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Abstract

Background. Medical digital imaging is the basis of effective medical diagnosis and is now in the mainstream
ofa dynamically developing branch of science. Optical coherence tomography (OCT) enables real-time in situ
imaging of tissues without the need for biopsy, histological procedures or X-rays.

Objectives. The aim of the study was to evaluate the application of OCT in orthodontic diagnostics and
clinical practice by assessing the thickness of the enamel before and after orthodontic treatment.

Material and methods. A hundred and eighty teeth in this in vitro study were divided into 3 groups
of 60 teeth each. In each group (Group T — metal brackets, Group 2 — ceramic brackets and Group 3 — com-
posite brackets), the orthodontic brackets were attached to the enamel using the 5®-generation adhesive
system. The image of the enamel tissue was captured with a 30—0CT camera before installing orthodontic
brackets and after debonding and mechanical processing. The obtained OCT scans were subjected to expert
IT analysis. For the statistical analysis, the Shapiro-Wilk test, the median test, the Mann-Whitney U test,
Friedman two-way analysis of variance (ANOVA), Wilcoxon matched pairs signed ranks test, the y? test
of independence with Yates's correction, and Fisher's exact test were used. Maxwell's general principle was
followed when using this type of test. The level of significance was set at p = 0.05.

Results. The thickness of the enamel varied least when metal brackets were used. The changes in enamel
thickness in the composite and ceramic bracket groups were not statistically significant.

Conclusions. Optical coherence tomography is an effective diagnostic tool to evaluate the thickness of the
enamel tissue before and after orthodontic treatment. Changes in the enamel layer thickness after orthodontic
treatment are determined by the type of material which the orthodontic bracket is made of.
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Background

The concept of tomography refers to a method that
provides images showing sections of the tested struc-
ture. The 1%t CT scanner, constructed in 1967, initiated
the rapid development of medical imaging. A common
feature among the different types of CT devices is the non-
invasive imaging of tissue structures and internal organs.
The desire to minimize invasive methods, such as biopsy
or exploratory surgery, which are painful and may cause
deterioration in the patient’s condition, was the impetus
for the improvement of CT equipment. As a result, com-
pletely new technologies were developed, such as magnetic
resonance imaging (MRI), ultrasonography (USG), posi-
tron emission tomography (PET), single photon emission
computed tomography (SPECT), and the latest and more
widely used optical coherence tomography (OCT).

The method of OCT using interferometry with partially
coherent light was first presented in 1991 at the Massa-
chusetts Institute of Technology (MIT), Cambridge, USA.!
The 1% in vivo measurements of the section of the human
retina were made 2 years later in Vienna, Austria.? The 1t
commercial optical tomography device was produced
in 1996 by Zeiss-Humphrey.?

Optical coherence tomography provides images of the
sections of tissues in a non-contact and non-invasive man-
ner. The device measures the time delay and intensity of the
light scattered or reflected from biological tissues, which
results in tomographic imaging of their internal structure.
This is achieved by scanning tissues at a resolution ranging
from 1 to 15 pm. Optical coherence tomography enables
real-time in situ imaging of tissues without the need for
biopsy, histological procedures or X-rays, so it can be used
in many fields of medicine. Its properties are particularly
used in ophthalmology — in the diagnosis of all layers of the
retina — but also increasingly in cardiology, gastroenterol-
ogy, pulmonology, oncology, and dermatology.

The latest studies focus primarily on the early diag-
nosis of caries, the assessment of dental fillings, and the
evaluation of periodontal and mucosal tissues and tooth
structure.*13

Objectives

In this article, we illustrated the application of OCT
in orthodontic diagnostics and clinical practice by as-
sessing the thickness of the enamel before and after orth-
odontic treatment. This method has a great impact on the
proper treatment and choice of material and is already
used by us. The possibility of appraising the enamel state
and thickness enables the correct selection of the adhesive
materials and type of bracket. Therefore, it should be in-
troduced widely for clinical practitioners.
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Material and methods

The study was carried out in an in vitro environment.
The material comprised 180 teeth, divided into 3 groups
of 60 teeth each. In each group, the orthodontic brackets
were attached to the tooth surface using the 5™-generation
adhesive system that uses the classic method of enamel
etching with orthophosphoric acid. In the 1% group, steel
orthodontic brackets were used. The 2" group had ceramic
brackets attached, while the 3" group was given composite
brackets.

The experiment was carried out on premolars, extracted
for orthodontic and periodontal reasons. The exclusion
criteria were defined by the following conditions: the pres-
ence of developmental defects of enamel, i.e., hypoplasia,
turbidity or discoloration (which is a symptom of caries),
and fillings on the vestibular surface.

The teeth which qualified for research were stored for
30 days in demineralized water with a crystal of thymol
(0.1%) at room temperature. Before fastening orthodontic
brackets, the tooth surface was cleaned using a polish-
er (TopDental, Bielsko-Biala, Poland) with fluoride-free
toothpaste, Pressage (Shofu Inc., Kyoto, Japan), designed
to prepare the enamel before fastening orthodontic brack-
ets. Then, the teeth were washed with distilled water and
dried with compressed air for 15 s. For fastening orthodon-
tic brackets, an orthodontic composite material, Trans-
bond™ XT Light Cure Adhesive (3M Unitek, Diegem,
Belgium), was used.

In the 1% group, the vestibular surface of the tooth was
etched for 30 s with a 37% solution of phosphoric acid
— Blue-Etch (Cerkamed, Stalowa Wola, Poland) — rinsed
with distilled water for 15 s, and dried using compressed
air. The adhesive system OptiBond Plus Solo (Kerr, Orange,
USA) was rubbed with an applicator into the etched enam-
el surface for 15 s, then the surface was dried under a gentle
stream of air for 3 s and cured with a halogen lamp with
a light intensity of 750 mW/cm? for 20 s. The orthodontic
composite material Transbond™ XT Light Cure Adhe-
sive was applied to the bracket surface. The bracket was
pressed against the enamel surface with common tweezers.
The orthodontic bracket was placed in the middle of the
mesial-distal axis of the tooth, moving its center 3.5 mm
away from the edge of the occlusal surface. The distance
was measured using an orthodontic positioner. After the
proper placement of the bracket, the material was sub-
jected to polymerization with a halogen lamp for 40 s.

In the 2™ group, the self-etching adhesive system G-Bond
(GC, Tokyo, Japan) was used. The self-etching primer was
left for 10 s after being applied to the tooth surface using
an applicator, and then the excess was removed via an air
stream for 5 s. After this time, the system was polymerized
with a halogen lamp with a light intensity of 750 mW/cm?
for 20 s. The orthodontic composite material Transbond™
XT Light Cure Adhesive was applied to the surface of the
hook. The orthodontic hook was placed onto the tooth
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surface using the method described above. The teeth with
the fixed orthodontic brackets were stored in demineral-
ized water at room temperature for 24 h. After this time,
the hooks were removed mechanically with ix827 pliers
(DB Orthodontics Ltd, Silsden, UK), designed for remov-
ing all types of brackets. Residues of the adhesive material
were removed from the enamel surface using a cemented
carbide milling cutter — H390.204 AGK (Komet URPOL,
Kedzierzyn-Kozle, Poland) — which has 8 notches, a length
of 3.6 mm, and a diameter of 0.1 mm. The enamel was pro-
cessed with the use of a micromotor commonly mounted
to a dental unit at a speed of 40,000 rpm with water cool-
ing and a pressure force of 1.0 N. The force was measured
on a test stand consisting of scales, on which the processed
tooth was placed. The procedure of cleaning the enamel
was considered to be finished based on a naked-eye ex-
amination and by touching with a 23-cm stylet under the
dental unit light. The assessment criteria were the smooth-
ness of the tooth surface and the absence of the compos-
ite material residues. Tooth scans were performed using
3D-OCT tomography. The area of the test teeth was im-
aged with a 3D-OCT camera (Topcon, Las Vegas, USA)
(Fig. 2) in 2 modes T0, imaging of the tooth surface before
installing orthodontic brackets, and T1, imaging of the
tooth surface after debonding and mechanical processing.
Each time, 2-dimensional scans were performed, allowing

Fig. 1. 1 — extracted central lower incisor, captured using a digital camera
with the resolution of 16.2 Mpix; coupled with tomography; 2 — window
of the scanning area; 3 — the silicone matrix made for repeatable tooth
positioning in the frontal, sagittal and horizontal plane relative to the
optical axis of the optical coherence tomography (OCT)
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for a clear illustration of the enamel damage in a vertical
plane. The procedure showed the entire surface of the tis-
sue and allowed for the subsequent comparative analysis
of changes in its structure. The 3D-OCT device, in addi-
tion to CT, has a coupled digital camera with a resolution
of 16.2 Mpix, which provides highly accurate images of the
test area with 20-fold zoom without a loss in image quality.
The technology of Fourier Domain OCT (S-OCT), which
uses spectral analysis, provides very quick scanning (27,000
A-scans/s), a high axial resolution of 5 pym and a horizon-
tal resolution of 20 um. The use of a pulsed light source,
which is a superelectroluminescent diode (SLED) in the
OCT, allows for better detection of low-contrast centers.
The wavelength is 840 nm and the half-width is 50 nm.
The 3D OCT-2000 has a scanning range of 6 x 6 mm hori-
zontally and 2.3 mm into the tissue. It is a device designed
for ophthalmic diagnostics, whose system enables the vir-
tual segmentation of the retina into layers, allowing for the
assessment of the photoreceptors and pigment epithelium.
The wavelength of 840 nm and the depth of penetration
into the tissue also allow for imaging of the tooth enamel
tissue through its entire thickness. It was possible to obtain
accurate scans of the surface and enamel structure of the
teeth with appropriate repeatability during 3 examinations
owing to a special matrix made for each tooth. The matrix
allowed for repeatable tooth positioning in the frontal, sag-
ittal and horizontal plane relative to the optical axis of the
OCT. The matrix was made of c-silicone Zetalabor hard
85 Shore A (Zhermack, Badia Polesine, Italy), on the basis
of the tooth impression in the long axis, so that the ves-
tibular surface of the crown remained above the silicone.
The support for the silicone was a mold with an attachment
fixed with respect to the optical axis of the OCT.

Fourier Domain OCT technology (S-OCT) allows for
high-resolution spectral analysis, greater than 5 pm axi-
ally and 20 pm horizontally, and a quick scan of 27,000
A-scans/s. A 2-dimensional tomographic scan of the tooth
is composed of 3 types of scans: A, B and C. Scan A mea-
sures the axial penetration depth of light in comparison
to the reflectance curve. Scan B gives sagittal scans of the
object and scan C provides lateral scanning images at

Fig. 2A. The axial aspect of the scan presented in Fig. 1,
the A scan

1 —the outer layer of the enamel; 2 — the inner layer of the
enamel; 3 - the axial plane in relation to which the scan
was made.

()
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measurement of every tooth’s enamel thickness before and
after treatment. The determination of enamel thickness
was possible because the algorithm automatically deter-
mined the position of both the outer and inner enamel
layers directly in the image. In this manner, 20,000 scans
were measured.

The results obtained in the study were statistically ana-
lyzed. The Shapiro-Wilk test was used to verify the hypoth-
esis of normality of the variable distribution. To verify the
hypothesis of the existence and non-existence of differenc-
es between the mean values for the independent variables,
the median test and the Mann-Whitney U test were used.
To verify the hypothesis of the existence or non-existence
of differences between the mean values for the depen-
dent variables, the Friedman two-way analysis of variance
(ANOVA) and Wilcoxon matched pairs signed ranks tests
were used. In order to assess the correlation between sac-
cadic and qualitative variables, the ¥ test of independence,
the x? test of independence with Yates’s correction and the
Fisher’s exact test were used. Maxwell’s general principle
was followed when using this type of tests. The diversity
of many variables in the categories determined by qualita-

=

Fig. 2B. The sagittal aspect of the scan presented in Fig. 1, the B scan

1 —the outer layer of the enamel; 2 — the inner layer of the enamel.

Fig. 2C. Coronal lateral scanning at a constant depth of the tooth

presented in Fig. 1, the C scan

1 — the contour of a tooth at the 389 layer of the enamel tomographic scan.

a constant depth. Figures 1, 2A, 2B, and 2C show examples
of the individual scans of the tooth.

The resulting OCT scans were subjected to an expert IT
analysis. Image pre-processing involved automatic reading
of the order of OCT images from the source file with the
*fds file extension, allowing for the development of ma-
trices of individual images.

The IT analysis, which was performed owing to a special-

tive factors was analyzed using the analysis of variance/
analysis of covariance (ANOVA/ANCOVA) models of uni-
variate analysis of variance. When verifying all hypotheses,
the level of significance was set at p = 0.05.

Results

The 1% step in the analysis was to measure the enamel
thickness before the orthodontic treatment in all of the test
samples. The calculation of the average, minimum, and

maximum enamel thickness before the orthodontic treat-
ment and the average, minimum and maximum enamel

ly developed algorithm, was accurately described and pub-
lished previously.'* The algorithm allowed for an automatic

Table 1. The characteristics of the variables obtained

| p-value

Variables| n | M

I_Avg 180 564.53 539.85 257.50 1,093.05 476.53 643.75 167.22 137.30 0.0003
I_Min 180 183.14 185.00 0.00 400.00 140.00 245.00 105.00 83.23 0.0042
I_Max 180 1,515.91 1,297.50 600.00 4,255.00 1,015.00 1,900.00 885.00 700.86 2.1865
|_Stdev 180 201.22 163.84 5795 740.54 118.66 226.71 108.05 126.67 1.3077
V_Avg 180 470.85 447.85 17214 844.79 369.96 564.13 194.16 130.87 2.2849
V_Min 180 130.27 135.00 0.00 360.00 80.00 185.00 105.00 76.77 0.0023
V_Max 180 1,098.84 1,037.50 450.00 2,755.00 825.00 1,280.00 455.00 424.24 1.3652
V_StDev 180 149.46 130.94 3511 618.01 9291 185.42 92.51 87.49 2.2893
Dif_Avg 180 93.67 67.72 -142.77 563.03 29.20 150.83 121.62 100.24 1.0034
Dif_Min 180 52.87 50.00 -185.00 220.00 15.00 85.00 70.00 53.02 0.0001
Dif_Max 180 417.06 197.50 -1,415.00 3,215.00 25.00 685.00 660.00 636.66 13414

n - number of samples; M - arithmetic mean; Me — median; Min-Max - range of variation; Q1 - 1°t quartile; Q3 - 3 quartile; R — interquartile range; SD

- standard deviation; I_Avg — average enamel thickness before the orthodontic treatment; I_Min — minimum enamel thickness before the orthodontic
treatment; |_Max — maximum enamel thickness before the orthodontic treatment; V_Avg - average enamel thickness prior to orthodontic treatment;
V_Min = minimum enamel thickness prior to orthodontic treatment; V_Max — maximum enamel thickness prior to orthodontic treatment;

Dif_Avg - difference in average enamel thickness prior to orthodontic treatment and after its completion; Dif_Min - difference in minimum enamel
thickness prior to orthodontic treatment and after its completion; Dif_Max — difference in maximum enamel thickness prior to orthodontic treatment and
after its completion.
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thickness, after the orthodontic treatment was conducted.
All of the outcomes are presented in Table 1.

By using the metal brackets, the average thickness of the
enamel after the end of treatment (V_Avg) was 487.05 pm,
the minimum (V_Min) was 125.41 pm and the maximum
(V_Max) was 1046.50 pm. To find the differences between
the thickness of the initial and final values (before and
after treatment), the 2 equitable values were subtracted.
By those means, the variables Dif Avg (difference in aver-
age enamel thickness prior to orthodontic treatment and
after its completion), Dif_Min (difference in minimum
enamel thickness prior to orthodontic treatment and after

its completion) and Dif_Max (difference in maximum
enamel thickness prior to to orthodontic treatment and
after its completion) were achieved. All of the described
variables are presented in Table 2. The average difference
(Dif_Avg) between the thickness of the enamel before and
after orthodontic treatment using the metal brackets was
63.15 pm and was statistically lower in comparison with
ceramic (p < 0.018) and composite brackets (p < 0.006).
Statistical analysis confirmed that the thickness of the
enamel varies least using metal brackets.

The average thickness of the enamel after treatment with
ceramic brackets (V_Avg) was 461.00 pum, the minimum

Table 2. Thickness of the vestibular enamel [um] after the orthodontic treatment in the metal bracket group

Variables |
V_Avg 60 487.05 460.82 259.16
V_Min 60 12541 132.50 0.00
V_Max 60 1,046.50 1,010.00 540.00
Dif_Avg 60 63.15 391 -142.77
Dif_Min 60 51.25 45.00 -80.00
Dif_Max 60 485.83 185.00 -915.00

844.79 379.82 565.94 186.12 137.13
360.00 75.00 177.50 102.50 84.14
2,075.00 8,300.00 1,210.00 380.00 303.21
286.02 22.88 113.18 90.30 73.09
220.00 10.00 72.50 62.50 54.52
3,215.00 47.50 740.00 692.50 752.51

n - number of samples; M — arithmetic mean; Me — median; Min-Max - range of variation; Q1 — 15 quartile; Q3 - 3 quartile; R — interquartile range;

SD - standard deviation; V_Avg — average enamel thickness prior to orthodontic treatment; V_Min — minimum enamel thickness prior to orthodontic
treatment; V_Max — maximum enamel thickness prior to orthodontic treatment; Dif_Avg — difference in average enamel thickness prior to orthodontic
treatment and after its completion; Dif_Min - difference in minimum enamel thickness prior to orthodontic treatment and after its completion;
Dif_Max - difference in maximum enamel thickness prior to orthodontic treatment and after its completion.

Table 3. Thickness of the vestibular enamel [um] after the orthodontic treatment in the ceramic bracket group

Variables |
V_Avg 60 46144 454.39 269.35 744.30 375.32 54299 202.88 143.29
V_Min 60 150.90 150.00 0.00 310.00 100.00 200.00 105.00 75.57
V_Max 60 1,07745 1,005.00 450.00 2,640.00 810.00 1,220.00 525.00 437.81
Dif_Avg 60 11114 81.53 -53.98 563.03 30.68 153.72 119.33 96.04
Dif_Min 60 44.01 35.00 -185.00 200.00 5.00 80.00 80.00 58.68
Dif_Max 60 486.55 270.00 -595.00 2,200.00 60.00 935.00 650.00 610.66

n - number of samples; M — arithmetic mean; Me — median; Min-Max — range of variation; Q1 - 1°' quartile; Q3 - 3'¢ quartile; R - interquartile range;

SD - standard deviation; V_Avg — average enamel thickness prior to orthodontic treatment; V_Min — minimum enamel thickness prior to orthodontic
treatment; V_Max — maximum enamel thickness prior to orthodontic treatment; Dif_Avg — difference in average enamel thickness prior to orthodontic
treatment and after its completion; Dif_Min — difference in minimum enamel thickness prior to orthodontic treatment and after its completion;
Dif_Max — difference in maximum enamel thickness prior to orthodontic treatment and after its completion.

Table 4. Thickness of the vestibular enamel [um] after the orthodontic treatment in the composite bracket group

Variables |
V_Avg 60 464.73 418.98 172.14 774.27 354.87 589.92 167.67 116.14
V_Min 60 11538 115.00 0.00 250.00 70.00 170.00 100.00 74.75
V_Max 60 1,167.23 1,075.00 465.00 2,755.00 850.00 1,310.00 410.00 438.62
Dif_Avg 60 105.45 95.45 -13847 461.71 37.12 165.78 123.03 113.02
Dif_Min 60 62.69 60.00 -50.00 180.00 30.00 95.00 75.00 55.63
Dif_Max 60 288.38 125.00 -1,415.00 1,505.00 10.00 515.00 875.00 632.78

n — number of samples; M - arithmetic mean; Me - median; Min-Max - range of variation; Q1 - 15t quartile; Q3 - 3" quartile; R - interquartile range;
SD - standard deviation; V_Avg — average enamel thickness prior to orthodontic treatment; V_Min — minimum enamel thickness prior to orthodontic
treatment; V_Max — maximum enamel thickness prior to orthodontic treatment; Dif_Avg — difference in average enamel thickness prior to orthodontic

treatment and after its completion; Dif_Min - difference in minimum enamel thickness prior to orthodontic treatment and after its completion;
Dif_Max - difference in maximum enamel thickness prior to orthodontic treatment and after its completion.
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(V_Min) was 150.90 um and the maximum (V_Max) was
1077.45 pm. The average difference (Dif_Avg) between
the thickness of the enamel at the beginning and at the
end of treatment amounted to 111.14 pm. The differences
between the initial and final values were found in the same
manner as in the metal bracket group. All of the variables
are presented in Table 3.

In the groups treated with composite brackets, the thick-
ness of the enamel after the treatment was 464.73 pm
(V_Avg), 115.38 pm (V_min) and 1,167.23 pm (V_max).
The average loss of enamel was 105.45 um. The differences
between the initial and final values were found in the same
manner as in the metal and ceramic bracket groups. All
of the variables are presented in Table 4. Enamel thickness
changes in the composite and ceramic bracket groups were
not statistically significant (p < 0.005).

Discussion

The presented results show that the enamel thickness af-
ter completed treatment and its possible damage is depen-
dent on the type of orthodontic bracket. So far, evaluation
of the full tissue thickness has been difficult to carry out, so
there are not many publications to refer to when discuss-
ing the results. To date, only 2 recent publications have
revealed significant agreement in the potential of OCT as
aclinical tool to effectively measure the whole enamel layer
thickness.!>!¢ Some publications have acknowledged the
risk of using ceramic brackets and Suliman et al. widened
the available knowledge on the topic by evaluating 2 types
of these brackets, in which polycrystalline brackets were
found to be more dangerous to the enamel structure.!”-1?

A number of studies evaluating the loss of enamel thick-
ness and surface damage following the removal of brackets
have been published, in which the measuring tools were
a planer surfometer and profilometer.2°-2* These methods
allow for a small number of single tooth surface measure-
ments, while the studies carried out with a profilometer
and surface analyzer do not show the examined structure.
The newest methods of tooth enamel analysis include as-
sessment by means of an atomic force microscope (AFM).
This method shows promising results in depicting the
enamel surface, but still it does not allow to analyze the
whole tissue.?*~%” These methods, however, do not enable
automatic, quantitative measurement of the enamel thick-
ness in automatic comparison of image groups. This is the
case, where comparisons between specific areas of the
tooth enamel were made manually in OCT images.? Auto-
matic measurement was presented in the article.?” However,
the article concerns polarization-sensitive optical coherence
tomography (PS-OCT) and is not related to the problem
of overlapping individual images in the subsequent process-
ing stages of the tooth, as shown in this paper.

It can be assumed that residues which are invisible after
polishing the local resin may stay unrecognized and may
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be confused with enamel damage. Such phenomena can
have a major impact on the results of the examination.
The actual size of the resulting enamel damage can be
diametrically different than previously supposed. In addi-
tion, tooth surfaces which are not fully flat make it difficult
to carry out meaningful analysis. Only optical sensors and
scanning lasers can allow accurate volume and vertical
measurements of the enamel.3’ Recently, the use of scan-
ning electron microscope (SEM) after bracket debonding
has shown accuracy in conceptualizing the proper protocol
in removing the bonding remnants and in evaluating the
eventual damage after the finished treatment.?'-33 The dis-
tinction between the loss of enamel and residual resins
is only credible in the 3-dimensional evaluations that have
so far only been possible with laser scanning techniques.3*

A new application of the abovementioned device was
employed to evaluate the diversity of the image depending
on the size and depth of the generated pores of the enamel,
which affect the propagation of light waves in the tissue
and the appropriate image registration. Automatic analysis
of tooth enamel thickness as a tool for digital intraoral
imaging provides a number of possibilities. These include
area analysis of the enamel thickness (for each individual
tooth area separately) and enamel texture analysis. Imag-
ing and quantitative measurement of the enamel structure
before the installation of braces and after their removal
enables the exposure of the extent of the tooth tissue dam-
age depending on the brackets used and on the method
of attachment. Such method makes it possible to deduce
which bracket material and which installation technique
are the safest for tooth enamel.

The OCT capabilities commonly applied in many fields
of medicine (such as ophthalmology) are not yet fully used
in dentistry, mainly due to the low availability of custom-
ized intraoral equipment and the insufficient range of OCT
rays, which penetrate into the tissue to a depth of only a few
millimeters, depending on the apparatus type. Lesions
within the tooth tissue usually reach deeper, and are often
measured in centimeters, which makes it necessary to per-
form hundreds or even thousands of scans to illustrate the
entire lesion. To maximize the efficiency of the dental diag-
nostic OCT, the wavelengths of light responsible for gener-
ating the image should be subjected to testing. In the near-
infrared light range, the central wavelength determines
the maximum depth of penetration into the tissue due
to scattering and absorption properties.>® A wavelength
below 1000 nm provides the greatest imaging efficiency
because the light scattering properties are similar to the
size of the tissue particles. Hydrated tissues dissipate much
more energy than hard tissues containing a small percent-
age of water. For this reason, universal dental OCT should
offer the possibility to control the wavelength depending
on the type of tissue tested. A different wavelength must
be used to image the periodontal and tooth tissue per se.

Another problem arising in dental diagnosis is the qual-
ity of individual teeth. The enamel can vary in its structure
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in a single subject. Likewise, dental fillings or prosthetic
materials having a different composition reflect or absorb
light to varying degrees, which has a decisive effect on the
image quality and the correct interpretation of it. Materi-
als whose reflectance index is similar to that of the back-
ground will give a similar image. In addition to image qual-
ity, the ability to perform objective measurements of the
obtained scans is very important. To date, publications
have been mainly focused on the ability to obtain images
of individual structures and on their acquisition rate, which
is especially important in in vivo studies. We attempted
to develop an algorithm for rapid and accurate measure-
ments of tooth tissues. The presented algorithm is only
one way to complete the described task. Other authors are
already interested in the topic of OCT imaging in the field
of orthodontics, proving our hypothesis that OCT should
be incorporated into clinical diagnostics.?-36-40

Conclusions

Optical coherence tomography is an effective diagnostic
tool to evaluate the thickness of the enamel tissue before
and after orthodontic treatment. It provides tissue sec-
tions in a non-contact and non-invasive manner and allows
for real-time tissue imaging in situ, without the need for
histological procedures or, especially, the use of X-rays.
Therefore, it is suitable for dental and orthodontic diag-
nostics in patients of any age. It is first and foremost im-
portant in pediatric patients, where the safe X-ray dose
has not been precisely determined. Also, in this group
of patients, orthodontic treatment is often performed.
Considering the structure of young teeth susceptible
to damage caused by plaque, caries and acids, it is very
important in clinical practice to examine the structure
of the enamel before starting treatment, especially be-
cause changes in the enamel layer thickness after orth-
odontic treatment have proved to be determined by the
type of material which the orthodontic bracket is made
of. This analysis informs orthodontists as to which brac-
es should be used in specific cases. The method has great
applications in clinical practice, which will be shown
in an upcoming publication.
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