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Objectives: To investigate genetic mutations, oro-dental features, tooth ultrastructures, and characteristics of
total-etch adhesives (Optibond FL; Kerr) and self-etch adhesives (Clearfill SE Bond; Kuraray) applied on the teeth of the
patients who affected with syndromic osteogenesis imperfecta and dentiongenesis imperfecta(DGI), compared with the

controls.

Methods: Three patients were diagnosed with osteogenesis imperfecta and dentinogenesis imperfecta at
Faculty of Medicine, Chulalongkorn University. Clinical, radiographic, and laboratory examination were performed.
Genetic mutations were analyzed by whole-exome sequencing (WES) and Sanger sequencing. Three teeth were obtained,
one tooth from each patient (DGl tooth). Each tooth sample was examined for its color by colorimeter, mineral
composition by Micro-CT scan, surface roughness by profilometer, microhardness by Knoop microhardness tester,
microscopic morphology by scanning electron microscope (SEM) and histology, and mineral composition by EDX. The
microtensile and microshear bond strengths (UTBS and pSBS) of two dental adhesive system, total-etch adhesives

(Optibond FL; Kerr) and self-etch adhesives (Clearfill SE Bond; Kuraray), were analyzed compared with the controls.

Results: WES identified that the patients with Ol and DGI harbored the missense mutations in COLIA2. The
DGl teeth were yellowish and dark. The size of dentin and pulp cavity and enamel surface roughness of DGI teeth were
diverse. Mineral density of DGl enamel was lower than that of the controls while the mineral density of DGI dentin was
variable. Knoop microhardness values of DGl dentin were statistically lower than those of the controls. Correspondingly,
DGl enamel also showed reduced microhardness values. Carbon percentage was increased in both DGl enamel and
dentin. SEM revealed irregular arrangement and reduced number of dentinal tubules in DGI teeth. Dental adhesive
analyses showed that pTBS and pSBS of DGl teeth were lower than those of the controls. Optibond FL showed superior
MTBS and pSBS with DGI dentin compared to Clearfil SE bond.

Conclusions: This study demonstrates that syndromic DGl teeth of Ol patients possessing the missense
mutations in COL1A2 exhibited alterations in clinical characteristic, dentin ultrastructure, mineral density, and hardness of

dental tissues. These variations could influence the performance of dental adhesives.
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Chapter |

INTRODUCTION

Background and Rationale

Dentinogenesis imperfecta (DGI) is an autosomal dominant genetic disorder
affecting the dentin of both primary and permanent dentitions. Three types of DGl
have been proposed. DGI type | is associated with osteogenesis imperfecta while
type Il and Il are isolated or non-syndromic. The mutations in the COLIAI and
COL1AZ2 genes have been shown to cause type | whereas mutations in the DSPP
gene which encodes proteins related to dentin formation are the main determinant
of type Il and Il DGI. Generally, the patient’s teeth are yellow-brown opalescent in
color, weak, and prone to rapid wear. Until now, the understandings of dentin
defects associated with syndromic DGl and the studies about dental adhesives in DGI
teeth are still limited. This study therefore aimed to study the characteristics of oro-
dental anomalies, tooth ultrastructure, and characteristics of dental adhesives
applied on syndromic DGI teeth. The mutations were identified by whole exome
sequencing (WES) and Sanger sequencing. Tooth color, surface roughness,
nanohardness, mineral composition, ultrastructure of the affected teeth were studied
compared with the controls (tooth type-matched) obtained from healthy age and
sex-matched individuals. The microtensile strength, microshear strength,
microleakage, and formation of resin tags of total-etch (OptiBond FL, Kerr, California,
USA) and two-step self-etch (Clearfil SE bond, Kuraray, Tokyo, Japan) applied on the
DGl teeth were studied compared with the controls. The findings broaden the
knowledge on clinical features, genetic variants, dental ultrastructure, and dental
adhesive application of syndromic DGl teeth. These are highly valuable for the

diagnosis, prognosis, and management of the disorders.



Research questions

1. What are genetic variants associated with syndromic DGI?

2. What are the oro-dental characteristics and dental ultrastructure of DGl
teeth in Ol patients?

3. What are the characteristics of dental adhesives applied on the teeth
affected with syndromic DGI?

Research objectives

1. To analyze genetic mutations associated with syndromic DGl patient’s
phenotypes

2. To investigate oro-dental characteristic and ultrastructure of syndromic
DGl teeth.

3. To investigate the characteristics of total-etch adhesives (Optibond FL,;
Kerr) and self-etch adhesives (Clearfill SE Bond; Kuraray) applied on DGl
teeth compared to the controls.

Research hypothesis

1. Genetic mutations affect craniofacial and dental characteristics of
patients with syndromic DGlI.

2. Syndromic DGl teeth have different ultrastructure compared to the
controls.

3. Total-etch and self-etch adhesives applied on DGI dentin show different
microtensile strength, microshear strength, and microleakage compared
to the controls.

Scope of Research

The research aimed to investigate the characteristics of oro-dental structure,

ultrastructure of dental tissue, and application of dental adhesives of DGl teeth

associated with Ol. Three patients were diagnosed with Ol at the Faculty of Medicine



and received dental treatment at the Faculty of Dentistry, Chulalongkorn University.
One tooth was obtained from each patient (DGI tooth) will be included in the study.
Each DGI tooth was studied compared with three sound teeth (tooth type-matched
teeth) obtained from healthy individuals (age and sex-matched). Three ml. of blood
samples were collected for DNA extraction and subjected for mutation analyses. The
informed consents were obtained from each participant. The researcher recorded the
history and performed clinical, radiographic, and laboratory examinations of the
patients. The exfoliated or extracted teeth were subjected for investigations of their
color, surface roughness, nanohardness, ultrastructure, and mineral composition
measurements. Ultrastructures were analyzed by micro-CT, SEM, and histology. The
outcomes of dental adhesives applications including the microshear strength,
microtensile bond strength, and microleakage were investigated. The total-etch
adhesives (Optibond FL; Kerr) and self-etch adhesives (Clearfill SE Bond; Kuraray)
were included.
Limitation
The number of DGI teeth obtained from Ol patients were limited.
Expected Outcomes
1. To improve understandings of oro-dental characteristic and dental
ultrastructure of syndromic DGl teeth.
2. To identify genetic mutations and expand genetic knowledge associated
with DGl and Ol.
3. To expand the understanding of an application of dentin adhesives for
DGl teeth which is beneficial for clinical practice, education, and research.
Keyword
Genetics, Microtensile bond strength, Microshear bond strength, Dentin-

adhesive interface



Research design

Clinical and laboratory research

Obstacles and Strategies

Obstacle: syndromic DGl teeth were fragile and easily fractured during

sectioning.

Strategy: the lowest speed of precision saw (Isomet 1000 Precision Saw,

Buehler, Lake Bluff, IL, USA) was used to prevent sample crack during sectioning.

Conceptual framework

DGI teeth obtained from Ol patients (syndromic)

Examinations of oro-dental characteristics
- Clinical and radiographic examinations
Investigations of tooth ultrastructure

- Color

- Surface roughness

- Nanohardness

- Micro CT scan
- Energy Dispersive X-ray
Spectrometer (EDX)

- Histology

Genetic

Laboratory studies of dentin adhesives

- Dentin-adhesive interface
- Microshear bond strength
- Microtensile bond strength

- Microleakage

Understanding of dental

application used on DGl teeth

adhesive

Understanding of oro - dental
characteristics and ultrastructures of DGI

teeth in Ol patients




Chapter Il
LITERATURE REVIEW

Dentinogenesis imperfecta (DGI)

DGl is an autosomal dominant genetic condition showing the disturbances of
dentin formation with an incidence of 1 in 6,000 to 1 in 8,000 (1). DGI affects both
primary and permanent dentitions. Shield et al. (1973) classified 3 types of DGI based
on phenotypic variability (2). DGl Type | is associated with bone disorder,
osteogenesis imperfecta. Ol is mostly caused by mutations in the genes that code
type 1 collagen: collagen 1A1 (COL1AI) and collagen 1A2 (COL1A2) gene (1, 3). DGI
Type Il is isolated and not associated with Ol. Oral clinical and radiographic features
are similar to DGl type I. Clinically, the DGl teeth are opalescent with the color
ranging from bluish-gray to yellow-brown. The teeth are weaker than normal making
them prone to rapid wear and fracture (4, 5). Radiographically, the DGI teeth show
bulbous crowns with cervical constrictions, various sizes of pulp cavities, and short
and narrow roots. Pulp chambers and root canals may be abnormally wide and look
like “shell teeth” which can become obliterated due to dentin overproduction (6, 7).
DGl type lll or Brandywine type was found in the Brandywine triracial isolate in
Southern Maryland. DGI type Il shows variable discoloration and morphology of the
teeth. Multiple pulp exposures and “shell teeth” are major characteristics of type |l
(8). DGI type Il and Il have been associated with mutations in the dentin
sialophosphoprotein (DSPP) gene locating on chromosome 4g21. The DSPP encodes
major non-collagenous proteins of the dentin including dentin phosphoprotein (DPP)
and dentin sialoprotein (DSP). DSPP is expressed in a number of tissues including
bone, kidney, salivary gland, and lung but its expression in dentin is hundreds of
times higher than in other tissues (5). These three traditional categories of DG are

proposed based on clinical and radiographic manifestations, however, recent genetic



studies attribute that DGI type Il and type Il could be the same disease with
phenotypic variability.

Histologically, the dentinal tubules of the circumferential dentin in DGI teeth
are coarse, branched, irregular, and reduced in number. Atubular area in the dentin
with reduced mineralization and reduced number of odontoblasts are commonly
present. The enamel is normal but can be crack easily due to abnormal dentin and
dentinoenamel junction (DEJ). The typical scallop pattern of DEJ believed to provide
a mechanical lock between enamel and dentin is not present. The fractured enamel
results in rapid wearing and loss of interdental contact making the DGI teeth more
susceptible to caries. The DGl teeth show low hardness, elasticity, and stiffness
compared to normal teeth which could lead to early failure of restorations (1-3).
Porntaveetus et al. (2017) reported that the primary teeth with non-syndromic DGI
showed opalescent color, amorphous dentin, irregular and reduced dentinal tubules,
and reduced mineral density compared to the controls (9). Wieczorek et. al.
observed that the enamel affected with DGI type Il had decreased calcium and
magnesium and increased phosphorus composition compared to the controls. The
DGl teeth showed reduced calcium-phosphorus ratio, modulus of elasticity, and
hardness. The phosphorus content was increased in the enamel. The Vicker’s
hardness of DGI type Il was significantly less than that of the control(10, 11). Kerebel
et. al. (1981) reported that DGl dentin showed decreased calcium and phosphorus
while its calcium-phosphorus ratio and water content were increased (12).

Dental adhesives

Dental adhesives are solutions of resin monomers that attach the resin to
dental substrates. Mechanisms of dental bonding are both mechanical and chemical
adhesion (13). The dental adhesives can be divided into 2 major categories: etch-

and-rinse adhesives (total-etch) and self-etch adhesives. The total-etch adhesives are



classified into three-step and two-step adhesives. The self-etch adhesives are
classified into two-step and one-step (14).

The techniques of total-etch adhesives generally comprise an application of
phosphoric acid etching of enamel and dentin, followed by application of hydrophilic
resins. To clarify, three-step or conventional system has separate steps of etching,
priming, and adhesive (15). The phosphoric acid is etched to remove the smear layer,
open the dentinal tubules, and decalcify the intertubular and peritubular dentin.
Hydroxyapatite crystals are dissolved leaving a collagen meshwork. The primer
containing solvent such as acetone, ethanol, or resin monomers is applied after the
etchant is rinsed off. The primer wets and penetrates the collagen meshwork to
increases surface energy and wettability of the dentin. The bonding agent is then
applied to penetrate the primed dentin. The bonding agent typically contains a
hydrophobic resin such as Bis-GMA, but the hydrophilic resin such as HEMA may also
be added to improve wetting of the bonding. The bonding agent copolymerizes with
the primer to form an intermingled layer of collagen fibers and resin called the
“hybrid layer”. The etch-primer-bond adhesives procedures are technique-sensitive
(13). Therefore, the researchers and companies have developed simpler technique
known as two-step etch and rinse system. This system still requires etching as the
first step whereas primer and bonding agents are combined into a single solution in
the second step (14). Previous studies have demonstrated that three-step etch and
rinse system showed highest bond strength, followed by two-step total etch
adhesives (16). A recent in vitro study of three-step total-etch adhesives showed that
Optibond FL (Kerr) was considered to be the golden standard of its class because it
provides high microtensile bond strength and low nanoleakage (13). Kensche et al.
(2016) determined shear bond strength of Optibond and Clearfil SE bonded on
normal deciduous teeth and found comparable values of strength of 19.06 + 5.62

MPa and 17.6 + 6.55 MPa respectively (17).



Due to a high incidence of postoperative sensitivity and technical sensitivity
of total-etch adhesives, self-etching system has been introduced. The original self-
etch system includes two-steps: an acidic self-etch primer and a bonding agent (18).
The two-step self-etch adhesives have been shown to reduce clinical steps and
postoperative sensitivity compared to etch and rinse technique. In self-etch system,
the resin monomers penetrate the depth where the acidic monomers demineralize
the tooth structure, allowing complete penetration of resin monomer into the
demineralized tissue. Clearfil SE Bond (CSE, Kuraray) has been known as the golden
strandard for self-etch adhesives with good clinical performance and minor leakage
(19). In 2003, Armstrong et al. reported that the nanoleakage of Optibond (89%) was
higher than that of Clearfil SE Bond (55%) at the dentin-resin interface in non-carious
extracted human third molars (20).

The characteristic and composition of the dentin have been shown to affect
the dentin bond strength. Panighi and G’Sell (1993) studied the effect of tooth
microstructure on the shear bond strength of a dental composite in human molar
teeth. The results showed that the microhardness of enamel and dentin surface
linearly increased with their calcium concentration and found positive correlation
between shear bond strength of dental-composite and Vickers microhardness of
enamel and dentin (21). Perdigdo (2010) found the sclerotic dentin containing
denatured collagen and hypermineralized tissue had lower adhesive strength than
the controls (22).

Early diagnosis and prevention of tooth wear are essential for successful
dental management for DGI patients. Tooth-colored material is now commonly used
in dentistry (3). The success of composite restoration is relied on both dental
adhesives and tooth structure. To date, a limited number of studies have
demonstrated the use of dental adhesives on the DGI in the patents with Ol leaving

the outcome of dental treatment for these patients questionable.



Chapter llI
RESEARCH METHODOLOGY

All equipment required in this project is available for use
Subject enrollment

Teeth in this study were collected from the patient who diagnosed with DGI
associated with Ol at Faculty of Medicine, Chulalongkorn University. Three patients
from independent families were included in the study. One tooth was obtained from
each patient. DGI1 was the primary right first molar, DGI2 was the primary left central
incisor, and DGI3 was the primary right second molar. The control teeth with the
same tooth type were collected from age- and sex-matched healthy individuals.
Patients” informed consents were acquired. Extraoral and intraoral photographs were
taken. Clinical and radiographic oral examinations were performed.
Tooth collection

After extraction, the teeth were rinsed in running water to remove blood and
adherent tissue, placed in distilled water or 1.0% chloramine-T trihydrate

bacteriostatic/bactericidal solution for maximum of one week, and stored in distilled

water in a 4°C refrigerator. The storage medium was replaced at least once every
week (23).
Whole-Exome Sequencing (WES) and Sanger sequencing

The 3 ml of peripheral blood samples from the patients were collected with
informed consent. The patient’s genomic DNA was extracted from peripheral blood
leukocytes and sent to Macrogen Inc. (Seoul, Korea) for next-generation sequencing
(24). DNA were captured on the TruSegExome Enrichment Kit (Illumina) and
subsequently sequenced on the Hiseg2000 Instrument. The raw data per exome was
mapped to the human reference genome hgl9 using CASAVA v1.7. Variant calling

was performed using SAM tools (http://samtools.sourceforge.net/). The sequencing
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data was mapped to NCBI37 reference human genome (the version used for 1000
Genomes project), NHLBI Exome Variant Server (EVS), and in House database. The

mutations were validated by Sanger sequencing.
Tooth analysis
Micro CT analyses

The teeth were scanned with specimen pCT 35 (SCANCO Medical,
Bruttisellen, Switzerland) at the Excellence Center in Regenerative Dentistry at the
Faculty of Dentistry, Chulalongkorn University. All images were processed using the
Image Processing Language (IPL, Scanco Medical AG). The data was available for
three-dimensional (3D) reconstructions and cross-section for the measurement of
tooth size and mineral density.
Color measurement

A digital intraoral colorimeter was used to measure tooth shade (ShadeEye
NCC Dental Chroma Meter, Shofu Inc., Kyoto, Japan). Before each measurement, the
device was calibrated according to the manufacturer’s recommendations. The
measurement was acquired from each specimen by contacting the device tip on the
smooth buccal and lingual surfaces of the enamel and dentin. The measurement
was examined in the same area under the same lighting condition and be repeated
for 3 times. The color in L*a*b values was recorded defined by the International
Commission on Illumination. The lightness in L* showed black and white scale, the
saturation in a* showed red and green scale, and the saturation in b* showed blue
and yellow scale. The color difference (AE*) was calculated using the following

equation.

AE = \/(Lz —Ly)? + (a; — ay)? + (by — by)?
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Surface roughness measurement

Surface roughness measurements were performed by surface Profilometer
(model Talyscan 150, Taylor Hobson Ltd). Each specimen was measured 30 times
randomly every 600 micrometers on Y-axis. Tracing area was at 1 mm x 1 mm,; stylus
speed at 1000 micrometer/second; and cut-off length at 0.025 mm. The calculation
of the surface topography parameters was carried out by the TalyMap Universal
program.

Microhardness measurement

Samples were embedded in acrylic block and divided horizontal plane to
expose a flat mid-coronal dentin surface using the slow-speed precision saw (Isomet
1000 Precision Saw, Buehler, Lake Bluff, IL, USA) with diamond disc at a speed of 100
rom under constant water cooling. Then, a cut surface was grinded with Grit#1200
Silicon-carbide paper under water irrigation until the surface was flat and parallel.
The alumina powder was used to polish samples on polishing pad (10-inch
MICROPAD, Pace technologies).

Once the samples were prepared, micrographs were acquired by
stereomicroscopy (Olympus SZ61, Tokyo, Japan). Image of the affected teeth were
analyzed and compared with the control teeth. The microhardness was determined
on the systemic DGl dentin surface compared with the control group at the same
areas.

The microhardness was measured using Knoop indenter microhardness tester
(Mitutoya, Japan). The specimens were mounted on base with thin double side tape.
All samples were indented at 100 gF loading 15 seconds force on enamel and
dentine in 30 random locations. The indentation depth (micrometer) was recorded.
Values of Knoop hardness were calculated for enamel and dentine according to

following formula, HK value, Knoop hardness number; P value, test load (N); L value,

indentation diagonal length(im).
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P
HK = 14229L—2

The teeth were then separated into 3 pieces using a low speed diamond saw
(Isomet 1000, Buehler Ltd.., Lake Bluff, IL, USA) under running water and studied for
EDX and SEM, histology, and adhesive performance.

Gold coating and Energy-Dispersive X-ray (EDX) and Scanning Electron
microscopy (SEM)

The specimens were fixed in 2.5% slutaraldehyde and washed in phosphate
buffered saline (PBS) 3-5 minutes for 2 times. Dehydration with ethanol series (30%,
50%, 70%, 90%, and 100% ethanol) was performed for 10 minutes each. The
specimens were bathed in 100% ethanol and placed in a critical point dryer (Emitech
K850, Emitech Ltd, Kent, England) where they were purged in liquid CO, until the
ethanol was replaced with CO,. The samples were exposed to a critical point drying
process.

Dried specimens were placed on aluminium stubs and covered with golden
powder in a media of argon-cathode atomization with fine coater (JFC 1200, Tokyo,
Japan) for 10 seconds. Then, extracellular matrix compounds were measured on 5
locations.  Energy-dispersive  X-ray (EDX) used (ISIS 300 EDX-system; Oxford
Instruments, UK) to determine the elemental levels (%) of carbon (C), oxygen (O),
phosphorus (P), and calcium (Ca) (Jeol, JSM 5410 LV Scanning electron microscope,
Japan). Lastly, the specimens were covered with gold powder again for 110 seconds.
The scanning electron microscopy (Quanta Feg 250, FEI Company, Oregon, USA) was
used to evaluate the structures of dental hard tissues in cross-section between the

DGl and control samples.
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Histology

The specimens were transferred into xylene solution followed by soft paraffin
(melting point 46-48°C) and hard paraffin  (melting point 56-58°C) bathes
respectively. The tissue blocks were cut at 7 pm thickness by rotary microtome. The
sections were stained with H&E and mounted on glass slides (25). The histological
structure of enamel and dentin was examined using light microscope compared with

the controls.

Dental adhesive analyses

The adhesive procedures were performed by one operator. The adhesives
were used according to the manufacturer’s instruction. The occlusal part of the teeth
was removed perpendicular to the long axis of the tooth to expose a flat mid-
coronal dentin surface using a low speed diamond saw (Isomet 1000, Buehler Ltd..,
Lake Bluff, IL, USA) under running water. The peripheral enamel was removed from
the mesial and distal proximal portions of the tooth.

The occlusal part was used for microshear bond strength and microleakage
while the cervical part of the tooth was used for microtensile bond strength.
Microtensile bond strength (UTBS)

The occlusal dentin surface was polished with 600-grit silicon carbide
sandpaper for 60 seconds. The dentin surface was thoroughly washed with water and
immediately dried with moisture-free air. Then, the specimens were randomly
divided into two groups. One was treated with total-etch adhesive (Optibond FL;
Kerr) and another one was treated with self-etch adhesive (Clearfill SE Bond; Kuraray).

After bonding procedures, the samples were built up with resin composite at least 6

mm in height by incremental technique. All specimens stored at 37°C in water for 24

hours. Afterward, the specimens were sectioned in the long axis direction through
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the resin composite and dentin. The blocks with approximately 2 mm in thickness, 2
mm in width, and 6 mm in length were obtained using the low-speed diamond saw
(Isomet 1000) under water cooling (23).

The specimens were attached to a testing apparatus with cyanoacrylate
adhesives and subjected to microtensile force testing with a crosshead speed of 1

mm/min. The microtensile bond strength (UTBS) were expressed in MPa (16, 23, 26).

Microshear bond strength (JASBS)

The tooth specimens were fixed in the mounting material. A template of
cylinder with an internal diameter of 0.8 mm and a height of 3 mm, was mounted on
the dentin perpendicular to the tooth surface. A restorative resin composite was
placed into the cylinder after applying a thin layer of adhesive. The specimens were
stored at room temperature for one hour prior to a removal of the mold tubing, and
then kept in water at 37°C for 24 hours.

The specimens were fixed in the position where the adhesive interface was

within 0.5 mm of shearing blade. They mount the apparatus in a universal testing

machine. The load rate 1 mm/min crosshead speed was applied to test JSBS (21,
27).
Microleakage test

After microshear bond strength test, cavity was prepared at the size of 2x2
mm using the diamond round bur. The specimens were randomly divided into two
groups and treated with total-etch adhesive (Optibond FL; Kerr) and self-etch
adhesive (Clearfil SE Bond; Kuraray) according to the manufacturer’s instruction. After
bonding procedures, Nail varnish was applied to the dentin within 0.5 mm-1 mm of
the adhesive interface before immersing in 2% methylene blue dye solution for 24
hours. The samples were then rinsed with running water for 5 minutes to remove

dye on the surface. Each specimen was examined under light microscopy and scored



15

under a microscope at 10x magnification for penetration of tracer along the cavity
walls. The following scoring system was used:
No penetration = 0
Penetration into the dentin/material interface, but not including the pulpal floor of
the cavity =1
Penetration including the pulpal floor of cavity =2

The data of two adhesive systems was collected. Nonparametric test was

used to compare between 2 dental adhesive systems.

Statistical Analysis

The data obtained from surface roughness, microhardness, was analyzed with
SPSS software package (version22; SPSS Inc., Chicago, IL, USA). An assessment of the
normality of data was performed and calculated by Kolmogorov-Smirnov test.
Normally distributed data was analyzed by ANOVA. The data with non-normal
distribution was analyzed by Turkey test at a significance level at 0.05. The data of

dental adhesive application was used descriptive statistic compared with the control.
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Chapter IV

RESULTS

Physical characteristics

Three patients who diagnosed with Ol at Faculty of Medicine, Chulalongkorn
University were enrolled in this study.

The first patient was a 7 years-old Thai boy (DGI1). He was born with multiple
bone fractures. His eyes were blue sclera. Intraoral examination at 1 years of age
revealed the deciduous dentition with bluish brown discoloration. The primary
maxillary central incisors were fractured and pulpal exposed. The primary maxillary
molar had dentin exposure (Figure 1A-C). Intraoral radiographs showed thin dentin
and cervical constriction. The pulp chambers were large. (Figure 1D-K). The
radiograph of the lower extremity at the age of 6 years showed surgical
reconstruction for femur shaft fractures (Figure 1L). His parents were healthy and had
normal teeth (Figure 1M).

The second patient was a 6 years-old Thai boy (DGI2). Intra oral findings at
the age of 1 year revealed the deciduous dentition with opalescent discoloration.
(Figure2A - C). He had a history of multiple bone fracture. Radiographic of lower
extremity at age 1.7 years showed bowing of femurs and zebra stripe signs of
pamidronate therapy (Figure 2D). His eyes showed blue sclera. His mother was
diagnosed with Ol (Figure 2E).

The third patient was a 13 years-old Thai boy (DGI3). Intraoral examination
showed mixed dentition. The teeth color was yellowish (Figure 3A-C). From
panoramic radiograph at 14 years old revealed that the pulp cavities of erupted
permanent teeth became narrow while those of unerupted teeth were wider

(Figure3D). He had a history of repeated femur fractures. The imaging of the lower
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extremity at 14 years-old showed right-left femur fracture and bowing of long bone

(Figure 3E). No other family members were affected (Figure 3).

O:female, O-male

Figure 1 Phenotypes and family pedigree of patient 1 (DGI1).

Upper, frontal, and lower views of intraoral photographs (A, B, C).
Radliographs of upper and lower anterior teeth (D, H). Periapical radiographs of
posterior teeth (E - J). Bitewing radiographs (G, K). Radiographic image showed the
reconstruction of femur fractures (L). Family pedigree showed affected proband.

Filled symbol indicates affected individual (M).
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O:female, O-male

Figure 2 Phenotypes and family pedigree of patient 2 (DGI2).
Upper, frontal, and lower views of intraoral photographs of DGI2 show upper,
anterior, and lower views of deciduous dentition (A - C). The teeth were opalescent.
Radliograph exhibited bowing of femurs with numerous zebra lines (D). Family

pedigree showed affected mother and proband (E). Filled symbols indicate affected

individuals.
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20131115CF

O=female, O-male

Figure 3 Phenotypes and family pedigree of patient 3 (DGI3).

Upper, frontal, lower intraoral photographs revealed mixed dentition with
yellowish coloration (A - C). Panoramic radiograph showed that the erupted teeth
had obliterated pulp chamber while unerupted teeth had wide pulp chamber (D).
Radliograph of lower extremity showed fracture of femurs (E). Family pedigree

showed affected proband (F). Filled symbol indicates affected individual.

19
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Mutation analyses

Whole-exome sequencing was used for mutation analysis. The mutation data
was screened in to NCBI37 reference human genome (the version used for 1000
Genomes project), NHLBI Exome Variant Server (EVS), and in-House database. It was
found that patient 1 harbored the missense mutation, c.1531G>T, p.G511C, in exon
26 of COL1A2 (NM _000089.4) (Figure 4A). Patient 2 possessed the missense mutation,
€.3106G>C, p.G1036R, in exon 47 of COL1A2 (Figure 4B) and patient 3 had the
missense mutation, ¢.2027G>T, p.G676V, in exon 34 of COL1A2 (Figure 4C).

Figure 4 Chromatogram.
Chromatogram of DGI patient 1 (A), patient 2 (B) and patient 3 (C) revealed

the missense mutations in exon 26, 47, and 34 in COL1AZ, respectively.

Analyses of dental ultrastructure

Tooth samples

The primary maxillary right first molar was obtained from patient 1 (DGI1), the
primary maxillary left central incisor from patient 2 (DGI2) and the primary
mandibular right second molar from patient 3 (DGI3).

DGI1 was found to be dark brown in color and showed cervical constriction.
For DGI2, the enamel surface was more irregular than that of the controls. The color

was yellowish and darker. DGI3 was yellow and bluish in color (Figure 5).
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A:DGI

B:conDG

C:DGI2

D:conDG

E:DaGl

F:conDG

Figure 5 Stereo-microscopic imaging.
The image showed Stereo-microscopic images DGI1, DGI2, DGI3 and their
controls (A-F).

Micro-CT analyses

The micro-CT cross-sections revealed that DGl samples had comparable
density and thickness of enamel to the controls. The dentin thickness of DGI1 was
thinner while its pulp cavity was wider than the controls. In contrast, pulp cavity of

DGI2 was narrow and of DGI3 was obliterated (Figure 6).
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B : conDGI1-1

D : conDGI2-1 F : controlDGI3-1

Figure 6 Micro-CT imaging
The image showed three-dimensional (3D) reconstructions and vertical cross-

sections of the DG teeth (A, C and E) and controls (B, D and F).

For DGI1, the mineral density of enamel was 2118.96 mg/cm’ (controls
2106.19, 2232.33, and 2326.25 mg/cm?) and of dentin was 1255.91 mg/cm? (controls
1101.69, 1151.41 and 1298.88 mg/cm?). For DGI2, the mineral density of enamel was
2177.77 mg/cm? (controls 2230.37, 2134.85 and 2214.48 mg/cm?) and of dentin was
1182.26 mg/cm3 (control 1211.90, 1194.27 and 1214.57 mg/cm3). For DGI3, the
mineral density of enamel was 2125.02 (controls 2148.53, 2185.18 and 2207.86
mg/cm?) and of dentin was 1167.60 mg/cm?® (control 1297.23, 1267.19 and 1210.80
mg/cm?) (Table 1).



Table 1 The mineral density of enamel and dentin (mg/cm’) analyzed by micro-CT

scan.
Tooth Enamel (mg/cm?) Dentin (mg/cm?)
DGI1 2118.96 1255.91
conDGl1-1 2106.19 1101.69
conDGI1-2 2232.33 1151.40
conDGI1-3 2326.25 1298.88
Mean conDGlI1 2221.59 1183.99

conDGI2-1 2230.37 1211.90
conDGI2-2 2134.85 1194.27
ConDGI2-3 2214.48 1214.57
Mean conDGI2 2193.23 1206.91
DGI3 2125.02 1167.60
conDGI3-1 2148.53 1297.23
conDGI3-2 2185.18 1267.19
ConDGI3-3 2207.86 1210.80
Mean conDGI3 2180.52 1258.41
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The enamel and dentin density of DGI less than the average of controls
except dentin density of DGI1. The statistically significant differences were not

observed (Figure 7).
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Fieure 7 The column chart of mineral density (mg/cm?’) of enamel and dentin
The column chart showed the average mineral density of enamel and

dentin of DGl samples and the controls.
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Color measurement

Clinically, the DGI teeth showed grey-brownish color. The L* values of DGI1,
DGI2 and DGI3 were 38, 68 and 62 respectively, which were lower than their controls.
The mean b* values of DGI1, DGI2 and DGI3 were lower than the controls. The color
difference (AE) between OIDI1, OIDI2 and OIDI3 and their corresponding controls were
50.62, 25.70 and 28.00, respectively. These suggest that the human eyes can

distinguish the color difference between DGl and normal teeth (Table2).

Table 2 The mean CIE L*a*b values and delta E values of OIDI samples and the

controls.

Sample L* a* b* AE
OIDI1 38.00 3.15 26.15
conQIDI1-1 90.35 3.35 43.45 58.19
conQOIDI1-2 83.40 4.25 43.70 46.96
conQIDI1-3 77.25 4.95 43.10 46.71

conOIDI2-1 79.6 1.40 28.15 13.48
conOIDI2-2 100.00 1.60 25.05 31.87
conOIDI2-3 96.25 1.45 25.05 31.74
OIDI3 62.00 2.20 21.55

conOIDI3-1 93.10 0.45 31.70 32.19
conOIDI3-2 89.00 0.90 21.90 28.02
conOIDI3-3 78.25 2.20 35.25 23.78
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Surface roughness

The mean surface roughness of DGI1 was 0.35+0.12 [m (control 0.64+0.57,
0.34+23 and 0.74+0.55 HUm), DGI2 was 1.47.42+0.59 Wm (controls 0.57+0.28,
0.64+0.25 and 0.68+0.54 Um), and DGl 3 was 0.39+0.15 Um (controls 0.61+0.38,

0.68+0.29 and 0.76+0.65Lm) (Table3).

Table 3 Surface roughness of the enamel on buccal and lingual surfaces of DG

samples and controls shown in mean + standard deviation (SD).

Surface roughness (Lm) Buccal enamel | Lingual enamel Mean values
DGl 0.42 +0.13 0.27 + 0.06 0.35+0.12
conDGI1-1 0.87 + 0.65 0.41 + 0.37 0.64 + 0.57
conDGI1-2 0.43 + 0.19 0.25 +0.23 0.34 + 0.23
conDGI1-3 0.41 + 0.32 1.07 £ 0.53 0.74 £ 0.55
2 s -
conDGI2-1 0.57 + 0.28 - -
conDGI2-2 0.64 + 0.25 - -
conDGI2-3 0.68 + 0.54 - -
DGI3 0.33 £ 0.12 0.45 + 0.16 0.39 £ 0.15
conDGI3-1 0.36 + 0.29 0.87 £ 0.27 0.61 +0.38
conDGI3-2 0.75+0.23 0.61 £ 0.34 0.68 + 0.29
conDGI3-3 1.02 £ 0.78 0.50 + 0.36 0.76 + 0.65
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The surface roughness of DGI2 was significantly higher while that of DGI1 and

DGI3 was significantly lower than the average value of controls (Figure 8)
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3 4 3
. * x X * %
5 3
i 2 24
£ * * % *
3 : * %
g 1 14
== 1T & =
0 T T = T T 0 T T T T T 0 T T T T T
> ~ % m > & ~ a I 5 N 9 » 5
& & & & F F ¥ P S F & E L
& & & P & 4 Q 9 Q &
S & &S o & & & o & & & <
& U4 ¢ c < R
- o &

Figure 8 The graph of surface roughness.
The graph showed surface roughness of DGl samples and their controls.

* significance at P<0.05.

Microhardness

For DGI1, the mean Knoop microhardness of the enamel was 224.04+15.50
GPa (controls 264.96+32.14, 250.23+20.08 and 228.51+16.31 GPa) and the dentin was
24.64+0.90 GPa (controls 68.71+2.50, 60.15+1.78 and 57.93+2.82 GPa). For DGI2, the
enamel microhardness was 192.31+23.99 GPa (controls 259.89+56.12, 238.37+39.68
and 343.34+11.10 GPa) and the dentin was 24.41+2.14 (controls 46.11+4.33,
60.39+2.43 and 59.57+6.05 GPa). And DGI3, the enamel microhardness was
259.89+19.50 GPa (controls 312.46+64.86, 243.94+15.47 and 246.55+20.80 GPa) and
the dentin was 33.20+13.27 GPa (controls 42.15+2.11, 63.29+5.36 and 48.44+3.42
GPa) (Table 4).
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Table 4 Knoop microhardness of the enamel and dentin of DGl samples and their

controls shown in mean and standard deviation (SD).

Tooth Enamel Dentin
DGI1 224.04+15.50 24.64+0.90
conDGI1-1 264.96+32.14 68.71+2.50
conDGI1-2 250.23+20.08 60.15+1.78
conDGI1-3 228.51+16.31 57.93+2.82
Mean conDGI1 247.90+£22.84 61.25+2.37

conDGI2-1 259.89+56.12 46.11+4.33
conDGI2-2 238.37+39.68 60.39+2.43
conDGI2-3 343.34+11.10 59.57+6.05
Mean conDGI2 280.53+35.63 55.35+4.27
DGI3 259.89+19.50 33.20+13.27
conDGI3-1 312.46+64.86 42.15+2.11
conDGI3-2 243.94+15.47 63.29+5.36
conDGI3-3 246.55+20.80 48.44+3.42
Mean conDGI3 267.65+33.71 51.3+£3.63

The Knoop microhardness values of DGI1, DGI2 and DGI3 dentin were

statistically lower than those of the controls. The Knoop microhardness of DGI2

enamel was statically lower than that of the controls while the microhardness of

enamel of DGI1 and DGI3 was within the values of controls (Figure 9).
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Figure 9 The charts of Knoop microhardness.
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The charts illustrated Knoop microhardness of enamel (E) and dentin (D) of

DGl samples and the controls. * significant at P<0.05.



30

Energy-Dispersive X-ray (EDX)

The enamel and dentin of DGI1 and DGI3 showed higher amount of carbon
(Q) but lower oxygen (O), phosphors (P), and calcium (Ca) than the controls. The
dentin of DGI2 showed lower C and higher amount of O, P, Ca than the controls

(Table 5).

Table 5 Elemental analysis (% weight) of carbon (C), oxygen (O), phosphorus (P),

and calcium (Ca), of DGl samples and controls.

Enamel Dentin
Tooth
C (@) P Ca C @) P Ca
DGI1 28.26 | 3795 | 1177 |2202 |3185 |36.16 |11.08 |20.92

conDGI1-1 | 10.44 | 40.17 | 16.10 |33.28 |14.41 |40.34 | 14.86 | 30.38

conDGI1-2 | 9.316 | 37.28 | 16.76 |36.65 |1582 |37.21 |14.83 |32.14

conDGI1-3 | 6.80 39.81 | 17.19 |36.20 | 1393 |39.38 |15.19 |31.49

conDGI2-1 | 18.74 | 36.07 | 14.27 |30.92 | 2523 |37.55 |11.59 | 2563

conDGI2-2 | 21.44 | 46.63 | 11.13 | 20.79 |62.36 |31.61 |2.20 3.82

conDGIZ-3 | 16.58 | 38.13 | 14.73 | 30.57 |32.57 |29.70 | 12.04 | 25.69

DGI3 74.76 | 17.14 | 2.58 5526 |54.48 |20.84 |6.98 17.70

conDGI3-1 | 1597 | 3951 |1493 |29.60 |17.96 |41.04 |14.12 | 26.88

conDGI3-2 | 5.99 36.97 | 17.74 | 3931 | 1387 |37.42 | 1550 |33.21

conDGI3-3 | 2296 | 2951 |14.83 |3271 |2893 |30.06 |13.10 |2791

Scanning Electron Microscopy (SEM)

SEM demonstrated the microstructure of dentin of DGI samples compare with
the controls at magnification 5000x. The regular arrangement of dentinal tubules and
smooth dentinal surface were present in the controls teeth (Figure10 B, D and F). In
contrast, the dentinal tubules of DGl teeth were obscure and irregular. Voids and

cracks were observed (Figure10 A, C and E).
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{
B. conDGI1

D. conDGI2 ¢

F. conDGI1

Figure 10 SEM imaging of the dentin
The SEM analysis of the dentin of DGI1, DGI2, and DGI3 and their controls at
magnification 5000x.

Histology

Histological structure of the control dentin showed a regular orientation of
dentinal tubules (Figure 11 C-D, G-H, K-L). The dentinal tubules of DGI2 and DGI3
were coarse and irregular. The dentin of DGI1 was obstructed lacking the appearance
of dentinal tubules. Masson’s trichrome staining of DGI dentin (Figure 11 B, F and J)
showed that the collagen fibers were decreased in number and abnormal in size and

shape compared with the controls (Figure 11 D, H and J).
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Figure 11 Histology imaging of dentin

The histological appearances of the dentin of DGl samples and controls.
Left panel was stained with H&E and right panel with Masson’s trichrome at 40x. DGI1 (A-B), DGI2 (E-F), and DGI3 (I-J). The controls

of DGI1 (C- D), DGI2 (G- H), and DGI3 (K-L).
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Adhesive analyses

Microshear Bond Strength (uSBS)

For Clearfil SE bond, the uSBS of DG1 was 2.22 MPa (control 4.61 MPa), DGI2
was 3.18 MPa (control 4.54 MPa), and DGI3 was 3.47 MPa (control 4.65 MPa) (Table 6).
For Optibond, the uSBS of DG1 was 2.65 MPa (control 7.26 MPa), DGI2 was 3.28 MPa
(control 7.37 MPa), and DGI3 was 3.61 MPa (control 7.10 MPa) (Table 6, 7).

Table 6 Microshear bond Strength of Clearfil SE bond

Samples

uSBS (MPa)

Controls

uSBS (MPa)

DGl1

2.22

3.69

4.36

6.13

AW DN

4.28

mean

461

—_

4.46

4.59

4.63

DGI3

3.48

B2l VL[N

—_

4.46

4.44

4.34

4.92

4.16

a7

N O A~V DN

5.26

mean

4.65




Table 7 Microshear bond Strength of Optibond

Samples

uSBS (MPa)

Controls

uSBS (MPa)

DaGl1

3.23

6.11

2.07

7.82

mean

2.65

7.26

AW DN

7.85

mean

7.26

1

7.38

7.50

7.29

2
3
aq

DGI3

3.70

1

7.31

7.05

3.52

7.05

mean

3.61

7.59

7.30

6.77

2
3
a
5
6

6.83

mean

7.10

When comparing between all DGI samples and controls, the DGI samples
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were lower than the controls both Clearfil SE and Optibond. Regarding the difference

between two types of adhesive, the average USBS of Optibond were higher than

Clearfil SE (Figure 12).
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Figure 12 The chart of Microshear bond strength (USBS).
For Clearfil SE, uSBS of DGl samples were lower than the controls (A). For
Optibond, uSBS of DGI samples were lower than the controls (B). The average
Clearfil SE was lower than Optibond for DGI samples (C).

Microtensile bond strength (uUTBS)

For Clearfil SE, the uTBS of DGI1 was 8.19 MPa (control 21.21 MPa), DGI2 was
9.81 MPa (control 28.33 MPa), and DGI3 was 7.62 MPa (control 24.71 MPa) (Table 8).
For Optibond, pTBS of DGI1 was 14.89 MPa (control 37.37 MPa), DGI2 was 16.41 MPa
(control 51.21 MPa), and DGI3 was 17.63 MPa (control 42.81 MPa) (Table 9).



Table 8 Microtensile bond Strength of Clearfil SE Bond

Samples

UTBS (MPa)

Controls

uTBS (MPa)

DGl

7.76

[EN

14.84

8.62

20.46

Mean

8.19

35.27

18.51

22.22

18.96

17.26

18.61

O | 0| N O U»n| A WLB|DN

22.17

23.84

21.21

13.41

25.51

11.56

12.44

18.78

18.83

67.15

45.16

O |0 | N || P~ WVW|DN

18.76

DGI3

6.45

51.66

14.91

8.79

17.24

Mean

7.62

22.21

12.79

19.50

10.34




42.90

31.52

26.44

10

49.23

Mean

24.71

Table 9 Microtensile bond Strength of Optibond

Tooth

UTBS (MPa)

Control samples

uTBS (MPa)

DGI1

14.89

1

16.79

15.46

45.25

40.21

54.98

42.83

32.58

53.68

O | OO | N | OV | | VWD

34.54

—
o

37.36

Mean

37.37

—_

32.14

25.03

29.76

42.26

30.03

36.02

18.25

27.00

O | O | N | OV U»n| A W[ DN

46.26

—
(@)

225.3846




DGI3 20.22 1 34.81
15.04 2 53.04

Mean 17.63 3 29.25
a4 41.46

5 43.13

6 76.78

7 91.72

8 271.72

9 16.49

10 13.68

Mean 42.81

The average PTBS values of Clearfil SE and Optibond were lower in DGl

samples compared to the controls. For DGl samples, the average uTBS value of

Optibond were higher than Clearfil SE (Figure 13).
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Figure 13 The chart of Microtensile bond strength (UTBS).

The Clearfil SE and Optibond uTBS of DGl samples were lower than the

controls (A-B). The UTBS of Optibond were higher than the Clearfil SE in DGI samples

©).



Microleakage Test

Microleakage was determined by the distribution of 2% methylene blue dye
solution into the pulpal floor of cavity of DGI1 and DGI3 samples. The DGI1 and DGI3
samples showed comparable microleakage with Optibond and Clearfil SE to their

controls (Table 10 and Figure 14).

Table 10 The scoring category of microleakage in each specimen

Group Clearfil SE Optibond
DGI1 2 0
conDGl1-1 2 0
conDGl1-2 2 0
DGI3 2 0
conDGI3-1 2 0
conDGI3-2 2 0
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Figure 14 Stereo-microscopic images of Microleakage test.

DGI1 and DGI3 samples showed comparable penetration of dye to their
controls. No penetration of dye= 0. Penetration into the dentin/material interface,
but not including the pulpal floor of the cavity =1. Penetration including the pulpal
floor of cavity =2



CHAPTER V

DISCUSSION

Three patients from unrelated families experienced multiple bone fractures.
Physical and laboratory findings of the patients revealed deformites of extremities,
blue sclerae, frontal bossing, and low bone mineral density suggesting Ol. Oral
examinations of three patients revealed the opalescent teeth. Radiographic and
micro-CT scanning features of the teeth showed variable dentin thickness. DGI1
showed wide pulp chamber while DGI2 and DGI3 showed narrow pulp cavities. These
are consistent with the feature of the dentinogenesis imperfecta (DGI).

Mutation analyses identified that three patients had glycine substitutions in
COL1A2. Changes of glycine which is the smallest amino acid cause the disruption of
collagen chain formation and defects of collagen structure. These could affect the
structure of bone and teeth. Correspondingly, previous reports demonstrated that
the missense mutations in COL1A2 gene cause abnormal type | collagen (28, 29).

Regarding oro-dental manisfestations, the color of DGI samples measured by
colorimeter were yellowish and darker than the controls. The color difference can be
percieved by human eyes. The width of dentin and pulp cavity and surface
roughness were variable. The enamel of DGl samples showed higher mineral density
and percentage of carbon element higher than those of the controls. Histology
revealed that the dentinal tubules of DGl teeth were irregular in size and
arrangement. The number of tubules were reduced. Masson trichrome staining
showed that the number of collgen in DGI dentin was decreased and the shape and
size of collagen fibrils were abnormal compared with the controls. Wright and Gant,
1985 showed that syndromic DGl teeth had diverse size of dentin and pulp cavity;
and irregular dentinal tubules (30). It has been postulated that the irregular dentinal
tubules and dentin of DGI teeth were caused by atypical odontoblasts and their
odonblastic processes (31, 32). The malformed odontoblasts were expected to

malbehave and overproduce dentin causing pulp obliteration (30).



The microshear and microtensile bond strengths of total-etch adhesives
(Optibond FL; Kerr) and self-etch adhesives (Clearfil SE Bond; Kuraray) applied on DGI
were lower than those of the controls. The Optibond FL applied on DGI teeth had
higher microshear and microtensile bond strength than Clearfil SE bond.

The Knoop microhardness values of the dentin of DGl samples were
significantly decreased compared to the controls. These are consistent with previous
studies. Franco et al., 2006 showed that the mice with COLIA2 mutation had
reduced dentin hardness (33).

Our study showed that the enamel and dentin of DGI molar teeth had lower
oxygen, phosphorus and calcium levels than the controls. The carbon percentage in
the dentin and enamel of DGI samples were increased (11). Interestingly, Panighi and
Sell, 1993 reported that the calcium element and microhardness of the DGI dentin
had a linear correlation with bonding adhesion (21).

Dental adhesive analyses showed that the microshear and microtensile bond
strengths of DGl samples were lower than those of the controls. The hybrid layer
theory stating that resin in primer and bonding adhesives diffuses into the dentinal
collagen fibrils and creates micromechanical interlock. The mineral composition and
collagen structure of the teeth were shown to influence the bond strength of dental
adhesives (14, 34, 35). Our study demonstrated that DGl teeth had decreased
hydroxyapatite crystals, reduced number of dentinal tubule, malformed collagen
fibers, and abnormal dentin, resulting in reduced microshear and microtensile bond
strength of the adhesives. Comparing between two types of adhesives applied on
DGl samples, microshear and microtensile bond strengths of Optibond were higher
than those of Clearfil SE. It can explained by that Optibond contains glycerol
phosphate dimethacrylate that can create chemically bonding with hydroxyapatite. It
also has very high filler loading (48% by volumn) that can creates elastic shock
absorber upon bonding with composite resin (34, 36). In addition, total etch adhesive

has been shown to create the resin tag deeper than the self etch adhesive (37, 38).



Etching of total etch bonding system can dissolve smear layer and demineralize
better than acidic monomer of self etch system. These line of evidences explain that
Optibond has higher bond strength than Clearfil SE applicable to both normal and
DGl teeth. However, only three DGl samples were included in this study. More

samples are required to obtain a solid evidence.



CHAPTER VI

CONCLUSION

The DGl teeth obtained from the patients affected with OI and glycine
substitutions in COL1A2 showed diverse tooth abnormalities including color, size of
dentin and pulp cavity, dentinal tubules, mineral density, mineral composition,
surface roughness, and microhardness. These variations affect the properties of
microshear and microtensile bond strength of dental adhesives. This is the first study
revealing the characteristics of dental adhesives applied on DGl teeth in Ol patient
with COL1A2 mutations. The study expands the knowledge of disease phenotypes,
genetic mutations, and dental management. Further studies collecting more samples
would validate these findings leading to a precise dental treatment for patients with

DGI and Ol.
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