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			ABSTRACT: The aim of this study was to compare the filling capacity in curved root canal using a new continuous wave of condensation technique (Termo Pack II, Easy Dental Equipments, Brazil) or lateral compaction. The percentage of voids in the filling of mesial root canals of mandibular molars was assessed by micro-computed tomography (micro-CT). Mesial root canals (n=24) of mandibular molars with a degree of curvature between 20° and 40° were prepared using rotary system (ProDesign Logic, Easy, Brazil) up to #35, .05 taper. The root canals were filled by using the continuous wave of condensation system or lateral compaction and AH Plus sealer (n=12). Scanning at 9 µm was performed after preparation and after filling by using micro-CT SkyScan 1176. The volumetric percentage of filling material and voids (total length and in each root canal third) were calculated. Data were analyzed using ANOVA/Tukey and Student’s t tests (α=0.05). Before the filling techniques, the root canals volume after preparation was similar (p>0.05). The root canals filled by the continuous wave of condensation technique presented the lowest percentage of voids, and the greatest percentage of filling material in total length and thirds (cervical, middle and apical) (p<0.05). Both techniques were not able of completely filling the root canals. The continuous wave of condensation technique Termo Pack II promoted better root canal filling in curved root canals, when compared with lateral compaction.

			KEYWORDS: Endodontics; Dentin; Root canal; Root canal filling materials; Dental pulp cavity; X-ray microtomography.

			RESUMEN: El objetivo de este estudio fue comparar la capacidad de obturación en conductos radiculares curvos utilizando una nueva técnica de condensación de onda continua (Termo Pack II, Easy Dental Equipments, Brasil) vs compactación lateral. El porcentaje de brechas en la obturación de los conductos radiculares mesiales de los molares mandibulares se evaluó mediante microtomografía computarizada (micro-CT). Se prepararon conductos radiculares mesiales (n=24) de molares mandibulares con un grado de curvatura entre 20° y 40° utilizando un sistema rotatorio (ProDesign Logic, Easy, Brasil) al #35, conicidad 0,05. Los conductos radiculares se obturaron utilizando un sistema de condensación de onda contínua o compactación lateral y cemento AH Plus (n=12). Se realizó un escaneo de 9 µm después de la preparación y después de la obturación usando el micro-CT SkyScan 1176. Se calculó el porcentaje volumétrico de material de obturación y vacíos (longitud total y en cada tercio del conducto radicular). Los datos se analizaron utilizando las pruebas ANOVA/Tukey y t de Student (α=0,05). Antes de las técnicas de obturación, el volumen de los conductos radiculares después de la preparación fue similar (p>0,05). Los conductos radiculares obturados con la técnica de condensación por onda contínua presentaron el menor porcentaje de vacíos y el mayor porcentaje de material de obturación en longitud total y en tercios (cervical, medio y apical) (p<0,05). Ambas técnicas no fueron capaces de llenar completamente los conductos radiculares. La técnica de condensación de onda contínua Termo Pack II promovió un mejor relleno del conducto radicular en conductos radiculares curvos en comparación con la compactación lateral.

			PALABRAS CLAVE: Dentina; Canal raíz; Materiales de obturación del conducto radicular; Cavidad de la pulpa dental; Microtomografía de rayos X.

		

		
			INTRODUCTION 

			The success of endodontic treatment depends on the control of endodontic infection of the root canal system (1). The ideal filling technique should fill the root canal three-dimensionally, including areas with irregularities and isthmus (2), in order to favor the prognosis (3). However, incomplete obturation is observed in endodontic treatments (4), increasing the chance of persistence of apical periodontitis (5). No root canal obturation technique is capable of completely filling the root canal system (2,6-8).

			Lateral compaction is considered a simple, low-cost filling method and promotes sealing (9), with less overextension of root canal filling material (3). However, cold gutta-percha may not allow adaptation to the irregularities of root canals, allowing the presence of voids between the gutta-percha cones and root canal (10,11). To overcome these disadvantages, thermoplastic root canal obturation methods are proposed (1,12,13).

			Thermoplastic obturation techniques, with vertical compaction of heated gutta-percha and subsequent injection of thermoplastic gutta-percha, promote a homogeneous mass of obturation material capable of filling irregularities (2,13,14). This technique has been used in different devices, such as: System B (2), Obtura II (9), and others (13-16). However, thermoplastic filling technique used in curved canals depends on the enlargement of the root canal and apical penetration of the plugger (2). Thermo Pack II system (Easy Dental Equipment, Brazil) has a thermoplastic plugger with a diameter #50 which performs heating and compaction of the apical gutta-percha. The Thermo Pack II system has a thermal injector with gutta-percha in the alpha phase that is injected with a flexible needle.

			Micro-computed tomography (micro-CT) is used to analyze root canal filling techniques (9,17,18).  However, most micro-CT studies for comparisons between obturation techniques used straight root canals (2,7,9). Although some studies have evaluated mesial roots of mandibular molars, most studies performed 20μm average resolution scans (13-15).

			The aim of this study was to compare the percentage of filling and voids in mesial canals of mandibular molars filled by a continuous wave of condensation system or lateral compaction, using micro-CT analysis with the resolution of 9μm. The null hypothesis was that there would be no significant difference in the percentage of voids and filling using continuous wave of condensation system or lateral compaction. 

			MATERIALS AND METHODS

			After approval from the Institutional Ethics Committee (Registration number 6473611.40000.5416), mesio-buccal and mesio-lingual root canals from mandibular molars were selected. Digital radiography system (Kodak RVG 6100, Kodak Dental Systems, NY, USA) and micro-computed tomography were used to confirm the inclusion criteria and to perform a homogeneous distribution of the samples. The initial scanning was performed at 35µm, using SkyScan 1176 (Skyscan 1176, Bruker-MicroCT, Kontich, Belgium) with the following parameters: copper and aluminum filter, exposure time of 87ms, frame average 3, rotation of 180°, 80kV, and 300uA.

			Total of 12 first and second human mandibular molars with two mesial root canals, presenting type IV configuration according to the classification of Vertucci (19) were selected. Complete apical formation, absence of root fractures, angle of curvature between 20° and 40° and radius of curvature smaller than 10mm, were observed in accordance with Schneider method (20). The size of the teeth was standardized at 18mm with a tolerance of ± 2mm of discrepancy. The root canals selected were stored in a 0.1% Thymol solution at 5°C. 

			Root Canal Preparation

			After the specimens were washed in water for 48 hours, access to the canals was obtained with a high speed bur (n.2, KG Sorensen, São Paulo, Brazil), and the root canals were irrigated with 2.5% sodium hypochlorite, a size 10 K-file (Dentsply Sirona, Ballaigues, Switzerland) was used to explore the mesial root canals until its tip was visible through the apical foramen. The working length (WL) was established 1mm short of the apical foramen. The roots were embedded in condensation silicone (Oranwash, Zhermack SpA, Badia Polesine, Italy) to simulate the periodontal ligament. Afterwards, a single, experienced operator performed the root canal preparations.

			Root canal preparation 

			The ProDesign Logic (PDL) instruments, size 25, .01 taper, were activated by an electric motor (VDW.SILVER, VDW GmbH, Munich, Germany) in rotary motion at 350rpm and 1 N cm-1 of torque in accordance with the manufacturer’s instructions, with in-and-out movements up to the WL. Then, a PDL instrument, size 25, .06 taper, was used at 600 rpm and 3 N cm-1 of torque (manufacturer’s instructions for curved root canals), with movements in the apical direction up to the WL. The root canals were enlarged with using ProDesign Logic instrument size 35, .01 taper, and ProDesign Logic instrument size 35, .05 taper as described above. Each root canal was irrigated with 10ml of 2.5% sodium hypochlorite. Final irrigation was performed with 2.5ml EDTA under agitation for 3 minutes, and afterwards, irrigation with 5ml of 0.5% sodium hypochlorite.

			Filling by the continuous wave of condensation technique 

			Gutta-percha cones size 35, .05 taper (Tanari industry Ltda., São Paulo, Brazil) were used. The gutta-percha cones were selected according to the tip size and taper measured in the profilometer (Profile Projector Nikon Model 6C-2). After radiographic evaluation of adaptation of the gutta-percha cone selected, the AH Plus sealer (Dentsply DeTrey GmbH, Konstanz, Germany) was placed into the root canal by using a Lentulo size 35 instrument (Dentsply Maillefer, Ballaigues, Switzerland) and manual K-file size 35 pre-curved (Dentsply Maillefer, Ballaigues, Switzerland). After this, the gutta-percha cone covered by endodontic sealer was placed in the root canal. The thermoplastic plugger from the Termo Pack II System (Easy Dental Equipments, Brazil) was used for plasticization, cutting and compaction of the gutta percha within the apical root canal (Downpack) up to 3mm of the working length. After this, the thermal injector of the system was used to inject the warmed gutta-percha that was compacted. Compaction was performed with Nickel and Titanium condensers (Easy Dental Equipments, Brazil). A radiograph was taken to verify the quality of the obturation.

			Filling by the lateral compaction technique

			Gutta-percha cones size 35, .02 taper (Tanari Indústria Ltda., São Paulo, Brazil), were also selected after being measured in a Profilometer (Profile Projector Nikon Model 6C-2). The filling sealer AH Plus (Dentsply, DeTrey GmbH, Konstanz, Germany) was placed to the root canal by using a Lentulo size 35 (Dentsply Maillefer, Ballaigues, Switzerland) instrument and pre-curved manual K-file size 35 (Dentsply Maillefer, Ballaigues, Switzerland). After this, the gutta-percha cone covered by endodontic sealer was placed in the root canal. The finger spreader B (Dentsply Maillefer, Ballaigues, Switzerland) was used for inserting the auxiliary XF cones (Tanari industry Ltda., São Paulo, Brazil) into the apical third. Afterwards, the finger spreader C (Dentsply Maillefer, Ballaigues, Switzerland) was used for inserting the auxiliary FF gutta-percha cones (Tanari industry Ltda., São Paulo, Brazil) into the middle and coronal thirds.  Lateral compaction was performed on a precision balance to control the force applied, which did not exceed 1.5kg. A radiograph was taken to verify the quality of the obturation.

			After filling the root canals, coronal sealing was performed with restorative material Coltosol (Vigodent, Rio de Janeiro, Brazil), and the roots were kept in an oven at a temperature of 37°C, in 95% humidity, for three days, for sealer setting. 

			Micro-CT analysis

			The roots were scanned using micro-CT (SkyScan 1176; Bruker microCT, Kontich, Belgium) after preparation, and after the filling of the root canals. The roots were positioned in a standardization device, allowing the specimens to remain in the same position at all times during scanning procedures. The scanning parameters were: copper and aluminum filter, 90kV power, 278mA energy, evolution cycle 0,5, rotation 180° and frame average 3 with 9µm voxel size. The post-preparation and post-obturation images obtained were reconstructed using the NRecon software (NRecon v.1.6.10.4, Bruker Micro-CT), Volumetric analysis was performed in all canals after the preparation, through the software CTAn (CTAn v.1.14.4, Bruker Micro-CT) with the use of specific task lists.  

			The reconstructed images, obtained before and after obturation, were superimposed by means of geometric alignment in the Data Viewer software (Data Viewer v.1.5.1, Bruker Micro-CT). Quantitative analyses were then made using the CTAn software by applying task lists, and arithmetic and logic operations between the superimposed sections. Were quantified root canal volume, filling material volume (gutta-percha and sealer), and voids volume. The gray scale range required to recognize each object under study was determined in a density histogram  by using an adaptive threshold method. The percentages of filling material were taken as a basis on the post-preparation volume of the canal and on the filling volume: [percentage of filling = (volume of filling x 100) / volume of canal]. The volume of voids was calculated by subtracting the filling material volume from the post-obturation root canal volume: [volume of voids = volume of canal – volume of filling]. The percentage volume of voids was calculated by using the following formula: [Percentage of voids = (volume of voids X 100)/volume of canal]. Representative images were performed by means of models obtained by using CTVol software (CTVol v. 2.0, Bruker Micro-CT).

			Evaluation was performed at all root canal extension and by thirds (Coronal, Middle and Apical). The value of approximately 9mm was determined for the total length analysis and approximately 3mm for each third. In the software (CTAn), the value of bottom was corresponding to the working length, and to this value was added 9mm, as the value of top, corresponding to the furcation level.

			Statistical analysis

			The Graph Pad Prism 7.00 (GraphPad Software, Inc., California, USA) software was used for data analysis.  Data obtained for canal volume values after preparation, percentage of filling material and percentage of voids between the groups were submitted to Student’s t-test.  ANOVA/Tukey tests were used for comparison of filling material and voids between thirds. The significance level was set at 5%.

			RESULTS

			The volume of the root canals prepared was similar for the two obturation techniques (p>0.05) (Table 1). Canals obturated by the lateral compaction technique presented a higher percentage of voids than the canals obturated by continuous wave (p<0.05) (Table 2 and Figure 1). A higher percentage of filling material was obtained for the canals filled by the continuous wave of condensation technique (p<0.05) (Table 2).

			DISCUSSION

			Our results showed that no obturation technique was able to completely fill the root canals, in agreement with previous studies (7,8, 12,15,18,21,22). A higher percentage of filling material was observed for the continuous wave of condensation Termo Pack II System, in comparison with lateral compaction. Therefore, the null hypothesis was rejected. The micro-CT images showed gutta-percha cones covered by sealer in the root canals filled by lateral compaction, and a uniform mass of filling material for Termo Pack II (Figure 2), as observed by Ho et al. (14). Cold gutta percha has been shown to be incapable of filling artificial irregularities in mandibular incisors (10). A previous study (14) comparing three techniques of lateral compaction (manual, mechanical, and ultrasonic), presented that all the methods caused void areas in the root filling. The authors attributed the voids to the spreader, that creates a larger space than required for the accessory cones. 

			Endodontic sealers must fill irregularities and areas that are difficult to access (23). AH Plus has sealing capacity (18) and promotes adaptation in the root canal walls (24), and is compatible with thermal compaction techniques (25). Proper filling was observed for continuous wave of condensation evaluated by micro-CT in mesial root canals from mandibular molars (13,14)  and mandibular premolars (7,9,10). However, the comparison by micro-CT of the filling volume in oval canals (mandibular premolars) after lateral compaction techniques has demonstrated that the finger spreaders may leave spaces in the gutta-percha, which are occupied by sealer (AH Plus), or remain empty (7). The continuous wave of condensation technique allows plasticization of the gutta percha throughout the entire extension of the canal promoting a homogeneous mass capable of filling irregularities of the root canal (7,15), consequently decreasing the layer of sealer and formation of voids. Considering that gutta-percha is a dimensionally stable material (7,26) and sealers are subject to solubilization, a higher proportion of gutta percha in the apical region in relation to sealer, may favor the prognosis in the long term (11,27).

			The apical third is considered critical for endodontic treatment success (28) and control of re-infection (29). Our results showed that the root canals obturated with the Termo Pack II System obtained a lower percentage of voids in the apical region, than the root canals obturated by the lateral compaction technique. These results corroborated previous results that compared the quality of filling in the apical regions in mesial roots of mandibular molars, prepared up to the ProTaper Next X4 instrument, and obturated by continuous wave of condensation or lateral compaction (13).

			Moreover, the continuous wave of condensation Easy Termo-Pack II presented a lower percentage of voids in the apical third than in the other thirds. Other studies that have evaluated continuous wave of condensation systems obtained better results in the coronal third (7,15). According to Iglecias et al. (15), this occurred because in the continuous wave of condensation technique the coronal third received the force of compaction more directly. However, this study used mesial root canals of mandibular molars prepared with Reciproc R25 and observed a percentage of 4.93±1.9 of voids in the apical third. In the present study, the root canals were prepared up to ProDesign Logic 35/.05, with a lower percentage of voids in the apical third (2.923±1.124). Considering that the quality of endodontic obturations may be influenced by the enlargement of root canals (7), the greatest enlargement may have contributed for inserted up to 3mm of the working length in the continuous wave of condensation technique. Besides that, the gutta-percha used for thermocompaction may affect the results (30). The warmed gutta-percha may undergo volumetric changes with heating (3,21). Thus, different compositions of gutta-percha and temperatures of thermoplastic techniques may influence filling.

			The homogeneous filling of the root canal system is just one of the many factors that contribute to the success of an endodontic treatment. Overall, within the limitations of the current study, this is the first research to evaluate the Termo Pack II as a continuous condensation wave technique. Moreover, a high resolution was performed in order to allow the detection of small voids in the filling root canals. Further studies are needed to investigate this system.

			CONCLUSION

			In conclusion, none of the techniques used was able of completely filling the root canals. The continuous wave of condensation Termo Pack II System produced a higher percentage of filling material and lower incidence of voids when compared with the lateral compaction technique.
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La condensacion de onda continua mejora el selle de canales
curvos: un estudio de micro-CT

Jader Camilo Pinto DDS, PhD'; Mariana Mena Barreto Pivoto-Jodo2; Juliane Maria Guerreiro-
Tanomaru DDS, PhD3; Jessie Fabiola Reyes-Carmona DDS, MSD, PhD¢;
Mario Tanomaru-Filho DDS, PhD®

1. Department of Restorative Dentistry, Sao Paulo State University (UNESP), School of Dentistry, Arara-
quara, SP, Brazil. https://orcid.org/0000-0003-2023-1589

2. Department of Restorative Dentistry, Sao Paulo State University (UNESP), School of Dentistry, Arara-
quara, SP, Brazil. https://orcid.org/0000-0002-1788-3351

3. Department of Restorative Dentistry, Sao Paulo State University (UNESP), School of Dentistry, Arara-
quara, SP, Brazil. https://orcid.org/0000-0003-0446-2037

4. Department of Endodontics, Faculty of Dentistry, LICIFO, University of Costa Rica, San José, Costa
Rica. https://orcid.org/0000-0003-2872-6623

5. Department of Restorative Dentistry, Sao Paulo State University (UNESP), School of Dentistry, Arara-
quara, SP, Brazil. https://orcid.org/0000-0002-2574-4706

Correspondence to: PhD. Mario Tanomaru-Filho - tanomaru@uol.com.br

ABSTRACT: The aim of this study was to compare the filling capacity in curved root
canal using a new continuous wave of condensation technique (Termo Pack Il, Easy
Dental Equipments, Brazil) or lateral compaction. The percentage of voids in the
filling of mesial root canals of mandibular molars was assessed by micro-computed
tomography (micro-CT). Mesial root canals (n=24) of mandibular molars with a degree
of curvature between 20° and 40° were prepared using rotary system (ProDesign
Logic, Easy, Brazil) up to #35, .05 taper. The root canals were filled by using the
continuous wave of condensation system or lateral compaction and AH Plus sealer
(n=12). Scanning at 9 pm was performed after preparation and after filling by using
micro-CT SkyScan 1176. The volumetric percentage of filling material and voids (total
length and in each root canal third) were calculated. Data were analyzed using ANOVA/
Tukey and Student’s t tests (a=0.05). Before the filling techniques, the root canals
volume after preparation was similar (p>0.05). The root canals filled by the continuous
wave of condensation technique presented the lowest percentage of voids, and the
greatest percentage of filling material in total length and thirds (cervical, middle and

PINTO J.C., PIVOTO-JOAO M.M.B., GUERREIRO-TANOMARU J.M., REYES-CARMONA J.F., TANOMARU-FILHO M., 2023: Continuous Wave of Conden-
sation Improves the Filling of Curved Canals: a Micro-CT Study.-ODOVTOS-Int. J. Dental Sc., 25-3 (September-December): 32-42.





