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Abstract. Previous studies have suggested minor differences
between primary and permanent teeth in terms of dentin
composition and morphology. Other reports indicated lower
bond strengths of resin composites to dentin of primary teeth
compared with dentin of permanent teeth; however, no
information is available regarding differences in the
micromorphology of the resin-dentin interface that may
explain these lower bond strengths. Therefore, the purpose of
the present study was to compare primary and permanent
teeth in terms of the thickness of the hybrid layer developed
with two bonding systems. Our hypothesis was that bonding
differences previously reported between primary and
permanent dentin would be reflected in hybrid layer
differences observable in SEM analyses. Twenty human
extracted and non-carious teeth were divided into 4 groups: 5
primary and 5 permanent teeth restored with All-Bond
2/Bisfil P system; and 5 primary and 5 permanent teeth
restored with Scotchbond Multi-Purpose/ZlO0. The sample
area available on each tooth was divided for the two dentin
conditioning times (7 and 15 sec). Measurements of hybrid
layer thickness were performed by means of SEM at x13,000.
The results of this study indicated that the hybrid layer
produced is significantly thicker in primary than in
permanent teeth (p = 0.0001), suggesting that primary tooth
dentin is more reactive to acid conditioning. No difference
was observed in the hybrid layers produced by the two
adhesive systems (p = 0.7920). The increased thickness of the
hybrid layer in primary teeth (25 to 30%) and the subsequent
lack of complete penetration of adhesive resin into previously
demineralized dentin may contribute to the lower bond
strengths to primary dentin reported in the literature. If a
narrower hybrid layer more uniformly infused with resin is
the goal of dentin bonding, it is concluded that a differentiated
protocol for bonding to primary dentin (with shorter time for
dentin conditioning) can be used as a means to reproduce the
hybrid layer thickness seen in permanent teeth.
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Introduction

Despite the fact that dentin adhesive systems have become a
common tool in the armamentarium of contemporary
dentists, the literature regarding bonding to dentin of
primary teeth is very limited. The first study designed to
compare the shear bond strengths of resin composite to the
dentin in primary and permanent teeth was performed with
Scotchbond, an adhesive system that promotes ionic bond
to the hydroxyapatite present on smear layer (Fagan et al.,
1986). No significant differences were found between shear
bond strengths in primary and permanent teeth. However,
when the smear layer was removed and bonding was
performed directly to the dentin surface, particular
characteristics of primary teeth seemed to interfere with this
bonding, decreasing its effectiveness. In a study performed
with the Gluma system, Salama and Tao (1991) indicated
that shear bond strength of resin composites to the dentin of
primary teeth present significantly smaller values (8.3 ± 4.6
MPa), compared with the results obtained with permanent
teeth (10.8 ± 3.1 MPa). Similar results were obtained when
Tenure, Scotchbond 2, and Gluma were evaluated in
primary and permanent teeth (Bordin-Aykroyd et al., 1992).
No single study has compared the bond strengths of newer
bonding systems to primary and permanent tooth dentin.
Two studies with very similar methodologies can be used to
illustrate the differences in adhesion to both dentin types. In
permanent teeth, Amalgambond presented bond strengths
of 23.3 ± 5.7 MPa and All-Bond 19.3 ± 5.6 MPa (Triolo and
Swift, 1992), while in primary teeth, Amalgambond had
bond strengths of 12.6 ± 7.5 MPa and All-Bond 11.6 ± 6.6
MPa (Elkins and McCourt, 1993).

Little is known about the details of the composition and
micromorphology of the dentin in primary teeth, but there
are indications of some differences in relation to permanent
teeth. A comparative analysis of the dentin hardness
indicated that the central area of the coronal dentin is
considerably harder in permanent teeth. It was concluded
that permanent dentin is more highly mineralized, based on
the fact that hardness is related to the degree of
mineralization (Johnsen, 1988). In another study, energy-
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Figure 1. Sclhematic representation shs inrilegthe iethiodelx used fel e In the hx id lW(L atfte r 70or
1 stc of dentini conditiooning. Yhle first measurement Wdas performiled 03((nmicionis distal to the mairgin of the
orielntatioll giroove (0Q), and LachficllowVinig mc1a1utreneiet wx s niade at 0li()mic e-on inte r\ als.

dispersive x-rav spectrometry (EDS) was uLsed, and the
results suggested that concentrations of calcium and
phosphorus in both peritubLilai- and intertubular dentini are
lower in primary thaln in permanienit teeth (Hiiravama, 1990).
Evaluation of the dentinal micromorphiology a lso indicates
potential differences betweenl primary and permanent teeth
(KoLtsi t't n/., 1994). Compa red witlh permanienit teeth,
primary teeth presented a lower concentration and a smallei
diameter of denitinial tubules at a distance of 0.4 to ()5 mm
from the pulpal SLI face.

The mechanism responsible for the adhesion of nevver-
generation dentin bonding systems is related to the creationi
of the hybrid layer (Nakabayashi, 1992), also called the
resin-dentin interdiffusiotn zone (Van Meerbeek Ct (a!., 1992,
1993). At the molecular level, this zone at the resin-denitini
interface is a durable and acid-resistant intermixtuLe of
adhesive resin and dentini componenits (Nakabayashi, 1992).
Based on currenit uliderstanidinig, the characteristics of the
dentin as a substrate for bondinig of resin composites have
an important influenice on the morphology of the resin-
dentin interface (Duke and Lindernuth, 1991; Nakajima el nl.,
1991; Pashley ctt a!., 1992) and possibly in the ultimate
performance of the system (Mixson ct a!., 1993).

Regardless of evenCtual compositionial and morphological
peculiarities and differences in bond strengtlhs, the same
protocol is being recommenided for bonding to primilarv and
permanenit teeth. This factt may lead to the establishment of a
differentiated resin-denitini interface in the two0 dentitionis,
vvith potential deleterious consequenices for the ultimate
performance of the dentini bondinig system. The pulrp(ose of
this study, therefore, vvas to compare hlybrid laycr thicknesses
in primary and permanent teeth, to verify the impact of tooti
type on the micrormorphology of the resini-denitini interface.

We hypothiesized that bonding differences between primilarx
anid peirmanent dlentin wotIold be reflectted in hybrid laxver
differences observable bv SEM analvses.

Materials and methods

Specimen preparation
Ten sounld and erupted prilllarv molal-s and 10 sound and
erupted permanient molars were LtiliZed for this ex aluatioll.
All teeth wex e stored in (0.2',', sodiumil azide Witi cistilled
water solution for ip to 6 monithis prior to the expelimiienit
Sinice the exact ages of the donior-s were uLikinowni, an attempt
to match the stage in the biological ccle of the evaluated
teeth (tooth age) was made in such a way that pt imat x teeti
in the final stage of rizolysis (old pi-iiarx teethi) wxere paired
with old permalnent teethl (teeth With small pulp cthamibers,
wvithl significant weai and discoloration). lPriniarv teeth that
still presentedi complete root structure (youlget pri mary
teeth) were paired with receCntlt erupteti pei1malnenlt teeth
(teeth With1 large pulp chambers, Wvitlhout sigllificaat wvear
and discoloration). The dynamnic nature of the dentill and its
biological process of aging (dientini sclerosis) inldiciates all
attempt for pairin1g the teeth selected for eValuation of the
resint-deititn interface IlliCromor1pholOgy. '1his proCedLu re was
intended to avoid evxentual biases caused by the selection of,
foi example, only old primary teetlh presentilng sclel-otic
dientin, anti theit compatisoin wxith youLng petmanenlt teetlh
that haxe large dentin tubules arid still do not show
significant sclerosis (Cox, 1988).

These teeth wexer divided into 4 gioups: I ive pi-iimat
and 5 permanen1t teeth wvere restored *xith All-13onti 2/13isfil
P system, wliile 5 primary and 5 pernianenrt teethi were
resto-eti xvitth Scotchbon d MUlti-PLur-pose//l1)). All
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extracted teeth were obtained linder a
protocol reviewed and approved by the
Human SLubjects Cornmllittee of the
University of Michigan .

Croxvws were divxided from the roots by
meants of a higlh-speed ciiiamond buir just
apical to the cemenutum-enamel juixctioin, and
the pulp tissue ws7as removed bv means of a
stainless steel hanid i nstrum1enat. A second cut
was theln made at the occlusal surface, *
perpendicular to the lonig axis of the tooth,
xxitlh a conical carbide bur (#7664) at higlh
speed with copious x ater spray, to expose anl
area of dentinxwxithinii 1.) mmn of the dentini-
enanmel junictioni (DEJ), at the central groove > 3
area. The area of exposed dentini wias divided
iilto two halves (mesial and distal) bv meants
of a fine diamonid conical bur, so that a
distinct area for each dentini conditioninig time
protocol wxould be obtained Figure 2 Ploto
Bonding procedures resin-dentiniftm

OG = Orientatic
For better reproctictioni of III iO
co)nditionis, bonding procedures w ere
performed in teeth that had stipportiing
pulp chambers full of fltiidc. Each crown wx'as tixed to an
acrylic platform that was penetrated in its center by a tube
connlectinig the pulp chalimber- to a pressure apparatus We
reproduced physiological intrapulpal pressure in this ti
Uitro stidy by filling the ptilp chamilber wvith distilled water
and connlectilng the mounlited tooth to a 1-ciii-diiamieter
plastic tube also containuing distilled xvater. The colimin
heiglht was adjusted to 34 cm (Mitchem ct al., 1988) to
provide approximately 25 mim Hg of pressuire, which is the
axverage tissuc pressure in healtlhy pulp (Van Hassel, 1971).

To ensure that the pulpal chamnber of each tooth xxas
filled witlh xater (antd niot an air bubble), wve prepared a
chaninlel xvith a diameter of approximately mium in the
lingual suirface of the crowx. This chaninlel was sealed xxith
"sticky wax" only after the corresponcding valve *vas
completely opened and xvater was flowving continiuotisly
xxithloUt signs of the presence of air. All teeth were kept
tinder positive hydrostatic intrapulpal presstire during 12
hlrs prior to the dentin conditioninig ancd bonciliig
procedures, to establish an eqtiulibriuLim betweeni external
(surface) anid internla] (pulp chamilber) pressures and also to
achieve a homogenieotis baselinte pressure for all samples.
IntrapLilpal pressure wxas theni redcited to (, simulatilng
decreased pulpal presstire in the presenoce of local aanesthesia
withxvasoconstrictor, as foLiinci in most clinical bondiiig
situations. Dentini xxas conditionied witlh cither IV'X
phosplhoric aicid gel (All-Bond 2, 13isco, Itasca, It ) or 11)'i
maleic acid gel (Scotclhbonid Multi-lurpose, 3M Dental
Products Division, St. l'ail, MN) in twxo differenit tim'es: 7 sec
(half of the manciifactuirer's recomimienided conditioninieg
time), and 15 sec (rec'iomimenided tim'e).

The acidic concditioninag of the two experimcrital areas,
although randomilly allocated, xvas clonte in a standcardized
seqtuence. Thie first area to be etchced was the one that

nliicrograph tiliustrating a pi-inxarxl\ tootlh Pre paredtlolt ex xl,iltionl ol thc'
trface (25x). CR testit Ctonxpositt; AR Act lxsix\e c"i I) = O)Iltill
on (roovec

receixed th.' longest etchirig timce (15 sec) Wh\hn the ftirst
area had1 8 sec of etchirng, acid wVas applied to the scCOlid
area (thte oute that received 7 sec of aid etclIl). All salilplcs
were theni rinse'i xxith 18( cc of distille'd water' for 3t) s'c bxy
nieal5s of a hvpodernxic svrytn'ge By this st'etlt'lcc', all e'tchilhg
procectires xxre doin' at otice, (adi c oriseqtttlitlv all air'as
received the samii e arixoxttt of wxate' irrtigatioi. Atfter
irrigatiorx, all tecthi werexr rie'i xxith a stream of
ctnicoitaminiiated compressed air for I to 2 sec. allowixinrfoi l

m0oist cientini teclniitite to be tised (Kant-a, 199)2; ( x inniett,
1992; 1'erciigao et al., 1993), anid theni prim'er was applied' as
recot'(mmericed by the martufacturers. Fqcual amliotilnts ot
primers A a ndc Bxwere mixed an(i 5 colisecutixce co ats
applied to thi cic'ntini for the All-10ncid 2 group, as specifitci
vk the martufacturer; I coat of primer was appliedto tilth
deniti i for the Scot(lhoxnid Mtilti-l'ulrpost' group, as
specified. After beinig priixxeci, the derititl was diried Witlh a
ge'ntle air stream for 5 sc'c in both 'groups

A thini Iayer of adhesixve resirn xxas theni appliedt ill botil
groups xvith ciisposable bitslh tips prox ided' bV the
1 xmaixufacturers. No air thiiilinlzg was tised at tlhislpoit, to

dvoid ccoixtamilination aixid tiltILisioi of ai ubbbles ito the
adlhesive laxer. The acilxesive coatiix" xxas tlicil liglt-curted
for 201 sec xxith ax I lipar 11 x isiblle-light-cutriixg tillit (I spe,
Seefeld, C,ermal\). TIhe i'still C0111pOSit(' was, applied' to th.e
denitini inl smixcall layers (lilcrt'imt'tts) about l to 2 1111 tliick ,ltid
ctured for 4(0 sec. Bisfil 1P (13isco, Itasca, 11 ) was uiseci to restorec
samples treateci withl All-Bctrid 2, arixd 7Z11)) 3MDNiital

iProducts Divisiorn, St. Paul, MN) wx'as used to restolre thi'
samples irl the Scotchllbotd Multi-tr'tpose group. AIi
restoratiotls x'ere flat aixid paraxllel to the occtlusal surtxce,
preseitiixg a hortiogex'ous thickitess ox ablout 2 to A) xmil (IFig.
2). After eatlh restoratioli xvas comtlpileted, (io sec of light
cLtriixg wxas tisec' iin additioxn to prioxi proctdU'rs to c'lStIic'
cxcoixplete polylmeri/.atiou of tIl'csixsi lcoixxpotsitt'. Ilc'
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Table. Meanl thickness (+ SD) of the hybrid laver in primary (n 5) and permanenit teeth (n 5) with the utilizationi of All-Bond 2/Bisfil P
and Scotchbond Multi-l'urpose/ZI10, after application of dentin conditioner for 7 and 15 sec

All-Bond 2 (10"', phosphoric acid)
1'rimarv

1.98 (+ 0. 19)"',
2.88 (+ 0) (3)

Permanetnt

1.49 (+± 0.15)
2.12 (+ 0.26)

Data are described in microns.
All values reflect the result of 10 measuremenits for each sample.

intrapulpal pressure was then resumed, and all teeth were
kept under a positive pressure of about 34 cm H,O for 24 hrs.

Microscopic evaluation
After 24 hrs under intrapulpal pressure, all teeth were
removed from the acrylic platform and prepared for
fracturing. To direct the fracture line, we prepared a groove
in both sides of the sample (resin composite and dentin), at
the center of the crown, in a mesio-distal orientation. Each
sample was then embedded in orthodontic acrylic resin
(L.D. Caulk Co., Milford, DE) to avoid separation of the
resin composite from the dentin caused by mechanical
stresses generated during fracturing procedures. Care was
taken to keep the previously prepared groove exposed.
Fracture was performed with a single-edged blade oriented
away from the dentin side toward the resin composite. After
irrigation, all teeth were air-dried for 15 sec and then stored
in a desiccation cabinet (Structtire Probe, USA) for 24 hrs.

All samples were mounted in stubs and coated with gold
in a Sputter Coater, Model S 15()B (Edwards, USA), as a
routine preparation for scanninig electron microscopy (SEM).
Each sample was then analyzed in a Scanning Electron
Microscope (Model l(((B, Amray, USA), with an
accelerating voltage of 20.0 kV. For each etching-time area (7
or 15 sec) on each tooth, 10 measurements of hybrid layer
thickness were performed vvith the particle measurement

Scotchbond Multi-PLurpose (10", maleic acid)
Primary Plermanenlt

1.91 (+ ).07)
2.89 (± 0.16)

1.62 (+ 0.23)
2.43 (+ 0.22)

system (IMS) under x-13,000 (Figs. I and 5). The first
measurement was made at about 31)1) microns from the
center of the crown (orientation groove). The other 9
measurements were made in intervals of approximately 10)(
microns from the initial measuremenit. To control significaint
changes in the measurements, we analyzed all samples in a
standard angulation of 15 to 18 degrees (base of the stubs in
relation to horizontal).

Statistical analyses
Repeated-measures ANOVA was used for the analysis of
time and its relation to tooth type (primary or perm1lanienit
teeth) and dentin adhesive system (All-Bond 2 or Scotchbond
Multi-Purpose). The need for this statistical analysis was
determined by the use of a multivariate analysis of variance
that demonstrated a significant effect of time for dentin
conditioning on the thickness of the hybrid layer. Once the
significance of time had been established, repeated-measures
ANOVA was performed to test the hypothesis of maini-
group effects (tooth type, adhesive system, and the tooth
type/adhesive interaction system) on hybrid layer thickniess.

Results
A hybrid layer was found at the intetface betweeni the
adhesive resin and dentin substrate in all primary teeth that

2 ixW*
Figure 3 I'hotomicrographs siowiiig an illustrative area of the (a) resin-dentini interface of Scotchbonid Multi-I'LiposC ilia priiaryrlkar
conditioned for 15 sec (3000x) and in (b) a higher mragnification (8()00)x. AR = Adhesisve Resin; H = Hybrid laver; I` Resin Tag; D=rRitii.
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Figure 4. Photomicrographs showing an illustrative area of the (a) resin-denitini intertace of All-Bond 2 in a permanent moliar condtitioniedi tor
15 sec (x 40)0)0)) and an area of the (k) resin-denitini interface withi a characteristic resin tag (tiuinnel shape) in a permanent molar (S)0)0)0.
Abbreviations as in Fig. 3.

were evaluated This zoine of resin infiltration at the dentin
surface presenited similar micromilorpihological features in
bothi primary (Fig. 3) and perimianienit teetih (Fig. 4), except for
its thickiness (Fig. 5).

The statistical analyses indicated that primary teeth
presenited thicker hybrid layers compared withi permanlenlt
teethi (Table), and this difference was statistically significant
(p ()(00)1). It also demonistrated that 15-second dentill
conditioninig produces significanitly thicker hybrid layers
compared withi 7 sec (p = 0.00)1). The differences in
composition of the two dentini adhesive systems studied did
not significaLitly influence (p 0.7920) hybrid layer
thickiness. The effect of tooth type on hiybrid layer thickiness
was not dependenit on thie adhesive system used (p () 1189).

For describinig the overall results, we analyzed the
influenice of tooth type and time of dentini conditioninlg on
hvbrid laver thickiless. The analysis used the data derived
from All1-3ond 2 and Scotchbonid Multi-Purpose together,
whiicih was justified because no significant difference in
hybrid layer thiickness wx'as observeed betweeni the two dentin
adhesive systems. In primary teeth, the meani thickiness was
1 .95 microns for 7 sec of den tini conditioninig and 2.88
micronis for 15 sec. In permanienit teeth, 7 sec of dentini
conditioninitg produced meani hybrid layer thickiness of 1.56
micronis, while 15 sec produced a mean of 2.28 microns. The
results demonstrate that the hybrid layer was thicker in
primary teeth compared with permanent teeth for both
etchlinig times (7 and 15 sec).

Discussion
This stidy represents the first investigation of primary tooth
dentin and its response to the most contemporary dentini
bondinig systems. Significanit differences between primary
and permanlenit teeth were found in hybrid layer thickiless,
suiggesting highier reactivity for primarv dentini to aciidic
dentini conditioniers

Several steps were performed in our atteimpt to
reproduce the in viz 0 situationi as m11Uch1 as possible.
Intrapulpal pressure is an important consideration xxihen

shear bond strengthi tests are pertormed (W'ashley, 1991).
This observation servxed as the basis for the applicatioll of a
staiidard fluid pressure to all teeth to simulate the ill iei
physiology of the dentini-pulp complex. Based on the svstem
originally suggested by I'ra ti it tal. in 1991, a modified
apparatus was developed for the application of positive
intrapui lpal pressure. Dutriig den tini condition ing and
bondinig procedures, the pulpal pressure was reduced to
zero to reproduce tile effects of local anesthletics xWith
vasoconstrictors comimlonily used for restorative procedures.
Fifteenl minutes after the restorative procedures wvere
performied, the intrapulpal pressure vwas resuiied, and the
teeth were left uLider positive pressure for 24 h1rs. The effects
of the acids used for dentini conditioninig may be intlueliced
by the presence of li(luiids inside the dentini tubules. Flre
dilutioni of the dentin conditioiner caused bv these fluids
may decrease its potential for denineralization of the
intertuibular and peritubulal denti, anid evenltualIV affect
hybrid layer thickness

Only souiicd teeth xwere Lised for this rese,ircli. Deiitiii is
considered a living structire withi the ability to react when
exposed to differen t stimuili (e.g., caries) by forminng
reparative dentin (I'ashley, 1989). Consequenltly, decayed
teeth are not ideal models for initial comparisonis of the
micromorphiology of resin-denitini interfaces in primary and
permanlenit dientitioin, because these structures could have
been influenced by different stages of disease progression.
Tooth age was also taken into consideration. It is known that
dentini unidergoes a process of aging by incl-easinig its level
of mineralization (deposition of peritubular dentini) and
consequenitly reducinig the diamileter of the tubules (Ten
Cate, 1989). To avoid the influenice of this factor on oxerall
results, we attempted to matchi tooth ages as described in
"Materials and metiods".

It is knowvi that different instruLimenits used for cavity
preparation produce different smear lavers ((,\innett,
1984). Consequently, the use of sandpaper or diainocid saws
for CLuttillg cientill in preparation for bonding procedures
creates a surface that dioes not resemble the surface obtained
clinically and may prodUCie unlrealistic amoints of smear

1400 Mir et al.
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Figure 5 IPhotomicrographs showihig the hybi-id laver thickness in (a) perrn
and in (b) primary tooth (13,()()()x). 1The dentinxwas cotiditionied for 15 sec
acid, and the All-Bornd 2/13isfil i) system \Was used in both teeth. Abbreviati

layer. This altered substrate for il1 vitriu bonding tests may
affect the data, ultimatelx producing results not comparable
with the clinical situation. To avoid this bias and better
simulate ii vivo conditionis, we used carbide burs with
copious water irrigation for preparing the deiitini surface for
bonding procedures.

The depth of tooth preparation was controlled (Mitchem
and Gronas, 1986; Suzuki and Finger, 1988; Pashley ct il.,
1993), and peripheral dentin was used for all procedures in
this study. A difficulty associated with this design is the fact
that primary teeth have relatively more coronal pulp
(Johnsen, 1988) due to their smaller external dimensionis and
proportionally larger pulp chambers. Consequently, a depth
of 1 mm beyond the DEI in a primary tooth may not be
equivalent to 1 mm beyond the DEJ in a permanent tooth.
Actually, this relationship is still not well-uliderstood, and
no clear information is available rega rding what is
considered superficial or deep dentin in primary teeth, and
how they can be compared with permanent teeth.
Nevertheless, comparing clinically relevant depths of
primary and permanienit deritin is valuable.

The preparations were performed on occlusal surfaces, in
both priminavry and permanenit teeth, following thie
methodology described by Van Meerbeck et nil. (1992) and
Perdigao et ,71. (1994). An importanit characteristic associated
with occlusal surfaces used as sLibstiate for bonding is that a
flat cut exposes dentin in different depths in relation to the
pulp chambers, i.e., the dentini related to the area of pulp
hornis is proportionially deeper (preseiitinig larger and more
concentrated tubules, wvitli less intertubular dentin)
compared with the dentin adjacent to the areas betweeti the
pulp horns. Hlowever, hybrid layer thickness did iiot seeiii
to be affected by the differences in dentin depth at the

occlInsal surface, silnce the
- measuremenits were very similar

(Table) when different positions at the
crowni were compared (Fig. 1).

Several studies have beetn
performed dealinig witlh the
establishmenit of the coriect protocol
for adhesive systems (Tao and lPashlev,

H 1988; Pashley, '1991a; Wang and
Nakabavashi, 1991; IPashley ct aii, 1992).
When acid is applied to denitill, minleral
cornponiets of this strUicttore are
partially remiooved, exposing the

- collagen mesh-wor-k (Van Meerbeek ct
o,., 1992). If stronig acids are used for
long periods of time, the smear laver
and smear plugs are remIoved
completelv, and excessix e

demineralization of the pCeIitUbUkir and
M_-i-intertubular denitini is seeni (E nicksotn,

- 1 Al 1992). This excessive derinneralization
*may cause severe collapse of the

ianent tooth (1 3,i)()x) denitinal collagen miesh-wxxorbk (I'am and
withs I,phsosphioric Pilliar, 1994). In this case, the action ot

hydirophilic primers max' not be
enoughl to reconstitLute this meshl-work

of collagen fibrils to the original level, and conseq(uelitlv the
bonding ability is compn-omised. Based o0n these facts, it can
be concluded that the dientin conclition ing step is
fundamental for effective bondinig, and times for applicationl,
concentration, and composition of the acidic solution should
be carefully controlled. The results of this study shoxed that
time for dentini conditioninlg can cli rectlv influenice hxvbrid
layer tlhickness.

The ideal hybrid layer shoLild be large enouLgh1 to allow
for a stable interlockinig of the adchesive resini aroUnd the
exposed collagen fibers. On the other hand, the
demineralized zone should not be excessively deep, becatIse
the priner and adlhesive resini may not flow among all the
exposed fibers and completely embed themi. In this case, an
area in the bottom of the hybrid layer may become xweaker-,
and consequently more stisceptible to failuii-e (Tanim and
l'illiar, 1994). In other words, a signlificanit remoxval of
inorganiic componenits, Withl:Out sUbstitU tion bx adlhesis e

resin, leaves collagen fibri ls withocit the support of eithel
the dentinal inorganic matrix or the primi1er- arid adhesix e
resin infiltration. Anotlher negative aspect regardirig this
zone of non-emnbedded diemineralizeci denitinxwas desc ribed
in a cryxo-SEM evaluation of the char-actei-istics of silver ion
penetration at the resin-dentin interface (Sano cl oh., 1994).
Wheni the bottom area of the hyblrid laxer is riot completely
filled by the adhesixve, it max become a "pathway" wxhere
nIicroleakage can occtll- in the absence of othelr ,gaps. A
representatix e sample of primarv tooth hyx'rid laxer from
this study (Fig. 6) suggests m1ore com plete resiii
impregnation of the demineralized region closer to the resini
side and less complete impregnation near- the denitin. This
findinig was frequenItly obserxved in primiarx teeth that were
exposed to 15 seconds5 dentitii concditioninirg, anid inmax
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Figure 6. Pllhotomicrograplh showinig an illustrative area of the resin-
dentin interface of All-Bonid 2 in a primary molar conditioned for 15
sec, suggesting incomplete primer and adhesive resin penetratioln at
the bottom of the hybrid layer (20,010x). Abbreviations as in Fig. 3.

explain the differences found in previous investigations
regarding bond strengths in primary and permanenit teeth
(Salama and Tao, 1991; Bordin-Aykroyd et al., 1992; Triolo
and Swift, 1992; Elkins and McCourt, 1993).

Significant differences were observed between primary
and permanent teeth regarding hybrid layer thickness. The
action of the dentin conditioners seemed to be more intense
in primary than in permanenit teeth, causing deeper
decalcification of the intertubular dentin. As a consequence,
the hybrid layer was significantly thicker in primary teeth,
as can be seen in Fig. 5. The reasons for this phenomenion
are not understood, but differences in chemical composition,
micromorphology, or chemical reactivity of the dentin may
contribute. To decrease the possibility of having a weaker
area or a pathway for microleakage at the bottom of the
hybrid layer in primary teeth, due to excessive depth of
demineralization during conditioning of the dentin, it seems
advisable for dentin conditioners to be applied for a shorter
time when the primary dentition is being treated. The
corrected time for dentini conditioniing can be calculated by
taking the resulting hybrid layer thickness obtained for
permanent teeth as the "gold standard". The ideal time for
conditioning permanenit teeth with either 107Y, phosplhoric or
10'7, maleic acid is 15 sec, and the mean hybrid layer
thickness obtained in this study was 2.3 microns. The results
of this research suggest that a shorter application time
(approximately 50'k) for the dentin conditioner solutions in
primary teeth seems sufficient to create a hybrid layer
thickness similar to that seen in permanent teeth. By
reducing the time for dentin conditioning, not only hybrid
layer thickness but also smear layer removal can be adjusted
to the parameters established for permanent teeth. In a SEM
study of the dentin surface after acidic coniditioning, it was
demonstrated that the smear layer is removed significantly
faster from the dentin of primary teeth compared with
permanent teeth (N6r Ct Ol., unpublished observations).
Based on this finding, a shorter time for dentin conditioning
was indicated for primary teeth, to create a dentinal
substrate for bonding that is similar to what is found in the

permanent dentition.
The use of a differentiated protocol for bondinig to

primary teeth with a shorter time for dentin conditioner
application (approximately 50'S for the two systenms
evaluated in this study) may have benieficial effects on the
performance of composite restorations in pediatric patients.
This hypothesis still needs to be confirmed througlh well-
conducted randomized clinical trials and reliable shear bond
strength tests based on the criteria suggested by l'ashley
(1991b) for i11 vitro simulation of i1 01iv conditionis.

Acknowledgments
The authors acknowledge Dr. Mark Fitzgerald, Department
of Cariology and Operative Dentistry, Dr. Lloyd 11. Straffon,
Department of Orthodontics and 1'ediatric Dentistry, and
Dr. James K. Avery, Department of Oral Biology, The
University of Michigan, for valuable advice and fruitful
discussions. The authors would like to extend special tUlanks
to Dr. Paul J. Loos for assistance in the preparation of the
manuscript, and Dr. Michael A. Shork and Dr. Walter Bretz
for helping with the statistical analysis. This work was
supported, in part, by NIH-NIDR Grant # 10170, and by
CAPES (Coordenacao de Aperfeicoamento de 1'essoal de
Nivel Superior) process #2889/92-3. This paper is based on a
thesis submitted to the graduate faculty, University of
Michigan, in partial fulfillment of the requirenmelnts for the
Master of Science degree in Pediatric Dentistry.

References
Bordin-Aykroyd S, Sefton J, Davies EI (1992). 1n1 z,tr bond

strengtlhs of three current dentin adhtesives to primary anid
permanenit teeth. DC11t Mete;,) 8:74-78.

Cox CF (1988). Histology of dentini. In: Oral developmeint and
histology. Avery JA, editor. Philadelphia: B.C. Decker, pp.
18(-1 90.

Duke ES, Lindemuth J (1991). Variability of clinical dentin
substrates. Amii J Dent 4:241-246.

Elkins CJ, McCourt JW (1993). Bonld strength of dentin
adhesives in primary teeth. Quiint liot 24:271-273.

Erickson RL (1992). Surface interactionis of denitini adhesive
materials. Opcr Dcnt (Suppl 5):81-94.

Fagan TR, Crall JJ, Jenseni ME, Chalkley Y, Clarkson B (1986). A
comparison of two dentini bonding agents in primary and
permanent teeth. cili7atr Dent 8:144-146.

Gwinniett AJ (1984). Smear layer: Morphological considerationis.
Opcr Den,t (Suppl 3):2-12.

Gwinnett AJ (-1992). Moist vcrsus dry dentini: Its effect on shear
bond strengtlh. An;i J Dc;,t 5:127-129.

Hirayama A (1990). Experimental analytical electroni microscopic
studies on the quantitative analysis of elemiental
concenitrationis in biological thini specimens and its
application to dental science. Shlikzan Gc,nll-(o 90:10 19-1036.

Johnsen DC (1988). Comparisoni of primary and permanent
teeth. In: Oral developmeint and histology. Avery JA,
editor. Philadelphia: B.C. Decker, pp. -180I190.

Kanca J III (1992). TImprovinig bonzd strengtlh througlh acid
etching of dentin antd bonding to wet dentini surfaces. I An;
De;;t Assoc 123:35-43.

1402 N& et al.



Dentin Bonding in Primary and Permanent Teeth

Koutsi V, Noonan RG, Horner JA, Simpson MD, Matthews WG,
Pashley DH (1994). The effect of dentin depth on the
permeability and ultrastructure of primary molars. Pediatr
Dent 16:29-35.

Mitchem JC, Gronas DG (1986). Effects of time after extraction
and depth of dentin on resin dentin adhesives. J Am Dent
Assoc 113:285-287.

Mitchem JC, Terkla LG, Gronas DG (1988). Bonding of resin
dentin adhesives under simulated physiological
conditions. Dent Mater 4:351-353.

Mixson JM, Richards ND, Mitchell RJ (1993). Effects of dentin
age and bonding on microgap formation. Am 7 Dent 6:72-76.

Nakabayashi N (1992). Adhesive bonding with 4-META. Oper
Dent (Suppl 5):125-130.

Nakajima M, Takada T, Tagami J, Hosoda H (1991). A study on
bonding to dentin in various teeth and sites. Jpn J Conserv
Dent 34:266-274.

Pashley DH (1989). Dentin: a dynamic substrate-a review.
Scanniing Microsc 3:161-176.

Pashley DH (1991a). Dentin bonding: an overview of the
substrate with respect to adhesive material. J Esthet Dent
3:46-50.

Pashley DH (1991b). In vitro simulations of in vivo bonding
conditions. Am J Dent 4:237-240.

Pashley DH, Horner JA, Brewer PD (1992). Interactions of
conditioners on the dentin surface. Oper Dent (Suppl 5):137-150.

Pashley EL, Tao L, Matthews WG, Pashley DH (1993). Bond
strengths to superficial, intermediate and deep dentin in
vivo with four dentin bonding systems. Dent Mater 9:19-22.

Perdigao J, Swift EJ Jr, Cloe BC (1993). Effects of etchants,
surface moisture, and resin composite on dentin bond
strengths. Am I Dent 6:61-64.

Perdigao J, Swift EJ Jr, Denehy GE, Wefel JS, Donly KJ (1994). In
vitro bond strengths and SEM evaluation of dentin bonding
systems to different dentin substrates. J Dent Res 73:44-55.

Prati C, Pashley DH, Montanari G (1991). Hydrostatic
intrapulpal pressure and bond strength of bonding
systems. Dent Mater 7:54-58.

Salama FS, Tao L (1991). Comparison of Gluma bond strength
to primary vs. permanent teeth. Pediatr Dent 13:163-166.

Sano H, Shono T, Takatsu T, Hosoda H (1994). Microporous
dentin zone beneath resin-impregnated layer. Oper Dent
19:59-64.

Suzuki T, Finger WJ (1988). Dentin adhesives: site of dentin vs.
bonding of resin composites. Dent Mater 4:379-384.

Tam LE, Pilliar RM (1994). Effects of dentin surface treatments on
the fracture toughness and tensile bond strength of a dentin-
composite adhesive interface. J Dent Res 73:1530-1538.

Tao L, Pashley DH (1988). Shear bond strengths to dentin:
effects of surface treatments, depth and position. Dent
Mater 4:371-378.

Ten Cate AR (1989). Dentin-pulp complex. In: Oral histology:
Development, structure and function. St. Louis: C.V.
Mosby, pp. 157-196.

Triolo PT Jr, Swift EJ Jr (1992). Shear bond strengths of ten
dentin adhesive systems. Dent Mater 8:370-374.

Van Hassel HJ (1971). Physiology of the human dental pulp.
Oral Surg 32:126-134.

Van Meerbeek B, Inokoshi S, Braem M, Lambrechts P, Vanherle
G (1992). Morphological aspects of the resin-dentin
interdiffusion zone with different dentin adhesive systems.
I Dent Res 71:1530-1540.

Van Meerbeek B, Dhem A, Goret-Nicaise M, Braem M,
Lambrechts P, Vanherle G (1993). Comparative SEM and
TEM examination of the ultrastructure of the resin-dentin
interdiffusion zone. J Dent Res 72:495-501.

Wang T, Nakabayashi N (1991). Effect of 2-(methacryloxy) ethyl
phenyl hydrogen phosphate on adhesion to dentin. l Dent
Res 70:59-66.

j Dent Res 75(6) 1996 1403




