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ABSTRACT  

The sealing ability of an endodontic obturation plays a very important role in influencing the long term 

prognosis of an endodontically-treated tooth, as it was frequently shown that periapical complications tend to 

happen in association with inadequate root filling. The purpose of this study was to assess the fulfilment of the 

certain criteria for an ideal endodontic obturation, performed with three different endodontic obturation 

techniques, by using stereomicroscopy analysis. Therefore, we have analyzed 31 extracted teeth that had been 

previously endodontically-treated. We have concluded that the warm vertical condensation technique has 

delivered more favourable and predictable results than the other two methods. 
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INTRODUCTION 

Root canal treatment comprises a group of 

procedures aimed at removing the dental pulp 

so as to achieve a properly sealed obturation 

[1]. Most of the periapical complications of a 

failed endodontic treatment are related to the 

quality of endodontic treatment [2,3]. 

Statistical studies showed that the 

prevalence of apical periodontitis (AP) is 

higher in root-filled teeth [4], but also that the 

quality of root canal treatment has a major 

influence on the occurrence of AP [5].  

In current practice, the quality of the 

endodontic obturation is appraised using 

periapical x-rays [6]. However, there are 

particular clinical situations in which, even if 

the x-ray analysis of the obturation may seem 

adequate, persistent periapical lesions could 

occur [7,8,9]. Thus, the recent practice of 

using CBCT for evaluating a root canal 

treatment is justified [10,11]. Alongside 

CBCT, more experimental techniques could 

be used, aiming to detect the ideal endodontic 

obturation technique. Such methods include: 

stereomicroscopy [12,13], micro-computed 

tomography [14], optical coherence 

tomography – OCT [15,16,17] and scanning 

electron microscopy – SEM [18,19]. The 

stereomicroscope is a tool with proven 

applicability for the analysis of the exterior 

morphology of teeth [20,13], but also for the 

evaluation of the marginal quality of class II 
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composite restorations [21]. 

The present study aims to assess the 

fulfilment of the proposed criteria of the 

American Association of Endodontics (AAE) 

for an ideal endodontic obturation, performed 

with three different endodontic obturation 

techniques, by using the stereomicroscopy 

analysis. 

 

 

MATERIAL AND METHODS 

The present study has been performed on 

31 extracted teeth, with unfavourable 

prognosis due to periapical lesions or to 

periodontal disease. After establishing the 

indication for extraction, all patients gave 

their written informed consent for the 

treatment, but also for inclusion in the study. 

The research was approved by the Ethics 

Committee of the University of Medicine and 

Pharmacy of Craiova, Romania. 

All selected teeth were abutment teeth and 

had been endodontically-treated previously to 

the prosthodontic treatment and root-filled by 

using three different means: (i) single cone 

technique, (ii) lateral cold condensation and 

(iii) warm vertical condensation. 

The extracted teeth were decontaminated 

by washing with tap water. Disinfection was 

performed using hydrogen peroxide 10% for 

10 minutes, followed by washing with water. 

Afterwards, the teeth were longitudinally and 

transversally sectioned in order to capture 

multiple aspects regarding the tightness of the 

endodontic obturation and consequently 

stereomicroscopically examined. The 

positioning of the teeth sections under the 

light of the stereomicroscope was done with 

impression silicone, so that the light would 

fall perpendicularly on the examined area. 

The evaluation of the tightness of the 

endodontic obturation was done using the 

Nikon SMZ745T stereomicroscope, which 

has wide industrial and biomedical 

applications. The used stereomicroscope 

belongs to the COMING research centre at 

the Faculty of Mechanics, University of 

Craiova. Its characteristics include 75X 

magnification and a 115 mm working length, 

which allow both two-dimensional and three-

dimensional images acquisition, generating a 

proper observation of the deficiencies in the 

endodontic obturation of the analysed teeth. 

Improved technical qualities with NIS-A 

AMEAS (Auto Measurement Plug-In) 

software allow the acquisition of two-

dimensional images, consequently stored and 

processed (linear or curved measurements, 

surface angular lines, static dates, profiles of 

the analysed surfaces etc). The successive 

acquisition of two-dimensional images and 

their restructuring for obtaining three-

dimensional reconstructions can be performed 

using NIS-A-AEDF (Extended Depth of 

Focus Plug-In) software. By these means, 

different areas of interest of the analysed 

sample can be subsequently studied in three-

dimensional images, which can be further 

processed in the form of topographic maps or 

three-dimensional profiles of a two-

dimensional surface and measurements 

related to these images. 

Acknowledging that the teeth had been 

root-filled many years before, the assessment 

of the quality of endodontic obturation was 

done based on the following criteria:  

A. the status of the gutta-percha cone: 

(i) extending the entire the working length, 

(ii) following the exact shape of the root 

canal, (iii) existence of material holes, voids 

or lacunae. 

B. the status of the endodontic sealer: (i) 

degree of homogeneity, (ii) peripheral 

infiltrations, (iii) uneven colour. 

C. the endodontic morphologic features 

of the analysed teeth: (i) particular root 

canal morphology increasing the difficulty of 

the treatment (isthmus, apical delta etc), (ii) 

persistence of necrotic pulp tissue. 

Following the macroscopic examination of 
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the dental sections and also from the existing 

scriptural data in the patient records, the teeth 

were divided into three groups, according to 

the used endodontic obturation technique: 

I. Single cone technique (17 teeth); 

II. Cold lateral condensation technique (12 

teeth); 

III. Warm vertical condensation technique 

(2 teeth). 

 

 

RESULTS 

I. Single cone technique observations 

A. the status of the gutta-percha cone: 

- the cone did not extend the entire 

working length of the root canal, the gutta-

percha cone being shorter in all cases (Fig.1-

A); 

- the gutta-percha cone did not follow the 

preparation shape of the root canal (Fig.1-A); 

B. the status of the endodontic sealer: 

- numerous macroscopically visible holes 

with appreciable dimensions (˃10mms); 

- the endodontic sealer was infiltrated, its 

color not being uniform (Fig.1-B); 

C. the endodontic morphologic features of 

the analysed teeth: 

- impossibility of filling in the case of 

teeth with morphological variations such as 

splitting of the main root canal in the apical 

area (Fig.1-C) and oval shape of the canal 

(Fig.1-D). 

II. Cold lateral condensation obturation 

technique observations 

A. the status of the gutta-percha cone: 

- the endodontic obturation extended 

through the working length of the root in 7 

cases (58%), the other 5 teeth did not have an 

endodontic obturation equally distributed on 

the entire length of the canal (Fig.2-A, 2-B). 

- voids were observed between the gutta-

percha master cone and the dentinal walls of 

the root canal, but also between the master 

cone and the accessory cones (Fig.2-C); 

B. the status of the endodontic sealer: 

- the aspect and colour of the sealer 

suggested an inferior leakage compared to the 

previous technique, a fact that could be 

associated with the age of the endodontic 

treatment and obturation; 

C. the endodontic morphologic features of 

the analysed teeth: 

- in the apical third of the samples, a 

better root filling was noticed (compared to 

the single cone technique), but areas of 

possible necrotic tissue could also be 

observed, due to insufficient removal by 

instrumentation and irrigation (Fig.2-D); 

III. Warm vertical condensation 

observations 

A. the status of the gutta-percha cone: 

- the working length was respected in all 

cases, even with some extrusions; 

B. the status of the endodontic sealer: 

- the endodontic obturation was 

homogenous and better adapted to the lateral 

walls of root canal (Fig.3-A); 

- some microscopic voids were observed 

with approximate dimensions of 20-36 µm 

(Fig.3-B); 

C. the endodontic morphologic features of 

the analysed teeth: 

- warm gutta-percha tends to fill the 

isthmus between two canals of the same root 

(Fig.3-C, 3-D); 

- dyschromic areas could be observed, of 

possibly necrotic tissue, which was 

incompletely removed through preparation 

and irrigation (Fig. 3-D); 

- while some teeth presented more than 

one apical foramen for the same root canal, 

these were fully sealed (Fig.3-E),  

- some extruded material, as it could be 

observed in the three-dimensional 

reconstruction (Fig.3-F). 

 

 



Romanian Journal of Oral Rehabilitation 

Vol. 12, No. 1, January - March 2020 

 

35 

 

 

 

Figure 1. Single cone technique: A.Gutta-

percha cone did not reach the apex (x10); 

B. Leakage of sealer (x30); C. Splitting 

canal at the apex (x45); D. Oval canal (x15) 

 

 Figure 2. Cold lateral condensation: A. 

Incomplete obturation at the apex (x10); B. 

The obturation reached the apex (x10); C. 

Incomplete adaptation of the gutta-percha 

master cone to the root canal walls (x30); 

D. Possible necrotic tissue (x45) 

 

 

 

Figure 3. Warm vertical condensation: A. Well adapted obturation (x30); B. Voids (x75); C. 

Filled isthmus (x30); D. Two root canals and the isthmus obturated (x20); E. Two apical 

foramens (x30); F. Extrusion of the obturation (x30) 

 

 

DISCUSSIONS 

According to the American Association of 

Endodontics (AAE), the endodontic treatment 

represents the removal process of the dental 

pulp, along the entire length of the root canal 

and from the entire endodontic system, in 

order to shape the root canals, to disinfect 

them thoroughly and to obturate them tightly 

[6]. 

The endodontic obturation involves the 

tight, homogeneous and three-dimensional 

closure of the entire endodontic system, 

previously instrumented and disinfected, 

using a stable dimensional, non-toxic 
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material, capable of preventing the 

communication between the periodontal and 

the endodontic area [22]. All these 

characteristics of the endodontic filling 

should be stable in time. In current practice, 

the most frequently used material for root 

filling is gutta-percha in association with a 

sealer, introduced in order to cover the 

internal root walls and to form a thin layer 

between them and the gutta-percha [23]. 

The complex endodontic morphology and 

the multitude of available obturation 

techniques influence the decision process and 

the efficiency of root fillings that keep their 

stability and predictability over time. 

The literature describes several methods 

and techniques for evaluating the quality of 

endodontic obturations, both “in vivo”, but 

mostly “in vitro”. Certain studies used 

optical microscopy [24,25], while others 

micro-computed tomography [26,18] or 

optical coherence tomography [17,27]. 

Our study has used an “in vitro” 

evaluation method of the endodontic 

obturation quality on previously extracted and 

sectioned endodontically-treated teeth. Using 

the stereomicroscope, a comparative analysis 

was performed between three different types 

of endodontic obturation techniques: single 

cone, cold lateral condensation and warm 

vertical condensation of gutta-percha. 

Regarding the single cone technique, the 

observed deficiencies consisted of: not 

complying with the working length of the 

root canal, the gutta-percha cone being 

shorter, improper adaptation of the gutta-

percha cone to the root canal form. Some 

infiltrations of the sealer were also observed, 

alongside a discoloration possibly related to 

the unevenly disinfection, prior to the 

endodontic obturation. 

Similar results were reported in 2015 by 

Sadr et al. who compared the degree of 

leakage consequent to the single cone root 

filling with three types of sealers [28] but also 

by El Sayed in 2018 [29]. The high rate of 

infiltration possibility through this obturation 

technique was emphasized by Pereira A. in 

his review from 2012 [30], and also by 

Pommel L. in their comparative study 

between multiple types of obturation 

techniques [31]. 

Concerning the cold lateral condensation 

technique, the percentage of properly root-

filled teeth was 58%, but some defects were 

also observed: the working length was not 

always respected, but when the obturation 

extended the exact length of the root, a tighter 

apical seal was observed (as compared to the 

single cone technique). Some voids could be 

identified, which probably formed at the time 

of condensation, when introducing the 

accessory cones between the master cone and 

the root canal walls. The chroma of the sealer 

suggested a lower rate of infiltration when 

compared to the first presented technique, a 

fact that could be correlated to the age of the 

treatment, as well as to the age of the 

obturation itself. 

As for the tight sealing capacity of cold 

lateral condensation technique, there are 

divided opinions. Some authors claim that 

there are no differences between single cone 

and cold lateral condensation [32,33,34]. On 

the other side, Yücel and Çiftçi have 

demonstrated in their study that bacterial 

penetration is lower in case of cold lateral 

condensation technique compared to single 

cone [35]. 

However, a higher rate of leakage was 

demonstrated in case of cold lateral 

condensation, as proven in a study in 2001 by 

Kontakiotis EG et al., where more than 52% 

of the root-filled teeth with this technique 

were infiltrated with methylene blue [36]. 

Warm vertical condensation technique did 

not show deficiencies regarding the working 

length of the root canal. On the contrary, 

slight extrusions of the sealer through the 

apical foramen were noticed. The obturation 
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homogeneity was better as compared to the 

other techniques, but some necrotic tissue 

could also be observed, probably due to 

incomplete removal through irrigation. 

The endodontic obturation with no 

uniform consistency and the presence of 

voids represents an unfavourable prognostic 

factor for the analysed root canal treatments. 

Most voids within the obturation were 

observed in case of root-filled teeth using the 

cold lateral condensation method, similar to 

other research on the subject [27,24,12]. The 

obturation techniques using warm gutta-

percha are considered superior in limiting the 

occurrence of such defects [37,38]. 

In their comparative study between cold 

lateral condensation and warm vertical 

condensantion, Olczak and Pawlicka (2017) 

have used a glucose solution in order to 

analyse the bacterial infiltration degree for 

different time periods and they have obtained 

favourable results for the warm obturation 

technique [39]. Using the same method for 

evaluating the infiltrations using glucose, Xu 

Q et al. have reported inferior results for the 

cold lateral condensation [40]. 

On the other hand, Keçeci AD et al. have 

proved in 2005 that there are no differences 

regarding distribution of the sealer, of the 

gutta-percha or that voids between cold 

lateral condensation and warm vertical 

condensation [25]. 

Using the three-dimensional 

reconstructions done with the 

stereomicroscope and its software, our study 

demonstrated that in some cases a sealer 

extrusion through the apical foramen could be 

observed, particularly when the warm vertical 

condensation obturation technique was used, 

similar to the results of Keçeci’s study [25]. 

In 2007, Peng L et al. published a meta-

analysis in which they illustrated that the 

prevalence of gutta-percha apical extrusion is 

higher in cases of warm gutta-percha 

obturation methods, which may generate 

unfavourable prognosis for respective teeth 

[41]. Sealer or gutta-percha extrusions may 

represent a way of subsequent bacterial 

infiltration, more significant than direct 

irritation of the periapical tissues [31]. 

Canakci BC et al. have analysed and have 

measured the amount of extruded dentinal 

debris beyond the apical foramen in cases of 

endodontically-treated extracted teeth and 

obturated using cold lateral condensation and 

warm vertical condensation and they reached 

unfavourable results for the warm gutta-

percha technique [42]. 

 

 

CONCLUSIONS 

Comparing the three endodontic obturation 

techniques leads to the conclusion that none 

of the analyzed methods fully meets the 

objectives proposed by the American 

Association of Endodontics. However, the 

warm vertical condensation technique has 

delivered more favourable and predictable 

results than the other two methods. 
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