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CHAPTERR 4 

Fracturee resistance of endodontically treated 
premolarss adhesively restored 

Introduction n 

Endodonticallyy treated teeth can be reinforced considerably with 
bondingg techniques (Sorensen and Martinoff, 1984; Heller et al., 
1972;; Lu, 1987). The use of adhesive restorative materials is so 
effectivee that retention with only a post was shown to be inferior to an 
adhesivee resin composite build-up without a post (Hoag and Dwyer. 
1982).. Moreover, Trope et al. (1986) demonstrated that preparation for 
aa post weakens the tooth significantly. Apparently, adhesive restorative 
materialss not only offer sufficient retention but can also form an 
adherentt bridge between the facial and lingual cusps of a significantly 
weakenedd tooth. Trope et al. (1986) showed that the resistance against 
fracturee of endodontically treated premolars increased considerably 
whenn the teeth were restored intra-coronally with resin composites in 
combinationn with the acid-etch technique. 

Tropee and Tronstad (1991) investigated the contribution of glass 
ionomerr cement to the fracture resistance. Deep MOD cavities were 
completelyy restored with glass-ionomer cement or a resin composite 
andd also resin composites and amalgam restorations were placed on a 
floorr of glass ionomer cement. Static loading revealed that the all-
resinn composite restoration was the strongest. In recent years, both 
resinn composites and glass ionomers as well as the dentine bonding 
systemss have been improved significantly (Prati et al., 1994). 

Publishedd before in the American Journal of Dentistry. 1997: 10: 237-241. 
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Thiss in vitro study evaluated the resistance to cusp fracture of 
maxillaryy premolars, which were weakened hy endodontic treatment and 
subsequentlyy restored with representative examples of contemporary 
adhesivee systems. 

Materialss and Methods 

SelectionSelection of teeth: After visual and radiographic examination, 
722 carefully extracted sound maxillary premolars were selected on 
comparablee bucco-lingual and mesio-distal measurements to form a 
groupp of samples as uniform as possible. They were stored in an 
aqueouss thymol solution until use. During preparation, care was taken 
too avoid dehydration. 

Twelvee groups of six teeth each were used in this investigation. 
Groupp 1 was left untouched to serve as a control. For the samples of 
thee remaining groups, access cavity was prepared and endodontic 
treatmentt was performed by traditional instruments to size 45 and.the 
roott canals were filled with gutta-percha and Pulp Canal Sealer (Kerr. 
Romulus.. MI. USA) cement. MOD cavities were prepared with a 
diamondd bur (#330, Intensive. Zurich. Switzerland) at high speed 
underr water coolant. The cavity was cut so that the gingival walls 
weree positioned 1 mm below the enamel-cementum junction. The 
occlusall  part of the facial wall was 2 mm wide and the gingival part 3 
mm.. Axial and gingival walls were cut non-retentive, approximately at 
aa 90° angle. In the sample teeth to be used for groups 5-12. 0.5 mm 
wide.. 45° bevels were prepared at the cavo-surface enamel margins. In 
groupss 3 and 4. all enamel margins in the occlusal portion were cut as 
buttt joints. Each gingival margin of the cavities was trimmed with a 
gingivall  margin trimmer. One group of six teeth with only a MOD 
cavityy was left unrestored (group 2). The materials combinations used 
inn each group are shown in Table 1. 
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TABL EE 1 - Restorative materials and procedures 

Group p 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 0 

11 1 

12 2 

Dentine e 
pre-treatment t 

lO'-'ff  citric acid 

--

10'**  maleic acid 
solution n 

379(379( phosphoric 
acid d 

lO f̂f  citric acid 
solutionn and 

CAA agent 

--

\{Y/(\{Y/( poly-acrylic 
acidd solution 

GCC conditioning 
solution n 

Vitremerr Primer 

Compoglasss SCA 

Primer r 
off  liner 

Superbondd Primer 

Panaviaa 21 
EDD Primer 

ScotchbondMP P 
Pluss Primer 

OptiBond d 
Primer r 

SAee Primer 

Cleaifill  Liner 
Bondd 2 Primer 

Ketacc Fill 
AA pi i cap 

Fujii  11 

Vitremer r 

Compoglass s 

Bonding g 
resin n 

Superbondd Liner 

Panaviaa 21 Paste 

Scotchbondd MP 
Pluss Adhesive 

OptiBond d 
Adhesive e 

Photobond d 

Cleartlll  Liner 
Bondd 2 Adhesive 

Scotchbondd MP 
Pluss Adhesive 

Scotchbondd MP 
Pluss Adhesive 

Scotchbondd MP 
Pluss Adhesive 

Tetricc bonding 
solution n 

Restorative e 
material l 

Valiant t 

Valiant t 

Z100 0 

Herculitee XRV 

Cleartlll  Ray 
Posterior r 

Clearflll  Ray 
Posterior r 

Z100 0 

ZI00 0 

Z100 0 

Tetric c 

Thee following restorative procedures were carried out. The manu-
facturers'' instructions were followed, unless otherwise stated. The 
light-curingg unit used in this study was Visiiux (3M. Dental Products, 
Divisionn St Paul. MN. USA). 

Groupp 3. Superbond D-liner/Valiant (SND/VLT) - The cavity 
wallss were conditioned with a 10% citric acid and ferric chloride 
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solutionn for 30 seconds on enamel and for 15 seconds on the dentine. 
Afterr 15 seconds washing and gently drying, a thin layer of the 
Superbondd priming solution was applied and gently blown. The 
adhesivee agent. Superbond D Liner (Sun Medical, Shiga. Japan) 
wass applied to the dental tissues and a Toffelmire matrix band 
wass positioned. The amalgam Valiant (Caulk/Dentsply. Milford, DE. 
USA)) was condensed. 60 seconds after application of the adhesive 
agent.. After 24-hour storage in a 0.99r NaCl solution, finishing 
andd polishing was carried out with a set of fine diamond burs 
(amalgamm shape, Intensiv, Zurich, Switzerland) at low speed with water 
coolant. . 

Groupp 4. Panavia 21/Valiant (P2I/VLT) - The enamel and the 
dentinee surfaces of the whole cavity were treated with Panavia 21 ED 
Primerr (Kuraray Co, Tokyo and Osaka, Japan) for 60 seconds and a 
gentlee air flow was used to promote evaporation until the surfaces 
appearedd glossy. A Tofflemire matrix band was placed. After mixing, 
thee Panavia 21 paste was applied in a thin layer to the entire primed 
cavityy in less than 1 minute. The amalgam Valiant was placed into the 
cavityy while the Panavia 21 paste was still wet. After carving, 
Oxyguardd II (Kuraray Co, Tokyo and Osaka. Japan) was applied to all 
thee margins with a small brush and left in place until the amalgam 
hadd set. Then the Oxyguard II was removed with a water spray. After 
24-hourr storage in a 0.9% NaCl solution, finishing and polishing were 
donee as in Group 3. 

Groupp 5. Scotchbond MP/Z100 (SB/Z100) - The whole cavity 
wass treated with a 10% maleic acid solution for 15 seconds (Scotch-
bondd MP conditioner, 3M Dental Products Division. St. Paul. MN. 
USA).. After 15 seconds washing, the cavities were air-dried gently 
forr 2-3 seconds and Scotchbond MP Primer (3M Dental Products 
Division,, St. Paul, MN. USA) was applied. After a gentle blow of air. 
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Scotch-bondd MP resin (3M Dental Products Division, St.PauI. MN, 
USA)) was applied in a thin layer on the enamel and dentine surfaces 
andd light-cured for 10 seconds. A Tofflemire matrix band was applied 
andd Z100 (3M Dental Products Division, St. Paul MN, USA) was 
incrementallyy inserted and light-cured for 40 seconds per increment. 
Afterr 24-hour storage in a 0.9% NaCl solution, samples were finished 
withh diamond burs (Composhape. Intensive, Zurich, Switzerland) at 
loww speed with a water coolant. Polishing was performed with Sof-lex 
discss (3M Dental Products Division. St. Paul. MN. USA). 

Groupp 6. Optibond/Herculite XRV (OB/HXRV) - After positioning 
aa clear matrix band, the whole cavity was treated with 37% phosphoric 
acidd gel on enamel for 30 seconds and on dentine for 15 seconds. The 
substratee was washed for 15 seconds and gently air-dried. Optibond 
Primerr {Kerr, Romulus. MI, USA) was applied with a sponge, spread 
withh an air stream and light-cured for 20 seconds. Optibond Dual Cure 
adhesivee 3A + 3B was mixed, the solution was applied in a thin layer 
onn the whole cavity, and was light-cured for 30 seconds. Herculite 
XRVV (Kerr, Romulus, Ml, USA) was placed incrementally and light-
curedd for 40 seconds per increment. Samples were finished and 
polishedd as described for Group 5. 

Groupp 7. Clearfil Liner Bond System/Clearfil Ray Posterior 
(LB1/CRP)) - After positioning a clear matrix band, the enamel and the 
dentinee of the whole cavity were treated with a 10% citric acid 
solutionn and calcium chloride (Ca Agent) for 40 seconds. They were 
thenn rinsed for 20 seconds and carefully air-dried. SA Primer was 
appliedd with a brush to the entire cavity in a thin layer and then blown 
withh air. Photobond catalyst and universal were mixed in a 1:1 ratio, 
appliedd to the surfaces and light-cured for 40 seconds. Protect Liner 
wass applied with a small brush and polymerized for 20 seconds in all 
dentinee areas. The cavities were restored with Clearfil Ray Posterior 
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andd incrementally light-cured for 40 seconds per increment. Finishing 
andd polishing were done as in Group 5. 

Groupp 8. Clearfil Liner Bond 2/Clearfil Ray Posterior (LB2/ 
CRP)) - After positioning a clear matrix band, the whole cavity was 
treatedd with Clearfil Liner Bond 2 Primer A and B for 20 seconds, 
driedd and light-cured for 20 seconds. Clearfil Liner Bond 2 resin was 
appliedd and cured for 20 seconds. In addition, a thick layer of Protect 
Linerr was applied to the cervical wall of the cavities as a liner and 
light-cured.. The cavities were incrementally restored with Clearfil Ray 
Posterior,, each increment cured for 40 seconds. Finishing and polishing 
weree performed as in Group 5. 

Groupp 9. Ketac-Fil Aplicap/Z100 (KF/Z100) - After positioning 
aa clear matrix band the whole cavity was treated with a \()c/c polyacrylic 
acidd solution (ESPE, Seefeld, Germany) for 10 seconds, washed 
thoroughlyy and air-dried. The glass ionomer cement (ESPE. Seefeld, 
Germany)) was mixed (VariMix II, Caulk/Dentsply. Milford, DE, 
USA)) according to the manufacturer's instructions and forcefully 
condensedd into the cavity to a layer of approximately 2 mm thickness. 
Afterr bevelling, the glass ionomer base and the enamel margins were 
etchedd for 20 seconds with a 379r phosphoric solution gel. then 
washedd and dried. A thin layer of Scotchbond MP unfilled resin was 
appliedd on the conditioned surfaces and light-cured for 30 seconds. 
Thee cavities were filled incrementally with Z100 resin composite and 
eachh increment light-cured for 40 seconds. Finishing and polishing 
weree carried out with diamond fine and superfine diamond burs 
(Intensive.. Zurich. Switzerland) at low speed. 

Groupp 10. Fuji II / Z100 (FII/Z100) - After positioning a clear 
matrixx band, the whole cavity was treated with Fuji II conditioning 
solutionn (GC Corporation. Tokyo. Japan) for 10 seconds, washed for 
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155 seconds and gently air-dried. Fuji II LCI light curing glass ionomer 
cementt (GC Corporation. Tokyo, Japan) was placed incrementally and 
curedd for 20 seconds per increment. After bevelling, the enamel of the 
laterall  and the occlusal walls were etched with a 37% phosphoric acid 
gel.. After !5 seconds washing and gently drying, a thin layer of 
Scotchbondd MP adhesive was applied onto the glass ionomer and on 
thee bevelled enamel margins and cured for 20 seconds. The cavity was 
finallyy filled with Z100 resin composite and incrementally light-cured 
forr 40 seconds. Finishing and polishing were done as in Group 5. 

Groupp 11. Vitremer/ZlOO (VMR/Z100) - After positioning a clear 
matrixx band, the dentine surface was treated with Vitremer Primer 
(3M.. Dental Products Division. St. Paul. ML USA) for 30 seconds. 
Afterr gently air blowing the primed surfaces, light curing was 
performedd for 20 seconds. Two layers of Vitremer (3M, Dental 
Productss Division, St. Paul, MI, USA) were incrementally placed as a 
base.. Each layer was light-cured for 40 seconds. After bevelling, the 
enamell  margins were etched with a 37% phosphoric acid solution. 
Afterr 15 seconds washing and gently drying. Scotch-bond MP unfilled 
resinn was placed in a thin layer on the glass ionomer and on the etched 
margins.. ZI00 resin composite was applied incrementally and light-
curedd for 40 seconds per increment. Finishing and polishing were 
donee as in Group 5. 

Groupp 12. Compoglass/Tetric (CPGITC) - After positioning a clear 
matrixx band, the dentine surface was treated with Compoglass SCA 
bondingg agent (Vivadent. Schaan, Liechtenstein). After waiting for 
200 seconds, the material was spread by gentle air and light-cured for 
200 seconds. Compoglass (Vivadent, Schaan, Liechtenstein) was applied 
inn layers of maximal 3 mm thickness. Each increment was light-cured 
forr 40 seconds. The bevelled enamel margins were acid-etched with 
37%% phosphoric acid solution. After 15 seconds washing and gently 
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FIG.. I - Assembly for loading. 

dryingg Tetric resin bonding system was applied and Tetric resin 
compositee was placed incrementally and each layer light-cured for 40 
seconds.. Finishing and polishing were done as in Group 5. 

Afterr restoration, all the samples were stored in distilled water at 
377  l°C for 1 week prior to testing. Then they were mounted in a ring 
withh gypsum (Vel Mix stone. Intensive, Zurich, Switzerland) in order 
too fix them in an Instron loading machine lor axial loading (Instron. 
Highh Wycombe. UK). A stainless steel cylinder was positioned on the 
faciall  and lingual cusps without touching the restorations (Fig. 1). A 
loadingg speed of 0.5 mm/second was used. For statistical analysis. 
ANOVA .. Kruskal-Wallis and Mann-Whitne> tests were employed. 

Results s 

Meann fracture resistance and standard deviations lor the experi-
mentall  groups are shown in Table 2. The highest fracture resistance 
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TABL EE 2 - Fracture force values (N) and standard deviation of mean 
inin each group (n = 6) 

Groups s 

[[  Snd 

22 MOD 

33 SDL/VLT 

44 P21/VLT 

55 SB/Z100 

66 OB/HXRV 

77 LB1/CRP 

88 LB2;CRP 

99 KF/ZIOO 

100 FI1/ZIOO 

111 VMR/ZKK) 

122 CPG/TC 

Materials s 

Soundd teeth 

Preparedd Teeth 

Superbondd D Liner/Valiant 

Panuviaa 21/Valiant 

ScotchbondMP/ZHK) ) 

Optibond/Herailiiee XRV 

Linerr Bond l/C. Ray Posterior 

Linerr Bond 2/C. Ray Posterior 

KetaeFilA./Z100 0 

Fujii  IILC/ZI0 0 

Vitremer/ZlOO O 

Compoglass/Tetric c 

Mi n n 

631 1 

116 6 

305 5 

246 6 

289 9 

468 8 

557 7 

553 3 

301 1 

314 4 

305 5 

383 3 

Ma\ \ 

1662 2 

501 1 

441 1 

833 3 

977 7 

1187 7 

1217 7 

913 3 

625 5 

518 8 

601 1 

957 7 

Mean n 

1061 1 

294 4 

393 3 

465 5 

705 5 

804 4 

790 0 

866 6 

483 3 

396 6 

497 7 

610 0 

s.d. . 

504 4 

131 1 

61 1 

213 3 

240 0 

264 4 

222 2 

255 5 

106 6 

123 3 

115 5 

valuess were recorded for sound teeth (Group 1. control), while the 
lowestt were registered for the unrestored MOD samples (Group 2). 
Fromm this table you can see that resin dentine bonding systems in 
combinationn with resin composites (Groups 5-8) showed the best 
fracturee resistance results. On the other hand, adhesive amalgam 
sampless (Groups 3, 4) fractured at a low force of about 400 N. In all 
cases,, fracture of the restored tooth was at the tooth-restoration 
interface,, illustrating an adhesive failure pattern. 

AA one-way ANOVA, showed a strong variability between the SD of 
thee groups. So, instead of a parametric analysis, a non-parametric 
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FIG.. 2-Box and whiskers plot for the control (#1) as well as the experimental 
groups. . 

Kruskal-Walliss test was performed. This lest showed significant 
differencess between the groups at P < 0.001. Mann-Whitney analysis 
off  all the experimental groups versus the control group is displayed in 
Fig.. 2. As it can be seen, the resin dentine bonding systems in combina-
tionn with resin composites (groups 5-8) did not differ significantly 
fromm the sound group (control) with regard to the fracture resistance. 

Discussion n 

Duee to loss of bridging between the cusps in a deep MOD prepara-
tion,, the fracture resistance of the tooth under occlusal forces is 
reducedd (Heifer et al.. 1972: Wendt et al.. 1987). This was clearly 
demonstratedd in this study. As it can be expected, adhesive restorations 
mightt contribute positively to the strength of the tooth (Reeh et al.. 
1989).. Wendt et al. (1987) while studying restorations in endodontically 
treatedd maxillary premolars with various material combinations, showed 
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thaii  a resin composite acid-etch combination had the highest fracture 
resistance,, although there was no statistically significant difference 
withh a glass ionomer cement/resin composite combination. Moreover, 
thesee authors did not find a statistically significant difference with the 
fracturee resistance of the sound teeth. In contrast to this, the results of 
thee present study showed significant differences in fracture resistance 
off  the teeth, restored with various adhesive systems. Resin composite, 
placedd on resin dentine bonding systems (groups 5-8) showed 
significantlyy higher values, than when placed on glass ionomer 
cementss (groups 9-12). A possible explanation for this discrepancy 
betweenn the two studies could be that Wendt et al. (1987) used a 
traditionall  glass ionomer cement as a liner and a past generation resin 
dentinee bonding system, with only the enamel etch technique. Both 
systemss offer only limited bond strength to dentine. In particular, the 
hydrophilicc resin dentine bonding systems used in groups 5-8 have a 
significantlyy improved bond strength to dentine due to the hybridization 
off  conditioned dentine (Nakabayashi et al.. 1982). Possibly, the testing 
methodd of Wendt et al. (1987) was also not sufficiently discriminating, 
whichh is illustrated by the fact that they could not find a statistical 
differencee between sound and restored teeth. 

Althoughh Trope et al. (1991) showed a more detailed discrimina-
tion,, they still could not demonstrate a significant difference between 
thosee teeth restored with a glass ionomer cement as a base under resin 
compositee or under amalgam. The present study, instead, was more 
discriminating,, since the glass ionomer cement/composite combina-
tionss (groups 9-12) showed, significantly (P < 0.01), a lower fracture 
resistancee in comparison with resin bonding systems/resin composite 
combinations.. Among the latter groups, statistical differences were 
foundd only for Vitremer/ZlOO and FII/Z100. The reasons for this 
differentt performance, compared with the resin bonding systems/resin 
compositess groups is probably due to the strategy of adhesion, which 
iss significantly modified with the total etch technique (Fusayama. 
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1992).. Nakabayashi et al. (1982) showed the importance of mechanical 
interlockingg with peritubular and intertubular resin dentine penetration 
afterr acid conditioning, smear layer removal and hydrophilic priming 
off  tissues. For the group of resin bonding systems, the bond strength 
provedd to be superior to all the previous resin bonding systems, which 
partiallyy or totally preserved the smear layer (Van Meerbeek et al.. 
1992).. On the other hand, the present generation of resin modified 
glasss ionomer cements in combination with various dentine pre-treat-
ments,, showed an improvement of bond strength values in comparison 
withh traditional glass ionomer cements bonded directly to dental hard 
tissues.. This is because of the dentine resin adhesion in combination 
withh HEMA solution. It is well known they have not still reached a 
bondd as strong as in resin dentine bonding systems (Garcia-Godoy et 
al„„  1996). More recently, Hernandez et al. (1994) also confirmed in 
theirr study the improved performance in cusp fracture resistance of 
endodonticallyy treated premolars, restored with glass ionomer cement/ 
resinn composites combinations. Once again statistical differences were 
nott found when compared with resin bonding systems/resin composite 
combinations.. In that investigation, however, the cavities were firstly 
etched,, washed and dried, and a layer of resin bonding was placed and 
light-curedd before positioning the resin-modified glass ionomer 
cementt VariGlass (Sun Medical, Shiga, Japan). Such a procedure does 
nott differ greatly from an all resin procedure, because VariGlass has to 
bee regarded as a resin composite rather than a glass ionomer. In 
groupss 3 and 4 of the present study, bonded amalgam restorations did 
nott add significantly to the fracture resistance of endodontically 
treatedd maxillary premolars. In fact, we did not find significant 
differencess (P < 0.01) in comparing the amalgam restorations with the 
MODD unrestored preparations (group 2). The bonding systems for 
amalgamm we used, certainly etched and primed the dentine to enhance 
bondingg by resin inter-diffusion, but adhesion to the amalgam might 
bee less strong and durable than to resin composites. In contrast to the 
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studyy of Hernandez et al. (1994). where no statistical difference in 
fracturee resistance could be demonstrated among bonded amalgam, 
bondedd resin composite and glass ionomer cement/resin composite 
samples,, the present investigation, where the very dentine bonding 
systemm {Super Bond D Liner/Amalgambond) was used in combination 
withh the amalgam (Valiant), showed that the cusp fracture resistance 
off  the dentine bonding systems/resin composite restorations (groups 
5-8)) was significantly higher than the bonded amalgam restorations' 
onee (groups 3. 4). 

Inn this study much care was given to the selection of sound teeth 
onn shape and size. Yet a standard deviation of 5(Wc in strength within 
thee control could not be avoided. The wide variation in fracture 
strengthh of sound teeth, 631-1662 N with a mean of 1061, illustrates 
ann intrinsic problem in studying the efficacy of restoration procedures 
inn strengthening injured teeth. The wide spread can partially be 
explainedd by the unpredictable fracture pattern of sound teeth and thus 
failuree can happen at a variety of force values. This is in contrast to 
preparedd teeth, where the fracture pattern is more uniform (Salis et al., 
1987)) and therefore the comparison of the restored groups is more 
realistic.. Besides this, it will be hard, as if not impossible, to replace 
thee sound teeth in such studies by uniform artificial teeth because the 
strengtheningg comes from the efficacy of the bond to the dentine 
basedd on hybridization. 

Fromm this study, it may be concluded that hybrid resin composites 
inn combination with hybridizing bonding systems are the materials of 
firstt choice to restore endodontically treated teeth if full coverage by 
castt metals is not indicated. 

65 5 




