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Introduction:
An impeccable apical seal is required to mini-
mize and eventually stop the bacterial contami-
nation and their toxins from approaching the 
root apex in endodontic treatment.1Apical leak-
age is therefore supposed to be the most pos-
sible cause of failure of endodontic treatment, 
further aff ected by fi lling procedures along with 
the chemical and physical properties of a sealer 
and the smear layer.2,3

Th e ability of any sealing material is aff ected 
by the presence of voids between its particles.1 
Th ere are many commercially available sealing 
materials for the apical area of the roots of the 
teeth. Mineral trioxide aggregate (MTA) has fa-
vorable physical, chemical, and biologic proper-
ties.4-6 An aqueous mixture of MTA in the form 
a slurry paste is condensed into the root ca-

nals with extreme care, not to create any voids. 
Among many techniques, the use of a lentulo 
spiral fi ller technique has been suggested for ob-
turation of root canals to make MTA reach up 
to the root apex7 and sometimes manual fi les 
and pluggers in a hand compaction-method are 
used.8,9

Bioactive Glass (BAG) is another material com-
mercially available for applications in dentistry. 
Bioglass™ also known as 45S5, is commonly 
used for bone graft s,10 in repair of hard tissues,11 
for preparation of scaff olds,12 as a coating mate-
rial for implants,13 to decrease dentine hypersen-
sitivity14 has antibacterial eff ect,15 as a root canal 
fi lling and sealing material.16

As a characteristic when BAGs are brought into 
interaction with body fl uids a immediate release 
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of Na+ and congruent dissolution of Ca2+, PO 
and Si 4+ occurs at its glass surface. A poly-con-
densed silica-rich (Si-gel) layer is formed, which 
then serves as a prototype for the formation of 
a calcium phosphate (Ca/P)layer at its external 
surface. Eventually, the Ca/P crystallizes into 
HCA, the composition of which corresponds to 
that of bone.17

An endodontic treatment is still evaluated by 
radiographic imagesto see the obturation of 
root canals clinically. When on a radiograph, 
a tooth is seen with a nonhomogeneous fi lled 
canalspace, and this is also combined with a 
periapical lesion orclinical symptoms, it is eas-
ily decided to revise the treatment.18 Cone-beam 
is also an option to have a 3D visualization and 
analysis of the endodontic treatment done in 
clinical studies.19,20

In laboratory investigations, micro-computed 
tomography (micro-CT) is considered to be a 
non-destructive 3D imaging technique21 to eval-
uate the micro-morphology and to compare the 
densities of mineralized tissues and the internal 
structure and porosity of biomaterials and scaf-
folds.22 BAGs also have an application in root 
canal therapy, providing a biological seal in the 
form of mineral deposition inducing materials 
in the root canal and at the apex.16 Th erefore its 
re-mineralizing property led us to design this 
study to analyze and compare the presence of 
voids and porosities between the material par-
ticles and to judge the quality of apical seal using 
MTA and BAG as materials, respectively. We hy-
pothesized that BAG would eff ectively seal the 
apex compared to MTA.

Methods:

Selection and preparation of samples:
Recently extracted sixty human premolars sin-
gle-rooted teeth for orthodontic reasons were 
selected from a pool of extracted teeth and ap-
proved from the Research Ethics Committ ee, 
KA UFD. A verbal consent is always taken from 
the patients whose teeth are extracted for orth-
odontic purpose and then these teeth are sent to 
the collective pool of extracted teeth from where 

the teeth are distributed aft er writt en ethical ap-
proval. Th e ethical approval King Abdul Aziz 
University Faculty of Dentistry Research Eth-
ics Committ ee (KA UFDREC) 091-13 (2013). 
Th is study has been conducted in full accor-
dance with the Declaration of Helsinki. Teeth 
were immersed in 10% formalin solution for 7 
days to disinfect internal and external structure 
of the teeth eff ectively. Bucco-lingual and me-
sio-distal radiographs of the teeth were taken to 
exclude the presence of any second canal. Th e 
teeth were decoronated at the cement-enamel 
junction by using water cooled, high speed dia-
mond bur (Hi-Di, Dentsply MEA) to enable 
them to be fi xed onto MicroCT stage for proper 
positioning.

Canal was accessed and working length was de-
termined by using #15 K-fi le (DentsplyMaille-
fer, Switzerland)by keeping it 1 mm short of the 
apex. Biomechanical Crown down preparation 
technique was carried out with 6Nickel Tita-
nium ProTaper rotary fi les (Dentsply, MEA)
in the sequence approved by the manufacturer. 
ISO size 35 was followed for canal preparation. 
Th e debris was irrigated with 3% sodium hypo-
chlorite solution by using 27G monoject needle 
(Tycohealthcare, Gosport, UK) between each 
instrumentation. Pair of teeth selected accord-
ing to the size, fl atness, and curvature of the root 
canals by seeing in a set of three-dimensional 
micro-CT images. Matched pairs were separated 
into two groups of 30 teeth each. Both groups 
were cleansed with 2ml 3% NaOCl, and fl ushed 
with 10% of polyacrylic acid solution and fi -
nally bathed with saline solution. Sterile paper 
points(Detrey, Dentsply, UK) were used for 
drying the canals. 

Obturation and sealing of canal:
Teeth of fi rst group were obturated with Th er-
mafi l (Maillefer, Dentsply; Switzerland) and 
apically sealed with commercially available Min-
eral Trioxide Aggregate (MTA Angelus, UK)by 
using the manufacturer’s instructions.

Teeth of the second group were obturated with 
Th ermafi l (Maillefer, Dentsply; Switzerland) 
and apically sealed with Bioactive Glass which 
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is available commercially by the name Sylc (Os-
spray, UK). Manufacturer’s instructions were 
strictly followed for handling, mixing and ma-
nipulation of the material. Th e specimens were 
stored at 37oC in an incubator (INE 200-800, 
MemmertGmbH+Co. KG, Schwabach, Germa-
ny) with deionized water for one week before 
micro CT evaluation.

Micro-CT data & imaging:
Th e hardware device we used in this study was 
commercially available micro-CT (Skscan 1172, 
Brϋker, Aartselaar, Belgium). Th e x-ray tube was 
operated at 90 kV and 100 mA (0.5 mm Al+Cu 
fi lter), and the scanning was performed by 3600 
rotation around the vertical axis and with rota-
tion step of 0.30. By this, acquisition of  1100-
1200 transverse cross sections per tooth was re-
sulted at a pixel size of 7-13 um. Data was stored 
for later use.

Th e reconstruction of the specimen image was 
done by using the cone-beam reconstruction ap-
plication (NRecon soft ware 1.6.7.2). Th e advan-
tage of this soft ware includes beam-hardening 
correction, optimized alignment, correction of 
ring artifact, reconstruction in a restricted vol-
ume of interest, reconstruction of objects larger 
than the fi eld of view, external and internal cali-
bration into Hounsfi eld units, defect pixel mask-
ing, interactive density window selection and 
many other options. Th e output fi le is ‘trimmed’ 
to a reduced size according to the sample size 
or region of interest. Reconstructed slices were 
saved in .jpg format for viewing. 

Th e reconstructed set of slices can be fl ex-
ibly viewed in Skyscan’s Dataviewer soft ware 
1.5 (build 13); with the option to view images 
axially, coronally, and sagitt ally. It is a program 
which allowed the visualization of every single 
slice and as well as allowing to view of a sample 
from any angle.

For image analysis and visualization of the re-

Table 1: Showing the mean and standard deviation of porosities % in materials used

Mean Minimum Maximum
Standard 
deviation P-Value*

BAG porosity 1.40 1.27 1.63 0.085
<0.001

MTA porosity 2.05 2.03 2.07 0.008
*One Sample T Test
**p value <0.05 = signifi cant, <0.01 = Very Signifi cant, <0.001 = Highly Signifi cant

Table 2: Showing the mean and standard deviation of voids % in materials used

Mean Minimum Maximum
Standard 
deviation P-Value*

BAG voids 0.83 0.81 0.92 0.025
<0.001**

MTA voids 2.15 2.03 2.46 0.145
*One Sample T Test
**p value <0.05 = signifi cant, <0.01 = Very Signifi cant, <0.001 = Highly Signifi cant

Figure 1A: Apical region showing the thinning of the MTA material endorsing the probabil-
ity of the gaps and voids. 1B: Cross sectional Micro CT Image showing clear gaps and spaces 
between the fi lled MTA material. 2A: Apical region showing the BAGs material intact almost 
no gap and void. 2B: Cross sectional micro-CT Image showing fewer gaps and voids between the 
fi lled BAG material

Figure 2: Graphical representation of the voids percentage 1) 
MTA and 2) BAG
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sults from micro-CT system scans, CTan and 
CTvol programs were used. CT Analyzer, Ver-
sion: 1.12.10.3 was used for 2D/3D analysis 
whereas CTvol Version 2.0 was used for realistic 
3D visualization.

Results:
Bioactive glass (BAG) sealer on comparison 
with mineral trioxide aggregate (MTA) found to 
be less porous. Virtually no marginal linear gaps 
and voids were observed in BAG sealer when 
scanned under Micro-CT. A highly signifi cant 
statistical diff erence was observed in One-sam-
ple t-test (p< 0.001). Th e 3D images obtained 
with NRecon soft ware revealed higher number 
of voids in MTA sealer (Figure 1) as compared 
to BAG sealer (Figure 2).

However, the apical thirds of teeth fi lled with 
MTA had a signifi cantly lower 3D void volume 
percentage (P < 0.05) when compared with api-
cal thirds fi lled with BAG (Table 1).

Discussion:
Th e present study evaluated the sealing abil-
ity of a bioactive glass, Sylc (Osspray, UK) as 
a potential apical sealing material. A quanti-
fi cation of number and volume of voids were 
computed with micro-CT analysis.  For this 
empirical study, the micro-CT was desired over 
scanning electron microscope (SEM) because 
of it successful performance of volumetric mea-
surements of root canal fi llings and other dental 
materials23,24 at much lower magnifi cation. Th e 
non-destructive 3D technique for precise and 
speedy observation of the internal structure 
of the specimens3 make this machine a highly 
sophisticated tool for both qualitative and 
quantitative analysis. On the other hand, SEM 
analysis needs sectioning or destruction of the 
specimens for the observation of internal struc-
ture. Th e possibility of inaccuracies are high in 
the form of artifacts creation or loss of fi lling ma-
terial during sectioning.25

Th e success of endodontic therapy relies on 
several contributing factors namely eff ective 
micro-organisms control, well-prepared and 
fi lled canals. Gutt apercha is a widely used and 

acceptable solid canal fi lling material in combi-
nation with diff erent canal sealing materials.26 In 
this study, Th ermafi l was selected because of its 
simplicity, ease of use and effi  ciency in obturat-
ing the canal.27 Although both MTA based sealer 
and the experimental bioglass based sealer ex-
hibited gaps and voids in the canal obturation 
with Th ermafi l yet the marked diff erences in the 
volume % of voids data indicates the two tested 
sealers behave diff erently in their interaction 
with the exposed dentine surface. 

Predominately, the teeth obturated with MTA 
sealer showed the higher volume percentage of 
voids and gaps compared to Sylcbioglass sealer 
(Table 1 and 2). Comparison of the tested seal-
ers can also be seen in Figure 1 and 2. However, 
the apical thirds fi lled with MTA had signifi cant-
ly lower 3D void volume (P < 0.05) when com-
pared with apical thirds fi lled with BAG. Th is 
can be att ributed to small particle size which 
allows complete wett ing during mixing of the 
MTA material.28 Due to the lower viscosity, the 
apical thirds of roots were wett ed in a bett er way 
as compared to the experimental bioglass sealer. 
On the contrary, Sylcbioglass was composed of 
bigger particle size that increased its viscosity 
and could not wet the apical one-thirds of the 
root eff ectively because of the apical constric-
tion. Abdulla et al. study justify this claim, the 
mean diameter of apical foramina of all the sin-
gle rooted teeth was 0.35 mm ± 10 mm in their 
study.29 Th e results of this study showed lesser 
% of voids in the apical two-thirds with Syclbio-
glass. Th e reason could be the elements the bio-
active glass composed of i.e., calcium sodium 
phosphosilicate. Th ese elements occur natu-
rally in the body’s hard tissues.  Th is could be 
the reason that when Sylc exposed to exposed 
dentine, it underwent a surface reaction over 
several hours, allowing it to physically adhere to 
dentine surface. Within a short period of time, 
essentially all of the bioactive glass particles re-
act to form hydroxycarbonate apatite (HCA), 
which is chemically and structurally similar to 
natural tooth mineral.

In near future, studies related to consistency 
of the tested sealers and obturation techniques 
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would be useful in determining the eff ective-
ness of the tested sealers. Th e grounding of a 
bio-glass powder into nano scale levels would 
be interesting in evaluating the eff ectiveness of 
this bioactive material in apical one-thirds. Th e 
eff ect of long term artifi cial water aging on the 
sealing capability would also be interesting to 
evaluate. 

Conclusion:
As conclusions, within the limitations of this 
study we may summarize that:

• None of the tested sealers showed void free 
sealing. 

• Th e 3D analysis demonstrated virtually no 
marginal linear gaps with Sylcbioglass ex-
perimental sealer.

• Th e hypothesis of this study is partially ac-
cepted. Th e tested Sylcbioglass material as 
a sealer showed comparatively lower void 
percentage in the apical one-thirds of the 
root fi lling.
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