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AbstractAbstract

AimAim This research aimed to investigate the root canal filling sealer or gutta-percha extrusion in molars in a population in Turkiye.
Material and methodMaterial and method Cone-beam computed tomography images of 831 endodontically treated molars (284 maxillary first molars, 189 
maxillary second molars, 178 mandibular first molars, and 180 mandibular second molars) were examined at three planes by two endo-
dontists. The presence of extrusion, the number of teeth, and the type of molar were determined via the chi-square test at a p-value of 
0.05 in SPSS V25 (IBM, Chicago, IL). 
ResultsResults 13.71 % of the molars had extrusion of root canal filling materials. In maxillary and mandibular molars, extrusion was observed 
in 17.5% and 8.7% of cases, respectively. Extrusion was seen in 15.8% of maxillary first molars, 20.1% of maxillary second molars, 8.4% 
of mandibular first molars, and 8.9% of mandibular second molars.
ConclusionConclusion Root canal filling material extrusion was statistically detected more in maxillary molars than in mandibular molars. Extru-
sion was more observed in maxillary second molars than in other molar categories.
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IntroductionIntroduction

	 One of the fundamentals of root canal therapy is obturat-
ing the root canal space to protect it from bacterial contamination. 
The root canal obturation material should, in principle, approach 
the apex without reaching the periapical tissues or other nearby 
structures (1). However, there is no agreement on the limit of root 
canal obturation in the apical region. While some authors predicate 
the apical limit on the apical foramen, apical constriction, or ce-
ment-dentin-canal junction, others assert that it is difficult to iden-
tify these structures clinically (2, 3, 4). Endodontic treatment shows 
the best success rate in obturations that ended 0-2 mm short of the 
length of the root while underfilling and overfilling have substan-
tially lower success rates (5, 6). In the presence of an oval-shaped 
apical foramen, apical foramina, or lateral canal, extrusion of the 
root canal sealer is possible (2). The future of the extruded filler 
material is influenced by its volume and consistency, solubility, and 
sensitivity to phagocytosis, while biocompatibility determines the 
compound’s influence on endodontic therapy (7).
	 On whether descending the canal beyond the apex pro-
longs the periapical healing process, the research is divided. The 
apical size of root canal fillings is not directly associated with treat-
ment failure (8) unless there is an infection. In addition, the vast 
majority of overfilled teeth recover successfully with proper end-
odontic treatment (9). Extruded root canal sealer has no adverse ef-
fect on root canal treatment outcomes (7). Other studies, however, 
have linked root canal therapy failure to overfilling (2, 9, 10). The 

prognosis of teeth with apical periodontitis is negatively affected 
by root canals that are overfilled (11).
	 Gutta-percha, combined with an appropriate sealer, is 
the most common root canal filling material. Root canal sealers 
are harmful to cells and have the potential to irritate the tissues 
around the apex. Gutta-percha is more biocompatible than root 
canal sealers (12). However, these materials may cause tissue re-
actions when extruded by functioning as a foreign body in the 
periradicular tissue (13). This reaction is significantly influenced 
by the relationship between the material’s characteristics, the loca-
tion of the extrusion, and the immune response (8). Furthermore, 
the presence of an extraradicular filling substance may hinder the 
healing phase of apical periodontitis (14). Chemical factors result-
ing from the cytotoxic effects of root canal filling materials, me-
chanical factors resulting from canal filling material overflowing 
into anatomical structures, and thermal factors resulting from the 
overheating of adjacent tissues as a result of warm filling tech-
niques can all cause tissue damage (15, 16). In addition, overfilled 
root canals are four times more prone to be unsuccessful than un-
derfilled canals (17).
Cone-beam computed tomography (CBCT) is an imaging meth-
od that not only permits clinicians to diagnose and plan treatment 
but also to investigate extended root fillings in three dimensions 
(18). This research aimed to assess the presence of extruded root 
canal sealer or gutta-percha in molars with endodontic treatment 
in a Turkish subpopulation by using CBCT. The null hypothesis of 
this research was that there was no difference in the extrusion of 
root canal-filling materials between molar groups.

Material and MethodsMaterial and Methods

	 The investigation was conducted with the authorization 
of the local research ethics commission. The study included a total 
of 831 molar teeth that had undergone root canal therapy. The 
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teeth of subjects younger than 18 years old were excluded from the 
investigation. Exclusion criteria include teeth with exposed apices, 
external root resorption, advanced periodontal disease, periapical 
pathology, and teeth that could not be evaluated reliably due to 
CBCT errors. 
	 A private dental clinic’s database was searched for all full-
size scans (Orthophos XG 3D, Sirona Dental Systems, USA) with 
a field volume of 8 x 8 cm and a voxel size of 0.4 mm. This study 
had no relevance to the radiographic examination. DICOM images 
were captured and displayed in a dark environment on a 20-inch 
LED screen with a high resolution. Using the CBCT software (Siro-
na Galaxis Galileos Viewer Version 1.9.2, Sirona Dental Systems, 
Germany) images were evaluated concurrently by two endodon-
tists with more than 10 years of CBCT experience. After compar-
ing the results, a definitive consensus was reached. To analyze the 
periapical sections, the axial, coronal, and sagittal planes of the 
CBCTs were aligned to the long axis of every root. For this investi-
gation, a root canal was considered to be overfilled and root canal 
filling material extruded when the root canal sealer or gutta-percha 
extended beyond the radiographic apex.
	 Maxillary first molars (n = 284), maxillary second molars 
(n = 189), mandibular first molars (n = 178), and mandibular sec-
ond molars (n = 180) were studied. All personal information has 
been made anonymous. The data included the patient’s age, gender, 
number of teeth, and types of molars. The presence of gutta-percha 
or canal sealer extrusion in at least one of the roots of molar teeth 
was also documented.

Statistical analysisStatistical analysis

	 All parameters were evaluated with Windows-based sta-
tistical software (SPSS V25; IBM, USA) and presented as frequen-
cies and percentages. Using the chi-square test and a significance 
level of 0.05, proportional differences were evaluated using the chi-
square test.

ResultsResults

	 52.2% (n = 434) of the owners of the molars included in 
the investigation were female, and 47.8% (n = 397) were male. The 
average age of the owners of the teeth was 51.5 (standard devia-
tion 12.8, minimum 21, maximum 90). There was no statistical link 
identified between age, gender, and the presence of root canal-fill-
ing material extrusion in molar teeth.
	 13.71 % of the root canal-treated molar teeth included in 
the study had extrusion of the canal obturation material. Regarding 
extrusion, there was a statistical association with the maxillary and
Table 1: Table 1: Distribution of molars with extrusion.

ExtrusionExtrusion χ2χ2 pp

Absent
n(%)

Present
n(%)

Maxillary molars 390 (82.5) 83 (17.5)
13.601 0.001*Mandibular molars 327 (91.3) 31 (8.7)

*p<0.05; chi-square test

mandibular molars. Extrusion occurred substantially more fre-
quently in maxillary molars than in mandibular molar teeth 
(p<0.05) (Table 1).

Table 2: Table 2: Distribution of maxillary molars with extrusion.

ExtrusionExtrusion χ2χ2 pp

Absent
n(%)

Present
n(%)

Maxillary 1st molars 239 (84.2) 45 (15.8)
1.424 0.233Maxillary 2nd 

molars
151 (79.9) 38 (20.1)

chi-square test

	 Although more extrusion was observed in maxillary sec-
ond molars compared to first molars, no statistical difference was 
detected. Extrusion was most common in maxillary second molars 
among all molar groups in the current study (Table 2). In the aspect 
of extrusion, there was no statistically significant variance between 
mandibular molar teeth. (Table 3).

Table 3: Table 3: Distribution of mandibular molars with extrusion..

ExtrusionExtrusion χ2χ2 pp

Absent
n(%)

Present
n(%)

Mandibular 1st 
molars

163 (91.6) 15 (8.4)
0.024 0.877

Mandibular 2nd 
molars

164 (91.1) 16 (8.9)

chi-square test

DiscussionDiscussion

	 Regarding the extent of apical root canal obturation, there 
is no consensus. Some authors suggest that the apical border of 
the obturation is terminated within the apical narrowing of the 
root canal (2). However, obturation up to the radiographic apex is 
typically extruded because the actual apical foramen of the tooth 
rarely overlaps the radiographic apex (19). Other researchers advo-
cate filling canals that are shorter than the radiographic length of 
the root (20). There is no agreement on the degree of shortness of 
the root canal filling (9, 21). There is consensus, however, that root 
canal filling should not extend beyond the apex. The effectiveness 
of endodontic treatment with a root canal filling extending 1 mm 
beyond the apex is inadequate (22). Extruded root canal filling is 
defined as a material composed of gutta-percha and canal sealer 
that extends through the periodontal ligament (PDL). Typically, 
this extrusion only extends to the PDL region at the apical fora-
men.
	 Overinstrumentation is the most common cause of ex-
truded fillings. Due to the incorrect determination of the work-
ing length, the apical foramen enlarges and the apical structure 
gets harmed (23). Complex root canal anatomy, apical resorption, 
and immature roots, which influence the formation of the apical 
barrier, are frequently observed in teeth with overextended root 
canal fillings (24, 25). Clinically, primary endodontically treated 
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non-vital teeth and teeth undergoing retreatment are more likely to 
be overextended (7, 24, 26). During root canal filling procedures, 
excessive condensation force, hydrostatic pressure, injectable hot 
gutta-percha, and the usage of a lentulo spiral contribute to over-
extended root canal fillings (24, 25, 27, 28). In addition, conditions 
associated with the filling materials, such as the excessive viscosi-
ty of some sealers, the use of excessive sealing material, and gut-
ta-percha that do not meet the standards, lead to overextended 
fillings (25, 27, 28). No materials and techniques prevent extrusion 
beyond the apex with certainty (29).
	 The prognosis of the extruded material depends on its 
physicochemical properties, particularly its water solubility (30). 
Although root canal sealers are resorbed to the point where they 
cannot be detected radiographically, microscopic particles may 
persist in the periradicular tissues (31). There is no correlation be-
tween the nature of the extruded material or its resorption, peri-
apical healing, and treatment outcome (26, 32). Furthermore, there 
is no consensus regarding the impact of overfilling on the effica-
cy of endodontic treatment in teeth with periradicular lesions. In 
teeth with apical periodontitis, excess filling that does not extend 
beyond 2 mm of the radiographic apex does not affect the result 
of treatment (9). On the other hand, unsuccessful treatments are 
intimately related to infection and are not initiated by the material’s 
cytotoxicity (33). In addition, extrusion of obturation material can 
activate the host’s immune system and diminish the healing out-
come (7). Although gutta-percha is well tolerated by tissue (12), ex-
truded gutta-percha can delay periapex healing (34). Gutta-percha 
points may exacerbate this process because zinc may dissolve from 
its structure (35). Also, extruded gutta-percha cones have a biofilm 
that allows bacteria to proliferate and makes them immune to the 
body’s defenses (36). This structure could trigger an inflammatory 
response, resulting in the accumulation of macrophages (37).
	 The canal-filling technique is the determining factor in 
gutta-percha and canal sealer extrusion (38). Consequently, the 
combined use of lateral and vertical condensation techniques 
statistically considerably increases the potential for overfilling 
when compared to the single cone or vertical condensation tech-
niques alone. In addition, as a result of the fluidity produced by 
the heat-applied compaction techniques, more canal sealer may be 
applied than with the lateral condensation technique, causing it to 
overflow (39).
	 Previous investigations assessed the quality of root canal 
fillings as adequate or inadequate based solely on their length (40, 
41) or on their length and lateral adaptation (42, 43). A study fo-
cusing on endodontic procedural errors revealed that overfilling 
was the most prevalent error among all teeth undergoing endodon-
tic treatment (44). Another research using CBCT to assess the con-
dition of root canal fillings discovered that 8.1% of root canal-filled 
teeth included any kind of extruded material (45). Literature shows 
that approximately 1.09 to 31.8% of the time, root-filling material 
overextends (45, 46, 47, 48, 49). Although it is radiographically dif-
ficult to distinguish between gutta-percha and root canal sealers, 
studies investigating only paste extrusion found a prevalence of 
6.9% to 8.12% in all teeth (45, 50).
	 The first limitation of the investigation was the possibility 
of root canal-filling materials that were too resorbed to be identi-
fied by CBCT but detectable histologically (51). The second lim-

itation is that the present study did not evaluate CBCT images of 
teeth in terms of primary or secondary endodontic interventions. 
In addition, it was not documented whether the teeth were vital 
or non-vital before the endodontic procedure, nor was the tech-
nique used to fill the root canal recorded. In detecting the presence 
of extrusion, the current study considered the radiographic apex 
rather than the apical constriction (52), which was another lim-
itation. Furthermore, while analyzing the extrusion of root canal 
filling material, it was challenging to distinguish from gutta-percha 
to root canal sealers using CBCT images.
	 When all molar groups were evaluated for extrusion, a 
higher result (13.71%) was determined from previous studies. Be-
sides, our findings revealed a higher incidence of maxillary molar 
extrusion (17.5%) than studies in the literature (2.13-11.6%) (47, 
49, 53, 54). When the numbers relating to the long canal obtura-
tions and sealer puffs in a German study, which was the only study 
in the literature to generate separate data for every molar type, were 
evaluated collectively, our findings showed higher extrusion in 
each molar group (45). The current study probably included CBCT 
images of all patients who applied for varied reasons, not simply 
endodontic purposes, which may have contributed to these differ-
ences in findings.
	 In the current investigation, the incidence of root canal 
filling material extrusion in maxillary molars was statistically high-
er than in mandibular molars, similar to many studies (45, 47, 49). 
However, while a Turkish study detected overfilling incidences 
close to each other in maxillary and mandibular molars (53), a Ser-
bian study reported more overfilling in mandibular molars, con-
trary to the current study (54). These differences may be because 
these two studies were performed on two-dimensional periapical 
radiographs may have resulted in results. Although no statistical 
difference was observed, there was more extrusion in maxillary 
second molars compared to first molars. Compared to percentage, 
extrusion was most common in maxillary second molars among all 
molar groups. This situation may be because of the position of the 
tooth that did not allow dental operators for appropriate endodon-
tic treatment.

ConclusionConclusion

	 In conclusion, maxillary molars had more root ca-
nal-filling material extrusion than mandibular molars. Extrusion 
was most common in maxillary second molars among all molar 
groups, with no statistical difference between mandibular molar 
teeth. Dentists should be especially careful about the extrusion of 
the obturation material during root canal filling of maxillary mo-
lars.
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