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Abstract 
Protecting the root’s internal morphology is the first key toward the success of the endodontic treatment. Due to the vast diversity of 
endodontic space, it is difficult to visualize and to establish the shape and limits of the root canal, especially the morphology of apical area 
and lateral root canals. Optical microscopy is a classical imagistic investigation method, widely used along classical methods like radiographs 
that also offer limited information about root morphology and extension of decay. Micro-computed tomography (micro-CT), a modern 
imagistic investigation method can provide detailed three-dimensional reconstructions of root canal. Micro-CT is a non-invasive method 
that has the possibility to offer cross-sectional and axial images of the endodontic space. The success of root canal treatment is based on 
cleaning and shaping. Beyond these two procedures, sealing the endodontic space by respecting its limits is another prerequisite for long-
term success of endodontic therapy. Micro-CT can perform three-dimensional reconstruction of the root canal, root canal filling and can 
provide accurate images of the endodontic space. The assessment of root morphology can be obtained through imagistic invasive optical 
microscopy and already mentioned non-invasive methods (micro-CT). The aim of this study is to illustrate and analyze the endodontic 
space, according to its diversity by using micro-CT, a non-invasive imagistic investigation method an also optical microscopy. The two 
techniques can also provide the extension of carries or demineralized substance on different levels of the root. 
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 Introduction 

In endodontic therapy, besides cleaning and mechanical 
preparation of endodontic space, it is mandatory for the 
practitioner to identify and preview the morphology of 
the root canal and its limits. The classical periapical X-
ray investigations give poor information about the root 
canal morphology and no information about the lateral 
root canals. Considering the group of teeth – upper, lower, 
incisors, molars, the angled radiographs are parallel radio-
graphs providing information only about major aspects  
of root canal morphology. The aspects related to size, 
orientation and even number of the root canals are 
difficult to be spotted by currently used periapical X-ray 
investigation [1, 2]. The era of non-invasive imagistic 
investigation methods and three-dimensional reconstruc-
tions has changed the expectations and perspectives of 
researchers and practitioner. The X-ray micro-computed 
tomography (micro-CT) is a non-destructive, non-invasive 
investigation method, which provides two-dimensional 
(2D) and three-dimensional (3D) images [3–5]. The 
development of these systems emphasizes the practical 
aspects of micro-CT, which become one of the standard 
techniques in three-dimensional evaluations for in vitro 
studies. The standard periapical X-rays still remain the 
one used in daily clinical practice [6]. The 3D analysis 

of micro-CT images is strongly correlated with 2D cross-
sections of internal root morphology. One major advantage 
of micro-CT is the possibility to repeat the scanning and 
to evaluate the image using the specific software. This 
investigation method shows its limits for the in vivo 
studies especially due to the high radiation dose. Micro-
CT imagistic system was used in different investigations 
like micro-structural analysis of osteo-conductive bio-
materials and interface evaluation between dental fillings 
and dental hard tissue [7–9]. Micro-CT investigation 
method can scan the entire tooth structures: root canal, 
dentin, enamel, internal and external anatomy of the 
root, root canal and the teeth’s tissues demineralized or 
affected by carries. 

The aim of this in vivo study is to investigate through 
micro-CT and optical microscopy the endodontic mor-
phology and to identify demineralized tissue, which may 
also be present on the root. 

 Materials and Methods 

For this in vitro study, 27 human extracted permanent 
teeth (premolars and molars) were selected. The teeth 
were collected from dental clinics and were extracted 
either for orthodontic purposes or due to periodontal 
disease. After extraction and debridement, the teeth were 
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stored in 5% sodium hypochlorite solution for 24 hours, 
then washed under tap water and dried. The selected 
teeth had a fully formed apex, no restorations and no 
endodontic treatment. For each tooth, a silicone holder was 
manufactured. The holder assures a precise and stable 
positioning and undesired rotating possibility of the 
sample in the scanning system. 

The samples were scanned using a custom-built cone 
beam micro-CT for dental investigations. This system 
consists of an X-ray detector, a circular/rotary positioning 
stage, an X-ray shutter and a micro-focus X-ray tube. The 
X-ray detector is made up of a charge-coupled device 
(CCD) chip cemented on a minifying fiber optic tape. 
The larger end of the taper is coupled with a 300 μm CsI 
(Cesium Iodide) phosphor. The effective detector pixel 
size is 45 μm. The focal spot of the X-ray tube is between 
10–20 μm, depending on the current value. 

The X-ray exposure parameters were 40 kVp, 1 mA 
and 300 ms per frame. Each sample was precisely 
positioned into the silicone holder on the circular/rotary 
positioning stage. The sample was exposed at a magni-
fication between 2 and 1.1, depending by the sample size. 
The sample was rotated for 3600, in one-degree strep 
increments. The projections were reconstructed using a 
standard Feldkamp–Davis–Kress (FDK) algorithm, with 
a Shepp–Logan filter. 

Each root was scanned and the morphology of the root 
canal was made after registering the cross-sectional images 
of the scanned roots. The cross-sections of the root canal 
give the possibility to evaluate its characteristics and 
individual morphology in high detail. The 3D reconstruc-
tion of the root canal gives the possibility to evaluate its 
characteristics and individual morphology in great detail. 

The area of interest of each sample was scanned. 
The frames obtained during scanning of the root canal 
were analyzed in detail in order to establish the particu-
larities of the root canal. 

In opposition to micro-CT, optical microscopy inves-
tigation is an invasive imagistic investigation method, 

which involves the preparation in terms of sectioning the 
samples. The roots of permanent teeth were cut into slices 
of 2 mm thickness following a transversal direction (similar 
with the micro-CT investigation) and the shape of the 
root canal was then analyzed using a Krüss optic micro-
scope, at a magnification of ×10. Optical microscopy is 
difficult to be used on non-planar preparation analysis of 
sharp and irregular cuts. The image acquisition is difficult to 
be obtained because of the small focus depth of the optical 
microscope. The proper method for solving this issue is the 
acquisition of a sequence of microscopic images with a 
constant change of the focal length between images. A non-
planar sample cannot be displayed sharp in a full version. 
The samples are scanned gradually with changing focal 
length. 

 Results 

The images obtained through micro-CT showed the 
detailed morphology of the root canal and apical region. 
Elements, which might have been remained unnoticed 
on periapical X-ray, were detected. 

The shape of the root canal on transversal section is 
well defined and is varying in diameter and shape. The 
registered images of the main root canal show an oval, 
triangle flatten or round shape and it is not always localized 
in the centre of the root. The shape of the root canal  
is constantly changing, at different cross-sectional levels. 
Curvature of the root and root canal are positioning the 
apical delta and the apex mesially or distally. 

Moreover, secondary fine root canals could be identified 
and usually these cannot be detected on classical 2D 
radiographs. Micro-CT spotted that the shape of the same 
root canal is changing from a regular, round shape into an 
oval shape into the apical third (Figure 1, a–c). The walls 
of the root canal may display irregular margins, which 
generate an irregular shape of the root canal in the middle 
third area (Figure 1, d–f). 

 

Figure 1 – Micro-CT aspect (a–d) of upper first premolar 1.4
– transversal section. The diameter of the two root canals is 
increasing in size and shape is changing at different levels:
apical third (a), middle third (b and c), cervical third (d and e).
In the cervical area, a discontinuity of the contour (arrow –
e and f) may be probably attributed to root caries. 
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The apex and apical delta may have an unpredictable 
position and morphology. Very fine located root canals are 
almost impossible to be investigated by radiographs and 
almost impossible to be prepared (Figure 1, a–c). It is 
mandatory for the success of the endodontic treatment to 
always consider and to seal both these lateral and fine 
root canals. Their identification and sealing is possible 
only by associating an adequate preparation and sealing 
technique. 

The micro-CT investigation also detected lateral root 
canals, which are positioned at different levels of the 
root (Figure 2, a–g). Lateral root canals are localized in 
the neighborhood of the root canal and may be missed 
by periodontal X-rays. Carries and the demineralized 
dentin around the active process are favorable for 
fissure-like defects (Figure 3). The demineralized dentin 
by carries and other associated factors may initiate 
fissures into the tooth structure. 

 

Figure 2 – Micro-CT aspect of tooth 3.5-transversal section: (a) In the third apical area, the 
forked root canals are consisting into one root canal; (b and c) The same root canal is forked 
in the middle third area of the root; (d and e) Only one root canal is observed into third 
cervical area of the second upper premolar.  

 

Figure 3 – Micro-CT aspect 
of an upper premolar. The 

secondary root canal is 
observed in the apical area 
and a demineralized area 

of the proximal face of 
the root. 

Optical microscopy may give additional information 
in comparison with micro-CT. Images of optical micro-
scopy spotted the differences in shape, diameter and  
the presence of the isthmus in the third apical region 
(Figure 4a). Figure 4b shows that the isthmus fully 
disappears. Moreover, the scanning procedure of the 
tooth 2.4 identified a very fine second main root canal 
and two root canals, which are separated by an isthmus 
(Figure 5). Other morphological aspects were identified 
for the upper second premolar, which has an oval root 
canal on transversal direction with irregular root canal 
walls in the apical third area (Figure 6). 

 

 
Figure 4 – (a) Optical microscopic aspect of third apical area – (tooth No. 1.4) 
first upper pre-molar. The two root canals are linked by an isthmus; (b) Optical 
microscopic aspect of first upper premolar – middle third area. The two root 
canals are separated, wide and well defined. 

Figure 5 – Optical microscopic aspect 
of an isthmus localized in the third 
cervical area of a premolar. 
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Figure 6 – Optical 
microscopic image: 
oval root canal with 
irregular walls and 
sharp wall edges. 

Presence of caries on 
the proximal surface 
of the root, close to  

the root canal. 

 Discussion 

Micro-CT can be used in the investigation of the 
endodontic space and in the evaluation of the performed 
clinical steps related to endodontic therapy [10, 11]. 
Images provided by micro-CT are high-resolution ones, 
and can be used to obtain a 3D using a software [12]. The 
new perspectives in endodontic research and not only is 
the one represented by subsequently analysis without 
destroying of the sample. 

Other methods, like cone beam computed tomography 
(CBCT), were used for clinical analysis of internal 
anatomy of the root canal too [13]. Micro-CT has been 
used to study anatomical complexities of the root canal 
system. Obtained images offer important details of both 
internal anatomy and endodontic sealings. Specific com-
plexities like “C”-shaped canals and isthmuses can be 
evaluated using 3D reconstructions [14, 15]. The volume 
of the canal can be measured using the initial scan and 
further used to compare to the new dimensions after 
shaping procedure. Micro-CT was used for obtaining 
high-resolution, 3D images of germs and dental hard 
tissue for rats. The position and dimension of these 
tooth germs can be accurate analyzed and localized and 
may give predictions related to development process and 
proper position of the teeth [16]. 

Micro-CT can be used to evaluate the ability of 
endodontic instruments to clean the root canal system 
and also to evaluate the endodontic sealing techniques 
[17]. One disadvantage of the 3D reconstructions is 
because the image is reconstructed after the over posi-
tioned scanned planes and fine details maybe lost. The 
fine details cannot be observed and the 3D reconstruction 
may have lacks in accuracy [18]. Micro-CT scan is limited 
to ex vivo studies but it extends its applications in 
dentistry in prosthetic reconstructions and fillings with 
different materials. Up to this moment, micro-CT is  
not suitable for clinical use in dentistry because of high 
radiation dose and costs but is powerful tool for preclinical 
research. Micro-CTs in vivo, clinical application can 
characterize the bone quality and the bone structure in 
the context of skeletal disease [19–22]. 

Micro-CT demonstrates in a non-invasive manner that 
the root canal morphology is complex. Micro-CT offers 
accurate quantitative and qualitative information related 
to endodontic system. Carious processes and their spatial 
relationship with the endodontic system can be revealed 
by this methods but has no indication for clinical diag-
nostic. 

Optical microscopy is very efficient during the instru-
mentation of endodontic treatment. The impossibility of 
providing 3D images of the endodontic space and its 

morphology is limiting the application of this imagistic 
investigation to in vitro studies. Optical microscopy 
provides only the major aspects of the analyzed surface. 

One main disadvantage of micro-CT is the limitation 
to in vitro studies though the method is a non-invasive 
but has the potential to offer detailed information about 
the complexity of the endodontic system. The applicability 
of micro-CT is vast in many research domains. 

 Conclusions 

The data of this study show the potential of micro-
CT technology in non-invasive scanning of root canal 
and endodontic system. The images spotted lateral root 
canals at different levels; also, areas of demineralized 
dentin were identified area, which could be probably 
related to root caries. Optical microscopy investigation 
is requesting prepared samples. Defects or other specific 
elements can be observed only on the surface of the 
sample and important elements can be missed if their 
position is not on the investigated surface of the sample. 
The diagnostic of carries, the size and extension of it 
cannot be evaluated through this technique in clinical 
practice. Presence of an isthmus can be analyzed with 
this technique but not the size and extension into deeper 
layers of the root. Optical microscopy has to be associated 
with other investigation methods due to its limitations. 
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