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ARTICLE INFO  ABSTRACT 
 
 

 The objective of this manuscript was to evaluate the fracture resistance and failure mode of roots 
of bovine incisors with the root canal purposely enlarged, reinforced with different restorative 
materials and compared with intact roots restored with cast post and core. In this manuscript 75 
bovine inferior central incisors were selected, being sectioned transversally and leaving only 14 
mm of root. A standardized wear sequence was used to make them fragile, leaving the remaining 
walls with 0.5 to 0.7 mm thick in the cervical edge. In the control group (RI) the remaining walls 
had 2.0 to 2.5 mm thickness at the cervical edge and were restored with cast post and core. All 
samples received a total metallic crown. From the four experimental groups (n = 15), one group 
did not received internal root reinforcement (SR) and the other three were tested for composite 
resin (RC) or glass ionomer cement (CIV) reinforcements associated with cast post and core or 
composite resin in association with fiberglass post (PFV). The tests were applied in a universal 
test machine (Instron) with tangential compression loading, focusing on the palatal side of the 
crown, forming an angle of 135° with the long axis of the root, at a speed of 1 mm / min. The 
force average values obtained were 330.45 N; 218.58 N; 186.54 N; 275.44 N and 295.10 N for 
the groups RC Group, PFV Group, Group IV, SR Group and RI Group. Among the RC, SR and 
RI groups there was no statistical difference for the obtained average forces. The PFV and IV 
groups differ statistically from the mean force obtained in relation to the RC, SR and RI groups (P 
<0.05). However PFV and IV are statistically similar. In the PFV and IV groups, there was a 
higher incidence of favorable fractures, while in the other groups non-favorable fractures 
prevailed. Reinforcing internally a fragile root with composite resin favors the increase of fracture 
resistance. A greater amount of remaining dentin was responsible for a greater fracture resistance, 
but without statistical difference in comparison with weakened roots without reinforcement. 
Restored fragile roots with PFV associated to the composite resin (anatomical post) have the 
advantage of having favorable fractures, allowing the reuse of the root.On the other hand, when 
working with cast post and core we normally reach an increase in resistance, but a large incidence 
of non-favorable fractures is present. 
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INTRODUCTION 
 

Teeth endodontically treated with great structural loss need 
intra-canal retainers for their rehabilitation. Traditionally one 
of the most used biomaterials for this function is the cast post 
and core (Mitsui et al., 2004,Özcan andValandro 2009; Faria 
et al., 2011). This component, because it is rigid, resists forces 
without distortion, but it transmits tensions to the root dentin 

 
 
(Fernandes and Dessai 2001). The difference of the modulus of 
elasticity of this type of retainer and dentin is an aggravating 
factor for the concentration of stress in the root structures 
(Ferrari et al., 2000,Torabi and Fattahi 2009). As the amount 
of remaining dentin can influence fracture resistance, root 
canal dentin must be preserved to the maximum extent 
possible during preparation of the root canal (Zogheib et al., 
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2008, Mireku et al., 2010, Mattos et al., 2012, Fragou et al., 
2012, Zhou and Wang 2013, Zicari et al., 2013). The 
possibility of root fracture increases in cases where the 
cervical diameter of the root canal is too broad (Sirimai et al., 
1999, Delfino and Nagle 2003). Due to the large number of 
options that have been proposed, the choices regarding the 
selection of materials and techniques to restore root canals 
with weakened walls become difficult (Ayad et al., 2010). 
However, the search is basedon mechanical properties similar 
to the remaining dental structure as well as a correct selection 
of the cementation system. (Xiong et al., 2015, Gomes et al., 
2015, Gomes et al., 2016).One of the options would be to 
reinforce the root walls and restore the inner diameter of the 
canal as close to normal before cementing an intra-radicular 
post, which favors the dissipation of forces and protects the 
remaining root (Theodosopoulou and Chochlidakis 2009, Laxe 
et al., 2009, Balkaya et al., 2013, Ferro et al., 2016). Several 
studies corroborate the idea that internally reinforcing the 
brittle roots can considerably increase fracture resistance 
(Liang et al., 2007, Wu et al 2007, Torres-Sánches et al., 2013, 
Balkaya and Birdal2013). In addition to the studies to apply 
filling materials, new techniques were also developed, among 
them the anatomical post. The fiberglass post is wrapped by 
composite resin modeled inside the root canal, which allows a 
thin layer of cement at the post / root interface, improving 
retention and mechanical properties (Grandini et al., 2003, 
Clavijo et al., 2006,Albashaireh et al., 2009, Özdemir et al. 
2012, Gomes et al., 2016,Cardenas et al., 2016, Amaral et al., 
2015). In view of the above, this manuscript proposes to 
evaluate the fracture resistance of fragile radicular remnants by 
means of different techniques: fiberglass posts associated with 
photopolymerizable composite resins and cast post and cores 
associated or not with the use of root reinforcement 
(photopolymerizable resin or glass ionomer), besides 
evaluating the failuremode presented by the root, classified in 
favorable or non-favorable fractures. 
 

MATERIALS AND METHODS 
 
Selected samples 
 
In this paper were selected 75 bovine inferior central incisors, 
free of cavities or fractures. Its roots were sectioned with a 
diamond disc (KG Sorensen, Brazil) in low rotation, remaining 
standardized in the length of 14 mm (measurement performed 
with a digital pachymeter). The sectioned roots were submitted 
to endodontic treatment. Instrumentation with K-filesize 80 
(Dentsply Maillefer, Brazil) and obturation using gutta-percha 
(Tanari, Brazil) using the lateral condensation technique, 
remaining 1 mm short of the root apex. The gutta-percha 
removal was performed up to 9 mm deep (maintained 4 mm 
apical seal) with a Largo bur No. 4 (Injecta, Brazil), 
maintained between 2.0 and 2.5 mm thick root wall at the edge 
assessment with digital pachymeter. 
 

Intra-root preparation for similar weakened roots 
 

Of the 75 teeth, 15 samples formed the control group (n = 15) 
with intact roots with radicular dentinal remnant with a 
thickness of 2.0 to 2.5 mm in the cervical edge. On the other 
hand, 60 samples that had the fragilized roots were randomly 
distributed into four groups, according to the intra-radicular 
restorative materials. The 60 teeth suffered additional wear on 
the walls of the root canal, in order to simulate roots with 
weakened walls. A No. 5 Largo bur (Injecta, Brazil) was 

introduced into the root canal at low rotation up to 9 mm deep. 
A spherical diamond drill No. 1016 (KG Sorensen, Brazil - 1.8 
mm diameter) was used at high speed, under constant water 
cooling to 8 mm depth. After the procedure described above, a 
2.5 mm diameter spherical diamond drill No. 3017 HL (KG 
Sorensen, Brazil) performed wear on the middle third until it 
reached 5 mm depth. Finally, a spherical diamond drill No. 
3018 (KG Sorensen, Brazil) performed wear up to 3 mm deep 
to prepare the third cervical. The remainder at the cervical 
border at the end of the preparation had a thickness between 
0.50 and 0.70 mm in a simulation of a root weakened by 
excess structural loss (Figures 1). 
 

 
 

Figure 1. (a) X-rayshowing a weakenedroot , (b) 
Occlusalviewshowing de cervical edge 

 
Group with restored intact roots with cast post and core 
(RI) 
 
The root canal was modeled using Pinjet prefabricated acrylic 
pins (Angelus, Brazil) associated with the Duralay chemical 
dam resin (Reliance Dental, USA). The coronary part of the 
pin was made with the same resin. To standardize the 
preparation of the coronary portion in all groups, a duralay 
resin model (Reliance Dental, USA) was used with five 
replicates obtained from the mold of an upper central incisor 
prepared to receive a total crown that was then cast in Co-Cr 
(Fitcast cobalt, Talmax, Brazil). EVA - Ethylene / Vinyl 
Acetate copolymer (FGM, Brazil) matrices were made in a 
vacuum plastic laminating machine, which served as a guide in 
the modeling of the cast and post coronary portion. The pin 
was cast in Co-Cr and cemented with U-200 resin cement (3M 
- Brazil) after conditioning the root canal with 37% phosphoric 
acid (Condac37 - FGM, Brazil) for 10 seconds and washing 
abundantly with water and then dried with jets and absorbent 
paper tips. 
 

Group with restored weakened roots with cast post and 
core and reinforced with composite resin (RC) 
 
Subsequent to the conditioning of the root canal with 37% 
phosphoric acid (Condac37 - FGM, Brazil) for 10 seconds and 
washing abundant with water and subsequently dried with air 
jets and absorbent paper tips, the Universal Single Bond 
adhesive (3M ESPE) was applied, being spread with light air 
jets and in the polymerized sequence for 60 seconds. The 
modeling of the weakened root was performed filling the walls 
of the root canal with composite resin (Z 350 3M ESPE). Each 
layer was photopolymerized with the aid of a fiberglass pin for 
90 seconds (White post n ° 2, FGM - Brazil). After finalization 
of the reinforcement, the formed root canal was reprepared so 
that the remaining walls were 2.0 to 2.5 mm thick, measured 
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with a digital caliper (Figure 2). Then an acrylic pattern for 
casting was obtained, following the same technique used in the 
group with intact roots. The pin was cast in Co-Cr (Fitcast 
Cobalto, Talmax, Brazil) and cemented with U-200 Resin 
cement (3M - Brazil). 
 

 
 

Figure 2. Root reforced with compositeresin 
 

Group with restored weakened roots with cast post and 
core and reinforced with glass ionomer (IV) 
 

The weakened roots, after conditioning the root canal with 
37% phosphoric acid for 10 seconds, and abundant flushing 
with water and subsequently dried with air jets and absorbent 
paper tips, were filled with self-cure glass ionomer cement 
(Riva self cure, SDI - Australia), which was introduced into 
the root canal using a Centrix syringe (New DFL, Brazil). The 
channel modeling was performed with the help of a fiberglass 
pin (White post n ° 2, FGM - Brazil) with solid petroleum jelly 
applied on its surface to a depth of 9 mm held centrally until 
the total cement prey (Figure 3).The formed root canal was 
reprepared so that the remaining walls were 2.0 to 2.5mm 
thick.With the completion of the preparation of the root canal, 
an acrylic pattern for casting was obtained, following the same 
technique used in the group with intact roots. It was then cast 
in Co-Cr and cemented with U-200 Resin cement. 
 

 
 

Figure 3. Root reforced with self-cure glass ionomer cement 
 

Group with restored weakened roots with fiberglass post 
and reinforced with composite resin (PFV) 
 
Fiberglass post n° 2 (FGM) had its length cut at 12.0 mm (9.0 
mm inside the root canal and 3.0 mm to support the filling 
core), being conditioned with 37% phosphoric acid (Condac 
37, FGM, Brazil). Then a single component silane layer 
(Prosil, FGM, Brazil) was applied on the post, and after the 
volatilization the resin adhesive was applied (Single Bond 
universal - 3M) followed by photoplimerization for 20 
seconds. An increment of composite resin (Z350, 3M ESPE) 
was applied on the post. In addition, the post / resin assembly 
was accommodated in the root canal (previously isolated with 
water based lubricant - Ky gel, Johnson and Johnson - Brazil), 
at 9 mm depth, which was then removed. Similar to the 

interior of the root canal, the composite resin was polymerized 
for 20 seconds on each face. In the coronal remainder of the 
fiberglass post (3 mm), increments of composite resin were 
added for the realization of the coronary part of the retainer 
using as template the EVA matrices previously obtained 
through the metallic standards. The anatomic posts were 
cemented with resin cement U200 (3M ESPE) after 
conditioning the root canal with 37% phosphoric acid 
(Condac37 - FGM, Brazil) for 10 seconds and washing 
abundantly with water and subsequently dried with air jets and 
absorbent paper tips . 
 
Group with weakened roots without reinforcement (SR) 
 
The weakened roots of this group did not receive any type of 
root reinforcement. An cast post and core was obtained by the 
same technique used in the group with intact roots, in which 
they were cemented with resin cement U200 (3M ESPE) after 
conditioning the root canal with 37% phosphoric acid 
(Condac37 - FGM, Brazil) for 10 seconds and washing 
abundantly with water and subsequently dried with air jets and 
absorbent paper tips. 
 
Preparation of the test specimens 
 
After the cementation procedure of all the posts of the five 
groups, metallic crowns were obtained following the same 
technique of standardization of the coronary part of the posts, 
and then cemented with cement U-200. The roots received a 
thin layer of wax n ° 7 on its surface to allow space for the 
simulation of the periodontal ligament. Colorless, self-
polymerizable acrylic resin (JET, Clássico, Brazil) was poured 
into the half-inch PVC (Tigre do Brasil) 20 mm high cylinders. 
The teeth were immersed in the resin, centralized, keeping 3 
mm of root away from the resin to simulate the biological 
distance. After the resin prey, the teeth were removed and 
received hot water bath for total removal of the wax. 
Afterwards, fluid addition silicone (Variotime - 
HeraeusKulzer, Germany) was applied inside the resin in the 
pvc cylinder (space formed by the insertion of the root) and the 
teeth were repositioned, thus forming a fluid silicone layer 
simulating the periodontal ligament. 
 
Fracture strength test 
 
For this test the samples were placed in a metal support with a 
slope of 45 ° in relation to the base, to allow the application of 
a load with a 135 ° angle with the axis of the tooth (similar to 
the angle formed between upper and lower incisors in normal 
occlusion). Subsequently a tangential compression force was 
applied on a Universal Testing Machine (INSTRON) at a 
speed of 1 mm / min until the fracture occurred. The fracture 
resistance data of the root remainder were analyzed by 
ANOVA and Tukey's test. The statistical significance level 
was 5% and the statistical calculation was performed in the 
SPSS 20 program (SPSS Inc., Chicago, IL, USA). 
 
Failure mode 
 
All teeth samples were submitted to digital radiographic 
evaluation in the Xtreme II/Bruker machine of the Laboratory 
of Experimental Carcinogenesis of the PPGSD/UFMS, before 
and after the fracture strength test. Thus, it is possible to 
evaluate the characteristic of the fracture propensity of each 
group, classified in favorable or non-favorable fractures. 
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RESULTS  
 

Resistance to fracture 
 

Graph 1 shows the mean values ± standard deviation for the 
forces obtained in each of the evaluated groups. The averages 
obtained were 330.45 ± 86.97 (N); 218.58 ± 80.21 (N); 186.54 
± 42.68 (N); 275.44 ± 100.65 (N) and 295.10 ± 77.59 (N) for 
the RC, PFV, IV, SR and RI groups. The maximum strength 
values for the RC, PFV, IV, SR and RI groups were 525.02 N; 
359.32 N; 269.82 N; 508.23 and 455.99 N, and the minimum 
values were 191.20 N, 120.39 N; 118.31 N; 88.02 and 151.53 
N. 
 

 
 

Graphic 1 . Mean ± standard deviation for the forces obtained in 
each of the groups evaluated 

 
Statistical analysis showed that for the RC, SR and RI groups 
there is no statistical difference for the mean forces obtained 
on the basis of the p-value between the pairs (p> 0.05).  On the 
other hand, the PFV and IV groups differ statistically from the 
mean strength obtained in relation to the RC, SR and RI 
groups (P <0.05). However, the groups PFV and IV are 
statistically similar (Table 1). 
 
Failure mode 
 

Graph 2 shows the prevalence of favorable and non-favorable 
fractures of the groups studied in this manuscript. 

 

 
 

Graphic2. Prevalence of favorable and non-favorable fractures of 
the groups studied in this manuscript 

 

 
 
 
 

 
DISCUSSION 
 
The comparison of the mean values obtained with the use of 
cast post and core (except for the glass ionomer reinforced 
group) in relation to the mean value obtained with the use of 
an anatomic post, shows that the results are in accordance with 
those studies that demonstrated higher values of Fracture 
strength for cast post and corethan for resin-associated 
fiberglass posts (Giovani et al., 2009, Torabi and Fattahi 
2009). Results obtained can be explained by the fact that the 
roots do not have coronary remnants, being quite common the 
fracture associated with the failure of union of the resin with 
the surface of the post, remaining the root portion intact. Some 
studies have demonstrated the need for a satisfactory coronary 
remnant and ferrule preparation when working with fiberglass 
post (Fragou et al., 2012, Zhou and Wang 2013;Zicari et al., 
2013).  
 

However, other studies affirm that cast post and core is more 
indicated when there is no coronary remnant (Özcan and 
Valandro 2009; Faria et al., 2011;Resende et al., 2017). 
According to the study by Fukui et al. (2009), the group that 
used cast post and coreand composite resin reinforcing the 
canal had better mechanical properties in the rehabilitation of 
compromised roots, a fact also observed by Balkaya and Birdal 
(2013), who affirmed that internally reinforcing a weakened 
root with resin is an effective technique.This trend was also 
demonstrated in our study, that is, the resistance was slightly 
higher, but did not represent statistical significance, contrary to 
the work of Liang et al. (2007), where by strengthening the 
root internally with resin, the fracture resistance practically 
doubled with the use of cast post and core. The results 
obtained from this study corroborated with a trend widely 
reported in the literature, a non-favorable root fracture when 
working with a cast post and core (Martinez – Insua et al., 
1998, Marchionatti et al., 2017, Gehrcke et al., 2017, Varvara 
et al., (2007), Torabi and Fattahi 2009, Jain and Vinayak 2011, 
Li et al., 2011;Balkaya and Birdal 2013, Torres-Sánches et al., 
2013).  
 

In the RC group, there was 93.3% of this type of fracture 
(Figure 4), only one sample suffered the displacement of the 
pin not fracturing the root, whereas the RI group presented 
100% catastrophic fractures (Figures5a,5b), remaining the 
same pattern (fracture of the middle third of the root, affecting 
the vestibular face). In the SR group there were 75% of non-
favorable fractures (Figure 6a), 05 retainers were dislodged 
without root fracture (Figure 6b), this is probably associated 
with the conical conformation of the retainer, which hinders its 
retention inside the root canal, favoring its dislocation. 
However, only the CIV group had a predominance of 
favorable fractures. The results obtained in our study 
corroborated with the results of Wu et al., (2007), which 
demonstrated that when the root is internally reinforced with 
composite RC before the preparation of cast post and core, the 
fracture resistance is much higher than when reinforcing with 
glass ionomer. Analyzing the test specimens after the test was 
demonstrated that with glass ionomer, the most frequent faults 
were fracture / fragmentation of the reinforcement or the 
decimentation of the retainer (Figure 7a ), characterizing, thus, 
favorable fractures (09 samples).  

Table 1.  Statistical difference between groups 
 

RC PFV IV SR RI 

330.45 ± 86.97 A 218.58 ± 80.21 B 186.54 ± 42.68 B 275.44 ± 100.65 A 195.10 ± 77.59 A 
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Figure 4. Fracture of the middle third of the root reinforced with 
compositeresin 

 

 
 

Figure 5. (a) Fractureofthe pin andthemiddlethirdofthe non-
weakened root, (b) Fractureonlyofthemiddlethirdofthe non-

weakened root 
 

 
 

Figure 6. (a) Non-favorablefracture(b) Retainer dislodged 
without root fracture 

 
 

Figure 7. (a) Favorablefracture, bondfailure(b)  
Non-favorablefracture 

 

 
 

Figure 8. (a) Favorablefracture, affectingonlythe post(b) Non-
favorablefracture 

 
Only 40% (06 samples) had root involvement, causing non-
favorable fractures (Figure 7b). Thus, in spite of the low 
fracture resistance, the reinforcement with glass ionomer 
proved to be interesting because it provides root reuse in 60% 
of the cases. The intact roots with cast post and core had an 
average resistance slightly superior to the fragilized roots that 
did not recieved internal reinforcement before the retainer 
cimentation, but without statistical significance, thus agreeing 
with the work of K1vanç et al. (2009), who identified that a 
greater amount of remaining dentin resulted in a slightly 
higher resistance, but not being statistically significant. From 
the use of the Anatomical post (PFV), a behavior widely 
supported by the literature was observed, that is, the presence 
of favorable fractures; (Santos et al., 2010), which is 
associated with the fracture of the cervical third of the root, the 
post or the resin responsible for the coronary filling (Teixeira 
et al., 2005, Torres-Sánches et al., al., 2011, Silva et al., 2011, 
Balkaya and Birdal 2013, AlQahtani et al., 2017, Gehrcke et 
al., 2017). Of the 15 samples, 10 of them (66%) presented 
fractures only in the post or reinforcing resin associated to the 
post (Figure 8a), either in the coronary or radicular part. In the 
other 05 samples the fracture affected the post and also the 
root structure, being classified as non-favorable (Figure 8b). It 
is interesting to note that the results obtained in this manuscript 
should be interpreted carefully, taking into account the natural 
limitations presented by a laboratory test. 
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Conclusion 
 

Reinforcing internally a weakened root with composite resin 
favors the increase of fracture resistance, as opposed to 
reinforcing with glass ionomer cement, which presented the 
least resistance among all groups tested. In this manuscript, it 
was observed that a greater amount of remaining dentin was 
responsible for as light y higher fracture resistance, but without 
statistical difference in comparison with weakened roots 
without reinforcement. Restored weakened roots with 
fiberglass post associated to the composite resin (anatomical 
post), although presenting a lower fracture resistance when 
compared to most groups restored with cast post and core, 
have the advantage of having favorable fractures, allowing the 
reuse of the root. On the other hand, when using cast post and 
core we normally reach an increase in resistance, but a large 
incidence of catastrophic fractures is present. 
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