vital clinical implication, in which the sealing quality
in agreement with Hannig (1999). NaOCI effectively remo- is impaired and microleakage can take place due to the
ved both the denaturated and demineralized dentin layersnicroscopic voids between the collagen fibrils which were
for demineralized surfaces. There were no single mineralizedeft by the incomplete diffusion of the adhesive monomers
collagen fibers at the surface after NaOCI treatment. Thes€Fuenteset al, 2004; Hareet al, 2004; Piemjakt al,
results suggest that extrafibrillar mineralization could not 2004). This leads to the so called nanoleakage (Efrati
resist the NaOCI action. al., 1999; Hashimotet al, 2004; Nakajimat al, 2005),
which is exposed unprotected collagen beneath the resin-
An exhausting literature studies assume thatdentine zone which adds to the micro leakage (Pieghjai
elimination of the harmful microbial mass at the lesion al., 2004). This naked unsupported collagen is a weak link
surface would permit the underlying layer to heal gradually at the bonding interface because it is liable for hydrolytic
through the biological properties of the tissue after sealingor/and proteolytic degradation by bacterial enzymes or/
it with a restorative material, at the same time they preserand host-derived matrix metalloproteinase (Fuegitas,
ve the remineralizable tissue, maintain the pulp vitality by 2004). On the other hand, this apatite depleted collagen
avoiding its exposure and arrest caries progressiorzone has a low modulus of elasticity; therefore, it
(Ostrom, 1980; Nikiforuk, 1985; McComb, 2000; undergoes more strain than the hybrid layer overlying it
Heinrich-Weltzien & Kneist, 2001; Fejerskeval, 2003). (Yang et al, 2005). This in return largely controls the
However, the restorative material interacts with the toothstrength, quality, durability and longevity of the bond (Prati
tissue in many different ways in which sealing propertieset al, 1999; Fuentest al, 2004; Hara&t al, 2004; Piemjai
are considered to be the most important properties iret al, 2004; Nakajimat al, 2005; Yanget al, 2005).
preventing caries progression or/and recurrent caries
(Ostrom, 1980; Mertz-Fairhurst al, 1998; Heinrich- 2. The rubbing action using micro brush during the etching
Weltzien & Kneist, 2001; Maltet al,, 2002; Fejerskoet procedure can be highly effective due to its ability to detach
al., 2003; Kidd, 2004). It is worthwhile to mention here the smear dissolved layer from the underlying
that although secondary caries is the most common causgemineralized layer which in return will make it easier to
of restorative failure (Splietht al, 2003), the imperfect be removed during the washing phase. Eventually, this
seal is claimed to be the most important etiological factorsimple timeless step may significantly enhance bonding
behind recurrent caries (Bjorndetl al, 1997; Heinrich-  strength and hybrid layer formation through better
Weltzien & Kneist, 2001; Fejerskost al, 2003; Kidd, infiltration and tag formation (Irmadt al,, 2018; Kharouf
2004). et al, 2020; Saikaewt al, 2022).

207



AL-ASMAR, A. A. Clinical implementation of comprehending dentin on a microscopic lexell. Morphol., 41(1195-209, 2022.

3. The drying approach has a high impact on the successREFERENCES
the subsequent bonding. It is necessary to maintain etched
dentin moist to preserve demineralized collagen

interfibrillar spaces prior to hybridization (Stapeal,  Abou Neel, E. A ; Aljabo, A ; Strange, A.; Ibrahim, S.; Coathup, M.; Young,
2021). The inability of resin-solvent blends to re-expand A. M.; Bozec, L. & Mudera, V. Demineralization—remineralization

dried collapsed collagen limits the dry-bonding approach dynamics in teeth and boriat. J. Nanomed., 14743-63, 2016.

: Arana-Chavez, V. E. & Massa, L. F. Odontoblasts: the cells forming and
(Pashleyet al, 2007; Manscet al, 2008). Thus, dry maintaining dentindnt. J. Biochem. Cell. Biol., 36(8367-73, 2004.

bonding negatively affected resin-dentin bond strength asdiooch, M.; Balooch, G.; Habelitz, S.; Marshall, S. J. & Marshall, G. W.
hybrid layer stability, and produce inferior outcomes in Intrafibrillar demineralization study of a single human dentin collagen

terms of micro tensile strength, nanoleakage, and fibrils By AFM. Mat. Res. Soc. Symp. Prqc:, 82/511-W_615,‘2004_1.
hvbridization compared to moist dentin aporoach (bIOB[|ornda|, L.; Larsen, T. & Thylstrup, A. A clinical and microbiological
y p pp study ofdeep carious lesions during stepwise excavation using long

drying) to avoid collagen collapse (Pashétyal, 2007; treatment interval<Caries Res., 3411-7, 1997.
Stapeet al, 2021). Brodsky, B. & Ramshaw, J. A. M. The collagen triple helix structdegrix
Biol., 15(8-9)545-554, 1997.
Dung, S. Z,; Li, Y.; Dunipace, A. J. & Stookey, G. K. Degradation of inso-
luble bovine collagen and human dentine collagen pretr@atétio
CONCLUSION with lactic acid, pH 4.0 and 5.Brch. Oral Biol., 39(10p01-5, 1994.
Featherstone, J. D. B. & Rodgers, B. E. Effect of acetic, actic and other
organic acids on the formation artificial carious lesidbaries Res.,
15:377-385, 1981.

. To ou_r_best knOWquge’ there is ”9 previous C_Ie%reatherstone,.). D. B.;ten Cate, J. M.; Shariati, M. &Arends, J. Comparison
highly magnified FE-SEM images for dentin, and dentinal of artificial caries-like lesions by quantitative microradiography and

components and constitutes with and without various microhardness profile€aries Res., 1385-391, 1983. .
treatments. The curreintvitro study suggests the complexity Fejerskov, O.; Nyvad, B.; Kidd, E.A.M. (EdDental Caries: The Disease

. d its Clinical M New York, Wiley, 2003. pp.71-96.
of dentin as a substrate that should be treated carefufllye?:es'sv_ gg@uognf‘geo";i‘;ioeg _()Troledéﬁg M.: Ca?rr\)/alho R M &

especially with technique sensitive procedures such as pashley, D. H. Tensile strength and microhardness of treated human

adhesive restorations. dentin.Dent. Mat., 26622-9, 2004.

Goldberg, M. & Smith, A. J. Cells and extracellular matrices of dentin and
pulp. A biological basis for repair and tissue engineel@rg. Rev.

. — Oral. Biol. Med., 15(1)13-27, 2004.

AL-ASMAR, A. A. Implementacion clinica de la comprension de I34annig, M. Effect of carisolv TM solution on sound, demineralized and

dentina a nivel microscopictnt. J. Morphol., 41(1)195-209, 2022. denatured dentin - An ultrastructural investigatdin. Oral Investig.,
3:155-9, 1999.

RESUMEN: EI objetivo del presente estudio vitro fue  Hara, A. T.; Queiroz, C. S.; Giannini, M.; Cury, J. A. & Serra, M. C.
visualizar la dentina para obtener un conocimiento completo de la na- Influence of the mineral content and morphological pattern of artifi-
turaleza de ella lo que podria proporcionar informacion til sobre el cial root caries lesion on composite resin bond strefgihJ. Oral.
acondicionamiento del sustrato dentinario en el tratamiento de lesjo- SC» 11267‘_72' 2004. _ _ _ _ o
nes dentinarias. Se obtuvieron 49 terceros molares humanos extram%sé;'mom’ M.; De Munck, J.; lto, S.; Sano, H., Kaga, M.; Oguchi, H.;

. . . e . an Meerbeek, B. & Pashley, D. th vitro effect of nanoleakage
yse prepargron Para prgd_ucw Ie%K_mes dentinales z,artlflualle's me,d'a_nteexpression on resin-dentin bond strengths analyzed by microtensile
desmineralizacion con &cido acético por 7y 14 dias, o acido lactico yonq test, SEM/EDX and TENBiomaterials, 25(255565-74, 2004.

por 7 dias. Los dientes se dividieron en grupos y se trataron con NaQfglinrich-Weltzien, R. & Kneist, Deep CavitiesIn: Albrektsson, T.;
pepsina, tripsina o acido fosforico. Para obtener informacion sobre la Bratthall, D.; Glanz, P. O. & Lindhe, J. T. (Eds.). Tissue Preservation
morfologia de las superficies dentinarias tratadas, todas las muestrasn Caries Treatment. London, Editorial:Quintessence, 2001. pp.264-
se visualizaron bajo un microscopio electrénico de barrido de emisién 8.
de campo de alta resolucién. Con un gran aumento que alcanzé x506009. S.; Takahashi, N. & Yamada, T. Acid profile in carious detin.
la dentina se visualiz6 claramente junto con sus componentes. Se deDent. Res., 70(3)82-6, 1991.
mostré el efecto de varios enfoques de desmineralizacién y varios gFgiak: O-: Yaman, B. C.; Orhan, E. O.; Ozer, F. & Blatz, M. B. Effect of

) ; - - rubbing force magnitude on bond strength of universal adhesives
tocolos de tratamiento. Se discutié la relacion entre los pasos del pro- Y

o . . . "~ applied in self-etch mod®ent. Mat. J., 37(1)39-45, 2018.

cedimiento de acond|C|onam|e_nto,y la subsiguiente _fuerza d_e UNiQharouf, N.; Mancino, D.; Rapp, G.; Zghal, J. Arntz, Y.; Haikel, Y. &
Hasta donde sabemos, no hay imagenes claras previas de MICrosCopiReitzer, F. Does etching of the enamel with the rubbing technique
electronico de barrido altamente ampliadas para la dentina y 10s com-promote the bond strength of a universal adhesive sydte@otemp.
ponentes y constituyentes de la dentina con y sin diferentes tratamien-Dent. Pract., 21(101117-21, 2020.
tos. El estudidn vitro actual sugiere la naturaleza compleja de la derikidd, E. A. M. How “clean “must a cavity be before restoratoartes.
tina como sustrato que debe tratarse con cuidado, especialmente efies., 38(3B05-13, 2004.

los procedimientos sensibles a la técnica, tal como las restauraciofigéer. G- A;; Damen, J. J. M.; Buigus, M. J. & ten Cate, J. M. Modification
adhesivas. of amino acid residues in carious dentin matdxDent. Res.,

77(3)488-95, 1998.

. . S . . Kleter, G. A.; Damen, J. J. M.; Buigus, M. J. & ten Cate, J. M. The Maillard
PALABRAS CLAVE: FE-SCM; Dentina; Colageno; reaction in demineralized deniimvitro. Eur. J. Oral. Sci., 105(378-

Pepsina; Tripsina; NaOCI; Desmineralizacion. 84, 1997.

208




AL-ASMAR, A. A. Clinical implementation of comprehending dentin on a microscopic lexell. Morphol., 41(1195-209, 2022.

Klont, B. & ten Cate, J. M. Release of organic matrix components frof®aikaew, P.; Sattabanasuk, V.; Harnirattisai, C.; Chowdhury, A. F. M. A.;
bovine incisor roots duringn vitro lesion formationJ. Dent. Res., Carvalho, R. & Sano, H. Role of the smear layer in adhesive dentistry
69(3)896-900, 1990. and the clinical applications to improve bonding performadpa.

Klont, B. & ten Cate, J. M. Susceptibility of the collagenous matrix from  Dent. Sci. Rev., 589-66, 2020.
bovine incisor roots to proteolysis aftarvitro lesion formationCa-  Shimizu, C.; Yamashita, Y.; Ichijo, T. & Fusayama, T. Carious change of
ries Res., 25(146-50, 1991. dentin observed on longspan ultrathin sectiahsDent. Res.,

Klont, B.; Damen, J. J. M. & ten Cate, J. M. Degradation of bovine incisor 60(11)1826-31, 1981.
root collagen in Arin vitro caries modelArch. Oral Biol., 36(4R99-  Splieth, C.; Bernhardt, O.; Heinrich, A.; Bernhardt, H. & Meyer, G.
304, 1991. Anaerobic microflora under Class | and Class Il composite and amalgam

Lee, E. S.; Wadhwa, P.; Kim, M. K.; Jiang, H. B.; Um, I. W. & Kim, Y. RestorationsQuintessence. Int., 37-503, 2003.

M. Organic Matrix of Enamel and Dentin and Developmental Defect$tape, T. H. S.; Uctasli, M.; Cibelik, H. S.; Tjaderhanec, L. & Tezvergil-
In: Gil de Bona, A. & Karaaslan, H. (Eds.). Human Tooth and Mutluay. A dry bonding to dentin: Broadening the moisture spectrum
Developmental Dental Defects - Compositional and Genetic and increasing wettability of etch-and-rinse adhesiizent. Mat.,

Implications. IntechOpen, 2022. 37(11)1676-87, 2021.
LeGeros, R. Z. Chemical and crystallographic events in the caries procéss.Cate, J. M. Remineralization of carious lesions extending into dentin.
J. Dent. Res., 69 Spec. N&7-74, 1990. J. Dent. Res., 80(8)407-11, 2001.

Luukko, K.; Kettunen, P.; Fristad, |. & Berggreen, $ructure and Tonami, K. & Ericson, D. Protein profile of pepsin-digested carious and
Function of the Dentin-Pulp Complebn: Hargreaves, K. M. & sound human dentinécta. Odontol. Scand., 63(1y-20, 2005.
Cohen, S. (Eds.). Cohen’s Pathways of the Pulp. 10th ed. Amsterdarnami, K.; Araki, K.; Mataki, S. & Kurosaki, N. Effects of chloramines
Elsevier Moshy, 2011. pp.452-503. and sodium hypochlorite on carious dentin.Med. Dent. Sci.,

Maltz, M.; de Oliveira, E. F.; Fontanella, V. & Bianchi, R. A clinical, 50(2)139-46, 2003.
microbiologic, and radiographic study of deep caries lesions aft¥an Strijp, A. J. P.; Klont, B. & ten Cate, J. M. Solubilization of dentin
incomplete caries remova&uintessence. Int., 33(251-9, 2002. matrix collagerin situ. J. Dent. Res., 71(&8498-502, 1992.

Manso, A. P.; Marquezini, L.; Silva, S. M. A.; Pashley, D. H.; Tay, F. Ryang, B.; Adelung, R.; Ludwig, K.; BéBmann, K.; Pashley, D. H. & Kern,
& Carvalho, R. M. Stability of wet versus dry bonding with different M. Effect of structural change of collagen fibrils on the durability of
solvent-based adhesivé&3ent. Mat., 24(4%76-82, 2008. dentin bondingBiomaterials, 26(245021-31, 2005.

Marshall, G. W.; Yucel, N.; Balooch, M.; Kinney, J. H.; Habelitz, S. &
Marshall, S. J. Sodium hypochlorite alterations of dentin and dentin
collagen.Surf. Sci., 491(3344-55, 2001.

McComb, D. Caries-detector dyes--how accurate and useful ard they?
Can. Dent. Assoc., 66(4p5-201, 2000.

Mertz-Fairhurst, E. J.; Curtis Jr., J. W,; Ergle, J. W.; Rueggeberg, F. A.@orresponding author:

Adair, S. M. Ultraconservative and cariostatic sealed restorationyr. Ayah Abdulla Al-Asmar
Results at year 10. Am. Dent. Assoc., 129(3%-66, 1998. Restorative Dentistry Department

Moreno, E. C. & Zahradnik, R. T. Chemistry of enamel subsurfa :
demineralizationd. Dent. Res., 53(226-35, 1974. “School of I;)ent@ry

Nakajima, M.; Kitasako, Y.; Okuda, M.; Foxton, R. M. & Tagami, J.Jordan Unl\{erSIty
Elemental distributions and microtensile bond strength of the adhesf@&€en Rania St, 11942
interface to normal and caries-affected dertiBiomed. Mater. Res. Amman
B Appl. Biomater., 72(268-75, 2005. JORDAN

Nikiforuk, G. Caries as a Specific Microbial Infectiom: Nikiforuk, G.

(Ed.). Understanding Dental Caries. \ol. 1. Etiology and Mechanisms.

Basic and Clinical Aspects. Vol. 1. Toronto, Karger, 1985. pp.158=_m il dr.ayahalasmar@yahoo.com

75.

Ostrom, C. A. Clinical Cariology. In: Menaker, L.; Morhart, R. E. &

Navia, J. (Eds.)The Biological Basis of Dental CarieAlabama, . .
Harper and Row, 1980. pp.253-4. ORCID: https://orcid.org/0000-0002-8970-9299

Pandya, M. & Diekwisch, T. G. H. Enamel biomimetics-fiction or future
of dentistry.Int. J. Oral. Sci., 11(18, 2019.

Pashley, D. H.; Tay, F. R.; Carvalho, R. M.; Rueggeberg, F. A.; Agee, K.

A.; Carrilho, M.; Donnelly, A. & Garcia-Godoy, F. From dry bonding
to water-wet bonding to ethanol-wet bonding. A review of the
interactions between dentin matrix and solvated resins using a
macromodel of the hybrid layekm. J. Dent., 20(1§-20, 2007.

Perdigao, J. Current perspectives on dental adhesion: (1) Dentin adhesion
- not there yetJpn. Dent. Sci. Rev., 56(190-207, 2020.

Perdigao, J.; Lambrechts, P.; Van Merrbeek, B.; Vanherle, G. & Lopes,

A. L. Afield emission SEM comparison of four post-fixation drying
techniques for human dentih. Biomed. Mat. Res., 29(2111-20,
1995.

Piemjai, M.; Watanabe, A.; Iwasaka, Y. & Nakabayashi, N. Effect of
remaining demineralised dentine on dental microleakage accessed
by a dye penetration: how to inhibit microleakagieDent., 32(6)495-

501, 2004.

Prati, C.; Chersoni, S. & Pashley, D. H. Effect of removal of surface fibrils

on resin-dentin bondinddent. Mat., 15(5823-31, 1999.

209



