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The aim of this study is to comparatively evaluate the fracture resistance of root canals obturated with 3 different obturating systems in 

endodontically treated teeth to find the effect of cold lateral condensation, Thermafil obturation and Downpack backfill obturation technique 

on the fracture resistance of endodontically treated teeth.60 freshly extracted single-rooted lower central incisor were divided based on type 

of obturation done into control groups (n = 12) where Group I (n = 12): Negative control group; teeth were neither instrumented nor obturated. 

Group II (n = 12): Positive group; only instrumentation, no obturation was performed and experimental groups (n = 12) where Group III (n 

= 12): Obturation using cold lateral compaction technique, Group IV (n = 12): Obturation using Thermafil obturation technique and Group 

V (n = 12): Obturation using Downpack backfill obturation technique. One way ANOVA and tukey’s multiple comparisons were applied to 

test for evaluation of fracture resistance among all the groups.The results showed that group I had the highest fracture resistance among all 

the groups followed by group IV, group V, group III and lowest was seen in group II. In conclusion, Group I had the highest fracture 

resistance among all the groups.  
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INTRODUCTION  

The main objective of endodontics is to remove pulp tissue, debris, bacteria, and its byproducts from the root canal system.[1] 

The sealability of the root canal system after cleaning and shaping is vital in order to forestall oral pathogens from colonizing 

and reinfecting the root canal and its periapical tissue. Inadequate root canal obturation is one of the biggest causes of endodontic 

treatment failure (45%), followed by a missed canal (32%), and failed restoration (14%). [2] Thus, the success of the endodontic 

treatment was strongly influenced by the root canal obturation. 

Obturation is vital to keep the long-term health of the periapical tissue. Sealer for the obturation material is highly necessary to 

forestall bacterium from entering the root canal and forming monoblock bonding. The monoblock concept is theoretically 

related to genuine gap-free solid filling mass, which enables the formation of a fluid-tight seal. Howerver, clinically, it’s been 

troublesome to establish monoblocks in obturation; as a result, endodontic failure is closely associated with obturation leakage. 

Gutta-percha has been well-known and employed in dentistry for over a 150 years, and it in combination with root canal sealers 

is the gold standard of root canal fillings because of its biological compatibility, lack of toxicity or allergic effects, and simple 

removal from the root canal. However, it has some drawbacks such as its inability to strengthen root canal because it does not 

bond to dentin and leads to an incomplete obliteration of root canal space. 

The aim of this study is to comparatively evaluate the fracture resistance of root canals obturated with 3 different obturating 

systems (cold lateral compaction technique, thermafil obturating technique, downpack backfill technique) in endodontically 

treated teeth. 
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MATERIAL AND METHOD 

60 freshly extracted single-rooted lower anterior teeth with single root canal (central incisor) with similar root sizes, root 

curvature, free from caries, cracks, restoration, fracture, dilacerations, root resorption, or open apices was selected. (fig1)                                                                 

 

All debris and remaining tissues were removed from the teeth, and the teeth were disinfected with 5% sodium hypochlorite 

solution and then kept in normal saline solution until use. At the level of cementoenamel junction (CEJ) the teeth were 

decoronated using a diamond disc and obtained a standardized root length of 14 mm. (fig 2, fig 3)    

    

Working length was established with size #10 K-files. Working length was determined 1mm shorter than the actual root canal 

length using digital radiography.All teeth, except those in control group, were instrumented using Neo Endo Flex rotary files 

up to size #25/0.04 using a crown down technique and were used at 350 rpm and at a torque of 1.5 Ncm. 

Root Canals was irrigated with 10 ml of 5% NaOCl and then with 3 ml of 17% Ethylenediaminetetraacetic acid (EDTA) to 

remove the smear layer. Then, a final flush with 1 ml of 5% NaOCl followed by 5 ml of normal saline was performed.  

The biomechanical preparation was done under constant irrigation and Samples were dried with sterile paper points of size 

#25/0.04 (fig 4) 

 

All specimen were randomly divided into control group (n = 12) and experimental groups (n = 12) based on type of obturation 

done. 

 

CONTROL GROUPS 

Group I (n = 12): Negative control group; teeth were neither instrumented nor obturated. 

Group II (n = 12): Positive group; only instrumentation, no obturation was performed. 
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EXPERIMENTAL GROUPS 

Group III (n = 12): Obturation using cold lateral compaction technique 

Group IV (n = 12): Obturation using Thermafil obturation technique 

 Group V (n = 12): Obturation using Downpack backfill obturation technique 

In cold lateral compaction technique, a master gutta-percha cone size #25/0.04 was selected and adjusted to fit with tug back at 

working length. The sealer was placed in the canal with lentulo spiral filler, and the excess was removed. The master gutta-

percha cone was coated with sealer and inserted into the canal, and a radiograph for each sample was taken. Accessory cones 

(0.02 taper) after coated with sealer and were placed in the canal. With the help of heated instrument the excess gutta-percha 

cone was seared off at the canal orifice 1 mm below the CEJ. The access opening of the teeth were then sealed with Cavit. (fig 

5) 

 

In thermafil obturation technique, thermafil obturators with plastic carrier cone size #25/0.04 were used in the obturation. After 

verifying the canal length with plastic verifiers of 4% taper, the sealer was placed in the canal with lentulo spiral filler. Thermafil 

obturator, once heated in the Thermaprep® Plus oven is slowly introduced into the canal with small excursions hourly and 

counterclockwise, until it reaches the preset length and the obturator must be held under slight pressure for 8-10sec before being 

sectioned at the orifice with a thermacut bur and is condensed with a hand plugger. The access opening of the teeth were then 

sealed with Cavit. (fig 6) 

 

In DownPack backfill obturating technique, AH Plus sealer was applied to the canal walls with a lentulo spiral filler. A #25/0.04 

master cone was fitted 1mm short of the working length with a Tug back and then a plugger was introduced, searing off 

approximately 4-5mm from the apex. Calmus 3D obturation System was set to 200°C and 60% flow rate. 5 sec before extruding 

the gutta-percha, the needle was placed into the root canal up to a length 5 mm shorter than exact working length. After injecting 

the gutta-percha, the needle was removed from the canal and with the selected plugger the warm mass was vertically compacted 

for 5-s. The canal was Backfilled by holding the needle against the apical gutta-percha. The mass of gutta-percha was allowed 

to force the needle coronally to the canal orifice, and after a 1-s pause the needle was removed. A plugger was used to firmly 

compact the gutta-percha mass at the orifice level. (fig7) 

 

Obturation was done in all the experimental groups except positive group using different obturating systems 1mm below the 

Cementoenamel Junction (CEJ). The access opening of the teeth were sealed with Cavit. 
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MEASUREMENT OF FRACTURE RESISTANCE 

All prepared teeth were vertically set in self-cure acrylic resin (Pyrax) blocks with a dimension of 20 mm in height and 40 mm 

in diameter and the 8 mm of each root were kept exposed. After 24 h, the blocks were stored in 100% humidity before 

mechanical tests. (fig 8) 

 

Evaluation of the Fracture resistance was done in a Universal Testing Machine. A cross-head speed of 1 mm/min parallel to 

long axis was set, and the compressive load was applied perpendicular to the long axis of the tooth at the canal orifice until 

fracture occurs. To fracture each tooth the force necessary was recorded in Newtons (N). 

 

STATISTICAL ANALYSIS 

The results of the present study were subjected to statistical analysis to interpret the differences and the significance among 

groups. One way Analysis of Variance (ANOVA) and Tukey’s multiple comparisons were used for statistical analysis in the 

present study. The data were analysed using statistical package for social sciences version (SPSS, v24; SPSS Inc, Chicago, IL) 

for Windows. The statistical significance level was set at 95% (P=0.05). 

 

RESULTS 

The results of the study were calculated, tabulated and subjected to statistical analysis. The statistical analysis was performed 

using the statistical package for Social Science Program (SPSS, Chicago, Illinois, USA) for windows version 24.0. To find the 

significant difference among the various groups One-way analysis of variance with post hoc analysis (Tukey HSD) was applied. 

P<0.001 was considered as statistically significant. The data after statistical evaluation were tabulated. 

Table 1- Descriptive statistics of fracture resistance of the groups. 
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The maximum force required to fracture showed by Control (-ve) group which is (390.00) whereas, positive (+ve) group showed 

the lowest (117.00) 

Graph 1- Mean and Standard Deviation Values of all the groups 
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Table 2- Between- group comparison of fracture resistance (Tukey’s honestly significant difference test)  

 

Tukey’s post hoc analysis (table 2) shows that: 

➢ No statistically difference between group I and group IV (P = 0.679) whereas, all other groups were significantly lower 

than group I. 

➢ Mean difference of fracture resistance in group II (+ve control) was statistically significantly lower than all other groups. 

There was no significant difference between group II and group III (p = 1.000) and between group group II and group V (p = 

0.177) 

➢ Mean difference between group III and group V (p = 0.218) is not statistically significant whereas group III and group IV 

shows highly significant mean difference (p = <0.001). 

➢ Mean difference between group IV and group II (p = <0.001), between group IV and group III (p = <0.001) and between 

group IV and group V (p = <0.001) was highly statistically significant. 

➢ On the basis of the above assessment, the following order of fracture resistance was observed in the different groups: 

➢ Group I > Group IV > Group V > Group III > Group II. 

 

DISCUSSION  

➢ The objective of obturating a root canal is to provide an environment that prevents growth of residual bacteria while 

inhibiting the introduction of new one, which are responsible for endodontic pathosis. Many studies have suggested that with 

the increase in removal of tooth structure, fracture resistance of the tooth decreases. [3] Root canal instrumentation is an 

unavoidable step in endodontic treatment. During the instrumentation phase when the dentin is removed, a weakening effect on 

the root is inevitable. If, we add the wedging forces of the spreader during lateral condensation or do excessive dentine removal 

to facilitate pluggers for down pack backfill condensation, the potential for root fracture is very real. Any material that can 

compensate for this weakening effect would be highly useful. Although the use of gutta percha with an insoluble root canal 

sealer can be considered as a gold standard of root canal fillings, [4] yet there have been some controversies regarding the 

ability of these materials to reinforce endodontically treated root canal system. 

➢ Single rooted human mandibular central incisors were preferred in this present study over maxillary central incisors and 

canines which are generally used in the studies for evaluating the fracture resistance of the teeth due to the fact that vertical root 

fractures are more common in this type of teeth and susceptibility of these slender rooted teeth to fracture . Holcomb et al [5] 

found 1.5kg was the minimum force required to fracture mandibular incisors. Adhering to the 70% limit in calculating safe 

spreader load as described by pitts et al,[6] they recommend a maximum force of 1.1kg (2.5lbs) to obturate a mandibular incisor. 

The difference between a safe limit of 1.1kg for a mandibular incisor and a limit of 4.9kg for a mesial root of mandibular molar 
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is probably a function of tooth type. The clinical impression that thinner roots fracture at smaller spreader loads than thicker 

roots is substantiated by comparing the result of the two studies. 

➢ Biomechanical instrumentation was done using niti rotary system, the rotational forces are applied over the walls of the 

root canal which result in root canal preparation due to continues contact between the dentinal wall and Niti instrument which 

creates various transitory stresses on the root canal surface. Higher stress during instrumentation could be one of the factors 

that increases dentinal defect risks. These dentinal defects are considered as stress concentrating areas and one of the secondary 

factors predisposing the tooth to vertical root fracture. 

➢ In this study, mandibular central incisor was decoronated and canal patency was established by no. 10K file in order to 

get accurate apical diameter and working length. Followed by sequential preparation of each group except the negative and 

positive groups with neo endo flex rotary files up to size #25/0.04. 

➢ The use of sodium hypochlorite (NaOCl) solutions mostly remains the thought approach for root canal disinfection 

because of the distinctive tissue chemical action capability and microorganism suppression by NaOCl. It is a powerful and 

inexpensive irrigant that has been shown to readily degrade the pulpal tissue. NaOCl should be used clinically in concentrations 

of approximately 3-5% to require advantage of its ability to destroy spores, viruses and bacterium and significantly, its 

distinctive ability to degenerate pulp tissue both vital and necrotic from the root canal system. 

➢ Chelating agents containing ethylenediaminetetraacetic acid (EDTA) may be used clinically to eliminate many cleaning 

and shaping complications. The purpose of a chelator is emulsification and holding debris in suspension. Chelators are 

formulated for clinical use and can be selected in either a viscous suspension or as an aqueous solution. A viscous suspension 

of a chelator advantageously promotes the emulsification of vital tissue and facilitates the negotiation of the canal blockages or 

calcifications. EDTA eliminates the smear layer, opens up the dentinal tubules and provides a disinfected surface against which 

obturation materials adapt efficiently. 

➢ Obturating materials are used to improve the fracture resistance of an endodontically treated teeth. [7] Epoxy resin-based 

sealers adhere strongly to the root canal dentin and penetrate deeper into dentinal tubules, therefore, enhancing the retention of 

the obturating material by inducing mechanical locking with the canal walls. For this reason, a combination of Gutta-percha 

and an AH Plus sealer was used in the present study. 

➢ Guerreiro-Tanomaru JM et al [8] explained that 30G side vented needle can get close to working length and are more 

efficacious in cleaning the apical portion of the root canal of mandibular incisors. Also, avoid the risk of apical extrusion. 

➢ The result of the studies revealed the following order of fracture resistance was observed in different groups in descending 

order:  Group I > Group IV > Group V > Group III > Group II 

➢  The highest mean fracture resistance was observed in Group I (-ve Control group) as no instrumentation, no dentinal 

surface was altered resulting in the preservation of intact tooth structure. Many studies have suggested that during 

instrumentation phase, removal of dentine result in decrease in fracture resistance and creates a weakening effect on the root. 

[9] 

➢ This was followed by Group IV which showed the highest fractured resistance when compared to all the other groups 

which is statistically significant with a P < 0.001. However, no significant difference was found between group I (-ve control 

group) and group IV (Thermafil) with a P = 0.679) while all other groups were significantly lower than group I. This could be 

because for thermafil technique only minimal condensation is recommended which is limited to coronal aspect. Thermafil 

provides a void free obturation along with minimal sealer thickness and a high degree of homogeneity. Also, the ease of insertion 

of the carrier with heat softened gutta percha was responsible for lower load application observed during condensation. [10] 

The plastic carrier within the thermafil cone might have affected the forces exerted on the teeth roots and supported the root 

canal form and increased fractured resistance. Tanwar P [11] showed in her study that control group had the highest fracture 

resistance followed by thaermafil group which is in accordance to our study. 

➢ The mean difference of fracture resistance in group II (+ve control group) was lower than all other groups and statistically 

significant. This could be because during the instrumentation phase when the dentin is removed, a weakening effect on the root 

is inevitable. Shemesh H et al [12] showed in their study that root canal preparation creates dentine defects such as fracture, 

crack lines, incomplete cracks and no defect were observed in the roots with unprepared canals which is in agreement with our 

study.  
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➢ There was no statistically significant difference between group II (+ ve control) and group III (cold lateral) with a (P = 

1.000). This could be because of the strain which was generated by wedging effect of the spreader when it laterally compacts 

the gutta percha and adapts it to the root canal wall. Sandikci T et al [13] showed in their study that root canal shaping procedure 

decreases the fracture resistance of teeth while lateral condensation performed with AH plus sealer and gutta percha and the 

thermafil technique found to be more successful which is in contrary to our study.  

➢ In group II and group V (downpack backfill) was not statistically significant with (P = 0.177). This could be due to the 

forces which were applied during obturation by plugger and heat application would have caused thermal expansion in the root 

canal dentin which further affected the fractured resistance adversely. Saw and Messer  [14] observed similar results, they have 

compared the forces applied to the root during the lateral condensation, Obtura and thermafil techniques and concluded that the 

minimum force occurred with Obtura and maximum during lateral compaction. They also reported that more thermal intensity 

occurred in thermafil and Obtura groups particularly in coronal region while during lateral compaction technique more tension 

occurred especially in apical region. 

➢ The fracture resistance of group III and group V (P = 0.218) (table 2) was not statistically significant because these 

techniques did not increase the fracture resistance of the teeth because by use of spreader and plugger during obturation force 

was created in the root canals system.[15] Saw and Messer [14] also suggested that the plugger and wedging effect of spreader 

creates strain within the root canal during obturation, either by direct contact with the root canal walls or transmitted through 

gutta percha.  

➢ The statistical mean difference between group III and group IV (P = <0.001) was highly statistically significant because 

in lateral compaction technique excessive pressure applied during obturation is most common cause of vertical root fracture. 

Wiaam Al-Ashou [16] concluded in his study that the use of cold lateral condensation technique may weaken the roots which 

became more susceptible to vertical root fracture which is in accordance with our study. Huseyin S et al [17] showed in their 

study that there was no difference between the root canal obturating techniques which is in contrast to our study. 

➢ The fracture resistance of group II and group IV (P = <0.001) was highly significant because only biomechanical 

preparation was done in +ve control group which effect its strength. Ersoy I et al [18] concluded in their study that shaping and 

widening of root canal reduce the fracture resistance of the teeth while thermal obturation increased the resistance of root against 

fracture which is similar to our study results. Also, as explained above Sandikci T et al [13] concluded similar results as of our 

study. 

➢ Statistical mean difference between group IV and group V (P = <0.001) was highly significant (table 2). This could be 

because in thermafil technique, the gutta percha flows into lateral canals and completely fills the space between the root canal 

wall and master cone also, no heat is used during placement of the material therefore no occurrence of shrinkage while in 

downpack backfill technique shrinkage of gutta percha and expansion of root dentin occurred which might decrease the fracture 

resistance. Jindal D et al [19] concluded in their study that the highest overall percentage of obturated volume (POV) was 

obtained with thermafil followed by obtura II. Saw LH et al [14] explained in their study that the thermafil group showed 

significantly less strain than obtura and lateral condensation group. 

 

CONCLUSION 

Within the limitation of this study it can be concluded that Group I (Control group) had the highest fracture resistance among 

all the groups whereas, Group II (positive group) showed the lowest. 

 

REFERENCES 
 

1. Zameni F, Toursavadkohi S, Afkar M, “Comparison of Tubular Penetration of AH26, EasySeal, and SureSeal Root Canal Sealers in Single-Rooted Teeth 

Using Scanning Electron Microscopy,” J Res Dentomaxillofac Sci, vol. 3, pp. 27-32, 2018. 

2. Gautam S, Thapa A, Rajkumar B, “Reasons for failure of nonsurgical root canal treatment in Nepali population”, Nepal Med Coll J, vol. 14, pp. 142-

145, 2012. 

3. Eakle WS, “Increasing the resistance of teeth to fracture: bonded composite resin versus glass ionomer cement”, Dent Mater, vol. 1, pp. 229-230, 1985. 

4. Ashraf H, Momeni G, Moradi Majd N, Homayouni H, “Fracture Resistance of Root Canals Obturated with Gutta-Percha versus Resilon with Two 

Different Techniques”, Iran Endod J, vol. 8, pp. 136-139, 2013. 

5. Holcomb JQ, Pitts DL, Nicholls JI, “Further investigation of spreader loads required to cause vertical root fracture during lateral condensation”, J Endod, 

vol. 13, pp. 277-284, 1987. 



Journal of Pharmaceutical Negative Results ¦ Volume 13 ¦ Special Issue 1 ¦ 2022 1520 

 

 

6. Pitts DL, Matheny HE, Nicholls JI, “An in vitro study of spreader loads required to cause vertical root fracture during lateral condensation”, J Endod, 

vol. 9, pp. 544-550, 1983. 

7. Bürklein S, Tsotsis P, Schäfer E, “Incidence of dentinal defects after root canal preparation: reciprocating versus rotary instrumentation”, J Endod, vol. 

39, pp. 501-504, 2013. 

8. Guerreiro-Tanomaru JM, Loiola LE, Morgental RD, Leonardo Rde T, Tanomaru-Filho M, “Efficacy of four irrigation needles in cleaning the apical 

third of root canals”, Braz Dent J, vol. 24, pp. 21-24, 2013. 

9. Teixeira FB, Teixeira EC, Thompson JY, Trope M, “Fracture resistance of roots endodontically treated with a new resin filling material”, J Am Dent 

Assoc,  vol. 135, pp. 646-652, 2004. 

10. De Moor RJ, De Boever JG, “The sealing ability of an epoxy resin root canal sealer used with five gutta-percha obturation techniques”, Endod Dent 

Traumatol,  vol. 16, pp. 291–297, 2000. 

11. Tanwar P, “An in-vitro evaluation and comparison of the fracture resistance of teeth prepared by self-adjusting file, and obturated with three different 

obturation techniques”,  Int J Adv Res, vol. 7, pp. 691-714,2019. 

12. Shemesh H, Bier CA, Wu MK, Tanomaru-Filho M, Wesselink PR, “The effects of canal preparation and filling on the incidence of dentinal defects”, Int 

Endod J, vol. 42, pp. 208-213, 2009. 

13. Sandikci T, Kaptan RF, “Comparative evaluation of the fracture resistances of endodontically treated teeth filled using five different root canal filling 

systems”, Niger J Clin Pract, vol. 17, pp. 667-672, 2014.  

14. Saw LH, Messer HH, “Root strains associated with different obturation techniques”, J Endod,  vol. 21, pp. 314-320, 1995. 

15. Tavanafar S, Karimpour A, Karimpour H, Mohammed Saleh A, Hamed Saeed M, “Effect of Different Instrumentation Techniques on Vertical Root 

Fracture Resistance of Endodontically Treated Teeth”, J Dent (Shiraz), vol. 16, pp. 50-55, 2015. 

16. Wiaam AL-Ashou, “Fracture Resistance of Roots After Canal Preparation by Two Methods and Obturated by Different Techniques”  Al-Rafidain Dent 

J, vol. 14, pp. 212-219, 2014. 

17. Topçuoğlu HS, Arslan H, Keleş A, Köseoğlu M, “Fracture resistance of roots filled with three different obturation techniques”,  Med Oral Patol Oral Cir 

Bucal,  vol. 17, pp. 528-532, 2012. 

18. Ersoy I, Evcil MS, “Evaluation of the effect of different root canal obturation techniques using two root canal sealers on the fracture resistance of 

endodontically treated roots”, Microsc Res Tech, vol. 78, pp. 404-407, 2015.  

19. Jindal D, Sharma M, Raisingani D, Swarnkar A, Pant M, Mathur R, “Volumetric analysis of root filling with cold lateral compaction, Obtura II, Thermafil, 

and Calamus using spiral computerized tomography: An In vitro Study”, Indian J Dent Res, vol. 28, pp. 175-180, 2017. 

 

 


