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Abstract

Objectives—The present study examined the quality of obturation in root canals obturated by

GuttaCore, a gutta-percha-based core-carrier system with a cross-linked thermoset gutta-percha

carrier, by comparing the incidence of gaps and voids identified from similar canals obturated by

cold lateral compaction or warm vertical compaction.

Methods—Thirty single-rooted premolars with oval-shaped canals were shaped and cleaned, and

obturated with one of the three obturation techniques (N=10): GuttaCore, warm vertical

compaction or cold lateral compaction. Filled canals were scanned with micro-computed

tomography (micro-CT); reconstructed images were analysed for the volumetric percentage of

gaps and voids at 3 canal levels (0-4 mm, 4-8 mm and 8-12 mm from working length). The roots

were subsequently sectioned at the 4-mm, 8-mm and 12-mm levels for analyses of the percentage

of interfacial gaps, and area percentage of interfacial and intracanal voids, using scanning electron

microscopy (SEM) to examine negative replicas of root sections. Data were analysed with

parametric or non-parametric statistical methods at α=0.05.
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Results—Both micro-CT and SEM data indicated that canals obturated with GuttaCore core-

carriers had the lowest incidence of interfacial gaps and voids, although the results were not

significantly different from canals obturated by warm vertical compaction. Both the GuttaCore

and the warm vertical compaction groups, in turn, had significantly lower incidences of gaps and

voids than the cold lateral compaction group.

Conclusions—Because of the similarity in obturation quality between GuttaCore and warm

vertical compaction, practitioners may find the GuttaCore core-carrier technique a valuable

alternative for obturation of oval-shaped canals.

Keywords

cold lateral compaction; core-carrier; cross-linked thermoset gutta-percha carrier; micro-computed
tomography; negative replica; scanning electron microscopy; warm vertical compaction

Introduction

Success in root canal treatment was founded upon the triad of thorough canal débridement,

effective disinfection and obturation of the canal space.1 Although contemporary research

indicates that shaping and cleaning are strategically more significant than obturation of the

canal space for eliminating root canal infections,2 a significant share of this triad has

historically been allocated to obturation of the canal space.3 Three-dimensional obturation of

the canal space to the working length4 has been depicted as the most critical component of

root canal treatment for sealing and isolating the canal space from irritants that remain after

shaping and cleaning, and for eliminating leakage from the periradicular tissues or oral

cavity into the filled canal space.5,6 Results from these early studies are supported by recent

outcome studies that highlight the contribution of root filling quality to the success of

primary and secondary root canal treatment.7-10 It is undeniable that a high quality coronal

seal is important for endodontic success;11 apical periodontitis has been shown to heal in

teeth with unfilled canals following meticulous shaping and cleaning, and placement of a

coronal seal.12 However, insisting that healing reliably occurs in the presence of a defective

root filling is to have created a very shortsighted view on the important roles played by root

canal obturation in preserving the environment created by shaping and cleaning and

preventing microbial reinfection of the canal space,13,14 both of which are essential for

maintenance of long-term periradicular health.15

Interfacial gaps and voids present in filled root canals are clinically relevant because as low

as 1% shrinkage of root canal sealers can result in gaps that are large enough for penetration

of bacteria and their noxious products.16,17 Different methods have been utilised for

examination of interfacial gaps and sealer penetration within filled root canals, including

destructive and nondestructive methods. Destructive methods involve sectioning of the filled

root canals and examination by light microscopy, confocal laser scanning electron

microscopy or scanning electron microscopy (SEM). Although light microscopy and laser

confocal scanning microscopy are useful for examining the extent of sealer penetration into

dentinal tubules and the percentage of gutta-percha-filled areas, sealer-filled areas and large

voids,18-20 these morphological evaluation techniques lacked the resolution to quantify thin

interfacial gaps between the root filling and intraradicular dentine. Scanning electron
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microscopy of sectioned slabs of root-filled canals has also been used to evaluate the

penetration of root canal sealers into dentinal tubules. These SEM techniques offer a number

of advantages. Images produced using SEM permit observation of the interfacial quality at

higher resolution. The main disadvantage of SEM is the potential for producing artefacts

during specimen preparation; dehydration of the specimens during laboratory processing and

examination in a high vacuum environment create artefactual interfacial gaps. This renders

evaluation of the interfacial quality of the root canal fillings futile using conventional

scanning electron microscopes. However, this limitation may be overcome by examining

polyvinylsiloxane impressions (i.e. negative replicas) of the root fillings directly,21 or

positive epoxy resin replicas prepared indirectly from those impressions.22 Micro-computed

tomography (micro-CT) is a non-destructive three-dimensional (3-D) imaging technique that

has been adopted in endodontics for analysing the interfacial quality of root fillings.23-29

Because micro-CT imaging is non-invasive, specimens remain intact during examination

and may be subsequently sectioned and examined by SEM for confirmation of the image

reconstruction results. An enormous amount of information may be generated from scans;

planar slices may be recreated in any plane and data may be represented as two-dimensional

(2-D) or 3-D images and evaluated qualitatively or quantitatively.

The most common techniques employed for root canal obturation include cold lateral

compaction, warm vertical compaction and core-carrier techniques.30 Coating metal carriers

such as gold wire, silver points and endodontic files with heat-softened gutta-percha for

three-dimensional obturation of the canal space31-34 has long existed before the

commercialisation of different prefabricated alpha-phase gutta-percha-based or

polycaprolactone-based core-carrier systems. These core-carrier systems are claimed to

enhance adaptation of the gutta-percha to the canal wall, and flow of the filling material into

lateral canals. Due to the difficulties encountered in retreatment and in the preparation of

post spaces, the original metal carriers were subsequently replaced by plastic obturators.35,36

Recently, a new core-carrier system was introduced (GuttaCore, Dentsply Tulsa Dental

Specialties, Tulsa, OK, USA) in which the Vectra (a liquid crystal polymer) or polysulphone

plastic carriers in Thermafil Plus (Dentsply Tulsa Dental Specialties) were replaced by

cross-linked thermoset gutta-percha, which enables the carrier (obturator) to be removed

more easily during retreatment. The cross-linked thermoset gutta-percha does not melt by

heat used in an obturator oven, and is insoluble in common organic solvents employed for

root canal retreatment.37 Removal of this modified obturator during retreatment may be

achieved by mechanical trephining through the carrier.38

Although the core-carrier obturation technique has been regarded by some as the only

genuine warm gutta-percha technique for adaptation to the apical third of the canal

space,39,40 the quality of root canal obturation achieved by the new core-carrier system that

incorporates cross-linked thermoset gutta-percha carriers has not been reported. Thus, the

objective of the present in vitro study was to examine the quality of obturation in single-

rooted canals obturated by the GuttaCore core-carrier system by comparing the results with

similar canals obturated by the cold lateral compaction technique or the warm vertical

compaction technique, using non-destructive (micro-CT) and destructive (SEM) methods of

investigation. The null hypothesis tested was that there are no differences in the percentage
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of interfacial gaps and voids in single-rooted canals obturated by the GuttaCore core-carrier

technique, gutta-percha cold lateral compaction technique and gutta-percha warm vertical

compaction technique using the same root canal sealer.

Materials and Methods

Root canal obturation

Thirty intact, caries-free human single-rooted premolars with oval-shaped canals were

obtained with patient informed consent under a protocol approved by the Human Assurance

Committee of the Georgia Regents University. The teeth were stored in 0.9% NaCl solution

containing 0.02% sodium azide at 4 °C until use. Each tooth was radiographed in the

mesiodistal direction to ensure that it contained a single oval-shaped canal. After preparation

of the access cavity, each tooth was further examined under an operating microscope to

confirm the presence of a single oval-shaped canal. For each tooth, canal patency was

achieved using a size 10 stainless steel K-file. Working length was established at 1 mm short

of the anatomical apex. Canal shaping was performed with 0.02 taper K-files and 0.04 taper

Vortex Blue nickel-titanium rotary instruments (Dentsply Tulsa Dental Specialties), using a

crown down technique until a size 40 apical seat was established. Final shaping was

achieved using a 0.06 taper, size 40 Vortex Blue nickel-titanium rotary instrument. To

ensure optimal cutting efficacy, a new set of rotary instruments was used for the shaping of

each root canal.

After shaping, the apex of each root was sealed with sticky wax to simulate a closed canal

system. Each instrumented canal was irrigated with 5.25% sodium hypochlorite (NaOCl)

solution during preparation. One milliliter of NaOCl was used between successive files.

After completion of canal instrumentation, the canal was irrigated with 5 mL of 0.5 M of

QMix® 2in1 (Dentsply Tulsa Dental Specialties) and 5 mL NaOCl to remove the inorganic

and organic components of the smear layer, respectively. The solutions were delivered using

30-gauge side-vented irrigation syringes to 1 mm short of the working length. The canal was

dried with paper points. After shaping and cleaning, the 30 teeth were randomly divided into

3 groups (N = 10) for filling of the instrumented canal spaces, using one of the three

obturation techniques:

Core-carrier technique—Each canal was obturated with a size 40, 0.06 taper GuttaCore

Obturator and ThermaSeal Plus sealer (Dentsply Tulsa Dental Specialties), using the

directions specified by the manufacturer. Briefly, the shape of the canal space at working

length and passive fit of the obturator were verified using a size verifier that reached the

apical constriction passively without significant resistance or twisting. A GuttaCore

Obturator was heated in the obturator oven while the canal was coated with the root canal

sealer. The heated GuttaCore Obturator was slowly inserted to working length without

twisting or forcing. The shaft and handle of the obturator was removed at the

cementoenamel junction using a round bur in a high-speed handpiece under copious water

spray.

Warm vertical compaction technique—Each canal was fitted with a size 40, 0.06

taper gutta-percha cone that was used to apply the ThermaSeal Plus sealer to the canal walls.
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The gutta-percha was down-packed to 5 mm from the working length with a heated plugger

(Calamus Dual, Dentsply Tulsa Dental Specialties), and backfilled with warmed, cartridge-

dispensed gutta-percha (Calamus Dual) to the cementoenamel junction.

Cold lateral compaction technique—Each canal was initially filled with a size 40,

0.06 taper gutta-percha cone as the master obturation cone and ThermaSeal Plus sealer. The

master gutta-percha cone was coated with sealer, inserted to working length, and laterally

compacted with a finger spreader for insertion of accessory gutta-percha points until no

more points could be inserted. The master cone and accessory gutta-percha points were then

seared off at the cementoenamel junction with a heated instrument.

The access cavity of each tooth was filled with a temporary dressing after obturation of the

canal space. The teeth were stored in sterile distilled water at 37 °C and 100% relative

humidity to ensure complete setting of the root canal sealer. Each tooth was then marked

with pencil at 4 mm, 8 mm and 12 mm coronal to the working length of the root (i.e. at 5

mm, 9 mm and 13 mm from the anatomical apex), to delineate the 3 canal levels to be

examined. Each tooth was placed in a separate scintillation vial containing deionised water.

Micro-CT scanning and image reconstruction

A SkyScan 1174 (Micro Photonics Inc., Allentown, PA, USA) compact X-ray micro-CT

scanner was used to scan the teeth. Each tooth was stabilised in foam, covered with a moist

tissue to prevent dehydration, and positioned with the longitudinal axis of the root

perpendicular to the specimen stage. Every tooth was scanned with the same parameters,

using a 0.5 mm thick aluminum filter to remove low energy radiation derived from the

polychromatic X-ray source to reduce image noise. Each tooth was scanned from the

anatomical apex to 12 mm above the root tip (as indicated by the pencil line), using a spatial

resolution of 14.52 mm at 50 kV and 800 μA. Scanning was performed with a rotational

angle of 360° around the longitudinal axis of the root, using a 0.9° rotation step and 4000

msec exposure time. A 40% beam hardening correction and a ring artefact reduction value

of 10 were employed to reduce ring artefacts during the reconstruction phase with the

Skyscan NRecon software.

Following image reconstruction, 2-D virtual sections of the inner structures of the root canal

space were acquired in the coronal, axial and sagittal planes using the Skyscan CT-analyser

(CTAn) software. Thresholding or segmentation of the grey scale levels was performed to

produce binary images for discrimination of the gaps and voids from the sealer, gutta-percha

and hard tooth structures. Two-dimensional distribution of interfacial gaps and voids from

the working length to the 12-mm level of each root was initially examined by plotting the

percentage distribution of the area of gaps and voids within the canal space of each axial

slice as a function of distance from the working length (i.e. 0-mm level). The CTAn

software was further employed for 3-D analysis and quantification of the volume of

interfacial gaps and voids within the volume of interest (VOI). Interfacial gaps and voids

were presented as a percentage of the total canal volume from the working length to the

coronal 12 mm of the root canal. The Skyscan CT-Volume (CTVol) software was used for

3-D visualisations of the obturated canal within the root and for preparing movies.
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The volumetric percentages of interfacial gaps and voids in canals filled by the three

obturation techniques were statistically analysed for the entire VOI (i.e. 0-12 mm of the

filled canal space), at the 8-12 mm canal level, at the 4-8 mm canal level, and at the 0-4 mm

canal level. As the normality and equal variance assumptions of the data set and subsets

appeared to be violated, the VOI dataset and the 3 canal levels data subsets were

logarithmically transformed to render the data parametric, prior to analysis using separate

one-factor analysis of variances. For each of the 4 analyses, post-hoc multiple comparisons

were performed with the Tukey-Kramer statistic. Statistical significance were preset at α =

0.05 for all analyses.

SEM evaluation

Because micro-CT scanning could not distinguish interfacial gaps from voids, SEM was

used to examine these features at a higher resolution. After completion of the non-

destructive part of the evaluation, each tooth was sectioned at 4, 8 and 12 mm from the

working length using a 0.3 mm thick diamond blade (Isomet, Buehler Ltd., Lake Bluff, IL,

USA) at slow speed with water-cooling. The cuts were made perpendicular to the

longitudinal axis of the root. Each surface to be examined was polished with 1200-grit

silicon carbide paper under constant water-cooling until a relatively smooth surface was

achieved. This surface was treated with a 3 min application of 0.5 M ethylenediamine tetra-

acetic acid to remove the smear layer created by cutting and polishing and to bring the

surface into relief. The polished surface was rinsed with deionised water. An ultralow

viscosity polyvinylsiloxane impression material (Aquasil Ultra XLV Regular Set, Dentsply

DeTrey, Konstanz, Germany) was used for taking an impression of the smear layer-depleted

surface. After dispensing the mixed impression material onto the specimen surface, a gentle

air stream was used to displace the impression material into potential gaps and voids along

the sealer-dentine interface and within the sealer-filling material. This was followed by the

placement of a thicker layer of impression material to produce a negative impression of the

specimen surface.

Each negative replica was mounted on an aluminum stub, sputter-coated with gold/

palladium and examined using a field emission-SEM (XL-30 FEG; Philips, Eindhoven, The

Netherlands) operating at 10 kV. With the use of a negative replica, the root filling-radicular

dentine interface along an axial section of a filled root canal appears as a closed loop with a

well-defined, traceable circumference. Interfacial gaps appear as elevated ridges or flaps of

impression material. An intracanal void appears as a raised knob of impression material

above the surface of the gutta-percha or sealer, while an interfacial void appears as a raised

knob of impression material with one part of the knob touching the canal circumference. The

percentage of interfacial gap at each canal level was measured for each specimen and

expressed as a percentage of the canal circumference at that level. In the event that an

interfacial void was encountered, the part of the interfacial void that was in contact with the

canal circumference was treated as part of the interfacial gap and measured accordingly.

Areas derived from intracanal and interfacial voids of a single negative replica were

summated and expressed as a percentage of root canal area at the respective canal level.
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Since only three sectioned surfaces were examined for each tooth, data from the three canal

levels were pooled together (N = 30) for statistical analysis of the effect of obturation

techniques on the manifestation of interfacial gaps or voids, with each parameter analysed

separately. Because the dataset from either parameter was not normally distributed even

after data transformation, each dataset was analysed with Kruskal-Wallis analysis of

variance and Dunn's multiple comparison test. Statistical significance were preset at α =

0.05 for all analyses.

Results

Figure 1 shows the coronal, axial and sagittal aspects a root canal filling reconstructed from

micro-CT scan. The different components of the root filling, voids and root dentine could be

discerned because of their different grey scale levels. Because voids and interfacial gaps

were highly radiolucent and appeared dark grey to black, generation of binary images was

not difficult for 2-D and 3-D measurement of their percentage distribution. A schematic of

how reconstructed axial root sections were used to produce a 2-D plot of the percentage

distribution of voids and gaps along the entire region of interest (0-12 mm from working

length of a filled canal) is shown in Figure 2A. Representative examples of the distribution

of interfacial voids in root canals filled by the GuttaCore core-carrier technique, the warm

vertical compaction technique and the cold lateral compaction technique are shown in

Figures 2B, 2C and 2D, respectively. None of the obturation techniques produced

completely gap- and void–free root fillings, although gaps and voids were not universally

present in every 2-D axial section, especially for the core-carrier and the warm vertical

compaction techniques.

Representative examples of 3-D visualisations of root canals that were obturated using the

GuttaCore core-carrier technique, the warm vertical compaction technique and the cold

lateral compaction technique are shown in Figures 3A, 3B and 3C, respectively. Movies

prepared from these representative examples may be found in Supplementary Material.

Because it not possible to discern interfacial gaps from voids in volume-rendered

reconstructions, these features were collectively reported and analysed quantitatively. Figure

4A shows the volumetric percentages of gaps and voids present in the VOI (0-12 mm level)

of canals obturated by the three techniques. The volumetric distribution of gaps and voids

along the three canal levels are shown in Figures 4B (8-12 mm level), 4C (4-8 mm level)

and 4D (0-4 mm level). For the VOI and for each canal level, one-factor ANOVA indicated

significant differences in the volumetric percentages of gaps and voids among the three

obturation techniques (p < 0.001 for VOI; p = 0.01 for the 8-12 mm level; p = 0.007 for the

4-8 mm level; p = 0.004 for the 0-4 mm level). Post-hoc multiple comparisons indicated that

there were no statistically significant differences in the volumetric distribution of gaps and

voids between the cold lateral compaction and the warm vertical compaction techniques, and

between the warm vertical compaction and the GuttaCore core-carrier techniques. However,

significantly higher percentages of gaps and voids were found in root canals obturated with

the cold lateral technique, when compared with the GuttaCore core-carrier technique (p <

0.05 for VOI and all canal levels).
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Scanning electron microscopy enabled interfacial gaps to be discerned from interfacial voids

and intracanal voids. Figure 5A is a SEM image of a gap- and void-free obturated canal

surface. Figure 5B is an example of an interfacial gap that was identified as a protruded flap

of impression material along the sealer-dentine interface. Figure 5C is an example of a

specimen containing an interfacial gap that was continuous with an interfacial void. Figure

5D is an example of a specimen containing both intracanal voids and an interfacial void.

The number of interfacial gap-free specimens found at the three sectioned levels (4-mm, 8-

mm and 12-mm) of root canals filled by the three obturation techniques is graphically

presented in Figure 6A. From the modified box and whisker plot of specimens pooled from

the 3 canal levels (Figure 6C, left), significant difference in the percentage canal

circumference occupied by interfacial gaps could be seen among the three groups ( p <

0.001); the percentage of interfacial gaps in the cold lateral compaction technique was

significantly higher than the GuttaCore core-carrier technique (p < 0.05).

The number of void-free specimens found at the three sectioned levels of root canals filled

by the three obturation techniques is graphically presented in Figure 6B. From the modified

box and whisker plot of specimens pooled from the 3 canal levels (Figure 6C, right),

significant difference in the percentage canal area occupied by voids could be seen among

the three groups (p < 0.001); the percentage of voids identified from root canals obturated

with the cold lateral compaction technique was significantly higher than root canals

obturated by the warm vertical compaction technique (p < 0.05) or the GuttaCore core-

carrier technique (p < 0.05).

Discussion

Under the conditions of the present study, the volumetric percentages of specimens

exhibiting combined gaps and voids in a filled canal volume of interest (VOI) along 0-12

mm of the canal length, as determined by micro-CT analysis, were significantly different

among the three obturation techniques. Likewise, both the circumferential percentages of

interfacial gaps, and the area percentages of interfacial and intracanal voids, as determined

by SEM at specific canal levels of 4 mm, 8 mm and 12 mm, were also significantly different

in root canals filled by the three obturation techniques. These results warrant rejection of the

null hypothesis that there are no differences in the percentage of interfacial gaps and voids in

single-rooted canals obturated by the GuttaCore core-carrier technique, gutta-percha cold

lateral compaction technique and gutta-percha warm vertical compaction technique using

the same root canal sealer.

The reproducibility and accuracy in using micro-CT for analysing root canal fillings have

been well demonstrated in previous studies.23-29,41 This non-destructive technique provides

rapid imaging of the gaps and voids present in the filled canal space and produces

impressive 3-D visualisation of the orientation and continuity of these deficiencies within

the filled canal VOI. Nevertheless, micro-CT axial sections lack the resolution, when

compared with SEM, in discerning interfacial gaps from interfacial and intracanal voids.

Thus, both non-destructive and destructive methods of investigations were used to provide

complementary information in the present study. A polyvinylsiloxane negative replica
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technique was adopted in lieu of epoxy resin positive replicas as the former technique

eliminated bubble artefacts generated on the epoxy resin surface by the release of hydrogen

gas from polymerised polyvinylsiloxane impressions, even when platinum or palladium was

incorporated in the impression material to absorb the released gas.42 Formation of gas

bubbles on the epoxy resin surface interfered with identification of gaps and voids on the

specimen surface. Scanning electron microscopy of polished sections has limitations in that

only a small number of sections could be examined using this labour-intensive technique.

Thus, data derived from SEM examination of interfacial gaps and voids are only

representative of sectioned canal levels examined. In spite of this limitation, analyses of data

derived from SEM examination of interfacial gaps (circumference) and voids (area) at

specific canal levels generated results that are confirmative of those derived from analysis of

volume-rendered micro-CT scans.

In general, the high variance of the data acquired is an indirect indicator of the

unpredictability of commonly used obturation techniques in perfectly adapting to the canal

walls and root filling materials. For the cold lateral compaction technique, the incidence of

combined volume of gaps and voids identified at all canal levels was not significantly

different from that seen in the warm vertical compaction technique. A similar conclusion

was reached when stereomicroscopy was used to examine voids present in central incisors

that were obturated with cold lateral compaction or continuous wave warm vertical

compaction.43 When interfacial gaps and voids were analysed separately with SEM in the

present work, no significant difference in the circumferential percentage of interfacial gaps

was observed between the cold lateral and warm vertical compaction techniques, while there

was a significant higher area percentage of voids in oval-shaped canals obturated by the cold

lateral compaction technique. Recent studies on the quality of obturation achieved by these

two techniques in oval-shaped canals of premolars reported that warm vertical compaction

produced a significantly greater volume of gutta-percha in the canal space than cold lateral

compaction.41,44 One of these studies also identified a significantly higher volumetric

percentage of voids in oval-shaped canals obturated with the cold lateral compaction

technique.41 These voids may represent spaces left behind by the spreader during lateral

compaction of the accessory gutta-percha cones, shrinkage of the root canal sealer, or the

result of the inability of the spreader to dispense the sealer into canal fins when

conventional, non-canal wall adaptive nickel titanium rotary instruments were used to

prepare oval-shaped canals. Although there was a higher incidence of voids associated with

cold lateral compaction in the aforementioned micro-CT study,41 difference between the two

compaction techniques was not statistically significant at the apical root level. Clinical

outcome studies remain the gold standard for evaluating the performance of root filling

materials and techniques. A quantitative systematic review analysed the long-term clinical

outcomes from 10 clinical studies involving the use of the cold lateral and warm vertical

compaction techniques.45 The similar obturation quality achieved by cold lateral and warm

vertical compaction techniques supports the conclusion derived from the meta-analysis of

those 10 clinical studies, in that there wa no difference in treatment outcomes between the

two obturation techniques.45 Although a subsequent retrospective clinical study revealed a

tendency of better healing in teeth that were obturated using warm vertical compaction,8 the

authors of that study opined that additional randomised control trials were required to
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validate the finding in primary root canal treatment of teeth with preoperative apical

periodontitis.

When cold lateral compaction and the GuttaCore core-carrier technique were compared,

both non-destructive and destructive methods of investigations identified significant lower

percentages of interfacial gaps and voids in canals that were obturated with GuttaCore core-

carriers. GuttaCore represents the latest generation of carrier-based root canal filling

material that uses thermoplasticised gutta-percha as the core material. Studies on the

previous generation of this class of carrier-based obturators, ThermaFil Plus, yielded

favourable results in terms of their adaptation to canal walls, although void-free fillings in

oval-shaped canals were not consistently achieved.46 Earlier studies by Wolcott et al.47 and

Clinton and Van Himel48 reported that the ThermaFil core-carrier technique allowed

thermoplastic gutta-percha to flow better into lateral canals, had fewer voids, and replicated

the root surface better. More recent studies reported that canals obturated with core-carrier

techniques had the highest gutta-percha content within the filled canal space.49,50 Reduction

of sealer content may help reduce the amount of leachable sealer-derived cytotoxic products

from filled root canals into the periapex.51 Although the ability of core-carrier techniques to

enhance the flow of thermoplasticised gutta-percha into lateral canals has been impressively

demonstrated with the use of micro-CT, the belief that lateral canals and apical ramifications

must be injected with filling material to enhance treatment outcome was challenged in a

recent study by Ricucci and Siqueira.52 In that study, the authors demonstrated

histologically that lateral canals in necrotic teeth that were shown to be optimally filled

radiographically were actually not well-obturated; gutta-percha and sealer were simply

compacted against incompletely-removed inflamed necrotic tissues and biofilms.

Although in vitro studies on core-carrier techniques with plastic carriers generally reported

significantly less voids in the filled canal space when compared with those obturated with

cold lateral compaction, such a difference was not reflected by improvements in treatment

outcome in clinical studies. Results from two retrospective studies came to the same

consensus that there was no significant difference in the success rate achieved when the

core-carrier technique or the cold lateral compaction technique was employed for primary

root canal treatment.53,54 An important issue to consider, however, is that the teeth involved

in those two clinical studies were not stratified into those with or without preoperative apical

periodontitis. As the rate of treatment success associated with teeth without preoperative

periodontitis is high (circa 90%),7,8 this could have masked the beneficial effect of the core-

carrier technique on healing of teeth with preoperative apical periodontitis. Moreover, the

contribution of thorough chemomechanical débridement cannot be overstated in clinical

outcome studies. As the fluid dynamics of chemomechanical debridement within the root

canal system is becoming better understood,55 it is of clinical relevance to compare the

treatment outcomes for root canal treatment of teeth with preoperative apical periodontitis

only, using contemporary state-of-the-art irrigants and irrigant delivery technology for

chemomechanical débridement, prior to obturating these canals with the cold lateral

compaction technique or the GuttaCore core-carrier technique.

Both non-destructive and destructive methods of investigations identified no significant

difference in the percentage of interfacial gaps and voids in canals that were obturated by
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warm vertical compaction or GuttaCore core-carriers. These results obtained from the new

GuttaCore system are consistent with those reported for the earlier TheramFil version.36,56 It

is noteworthy from the SEM findings at the 4-mm sectioned canal level, that specimens

obturated with GuttaCore core-carriers were completely gap-free and void-free, while

specimens obturated with the warm vertical compaction technique were only 40% gap-free

(Figure 6A) and 70% void-free (Figure 6B). Understandably, when the warm vertical

compaction technique was used for down packing a gutta-percha cone to approximately 5

mm from the working length, the apical third of the canal was essentially filled by a single-

cone technique.

Conclusion

Similar to many of the in vitro studies that examined the incidence of gaps and voids in

filled root canals, gap- and void-free root canal fillings could not be predictably and

consistently identified from any of the three groups examined in the present study.

Nevertheless, root canals obturated with GuttaCore core-carriers exhibited the lowest

incidence of interfacial gaps and voids among the three groups, although the results were not

statistically significant from those canals obturated by warm vertical compaction. Both the

GuttaCore group and the warm vertical compaction group, in turn, had significantly lower

incidences of gaps and voids than the cold lateral compaction group. Because of the

similarity in obturation quality between the GuttaCore core-carrier group and the warm

vertical compaction group, practitioners may find the GuttaCore core-carrier technique a

valuable alternative to the use of warm vertical compaction for filling oval-shaped canals;

the warm vertical technique may be perceived by some clinicians as more technique

sensitive and more difficult to master compared with the cold lateral compaction technique.

Because the carrier in GuttaCore is composed of cross-linked thermoset gutta-percha,

retreatment is comparatively easier than the previous ThermaFil Plus core-carrier system.

This may be achieved by trephining through the GuttaCore carrier to enable files to re-

negotiate to working length. It is pertinent to point out that the conclusion reached in the

present study is based solely on the incidence of interfacial gaps and voids identified in root

canals obturated with the three techniques. Further studies on issues such as the propensity

of sealer extrusion with the use of GuttaCore core-carriers, and the potential of stripping of

the thermoplasticised gutta-percha core from the cross-linked thermoset gutta-percha carrier

should provide valuable information for clinicians to make an evidence-based decision in

the selection of a root canal obturation technique.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Micro-CT scan of a single-rooted upper premolar after root canal filling with gutta-percha

and an epoxy resin-based sealer, using one of the three obturation techniques described in

the text. Two-dimensional reconstructed views of the root canal filling are shown from the

coronal, axial and sagittal aspects. The root and different components of the root filling can

be identified with different grey scale levels (dark grey for root dentine and cementum, light

grey for gutta-percha, dark, white for the highly radiopaque sealer). Voids are highly

radiolucent and appear black.
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Figure 2.
A. Schematic illustrating the use of axial sections for analyzing the variation in percentage

area distribution of gaps and voids along the longitudinal axis of an obturated canal space.

At a spatial resolution of 14.52 μm, 276 axial slices were obtained for each of the three canal

levels, commencing from the working length (0-4 mm level, 4-8 mm level and 8-12 mm

level). Representative examples are shown for the percentage distribution of 2-D gaps and

voids in roots obturated using the B. GuttaCore core-carrier technique; C. warm vertical

compaction technique; and D. cold lateral compaction technique.
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Figure 3.
Examples of three-dimensional visualisations of root canals that were obturated using the A.

GuttaCore core-carrier technique; B. warm vertical compaction technique; and C. cold

lateral compaction technique. Based on grey scale thresholds, virtual-coloured images were

generated showing the different components of the root filling and interfacial gaps and voids

within the root (far left), without the root dentine (left), without the root dentine and gutta-

percha (right), and depiction of the interfacial gaps and voids alone (far right).
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Figure 4.
Volumetric percentages of 3-D gaps and voids present in root canals that were filled using

the three obturation techniques within A. the entire VOI (i.e. from working length (0 mm) to

12 mm coronal to the working length); B. at the 8-12 mm level; C. at the 4-8 mm level; D. at

the 0-4 mm level. Each column represents the means and standard deviation of data

collected from the respective group. For each chart, columns identified with the same lower

case letter are not significantly different (p>0.05).
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Figure 5.
Examples of scanning electron microscopy images of polyvinylsiloxane (PVS) negative

replicas of sectioned root surfaces. A. A gap- and void-free surface taken from the 8-mm

level of a root canal obturated with the GuttaCore core-carrier technique. CR: cross-linked

gutta-percha carrier; GP: thermoplasticised gutta-percha core. B. An axial surface taken

from the 4-mm level of a root canal obturated with the warm vertical compaction technique.

Interfacial gap may be identified as a flap of PVA material extruding from the specimen

surface (arrow). GP: gutta-percha cone; S: root canal sealer. C. An axial surface taken from

the 8-mm level of a canal obturated by warm vertical compaction, showing an interfacial

gap (arrow) that is continuous with an interfacial void (pointer). The latter is presented as a

knob of PVS material extruding from the specimen surface. D. An axial surface taken from

the 12-mm level of a canal obturated by cold lateral compaction, showing an interfacial void

(pointer) and two intracanal voids (open arrowheads). Ac: accessory gutta-percha cone.
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Figure 6.
A. Number of gap-free specimens at the 12-mm, 8-mm and 4-mm root levels (measured

from the working length), in canals that were filled by the three obturation techniques. B.

Number of void-free specimens at the 12-mm, 8-mm and 4-mm root levels in canals that

were filled by the three obturation techniques. C. Modified box and whisker plots of the

distribution of interfacial gaps (as a percentage of canal circumference) and voids (as a

percentage of canal area) in root canals that were filled by the three obturation techniques.

For each technique, data from the 3 canal levels were pooled together for statistical analysis.

For interfacial gap (left), columns identified by the same upper case letter are not

significantly different (p>0.05). For void (right), columns identified by the same lower case

letter are not significantly different (p>0.05).
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