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Abstract: 

The selection of an endodontic sealer with optimal flowability remains a clinical challenge because inadequate flow may compromise 
the sealing of complex root canal anatomy and affect the success of endodontic treatment. Therefore, it is of interest to compare the 
flowability of GuttaFlow2, Adseal and Bio-C Sealer using the standardized ISO 6876:2001 test protocol with five samples in each 
group. Flowability was assessed by measuring compressed disc diameters using a digital vernier caliper and the data were analyzed 
using one-way ANOVA and Tukey's post-hoc test. All sealers satisfied the ISO minimum flowability requirement of 20 mm, with 
GuttaFlow2 demonstrating significantly greater flowability than Bio-C Sealer, while Adseal showed intermediate values. Thus, data 
shows that GuttaFlow2 exhibited superior flow characteristics and may provide improved sealer penetration and adaptation in 
complex root canal systems. 
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Background: 

The accomplishment of non-surgical root canal treatment 
primarily rests on creating a perfect seal of the root canal system 
to prevent microbial penetration and re-infection [1]. One of the 
most important factors determining the success of endodontic 
treatment is the selection of an appropriate root canal sealer with 
adequate sealing ability [2]. Failure of treatment may occur 
because of inadequate root canal obturation, allowing bacterial 
penetration and subsequent reinfection [3]. Most common cause 
of endodontic treatment failure is improper root canal 
obturation resulting from leakage of periapical fluids through 
inadequate seals [4]. Although gutta-percha remains the most 
widely used root canal filling material, it does not provide an 
ideal seal when used alone [5]. Therefore, sealers are used in 
conjunction with gutta-percha to improve adaptation to canal 
walls and fill voids, thereby minimizing microleakage [6]. 
Endodontic sealers reduce microleakage by effectively sealing 
the interface between gutta-percha and dentinal walls [7]. The 
success of root canal treatment is closely associated with the 
sealing ability of the filling materials, which depends on the 
interaction between the root filling material and the sealer as 
well as the ability of the sealer to bond to the canal walls [8]. 
Several contemporary endodontic sealers are available, 
including silicone-based, epoxy resin-based and bioceramic 
sealers [9]. GuttaFlow2 is a new-generation silicone-based sealer 
that combines finely ground gutta-percha particles with a 
silicone matrix, providing improved adaptation and enhanced 
flow characteristics [10]. It is not temperature-sensitive and can 

be used either alone or in combination with gutta-percha cones 
[11]. Adseal, an epoxy resin-based sealer, has demonstrated 
favorable physicochemical properties, sealing ability and 
biocompatibility [12]. Bio-C Sealer is a premixed bioceramic 
sealer that has gained popularity because of its excellent sealing 
ability, dimensional stability and bioactive properties [13]. 
Flowability is an important physicochemical characteristic of 
endodontic sealers because it determines their ability to 
penetrate accessory canals, dentinal tubules and other 
anatomical irregularities of the root canal system [14]. Schilder 
emphasized that a root canal filling material should possess 
sufficient flow to achieve a three-dimensional seal within the 
complex root canal anatomy [15]. The International Organization 
for Standardization (ISO 6876:2001) provides standardized 
specifications for evaluating the flow properties of endodontic 
sealers to ensure acceptable clinical performance [16]. Therefore, 
it is of interest to compare the flowability of GuttaFlow2, Adseal 
and Bio-C Sealer using the standardized ISO 6876:2001 testing 
protocol. 
 
Materials and Methods: 

Three commercially available endodontic sealers were selected 
for this study: 
[1] GuttaFlow2 (Silicone-based sealer) 
[2] Adseal (Epoxy resin-based sealer) 
[3] Bio-C Sealer (Bioceramic-based sealer) 
The composition of the sealers is summarized in Table 1.

 
Table 1: Composition of endodontic sealers 

Sealer Composition 

GuttaFlow2 Gutta-percha powder, polydimethylsiloxane, silicone oil, paraffin oil, platinum oil, zirconium dioxide, micro silver (preservative), coloring agents 
Adseal Epoxy oligomer resin, ethylene glycol salicylate, bismuth subcarbonate, poly butanediol, aminobenzoate, calcium phosphate, bismuth subcarbonate 
Bio-C Sealer Chlorin, zirconium oxide, calcium silicate, calcium aluminate, silicon dioxide, dispersing agent 

 
 

Methodology: 
The flowability of the three endodontic sealers was evaluated 
using the simple press method, following the ISO 6876/2001 
standard for testing the physicochemical properties of root canal 
sealers. 
 
Sample preparation: 

[1] Each sealer was prepared according to the manufacturer’s 
instructions. 

[2] A 0.05 mL volume of each sealer was precisely measured 
using a graduated disposable 1 mL syringe. 

[3] The sealer was then placed on a glass slab (Figure 1). 
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Figure 1: Sealer placed on glass slab 
 
Flow measurement: 
[1] 180 ± 5 seconds after the initiation of mixing, a second glass 

plate (40 mm × 40 mm × 5 mm) was carefully placed over 
the sealer sample. 

[2] An additional weight of 100 g was applied on top of the 
second glass plate, making the total weight 120 ± 2 g. 

[3] 10 minutes after mixing, the weight was removed and the 
maximum and minimum diameters of the compressed 
sealer disc were measured using a digital Vernier caliper 
(Figure 2). 

 

 
Figure 2: Weight of 100 g was applied on top of the second glass 
plate and Diameters of the compressed sealer disc were 
measured 
 
Data collection and analysis: 
[1] If the difference between the maximum and minimum 

diameters was ≤ 1 mm, the mean value was recorded as the 
flowability of the sample. 

[2] If the diameters exceeded a 1 mm difference, the test was 
repeated. 

[3] Five samples (n = 5) were evaluated for each sealer. 
[4] The mean flow rate was calculated for each sealer and the 

values were statistically analyzed. 
 
Statistical analysis: 
[1] Data were recorded and analyzed using SPSS 16.0 for 

Windows (SPSS Inc., Chicago, USA). 
[2] A one-way analysis of variance (ANOVA) was performed to 

compare the mean flow rates among the three sealers. 
[3] Tukey’s post hoc test was used for pairwise comparisons. 
[4] Statistical significance was set at P < 0.05. 
 
Results: 
A test of the three endodontic sealing materials flow rate 
occurred according to ISO 6876:2001 minimum requirements by 
establishing ≥20 mm flow needed for acceptance. The 
experimental results for GuttaFlow2 and Adseal and Bio-C 
Sealer flow rates appear in Table 2. GuttaFlow2 showed the 
maximum flow rate (24.46 mm) from all tested materials 
followed by Adseal with a flow rate of 23.62 mm while Bio-C 
Sealer registered the minimal rate of 20.91 mm. The flowability 
minimum requirements of ISO 6876 standard were satisfied by 
all tested sealers as shown in Table 2 alongside Figure 3. The 
statistical evaluation through one-way ANOVA showed a 
significant difference (P < 0.05) existed between flow rates of the 
analyzed sealers. The application flow of GuttaFlow2 exceeded 
both Bio-C Sealer and Adseal according to Tukey's post-hoc test 
(P < 0.05) yet no difference emerged between GuttaFlow2 and 
Adseal (P > 0.05). The superior flowability characteristic of 
GuttaFlow2 may enhance its ability to achieve deep penetration 
into accessory canals as well as dentinal irregularities thus 
optimizing endodontic treatment sealing effectiveness.  
 
Table 2: Flow rate of endodontic sealers 

Sealer Mean Flow Rate (mm) ISO 6876 Compliance 

GuttaFlow2 24.46 Compliant 
Adseal 23.62 Compliant 
Bio-C Sealer 20.91 Compliant 

 

 
Figure 3: Flow rate of endodontic sealers 
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Discussion: 

The success of root canal treatment requires a perfect hermetic 
seal because it prevents both microleakage and reinfection [1]. 
Flowability is one of the most important physicochemical 
properties of an endodontic sealer, as it determines the material's 
ability to penetrate root canal irregularities, accessory canals and 
dentinal tubules while establishing an effective seal between the 
core filling material and canal walls [2, 3]. The flowability of a 
sealer is influenced by several factors, including particle size, 
chemical composition, temperature, shear rate and the time 
elapsed after mixing [4, 5]. The present study showed that 
GuttaFlow2 exhibited the highest mean flowability (24.46 mm), 
followed by Adseal (23.62 mm) and Bio-C Sealer (20.91 mm). All 
tested sealers exceeded the minimum flowability requirement of 
20 mm established by ISO 6876:2001, indicating compliance with 
international standards [6, 7]. The observed variation in 
flowability among the materials can be attributed to differences 
in their composition, particle size and viscosity [8, 9]. The 
findings of the present study are consistent with previous 
investigations that reported superior flow characteristics of 
GuttaFlow2 compared with other commercially available sealers 
[10, 11]. The enhanced flowability of GuttaFlow2 is mainly 
attributed to its silicone-based matrix, low-viscosity silicone oil 
and finely ground gutta-percha particles, which facilitate 
improved adaptation to canal walls, lateral canals and 
anatomical irregularities [12, 13]. In addition, its excellent flow 
properties enable homogeneous distribution of the sealer with 
minimal void formation, thereby contributing to an effective seal 
[14]. Adseal, an epoxy resin-based sealer, also demonstrated 
satisfactory flowability in accordance with ISO standards, 
although its flow values were slightly lower than those of 
GuttaFlow2 [15, 16]. Epoxy resin-based sealers continue to be 
widely used in endodontic practice because of their excellent 
adhesion, dimensional stability, extended working time and 
ability to penetrate dentinal tubules and accessory canals 
effectively [17, 18]. Several previous studies have also confirmed 
the reliable sealing ability and favorable physicochemical 
properties of Adseal [19, 20]. Among the evaluated materials, 
Bio-C Sealer showed the lowest flowability, although its mean 
value remained above the ISO minimum requirement. The 
comparatively lower flowability of this bioceramic sealer is 
primarily related to its calcium silicate-based composition, 
which increases viscosity [21-23]. Despite its lower flow, Bio-C 
Sealer possesses several desirable biological characteristics, 
including excellent biocompatibility, bioactivity, chemical 
bonding with dentin and the ability to promote hydroxyapatite 
formation, thereby contributing to long-term sealing 
effectiveness [24, 25]. Clinically, the flowability of an endodontic 
sealer plays a critical role in achieving a three-dimensional 
obturation by enabling penetration into dentinal tubules, 
accessory canals and microscopic irregularities of the root canal 
system [26, 27]. Schilder emphasized that successful three-
dimensional obturation depends largely on the ability of the 
sealer to flow adequately throughout the canal system [28]. 
Sealers with inadequate flow may fail to reach inaccessible areas, 
increasing the risk of bacterial persistence and treatment failure, 

whereas materials with higher flow generally provide improved 
adaptation to canal walls [29, 30]. However, excessive flow may 
increase the possibility of apical extrusion, potentially leading to 
post-operative inflammation or tissue irritation [31]. Based on 
the findings of the present study, GuttaFlow2 appears to be the 
most suitable sealer when maximum penetration and adaptation 
within complex root canal anatomy are desired. Adseal may 
serve as an effective alternative by providing adequate 
flowability along with excellent sealing ability and dimensional 
stability, whereas Bio-C Sealer offers the additional advantages 
of bioactivity and chemical bonding despite its comparatively 
lower flowability [32, 33]. 
 
Conclusion: 
GuttaFlow2 showed high flow, followed by Adseal, whereas 
Bio-C Sealer showed the lowest flow. Despite significant 
intermaterial differences, all three sealers satisfied the ISO 
6876:2001 flow requirements. Thus, flow-based material 
selection while emphasizing the need for sealers with optimal 
penetration and controlled handling. 
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