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4'METAfMMA'TBB  resin  has shown  good  bieeompatibility and  remarkable  adhesion  to dentin. It seems  to be suitable  for
use  {n periodontal  tissues for retrograde  root  sealing  and  treatment  of  vertically  fractured roots.  For an  adhesive  resin  to

be useful  clinically,  it must  bond not  only  to the dentin but also  to the cementum.

   The purpose  of  this study  was  to evaluate  the long-term adhesion  durability of  4-METAIMMA-TBB  resin  to cementurn

kept in water  at  37℃ , Bevine root  cementum  and  dentin surfaces  were  treated with  10'3 selution  before 4'METAIMMA'
TBB  resin  was  applied  on  treated surfaces.  The micro-tensile  hend strength  (ItTBS) decreased during the  first two  months;

dye leakage value  increased during the first four menths  and  stabilized  thereafter. No  significant  differences in adhesion  du-
rability  were  recognized  between the  dentin and  cementum,
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               INTRODUCTION

A  number  of  retrograde  filling rnaterials  have been

tested for sealing  the root  canal.  These materials  in-
clude  ama!gam,  reinforced  zine  oxide-eugenol  cement,

and  glass-ionomer cement.  Clinical results  in using

amalgam  is reported  to have  a  58.7-86.4% success

ratei-"),  while  that of Super-EBATM is 65.4-86.496]'3'fi).
Chem-Fil04' is reported  to have an  87.896 suceess

rate,

   These elinical  results  are  affected  by many  fac-
tors  such  as  preoperative and  operative  conditions

and  methods.  As  to why  they  do not  achieve  good
healing, one  suggested  reason  is that the sealing  ca-

pacity of  the  retrograde  fil}ing rnaterials  is insuffi-

eient.  After using  amalgam,  reinforced  zinc-oxide

eugenol  cement,  and  glass-ionomer cement  for root-

end  filling, in vitro  studies  on  dye leakage were  car-

ried  out.  It was  found  that,  if it were  over  a  long

duration, application  of  these materials  did not  com-

pletely inhibit dye leakageT i`),

   Various  in vitro  studies  have reported  that good

apieal  sealing  was  achieved  by  resini5-i7].  Vignaroli

et  al.i7) reported  that applying  bonding agents  to
the resected  root-ends  led to good  apical  sealing  be-
eause  of  sealing  of  both  the root  canal  and  dentinal
tubules. Not  much  research  has been devoted to

evaluating  the  clinical  results  of the use  of adhesive

resin  for root-end  sealing  after  apicoectomy.  Only
Rud  et  al.  reported  good  results  using  Gluma  and

RetroplastTMiS 2i).
 However, glutaraldehyde  is in-

cluded  in Gluma, so  there is concern  about  the possi-
bility of  harmful  effects  on  the  human  body.
Furthermore,  contamination  with  blood of  the  resec-

tion surfaee  during the application  procedure  eauses

inferior bonding  and  a  risk  of  resin  loosening. Resin

is known  to be sensitive  to moisture  during applica-

tion. Therefore poor  clinical  results  will  arise  when

hemostasis is difficult to achieve  intraoperatively, es-

pecially when  failures in conjunction  with  poor
hemostatic control  during treatment  have been evi-

dentiB).

   4-META/MMA-TBB  resin  has been widely  used

in orthopedic  and  prosthetic dentistry, It has  shown

remarkable  adhesive  properties to dentin in vitro  and

in vivo22-2`).  Other  favorable properties include little

cytotoxicity,  high level polymerization under  wet  eon-

ditions, and  high biocompatibility after  complete  cur-

ing25 27).
 It was  biocompatible and  the sealing  ability

unaffected  by  contamination  with  blood for about

five seconds  after  application27/'.  So it seems  to be
also  suitable  for use  in periodontal tissues. Thus  it

has been used  for retrograde  root  sealing  following
apieoectomy  or  intentional replantation28'29),  as  well

as  the bonding treatment of  vertically  fractured
roots30-32).

   Clinical studies  have suggested  that 4-META/
MMA-TBB  resin  might  seal  vertically  fractured roots

and  prevent  re-fractures  in the bonding  treat-
ment:iO-i'2/'.  It was  reported  that 4-META/MMA'TBB
resin  used  as  a  root-end  sealant  following apicoeetomy
and  intentional replantation  induced a good  progno-
sis  at  six  months  after  surgery28'29),  But  an  essential

faetor has not  been looked into: the long-term  adhe-

sion  between  cementum  and  4-META/MMA-TBB

resm.

   To  be a  suitable  material  in the  bonding  treat-
ments  of  vertically  fractured roots  and  root-end  seal-

ing, the adhesive  resin  must  bond not  only  to dentin
but also  to  cementum.  Furthermore  there  should  be
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minimal  leakage between  the  bonding  material  and

the cementum,  and  the dentin as  well.  However, it
has been demonstrated  that the adhesive  property  of

4-META/MMA-TBB  resin  decreases when  kept in
water  for long periods23). Not  mueh  research  has

been done to clarify  the long-term stability  of  its ad-
hesive bond  strength  and  sealing  property  in the

water.

   The  purpose  of this study  was  to evaluate  the
adhesion  durability of  4-META/MMA-TBB  resin  to

cementum  and  dentin by employing  the micro-tensile
bond  strength  (ATBS) test and  the dye leakage test

using  bovine teeth.

         MATERIALS  AND  METHODS

Adhesive  and  bonding  procedures
Ninety-six extracted  bovine incisors were  used  in this
study.  Forty-eight teeth  were  used  for the  micro-

tensile bond strength  test, the rest  used  for the dye
leakage test. After soft  tissue  and  debris were  re-

moved  from the  tooth  surface  with  a  eurette  type

scaler,  the erowns  were  cut  off  at  the cement-enamel

junction with  a  low-speed diamond  saw  (Isomet,
Buehler Ltd., Lake Bluff, IL, USA). Then the root

pulp was  extirpated  with  a  barbed  broach. Dentin

specimens  were  obtained  by removing  cementum.

   10-3 solution  (activator GreenO, SunMedical  Co.

Ltd., Shiga, Japan) was  applied  to the surface  of  the
eementum  with  a  BendaO  Brush  (Centrix, Shelton,
CT, USA)  for 5 seconds.  The  dentin surface  was

also  treated with  the same  10-3 solution  for 5 sec-

onds.  Then  4-META/MMA-TBB  resin  (Super Bond
C&B",  clear  type, SunMedical Co. Ltd., Shiga,
Japan) was  applied  on  the treated surfaces  aecording

to the manufacturer's  instructions using  a  brush dip
technique. The diameter of the resin  was  approxi-

mately  3 mm.  Three  resin-dentin  or  resin-cementum

bonded specirnens  were  obtained  per tooth. After

resin  dipping, all  specimens  were  stored  at  37℃ for 1
day, 1, 2, 3, 4 or  6 months.  All sarnples  were  pre-

served  in a  solution  of  10%  Penicillin-Streptomycin

(GIBCOTM, Grand Island, NY, USA)  and  10%
AMPHOTERICIN  B  (CellgroO, Herndon,  VA,  USA).

The solution  was  changed  once  a week  to prevent
bacterial growth.

Micro-tensile bond  testing

The  specimens  were  sectioned  perpendicular te the

adhesive  interface with  a  low-speed diamond saw

under  a  water  coolant.  The sectioned  specimens  were

carefully  trimmed  into an  hourglass shape  using  a

high-speed super-fine  diamond point  (SF 1104R,
Shofu  Co. Ltd., Kyoto,  Japan)  to form  a  gentle curve
along  the  bonded  interface from  both sides  to about

1.0 mm,  thus resulting  in an  interface area  of  ap-

proximately  1 mm2.  These  specimens  were  then at-

tached  to  a  testing apparatus  with  a  cyanoacrylate

   TO  CEMENTUM

adhesive  (Model Repair  II Pink, Dentsply-Sankin  In-

dustry Co. Ltd., Ohtawara, Japan) and  subjected  to
micro-tensile  bond  testing33-40) in a  tabletop  material

tester (EZ Test, Shimazu Ce., Kyoto, Japan) with  a

cross-head  speed  of  1.0 mm/min.

   The 
,uTBS

 values  were  expressed  in MPa,  and

derived from  dividing the imposed  force (N) at the
time fractured by the bond  area  (mm2), When  speci-

mens  failed before the actual  testing, IiTBS  was  de-
termined  from  specimens  that had  survived  the

specimen  proeessing with  an  explicit  note  of  the
number  ef  pre-testing failures.

   The bond strength  data were  analyzed  by Mann-
Whitney  U  test at  596 level of  significance.

Fractographic analysis

After the  micro-tensile  bond  testing  was  completed,

all  fractured surfaces  were  observed  by a  light micro-
scope  (OLYMPUS  BX50,  Olympus  Ltd., Tokyo,

Japan). Failure modes  of  resin-dentin  and  resin-

cementum  bonds  were  categorized  into four types:  eo-

hesive failure of  resin  (R), cohesive  failure of  tooth

(T), adhesive  failure (A), and  mixed  failure (M).
Fractographic  analyses  were  statistieally  analyzed  by

the x2 test.

Qye leahage assessment

The  specimens  were  transferred from  the storage

water  into a  O.5% basic fuchsine solution  and  kept at

room  temperature  for 24 hours. After being rinsed

with  water  and  air-dried, a  seetion  was  made  at the
center  of  the material  perpendieular to the bonding
interface. The  length of  dye penetration and  that of
the interface between resin  and  tooth  were  measured

with  a measuring  ocular  in the light microscope.

The  maximum  length was  recorded  for each  speci-

men.

   The  leakage value  was  calculated  as  follows:

   (length ratio:  %)=(dye  penetration length/

                   interface length) × 100

   The  leakage values  were  then analyzed  by Mann-

Whitney U  test at 5%  level of significance.

                  RESULTS

For dentin, "TBS  decreased significantly  from 28.4
MPa  to 17.1 MPa  in the first month  (p<O.05), then
remained  stable  at  about  16 to  18 MPa  from  the  first
month  to the sixth  month.  For  cementum,  

,uTBS
 de-

creased  significantly  from 32.9 MPa  to 18.0 MPa  over

the  first two  months  (p<O.05), then  remained  stable

at  about  18 to 20 MPa  from month  2 to month  6.
The  yTBS  differences between  dentin and  cementum

were  statistically  significant  (p<O.05) only  at  the

first month,  and  no  statistically  significant  differ-

ences  were  observed  between  month  2 and  month  6
(Fig. 1).
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Fig  1 Micro-tensile bond strength  (mean±  standard

     deviation) to dentin and  cementum  by period

     after  bonding, a  and  b indicates significant  dif-

     ferences between day 1 and  each  time  points in

     dentin and  cementum  (p<O.05), A  star  indicates

     a significant  difference between dentin and

     cementum  at  one  tirne point.

 (a) Fracture modes  ofcementum  specimens
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Fig.2Percentages  of  fracture modes  of  de-bonded sur-

face. Within parentheses  are  the number  of

specimens  that  survived  the preparation  process

per total number  of  specimens.  <a) fracture
modes  of  dentin specimens.  (b) fracture modes

of  cementum  speeimens.
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  Fig.3 Dye leakage value  (mean± standard  deviation}

       of  dentin and  cementum  by period after  bond-

       ing. a  and  b indicates signifieant  differences be-

       tween  day 1 and  each  time  points in dentin and
       cementum.

   According to fractographical analysis,  the pro-

portion of  interfacial failure of  the dentin sample

tended  to inerease from 12.5% on  the first day to

55.6% at  sixth  month.  In the cementum  sample,  the
destruction zone  was  not  specified.  No  statistically

significant  differences were  observed  among  all  the
fracture types (Fig.2).
   The  leakage value  of dentin increased signifi-

eant}y  from 5.65%  to 12.6%  in the first three months

(p<O.05); while  for eementum,  the  leakage value  in-

creased  significantly  from 5.6996 to 11.4% within  the
first month.  For  both  dentin and  eementum,  ne  sig-

nificant  differences could  be recognized  at  months  3,
4, and  6. The  leakage values  at  sixth  month  for

both dentin and  cementum  were  almost  the same

(Fig. 3).

                DISCUSSION

After day  1 in the  micro-tensile  bond  strength  test,

the adhesive  bond  strengths  of  both  dentin and

cementum  began to decrease. By the end  of  the first
month,  the adhesive  bond  strength  of  dentin had  de-
creased  by about  50%; for cementum,  the strength

decreased by about  50%  at  the second  month.  Fol-
lowing  which  there were  no  significant  differences,

and  gTBS  was  maintained  until  the end  of the six-

month  period. In the  work  of  Kiyomura  et  al.22), it

was  reported  that the tensile strength  decreased from
19.5 MPa  to 7.9 MPa  by the third month  after  the
dentin samples  were  immersed in water.  Kiyomura
et  al.22) also  reported  that  the  samples'  surfaces  were

treated with  10-3 solution  for 3e seconds.  It was  rec-

ommended  that 10-3 solution  treatrnent be shorter

than  30 seconds  in order  to expedite  the  generation
of  a  long-term, stable  hybrid layer. Therefore in

this present  study,  treatment  time  with  10-3 solution

was  set  at  5 seconds.  The  result  was  that  the  tensile

bond  strength  to dentin decreased from 28.4 MPa  to
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17.6 MPa  in three  months.  This result  may  lend

support  to the view  that durab]e adhesive  strength

was  achieved  because the  5-second treatment  time

seemed  to prevent  over-etching  of  the dentin.
   It was  suggested  that  due to water  immersion

for long periods,  failure occurred  between the hybrid
layer and  the resin  layer, or  between the hybrid

layer and  the mineralized  dentin2ii). In several  stud-

ies, bond strength  was  reduced  after  resin-dentin

bonded  specimens  were  stored  long-term  in

water22･4iA2).  It has been speculated  that water  ab-

sorbed  into the demineralized dentin had  caused  hy-

drolytic degradation22'23'4i'42] of the resin, thus leading
to non-enveloped  collagen  fibrils at  demineralized

dentin zone.  Hence, the presenee of demineralized
dentin was  thought  to have  affected  the integrity of

the resin-dentin  bonds for both short  and  long peri-
odsri4'.  Several studies  coneluded  that a  prolonged
acid  conditioning  time  resulted  in fracture within  the
demineralized dentin zone  when  specimens  were

stressed  to failure using  the micro-tensile  bond
test43'44>. This means  that exeessive  aeid  conditioning

caused  deeper demineralization of  both intertubular
and  peritubular dentin, which  in turn  meant  that

they  were  not  eapable  of  being eompletely  infiltrated
by  resin  monomers.  These  studies  suggested  that

failure was  likely to be initiated in this weakest  zone,

leading to decreased bond  strength`">.  In this  study,

,aTBS
 decreased at  the initial stage  with  no  signifi-

cant  differences at'terwards.  The  reason  for this

change  is unclear,  but Kiyomura  et  al.  supported  the

view  that bonding strength  decreases gradually fol-

lowing  the initial decline of  adhesive  strength22).

   On fractographic analysis,  singularity  was  not

recognized  in either  the dentin sample  or  the cemen

tum's. The degradation effect on  adhesion  due to
long-period water  immersion  has not  been estab-

lished. But in dentin, it was  recognized  that the ad-

hesive interface tended  to degrade as  time progressed.
So demineralized dentin was  deemed to  be incapable

of  being  completely  infiltrated by resin  monomers.

It was  reported  that  long-term  morphological

ehanges  had occurred  in both the adhesive  interface
and  the  resin-composite  restorative  materials46'47).  In

the present study,  there were  no  significant  differ-
ences  between the  adhesive  and  eohesive  failure rates

of  resin.  Henee, a  dominant factor for failure was

lacking. In cementum  however, there  tended to be a

much  higher rate  ef  cohesive  fracture, though  the re-

sults  were  not  statistically  significant.  Adhesive  fail-
ure  rate,  on  the  other  hand, seemed  to be lower when

cementum  surfaees  were  treated  with  10-3 solution

for 5 seconds.  The  gTBS  of  resin-cementum  at  first
rnonth  was  signifieantly  higher than  that  of  resin-

dentin, and  the rapidity  of  dentin's adhesive  strength

decline was  clearly  significant.  Two  reasons  were

suggested  for the  vast  differenee. First, owing  to the

greater  density of  cementum  (due to the absence  of

ADHESION   TO  CEMENTUM

tubules),  water  can  infiltrate the  dentin more  easily.

Second]y, it could  be that demineralized cementum

was  capable  of  being completely  infiltrated by  resin

monorners.

   The  leakage values  of  dentin and  cementum  in-

creased  until  the third month  and  then  remained

fairly constant  until the sixth  month.  At  sixth

month,  the leakage value  was  about  15%  in the 3-
mm-diameter  specimens.  In the dye Leakage test,
leakage is identified by  the permeation  of  dye mole-

cules  in the gap  between resin  and  dentin. The gap
could  be formed  due to curing  shrinkage  of  the resin

or  degeneration of the adhesive  interface. It is

known  that polymerization continues  for 4-

META/MMArTBB  resin  for about  one  month"H'`YL

The  continuance  of  polymerization expanded  the eon-

traction  gap, hence the  leakage quantity  increased.

However, the gap  did not  seem  to expand  during the
last two  months  of the experiment  

-
 as  indicated by

the  stabilized  leakage values.

   Through the micro-tensile  and  dye leakage tests,
this study  has shown  that  for both  dentin-resin and

cementum-resin  bonds, the declining tendency  of  ad-

hesive strength  was  not  significant  after  the  first 2-3

months.  This means  that it is highly likely that ad-

hesion would  remain  strong  and  durable for a  long

term. Based on  these test results,  it seems  promis-

ing that  4-METAfMMA-TBB  resin  would  be elini-

cally  effective  for the bonding treatments  of

vertically  fractured roots  and  root-end  sealing  follow-

ing apicoectomy,  in which  bonding to cementum  is
necessary.

                CONCLUSION

From  the  results  of  micro-tensile  and  dye leakage

tests, it became clear  that the adhesion  between 4-
META/MMA-TBB  resin  and  dentin or  cement  de-

creased  for 1-3 months,  and  then  stabilized  after-

wards.  During  most  of  the  observation  periods, no

significant  differences were  reeognized  between dentin
and  cementum.
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