MEDICAL
SCIENCE

CLINICAL RESEARCH

. e-ISSN 1643-3750

© Med Sci Monit, 2022; 28: 937003
MON |TOR DOI: 10.12659/MSM.937003

Aecnted, 20720527 Can the Density of Mineralized Dental
Available online: 2022.06.09

Published, 2022.07.01 Tissues (Dentin and Enamel) Be Measured
and Compared with 3D Cone Beam Computed
Tomography in Cases of Ectodermal Dysplasia?

Authors’ Contribution: ABDEFG 1 Yasemin Yavuz 1 Department of Restorative Dentistry, Faculty of Dentistry, Harran University,

Study Design A Be 2 Ebru Akleyln Sanliurfa, Turkey
Data Collection B 2 Department of Pediatric Dentistry, Faculty of Dentistry, Dicle University,

Statistical Analysis C B0F 3 Mehmet Sinan Dogan Diyarbakir, Turkey
Data Interpretation D BF 4 Myroslav Goncharuk-Khomyn 3 Department of Pediatric Dentistry, Faculty of Dentistry, Harran University,
Manuscript Preparation E cs Zeki Akkus Sanliurfa, Turkey
Literature Search F 4 Department of Public Health and Humanitarian Disciplines, Uzhhorod National
Funds Collection G University, Uzhhorod, Ukraine
5 Department of Biostatistics, Faculty of Medicine, Dicle University, Diyarbakir,
Turkey
Corresponding Author: Yasemin Yavuz, e-mail: yyavuz-21@hotmail.com
Financial support: None declared
Conflict of interest: None declared

Background: Since 3-dimensional cone beam computed tomography (CBCT) started to be used in dentistry, mineral density
can now be examined with computer software from the data on the images obtained. Detailed and clear im-
ages at different slice intervals can be obtained with CBCT, and mineral density can be measured from the im-
age data on a computer with a Hounsfield unit (HU) scale. In addition to the broad opportunities presented by
CBCT, this feature has presented a wider perspective to researchers.

Material/Methods: In this study, the CBCT images obtained from patients with the genetic disorder of ectodermal dysplasia were
compared with the images of a control group to determine differences in mineralization of the teeth and to
show that these could be compared by measuring the mineral density of dentin and enamel tissues using the
HU scale on data from CBCT images. This opens new opportunities for cognitive and implementation research.

Results: In the study, CBCT images of 14 ectodermal dysplasia and 14 control group cases previously obtained for vari-
ous reasons were used. Mineral density measurements were made from 4 different regions of the teeth of the
ectodermal dysplasia and control groups (incisor edge of the crown, the center buccal, cervicale line, and apex
of the teeth), and the groups were compared.

Conclusions: The aim of this study was to provide a new overview of the feasibility and suitability of mineralization mea-
surement of dentin and enamel dental tissues with CBCT in ectodermal dysplasia and control groups.
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Background

Enamel is the hardest and densest mineralized tissue of the
human body. It has been reported that 96% by weight is min-
eralized material and the rest is composed of organic matter
and water [1]. The mineral portion consists of hydroxyapatite
crystals [2] with a diameter of about 5 um, tightly bound to-
gether in prisms. The prisms are separated by a very thin lay-
er of protein-based organic matrix [3,4].

Enamel prisms are perpendicular to the dentin-enamel junc-
tion and extend outward toward the tooth surface.

The analysis and density measurement of mineralized tissues
are important. CBCT is an effective and non-destructive tech-
nique for measuring the mineralization and thickness of den-
tin and enamel, which can be used in genetic research.

CBCT software has many different useful accessory options for
scientific research, one of which is the Hounsfield unit (HU)
scale. This is a numerical scale developed by Godfrey Newbold
Hounsfield in 1972, which can define the density of the images
on X-rays, and on CBCT in particular. Quantitative assessment
can be made of the density of bone and mineralized tissues us-
ing the HU scale in different patient groups, such as those with
the genetic disorder of ectodermal dysplasia. In a CBCT scan,
the HU is proportional to the degree of X-ray attenuation by the
tissue, and is shown in gray scale. The condition of tissues, es-
pecially bone destruction, can be defined according to the HU
scale. Each voxel has an HU unit between -1000 and +3000 [5-8].

Irregularities in tooth tissue development and mineralization
were thought to be associated with the development and ab-
normalities of ectodermal dysplasia.

Ectodermal dysplasia is an uncommon, inherited, developmental
disorder which affects 2 or more tissues developing from the
ectoderm such as the hair, nails, skin, sweat glands, and teeth.
It may be autosomal dominant, recessive, or X-chromosome
transmitted. Characteristic physical features of ectodermal dys-
plasia patients are short, fine, and sparse hair, eyebrows, and
eyelashes. When intraoral findings of the disease are evaluat-
ed, it is seen that both milk teeth and permanent dentition are
affected. There may be a reduced number of teeth (oligodontia
or hypodontia), and occasionally there are no teeth (anodon-
tia). Conic shape disorders are frequently seen in the existing
teeth. As a result of the absence of teeth or few teeth in the
development of the jaw, the alveolar crest does not develop
and there can be reduced vertical height [9-14].

Teeth, like bones, are hard tissues in the body with mineral
content. The mineral content plays an important role in de-
termining the properties of enamel and dentin tissue [15].
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The ratio of mineral volume is positively related to the mechan-
ical characteristics of tissues such as the bones and teeth. In
other words, however low the mineral content of enamel is,
the resistance and hardness of enamel will also be that low. It
has been concluded that when there is a decrease in the min-
eral content and mechanical properties of enamel, this gener-
ally results in restoration failure [16].

Evaluation of enamel mineral density has been found to be
helpful in the selection of the appropriate restorative treat-
ment and materials to provide a long-lasting restoration and
contributes to better quantitative evaluation of remineraliza-
tion agents and the related mechanisms [15]. Despite the de-
tailed examination of the morphology of teeth in ectodermal
dysplasia (ED) cases, it was observed that the mineral densi-
ty of the teeth was not evaluated in the studies.

Recent years, cone beam computed tomography (CBCT) has
become one of the advanced imaging methods that is increas-
ingly used in dentistry for diagnosis and treatment planning.
CBCT is an advanced imaging method greatly facilitating the
dentist in many areas such as orthodontics, orthognathic sur-
gery, the implant planning process, evaluation of the alveo-
lar bone, evaluation of pathological formations, diagnosis and
treatment of craniomaxillofacial fractures, examination of the
temporomandibular joint, measurement of dental and bone
loss, dental age estimation, determination of the position of
embedded teeth, and determination of the size of periapical
lesions and damage to the bone tissue [17-19].

On images obtained with CBCT, there are no unwanted image
distortions such as magnification and super-positioning, and
therefore measurements of actual dimensions can be obtained
separately from the images, and maxillofacial tissues can be
examined 3-dimensionally at intervals of micron thickness in
horizontal, frontal, and sagittal planes of the skull. The mineral
density of maxillofacial tissues can be measured with the HU
scale. CBCT provides information about healthy enamel and
dentin, initial decay lesions, and affected dentin mineral den-
sity. This information can provide the basis for future studies
of skin analysis and the efficacy of minimally invasive treat-
ments of caries [20-22].

While density measurements can be made by processing CBCT
DICOM image data with Mimics computer programs, density
measurements can also be made with the benefit of the HU
scale directly with CBCT devices.

The aim of this research was to determine utility of mineral-
ization density measurements of dental enamel and dentin
tissues with CBCT and the suitability of being able to make
comparisons of cases with a developmental disorder such as
ectodermal dysplasia with a control group to provide a general
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Figure 1. The measurement of the HU values on the CBCT image.

view of the differences in mineralization density in 3 separate
areas of the tooth crown.

Material and Methods

The HU measurement values obtained by the CBCT device are
shown in Figure 1. The measurement of HU values obtained
from the teeth was performed with a CBCT device (Imaging
Science International, Hatfield, USA) using the I-CAT Vision™
program.

In the 3D CBCT images of the patients, mineral density mea-
surements were made with I-CAT Vision™ in an average area
of 1 mm?2 Density measurements were made by determining
an area of approximately 1 mm? from 3 different regions of
the teeth (crown incisor edge/occlusal edge, buccal crown cen-
ter and buccal crown cervical line) on the CBCT images, with
scanning parameters of 12 KvP, 5 mA, and 8.9 s.

Each image was acquired by rotating the device 360 degrees
around the patient. All acquired images were recorded in Digital
Imaging and DICOM formats. Measurements were made at 3
separate times and the mean values of the measurements ob-
tained were used.

Comparisons made the same number of teeth in both groups.
All the images were from CBCT scans of 0.3 voxel dimensions.

The CBCT image data used were from ED cases (age range:
4-23 years old) who had CBCT taken for various reasons and
from an age and gender-matched control group with images
taken for orthodontic purposes.

CBCT images of 14 ectodermal dysplasia and 14 control group
cases were used.
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Since the age group of our ectodermal dysplasia cases who
applied to our clinics ranged from 4-23, the control group was
formed from the same age and same gender group.

The samples in the control group were selected from CBCT im-
ages taken for orthodontic purposes or in which the enamel
dentin tissues were not affected by considering age and gen-
der compatibility.

Mineral density measurements were made from the teeth in
the ectodermal dysplasia cases (127 teeth) and the teeth in
the same area in the control group (127 teeth). A total of 1778
enamel and dentin mineralization density were measured using
the HU scale from 4 different regions of crown incisor edge/
occlusal edge, buccal crown center, buccal crown cervical line
and apex of the teeth on the CBCT images of the ectodermal
dysplasia and control groups, and the groups were compared.

The enamel and dentin mineralization density values ob-
tained from the 4 different regions of the teeth crowns were
compared within and between the ED group and the control
group. Measurements were taken from the same number of
teeth in the same regions in the control group as there were
in the ED cases.

Approval for the study was granted by the Ethics Committee
of the Dentistry Faculty of Dicle University (investigator pro-
tocol number: 30.03.2022/2022-13).

Normal distribution of data was evaluated with the Shapiro-
Wilk test. Since the data were normally distributed, we used
the t test, which tests the mean of 2 independent groups, to
compare the groups among themselves. Mean+standard de-
viation was used to represent descriptive statistics. According
to the results of the analysis, the difference between groups
was significant (P<0.05).

Results

The mineral density values obtained from 3 different regions
(occlusal, buccal, and cervical) of the enamel in ED cases were
found to be lower than the enamel mineral density values ob-
tained from the control group (P<0.05).

A comparison of enamel mineralization density with HU scale
data is shown in Figure 2.

In ED cases, the mineral density values obtained from dentin
tissue in 4 different regions (occlusal, buccal, cervical, and apex)
of the teeth were found to be higher than the dentin miner-
al density values obtained from the control group (P<0.05).
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Figure 2. Comparison of Enamel Mineralization Density with HU
scale value.

Figure 3. Comparison of dentine mineralization density with HU
scale value.

Table 1. Comparison of HU scale and mineral density measurement averages in enamel and dentin in ED and Control groups.

Mineral density measurement averages in enamel and dentin by HU scale

Ectodermal dysplasia group
mineral density average

Control group
mineral density average

Enamel occlusal edge (n=127) 1980 2207
Enamel middle buccal (n=127) w2 w1
Enamel cenvicale (n=12) s a7
Dentine occlusal edge (n=127) ws 1589
Dentine middle buccal (n=127) 154 20
Dentine Cervicale (h=127) 8 268
Cmpex(=12) 063 o8

A comparison of dentine mineralization density with HU scale
data is shown in Figure 3.

The mean values of the enamel and dentin mineralization den-

sity obtained from 3 different regions of the teeth in the ED
study and control group are shown in Table 1.

Discussion

Like bone tissue, which is well known in the medical field, teeth
are one of the important hard tissues in the body. However, al-
though the morphology of the teeth has been extensively stud-
ied, the mineral density of the teeth has not been adequately
evaluated. In the field of dentistry, most of the dental miner-
al density studies have been micro-CT studies performed in
vitro, and in vivo studies did not examine the differences be-
tween the mineral densities of the teeth [15,23,24].

CBCT is an effective and non-invasive diagnostic imaging modal-
ity in clinical dentistry, which produces highly accurate life-size
images. Image-enhancing software such as Mimics can utilize

data from CBCT for 3-dimensional reconstruction and evalu-
ation of the mineral density of calcified tooth structures [25].
However, it should be noted that due to the obligation to re-
duce the radiation dose given to the patient and the envi-
ronment to the lowest level reasonably achievable, the den-
tist must comply with the ALARA principles (reasonably low).

Practical measures in dental practice for ALARA include field
of view (for all types of imaging, including cone beam comput-
ed tomography), exposure time, and anatomy, as well as di-
agnostic confirmation and preservation. This principle means
that even if it is a small dose, if there is no direct benefit from
administering that dose, one should try to avoid it. To do this,
3 basic protective measures in radiation safety can be used:
time, distance, and shielding.

Mineral density can be an essential criterion in the evaluation of
genetic disorders such as ectodermal dysplasia, but study results
showing the distribution of mineral density from crown to apex
in intact teeth for different tooth types have not been reported.
In the present study, measurements were taken of 3 regions of
crown enamel and dentin density using CBCT and the HU scale.
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The findings of the present study demonstrated that CBCT data
have the potential to show mineral density changes in the den-
tin and enamel of ED patients, and that HU values were low-
er than in the control group.

The HU measurement values obtained from crown cervical
line were lower than those obtained from the buccal center
and the crown incisor/occlusal edge in both the ED group and
the control group.

The study results showed that the extent to which dental tis-
sues are affected in diseases affecting growth and develop-
ment could be determined with values that can be measured
on CBCT with the HU scale.

According to the results of this study, the HU values of the
enamel and dentin density were lower in the cervical line than
in the other measured regions, which agrees with previous
studies showing that mineral density in teeth gradually was
reduced toward the cemento-enamel junction [15].

Enamel and dentin mineral density measurements in all teeth
tended to decrease gradually from the occlusal/incisors to
the dentin-enamel junction. Dentin mineral density measure-
ments in all teeth were lower than enamel mineral density
measurements.

When the enamel and dentin mineral density HU scale measure-
ment averages were compared in the ED and control groups,
it showed a gradual decrease from the occlusal/cutting edge
to the dentin-enamel junction. When enamel HU values in
the ED and control groups were compared, ED enamel miner-
al density measurements were found to be lower, but when
dentin HU values were compared, ED dentin mineral density
measurements were higher. The differences were found to be
statistically significant (P<0.05) (Table 1).

Mineral density distribution patterns are important in eval-
uating the mechanical properties of enamel and dentin [15].
Thus, in studies measuring to what extent dental enamel and
dentin tissues are affected by a disease or genetic disorder
that affects growth and development, the possibility is provid-
ed for new approaches that can be performed without dam-
aging dental tissues.

It has been reported that hydroxyapatite crystals of the outer
enamel are more concentrated than those in the inner enam-
el [26]. In addition, it has been reported that the volume ratio
of mineralized tissue decreases and has a lower stiffness/elas-
tic modulus in areas close to the enamel-dentin-enamel junc-
tion [27]. This explains why the HU values in cervical line enam-
el and dentin were lower than the buccal central and occlusal

CLINICAL RESEARCH

In the current study, the HU values of the enamel and dentin
in the ED group were lower than those of the control group in
all the evaluated regions.

The results of the present study showed a strong measurable
correlation between the mineral density analyses performed
with CBCT in the growth disorder of ectodermal dysplasia and
in the control group.

CBCT is also considered useful when using teeth for personal
identification, sex determination, and the event to which they
have been exposed, in forensic cases where other tissues have
decomposed underground [28].

The teeth arise from the interaction of 2 germ layers, the ecto-
derm and the mesoderm. The ectodermal tissue provides the
enamel, while the mesodermal tissue provides the dentin [29].

When we compared the enamel mineralization densities ob-
tained with the HU scale from 4 different regions of the crown
cutting edge/occlusal edge, buccal crown center, and buccal
crown cervical line in the ectodermal dysplasia and control
groups, the enamel density values in the ectodermal dyspla-
sia group were significantly higher than in the control group
values in all regions (P<0.05). Development of tooth enamel
occurs in the ectoderm germ layer [29]. It was thought that
enamel density values were low in ED cases due to a devel-
opmental disorder in the ectoderm layer (Figure 2). This low
density suggested that adhesive materials used for restorative
purposes could cause problems in the tooth filling-cavity wall
adhesions, and that dental fillings would not be long-lasting.

Dental dentin development takes place in the mesoderm germ
layer, and interestingly, while dentin density values in ED cases
were expected to be at normal values and equal to the control
group, dentin HU values obtained from the ED groups were
found to be higher than the dentin HU values obtained from
the control groups. The high dentin values in the ED groups
were seen as a subject to be investigated. HU scale values ob-
tained were seen significantly higher than the control group
dentin density values (P<0.05) (Figure 3).

To the best of our knowledge, this is the first study to have
evaluated mineral density using 3D CBCT imaging in patients
with ectodermal dysplasia compared with age- and sex-matched
control group subjects. Therefore, the results of this prelimi-
nary study might be of value in contributing to current know!-
edge of ectodermal dysplasia and the evaluation of mineral
density. However, although this study has demonstrated the
value of CBCT in the evaluation of mineral density, this imag-
ing method is not widely used by researchers.
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This study and similar studies to be conducted in the future
will provide researchers with new options and useful basic
data for the early detection of caries and the early detection
of caries risk, by measuring mineral density in enamel, den-
tin, and roots with an HU numerical standard.

Conclusions

The low enamel density values and statistically significant high
dentin values in ED cases should be investigated in future mul-
tidisciplinary laboratory studies.

Also, the differences in enamel and dentin HU values in the
ED and control groups suggested that further histological and
chemical analysis studies should be performed in hard tissues
such as other bones.

Low enamel density suggested that adhesive materials used
for restorative purposes could cause problems in the tooth fill-
ing-cavity wall adhesions, and that dental fillings would not
be long-lasting.
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The high dentin HU values in the ED groups warrant further
investigation.

With the development of CBCT technology, software programs
for the measurement of HU have become very useful. The data
obtained in this study may contribute to the scientific research
of further studies related to mineral density measurement.

The difference in HU values obtained from the measurements
in this study between the ED group and the control group
shows that CBCT is a useful imaging method in comparison
of mineral density.

One of the most important advantages is that CBCT HU val-
ues can be used to show whether or not the mineral density
in different regions of the teeth is affected in various diseases
and genetic disorders, without damaging the tissue.
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