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ABSTRACT

The assessment of dental issues is done nowadays both clinically and radiologically. The latter includes radiographs that
are based on X-ray radiation, i.e. intraoral radiography, panoramic radiography, and three-dimensional (3D) cone beam
computed tomography (CBCT). In several cases, radiographs have limitations, as they do not reveal dental issues such as
small cavities, enamel cracks, or tooth erosion. These aspects can be visible with another medical imaging technique,
Optical Coherence Tomography (OCT). The aim of this study is to present a few results obtained with an in-house
developed swept-source OCT (SS-OCT) system on several dental issues that cannot be visible on radiographs. These
results prove that OCT can be utilized in dentistry, with advantages such as radiation free technique and superior resolution.
This study presents both radiography and OCT images for different dental issues which include small cavities, metal
crowns cracks, or crowns manufactured with different materials (i.e., zirconia, ceramics, or composite). Firstly, samples
have been analyzed radiologically and some abnormalities could be detected, but they could be correctly assessed.
Secondly, these abnormalities have been analyzed with the SS-OCT system and finally all images and collected data from
both medical imaging techniques have been compared. One of the conclusions is that OCT is more appropriate than
radiography for several dental issues such as those presented in this study. These two medical imaging techniques can
therefore be complementary in dental medicine.

Keywords: dental radiography, optical coherence tomography (OCT), optical measurements, image characterization, X-
ray radiation, dental imaging, Cone Beam Computed Tomography (CBCT).

1 INTRODUCTION

A major impact on the success of dental treatment is influenced by the very beginning diagnosis phase. In dentistry a
correct diagnosis is provided nowadays by a clinical and imaging investigation [1-4]. The most utilized medical imaging
techniques in dentistry are based on X-ray radiation, which has ionizing effects; this is a disadvantage of the technique.

Both two-dimensional (2D) investigations (intraoral and panoramic radiographs) and three-dimensional (3D)
investigations, i.e. cone beam computed tomography (CBCT) are utilized. Differences exist regarding the level of details
provided by each type of radiograph. For example, connections between an implant and laboratory components are not
visible on a 3D CBCT, even if the resolution and the image quality for 3D CBCT is superior to that of intraoral and
panoramic radiographs. There are also situations in which radiology is not enough, therefore the dentist cannot utilize
radiographs for both diagnose and treatment because they are not reliable. In this case, other medical imaging techniques
could provide those images that are needed to correctly assess a dental issue or the work of the dentist-after treatment.
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Considering dental issues, one should always choose the medical imaging technique that reveals them in detail, to have
them correctly assessed by the dentist.

OCT is an imaging technique that does fit this description [5-8]. It is useful when the region of interest is at the surface or
near the surface of the investigated sample [6-9], because of the limited (up to 1-2 mm) penetration depth of OCT. Such
cases include teeth (with small cavities, enamel damage, or incorrect adaptation), dental crowns/prothesis, as well as
implants, i.e. metallic surfaces investigations [10,11]. It is well-known that OCT has lower penetration power than other
techniques; despite this, OCT has the advantage of not exposing the patient to ionizing radiation, as it is using solely non-
invasive IR radiation.

These are the differences between techniques when the main interest is the amount of information gathered from the final
image. The aim of this study is to find a way to correlate a technique with another, as well as to compare the techniques
between them. Our hypothesis is that radiology alongside OCT could provide all the images required by a dental clinic.

This study is realized by investigating several extracted teeth and dental crowns (manufactured from different materials)
with both types of medical imaging techniques. Teeth have been extracted from different patients and they belong to
different types, from incisive to molars. All samples have been obtained from ‘Dental Experts’, a dental clinic situated in
Timisoara, Romania. The radiological investigations have also been performed in this dental clinic. The Laboratory of
Optomechatronics and Biomedical Photonics from the ‘Aurel Vlaicu® University Arad is equipped with the in-house
developed SS-OCT system, Master-Slave (MS) enhanced [12], utilized to investigate teeth and other samples using the
OCT method. Results from several relevant cases are presented and specific conclusions are extracted.

2 MATERIALS AND METHODS
2.1. Radiology

Intraoral radiographs presented in this study have been performed with Gendex Oralix (Danaher Corporation, Washington
DC, United States) at 68 kV, 9 mA, with a 0.8 s exposure time, in order to avoid to over/underexpose the photostimulable
phosphor plate (PSP), which is the X-ray detector in this case. The PSP was furthermore processed, with the aim to obtain
a high-quality intraoral radiography.

Panoramic radiographs alongside 3D CBCT have been performed with Planmeca ProMax 3D Plus (Planmeca, Helsinki,
Finland) [13], at 72 kV, 11 mA, with a 15 s exposure time for panoramic, and 90 kV, 11 mA, with a 5 s exposure time for
3D CBCT.

The X-ray equipment was properly calibrated, with the maximum achievable resolution of 75 pum at the smallest amount
of X-ray radiation [14,15], with the purpose of obtaining images that can be used by dentists for diagnose or treatment
assessment. The panoramic radiographs, 3D CBCT, and some of intraoral radiographs presented in this study have been
performed on real patients. The cases selected are dental crowns/fillings adaptation [16], early stage cavities and enamel
defects [17], dental cavities [18], and bone diseases [19,20]). Teeth obtained from the patients were extracted because of
medical reasons and not for realizing this study.
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Figure 1. Calibrating images imported in the Romexis software.
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Figure 2. Examples of intraoral radiographs, panoramic radiographs, as well as 3D CBCT images obtained with the X-ray
equipment available.

The extracted teeth have been cleaned and furthermore prepared for both X-ray and OCT investigations. In addition to X-
ray equipment, which is constituted by a X-ray unit, a reconstruction PC and a work-station, the Romexis software
(Planmeca, Helsinki, Finland), installed on the work-station contains all the tools needed for the assessment of obtained
radiographs. It also allows users to import other medical images that must be assessed, but only after a correct calibration,
as described in Fig. 1.

2.2.OCT

The in-house developed SS-OCT utilized to investigate samples has been described in detail in [21]. The utilized PC is
equipped with an in-house developed software.

When all OCT images are collected (500 B-scans/2D cross-sections), they are further analyzed with the ImageJ open
source image processing software (Wayne Rasband, NIH/LOCI, University of Wisconsin). The 500 OCT B-scans can also
be rendered into a 3D image/volumetric reconstruction. To assess OCT images, the OCT B-scans selected from ImageJ
while the sample is investigated are imported in the Romexis Software. All measurements for both radiographs and OCT
images are realized in this latter software because in this way all images are passing through the same process of calibration.
The workflow of an such assessment consists of three steps: import of the image, its calibration, and measurement of issues
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that appear on the image. In some cases, issues discovered on images do not have to be measured. They must only be
observed and evaluated, for example in the case of correct adaptations of the filling/crown. Digital intraoral radiography
is the daily basis method nowadays for assessing this adaptation [22], but OCT, besides being radiation free and more
accurate, provide in addition volumetric reconstruction of the analyzed sample.
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Figure 3. Examples of OCT images of teeth surfaces: (a) B-scan, (b) volumetric/3D reconstruction.

Figure 4. Images of maxillary fracture: (a) section of a panoramic radiography, (b) Axial view (on the z-axis) from 3D CBCT, (c)
volumetric reconstruction, and (d) coronal view (on the y-axis) from 3D CBCT.
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The maximum area of investigation is 5 x 5 mm of the probe. The axial resolution provided by OCT technique is 10 pm,
which is 7.5 times better than 3D CBCT, where the best-achievable resolution obtained with the Planmeca X-ray unit (but
only after careful calibration [14]) is 75 um. The penetration depth of the SS-OCT system utilized for this study is around
1.5 mm. This means that the maximum volume rendered has the maximum dimensions of 5 x 5 x 2 mm. These dimensions
are important when the OCT B-scan is calibrated in the Romexis software (Fig. 1).

3 RESULTS
a) Bone assessment: fractures (Fig. 4); density (Fig. 5)

In dentistry investigations, there are hard tissue (bone and teeth) and soft tissue (i.e. gingiva, tongue, lips, buccal and
vestibular mucosa, etc.). Some dental issues are related not only to teeth, but also to bone. There are bone diseases that
have to be investigated, such as cysts, tumors or bone lesions, infections, and periodontitis. For all these bone issues,
panoramic radiography is appropriate for spotting them, and 3D CBCT is the best method to assess them, because of the
volumetric information available only with this type of medical investigation. OCT offers volumetric information as well,
but the fact that its penetration power is limited to 1-2 mm makes OCT technique insufficient for bone issues.

In the case of small cavities or secondary cavities, OCT provides exact information about the dimensions of the cavities,
while on radiographs cavities cannot be accurately measured, not even detected. Some examples about this can also be
found in previous studies [9,23,24]. In addition to small cavities and secondary cavities, large cavities are also hard to
assess when it comes to exact dimensions. It is important to know the exact dimensions of cavities because, taking into
account this aspect the treatment can vary. For example, if the cavity is so deep that it goes into the pulp cavity or close to
it, the treatment must include root canal. In case of a cavity with a smaller depth, the treatment just includes a dental filling.

HU 1326

(@) (b) (c)

Figure 5. Images of bone density measured in Hounsfield Units: (a) compact bone density, (b) spongy bone density, (c)
nerve canal density.

b) Cavities assessment — Fig. 6

¢) Demineralization/enamel damage — Fig. 7

Tooth demineralization or enamel damage are other dental issues which are not visible on any type of radiograph. OCT
can however spot these issues. In addition to this advantage, images obtained with OCT have such a quality in terms of
resolution that such aspects can be detected in early stages.

d) Treatment assessment — Figs. 8 and 9

In the interest of assessing the treatment completed by a doctor, medical imaging methods are also utilized. In dentistry,
the cases where images are achieved after a treatment usually occur after surgical interventions (for example implant
insertion or bone augmentation), root canal, some dental fillings, or dental prosthetic cases.
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Figure 6. OCT volumetric reconstruction for: (a) a large cavity, (b) a small cavity.
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Figure 7. OCT B-Scans of: (a) a demineralized tooth, (b) a tooth with enamel deformations and dentine abnormalities, (c) a
tooth with enamel cracks, and (d) a healthy tooth.

Because implants are made of titanium alloys, post-operatory images can be obtained only radiologically. OCT cannot
penetrate deep enough in gingiva and bone for images of the inserted implant to be taken.

When it comes to adaptation assessments of the dental crowns or dental fillings, because of its higher resolution, OCT
offers better images than radiographs.
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Figure 8. Examples of wrong adaptation: (a) OCT volumetric reconstruction, (b) intraoral radiography.

(b)

Figure 9. 3D CBCT after implant insertion on different views: (a) implant, (b) panoramic, (c) axial.
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4 DISCUSSION AND CONCLUSIONS

In Tab. 1 one can see a few differences between the information provided by radiology and OCT in different aspects of
dental medicine.

On the other hand, as it can be seen in Tab. 2 as a conclusion of this study, OCT and radiography are complementary.
Radiographs are appropriate for imaging large areas and to image inside hard tissue, while OCT offers high-quality
resolution for small investigated areas. OCT can also be used when radiographs cannot provide any information (i.e., tooth

demineralization, cracks, or small cavities).
Table 1. Some differences between 2D radiographs, 3D CBCT, and OCT.

Type of sample or
dental case

2D Radiographs

3D CBCT

OoCT

Small cavities

Barely detectable on
intraoral radiographs

Not visible

Correct assessment of
small cavities

Metal crowns

Good contrast. Some
defects may be missed

In cases with a thick
crown, artefacts may
appear

Suitable for checking
the crown for defects

Orthodontics

Not revealing needed
information

Not revealing needed
information

Numerous enamel
defects can be

assessed
Maxillary and Not enough
Hary Issues are correctly ] g
mandible bone Issues are detected penetration power to
assessed
fractures observe the fracture

Table 2. Suitable medical imaging technique for dentistry in several cases.

Case Situation RX intraoral Panoramic 3D CBCT OCT
Bone fractures Bad Bad Excellent Bad
assessment density Bad Bad Medium Good
Cavities Small/secondary Good Medium Bad Excellent
assessment Large Good Medium Medium Excellent
Enamel damage Demineralization/small Bad Bad Bad Excellent
cracks
Soft tissue Periodontitis Good Good Good Bad
assessment Damage gingiva Bad Bad Bad Excellent
Implants Good Good Excellent Bad
Treatment Root canal Excellent Good Good Bad
assessment Adantation
platic Good Good Bad Excellent
(crowns/fillings)

Apart from the present study, other medical issues than those analyzed here can be investigated with both OCT and
radiographs. Our research group, alongside the dental clinic, is working on dental implants, radio-opacity, as well as
different types of materials utilized for dental crowns. Development of handheld scanning probes for OCT systems is also
subject of previous and future work [21,25], to be able to obtain results in vivo, in dental offices.

In conclusion, the results presented in this study prove that OCT has advantages (radiation-free technique and superior
resolution), as well as the capability of being utilized in dentistry. Also, results from another related study on OCT in
dentistry [7] prove that this imaging technique could be utilized alongside radiographs as a daily-basis technique and that
OCT can be useful by both dentists and dental technicians [26,27].
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