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Introduction

The detection of incomplete fractures in the apical region of

Abstract

Objectives: This study aimed to evaluate the ability of optical coherence
tomography (OCT) to detect dentinal microcracks in teeth submitted to
apicoectomy.

Methods: Forty-five extracted human permanent teeth were selected.
After apicoectomy, specimens that had apical microcracks were identified
using computed microtomography (UCT) as the gold standard. Then, the apical
portions of the roots were scanned with spectral domain OCT (SD-OCT) and the
resulting images were blindly evaluated by 3 independent examiners to detect
microcracks. The diagnostic performance of the OCT device was calculated and
statistical analysis was performed.

Results: Based on the OCT images, 17.8% (8) of the roots had dentine
microcracks in the apical region. The images generated by the OCT were
able to show lines of microcracks in the same location as the cross sections,
however, it performed worse than the uCT because it demonstrated a limitation
in the depth of the device, the images were not clear, and difficult to visualize
for the observers.

Conclusion: The SD-OCT system presented low accuracy for detecting
microfractures in teeth submitted to apicoectomy, compared to uCT. Clinical
Significance: microCT still stands out as gold standard to detect microfractures,
and caution should be taken when using OCT, as it does not display reliable
images.

Keywords: Optical coherence tomography; microCT; Diagnosis; Tooth
fractures; Apicoectomy

In clinical practice, some studies have evaluated the use of OCT

dental elements has been a diagnostic challenge for more than half
a century due to the difficulty in discovering their location [1]. Some
studies have observed the formation of root cracks in teeth submitted
to apicoectomy and biomechanical preparation from channels [2-6].

Clinically, these microfractures have an obscure prognosis, as they
can affect the healing process around the root, resulting in infiltration
pathways, and leading to treatment failure [7]. Furthermore, they
can spread, causing a vertical fracture, and can influence long-
term survival. term of endodontically treated teeth [8-10]. Optical
coherence tomography (OCT) is a non-invasive and non-destructive
imaging technique, with relatively high resolution that allows
obtaining and interpreting cross-sectional images of the research
area [11-12]. It combines the principles of an ultrasound with the
performance of a microscope image, using infrared light waves that
reflect the internal microstructure within biological tissues [13]. It
is worth mentioning the great potential of OCT in dentistry, having
been reported to determine dentin thickness [14], in the detection of
dentin microcracks in the apical portion [1], calculus on root surfaces
[15], evaluation of caries [16], and dentin defects [17].

to diagnose root fractures [18,19], however, the evidence is still
insufficient. Given the above, the present study aimed to evaluate the
accuracy of the SD-OCT system in detecting apical microfractures
after apicoectomy. The null hypothesis tested was that OCT would
perform similarly to microCT for detecting apical microfractures.

Materials and Methods
Sample Selection and Preparation

After approval by the Research Ethics Committee involving
Human Beings of the Federal University of Pernambuco, Recife,
Pernambuco, Brazil (CAAE: 49847221.3.0000.8808), 45 roots
of human teeth, permanent, with a completed root formation
process, carriers of single channels, confirmed radiographically.
The specimens were obtained from the Human Teeth Bank of the
Federal University of Pernambuco. Teeth were extracted for reasons
unrelated to this study and stored in purified filtered water until use.
The choice of roots was based on inspection and radiographic images
in the mesiodistal and buccolingual direction, to exclude those with
open apexes, endodontic treatment, dental calculus, root fractures,
hypercementosis, internal/external resorption, and root caries.
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To standardize the pre- and postoperative images and stabilize
the roots, the specimens were included in a plaster block measuring
18x6 cm. Then, the blocks were numbered and randomly divided,
by drawing lots, into three experimental groups according to the
instrument to be used for the apicoectomy. In group 1, a truncated-
conical diamond bur, n° 1064 (KG Sorensen, Sio Paulo, Brazil) was
used; in 2, a surgical carbide drill n° 702 (Prima Dental by Angelus,
Londrina/PR, Brazil) was used and in both groups, a high-speed pen
was used. In group 3, a Bladesonic ultrasound tip (Helsé Ultrasonic)
was used in the Ultrasound Jet Sonic BP - Gnatus with maximum
power.

With the aid of an endodontic millimeter plastic ruler (Maquira,
Maringa, Brazil), a distance of 3 mm below the apex of the root was
marked with the aid of a permanent marker with a fine blue tip (Pilot
pen, Sao Paulo, Brazil) and then the apicoectomy was performed
along the long axis of the roots forming a 90° angle, with continuous
water flow?.

Pre- and Post-Scanning of Specimens with Computed
Microtomography

Using computed microtomography as the gold standard [1,21,22],
the specimens were scanned before and after the apicoectomy
procedure to identify microfractures. By image comparison method,
they were identified in the apical portion of the roots by 3 independent
observers.

The microtomograph used was XT H 225 ST INDUSTRIAL CT
SCANNING SE, Nikon (Tokyo, Japan), with an integration time of 500
milliseconds per projection, voxel size of 10 micrometers, 100 kV, and
100 pA with a 1 mm thick aluminum filter. Each root was mounted
on a metallic table, which is an integral part of the tomograph, and
scanned whose acquisition of specimen projections was performed at
different angles along a 360° rotation with a voxel size of 10 um and
a time of acquisition of 25 minutes, generating 3,016 projections of
each scan.

To reduce ring artifacts and minimize the effect of beam
hardening, an air calibration of the detector was performed before
the scans. Images of each specimen were reconstructed using CT Pro
3D software v.XT3.13 (Nikon Metrology, NY, Tring, UK). Then, VG
Studio Max 2.2 software (Volume Graphics, Heidelberg, Germany)
was used to smooth images by applying a Gauss filter and providing
cross-sections of the internal structure of the roots.

Scanning with Optical Coherence Tomography (OCT)

After apicoectomy, the specimens were scanned using the
commercial OCT system (Callisto, Thorlabs, Inc., New Jersey, USA),
operating in a spectral domain (SD-OCT) that employs a super
luminescent diode as a light source with 930 nm of central wavelength,
100 nm of spectral bandwidth and maximum output power of 5SmW.
The axial resolution of the 6.0 um system is determined by the light
source bandwidth, while the geometric characteristics of the focused
beam are related to the lateral resolution.

The system consists of three main parts: a handpiece, a base
unit, and a computer. The base unit contains the light source, which
employs the super luminescent diode and the light is directed through
an optical fiber, which is located inside the handpiece. For imaging,

specimens were placed on the worktable with the apex facing upwards
and the scanning light beam was oriented parallel to the long axis of
the teeth above the root apex. With the use of an infrared detector
(FIND-R-SCOPE, Model 84499C-5), the light beam was positioned
at the most central point of the apex, and, from this point, a scan
was performed in the mesiodistal and buccolingual direction of all
specimens. Two images are captured per second, one in the horizontal
direction and the other in the vertical direction of the specimens with
aresolution of 6 pm in depth and 10 pm in width per pixel. Regarding
depth, the device allows a maximum penetration of approximately 1.7
mm into the image.

The entire system was controlled by software compatible with
LabVIEW that collects and processes the data, generating the
tomographic image.

Evaluation of Microcracks

Three independent examiners blindly evaluated two images of
each specimen, one in the horizontal direction and the other in the
vertical direction, produced by OCT obtained from the apical portion
of the roots. The examiners were specialists in endodontics previously
trained with OCT images generated from teeth not included in the
study sample. Each examiner scored the presence or absence of
microfractures on the teeth according to a 5-point scale: 1, definitely
absent; 2, probably absent; 3, uncertain; 4, probably present; and 5,
definitely present. The images were reassessed after an interval of 15
days.

Statistical Analysis

The results obtained from the microcrack evaluation of the SD-
OCT device were compared with the gold standard (microCT).
Sensitivity, specificity, positive predictive value, negative predictive
value, and accuracy were determined for each device and analyzed
using Fisher's exact test. Furthermore, the ROC curve was calculated
and the areas under the ROC curves were compared using the
DeLong test. To assess inter-examiner and intra-examiner agreement,
the weighted Kappa test was used. Data were analyzed using SPSS
v.23 statistical software (SPSS Inc. Chicago, IL) and MedCalc for
Windows v.14.8.1 (MedCalc Software BVBA, Ostend, Belgium). The
significance level was 5%.

Results

Based on the OCT images, it was found that 17.8% (8) of the roots
had dentin microcracks after apicoectomy. The cross-sectional images
produced by microCT and SD-OCT scanning are shown in Figures
1 and 2.

Table 1 shows the values of sensitivity, specificity, positive
prediction, negative predictive value, precision, and area under the
ROC curve in which the OCT device presented an inferior diagnostic
performance for all evaluated parameters.

Table 1: Diagnostic performance of OCT.

Statistical parameter OCT

Sensitivity 33.33%
Specificity 71.30%
PPV 22.50%
NPV 81.05%
Accuracy 63.70%
AUC 52.30%
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Figure 1: Images of specimens performed with computed
microtomography. (A) a specimen without detection of fractures before
apicoectomy; (B) a specimen with fracture detection (arrow).

Figure 2: Images with the SD-OCT device. (A) a specimen without
detection of fractures before apicoectomy; (B) a specimen with fracture

detection (arrow).

Discussion

In the present study, optical coherence tomography (OCT) was
chosen because it is a non-invasive technique and provides cross-
sectional images of a tooth structure [23]. It is a promising imaging
modality for visualizing dental cavities [24], dental fractures [5,25,26],
interfacial gaps in restorations [17], and root canals [13], among other
situations in dentistry. One of the great advantages is the use of light
instead of radiation, presenting itself as a safer alternative due to the
absence of x-rays, minimizing risks for the operator [22,27,28].

The present study demonstrated that the SD-OCT device
detected microfractures in teeth submitted to apicoectomy, however,
when compared to computed microtomography, its performance
was inferior. Particularly, a sensitivity of 33.33% may be due to the
darkness of the image provided, or lack of familiarity with OCT from
the observers. The use of resources to improve the images may help
this in future analyses.

Computed microtomography provides a three-dimensional,
non-destructive image of the specimens, and successive scans
can be performed after different treatments [29]. In OCT, cross-
sectional images are generated by multiple axial axes. The equipment
technique uses infrared light waves that are reflected in the internal
microstructure in a way that, in principle, is analogous to an ultrasonic
pulse-echo [11].

The difficulty reported by the observers, when viewing the image,
is correlated with the maximum penetration of the device, which
in the study allowed a maximum penetration of 1.7 mm. The apical
resection occurred within 3 mm from the apical portion, so when
comparing the pre- and post-apicoectomy image, the comparison
region was not as evident as in the microCT.

In one study, the OCT device was able to distinguish structural
cracks, lines of microcracks, and lines of division in cracks in teeth
[30]. In the present study, when evaluating the apical region, the
dental structures were not distinguished and all the microcracks
appeared as dark cracks separating the dentin.

With regard to the apicoectomy technique, they recommend
that the method be highly refined to favor the controlled removal of
the root apex and produce smooth and clean surfaces, thus avoiding
excavations or the sulcus effect [31]. In the present study, the difficulty
in detecting microcracks also correlates with the type of instrument
used in the apicoectomy, where the lack of surface smoothness may
have contributed to a false diagnosis in the image produced by the
OCT. Grooves and excavations formed on the surface appeared as a
crack in the dentin region and due to the depth limit of the device, the
defects were interpreted as microcracks.

Within the limitations of this laboratory study, as a diagnostic
method for microfractures in teeth submitted to apicoectomy, the
OCT device presented low accuracy compared to uCT. Even though
OCT has the advantage of in vivo measurements, a deeper penetration
depth, or improvement in the image processing, may be required for a
better use of this device compared to what was reported in this study.
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