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ABSTRACT

Objectives: Tooth cracks are among the most common clinical findings that can affect the prognosis of
the tooth. The swept-source optical coherence tomography (SS-OCT) is a non-invasive technique that was
developed to identify cracks or fractures. Even though the diagnostic value of SS-OCT has been studied by
several researchers, the available evidence is still inconclusive. This review aims to evaluate the reported
performance of SS-OCT in detecting tooth cracks and to identify factors described in the literature that
may affect it.

Materials and methods: An electronic search was conducted on PubMed, Scopus, Web of Science, and
Google Scholar to extract and review the English articles published between January 2012 and December
2024. The keywords were optical coherence tomography, swept-source OCT, SS-OCT, tooth crack, dental
crack, enamel crack, dentin crack, and fracture detection. Studies published in English that investigated
SS-OCT for the detection of enamel, dentin, or root cracks were included, whereas review articles, non-
dental OCT studies, and studies focusing solely on other diagnostic methods were excluded.

Results: The literature search identified 121 articles; 14 of them met the criteria and were included. Out of
the 14 included articles, only one clinical article was included.

Conclusions: The SS-OCT is a non-invasive and radiation-free imaging method for detecting tooth
cracks, with higher diagnostic performance reported for enamel cracks. However, its performance in
deeper dentin and root cracks appears to be affected by light penetration limitations and light scat-
tering. Further technological development and well-designed clinical studies are needed to clarify its
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clinical utility.

Introduction

In 1964, Cameron proposed the concept of cracked tooth symp-
toms, which was originally described as an incomplete tooth
fracture [1]. According to the American Association of
Endodontists, a cracked tooth can be characterized as ‘a thin
surface disruption of enamel and dentin, and possibly cemen-
tum, of unknown depth or extension’[2]. These clinical manifes-
tations depend on where and how far the fracture is [3, 4].

Craze line is a crack in the tooth that is asymptomatic. It
occurs on the enamel surface parallel to the prismatic orientation
due to occlusal forces or thermocycling. The cracks may also
spread to cause vertical root fractures [5-7]. It has been found
that the incidence rate of cracked teeth in adults aged 30-50 is
between 34 and 74%, and the risk is higher in females. The risk of
having a cracked tooth is high among older people who have
more retained teeth [3, 8]. The mandibular molars are more
likely to have an enamel crack due to the wedging effect of the
mesiopalatal cusp of the maxillary molars [3].

The prognosis of a crack is unpredictable, and the most
appropriate treatment technique should be identified with the
help of the proper diagnosis of the size and localization of the

crack [5, 9]. The early detection of the existence of a crack can
improve the prognosis of the tooth and reduce the growth of
the crack. Sadly, the cracked tooth may be hard to diagnose
since the symptoms vary based on the crack site and the extent
of the crack [5].

Transillumination, visual inspection, bite tests, cold testing,
and radiographs are the currently used diagnostic tools, which,
however, do not always give enough information regarding the
depth or orientation of the crack [7, 10, 111.

In order to increase the detection of cracks, optical coherence
tomography (OCT) has been examined in a number of studies
[5, 10-17]. OCT is a non-invasive, non-ionizing imaging
technique that provides high-resolution cross-sectional images
of biological tissues. It was first introduced by Huang et al. [18].
It is currently applied in ophthalmology, dermatology, and
cardiology. In dentistry, it has also been used in the detection of
caries, cracks, periodontal structures, and oral lesions [7, 19].

OCT operates in the same way as the ultrasonic pulse echo
systems, but with the difference that it employs near-infrared
light (wavelength of 850 and 1300 nm) in place of sound [4, 71.
Another variant of OCT is swept-source OCT (SS-OCT), which
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uses the Fourier domain technique [3, 20]. SS-OCT uses a tunable
laser (centered around 1300 nm) that sweeps over a certain
range to generate high-resolution cross-sectional images. The
use of longer wavelengths enhances penetration depth and
enables imaging depth up to 2.5 mm into enamel and dentin.
High light penetration, along with axial and lateral image
resolution enhancement (around 5-15 pm) and real-time
imaging acquisition, allows visualization of enamel and dentin
cracks [3, 20].

Clinically, SS-OCT offers real-time cross-sectional images
without the harm of radiation exposure. These make it a useful
tool for early diagnoses and monitoring of dental cracks [20].

Most of the available studies have been conducted under
laboratory conditions, with only limited clinical application to
assess the efficacy of SS-OCT in the detection of tooth cracks.
The majority of the studies were on enamel, and fewer studies
were on dentin and root surfaces [4, 7, 10, 13, 14, 21-24]. There
is limited information on the effectiveness of SS-OCT in
identifying the various kinds of tooth cracks and, particularly,
the deep ones, such as those in dentin and root surfaces.
Therefore, this review aims to evaluate the reported diagnostic
performance of SS-OCT in detecting tooth cracks and to identify
factors described in the literature that may influence this
performance.

Methods

It is a narrative review that has a structured literature search. A
search of literature was performed in PubMed, Scopus, Web of
Science, and Google Scholar regarding the included English-
language articles published from January 2012 to December
2024. In PubMed, MeSH terms were combined with free-text
keywords using Boolean operators to optimize the search
sensitivity and specificity. The keywords were optical coherence
tomography, swept-source OCT, SS-OCT, tooth crack, dental
crack, enamel crack, dentin crack, and fracture detection.

Inclusion and exclusion criteria

The inclusion criteria were articles that were published in
English, investigated the use of SS-OCT in the detection of
enamel, dentin, or root cracks were only considered. The exclu-
sion criteria were that the review articles, non-dental OCT stud-
ies, and articles that concentrated only on other methods of
diagnosis. The abstract screening and full-text screening of the
included articles were carried out.

The database search has revealed 121 articles. The number of
records that were discarded before screening because of
duplication was 29. After screening the titles and abstracts, 14
articles were eliminated. Sixty-three reports were excluded, 30
records were excluded due to irrelevant study focus, 20 were
excluded due to inappropriate study design, and 13 were
excluded due to insufficient data. A total of 14 studies that were
in line with the inclusion criteria were used in this narrative
review. Figure 1 shows the PRISMA flow diagram for studies
retrieved through the searching and selection process.

The quality assessment has not been done in this review
since it is just a summary and contextualization of the existing
evidence, not an assessment of the risk of bias.

In particular, identifying cracks’ location and providing
methodological details highlight the differences in OCT system
specifications and imaging methods that could affect diagnostic
results and offer a clinical context. In addition, disclosing the
purpose, main results, and conclusions of each study enables a
consistent comparison of the diagnostic precision and general
effectiveness of SS-OCT in identifying cracks in tooth hard
tissues.

Results

Overall, the included studies reported a higher diagnostic per-
formance of SS-OCT for detecting enamel cracks compared with
deeper dentin and root cracks, which could be attributed to var-
iations in optical behavior and imaging conditions. Only one
study [8] included clinical assessment, while the other 13
included studies were in vitro. Table 1 shows a summary of each
reviewed study, including the authors of the study, the article’s
title, the aim of the study, the type of crack, and the methodolo-
gies. It also summarizes the main results and conclusions of
each study, and how effective SS-OCT was in detecting enamel,
dentin, or root cracks.

All this information gives an overview of the available
research on the diagnostic accuracy of SS-OCT in detecting
different types of tooth cracks.
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Figure 1. PRISMA flow diagram for studies retrieved through the searching
and selection process.
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Discussion
Diagnostic methods and limitations

Various diagnostic methods are used clinically and in laborato-
ries for tooth crack detection. Transillumination, for example, is a
simple chairside method in which light passes through the
tooth structure until a discontinuity, such as a crack or caries,
alters its path. When a crack is present, the sudden change in
refractive index between tooth structure and the crack space
occurs, and a bright-dark boundary appears [25].

While transillumination is able to confirm the presence of a
crack, it cannot differentiate between crack types or determine
their depth, extent, or orientation. This limits its diagnostic value
to a binary detection outcome [25].

Radiographic modalities - including intraoral radiography,
cone beam computed tomography (CBCT), and micro-
computed tomography (micro-CT) - have also been used to
identify structural defects and cracks. Nevertheless, their spatial
resolution typically approaches 100 um, which is insufficient for
detecting early micro-cracks or subtle enamel discontinuities
during the initial stages of progression [11, 25]. This diagnostic
limitation highlights the need for advanced imaging methods
capable of obtaining high-resolution, depth-resolved
information without relying on ionizing radiation.

Traditional diagnostic methods are essential for identifying
advanced or obvious cracks, but their poor resolution and
limited ability to characterize subtle structural changes highlight
the need for higher-resolution, non-invasive imaging systems —
an essential rationale for exploring OCT/SS-OCT technologies in
crack detection.

Benefits of SS-OCT in crack detection

SS-OCT has gained increasing attention as a diagnostic tool for
tooth cracks as it provides high-resolution, cross-sectional imag-
ing without the need for invasive sectioning. As a real-time,
non-destructive modality, OCT can generate 2D and 3D images
that reveal subtle structural discontinuities that remain unde-
tectable using conventional methods. In accordance with this,
Dao Luong et al. [26] showed that SS-OCT can clearly visualize
interfacial and dentin cracks after a microtensile test, emphasiz-
ing its sensitivity to subtle structural defects. SS-OCT further
extends these advantages by offering superior resolution and
deeper penetration compared with CBCT and intraoral radiogra-
phy, while also eliminating exposure to ionizing radiation. This
highlights its potential advantage in situations where radiation
exposure is a concern as in pregnant women and children. The
compact size of SS-OCT equipment also enhances its usability
compared with bulkier radiographic equipment [25, 27].

The light scattering properties, composition, and refractive
indices (n) of scanned structures are the foundations of
OCT’s diagnostic ability to distinguish between various
tooth structures and crack space [5]. The light penetration depth
of OCT is highly affected by the translucency of the scanned
medium. Because sound enamel structure is almost
transparent at the wavelength range used in OCT systems, even

small disturbances in its optical pathway become visible as
noticeable shifts in signal intensity [28]. OCT images show both
enamel and dentin as white structures, which are distinguished
from each other by a dark line representing the dentinoenamel
junction (DEJ) [22]. Swept-source OCT is an improved variant of
OCT that uses a Fourier-domain acquisition principle, offering
greater sensitivity than traditional time-domain systems. It
employs an interferometer coupled with a narrow-linewidth,
frequency-swept laser centered at a 1300-nm wavelength, while
a detector records the interference signal over time. Modern SS-
OCT devices are capable of producing cross-sectional images
with near-microscopic resolution [22]. Notably, SS-OCT at 1300
nm has been reported to outperform visible-light
transillumination at 473 nm in detecting fine and deep enamel
cracks [5, 29].

While SS-OCT demonstrates strong potential for detecting
enamel cracks, it is important to recognize that different
OCTs vary in their suitability for this purpose. For example,
polarization-sensitive OCT (PS-OCT) has been effectively used
to reduce surface reflection, making it an effective tool for
measuring lesion depth in enamel and dentin during
demineralization studies. However, crack detection relies heavily
on the refractive index differences between air-/fluid-filled
cracks and the surrounding tooth structures. Because PS-OCT
minimizes this optical contrast, it is not considered proper for
identifying tooth cracks [8].

Collectively, these remarks demonstrate how the underlying
optical principles, imaging characteristics, and technical
variations among OCT systems shape their effectiveness in crack
diagnostics. They also reinforce the particular suitability of SS-
OCT for non-invasive crack assessment and clarify the
circumstances in which other modalities, such as PS-OCT, may
be less appropriate for this purpose.

Image formation and optical properties

For crack detection, OCT depends on the reflection phenome-
non in which the light is refracted and partially reflected when it
crosses through two different media with different n values. The
crack space is assumed to be filled with air and water with n val-
ues of 1.0 and 1.33, respectively. On the other hand, the n value
of the enamel is 1.631 + 0.007 [30, 31]. Consequently, the pres-
ence of a crack in enamel results in a peak in the signal intensity
profile of the backscattered light, which would be visible as a
bright clusterin a 2D B-scanimage [5, 32]. Many studies reported
high performance of the SS-OCT in the detection of different
types of enamel cracks, starting from craze lines to whole
enamel thickness cracks, and determining their exact location
and dimensions (Table 1). The higher sensitivity of SS-OCT for
detecting enamel cracks is due to the penetration of the SS-OCT
light to the whole thickness of the enamel [33].

As the light extends beyond enamel into the deeper dentin,
the optical behavior becomes more complex. Like enamel, the n
value of dentin is 1.4, which is different from that of the air and
water. This makes the cracks visible as bright lines under SS-OCT
[30]. However, dentin is composed of 50 vol% inorganic and 30



vol% organic (mostly type 1 collagen) compositions, and 20
vol% fluid. Due to its composition, dentin is optically non-linear
and scatters light. As a result of its higher attenuation compared
to the enamel, the light penetration depth within the dentin is
smaller [22, 34]. In addition, the orientation of the dentinal
structure affects the refractive index and light scattering pattern
[34]. Thus, detection of deep dentin and root cracks could be
affected and may require teeth sectioning, which is not
applicable clinically, especially in teeth with full-thickness
enamel. Still, SS-OCT helps in following crack extension by
repeating scans of the same area over time, but deeper extension
into dentin or roots is harder to assess because of scattering and
limited penetration.

Overall, these optical characteristics clarify why SS-OCT
provides reliable visualization of enamel cracks but remains
limited in detecting deeper dentin or root defects, highlighting
the need for further improvements in penetration and image
clarity.

Technical challenges and limitations of SS-OCT

Although the SS-OCT system shows a promising performance, it
also demonstrates some limitations that limit its clinical applica-
tion [13]. Its main limitation is its shallow light penetration depth
(about 3 mm). This makes its ability to detect cracks in deeper
structures, such as cracks in roots and deep dentin, limited clini-
cally [5, 10, 25]. Research on dentin crack detection reported the
ability of SS-OCT to detect cracks in dentin (Table 1). However,
the methodology used in these studies used decoronated teeth
[14] or dentin samples [38], which do not represent full clinical
conditions. While Wada et al. [8] examined the cervical regions
of the teeth with non-carious cervical lesions (NCCLs), where
enamel thickness is minimal, making crack visualization easier.

Light penetration depth, image resolution, contrast, and field
of view can be influenced by system components such as the
light source, imaging lenses, filters, and detection units [17, 371.
Using a longer SS-OCT wavelength (1300 nm) allows deeper
light penetration compared to traditional OCT systems [37, 39].
However, this improvement comes at the cost of reduced axial
resolution, which may lead to less detailed images and reduced
diagnostic performance [40]. Rashed et al. [17] reported lower
sensitivity and specificity of SS-OCT for detecting root cracks
compared with a digital microscope (DM), largely due to lower
image resolution and blurred structures. To improve image
quality and reduce noise, filters such as Gaussian and median
filters have been recommended [17, 25, 36], whereas averaging
filters may result in loss of fine structural details and further
image blurring [25]. Therefore, selecting an appropriate filter is
essential to optimize crack detection.

Utilizing a high numerical aperture (NA) offers better lateral
resolution; however, it reduces the field of view, making the
system more sensitive to small patient movements and limiting
its clinical practicality. For routine clinical use, lower NA settings
are generally more suitable because they provide a wider field
of view and allow coverage of a larger surface area, although at
lower magnification [37].
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Together, these technical limitations help to explain why SS-
OCT tends to work better in controlled laboratory conditions
than in real clinical settings, especially when it comes to
detecting deeper cracks. This highlights the need for continued
improvements in light penetration, image resolution, and
overall system stability before the technique can be used more
reliably in practice.

Scanning conditions and patient-related factors

Light penetration is also affected by other factors related to the
scanned object, such as the presence of pellicle, surface rough-
ness, and inclinations. Flat and smooth surfaces exhibit better
light penetration depth for SS-OCT compared to occlusal irregu-
lar surfaces [40-42]. In addition, surface dehydration affects the
performance of the SS-OCT, since enamel hydration significantly
influences its transparency at 1300 nm wavelength [30, 43].
Hydrated enamel samples show lower surface reflection of the
light and decreased light scattering [43], so it is critical to main-
tain the teeth hydrated during examination.

Since SS-OCT is a non-contact technique, patients usually do
not report discomfort during examination [36]. However, due to
its limited scanning range, multiple scans are needed to cover
the area of interest, which makes the examination time longer
and may create a higher chance of motion-related artifacts [13,
40]. One practical approach to overcome this is to perform a
quick preliminary scan using near-infrared imaging to locate the
suspected crack before carrying out a more detailed scan of the
selected area [44].

In addition, the location of the examined tooth in relation to
the SS-OCT probe could affect the performance and quantitative
measurements of SS-OCT. It is sometimes difficult to achieve a
perpendicular orientation of the probe in the mouth [27, 36].
Therefore, taking multiple images at different angles of the area
of interest is suggested. Beyond these optical considerations,
the relatively high cost of SS-OCT devices — compared with
other diagnostic tools - also limits their widespread clinical use
[13, 24]. Sahyoun et al. [37] compared two OCT systems with
different costs and found that the low-cost OCT still provided
adequate visualization of the first 500 um with fast focusing. This
suggests that choosing an OCT device in clinical practice may
depend more on the specific diagnostic need rather than simply
selecting the most advanced system available.

Overall, these factors make SS-OCT work well in controlled
laboratory studies, but they also show why using it routinely in
the clinic is still challenging. This highlights the need for better
probe access, easier handling, and more affordable devices in
the future.

Future improvements and design innovations

To enhance the performance and handling of OCT, different
studies were conducted to improve the design and size of OCT
devices in different fields. Hu et al. [45], in 2024, developed a
novel micro intraocular OCT probe employing a piezoelectric
tube with quartered electrodes to create Lissajous scanning
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movements at the end of a single-mode fiber. The probe size
could be altered from 2.41 to 0.51 mm based on the need [45].
Another advancement of OCT probes was reported by Kim et al.
[46] in 2024. They introduced a portable 3D high-resolution
dental OCT probe with a design like a commonly used intra-oral
scanner. It can generate 3D images and quantitatively analyze
cross-sectional images [46]. These developments suggest that
further modifications in probe design may enhance imaging
capabilities in deeper areas, such as the root canal or the gingi-
val sulcus. In addition, Abu Saleah et al. [23] conducted a recent
study in 2024 to enhance the ability of OCTs in measuring crack
dimensions in 3D images using developed algorithms. Such a
system enables better evaluation and further follow-up of the
condition [23].

As these developments move closer to clinical use, some
practical points during scanning should also be considered.
During the use of SS-OCT, it is recommended to select an outer
reference point to ease locating the area of interest for
reevaluation and reducing errors. At the same time, practical
steps taken during scanning can also influence the OCT signal
and image quality. The use of a plastic cover on the handheld
probe could have an impact on light reflection; therefore, other
methods of infection control should be employed [47].

Overall, these recent improvements show that OCT
technology is progressing; however, many of the new probe
designs and software tools are still not fully adapted for routine
dental use. This highlights the need for more practical design
and better image-processing methods to support reliable
clinical detection of deeper cracks using SS-OCT.

As a final note in this discussion, this review has some
limitations. It is a narrative review, so a formal risk-of-bias
assessment and meta-analysis were not performed. Also, most
of the included studies were laboratory-based (in vitro), and only
one included study involved a clinical assessment. In addition,
only English articles were included, so relevant studies published
in other languages may have been missed. Finally, the included
studies were heterogeneous in terms of tooth types, crack
definitions, study designs, and SS-OCT settings, which makes
direct comparison among studies difficult. Therefore, the
findings of this review should be taken with caution, and more
well-designed clinical studies are still needed.

Conclusions

This review highlights both the diagnostic strengths and current
limitations of SS-OCT as a tooth crack diagnostic tool, while also
pointing to factors that may influence its reported performance.
SS-OCT offers high-resolution, radiation-free imaging, which is
particularly effective for visualizing enamel cracks. However,
its diagnostic performance decreases in deeper tissues due
to limited light penetration, optical scattering, and practical
challenges related to scanning conditions.

Even though recent innovations in probe miniaturization,
imaging optics, and computational enhancement may improve
future clinical performance, current evidence does not yet
support its regular use for dentin/root crack detection. Future

technological development, cost-effective system optimization,
and well-designed clinical studies are essential to determine the
full potential of SS-OCT as an adjunctive diagnostic modality in
dentistry.

Acknowledgments

Generative Al [ChatGPT (OpenAl, San Francisco, CA, USA) ] was
used only for language refinement and to improve clarity in this
review manuscript. All content synthesis and conclusions were
developed and critically reviewed by the author, who assumes
full responsibility for the manuscript.

Declaration of interest statement

The author declares that there are no conflicts of interest.

Data availability statement

Not applicable.

Funding

This research received no external funding.

Informed consent

Not applicable.

Disclosure statement

The author declares no conflict of interest.

Ethics declarations & trial registry information

This narrative review did not involve human participants, animal
experiments, or clinical trial registration. Therefore, ethical
approval, informed consent, and trial registration were not
applicable.

Authors’ contributions

The author solely conceived the review, conducted the litera-
ture search, screened and interpreted the included studies, and
wrote and approved the final manuscript.

References

[1 Cameron CE. Cracked-tooth syndrome. J Am Dent Assoc.
1964;68:405-11. https://doi.org/10.14219/jada.archive.1964.0108

[2] American Association of Endodontists. Glossary of endodontic
terms. 10th ed. Chicago, IL: American Association of Endodontists;
2020.

[3] Zidane B. Recent advances in the diagnosis of enamel cracks: a nar-

rative review. Diagnostics. 2022;12:2027. https://doi.org/10.3390/
diagnostics12082027


https://doi.org/10.14219/jada.archive.1964.0108
https://doi.org/10.3390/diagnostics12082027
https://doi.org/10.3390/diagnostics12082027

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Shimada Y, Sadr A, Sumi Y, Tagami J. Application of optical coher-
ence tomography (OCT) for diagnosis of caries, cracks, and defects
of restorations. Curr Oral Health Rep. 2015;2:73-80. https://doi.
org/10.1007/540496-015-0045-z

Imai K, Shimada Y, Sadr A, Sumi Y, Tagami J. Noninvasive cross-
sectional visualization of enamel cracks by optical coherence tomog-
raphy in vitro. J Endod. 2012;38:1269-74. https://doi.org/10.1016/
jjoen.2012.05.008

Bergenholtz G. Pathogenic mechanisms in pulpal disease. J Endod.
1990;16:98-101. https://doi.org/10.1016/50099-2399(06)81571-2

de Oliveira BP, Camara AC, Duarte DA, Gomes ASL, Heck RJ,
Antonino ACD, et al. Detection of apical root cracks using spectral
domain and swept-source optical coherence tomography. J Endod.
2017;43:1148-51. https://doi.org/10.1016/j.joen.2017.01.019

Wada |, Shimada Y, lkeda M, Sadr A, Nakashima S, Tagami J, et al.
Clinical assessment of non-carious cervical lesion using swept-
source optical coherence tomography. J Biophotonics. 2015;8:846-
54. https://doi.org/10.1002/jbio.201400113

Yang SE, Jo AR, Lee HJ, Kim SY. Analysis of the characteristics of
cracked teeth and evaluation of pulp status according to peri-
odontal probing depth. BMC Oral Health. 2017;17:135. https://doi.
org/10.1186/512903-017-0434-x

Lee SH, Lee JJ, Chung HJ, Park JT, Kim HJ. Dental optical coherence
tomography: new potential diagnostic system for cracked-tooth syn-
drome. Surg Radiol Anat. 2016;38:49-54. https://doi.org/10.1007/
500276-015-1514-8

Guo J, Wu Y, Chen L, Long S, Chen D, Ouyang H, et al. A perspec-
tive on the diagnosis of cracked tooth: imaging modalities evolve
to Al-based analysis. Biomed Eng Online. 2022;21:36. https://doi.
org/10.1186/512938-022-01008-4

Ei TZ, Shimada Y, Abdou A, Tagami J, Sumi Y, Sadr A. Three-
dimensional assessment of proximal contact enamel using optical
coherence tomography. Dent Mater. 2019;35:e74-82. https://doi.
org/10.1016/j.dental.2019.01.008

Hausdorfer T, Harms L, Kanzow P, Hulsmann M. Three visual-
diagnostic methods for the detection of enamel cracks: an in vitro
study. J Clin Med. 2023;12:973. https://doi.org/10.3390/jcm 12030973
Hovander D, Chyz G, Shimada Y, Tagami J, Sadr A. Optical coher-
ence tomography evaluation of deep dentin crack removal tech-
niques. JADA Found Sci. 2022;1:100012. https://doi.org/10.1016/j.
jfscie.2022.100012

Heck K, Litzenburger F, Geitl T, Kunzelmann KH. Near-infrared reflec-
tion at 780 nm for detection of early proximal caries in posterior per-
manent teeth in vitro. Dentomaxillofac Radiol. 2021;50:20210005.
https://doi.org/10.1259/dmfr.20210005

Macey R, Walsh T, Riley P, Hogan R, Glenny AM, Worthington HV, et al.
Transillumination and optical coherence tomography for the detec-
tion and diagnosis of enamel caries. Cochrane Database Syst Rev.
2021;1:CD013855. https://doi.org/10.1002/14651858.CD013855
Rashed B, lino Y, Ebihara A, Okiji T. Evaluation of crack formation and
propagationwith ultrasonicroot-end preparation and obturation using
a digital microscope and optical coherence tomography. Scanning.
2019;2019:5240430. https://doi.org/10.1155/2019/5240430

Huang D, Swanson EA, Lin CP, Schuman JS, Stinson WG, Chang W,
et al. Optical coherence tomography. Science. 1991;254:1178-81.
https://doi.org/10.1126/science.1957169

Alqussier AM. Different modalities in caries detection and diagnosis.
In: Askar H, editor. Dentistry. London: IntechOpen; 2024. https://doi.
org/10.5772/intechopen.113363

Yu M, Li J, Liu S, Xie Z, Liu J, Liu Y. Diagnosis of cracked tooth: clini-
cal status and research progress. Jpn Dent Sci Rev. 2022;58:357-64.
https://doi.org/10.1016/j.jdsr.2022.11.002

Segarra MS, Shimada Y, Sadr A, Sumi Y, Tagami J. Three-
dimensional analysis of enamel crack behavior using optical
coherence tomography. J Dent Res. 2017;96:308-14. https://doi.
org/10.1177/0022034516680156

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

ACTA ODONTOLOGICA SCANDINAVICA 198

Shimada Y, Yoshiyama M, Tagami J, Sumi Y. Evaluation of dental car-
ies, tooth crack, and age-related changes in tooth structure using
optical coherence tomography. Jpn Dent Sci Rev. 2020;56:109-18.
https://doi.org/10.1016/j.jdsr.2020.08.001

Abu Saleah S, Cho H, Amrin Luna J, Seong D, Eranga Wijesinghe R,
Han S, et al. Development of optical coherence tomography incor-
porated image processing algorithms for the multidimensional
assessment of concealed enamel micro-crack. Infrared Phys Technol.
2024;140:105377. https://doi.org/10.1016/j.infrared.2024.105377
Chen C, Zhang W, Liang Y. Evaluation of apical root defects during
canal instrumentation with two different nickel-titanium (NiTi)
systems by optical coherence tomography (OCT) scan. J Dent Sci.
2022;17(2):763-70. https://doi.org/10.1016/j.jds.2021.10.009

Kim JM, Kang SR, Yi WJ. Automatic detection of tooth cracks in
optical coherence tomography images. J Periodontal Implant Sci.
2017;47:41-50. https://doi.org/10.5051/jpis.2017.47.1.41

Dao Luong MN, Shimada Y, Turkistani A, Tagami J, Sumi Y, Sadr A.
Fractography of interface after microtensile bond strength test
using swept-source optical coherence tomography. Dent Mater.
2016;32:862-9. https://doi.org/10.1016/j.dental.2016.03.019
Nakajima Y, Shimada Y, Miyashin M, Takagi Y, Tagami J, Sumi Y.
Noninvasive cross-sectional imaging of incomplete crown fractures
(cracks) using swept-source optical coherence tomography.IntEndod
J.2012;45:933-41. https://doi.org/10.1111/j.1365-2591.2012.02052.x
Shimada Y, Tagami J, Sumi Y. Potential and limitations of OCT for
assessing dental caries and tooth crack. J Jpn Soc Laser Dent.
2014;25:159-64. https://doi.org/10.5984/jjpnsoclaserdent.25.159
Fried WA, Simon JC, Lucas S, Chan KH, Darling CL, Staninec M, et
al. Near-IR imaging of cracks in teeth. Proc SPIE Int Soc Opt Eng.
2014;8929:89290Q. https://doi.org/10.1117/12.2045686

Hariri I, Sadr A, Nakashima S, Shimada Y, Tagami J, Sumi Y. Estimation
of the enamel and dentin mineral content from the refractive index.
Caries Res. 2013;47:18-26. https://doi.org/10.1159/000342416
Meng Z, Yao XS, Yao H, Liang Y, Liu T, Li Y, et al. Measurement of the
refractive index of human teeth by optical coherence tomography.
J Biomed Opt. 2009;14:034010. https://doi.org/10.1117/1.3130322
Jones RS, Huynh GD, Jones GC, Fried D. Near-infrared transillumina-
tion at 1310-nm for the imaging of early dental decay. Opt Express.
2003;11:2259-65. https://doi.org/10.1364/0E.11.002259

Fried D, Featherstone JDB, Darling CL, Jones RS, Ngaotheppitak P,
Buihler CM. Early caries imaging and monitoring with near-infrared
light. Dent Clin North Am. 2005;49:771-93. https://doi.org/10.1016/j.
cden.2005.05.008

Hariri I, Sadr A, Shimada Y, Tagami J, Sumi Y. Effects of structural
orientation of enamel and dentine on light attenuation and local
refractive index: an optical coherence tomography study. J Dent.
2012;40:387-96. https://doi.org/10.1016/j.jdent.2012.01.017

Tabata T, Shimada Y, Sadr A, Tagami J, Sumi Y. Assessment of enamel
cracks at adhesive cavosurface margin using three-dimensional
swept-source optical coherence tomography. J Dent. 2017;61:28-32.
https://doi.org/10.1016/j.jdent.2017.04.005

Kang SR, Kim JM, Kim SH, Park HJ, Kim Tl, Yi WJ. Tooth cracks detection
and gingival sulcus depth measurement using optical coherence
tomography. Annu Int Conf IEEE Eng Med Biol Soc. 2017;2017:4403-
6. https://doi.org/10.1109/EMBC.2017.8037832

Sahyoun CC, Subhash HM, Peru D, Ellwood RP, Pierce MC. An experi-
mental review of optical coherence tomography systems for nonin-
vasive assessment of hard dental tissues. Caries Res. 2020;54:43-54.
https://doi.org/10.1159/000502375

Luong MN, ShimadaY, Sadr A, Yoshiyama M, Sumi Y, Tagami J. Cross-
sectional imaging of tooth bonding interface after thermal stresses
and mechanical fracture. Dent Mater J. 2018;37:754-60. https://doi.
0rg/10.4012/dmj.2017-289

Aguirre AD, Zhou C, Lee HC, Ahsen OO, Fujimoto JG. Optical coher-
ence microscopy. In: Drexler W, Fujimoto JG, editors. Optical coher-
ence tomography. Cham: Springer; 2015. p. 865-911. https://doi.


https://doi.org/10.1007/s40496-015-0045-z
https://doi.org/10.1007/s40496-015-0045-z
https://doi.org/10.1016/j.joen.2012.05.008
https://doi.org/10.1016/j.joen.2012.05.008
https://doi.org/10.1016/S0099-2399(06)81571-2
https://doi.org/10.1016/j.joen.2017.01.019
https://doi.org/10.1002/jbio.201400113
https://doi.org/10.1186/s12903-017-0434-x
https://doi.org/10.1186/s12903-017-0434-x
https://doi.org/10.1007/s00276-015-1514-8
https://doi.org/10.1007/s00276-015-1514-8
https://doi.org/10.1186/s12938-022-01008-4
https://doi.org/10.1186/s12938-022-01008-4
https://doi.org/10.1016/j.dental.2019.01.008
https://doi.org/10.1016/j.dental.2019.01.008
https://doi.org/10.3390/jcm12030973
https://doi.org/10.1016/j.jfscie.2022.100012
https://doi.org/10.1016/j.jfscie.2022.100012
https://doi.org/10.1259/dmfr.20210005
https://doi.org/10.1002/14651858.CD013855
https://doi.org/10.1155/2019/5240430
https://doi.org/10.1126/science.1957169
https://doi.org/10.5772/intechopen.113363
https://doi.org/10.5772/intechopen.113363
https://doi.org/10.1016/j.jdsr.2022.11.002
https://doi.org/10.1177/0022034516680156
https://doi.org/10.1177/0022034516680156
https://doi.org/10.1016/j.jdsr.2020.08.001
https://doi.org/10.1016/j.infrared.2024.105377
https://doi.org/10.1016/j.jds.2021.10.009
https://doi.org/10.5051/jpis.2017.47.1.41
https://doi.org/10.1016/j.dental.2016.03.019
https://doi.org/10.1111/j.1365-2591.2012.02052.x
https://doi.org/10.5984/jjpnsoclaserdent.25.159
https://doi.org/10.1117/12.2045686
https://doi.org/10.1159/000342416
https://doi.org/10.1117/1.3130322
https://doi.org/10.1364/OE.11.002259
https://doi.org/10.1016/j.cden.2005.05.008
https://doi.org/10.1016/j.cden.2005.05.008
https://doi.org/10.1016/j.jdent.2012.01.017
https://doi.org/10.1016/j.jdent.2017.04.005
https://doi.org/10.1109/EMBC.2017.8037832
https://doi.org/10.1159/000502375
https://doi.org/10.4012/dmj.2017-289
https://doi.org/10.4012/dmj.2017-289
https://doi.org/10.1007/978-3-319-06419-2_29

199 A.ALQUSSIER

[40]

[41]

[42]

[43]

[44]

org/10.1007/978-3-319-06419-2_29

Li Z, Holamoge YV, Li Z, Zaid W, Osborn ML, Ramos A, et al. Detection
and analysis of enamel cracks by ICG-NIR fluorescence dental imag-
ing. Ann N Y Acad Sci. 2020;1475:52-63. https://doi.org/10.1111/
nyas.14374

Nakagawa H, Sadr A, Shimada Y, Tagami J, Sumi Y. Validation of swept
source optical coherence tomography (SS-OCT) for the diagnosis
of smooth surface caries in vitro. J Dent. 2013;41:80-9. https://doi.
0rg/10.1016/}.jdent.2012.10.007

Austin RS, Haji Taha M, Festy F, Cook R, Andiappan M, Gomez J, et
al. Quantitative swept-source optical coherence tomography of
early enamel erosion in vivo. Caries Res. 2017;51:410-8. https://doi.
org/10.1159/000477098

Nazari A, Sadr A, Campillo-Funollet M, Nakashima S, Shimada Y,
Tagami J, et al. Effect of hydration on assessment of early enamel
lesion using swept-source optical coherence tomography. J
Biophotonics. 2013;6:171-7. https://doi.org/10.1002/jbio.201200012
Tofighi Zavareh A, Barajas O, Hoyos S. An efficient

[45]

[46]

[47]

estimation algorithm for the calibration of low-cost SS-OCT sys-
tems. In: Proceedings of the IEEE 14th International Symposium
on Biomedical Imaging (ISBI 2017). p. 1169-72. https://doi.
org/10.1109/1SBI.2017.7950724

Hu J, Wu S, Shi G, Fan J, Yu H, Chen S. Design of an endoscopic OCT
probe based on piezoelectric tube with quartered outside elec-
trodes. Front Bioeng Biotechnol. 2024;12:1391630. https://doi.
org/10.3389/fbioe.2024.1391630

Kim H, Cho H, Lee W, Son K, Lee K, Jeon M, et al. Development of
handheld optical coherence tomography based on commercial
intra-oral scanner shape for extended clinical utility in dentistry. Int
J Imaging Syst Technol. 2024;34:e23024. https://doi.org/10.1002/
ima.23024

Alghilan MA, Lippert F, Platt JA, Eckert GJ, Gonzalez-Cabezas C,
Fried D, et al. Impact of surface micromorphology and demineral-
ization severity on enamel loss measurements by cross-polarization
optical coherence tomography. J Dent. 2019;81:52-8. https://doi.
org/10.1016/j.jdent.2018.12.009


https://doi.org/10.1007/978-3-319-06419-2_29
https://doi.org/10.1111/nyas.14374
https://doi.org/10.1111/nyas.14374
https://doi.org/10.1016/j.jdent.2012.10.007
https://doi.org/10.1016/j.jdent.2012.10.007
https://doi.org/10.1159/000477098
https://doi.org/10.1159/000477098
https://doi.org/10.1002/jbio.201200012
https://doi.org/10.1109/ISBI.2017.7950724
https://doi.org/10.1109/ISBI.2017.7950724
https://doi.org/10.3389/fbioe.2024.1391630
https://doi.org/10.3389/fbioe.2024.1391630
https://doi.org/10.1002/ima.23024
https://doi.org/10.1002/ima.23024
https://doi.org/10.1016/j.jdent.2018.12.009
https://doi.org/10.1016/j.jdent.2018.12.009

