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INTRODUCTION
The main purpose of endodontic treatment 
in teeth with apical periodontitis, is to reduce 
bacterial load to levels compatible with peri-

apical health, favouring tissue repair, avoiding 
bacterial recolonization (1). In necrotic teeth, 
the use of medicaments between sessions 
is a common practice used to maximize and 

• Bio-C Temp is one calcium silicate-based intracanal medicament which has been proposed 
as an alternative to calcium hydroxide.

• The comparison of these new medicaments with respect to those considered "Gold Star-
dard" is essential to evaluate their performance.

• The physical properties of Bio-C Temp associated with ultrasonic activation could present
a more homogeneous distribution and greater dentine penetration.

• The results showed that Bio-C Temp has a greater depth and area of tubular penetration
than Ultracal XS after ultrasonic activation.

HIGHLIGHTS

Objective: The aim of this study was to compare the effect of ultrasonic activation (UA) on tubular penetra-
tion between Bio-C Temp and Ultracal XS intracanal medicaments.

Methods: Forty single-rooted human premolars were endodontically prepared and divided into 4 experi-
mental groups (n=10): Bio-C Temp, Bio-C Temp+UA, UltraCal XS and UltraCal XS+UA. All medicaments were 
previously mixed with a specific calcium marker (Fluo-3) and passively injected into the canals. The samples 
were incubated for 7 days. For each tooth, 1 mm thick sections were obtained from the middle and apical 
thirds of the canals. The samples were examined by confocal laser scanning microscopy (CLSM) and the depth 
and area of penetration were determined for each group. The Student t test was used to compare results 
between groups (p<0.05).

Results: UA increased the depth and penetration area of Bio-C Temp and Ultracal XS, showing significant dif-
ferences in the penetration area of the apical third for Bio-C Temp (p<0.0339). Bio-C Temp presented greater 
tubular penetration than Ultracal XS, showing significant differences in the depth of penetration in the apical 
third (p<0.0005), and in the penetration area in the middle (p<0.0016) and apical third (p<0.0339) after UA.

Conclusion: UA increases tubular penetration (both depth and area) of Bio-C Temp at the apical third but has 
no significant effect on Ultracal XS. Bio-C Temp has a greater depth and tubular penetration area than Ultracal 
XS after UA.
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potentiate the antibacterial effect of the chemo-mechani-
cal preparation, with the aim of preventing residual micro-
organisms from reinfecting the treated canal, which would 
lead to endodontic failure (1, 2).

Calcium hydroxide (CH) is one of the most commonly used 
medicaments in endodontics (3). Its antibacterial properties 
(4), ability to induce hard tissue deposition (5) and tissue dis-
solution (6) (among other advantages), have make it the most 
used intracanal medication (7). CH is highly alkaline with slow-
acting antiseptic properties causing irreversible alterations on 
the bacterial cell wall and protein structure (4). Its mechanism 
of action is based on the ionic dissociation of Ca2+ and OH–. It 
acts on the dentine, spreading through the dentinal tubules if 
they are permeable enough (3). This is a relevant point, consid-
ering that 70% of the teeth with primary infections will present 
infected dentinal tubules (8). These may remain infected after 
the chemo-mechanical preparation of the canal, which can 
obliterate (partially or totally) the dentinal tubules, as a result 
of smear layer generation (9).

Today, there is a wide variety of commercial CH medicaments, 
which differ in their composition and CH concentration (10). 
One of the most commonly used CH is UltraCal XS (Ultradent 
Products, South Jordan, UT, USA), which is composed of CH, 
barium sulphate and methylcellulose, in an aqueous solu-
tion (11). According to Komabayashi et al. (12), Ultracal XS 
presents smaller and more regular particles of CH than CH 
in its research-grade, which improves its wetting abilities on 
the dentinal surface, favouring tubular penetration. On the 
other hand, the vehicle in which CH is immersed plays an im-
portant role, determining the velocity of ionic dissociation 
and the ability to be reabsorbed (13). An aqueous vehicle al-
lows a high ionic dissociation and a higher rate of reabsorp-
tion, while viscous vehicles prolong the action of the paste, 
keeping it in the desired area for longer, delivering Ca2+ and 
OH– ions at a lower velocity (14).

The increasing development and promising results shown 
by bioceramic materials have led researchers to seek new ap-
plications for these types of materials. Bio-C Temp (Angelus, 
Paraná, Brazil) is the first calcium-silicate based medicament 
for use between sessions. It was presented as a new alternative 
to CH, indicated for medication between sessions in necrotic 
teeth or retreatments, management of internal and/or exter-
nal root resorption, and for the treatment of immature teeth 
(15). According to the manufacturer, Bio-C Temp is a highly 
alkaline material that has micronized particles (<2 µm), which 
improves flow, penetration into dentinal tubules, and material 
reactivity, favouring the release of Ca2+ and OH– ions (16).

Ultrasound is a versatile tool that can be used in all stages of 
the endodontic treatment (17). One of its most widely used ap-
plications is for the ultrasonic activation (UA) of irrigant solu-
tions, a widely documented procedure that has been shown 
to increase the cleaning and decontamination of the canals, 
allowing solutions to penetrate the dentinal tubules and an-
atomical complexities (18). Its mechanism of action is based 
on acoustic transmission, where activation of an ultrasonic tip 

within a shaped root canal produces a small and intense cir-
cular fluid movement around the tip (6). The UA in a shaped 
canal, allows the ultrasonic tips to vibrate freely, transferring 
energy to irrigant solutions inside the canal (6). UA has also 
been used successfully to obtain a greater projection and tu-
bular penetration of medicaments and sealers, increasing the 
antimicrobial action of CH (17, 19) and reducing medication 
time between sessions (20), as well as preventing reinfection 
over time (21–24). 

Although the UA of CH has shown favourable results regard-
ing tubular penetration (3, 17, 19), the effect of UA on tubular 
penetration of calcium-silicate based medicaments has not 
been tested. For this reason, the aim of this study was to an-
alyze and compare, using confocal laser scanning microscopy 
(CLSM), the effect of UA on the tubular penetration of Bio-C 
Temp and UltraCal XS.

MATERIALS AND METHODS

This study was approved by the Ethical-Scientific Committee 
of the local institution (Approval number 95-22).

For this experimental study, human maxillary and mandibular 
premolars with completely formed root apices extracted for 
orthodontic indications (patients between 15–25 age) were 
used. All teeth were preserved in a 0.9% saline solution at 4°C 
immediately after extraction, for a period of no more than 3 
months. A non-probabilistic sample, based on studies with a 
similar methodology (3, 21), was used to select 40 healthy sin-
gle-rooted premolars with oval and straight canals. Oval canal 
was considered when the buccolingual to the mesiodistal ratio 
of 2 or higher at 5 mm distance from the apex.These param-
eters were confirmed by a cone-beam tomography (CB-500, 
Gendex, Pennsylvania, USA) using a 0.2 mm voxel size, 160–80 
mm FOV, 120 kV, 5 mA, and 14.7 second exposure. Premolars 
with previous endodontic treatment, signs of fracture, resorp-
tion, and medium or severe curvatures (>10°) according to the 
Schneider´s classification were extruded.

Sample Preparation
All samples were cleaned with P1 ultrasonic periodontal tips 
(Woodpecker, Guangxi, China) and prophylaxis brushes to 
remove hard and/or soft tissue traces. The crowns were sec-
tioned with a 911 HK.104.220 diamond disc (Komet, Lemgo, 
Germany) to achieve a standardized root length of 14 mm. 
Root canals were prepared at a working length (WL) of 13 mm 
with the WaveOne Gold system (Dentsply Sirona, Ballaigues, 
Switzerland), using an X-SMART Plus motor (Dentsply Sirona) 
with the reciprocating program for the system. After verifying 
the patency of the canal with a K #10 instrument, chemo-me-
chanical preparation began with a Primary file (25/.07), using 
3-mm-deep in and out movements. Once WL was reached, 
the patency of the foramen was checked and the canals were 
irrigated with copious amounts of 2.5% sodium hypochlorite 
(NaOCl) using Navitip 30-G irrigation needles (Ultradent, South 
Jordan, UT, USA). The final shaping of the canals was performed 
with a Medium file (35/.06). During each canal preparation, 20 
mL of 2.5% NaOCl were used. Final irrigation was performed 
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with 5 mL of EDTA 17% for 3 minutes, followed by 5 mL of 2.5% 
NaOCl. The canals were dried with #35 paper points.

The teeth were randomly divided with an Excel spreadsheet 
(Microsoft Office, Washington, USA), into 4 groups (n=10): 
Bio-C Temp; Bio-C Temp+AU; UltraCal XS; UltraCal XS+UA.

Sample Medication
All experimental procedures were developed by a single oper-
ator. A specific fluorescent calcium indicator (Fluo-3, Thermo 
Fisher Scientific, Massachusetts, USA), at a rate of 0.1%, was 
added to Bio-C Temp and UltraCal XS. The medicaments were 
applied following the instructions of each manufacturer. For 
those groups in which AU was applied, an E1 Irrisonic ultra-
sonic tip (Helse Ultrasonics, Santa Rosa de Viterbo, Brazil) cal-
ibrated 2 mm short to WL was used. The E1 Irrisonic tip was 
used in a Varios 2 device (NSK Brasil Ltda, São Paulo, Brazil) 
with a power of 10% for 30 seconds at the mesial-distal direc-
tion and another 30 seconds at the buccal-lingual direction 
reaching 1 minute of total UA for each sample. The samples 
were sealed at the canal entrance with glass ionomer (Ketac 
Molar, 3M ESPE, Neuss, Germany), individually mounted in 
transparent acrylic cubes (Marché, Santiago, Chile) and were 
incubated for 7 days at 37°C and 100% humidity (Amilab, 
Santiago, Chile). After the incubation period, the roots were 
transversely sectioned at 3 mm and 6 mm from the apex using 
an IsoMet 1000 metallographic cutter (Buehler, Illinois, USA), 
obtaining 2 samples of 1 mm thickness, corresponding to the 
apical and middle third of the root canal. 

Confocal Laser Scanning Microscopy Evaluation
The samples were analyzed by a confocal laser scanning mi-
croscope (D-eclipse C1, Nikon, Tokyo, Japan) using 10x magni-
fication and a scale set to 100 μm. The images were analyzed 
with Image J (Rasband, W.S., U.S. NIH, Maryland, USA), and 
calibrated (Fig. 1a). To determine the maximum penetration 
depth, a straight line was drawn between the point of max-
imum penetration and the wall of the shaped canal (Fig.1b). 
The total area of penetration was determined by marking the 
total area of the dentine penetrated by the drug minus the 
area of the shaped canal (Fig. 1c).

Statistical Analysis
Statistical analysis was done using GraphPad Prism 
(GraphPad Software, version 9.4.1, California, USA). For de-
termining statistical differences between groups, the t Stu-
dent's test was applied. Statistically significant differences 
were considered with p<0.05. 

RESULTS

There was a slight increase in the maximum depth of pen-
etration after applying ultrasonic activation in all groups 
(apart from Ultracal XS at the apical third), but for neither 
of the medicaments the changes reached statistical signif-
icance (p>0.05), (Fig. 2a, b). Nevertheless, when comparing 
both medicaments at the apical third after UA, Bio-C Tem-
p+UA had a statistically significant higher maximum depth 
of penetration than UltraCal XS+UA (p=0.0005) (Fig. 2c and 
Fig. 3). No differences were found when comparing both 
medicaments without ultrasonic activation, neither at the 
medial or apical third (p>0.05). 

Ultrasonic activation increased the area of penetration of Bio-C 
Temp both at the medial and apical thirds, but the increase 
was statistically significant only at the apical third (p=0.0016) 
(Fig. 4a). UA slightly increased the area of penetration of Ul-
traCal XS in both medial and apical thirds, but the changes 
were not statistically significant (p>0.05) (Fig. 4b). The area of 

Figure 1. Representative images of the measurement stage. (a) Initial image. (b) Maximum tubular penetration: Straight red line from the contour of 
the shaped canal to the maximum penetration. (c) Total area of penetration: Delimitation of the cross-sectional area of penetration

a b c

Figure 2. Maximum penetration depth (µm) achieved by: (a) Bio-C 
Temp v/s Bio-C Temp+UA; (b) UltraCal XS v/s UltraCal XS+UA; (c) 
Bio-C Temp+UA v/s UltraCal XS+UA

***: p=0.0005. ns: No significant differences, UA: Ultrasonic activation
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penetration of Bio-C Temp+UA was significantly higher than 
the one from UltraCal XS+UA, at both medial (p=0.0339) and 
apical (p=0.0075) thirds (Fig. 4c and Fig. 5).

DISCUSSION
Dentinal tubular penetration of intracanal medicaments 
in teeth with apical periodontitis is a desirable property, 
considering that the persistence of microorganisms inside 
the tubules is associated with treatment reinfection (8). Mi-
croorganisms can penetrate up to 300 µm into the dentinal 
tubules (25), but their endotoxins can penetrate up to 500 
µm (26). Therefore, the penetration properties of antisep-
tic agents are important aspects to consider when treating 
teeth with infected canals.

Ultrasonic activation of endodontic medicaments was intro-
duced by Duarte et al. (17). The authors reported an increase 
in the release of Ca2+ ions and pH after UA of CH applied on 
the external surface of teeth with simulated root resorp-
tions, attributing these results to greater tubular penetration 
(17). Although we did observe a tendency of UA to increase 
tubular penetration in both Bio-C Temp and Ultracal XS, the 
increase did not reach statistical significance when compared 
with the tubular penetration obtained when they were placed 
passively in the root canals according to the manufacturer's 
instructions. These results can be explained from an anatom-
ical and mechanical point of view, considering the size of the 
canals and the dimensions of the ultrasonic tip. The samples 
used in this study corresponded to young premolars extracted 
for orthodontic indication with wide and oval canals. On the 
other hand, the E1 Irrisonic tip has a 20 size ISO tip and a 1% 
taper (27), dimensions that differ significantly from the size of 
these canals, which can cause that the acoustic transmission 
that reached the dentinal walls had a suboptimal intensity. 
Another factor to consider is the consistency of the medica-
tion pastes, however, the literature on this point is controver-
sial. According to Arias et al. (19) UA on viscous substances 
such as medication pastes or root canal sealers, can be atten-

uated due to the different physical properties of these agents. 
On the other hand, Pereira et al. (28), reported that the use of 
CH using aqueous or viscous vehicles does not show signifi-
cant differences with respect to the tubular penetration of the 
medication, however it is important to mention that these re-
sults were obtained without considering the use of UA.

The goal of using UA on medication is to improve mobilization of 
these substances into non-instrumented and/or difficult-to-ac-
cess areas, favouring a deeper and more homogenous distribu-
tion through a micro-acoustic stream, increasing the total area 
of penetration (29). We observed this effect on Bio-C Temp, as UA 
significantly increased the penetration area in the apical thirds of 

Figure 4. Penetration area (µm²) reached by: (a) Bio-C Temp v/s Bio-C 
Temp+UA; (b) UltraCal XS v/s UltraCal XS+UA; (c) Bio-C Temp+UA 
v/s UltraCal XS+UA

*: p=0.0339, **: p<0.008. ns: No significant differences, UA: Ultrasonic activation
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Figure 3. Image of the apical third showing the maximum penetration depth achieved by (a) Bio-C Temp+UA 
and (b) UltraCal XS+UA
UA: Ultrasonic activation
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the canals. An increase in the middle third of the roots was also 
observed but did not reach statistical significance. These results 
can be explained because premolars, regardless of the diame-
ter of the canal, present a significant decrease in their diameter 
towards the apical third (30), which would allow acoustic trans-
mission to be generated closer to the canal walls, pushing the 
medicaments more intensely towards the walls. The results of UA 
on Bio-C Temp are promising, as the apical third of the root canal 
is considered a critical zone, and its decontamination is essential 
for the success of the endodontic treatment (31). The dentine of 
the apical third is characterized by having a smaller number and 
size of tubules (3), therefore its decontamination can be a chal-
lenge. The fact that UA increases the penetration area of Bio-C 
Temp in the apical third can be of clinical significance, but this 
must be evaluated in long-term clinical trials. 

Bio-C Temp presented greater tubular penetration than Ultra-
cal XS after UA, evidenced in greater depth and area of pen-
etration (middle and apical third) highlighting the favorable 
physical properties that this new medication pastes presents 
compared to Ultracal XS. According to Komabayashi et al. (12), 
the ability of a material to penetrate the dentine depends on 
the diameter of the tubules and the size of the particles. Ul-
traCal XS presents irregular particles and a size that can vary 
between 0.5–>2.5 µm (12), while Bio-C Temp presents regular 
particles with a diameter of less than 2.0 µm (16). Considering 
that the dentinal tubules have a diameter between 1–3 µm, 
particles smaller than these dimensions are required to achieve 
an effective tubule penetration, even more if they are placed 
passively (32). The vehicle of in which the medication is incor-
porated is another factor that can influence its penetration and 
diffusion into the dentinal tubules (2, 3, 28). The vehicle used 
by UltraCal XS is aqueous (11) while the one used by Bio-C 
Temp is viscous (16, 33), reducing Bio-C Temp surface tension 
facilitating a greater penetration into the dentinal tubules (20). 
Particle size, vehicle and anatomy of the canals are all factors 
that must be considered when analyzing dentinal tubular pen-
etration of a root canal medication (28). The favorable physical 
properties of Bio-C Temp make it an interesting option as an 
alternative to Ultracal XS; however, future studies that evaluate 
other characteristics of this new medication are necessary to 
have a more complete view of the profile of Bio-C Temp.

One of the limitations of this study is the type of samples used. 
The use of paired teeth can be interesting to obtain more 
precise comparisons regarding the tubular penetration of 
the medication pastes. On the other hand, the incorporation 
of samples from the cervical area can provide a broader view 
of the results throughout the entire root canal. Although the 
cervical third is an area in which important dentine removal 
is performed during the root canal shaping which is also sub-
jected to a significant volume and flow of irrigants, it is an area 
with a greater number and diameter of dentine tubules that 
potentially may be contaminated.

From a clinical point of view, a greater tubular penetration of 
an intracanal medicament is desirable, as this would favour a 
greater antibacterial action positively affecting the treatment 
prognosis (34). Nevertheless, root canal sealers can also pen-
etrate the dentinal tubules and could interact with previously 
used medications, affecting the bonding and sealing ability of 
root canal sealers (35).Therefore, more research is needed to 
study possible interactions between materials. The literature re-
garding calcium-silicate based medicaments is still scarce. More 
studies are needed to analyze the effect of UA on the properties 
of this type of medicaments, in order to draw robust conclusions 
regarding its performance as medication between sessions.

CONCLUSION
Ultrasonic activation increases tubular penetration (both depth 
and area) of Bio-C Temp at the apical third but has no significant 
effect on Ultracal XS. Bio-C Temp has a greater depth and tubu-
lar penetration area than Ultracal XS after ultrasonic activation.
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