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Table 1 Oral status of the children at baseline examination
SDF group (n=87) FV group (n=82) SDF+FV group (n=84) p-value

Median (Q1-Q3)  21.0 (10.0-34.0) 19.5 (11.0-34.3) 19.0 (12.0-32.8) 0.93
dmfs score

Mean (SD) 24.5(16.8) 23.2(15.5) 23.1(14.6)
Number of surfaces with Median (Q1-Q3) 5.0 (3.0-8.0) 6.0 (4.0-9.0) 6.0 (3.0-10.0) 0.27"
active dentin caries Mean (SD) 6.0 (4.2) 6.9 (4.2) 6.6 (3.8)

Tooth surface Tooth surface Tooth surface
Area of active dentin caries p-value
n (%) n (%) n (%)

Anterior teeth 207 (39.5) 208 (36.9) 196 (35.6) 0.91b
Posterior teeth 317 (60.5) 356 (63.1) 354 (64.4) 1.00°

SDF = Silver diamine fluoride treatment group; FV = Sodium fluoride varnish treatment group; SDF+FV = Combination of Silver diamine

fluoride and Sodium fluoride varnish treatment group; SD = Standard deviation
‘Kruskal-Wallis test; bChi-square test
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12 months
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Table 2 Prevalence of oral health impacts in daily performances

Total (n=253)

SDF group (n=87)

FV group (n=82) SDF+FV group (n=84)

Daily performances (%) %) (%) %) p-value*
Impacted > 1 performance 153 (60.5) 54 (62.1) 50(61.0) 49 (58.3) 0.88
Eating 164 (64.8) 55(63.2) 56 (68.3) 53 (63.1) 0.73
Speaking 29 (11.5) 10 (11.5) 9(11.0) 10 (11.9) 0.98
Cleaning teeth 83 (32.3) 26 (29.9) 28 (34.1) 29 (34.5) 0.77
Sleeping and relaxing 40 (15.8) 15(17.2) 13 (15.9) 12 (14.3) 0.87
Emotion 73 (28.9) 29 (33.3) 23 (28.0) 21 (25.0) 0.48
Smiling 98 (38.7) 32(36.8) 33 (40.2) 33(39.3) 0.89
Study 22 (8.7) 8(9.2) 8(9.8) 6(7.1) 0.82
Socialization 4(1.6) 1(1.1) 2(2.4) 1(1.2) 0.75

SDF = Silver diamine fluoride treatment group; FV = Sodium fluoride varnish treatment group; SDF+FV = Combination of Silver diamine

fluoride and Sodium fluoride varnish treatment group
*Chi-square test (% within group)
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Table3 Mean impact scores of oral health in daily performances

SDF group (n=87)

FV group (n=82)

SDF+FV group (n=84)

Daily performances Mean Median Mean Median Mean Median p -value*
(SD) (Q1-Q3) (SD) (Q1-Q3) (SD) (Q1-Q3)
Overall impact 12.3 (12.8) 9.7 (2.8-16.7) 11.7 (10.4) 8.3 (4.2-17.0) 11.9(11.6) 8.3 (4.2-13.9) 0.92
Eating 2.7(2.9) 2.0 (0.0-4.0) 2.8(2.7) 3.0 (0.0-4.0) 2.9(3.1) 2.0 (0.0-4.0) 0.87
Speaking 0.3 (1.0) 0.0 (0.0-0.0) 0.4 (1.3) 0.0 (0.0-0.0) 0.5(1.5) 0.0 (0.0-0.0) 0.98
Cleaning teeth 1.2(2.2) 0.0 (0.0-2.0) 1.2 (2.0) 0.0 (0.0-2.0) 1.2(2.2) 0.0 (0.0-2.0) 0.95
Sleeping & relaxing 0.7 (1.9) 0.0 (0.0-0.0) 0.5(1.4) 0.0 (0.0-0.0) 0.6 (1.6) 0.0 (0.0-0.0) 0.86
Emotion 1.52.7) 0.0 (0.0-2.0) 1.0 (2.0) 0.0 (0.0-1.0) 1.1(2.2) 0.0 (0.0-0.8) 0.44
Smiling 2.1(3.4) 0.0 (0.0-3.0) 2.2(3.3) 0.0 (0.0-4.0) 2.2(3.4) 0.0 (0.0-3.0) 0.90
Study 0.2 (0.8) 0.0 (0.0-0.0) 0.2 (0.7) 0.0 (0.0-0.0) 0.2 (0.7) 0.0 (0.0-0.0) 0.83
Socialization 0.1(1.0) 0.0 (0.0-0.0) 0.1(0.5) 0.0 (0.0-0.0) 0.0(0.3) 0.0 (0.0-0.0) 0.76

SDF = Silver diamine fluoride treatment group; FV = Sodium fluoride varnish treatment group; SDF+FV = Combination of Silver diamine

fluoride and Sodium fluoride varnish treatment group

*Kruskal-Wallis test; Maximum overall impact score is 72; Maximum impact score of each performance is 9.
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Impact of Different Fluoride Treatments
on Oral Health-Related Quality of Life of
Primary School Children

Sing-in P* Pungchanchaikul P** Pitiphat W** Kitsahawong K**

Abstract

Health-related quality of life has been crucial for the assessment of treatment outcomes in term of patient’s perspective. This study aimed
to evaluate the effect of three different types of fluoride treatment on Oral Health-Related Quality of Life (OHRQoL) of children. A randomized
control trial was conducted in primary schools in Khon Kaen, Thailand. Subjects included 253 students aged 6-7 years, who assented to the OHRQoL
evaluation. Participants had at least one primary molar with active dentinal caries. They were randomly assigned into three treatment groups;
group A: 38% SDF, group B: 5% NaF varnish and group C: combination of 38% SDF and 5% NaF varnish. Subjects received oral examination
and fluoride treatment at 6-month interval. At 1-year follow-up, they were interviewed using the Child-Oral Impacts on Daily Performance (Child-
OIDP) index. Demographic characteristics and oral status among the three groups did not differ significantly. Groups received SDF had
significantly higher prevalence of discolored tooth (p<0.001). There was no statistically significant difference among groups in the prevalence of
oral impacts in daily performances (p=0.64). In all groups, the impact scores on eating, smiling, emotional stability and tooth cleaning were higher
than other domains, albeit not significantly different. The most frequent perceived cause reported by children included having toothache, tooth
sensitivity, tooth decay and malodor. The percentage of children who reported tooth discoloration were significantly higher in both SDF groups
compared to the NaF varnish group (p<0.001). However, tooth discoloration did not seem to be the main perceived cause that impacted daily
performances on smiling, laughing, emotional stability and socialization. The results suggested no difference in OHRQoL among children who
received 3 different types of fluoride treatment. Black discoloration of dentinal caries after SDF application was not the major cause that impacted

children’s daily performances.

Keyword: Silver diamine fluoride/ Sodium fluoride varnish/ Oral health/ Quality of life
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Table 1 Number and percentage of the leaked peel pouches sealed with the hand sealing machine by volunteers

Clinic Number Percentage 95% CI of the leakage
Clinic1 (100 peel pouches) 41 41.00 % (31.86 % — 50.80 %)
Clinic2 (100 peel pouches) 27 27.00 % (19.23 % —36.47 %)
Clinic3 (100 peel pouches) 41 41.00 % (31.86 % — 50.80 %)
Clinic4 (100 peel pouches) 11 11.00 % (6.09 % — 18.79 %)
Clinic5 (100 peel pouches) 2 2.00 % 0.11 % — 7.44 %)
Clinic6 (100 peel pouches) 2 2.00 % 0.11 % — 7.44 %)
Sum (600 peel pouches) 124 20.7 % (17.61 % —24.09 %)
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Table 2 Number and percentage of the leaked peel pouches sealed with the continuous sealing machine by volunteers

Clinic Number Percentage 95% CI of the leakage
Clinic 7 (100 peel pouches) 0 0.00 % (0.00 % — 4.44 %)
Clinic 8 (100 peel pouches) 0 0.00 % (0.00 % — 4.44 %)
Clinic 9 (100 peel pouches) 1 1.00 % (0.00 % —5.99 %)
Clinic 10 (100 peel pouches) 0 0.00 % (0.00 % — 4.44 %)
Clinic 11 (100 peel pouches) 2 2.00 % 0.11 % — 7.44 %)
Sum (500 peel pouches) 3 0.60 % (0.12 % - 1.83 %)
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Table 3 Percentage difference of the leaked peel pouches between hand sealing machine and continuous sealing machine by researcher
Number of the leaked Percentage 95% CI
Type of the sealing machine Percentage p - value
peel pouches difference Percentage difference
Hand sealing machine 11 1.83 % 1.83 % (0.76% — 2.91%) 0.002
(600 peel pouches)
Continuous sealing machine 0 0.00 %

(500 peel pouches)
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Comparison of Peel Pouch Leakage
between Continuous Sealing Machine
and Hand Sealing Machine

Luengpailin S* Klangthong A** Kongsomboon S** Mueangwaeng S***
Pitanupong J**** Thongnak P***** Tanpleerat S**

Abstract

The purpose of this study was to compare the leakage on the peel pouch packages sealed by heat or a continuous sealing machine and a
hand sealing machine. Samples included 600 packages sealed with the hand sealing machine and 500 packages sealed with the continuous sealing
machine. All the samples contained one glass ball and were sealed 1 inch away from the edge. Then, the samples were sterilized at 121 degrees Celsius
with 1.5 bar of pressure for 20 minutes. The samples were tested for leakage by using 0.05% blue toludine which was sprayed along the seal line and
5 millimeters up from the seal. The color was let to coat with the package for at least 5 seconds but no more than 20 minutes. Then, the package was
turned so that the color covered the entire seal line. A waterproof pen was used to mark any leakage. When the color dried, the plastic sheet was
removed and the color would stick on the leaking holes which were later marked by the pen. The results were read and analyzed with statistics
including Chi — square test at 95% confidence level. The results showed that the proportion of leakage on the packages sealed with the continuous
sealing machine and the hand sealing machine was statistically significant (P = 0.002), and the difference of leakage ratio was at 1.83 percent (95%
CI=0.76% - 2.91%). In conclusion, the leakage ratio of the peel pouch packages sealed by continuous sealing machine was lower than hand sealing

machine.

Key words: Peel pouches/ Sterile storage period/ Channel/ Autoclave
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Table 1 The materials used in direct onlay restorations and their compositions
Materials Manufacturer Matrix composition Filler content
Filtek™ Z250 3M ESPE, St. Paul, Bis-GMA, UDMA, Bis-EMA Zirconia and silica particles size 0.6 um
MN, USA 82% by weight, 60% by volume

Filtek™ Bulk Fill  3M ESPE, St. Paul, AUDMA, APF Dimethacrylate, Silica filler particles size 20 nm. non-agglomerated/

Posterior MN, USA UDMA, Dodecane dimethacrylate ~ non-aggregated, Zirconia particles size 4 -11 nm.

Restorative (non-agglomerated/non-aggregated), Ytterbium
trifluoride size 100 nm. , Zirconia /Silica cluster
76.5% by weight, 58.4% by volume

SonicFill™ 2 Kerr Corp , Orange, Dimethacrylate, Bis-GMA, Silica, Barium glass, YbF,, mixed oxides. Particle

Bulk Fill CA, USA Bis-EMA size not stated
81.3% by weight, % by volume unreported.

EverX Posterior GC EUROPE NV, Bis-GMA, TEGDMA, PMMA Barium borosilicate glass filler and E glass fibres

Leuven, Belgium

77% by weight, 53.6% by volume

Build-It™ FR Kerr Corp., Orange,

CA, USA

Bis-GMA, UDMA, HDDMA

Bariumborosilicate, Calcium Alumino-fluro-

silicate, silica and chopped glass fiber

68% by weight, 52% by volume

Bis-EMA: ethoxylated bisphenol A dimethacryrlate, Bis-GMA: bisphenol A glycidyl methacrylate, AUDMA: Aromatic urethane
dimethacrylate, TEGDMA: triethylene glycol dimethacrylate, UDMA: urethane dimethacrylate, PMMA: polymethyl methacrylate, HDDMA:

1,6-Hexanediol dimethacrylate

i v
5197 2 ﬂ15LﬂiEJiJ“]fuﬂuiuLmﬂ%ﬂq&l‘Vlﬂﬁﬂ\‘i

Table 2 Methods of preparation in each experimental group
Group no. Restoration type Abbreviations

1 Intact teeth without any cavity preparation INT

5 Endodontically treated teeth with mesio-occluso-distal (MOD) cavities prepared and IRM
restored with IRM (Dentsply caulk)

3 Endodontically treated teeth with MOD and onlay cavities prepared and restored 7250
with Filtek™ Z250 (3M ESPE)

4 Endodontically treated teeth with MOD and onlay cavities prepared and restored FBE
with Filtek™ Bulk Fill Posterior Restorative (3M ESPE)

s Endodontically treated teeth with MOD and onlay cavities prepared and restored SBF
with SonicFill™ 2 (Kerr Corp.)

6 Endodontically treated teeth with MOD and onlay cavities prepared and restored EXP
with EverX Posterior (GC) plus Filtek™ Z250 (3M ESPE)

; Endodontically treated teeth with MOD and onlay cavities prepared and restored BFR

with Build-It™ FR (Kerr Corp.) plus Filtek™ Z250 (3M ESPE)
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Figure 1 Specimen preparation and fracture test A) Occlusal and B)
proximal views of MOD cavity preparation. C) Access
opening of maxillary premolar. D) Onlay preparation. E) The
specimen mounted on the universal testing machine, with a
round-ended steel cylinder of 3 mm radius applied to the
palatal incline plane of buccal cusp at an angle of 45 degree

to the vertical.
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Table 3

Fracture mode classification (Modified from Burke et al. 1992)

Fracture mode Pattern of fracture

Restorable/ Unrestorable

1 Fractures were restricted to the restoration.

1T Fractures were less than half of crown and did not extend to the root.

111 Fractures were more than half of crown and did not extend to the root.

Restorable

\Y% Fractures of the crown extended to the root, but they were less than 2

mm above the acrylic line and were restorable.

\% Fractures occurred in the crown and the root and extended more than

2 mm below the acrylic line and were not restorable.

VI Fractures were restricted to the root.

Unrestorable
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Table 4 The mean fracture resistance values of all experimental groups

Group Mean = SD Significance

INT 654.47+105.32 a

IRM 314.20+£93.82 b
7250 583.61£135.04 a

FBF 541.84+144.87 a

SBF 598.62+136.45 a

EXP 600.65£166.69 a

BFR 587.37+91.09 a

dydnualiuanaaiunaasiinnuuanaeisednisdnyneana p<0.05

Different letters indicate significant differences at the level of significance of p<0.05
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The Fracture Resistance of Endodontically
Treated Maxillary Premolars Restored with
Direct Composite Onlay Using Different Resin
Composite

Keatdumrong P* Thitthaweerat S** Angwaravong O*** Angwarawong T****

Abstract

The purpose of this study is to evaluate fracture resistance and fracture pattern of endodontically treated upper first premolars that were
restored with direct onlay technique using different resin composite materials. Seventy upper first premolars were divided into seven groups (n=10).
The first ten premolars were left intact (INT) as the negative control group, while the remaining premolars received class II MOD cavity preparation
and conventional root canal treatment. The positive control group was restored with interim restoration (IRM), whereas the experimental groups
were prepared for direct composite onlay and were then restored with Filtek™ 7250 (Z250), or Filtek™ Bulk Fill Posterior (FBF), or SonicFill™
2 (SBF), or EverX Posterior plus Filtek™ Z250 (EXP) or Build-It™ FR plus Filtek™ Z250 (BFR), as designed. All specimens were stored in 100%
humidity at 37°C for 24 hours before the fracture test. Each specimen was mounted and aligned at 45-degree angle to the horizontal plane.
Measurement of fracture resistance was done with the universal testing machine at a crosshead speed of 0.5 mm/sec using a 3 mm diameter metal
ball pressing at palatal incline plane of buccal cusp. The maximum force at the fracture (meantSD) was 654.47+105.32 N, 314.20+93.82 N,
583.61+135.04 N, 541.84+144.87 N, 598.62+136.45 N, 600.65+166.69 N and 587.37+91.09 N for INT, IRM, Z250, FBF, SBF, EXP and BFR,
respectively. One-way ANOVA with Tukey's HSD test showed no significant difference in the mean maximum force at fracture among the intact
teeth group and all direct composite onlay groups (p>0.05). The IRM group had the lowest fracture resistance value, which differed statistically
from the other groups ((p<0.05). More than 70% of fractures in group INT, IRM, Z250, and SBF were restorable while only half of group FBF,
EXP and BFR were considered restorable. Conclusion could be drawn that direct composite onlay restorations of endodontically treated upper first

premolar with different materials had comparable fracture resistance.

Key words: Endodontically treated tooth/ Resin composite/ Fracture resistance/ Direct onlay
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Comparison of Wear Resistance, Surface
Hardness and Surface Roughness of Dentoform
Tooth and Silane-treated Alumina Reinforced
Epoxy Resin

Arwatchanakan S* Thanaphumphong N** Suwanprateeb J*** Arksornnukit M****

Abstract

Dentoform teeth are extensively used in the preclinical laboratory practice by dental students. Nowadays, the price of the dentoform teeth
has been increased continuously. Therefore, the substitute materials were developed in order to reduce the imported teeth thus reducing the
education expenses for dental students. The purpose of this study were to compare wear resistance, surface hardness and surface roughness of
dentoform teeth (Frasaco, German; Nissin, Japan) and epoxy composite (70 wt% untreated alumina and 50, 60, 70 wt% silane-treated alumina
reinforced epoxy resin) while unfilled epoxy resin served as control. Fifteen specimens of each group (n=15) were examined for pin-on-disk wear
resistance, Vickers surface hardness and contact stylus profilometer surface roughness. One-Way ANOVA statistic was used to analyze the data (¢
= 0.05). It was found that wear resistance of 70 wt% and 60 wt% silane-treated alumina reinforced epoxy resin groups (tx 70% and tx 60% groups)
were significantly higher than those of the others including dentoform groups. The surface hardness of dentoform groups was significant higher
than all remaining groups (Frasaco: 38.321+1.278 HV, Nissin: 39.245+2.060 HV). However, when comparing within the epoxy composite groups,
tx 70% group (29.924+0.921) had been shown the significantly highest value. In surface roughness, tx 60% group had been revealed the lowest
value but it was not significantly different with tx 50% and tx 70% groups. Although tx 70% group had been shown less surface hardness when
compared with that of dentoform groups, its wear resistance and surface roughness had been superior than those of dentoform groups. Therefore,

tx 70% should be considered as a promising and cost-effective substitute material for production of dentoform teeth.

Keywords: Epoxy resin/ Silane-treated alumina/ Dentoform tooth
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Introduction

Dentoform teeth or plastic teeth are frequently used  limited available. In addition, arranging natural teeth in the

in the preclinical laboratory practice by dental students in  dentoformarch is difficult to get proper occlusion.' Therefore,

several subjects such as prosthodontic and operative practices ~ dentoform teeth are the favorable choice for education of

until they have skill enough to treat their patients. Dentoform dental students. Since, a large number of dentoform teeth are

teeth have many advantages for example uniform anatomy, used each year and the price of the dentoform teeth increased

_ S . . continuously. Therefore, the effort in this study was to find
unlimited availability, and ease of placement into a simulated Huousty e ! yw
. . the substitute material of dentoform teeth.

dental arch. However, they have some limits such as their R

o o ) According to Chamchong’s study,” the analysis of
tactility is not similar to that of natural teeth, their dento- )

dentoform teeth components by nuclear magnetic resonance

enamel junction (DEJ) is absent and their bonding ability to .
(NMR) technique found that Frasaco dentoform teeth

resin-based materials is limited. Therefore, it is necessary to . . .
(Frasaco, Germany) comprised melamine as an essential

practice on the natural teeth in some procedures. However, component whereas Nissin dentoform teeth (Nissin, Japan)

natural teeth are needed to be disinfected prior to use and was epoxy resin. Moreover, themogravimetric analysis
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(TGA) revealed that Frasaco dentoform teeth were composed
of polymer approximately 40 wt% and fillers approximately
60 wt%. However, by means of X-ray diffraction, the types
of fillers could not be identified because these components
were too complicated to analyze. Alumina reinforced epoxy
resin without silanization was chosen as substitute material.
The result had been shown that surface hardness of Frasaco
dentoform teeth was the highest and surface hardness of
alumina reinforced epoxy resin increased with increasing
alumina content. For the surface roughness, alumina
reinforced epoxy resin groups had significantly higher surface
roughness than that of dentoform teeth. The reason might
during tooth preparation; some of the fillers might be
detached.”

The facts that main component of Nissin dentoform
teeth is epoxy resin and 60 wt% fillers of Frasaco dentoform
teeth are still an interesting issue. Epoxy resin had many
required qualities including low shrinkage, easy mold ability,
chemical erosion resistance, good affinity to homogeneous
materials, and thermal stability.3‘4 Meanwhile, melamine had
many good properties such as high hardness, good strength,
good wear resistance.” However, the molding process of
melamine is more difficult than that of epoxy resin, because
of the production process was to be through heat and pressure
with compression molding method.® Thus, epoxy resin was
chosen to be the experimental material in this study.

Mechanical properties and tribological behavior of
epoxy resin can be improved in many ways such as glass or
carbon fiber reinforcement.”®  Addition of microparticle or
nanoparticle, such as AlLO,, SiO,, TiO,, and CaSiO,, also
improve mechanical properties and tribological behavior of
epoxy composite. Its strength, modulus, toughness, hardness
and wear resistance were higher than pure epoxy.zﬁ’g’]3
However, fiber reinforcement was a cause of reduction in
flowability of the composite. Hence, using particle was a
better choice to improve mechanical and tribological
properties of epoxy resin. When considering types of particle
added, alumina was more appropriate for improving
mechanical particle than any others because of its high
surface hardness.”’ Moreover, substitute materials made

from alumina reinforced epoxy composite had advantages

which were their availability, and low price. Thus, alumina
was chosen to be the filler in this study.

Silane coupling agent (SCA) is a substance being
able to attach organic polymer to inorganic substrate such as
glass, mineral filler, metal and metallic oxide. It creates stable
bond between organic and inorganic substrate which is
significantly improve properties of the composite.14 In
addition, surface silanization on alumina particle provides
lower surface energy and also reduced the tendency for
agglomerate formation. Hence, surface modification of
alumina particles is found to be effective in the improvement
of flowability through the reduction of particle cohesion.
Selection of SCA was also important because efficiency of
silanization depended on types of filler and organic polymer
used.'® 3-aminopropyl triethoxysilane (APTES) is amino
functional silane. It was used in previous studies, and the
result showed that mechanical properties of the composite
such as tensile modulus, flexural modulus, flexural strength
and fracture toughness, and wear resistance were increased.'”
“In this study, APTES was used for silanization on alumina
particle. Then, the wear resistance, surface hardness, and
surface roughness of silane-treated and un-treated alumina
reinforced epoxy resin were investigated and compared with
the dentoform teeth. Therefore, the null hypotheses of this
study were that there was no significant differences in terms
of the wear resistance, surface hardness, and surface

roughness among test groups.

Materials and Methods

1. Silicone mold preparation

Dentoform teeth were cut by low speed diamond
saw (Isomet 40003™, Buehler, USA) and polished by
polishing machine (Ecomet 3TM, Buehler, USA) to achieve a
rectangular prism shape, 5 + 0.05 mm in width on both sides
and 13-14 mm in length. Then, the rectangular prisms were
attached on a tile at the distance of 1 cm between one another.
The tile was boxed around by pink wax. Afterwards, silicone
and its hardener were mixed in the vacuum mixer
(Combination unit, Whip-Mix corporation, USA) for 1 min.
Silicone mixture was poured in the box and left for 2 days

until it solidified. Then rectangular prisms were removed out

of the silicone mold. (Figure 1)
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b. Silicone

a. The rectangular prism ¢. Vacuum mixer

in boxing wax

f. Silicone mold

e. Wait for the silicone
completely solid about 2 days

d. Pour the silicone in
boxing wax

Figurel Silicone mold fabrication

2. Substitute material preparation

2.1 Silanization of alumina powder Spherical-
shaped alumina with mean particles size of 4.5 pum
(IndalCalined Alumina, HTM30, Loxley, Thailand) was
selected as a filler. APTES (Sigma-Aldrich®, USA) was used
for silanization of the alumina particle. The amount of
APTES used was calculated from Arkle’s equation to create

monolayer of silane coating on its filler surface.

Amount of silane (g) =

Amount of filler (g) x Surface area (mz/g)

Minimum coating area of silane coupling agent (mz/g)

Where: Surface area = 1 mz/g

Minimum coating area of APTES = 353 m’/ g

I Specimens

0.3 ml (d = 0.95 g/cm3) of APTES was added and
stirred in 70 vol% ethanol 100 ml. These solutions were
stored in a polyethylene cup with a cover and allowed to
hydrolyze for 5 min. After that, 100 g of alumina powder was
added into APTES solution. The mixture was stirred until the
solvent was evaporated entirely, dried at room temperature
for 14 days. Finally, silanization of the alumina powder was
verified by energy dispersive spectroscopy (EDS: EMAX x-
act, Horiba, Japan) and Fourier transform infrared
spectroscopy (FTIR: Perkin Elmer, Spectrum One, USA).

2.2 Fabrication of alumina reinforced epoxy resin
105 specimens will be divided into seven groups (n = 15/
group). The specimens of each group were prepared by its
compositions (Figure 2). For the epoxy composite groups,
epoxy resin was heated up to 70°C for reduce viscosity. Then,
the alumina powder was gradually added into epoxy resin and
stirred until it was homogeneous. After that, the mixture was
left to cool (40°C). Hardener was added at an epoxy to
hardener ratio of 2:1 and mixed all ingredients with vacuum
mixer machine for 2 min. The mixture was poured into the
silicone mold and left for 6 hr at room temperature and
another 18 hr at 80°C for complete curing. Finally, the

substitute materials were removed from the silicone mold and

inspected (Figure 3).

| Dentoform groups |

(Control)

Unfilled epoxy resin group

| Epoxy composite groups

|Frasaco®| |Nissin® |

70% Un-treated alumina
reinforced epoxy resin (Un-tx 70%)

50% Silane-treated alumina
reinforced epoxy resin (Tx 50%)

60% Silane-treated alumina
reinforced epoxy resin (Tx 60%)

70% Silane-treated alumina
reinforced epoxy resin (Tx 70%)

Figure 2 Specimen groups in this study
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Frasaco Nissin Epoxy Un-tx 70% Tx 50% Tx 60% Tx 70%

Figure 3 The specimens of dentoform groups prepared from
dentoform teeth; the specimens of epoxy composite groups

fabricated from the silicone mold

3. Test procedure

3.1 Wear resistance test Pin-on-disc technique
(modified from ASTM G99-95a) was used by pressing the
specimens against a rotating counterpart which was
sandpaper 280-grit (Buehler, USA) on the polishing machine
(Ecomet 3TM, Buehler, USA) at room temperature (Figure 4).
In each test, load of 1 kg was applied and a rotation velocity
of 0.12 m/s and testing time of 2 min were employed. Wear

resistance was determined by calculating the volume loss of

the specimens by measuring the reduction in length of the

specimens after test and calculating the volume loss.

Figure 4  Specimen holder with polishing machine that used for wear

resistance test.

3.2 Surface hardness test Vickers microhardness test
of all specimens was assessed by digital microhardness
testing machine (FM-800, Future-Tech®, J apan). The
diamond indenter was pressed into the specimens under a load
of 300 gf for 15 s.” Each specimen was tested 3 times at the
distance of 2 mm between each point (Figure 5). Then,
diagonal lengths were measured and used to calculate Vickers

hardness as follows:

HV =1854.4xP/d’

Where:

HV = Vickers hardness number (gf/um2)

P = Force (gf)

d = Mean diagonal length of indentations

(d1 and d2) (um)

d>

Figure 5 Vickers microhardness test; d, and d, = diagonal length of

indentation.

3.3 Surface roughness test Surface roughness of all
specimens was measured with contact stylus tracing
profilometer (Surftest SV-3000, Mitutoyo, England). Tip of
needle had to keep distance from the edge of the specimen
around 1 mm. The measured distance was 3 mm, measure
twice and these two times had to be 2 mm far from each other.
The arithmetic average of the roughness profile (Ra), the
maximum profile peak height (Rp) and the maximum profile
valley depth (Rv) was recorded. Ra had been representative
value for surface roughness of this study.

3.4 Scanning electron microscope (SEM) After all
investigations, 5 specimens of each group were cut to 5 mm
in thick by low speed diamond saw (ISOMET 40003TM,
Buehler, USA) and clean with ultrasonic cleanser (Vitasonic
11, Vita Zahnfabrik, Germany) for 5 min. Then, cut surface
was coated with gold and examined by SEM (S-3000N,

Hitashi, Japan)
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4. Statistical analysis

Data of wear resistance, surface hardness and
surface roughness test were statistically analyzed. For test of
normality, Shapiro-Wilk test was used and the results showed
normal distributions. The homogeneity of variance was test
by Levene statistic and the result showed that there were no
significant differences. Then, the parametric ANOVA test
was used and multiple comparisons were performed by

Bonferroni test (p>0.05).

Results
1. Energy dispersive spectroscopy (EDS) and Fourier
transform infrared spectroscopy (FTIR)

Silicon was found in silane-treated group, but not in
un-treated group by using EDS. Mean percentage of Al and
Si composition in silane-treated alumina particles were 98.47-
98.65 and 1.35-1.53 respectively. For FTIR spectral analysis
was made to evaluate the chemical reaction on the surface of

alumina particle due to the silane treatment. For un-treated

L T w0 o0
mremamder o 1

Figure 6 FTIR spectrums of un-treated alumina particle

2.  Wear resistance

Figure 8 shows mean and standard deviation of
volume loss of the specimens after wear resistance test;
Materials with low volume loss mean that they have high
wear resistance. Unfilled epoxy resin specimens which were
served as control group had been disclosed significantly
largest volume loss among study groups indicating its lowest
wear resistance, while Tx 70% group had the highest wear
resistance. Tx 70% group was significantly higher wear
resistance than that of un-tx 70% group and also significantly

higher than those of dentoform groups.

alumina particle (Figure 6), the peaks at 3304 cm™ and 1066
cm’' were caused by hydroxyl groups (Al-OH) on the surface
of alumina powder due to the presence of atmospheric
moisture on the surface of aluminum powder. For the silane-
treated alumina particle (Figure 7), the characteristic
absorption peak at 1042 cm’' was attributed to Si-O stretching
vibration originated from the bond between the —OH bond,
which was obtained from ethanol as a diluents to the Si atom
on the alumina surface or the OH bond to Si atom of the silane
molecule. Moreover, the small peak at 1392 cm’
corresponded to the methyl symmetrical C-H bending in the
silane chain. These results had been the suggestions of the
existence of an organic layer on the alumina surface.
Furthermore, the other peak which indicated the existence of
silane group on the alumina surface was small peak at 1555
cm” , where the peak was assigned to symmetric bending
vibration of —NH, indicating the existence of amine group.
Therefore, this confirms the reaction of APTES on aluminum

particle surface.

DM WM M8 I M0 K0 MR D% 0 M8 @0 D
et |

§3

T

Figure 7 FTIR spectrums of silane-treated alumina particle

Volume loss (mm})

- —

Epoxy Un-tx70 Tx50 Txo60 Tx70

Nissin

Frasaco

Figure 8 Mean and standard deviation of volume loss after wear
resistance test (the same letters were not significantly

different at p>0.05).
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3. Surface hardness

Significantly highest surface hardness was found
for Nissin group (39.245 HV), whereas unfilled epoxy resin
group (14.759 HV) had the significantly lowest surface
hardness. Moreover, the surface hardness values of both
dentoform groups were significantly higher than the other
experimental groups. However, within the epoxy composite

groups, the surface hardness of tx 70% group (29.925 HV)
was significantly highest. (Fig.9)

45

Vickers hardness (HV)

Nissin Tx 60 Tx70

Frasaca

Epoxy Un-tx70 Tx 50

Figure 9  Mean and standard deviation of Vickers hardness (the same letters

were not significantly different at p>0.05)

4. Surface roughness

In surface roughness (Ra), tx 60% group had the
lowest surface roughness where as unfilled epoxy resin group
had the significant highest surface roughness. However, the
results had been shown that no significant different in surface
roughness among the silane-treated alumina reinforced epoxy
resin groups. About un-tx 70% group, it was no significant

different with dentofrom groups. (Figure10)

20

Surface roughness: Ra (um)

Frasaco Nissin Epoxy Un-tx70 Tx50 Tx60 Tx70

Figure 10 Mean and standard deviation of surface roughness (Ra) (the same

letters were not significantly different at p>0.05)

5. Scanning electron microscopy
The material surfaces images by SEM after wear
resistance testing at 1000 magnification had been observed

(Figurel1). Frasaco specimen had been obtained typical wear

mechanisms such as matrix cracking and exforlation of
matrix. For the Nissin group, it had been revealed appearance
similar to that of Frasaco group but presented less matrix
degradation and more exposure of air bubble. For unfilled
epoxy resin group, the ploughing deformation and parallel
scratching on the worn surface had been manifested. In all
epoxy composite groups, the definite separation of the resin-
filler interface could be detected and small craters had been
seen throughout entire surface due to loss of alumina particle.
However, the alumina particle of un-tx 70% group were
dislodged more than tx 70% group and fracture alumina

particle was found only in tx 70% group.

Discussion

The mechanical properties of epoxy composite
groups had been improved by additional alumina particles
with silane treatment (APTES). Consequently, wear
resistance, surface hardness and surface roughness of the
silane-treated alumina reinforced epoxy composite groups
could be comparable to the dentoform teeth groups.
Significant differences among the groups in wear resistance,
surface hardness and surface roughness investigations had
been shown. Therefore, the null hypotheses had been rejected.

From silanization point of view, there are various
types of silane coupling agents available in the interphase
region, the area between an inorganic substrate (such as glass,
metal, and minerals) and an organic substrate (such as an
organic polymer, coatings, and adhesives), act as a bonding
or bridging agent to improve the adhesion between the two
dissimilar materials. However, APTES was selected based on
its functional group and application. APTES reaction had
been accomplished by its silanol groups with the hydroxyl
groups on the alumina surface, which thus formed covalent
bonds. Moreover, APTES can chemically react via its amino
groups with the epoxy groups of the epoxy resin.”” The
silanization process in this study had been followed the
protocol of previous studies.”’ This wet technique was chosen
because of easy manipulation and uniform coverage of filler
particles. Amounts of APTES were selected based on the
Arkle’s equation, which were the minimum amount to create
monolayer of APTES on alumina particle. The mechanical
properties of composite can be improved by the silane-treated
alumina when used the amount of SCA according to Arkle’s

. 21
equation.
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Pin-on-disc wear testing had been performed in this
study. The advantage of this technique are easy to perform
and measurement. The result had been revealed that when
increasing amount of alumina particle, there was tendency for
increased wear resistance. According to the prior study which
was a linear relationship of filler volume on wear resistance.
The wear rates were decreased with high filler volumes due
to the area of resin unprotected by filler particles were
decreased as well.”

Wear resistance of tx 70% group was 37% higher
than that of un-tx 70% group. Furthermore, within epoxy
composite groups, the wear resistance of tx 70% group was
significantly the greatest and also significantly higher than
that of the dentoform teeth groups. Therefore, silanization
could improve wear resistance effectively. This corresponds

to previous studies which revealed that wear resistance of

silane-treated alumina reinforced epoxy resin was greater
than that of un-treated alumina reinforced epoxy resin. %%
Considering the use of dentoform tooth for
laboratory practice, a clear outline of tooth preparation could
be indicative of material's surface roughness. The unfilled
epoxy resin group had been revealed the highest surface
roughness. It is possible that unfilled epoxy resin was the
softest materials in this study, resulting in the deepest wear
trace. This conforms to SEM that showed deep ploughing
deformation of its surface (Figurell; C). About void in
materials, the specimen of un-tx 70% group exhibited
dislodgement of alumina filler (Figurel1; D). Moreover, all
silane-treated alumina reinforced epoxy resin groups had
been shown less surface roughness when compared with that
of other groups. This plausibility of both alumina filler and

oy . . . 2
silianization could improve surface roughness property.

Figure 11 Surface material images of scanning electron microscope (SEM) at 1000 magnification after wear resistance test. A: Frasaco, B: Nissin, C:

Unfilled epoxy resin, D: Un-tx 70%, E: Tx 50%, F: Tx 60%, G: Tx 70%, and H: Alumina particle, the white arrow indicated area of alumina

dislodgement whereas the black arrow indicated alumina particle.
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In aspect of surface hardness, the results in this
study agreed well with the results had been shown formerly
that un-tx 70 had the surface hardness lower than that of the
dentoform teeth.” In addition, the proportion of alumina was
increased, the surface hardness was comparatively increased
as well which are similar to several prior studies.™""*
Nevertheless, more than 70 wt% of alumina could not be
added even if alumina was treated with SCA, because of the
materials were too high viscosity and difficult to fabricate.
However, the viscosity of tx 70% was lower than that of un-
tx 70% resulting in easier molding. This is supported by Jallo’
study, they reported that silanization provides lower surface
energy values and the materials were expected to flow
better.”” Moreover, study in dental resin composite showed
that surface hardness of resin composites with silane-treated
fillers is significantly greater than those of composite with un
treated filler.”* However, surface hardness of dentoform teeth
group still significantly higher than that of tx 70% group. It is
probable that polymer matrix of those are difference.
Furthermore, the SEM figure had been revealed small void in
epoxy composite groups, this is possible cause of lower
surface hardness.

From the result, the surface hardness of tx 70%
group was found to be the highest within the epoxy composite
groups. Even if it was still lower than the dentoform teeth, the
wear resistance and surface roughness of tx 70% group were
significantly superior than those of dentoform groups.
Therefore, tx 70% should be considered as a cost-effective
substitute material for development of dentoform teeth.

In the future, silane-treated alumina reinforced
epoxy resin may be improved in many ways such as
modification of resin matrix, temperature of curing cycle of
epoxy resin, shape and size of alumina particle and
production process may be developed. In further study,
developed substitute material should be assessed at the
application level for example, material satisfaction evaluated
by dental students when the materials are used for laboratory

practice.

Conclusion

Silane-treated alumina particle is significantly
greater to the improvement of wear resistance, surface
hardness and surface roughness of the epoxy composite than
the un-treated alumina particle. Wear resistance and surface
hardness of epoxy composites were increased with increasing
of alumina particle. Wear resistance of tx 70% group was
significant highest among all test groups. Surface hardness of
dentoform groups was significant higher than those of all
epoxy composite groups. Surface roughness of all silane-
treated alumina reinforced epoxy resin groups was significant
lower than that of dentoform groups. Tx 70% is a promising
substituted material for dentoform teeth. Further study of this
material at the application level should be evaluated in term

of the satisfaction of user.
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Effects of Khon Kaen University Presurgical
Nasoalveolar Molding Device on Maxillary
Dimension in Complete Unilateral Cleft Lip and
Palate Patients: A Full Protocol Evaluation

Prasongvaranon V* Pisek P** Manosudprasit A** Punyavong P*** Manosudprasit A**.

Abstract

A prior study reported on maxillary dentoalveolar changes post-application of the full Khon Kaen University Pre-surgical Nasoalveolar
Molding device (KKU-PNAM) in complete unilateral cleft lip and palate patients. However, since the KKU-PNAM consists of three separate
components, the individual effect of each part is still unclear. The purpose of this study is to determine maxillary dimensional changes after using
KKU-PNAM at three time points. The researcher investigated 24 maxillary ridge casts taken from infants with complete unilateral cleft lip and
palate were investigated after treatment with the KKU-PNAM at initial treatment (T1), two weeks (T2) and before cheiloplasty (T3). Landmark
identification and direct measurements including alveolar cleft width, anterior arch width, mid-palatal clefi width, posterior arch width, anterior
arch depth, total arch depth, arch circumference and midline deviation were solely performed by one experienced investigator. Intra-examiner
reliability was verified via intraclass correlation (ICC). All measurements were normally distributed, with data analyzed via repeated measure
ANOVA. The results showed that the average pre-treatment and post-treatment ages were 16.33217.36 and 123.21132.76 days respectively, with
mean total treatment time at 105.29133.98 days. Alveolar cleft width and midline deviation significantly reduced over time firom T1 to T3 (p<0.01).
Furthermore, arch circumference gradually increased among T1, T2 and T3 (p<0.05). There was no significant difference in anterior arch width,
mid-palatal cleft width, posterior arch width, anterior arch depth and total arch depth at T2 and T3 (p>0.05). In conclusion, the severity of alveolar
cleft was reduced significantly after the KKU-PNAM was applied at the first two weeks, as the labial taping’s effect further decreased severity by
addition of the contraction-screw plate until the point of primary lip surgery, thus improving the position of the maxillary alveolar ridge which

brought out better outcomes prior to lip surgical correction.

Keywords: Unilateral cleft lip and palate/ Nasoalveolar molding device/ KKU-PNAM
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Introduction

Current management for newborn cleft patients
applied the use of presurgical nasoalveolar molding (PNAM)
to correct deformities of the maxillary alveolus, nose, and
columella prior to surgical lip repair.1 There are various types
of PNAM devices; presently, Grayson’s technique is the most
well-known approach. This technique incorporates an all-in-
one design consisting of an elastic labial tape combined with
an active acrylic plate and nasal stents.” However, the alveolar
molding plate dislodges easily when the nasal stent is activated
and its appearance gives the impression of being bulky3.

The Khon Kaen University Presurgical Nasoalveolar
(KKU-PNAM) was

Molding device modified from

Grayson’s technique by Montian et al in 2012° (Figure 1). It

comprises three independent components:1) an extraoral
strapping to approximate alveolar segments together, 2) a
forehead supported nasal molding device to correct nasal
structures and 3) an active alveolar molding plate with
traction screw to realign the maxillary segments into the
optimal arch form position. Cleft patients are fitted with labial
strapping and the nasal molding device at the initial treatment
visit. In addition, an active molding plate with contraction
screw is added two weeks post-treatment with the KKU-
PNAM in order to align the maxillary segments. The KKU-
PNAM device is applied until cleft patients are referred for
cheiloplasty at approximately 3-4 months of age.

* Dental Hospital, Faculty of Dentistry, Khon Kaen University, Amphur Muang, Khon Kaen.
** Department of Preventive Dentistry, Faculty of Dentistry, Khon Kaen University, Amphur Muang, Khon Kaen.

*** Department of Surgery, Faculty of Medicine, Khon Kaen University, Amphur Muang, Khon Kaen
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Figure 1 Khon Kaen University Presurgical Nasoalveolar Molding

(KKU-PNAM)

A prior study was done by Wongpetch et al. in
2017* to study about the maxillary dentoalveolar changes
after using the full KKU-PNAM appliance. Since the KKU-
PNAM consists of 3 separate components, the effect of each
part upon alveolar molding is unclear at the present. The aim
of this study was to compare the dimensional changes of
maxillary morphology following treatment with the KKU-
PNAM in unilateral complete cleft lip and palate (UCLP)
patients among three time points: initial treatment (T1), post
application of the KKU-PNAM for 2 weeks (T2) and prior to
cheiloplasty (T3).

Materials and Methods

Participants: Maxillary alveolar ridge casts were
taken from 24 non-syndromic, healthy UCLP patients
registered at the Department of Orthodontics, Khon Kaen

Cleft Center between 2016 and 2018 after birth. Each series
of casts were completely collected as per T1-initial treatment,
T2-2 weeks, and T3-3 months post utilisation of the KKU-
PNAM. The maxillary casts obtained from patients exhibiting
incomplete UCLP, craniofacial anomalies, or whose parents
failed to cooperate, were excluded from the study.

Procedure: According to the Khon Kaen Cleft
Center’s protocol (Figure 2), the impressions were collected
on three occasions prior to primary lip surgery as follows; 1)
initial treatment time - as a baseline record; T1, 2) the second
visit - as a record after utilising the KKU-PNAM which
consisted of an extraoral labial taping as well as a nasal
molding device; T2 and 3) the third visit — post-use of the
KKU-PNAM, in which a contraction-screw plate was added
until the point of performing cheiloplasty; T3.

Measurements: Once maxillary alveolar casts
were fabricated, nine reference landmarks were marked
lightly on each cast with a 0.5-mm pencil by one experienced
investigator. Linear measurements were done by the same
researcher with a 0.01 mm-digital vernier caliper (ORTHO-
DIRECT Mini Digital Vernier Caliper 53188, 190-1446,
Dalian, China) (Figure 3).

2 weeks after 1" visit (T2)

Initial visit (T1) “ Q ’

Before cheiloplasty "
g - Refer patients for cheiloplasty

Figure 2 KKU-PNAM treatment protocol employed at Khon Kaen Cleft Center. Maxillary ridge casts were collected at three junctures: T1 -

initial visit; T1 cast obtained. Nasal molding device and labial strapping inserted, T2 - 2 weeks following first visit; T2 cast obtained.

Contraction-screw alveolar plate added and T3 — ahead of cheiloplasty; T3 cast obtained and patients referred for primary lip surgery.
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Figure 3 (A) Landmark identification. Linear measurements; (B)
Distances were measured in transverse dimension including
alveolar cleft width, anterior arch width, mid-palatal cleft
width and posterior arch width (C) anteroposterior
dimension i.e. anterior arch depth and total arch length (D)
arch circumference and (E) midline deviation™”.

Table 1 Definition of reference landmarks on maxillary casts’’

Definitions of the landmark identification and linear
measurements on the maxillary casts are shown in Figure 3,
Tables 1 and 2 respectively. Each maxillary cast was examined
twice at 1 month-intervals so as to test the intra-observer
reproducibility of landmark identification and linear
measurements.

Statistical analysis: Means, standard deviations and 95%
confidence intervals were applied amid data summarization.
Repeated measure ANOVA was performed to analyze changes
of maxillary morphology among T1, T2 and T3. To determine
the mean differences among three groups, Bonferroni post hoc
test was used. Furthermore, intraclass correlation coefficients
(ICC) were employed to analyze intra-examiner reliability.

The current research was approved by the Institutional
Ethical Committee approval for human research, Khon Kaen
University (HE602319).

Reference points Abbreviation Definition
Alveolar cleft margin AN Midpoint of the alveolar margin of the greater/lesser segments
) . Intersection point between the lateral sulcus and the alveolar ridge of the greater/ lesser
Canine point c/ie
segments
) ) Intersection point between midpalatal cleft margin and a line connecting canine point
Midpalatal cleft margin M/M? o )
and gingival groove point on greater/lesser segments
. ) Intersection point between the alveolar ridge and hamular sulcus of the tuberosity on
Tuberosity point /T
greater/lesser segments
Incisal point I Intersection point between alveolar ridge and labial frenum

o . 4-7
Table 2 Definition of linear measurements

Linear variables Abbreviation Definition
Transverse dimension
A-A’ ACW Alveolar cleft width— Inter-alveolar cleft margin distance
c-C AAW Anterior arch width— Intercanine distance
M-M’ MCW Midpalatal cleft width— Inter-midpalatal cleft margin distance
T-T7 PAW Posterior arch width— Intertuberosity distance

Midline deviation— Perpendicularly distance from incisal point to an imaginary

I perp. MD

midpalatal plane

Anteroposterior dimension

I/A-A’ AD .
distance

UT-T’ TAD )
distance

Arch circumference

Anterior arch depth— Perpendicularly vertical distance from incisal point to intercanine

Total arch depth— Perpendicularly vertical distance from incisal point to intertuberosity

T-C-I-A-A’-C-T’ AC Total arch length— Sum of distances; T-C-I-A-A’- C’-T” (AC)
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Results Table 3 Age and total treatment time among cleft patients

In total, 24 UCLP patients participated in the study: Mean  Median SD  Minimum Maximum
11 males (45.8%) and 13 females (54.2%). Patients’ average  pretreatment
ages were at outset, completion of KKU-PNAM application  age (days) 16.33 700 1736 : o0
and prior to lip surgery 16.33 = 17.36 and 123.21 + 32.76  Posttreatment 12321 11400 3276 4 204

days, respectively (Table 3). Moreover, mean total treatment ~ 2g¢ (days)

time was 105.29 £ 33.98 days. Most patients demonstrated Total treatment 10529  104.00  33.98 26 165

time (days)

cleft site on the left side (19 patients, 79.2%) and only 5

patients (20.8%) exhibited cleft on the right side (Table 4).
L o . Table 4 Affected sites among 24 UCLP patients in the present study
The descriptive data pertaining to all liner

. . L. Gender
measurements, including means, standard deviation and 95% Total
) Male Female
confidence interval for mean, are demonstrated (Table 5).
. . Right side 3(12.5%) 2 (8.3%) 5(20.8%)
Mean treatment difference (diff), standard error (SE) and Cleft site
.. . . Left side 8(33.3%) 11 (45.9%) 19 (79.2%)
significance level of the linear measurements comparing
0, 0,
among T1, T2 and T3 are shown (Table 6) Total 104.00 11(45.8%) 13 (54.2%)

Table 5 Means, medians, standard deviations, minimum values, maximum values and 95% confidence interval for mean

(in mm) of the linear measurements

T1 T2 T3

Parameters 95% CI 95% CI 95% CI

Mean SD - Mean sb - Mean s ——————

L U L U L U

ACW 10.98 2.33 10.00 11.97 8.00 2.41 6.98 9.01 4.75 2.66 3.63 5.87
AAW 34.38 4.18 32.61 36.14 34.30 4.78 32.28 36.32 34.16 5.46 31.85 36.46
MCW 30.60 3.78 29.01 32.20 29.90 4.07 28.18 31.62 28.88 5.03 27.75 32.00
PAW 32.37 2.37 31.37 33.37 32.35 2.87 31.14 33.57 33.12 3.04 31.84 34.41
AD 4.90 2.25 3.95 5.84 5.29 2.01 4.45 6.14 4.71 1.97 3.89 5.54
TAD 22.09 2.44 21.06 23.12 22.75 2.29 21.78 23.72 22.41 3.01 21.14 23.69
AC 64.12 6.75 61.27 66.97 67.43 7.17 64.41 70.46 70.64 8.05 67.25 74.04
MD 5.45 1.63 4.76 6.14 3.44 1.31 2.88 3.99 1.83 0.76 1.51 2.15

Table 6 Mean treatment difference (diff), standard error (SE) and significance level of the linear measurements as compared
among T1, T2 and T3

Bonferroni Post Hoc Comparisons

Parameters
T1-T2 T2-T3 T1-T3
diff SE Sig. diff SE Sig. diff SE Sig.

ACW 2.99% 0.31 0.00 3.24% 0.43 0.00 6.23* 0.49 0.00
AAW 0.07 0.68 1.00 0.15 0.70 1.00 0.22 0.83 1.00
MCW 0.70 0.52 0.57 0.02 0.65 1.00 0.73 0.72 0.98
PAW 0.02 0.45 1.00 -0.77 0.56 0.55 -0.75 0.56 0.57
AD -0.40 0.32 0.68 0.59 0.29 0.16 0.19 0.35 1.00
TAD -0.66 0.38 0.28 0.34 0.43 1.00 -0.32 0.53 1.00
AC -3.31%* 0.90 0.00 -3.21% 0.98 0.01 -6.52% 1.17 0.00
MD 2.01* 0.19 0.00 l.61* 0.20 0.00 3.62% 2.49 0.00

* Statistically significant at p-value < 0.05
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For landmark identification, intra-examiner
reliability was excellent (Cronbach’s alpha coefficiency =
0.928-0.997) with no differences observed between two
sessions (p-value<0.01). Whereas, for the reproducibility of
linear measurements, the intra-examiner reliability was
almost perfect 1CC>0.871).

Having applied the KKU-PNAM among patients,
alveolar cleft width was significantly decreased over time
from T1 (10.98+2.33 mm; 95% CI 10.00, 11.97) to T2 (8.00
+2.41 mm; 95% CI 6.98, 9.01) at p-value 0.00. What’s more,
alveolar cleft width additionally reduced to 4.75+2.66 mm
(95% CI 3.63, 5.87) at T3 (p<0.01) ahead of cheiloplasty
referral. As for midline deviation, the incisal point which
deviated from the imaginary maxillary midline, was initially
5.45+1.63 mm (95% C1 4.76, 6.14) at T1. After labial taping
and contraction-screw plate, the incisal point significantly
moved toward the midline, i.e. 3.44+1.31 mm (95% CI 2.88,
3.99) and 1.83+0.76 mm (95% CI 1.51, 2.15) at T2 and T3
respectively (p<0.01).

In contrast, arch circumference increased among
the three time periods (p<0.05). Average arch circumference
significantly increased by 3.31 mm from T1 (64.12+6.75 mm;
95% CI1 61.27, 66.97) to T2 (67.43+7.17 mm; 95% CI 64.41,
70.46). At T3, arch circumference additionally increased by
3.21 mm to 70.64+8.05 mm (95% CI 67.25, 74.04) at p-value
0.00. What’s more, there were non-significant mean
differences in anterior arch width, midpalatal cleft width,
posterior arch width, anterior arch depth and total arch depth

at both T1-T2 and T2-T3 periods.

Discussion

The Khon Kaen Cleft Lip and Palate Center
demonstrates a uniquely designed pre-surgical orthopedic
modality known as the Khon Kaen University Pre-surgical
Nasoalveolar Molding device (KKU-PNAM) as modified by
Montian et al, 2012.> The KKU-PNAM incorporates three
independent components:}4 an extraoral labial strapping, a
forehead supported nasal molding device and a contraction-
screw molding plate. Compared to Grayson’s device, the
KKU-PNAM is smaller, and therefore, does not interfere with
normal infant feeding. Moreover, it provides improved

retention due to its independent parts. In a recent study, a

nasal molding device and an extraoral labial strapping were
inserted at the first two weeks without an active contraction
plate. This design was similar to Monasterio’s et al; nasal
elevator plus DynalCleft®8 and Abdiu’s et al; nasal alar
elevator and labial tape.9 Meanwhile, the design of the full
KKU-PNAM which encompasses three active components is
similar to Doruk’s device known as an Extraoral Nasal
Molding Appliance or ENMA." Nevertheless, the tip of the
nasal stent among these appliances’ provides less
flexibility; i.e. a single hook is used to elevate the cleft site
only. Furthermore, the tip of the KKU-PNAM nasal molding
part is a kidney-shaped acrylic resin piece attached to an
adjustable coiled spring providing a gentle activating force.
In addition, it is composed of 2 wires attached to the acrylic
adhered to the forehead. This enables it to apply force, elevate
the collapsed nasal aperture and also enhance nasal symmetry
according to the wire on the non-effected side which acts as a
supporting part to guide the nostril approaches to the same
level.

The primary objective of the study was to determine
the effectiveness of the KKU-PNAM on the maxillary
alveolar cleft. A prior study performed by Wongpetch et al.
in 2017" which evaluated maxillary dentoalveolar changes
post-utilisation of the full KKU-PNAM, compared two time
junctures: at initiation and at therapy completion. Meanwhile,
our investigation incorporated a greater number of
participants at three points in time as per treatment protocol
used by the Khon Kaen Cleft Center: initial visit, two weeks
post-treatment and prior to primary lip correction.
Comparisons made between maxillary morphology, alveolar
cleft width and midline deviation were significantly similar.
Non-significant findings in relation to maxillary morphology
were found amid both transverse and anteroposterior
dimensions in the recent study. However, the study above
reported significantly decreasing arch length values.” This
might be due to the fact that they measured from the alveolar
margin of greater segments perpendicular to inter-tuberosity
distance. In contrast, incisal point was used instead in our

study as representation of the middle part of the premaxilla.

Moreover, we revealed that arch circumference increased as
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expected amid infantile growth; yet a slight decreasing effect
was reported in Wongpetch’s study.

Additionally, numerous previous studies support
our findings in that alveolar cleft width reduced significantly
post-NAM, in spite of the differing nasoalveolar molding
device designs including Latham device," passive plate,5
Hotz plate,12 physio tape therapy,13 nasal elevator plus
DynaCleft®8 and ENMA." On the contrary, one study
carried out in the United Kingdom7 reported no significant
changes in alveolar cleft width when applying a pre-surgical
orthopedic plate with a U-shaped spring and split overlapping
shelves; this may be due to labial strapping not being utilised
in their study. In this study, arch circumference showed a
significant increased effect post-KKU-PNAM therapy
(p<0.01) in correlation with Sabarinath’s study.6 On the other
hand, some previous studies observed an insignificant change
of arch circumference compared to before and after NAM
treatment.”” Midline deviation exhibited a significantly
reducing variable as an incisive papilla moved inward closely
to the maxillary midline following KKU-PNAM therapy
amid all juntures (p<0.01) as consequently supported by two
previous studies.*’

Non-significant mean difference of anterior arch
width, midpalatal cleft width, posterior arch width, anterior
arch depth and total arch depth were discovered among three
different points in time. Three previous studies reported
agreeable results in terms of anterior arch width, mid-palatal
cleft width, posterior arch width, anterior arch depth and total
arch depth™” despite the application of different appliances.
This may imply that maxillary outward growth might be
alveolar

inhibited by a pre-surgical molding plate.

Nevertheless, inadequate evidences regarding normal
maxillary growth in newborns are not yet available to confirm
this observation.

Labial taping therapy has been employed as a pre-
surgical orthopedic therapy in cleft patients for centuries as
the simplest approach.m'15 To achieve a proper activation
force of approximately 2 ounces, an elastic tape should be
stretched over the upper lip twice its initial length.16 A case

report in South Africa stated that physio-taping therapy alone

was able to reduce cleft angle in eight patients.13 In the
present study, almost half of all initial alveolar cleft widths
were statistically significantly reduced over T1-T2 period as
per the first two-week effect of labial strapping combined
with a nasal molding device (p<0.01) which conformed to one
previous s‘cudy.8 Over half of the cleft defects at T2 further
significantly decreased as per the full effect of the KKU-
PNAM until T3 (p<0.01), as one study reported." Another
previous study revealed no significant difference in the
effectiveness between nasal elevator plus DynaCleft®and
NAM-Grayson appliance on maxillary morphology.8
Consequently, the T1-T2 period in our study correlates with
the use of Dynacleft,® and the T2-T3 period seem to
represent the employment of the NAM-Grayson method.
Additionally, all parameters from our results changed in the
same way during these periods. Based on Monasterio’s
findings, an active alveolar plate appears unnecessary in
regards to closing the alveolar cleft gap. Nevertheless, it
would be difficult to control the movement of the greater and
lesser segments in order to achieve a homogenous arch form.
Moreover, our outcome of a significantly decreasing midline
deviation demonstrated that an incisive papilla moved to the
midline after T3. Therefore, the contraction-screw alveolar
plate is an important component of the PNAM to establish a
well-aligned arch.

Outset points among subjects were somewhat
diverse in this study; the earliest pre-treatment juncture began
at 2 days of age as patients were referred from Srinagarin
Hospital within the first week after birth to receive KKU-
PNAM therapy; whereas some treatment was delayed due to
patients coming from rural areas as well as other provinces.
As described in the KKU protocol, the cleft patient should be
achieved in rules of ten at approximately 3-4 months prior for
surgical procedure without the hazardous effect of general
anesthesia. Moreover, seen as clinically beneficial, this period
prevents the loss of parent-child bond as early as possible.17
Accordingly, the more treatment is delayed, the shorter the
treatment time available to patients which, as a consequence,

leads to undesirable outcomes.
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The potential factors affecting the accuracy of
landmark identification and linear measurements are maxillary
alveolar anatomical structures during infancy, quality of
maxillary ridge casts, and the accuracy of the measuring
instrument, as well as the examiner’s experience. Maxillary
gum pads appear as a continuously curved ridge connecting to
the palatal shelves

without distinguished borders as

demonstrated by each structure. Therefore, landmark
identification and linear measurements can be difficult to
locate and it can be challenging to reproduce those reference
points precisely. Likewise, poorly detailed impressions and
casts, a non-experienced investigator, or unqualified
measuring instruments may also act as hindrances. Regarding
this study, the investigator was a well-trained orthodontist and
the intra-examiner reliability indicates substantial
reproducibility. Besides that, a digital vernier caliper provides
two decimal positions to the measured values.

The current study was a short-term investigation of the
KKU-PNAM and its effect on maxillary alveolar cleft ridge.
Long-term evidence is needed to further evaluate the
effectiveness of the appliance; yet the longer the follow-up,
the more confounding factors might be found, such as surgery
technique and complications, scar contraction and child
growth. A randomized prospective clinical trial investigation
of the KKU-PNAM device compared with a negative control
group is also required to affirm the effectiveness of the KKU-
PNAM device amid maxillary morphology which again, ought

to be considered for future study.

Conclusion

The severity of the alveolar cleft width was reduced
significantly, post-application of the KKU-PNAM device
among cleft patients. At the first two weeks, the labial taping’s
effect played a major role. Later, cleft defects progressively
decrease as the combination effects of the labial tape and a

contraction-screw alveolar plate until the occasion of primary

lip surgery.

The KKU-PNAM device not only decrease alveolar
cleft gap, it also improved the position of the maxillary
segments, hence allowing for improved outcomes prior to
surgical lip correction.

Pre-surgical orthopedic therapy accompanied by the
KKU-PNAM device, thus, ought to be begun as early as
possible.
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Inhibitory Effects of Lemongrass Oil on
Multispecies Subgingival Biofilm Formation
in Vitro

Pinsuwan W* Suwannarong W** Khunkitti W*** Taweechaisupapong S*

Abstract

Cymbopogon citratus (lemongrass) oil is a volatile oil obtained from the lemongrass leaves. It was reported to exhibit antibacterial activity
towards periodontal pathogens, such as Aggregatibacter actinomycetemcomitans and Porphyromonas gingivalis. However, there is no report on
inhibitory effects of lemongrass oil (LG) against multispecies subgingival biofilm formation. The purpose of this study was to investigate the
inhibitory effects of LG on subgingival biofilm formation using an in vitro model. Subgingival plaque samples from 5 periodontitis patients were
cultivated in saliva-coated 96-well microtiter plates in the presence of LG at concentrations 1 - 6 uL/mL under anaerobic atmosphere at 37°C for
2, 4 and 8 days by replacing every 2 days with fresh medium alone or LG-containing medium. Quantification of biofilm formation was determined
by staining with crystal violet. TagMan-based real-time polymerase chain reaction was used to quantify A. actinomycetemcomitans and total
bacteria in subgingival biofilm. The results showed that LG exhibited more than 80% anti-biofilm activity at 6 uL/mL. Moreover, LG at
concentration 6 uL/mL was able to kill all A. actinomycetemcomitans in subgingival biofilm on day 2, 4, and 8. These results revealed that LG is

able to inhibit in vitro subgingival biofilm formation and reduce the numbers of A. actinomycetemcomitans in multispecies subgingival biofilm.
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Introduction

According to the World Health Organization, 10- The purple complex is comprised of Veillonella parvula,
of the Actinomyces odontolyticus, Aggregatibacter actinomycetem

15% world populations suffer from severe
comitans serotype b, Selenomonas noxia and Actinomyces-

periodontitis.1 Most common infections of the oral cavity,

. . ... i gen ies 2 (4. vi . The green complex i
e.g. caries, gingivitis and periodontitis, are resulted from the naeslundii genospecies 2 (. viscosus). The green complex is

accumulation of biofilms. It is well documented that bacteria consisted of Capnocytophaga species, Camphylobacter

.. . . . .. concisus, Eikenella corrodens and Aggregatibacter actino-
growing in a biofilm, as is the case of periodontitis, are more geres

. . e . . ] r . The yell nd bl mpl
recalcitrant to the action of antibiotics than bacteria growing mycelemcomitans Srotype a ¢ yellow and blue complex

. . . . o dominated by Strept d Acti i
in a planktonic state.” The bacterial species within are domimnated By wfreplococcus an@ ACUnomyces Species,

subgingival biofilms were grouped into six bacterial respectively

complexes as described by Socransky.3’4 Socransky identified Periodontitis is a polymicrobial infection caused by

a red complex harboring Porphyromonas gingivalis, & 8rOUp of specific microorganisms such as A. actinomycetem

Tannerella forsythia, and Treponema denticola. Further
complexes were orange, purple, green, yellow, and blue
complex. The orange complex is consisted of Fusobacterium
nucleatum/ periodonticum subspecies, Prevotella intermedia,

Prevotella nigrescens and Peptostreptococcus micros.

comitans, P. gingivalis, T. denticola, P. intermedia and T.
forsythiais-7 that are cohabitating in subgingival plaque. A.
actinomycetemcomitans is the primary etiologic agent of

localized aggressive periodontitis that causes rapid

attachment and bone loss and has shown to adversely affect
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the psychology, function and aesthetic of an individual.* "’ A
study in a Thai population reported that the presence of P.
gingivalis, and high colonization by A. actinomycetem
comitans, T. denticola, and P. intermedia play an important
role in severe periodontitis." A combination of 4. actinomy-
cetemcomitans, P. gingivalis, and P. intermedia also showed
the strongest association with the disease in a Finnish
population.12 Another Finnish study reported that the
presence of A. actinomycetemcomitans with P. gingivalis and
T. denticola in saliva has been shown to contribute to
deepened pockets.]3 However, the presence of A. actinomy-
cetemcomitans in mild chronic periodontitis in a Thai
population was also reported.7

The complexity of the subgingival microbiota of
periodontal plaque and interplay of host-immune response
makes the disease difficult to treat. Previous studies reported
resistance of periodontopathic bacteria isolated in patients
with chronic periodontitis to several antimicrobial agents
commonly used in anti- infective periodontal therapy.m’15
With the rise in bacterial resistance to antibiotics, there is
considerable interest to search for other classes of
antimicrobials for the control of subgingival plaque.

Our previous studies reported that Cymbopogon
citratus (lemongrass) oil exhibit effective killing activity
against several different bacteria, i.e. 4.actinomycetemcomitans
ATCC 43718, P. gingivalis W50, Streptococcus mutans ATCC
25175, Staphylococcus aureus, Streptococcus agalactiae, Bacillus
cereus and Escherichia coli and possessed a strong inhibitory
effect on Candida biofilms.'*”' The minimum growth inhibitory
and minimum bactericidal concentration values of lemongrass oil
(LG) against 4. actinomycetemcomitans ATCC43718 were 0.0313
and 0.0625 pL/mL, respectively. ' The killing and anti- biofilm
activity of LG can be attributed to the presence of various
in the oil such as citral and

chemical components

. 116,17,19
geraniol

which lead to a decrease in the bacterial load
and inhibit plaque biofilm formation. Several studies have
demonstrated that terpenes (i.e. citral, geraniol, linalool,
menthol, and thymol), which are the major components of

essential oils, alter cell permeability by penetrating between

the fatty acyl chains making up the membrane lipid bilayers,
disrupting lipid packing and changing membrane fluidity.zz’23
Braga and Dal Sasso (2005) suggested that these phenomena
led to major surface alterations and morphological
modifications.” However, no report about the spectrum of
action of LG against multispecies subgingival biofilm
formation was found. In order to provide more information
about LG for its potential development as a new potential
therapeutic agent which may help in the treatment of
periodontitis, we evaluated the inhibitory effects of LG on

biofilm formation in vitro using subgingival biofilm model.

Materials and Methods

Preparation of lemongrass oil LG was purchased
from Thai China Flavours & Fragrances Industry Co.
(Thailand). They were dissolved in 95% ethanol to an initial
concentration of 900 pL/mL and further diluted with the
solution contained 5% ethanol and 5% Tween 80 to a
concentration of 64 pL/mL before used.

Subjects and sampling of subgingival plaque
Subjects were healthy Thai adults who sought periodontal
treatment at the Faculty of Dentistry, Khon Kaen University,
Khon Kaen, Thailand. The criteria used for selection included:
subjects between the ages of 35 and 45 years with no known
systemic diseases, who had not received antibiotics within the
previous 3 months, and who were not taking medications that
might influence the subgingival microbiota. The study
protocol was approved by the Khon Kaen University ethical
review committee. Informed consent was obtained from all
volunteers. Then subgingival plaque samples were collected
from five individuals with chronic periodontitis. The sampling
site had pocket probing depths ranging from 4 to 5 mm and
clinical attachment loss > 3 mm. The subgingival plaque was
collected by inserting a sterile absorbent paper point to the
sulcus depth and moving it laterally along the tooth surface and
the sulcular epithelial lining. The paper point sample was

immediately placed into 1-ml thioglycollate medium and

gently sonicated to disperse the bacterial cells.
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Saliva collection and processing Unstimulated
saliva was obtained in 5-mL samples from the same subjects
who had donated subgingival plaque and processed as
previously described.”** In brief, each saliva sample was
diluted (1:10) with pre-reduced, anaerobically-sterilized
Ringer solution, containing 0.05% cysteine (Sigma Chemical
Co, St Louis, MO) as a reducing agent, and centrifuged at
2,000 x g for 10 min to remove any particulate matter. The
supernatant was passed through 0.45 um sterile syringe filter.

PCR detection of A. actinomycetemcomitans in
subgingival plaque Subgingival plaque samples were
suspended in 1 mL sterile double distilled water, pelleted, and
resuspended in 200 pL of DNA isolation reagent (InstaGene
Matrix, Bio-Rad Lab, Hercules, CA, USA). Total DNA was
extracted according to the manufacturer’s instructions. The
suspension was centrifuged and 5 pL of resulting supernatant
was used for PCR. The PCR reactions (Taq PCR Core Kit,
Qiagen, Valencia, CA, USA) were carried out as previously
described using oligonucleotide primers specific for A.
actinomycetemcomitans, sense 5' AAA CCC ATC TCT GAG
TTC TTC TTC 3', antisense 5' ATG CCA ACT TGA CGT
TAA AT 3'.” The PCR product was analyzed by 1% agarose
gel electrophoresis. DNA of 4. Actinomycetem comitans
ATCC 43718 was used as positive control.

Inhibitory effects of lemongrass oil on
subgingival biofilm formation To determine the effects of
LG in inhibition of biofilm formation in test groups,
subgingival plaque sample from each periodontitis patient
was cultivated in saliva-coated 96-well microtiter plate in the
presence of LG at concentrations 1-6 pL/mL under anaerobic

2 A bacterial

atmosphere at 37°C for 2, 4 and 8 days.
suspension in the wells contained only medium without LG
served as a control group. The initial count of total bacteria,
which were inserted into each well, was 1x10° CFU/mL. For
model 1, the supernatant was removed at 48-h intervals and
the wells were added with fresh medium without LG. For

model 2, the supernatant was removed and the wells were

added with medium containing 1- 6 pL/mL LG at 48-h

intervals. At the indicated times (2,4 and 8 days), the
supernatant in each well was removed and the wells were
washed with 200 pL of sterile phosphate buffered saline. The
attached bacteria were stained for 15 min with 150 pL of 1%
crystal violet. Excess stain was removed with running tap
water. The plates were air dried and the dye bound to the
adherent cells was solubilized with 150 pL of 33% (v/v)
glacial acetic acid per well. After transferring the dye
solution to a new plate, the optical density (OD of each well
was measured at 595 nm using microplate reader (Varioskan
Flash, Thermo Fisher Scientific Inc., USA). Percentage of
biofilm formation inhibition of LG was calculated using the
formula [1-(OD,,ssample/OD;,,control)x 100. Concentrations
of LG exhibiting 50% inhibition (IC,,) of subgingival biofilm
formation in each model were determined. All experiments
were repeated on three separate occasions, with triplicate
determinations in each experiment.

Real-time PCR The bacterial DNAs from biofilm in
96-well microtiter plate were extracted by using Insta Gene Matrix
(Bio-Rad Lab., CA, USA) according to the manufacturer’ s
instructions. Dilutions of known amounts of reference strains
DNA (10-10° cells) were used to determine the standard curve
for real-time quantification.

Primers and probeszg’w used in this study are shown in
Table 1. Taq Man probes were labeled with the reporter dye 6-
carboxyfluorescein (FAM) at the 5’ end and with non-
fluorescent quencher (NFQ) at the 3’ end. Amplification and
detection of bacterial DNA by real-time PCR were performed
using Applied Biosystem 7500 Fast Instrument (Applied
Biosystems, USA). Samples were assayed in a 20 pL reaction
mixture containing 2 pL of template DNA, 10 uL of 2X
TagMan" Universal PCR Master Mix (Applied Biosystem), 1 pL
of 20X assay mix containing probe, forward and reverse primers
(Applied Biosystem). The cycling conditions used were as
follows: 50°C for 2 min, 95°C for 10 min followed by 40
cycles of 95°C for 15 s and 60°C for 1 min each. All data were

analyzed using the Applied Biosystem 7500 Fast software.
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Table 1 Real-time PCR primers and probes used in this study

Primers and Probes

Product size (bp) Reference

A. actinomycetemcomitans

Forward 5’-ACGCAGACGATTGACTGAATTTAA-3’

Reverse 5’- GATCTTCACAGCTATATGGCAGCTA-3’

Probe 5’- FAM-TCACCCTTCTACCGTTGCC- NFQ-3’

Total bacteria

Forward 5’-TCCTACGGGAGGCAGCAGT-3’

Reverse 5’-GGACTACCAGGGTATCTAATCCTGTT-3’

Probe 5’-FAM- CGTATTACCGCGGCTGCTGGCAC-TAMRA-3’

77 Morillo et al. 2004

466 Nadkarni et al. 2002

To determine the validity of using the universal
probe and primers set to estimate the total number of bacteria
in a mixed culture, three bacteria, P. gingivalis, A. actino-
mycetemcomitans and Streptococcus mutans, were grown
separately in vitro and equal volumes of the three cultures
mixed together. The number of P. gingivalis, A. actino-
mycetemcomitans and S.mutans in CFU was determined by
serial dilution on agar plates and compared with the relative
bacterial load determined by real-time PCR using the
universal probe and primers set.””

Statistical analyses Kruskal-Wallis analysis and
Dunn’s multiple comparison tests were carried out for
comparison of biofilm formation and bacterial number
between the test and control groups in both models. P values

of <0.05 was considered statistically significant.

Results

A. actinomycetemcomitans in the subgingival plaque
samples from all periodontitis patients in this study was
verified by PCR. The results showed that all subgingival
plaque samples harboring A. actinomycetemcomitans (Figure
1). The anti-biofilm activity of LG depended on the dose and
more than 80% anti- biofilm activity was observed at
concentration 6 pL/mL on day 2, 4, and 8 of both models
(Figure 2). The 50% inhibition concentrations (ICs,) of LG in
each model were showed in Table 2. It was clear that older
biofilm showed less susceptible to LG. However, LG at
concentration 6 pl/mL was able to kill all A. actinomy-
cetemcomitans in subgingival biofilm on day 2, 4, and 8 of
both models (Figure 3A). Although lower total bacterial

numbers in subgingival biofilm of test groups were found at

concentration 6 pL/mL on day 2, 4, and 8 of both models, they
were not significantly different compared with those of

untreated control in both models (Figure 3B).

_
_—— 500 bp

Figure 1 Detection of A. actinomycetemcomitans DNA using agarose
The gel

actinomycetemcomitans DNA amplified by conventional

gel electrophoresis. shows staining for A.
PCR” from five subjects. Lane 1: negative control; Lane 2:
Lane 3-7:

1-5,

A. actinomycetemcomitans ATCC 43718;

subgingival plaque samples from subjects No.

respectively; Lane 8: a 100 bp DNA ladder as a molecular
weight marker

200
Doy 8 model | Day 8 model 2

Day 2 Dy 4 le] Day 4 madel 2

Inhibition of biofilm formation (%)

1152 3 4 6 1152 3 4 6 1152 3 4 6 1152 3 4 4 1152 3 4 6

Coucentration ollemongrass oil (ulinl)

Figure 2 Effects of different concentrations of lemongrass oil on
biofilm formation. The presented percentages of inhibition
were calculated from the formula [ 1-(ODy,, sample/ODj,,
control) [x100 %. Results are from 5 periodontitis patients
(N=5). The upper and lower box margins represent 75"
percentile and 25" percentile, respectively. The horizontal

line inside each box indicates the median (50“‘ percentile).
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Table 2 Concentrations of lemongrass oil exhibiting 50% inhibition (IC;,) of subgingival biofilm formation in each model

Day 2

4 model 1

4 model 2 8 model 1 8 model 2

IC,, (ul/ml) 1.7

95% Confidence Intervals 1.5-1.9

3.6

29-44

1.8 3.1 2.9

1.6-2.0 22-43 1.7-4.8

g~ Day? Day 4model 1 Day4model2  Day8model | Day § model 2

Concentration of lemongrass oil (pl/ml)

Day 2 Day 4 model Day 4model2  Day8model | Day 8 model 2

Log (CFU/ml)
-~

_}5 I I 2
LTI R

(s e T T T
6 0 1 o6 0 1 o 0 1 6

0 1 o6 0

Concentration of lemongrass oil (pl/ml)

Figure 3  Effects of lemongrass oil on cell numbers of 4. actinomycetemcomitans
(A), and total bacteria (B) in subgingival biofilm of tested and

untreated control groups.

Discussion

Essential oils are well known for having antibacterial
effect. From our previous studies, we found that LG possessed
antibacterial activity towards periodontal pathogens growing
in a planktonic state.” Inhibitory effect of LG on monospecies
biofilm formation was also reported.'6 In addition, LG
exhibited the strong inhibitory effects against several Candida

spp. in both planktonic and biofilms form.'>*

In the present
study, we further investigated the effects of LG on
multispecies biofilm formation and biofilm- grown bacteria.
Our data demonstrated that LG is able to inhibit in vitro
subgingival multispecies biofilm formation and reduce the
numbers of A. actinomycetemcomitans and total bacteria.
These results support the antimicrobial properties of LG

against A. actinomycetemcomitans that were reported from our

previous s‘[udy.17 However, killing activity of LG against A.

actinomycetemcomitans in multispecies biofilm was observed
at concentration of 6 pL/mL which was much higher than the
minimum bactericidal concentration of LG against A.
actinomycetemcomitans growing in a planktonic state (0.0625
puL/mL) found in our previous report.17 These findings are
consistent with several studies which reported that biofilm
bacteria can be up to 1,000 times more resistant to
antimicrobial agents than their planktonic counterpart.” In
are more resistant to

addition, multispecies biofilms

antimicrobial agents than monospecies biofilm.”™

A. actinomycetemcomitans is one of the most
common bacteria involved in periodontal disease. It is
associated with the localized aggressive form of periodontitis
that causes rapid attachment and bone loss.”"" In this study,
we found that all subgingival plaque samples harboring
A. actinomycetemcomitans (Figure 1). Although LG at con-
centration 6 uL/mL was able to kill all 4. actinomycetemcomitans
in subgingival biofilm, total numbers of bacteria in test
groups of both models were not significantly different
compared with those of untreated control. A probable
explanation for this may be that the concentration of LG used
in the present study does not reach minimum bactericidal
concentration towards other bacteria in subgingival biofilm.
These findings indicated an advantage of using LG for
periodontal disease treatment since it can kill A.
actinomycetemcomitans without changing the subgingival
ecology in an in vitro model. However, further clinical tests
will be necessary to determine whether the results in vivo will
be validated.

The age of the biofilm also affects its susceptibility
to LG as shown in Table 2. We found that older (4- or 8-day-
old) biofilms were more resistant to LG than were younger (2-

day-old) biofilm. These results are in accordance with those




57

Khon Kaen Dent] @ Volume 23 @ Number 1@ January - April 2020

28,32,36,37 .
Since

reported by several other groups of investigators.
the compositions of bacterial species and biofilm matrix, i.e.
polysaccharides, proteins, nucleic acids and lipids, between
older and younger biofilm are different, these can be attributed
to the higher antimicrobial resistance of older biofilms. One of
the reasons for antimicrobial resistance of biofilms is that the
antimicrobial agents must diffuse through the biofilm matrix
to contact and inactivate the organisms within the biofilm. The
extracellular polymeric substances retard diffusion either by
chemically reacting with the antimicrobial molecules or by
limiting their rate of transport. However, the mechanisms
behind the increased resistance of older biofilms to
antimicrobial agents are still the subject of much research and
debate.

In conclusion, the results obtained in this study
demonstrated that LG possesses inhibitory effects on
multispecies subgingival biofilm formation and is able to
reduce the numbers of A. actinomycetemcomitans and total
bacteria in vitro. From our previous studies, LG possessed
antibacterial activity towards caries and periodontal
pathogens and was able to reduce oral malodour.'” Moreover,
LG possessed antifungal and antibiofilm activities and could
modulate candidal colonization.'*” Altogether, the results
obtained indicate the multiple advantages of LG and suggest

potential for developing LG as a natural oral hygiene product

against oral infection in people.
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Prevalence and Risk Factors of
High-Level Oral Microbe among Dental
Patients
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Abstract

The composition of oral microbiota is associated with a health status of the host. However, the shifting of microbiome is related to
various factors. We statistically examined a possible correlation between the risk factors and the amount of three selected types of oral microbes
that are important to oral diseases (Streptococcus mutans, Lactobacilli and Candida) using the cross-sectional study method and multiple logistic
regression analysis. A total of 258 subjects who live in the urban area (Bangkok) and three randomly selected rural areas (Ratchaburi, Nakhon
Nayok and Sukhothai) were recruited to this study from January to July 2015. The results showed that participants with the high level of S. mutans
(>105 CFU/ml) are more likely to 1) live in the urban area than in the rural area by a factor of 14.73 (95% CI=2.65-82.00), 2) have secondary
education than primary or no education by a factor of 5.26 (95% CI=1.41 -19.67), and 3) have hyposalivation than normal salivary flow rate by a
factor of 23 (95% CI=4.15 -127.36). In addition, participants who lost one more tooth have higher risk of having the high level of S. mutans than
those losing less teeth by a factor of 1.08 (95% CI=1.003-1.17). In the case of high level of Lactobacilli (>105 CFU/ml), participants with
hyposalivation have higher risk than those with normal salivary flow rate by a factor of 7.67 (95% CI=1.89-31.21), while having one more tooth
loss increases the risk by a factor of 1.08 (95% CI=1.02-1.13). Moreover, losing one more tooth increases the risk of having the high level of
Candida (>104 CFU/ml) by a factor of 1.07 (95% CI=1.01-1.12) when the hyposalivation and underlying health conditions have been controlled.

This result might be able to be used as a guideline to examine the risk factors of having high levels of oral microbes in the future.
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Introduction

Oral microbiome is one of the most diverse
microbiomes in human.' Diversity of oral microbiome is
influenced by various factors including time, age, diet,
environment, geography and health conditions.” Xu et al.
(2014) found that age is strongly correlated to the abundance
of core bacteria phyla.4 In addition, the difference in a
socioeconomic status resulted in different abundance of many
oral bacterial spcs:cies.5 A study in African groups in different
regions show that life style, geography and/or diet seem to

affected saliva microbiome.” In Thailand, geographic

difference was found to show significant impacts on dentals

caries among children.” The difference of income among
Thai people in rural and urban area influences the health and
nutrition status.’

Dysbiosis of oral microbes is found to correlate
with caries, periodontitis, peri-implantitis, mucosal disease
and oral cancer.” The high level of oral pathogens (e.g., S.
mutans, Actinomyces and Lactobacillus) is associated with
high incidence of dental caries.'”"! Many studies suggested
that dysbiosis of oral microbiome also contributes to various

systemic diseases such as gastrointestinal system disease,

pancreatic cancer, Alzheimer’s disease and Type 2 Diabetes
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Mellitus (DM). The latter is one of the top ten causes of
death in Thailand." Chronic hyperglycemia in DM increases
the risk of oral diseases such as dental caries” and
candidiasis.” It therefore suggest that the glycemic level is
likely related to the incidence of dental caries, which can be
diagnosed by studying the levels of S. mutans and
Lactobacilli. In addition, patients with hypertension have
abundance of oral microbes different from those with normal
blood pressure.]7

Oral cavity contains many types of habitats such as
teeth, gingival sulcus, tongue, hard/soft palate and
subgingival making oral microbiome greatly diverse in
microbe composition.18 Change in habitats may result in
drastic changes of oral microbiome. For example, tooth loss
might change microbiome in oral cavity. It affects not only
oral microbiome, but also quality of life and appearance of
the patient.lg Tooth loss can be caused by caries and
periodontal disease. Kida et al. (2006) reported that 63.4% of
tooth loss cases in Tanzania were caused by caries.”

Saliva plays an important role in buffering pH in
oral cavity, possessing antibacterial properties and inhibiting
microbial adherence. Consequently, hypofunction of salivary
gland (i.e., hyposalivation) might increase the risk of
opportunistic infections.” Khovidhunkit et al. (2009)
reported association between hyposalivation and oral
microbiota.”

Besides bacteria, shifting in fungal population also
influences the oral condition. Candida albicans is the most
common Candida species causing the candidiasis in oral
cavity.23 Many predisposing factors such as poor oral
hygiene,24 low salivary secretion” and diabetes'® have been
identified as a significant factor in the development of this
opportunistic infection.

Despite intensive studies of correlations between
oral microbiomes and physical conditions of patients and
those between oral and systemic diseases, strength of
association of risk factors related to oral microbes causing
diseases has not been constrained yet. Until recently, data on
the prevalence and its risk factors underlying the potential

association of oral microbiota (S. mutans, Lactobacilli and

Candida) in adult Thai population are limited. In this work,

we conducted a cross-sectional study of potential risk factors
statistically associated with the levels of salivary S. mutans,

Lactobacilli and Candida in Thai dental patients.

Materials and Methods
This research was approved by the Institutional
Review Board, Faculty of Medicine,

255/2014)

Chulalongkorn
the

University (Reference Number: and
Committee on Human Rights and Human Experimentation,
Faculty of Dentistry/ Faculty of Pharmacology, Mahidol
University ~ (MU-DT/PY-IRB  2014/057.2611).  All
participants were asked to sign inform consents during
participations in this study.

The study was conducted in one urban and three
rural provinces in Thailand. The first setting was the Special
Clinic of the Faculty of Dentistry, Mahidol University
(SCMU). This clinic is located in Bangkok, Thailand and
represents an urban group. The second setting has been
conducted in His Majesty the King’s Mobile Dental Service
Unit (HMDSU), which is the biggest mobile dental service
unit in Thailand. This unit provides dental service to people
in the suburban areas in various parts of the country. We used
simple random sampling technique to select 3 study sites from
the HMDSU annual list of the provincial service as rural
groups. Specifically, we assigned a random number to each
province in the HMDSU annual list using RAND function in
Microsoft Excel and selected 3 provinces with the highest
numbers. Despite its simplicity, this method ensures that
every province in the list has an equal chance to be included
in the study sites. As a result, we obtained Ratchaburi,
Nakhon Nayok and Sukhothai as the study sites.

Study population: The participating inclusion
criteria for patients were 1) aged between 25-89 years old, 2)
not having been diagnosed with diabetes, and 3) seeking
dental treatment at either SCMU or HMDSU. It is noteworthy
that our criteria excluded only those who already knew that
they have diabetes; however, those who actually had diabetes
but were not yet formally diagnosed were still included in the

study. Other exclusion criteria were pregnant women and

participants who had been diagnosed with severe anemia or
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polycythemia because these conditions might affect the result
of a Point-of-care glycated hemoglobin (POC HbA ) test.
Demographic data collection: A questionnaire
was used to gather participant information regarding age,
gender, education attainment, household income, smoking
habit, and the family history of diabetes. In addition, we

inquired the history of medical illness including
hyperlipidemia, hypertension, cardiovascular disease and
gout. Ifa participant had at least one of these diseases, he/she
would be considered as having medical illness.

The body weight and height of the participants were
measured to the precision of 1 kg and 0.01 m, respectively.
Body Mass Index (BMI) was calculated as weight in
kilograms divided by the square of height in meters.
Overweight was defined as BMI larger than 23kg/m2. %

Systolic and diastolic blood pressures were
monitored by using the standard method. Hypertension is
defined as systolic blood pressure higher than 140 mmHg
and/or diastolic blood pressure higher than 90 mmHg27 or the
participant was previously informed by a medical doctor that
they have high blood pressure.

Oral cavity examination: Oral examination was
performed by one experienced dentist. We assured that the
examination was reliable by measuring the intraclass
correlation coefficient (ICC) and obtained ICC of 0.73.
Periodontal examination was determined by using mouth
mirror and periodontal probes. The parameters that determine
the periodontal health status were set and defined based on
the previously published study." Probing depth (PD), defined
as the distance from the gingival margin to the base of the
sulcus, was measured in all teeth except the third molar.
Gingival recession was measured in six locations (i.e.,
mesiobuccal, midbuccal, distobuccal, mesiolingual,
midlingual and distolingual) for all teeth except the third
molars. The clinical attachment level (CAL) was defined as
the distance between the cementoenamel junction and the
base of the periodontal sulcus and was computed from the
measurements of PD and gingival recession. Tooth loss was
evaluated by counting remaining teeth in oral cavity.

Periodontal status was classified into three levels:

severe, moderate, and mild or no periodontitis. The severe

level is the case with more than 2 interproximal sites on
different teeth with the CAL larger than 6 mm and more than
1 interproximal site with PD of > 5 mm. The moderate level
is for those with more than 2 interproximal sites with the CAL
larger than 4 mm or more than 2 interproximal sites with the
PD deeper than 5 mm. Lastly, the cases that did not satisfy
the above criteria for the severe and moderate levels would be
classified as the mild or no periodontitis level.

Evaluation of salivary flow rate: Modified
Schirmer Test (MST) was used to evaluate the unstimulated
salivary flow rate in all participants.28 After sitting in the
upright position and swallowing all saliva to clear the
secretion in the mouth, participants were asked to raise their
tongue gently against anterior palate. Then the round edge of
the Schirmer test strip was placed to the participants’ floor of
mouth. The length of soaked strip as indicated by the level of
blue dye was read at 1, 2 and 3 minutes. In the case that the
length of the soaked strip was less than 25 mm at 3 minutes,
we considered that the participant had hyposalivaltion.28

Glycemic measurement: HbA  level was assessed
from each participant by using a finger-prick blood sample
and a bench top analyzer (DCA Vantage Analyzer, Siemens
Medical, Deerfield, IL, USA). Only one DCA Vantage
Analyzer was used to test all samples in this study.
Participants are considered as having a prediabetic condition
if they have HbA | in the ranges of 5.7-6.4% and a diabetic
condition if their HbA | is greater than or equal to 6.5%. We
defined a hyperglycemic condition as potential prediabetes or
diabetes (HbA,, >5.7%).”

Evaluation of oral microbe: Unstimulated whole
saliva samples were obtained from all participants. The saliva
samples were then poured over the selective agar media for
Streptococci spp., Lactobacilli spp. and Candida spp. in the
plastic tray.”’ Excess of saliva was removed by blotting the
edge on absorbent paper and then the dip-slide was placed
into the sterile plastic tubes.

incubated at 37°c for 48-72 hours in a 5% CO, incubator. S.

All of the samples were

mutans was identified under microscope before determining
its abundance. The abundance of S. mutans, Lactobacilli and
Candida were recorded and scored by comparison with a

chart provided with the test.”’ The chart originally divided
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the abundance into four categories according to colony-
forming units (CFU)/ml, but in this study, we grouped it into
low and high levels. S. mutans and Lactobacilli were
classified as low level with <10 CFU/ml, whilst Candida was
classified as low level with <10* CFU/ml.

Statistical Analysis: Descriptive statistics were
used to determine the distributions of sociodemographic,
medical history, clinical and oral characteristics. Various
statistical tools were applied according to the nature of
collected data. Independent t-test was used to calculate the
difference of the number of missing teeth among the
participants with high and low amounts of microbes. Fisher-
exact test was used to analyze the association of dichotomous
and multiple categorial variables when more than 20% of
cells have the expected values of less than five. Meanwhile,
the chi-square test was used to evaluate the association among
other categorical risk factors

Multiple logistic regression analysis were used to
examine the risks of having high level of S. mutans,
Lactobacilli and Candida. We considered the following
covariates as possible confounders: age, gender, site,
education level, household income, smoking status, history of

medical illness, HbA_ status, periodontal status, number of

Table 1 Demographic data of study population

missing teeth and hyposalivation. All postulated potential
confounders were adjusted and then deleted one-by-one in a
backward stepwise approach until the odds ratio had changed
from the fully adjusted odds ratio by at least 10%.”" The
probability for entry and removal of factors were set to 0.05
and 0.1, respectively. All analyses were completed by using
STATA (STATA statistical software; version 14.0)

Results

The characteristics of all 258 participants in this
study are presented in Table 1. About half (48%) of
population reside in urban area of Thailand. Urban and rural
subjects were similar in regard to age, gender, smoking status,
history of medical illness, HbA  status, BMI and
hyposalivation status. However, participants who reside in
rural area showed significantly lower fraction of having
higher education (33.6% vs. 70.2%, p<0.001) and living
comfortably (40.3% vs. 71.0%, p<0.001) than those in the
urban area. Severe periodontitis was found to be more
common in rural population than urban one (21.3% vs 7.4%,
p=0.002). The number of missing teeth was also relatively

high in the rural subjects (5.51 teeth vs. 3.64 teeth, p=0.03).

Urban Rural Total
Variables n=124 n=134 p-value n=258
n (%) n (%) n (%)
Age (yrs) 0.775
25-40 41(33.1) 39.0(29.1) 80.0 (31.0)
41-60 53.0 (42.7) 62.0 (46.3) 115.0 (44.6)
61-89 30.0 (24.2) 33.0 (24.6) 63.0 (24.4)
Gender 0.112
Male 23 (18.6) 36 (26.9) 59 (22.9)
Female 101 (81.5) 98 (73.1) 199 (77.1)
Education level <.001
None/primary
15(12.1) 62 (46.3) 77 (29.8)
education
Secondary education 22 (17.7) 27 (20.2) 49 (19.0)
Higher education 87 (70.2) 45 (33.6) 132 (51.2)

Household income

<.001
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Urban Rural Total
Variables n=124 n=134 p-value n=258
n (%) n (%) n (%)
Living comfortably 88 (71.0) 54 (40.3) 142 (55.0)
Coping 35(28.2) 71 (53.0) 106 (41.1)
Difficult 1(0.8) 9(6.7) 10 (3.9)
Smoking status 0.057
Not smoked 113 (91.1) 118 (88.1) 231(89.5)
Current smoker 11 (8.9) 16 (11.9) 27 (10.5)
History of medical illness 0.484
No 82 (66.1) 83 (61.9) 165 (64.0)
Yes 42 (33.9) 51 (38.1) 93 (36.1)
HbA | status 0.963
Normal
79 (63.7) 85 (63.4) 164 (63.6)
(HbA,, <5.7)
Hyperglycemia
45 (36.3) 49 (36.6) 94 (36.4)
(HbA,, >5.7)
BMI 0.09
<23 48 (38.7) 38 (28.4) 86 (33.3)
23 -<275 46 (37.1) 49 (36.6) 95 (36.8)
>27.5 30 (24.2) 47 (35.1) 77 (29.8)
Periodontal status 0.002
Normal and mild 66 (54.1) 46 (36.2) 112 (45.0)
Moderate 47 (38.5) 54 (42.5) 101 (40.6)
Severe 9(7.4) 27 (21.3) 36 (14.5)
Number of missing teeth 0.003"
Mean (SD) 3.65 (4.0) 5.71(6.4) 4.7(5.4)
Hyposalivation 0.888
No 118 (95.2) 127 (94.8) 245 (95.0)
Yes 6(4.8) 7(5.2) 13 (5.0)

* P-values for continuous outcomes which based on independent t-test

The levels of S. mutans, Lactobacilli and Candida
for each parameter are summarized in Tables 2-4. In short,
the numbers of the participants in the rural area with high
levels of S. mutans and Lactobacilli were found to be
remarkably higher than those in the urban area (p<0.001 and
p=0.008, respectively). On the other hand, there was no
statistically significant difference in the Candida level
(p=0.278). According to Tables 2 and 4, participants with the
high level of S. mutans were mostly at ages of 41-60 years old

(p=0.022), had the educational level below higher education

(p=0.012), average tooth loss of 7 teeth (p=0.005) and
hyposalivation (p<0.001). Participants with the high level of
Lactobacilli were more likely to be male (p=0.039), had
average number of tooth loss of 6 teeth (p=0.002) and
hyposalivation (p<0.001). Participants with the high level of
Candida were more likely to have a history of medical illness
(p=0.007) and have average number of tooth loss of 6 teeth
(p=0.018). In this study, the clinical variables did not have an

influence on the abundance of these three microbes (Table 3).
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Table 2 Influence of demographic variables to the abundance of oral microbes.

S. mutans

Lactobacilli Candida
Characteristics I:(;\;V“ H_lgzl p-value ML High i v High el
n= n= n=177 n=81 n=194 n=64
n (%) n (%) n (%) n (%) n (%) n (%)
Site <0.001 0.008 0.278
Urban 122 (52.1) 2(8.3) 95(53.7) 29 (35.8) 97(50.0) 27 (42.2)
Rural 112 (47.9) 22 (91.7) 82 (46.3)  52(64.2) 97(50.0)  37(57.8)
Age (yrs) 0.022 0.382 0.184
25-40 77 (32.9) 3(12.5) 58(32.8)  22(272) 66(34.0)  14(21.9)
41-60 98 (41.9) 17 (70.8) 80 (45.2)  35(43.2) 82(423)  33(51.6)
61-89 59 (25.2) 4(16.7) 39(22.0)  24(29.6) 46(237)  17(26.6)
Gender 0.204 .039 0.366
Male 56 (23.9) 3(12.5) 34(19.2)  25(30.9) 47(242)  12(18.8)
Female 178 (76.1) 21 (87.5) 143 (80.8) 56 (69.1) 147(75.8)  52(81.3)
Education level 0.012 0.117 0274
None/primary
education 68 (29.1) 9(37.5) 46(26.0) 31(38.3) 53(27.3) 24 (37.5)
Secondary
education 40 (17.1) 9(37.5) 34(19.2)  15(18.5) 37(19.1)  12(18.8)
Higher
education 126 (53.9) 6 (25.0) 97(54.8)  35(43.2) 104 (53.6) 28 (43.8)
Household
income 0.872 0.203 0.469
Living
comfortably 130 (55.6) 12 (50.0) 104 (58.8) 38 (46.9) 111(57.2)  31(48.4)
Coping 95 (40.6) 11 (45.8) 67 (37.9)  39(48.2) 76 (39.2) 30 (46.9)
Difficult 9(3.9) 14.2) 6 (3.4) 4(4.9) 7 (3.6) 3(4.7)
. b
Smoking status 0.176 0.098 0767
Not smoked
221 (94.4) 21 (87.5) 169 (95.5) 73 (90.1) 181(93.3)  61(95.3)
Current
smoker 13 (5.6) 3(12.5) 8 (4.5) 8(9.9) 13 (6.7) 3(4.7)
History of 0.135 0.057 0.007
medical illness
No 153 (65.4) 12 (50.0) 120 (67.8) 45 (55.6) 133 (68.6)  32(50.0)
Yes 81 (34.6) 12 (50.0) 57(32.2) 36 (44.4) 61 (31.4)  32(50.0)
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Table 3 Influence of clinic variables to the abundance of oral microbes.

Sitaess Lactobacilli Candida
Characteristics Low High p-value
Low High  P-volue Low High e
n=234 n=24 n=177 n=81 n=19%4 n=64
n (%) n (%) n (%) n (%) n (%) n (%)

HbA,, status 0.437 0.211 0.924

Normal 117

147 (62.8)  17(70.8) 47 (58.0) 123(63.4) 41 (64.0)
(HbA,, <5.7) (66.1)
Hyperglycemia 7 60

87(37.2) 34 (42.0) 71 (36.6) 23 (36.0)
(HbA,, >5.7) (29.2) (33.9)

BMI (kg/mz) 0.833 0.537 0.34
<23 79 (33.8) 7(29.2) 56 (31.6) 30 (37.0) 60 (30.9) 26 (40.6)
23-<27.5 86 (36.8) 9(37.5) 69 (39.0) 26 (32.1) 75 (38.7) 20(31.3)
>27.5 69 (29.5) 8(33.3) 52(29.4) 25(30.9) 59 (30.4) 18 (28.1)

Table 4 Influence of oral health to the abundance of oral microbes.
Dlgany Lactobacilli Candida
L7 Rlich Low High Low High
Characteristics TR T p-value n=177 n=81 n=189 n=60
p-value p-value
() /(%) n (%) n (%) n (%) n (%)
Periodontal
0.078 0.666 0.34
status*
Normal and
108 (47.2) 8(33.3) 83 (47.4) 33 (42.3) 84 (43.5)  32(53.3)
mild
Moderate 92 (40.2) 9(37.5) 69 (39.4) 32 (41.0) 79 (40.9)  22(36.7)
Severe 29 (12.7) 7(29.2) 23 (13.1) 13 (16.7) 30 (15.5) 6(10.0)
Number of . . .
0.005 0.001 0.01
missing teeth*
Mean (SD) 4.4(5.2) 7.7 (6.8) 3.94.7) 6.5(6.5) 4.1 (4.8) 6.5(6.9)

Hyposalivation 0.004° 0.001° 0.095"

No 226 (96.6) 19 (79.2) 174 (98.3) 71 (87.6) 187 (96.4)  58(90.6)
Yes 8(3.4) 5(20.8) 3(1.7) 10 (12.4) 7(3.6) 6(9.4)

*Each variable might have different numbers of participants due to missing data.
* P- values for continuous outcomes which based on independent t-test

°P- values for dichotomous outcomes which based on Fisher-exact test
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Demographic, clinical and oral health variables that
have influences on the high levels of three microbes were
examined based on an adjusted odd ratio (AOR) at 95%
confidence intervals (CI). Table 5 shows that the risk of the
high level of S. mutans in individuals increased in rural
residents (AOR=14.73, 95% CI=2.65-82.00). The AOR of
having high-level S. mutans for participants with secondary

education was determined to be 5.26 (95% CI= 1.41-19.67)

by using participants with non/primary education as a
reference. Participants who have hyposalivation had 23.00-
fold increasing risk of having the high level of S. mutans
(95% CI= 4.15-127.36). With one increasing tooth loss, the
risk of having high level of S. mutans seems to be increased
by 8 percent (95% CI= 1.003-1.17, p=0.041); however, the

association is not significantly different.

Table 5 Odd ratios (OR) and 95% confidence intervals (CI) of covariates associated with oral microbes (n=249)

Covariates S. mutans Lactobacilli Candida
Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted
OR OR p-value OR OR p-value OR OR p-value
(95%CI) (95%CTI) (95%CI) (95%CI) (95%CI) (95%CT)
Site
Urban 1.00 1.00 Ref. 1.00 1.00 Ref. - - -
11.98 14.73 2.08 1.72
Rural 0.002* 0.07 N - -
(2.75-52.12) (2.65-82.00) (1.21-3.57) (0.96-3.10)
Hyposalivation
No 1.00 1.00 Ref. 1.00 1.00 Ref. 1.00 1.00 Ref
3.37
7.43 23.00 8.17 7.67 2.76
Yes <0.001* 0.004* (0.95- 0.06
(2.21-24.97) (4.15-127.36) (2.18-30.56)  (1.89-31.21) (0.89-8.55)
12.00)
Number of tooth 1.08 1.09 1.08 1.07 1.07
1.09 (1.02-1.16) 0.041* 0.004* 0.014*
loss (1.003-1.17) (1.04-1.14) (1.02-1.13) (1.02-1.13) (1.01-1.12)
Education level
None/primary
1.00 1.00 Ref.
education
Secondary 1.70 5.26
0.014* - - - - _ _
education (0.62-4.64) (1.41-19.67)
Higher 0.36 1.97
0339 - - - - - -
education (0.12-1.05) (0.49-7.86)
Gender
Male - - - 1.00 1.00 Ref. - - -
0.53 0.56
Female - - - 0.076 - - -
(0.29-0.97) (0.29-1.06)
Medical history
No - - - - - - 1.00 1.00 Ref.
2.18 1.68
Yes - - - - - - 0.099
(1.23-3.88) (0.91-3.13)

Covariates not included in final models are indicated as (-). Each OR and 95%CI is adjusted for all other covariates listed in this table.

*Statistically significantly at p<0.05
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In addition to the risk of living area, the level of
Lactobacilli increases with hyposalivation and the number of
tooth loss.  Hyposalivation participants had 7.67-fold
increased risk of having high level of Lactobacilli (95% CI=
1.89-31.21). With one increasing tooth loss, the risk of
having high level of Lactobacilli seems to be increased by 8
percent (95% CI= 1.02-1.13). However, Table 5 indicates no
clear correlation between having high level of Lactobacilli
and the residence site (AOR 1.72, 95% CI= 0.96-3.10).
Similarly, the risk of having high level of Candida increases
with the increasing number of tooth loss. One increasing
tooth loss is able to boost the risk of having high level of
Candida up to 7 percent (95%CI= 1.01-1.12). Nevertheless,
there was no significant association between having high
level of Candida and having hyposalivation (AOR 3.37, 95%
CI= 0.95-12.00) or having history of medical illness (AOR

1.68, 95%CI= 0.91-3.13; Table 5).

Discussion

This study investigated the prevalence of S. mutans
and Lactobacilli, two known cariogenic bacteria, and
Candida and their risk factors in dental patients who live in
various parts of Thailand. Our study shows that the
participants in urban area has higher fraction of having higher
education and household income than those in rural area. The
latter shows severe periodontitis and has greater numbers of
tooth loss than urban-area participants. This suggests that
rural-area participants tend to have relatively unhealthy oral
conditions as compared with urban-area participants. It is
similar to the results by Mbawalla et al. (2010) that children
from a family with low socio-economic status have poor oral
hygiene index. ” The prevalence of high-level S. mutans and
Lactobacilli were higher among participants living in the
rural than in the urban area, while the high-level Candida in
both areas were not significantly different. Our results
suggest that higher levels of cariogenic bacteria are associated
with sociodemographic and oral characteristics.

Salivary S. mutans, Lactobacillus and Actinomyces
were found to be positively correlated with caries in both

mixed and permanent dentition.” It is implied that prevalence

of S. mutans and Lactobacillus is associated with dental

caries. The 8" Thai National Oral Health Survey had reported
the higher prevalence of active caries in population with ages
of 35-44 years old who live in rural than those in urban areas
(46.6% vs 38.1%; Department of Dental Health, 2018).
Studies in both Brazilian and Thai children suggested similar
results.”™ They found the higher prevalence of dental caries
in the residents living in the rural area. Our result is consistent
with the above studies in that the high level of S. mutans and
Lactobacillus indicative of dental caries is associated with the
rural residence area. Oral health services are mostly offered
at the regional or central hospitals of urban centers and
preventive or restorative dental cares are not substantially
aware.” It can be inferred that the effect of geographic
difference to the prevalence of selected bacteria can be related
to diet and accessibility to oral health service.

Tooth loss in adult may also be attributable to poor
oral health. Missing teeth would affect food choices and
would further affect the microbial community in saliva.
Individual susceptible from tooth loss may need prosthetic
replacement. We found the positive relationship between
tooth loss and the abundance of Lactobacilli and Candida. 1t
is suggested that the numbers of teeth may have an effect on
the high levels of Lactobacilli and Candida. This is also
consistent with the result by Sato et al. (2017) who reported
negative correlations between the number of remaining teeth
and the amount of Candida.”

In agreement with earlier studies, the present study
demonstrated that hyposalivation can be considered as a risk
factor of high-level S. mutans and Lactobacilli. On the other
hand, low salivary flow rate is a risk factor for caries
incidence.” Saliva plays a crucial role in maintaining the oral
hygiene and buffering the pH in oral cavity. Furthermore, it
has immunological and bacteriostatic properties.39 Jawed et
al. (2012) found a positive correlation between salivary pH
and flow rate.”” The decrease of salivary flow rate might
contribute to the buffering capacity of saliva resulting in an
increasing level of cariogenic bacteria. However, we did not
find the association between hyposalivation and Candida
counts, although there was trend for higher CFU counts in

hyposalivation subject (p=0.06).
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Torres et al. (2002) evaluated the relationship
between salivary flow and Candida colony count in the saliva
of patients with xerostomia. Their results revealed an inverse
relationship between salivary flow rate (SFR) and participants
with high Candida CFU counts (>400 CFU/ml).41 Nadig et al.
(2017) also evaluated the relationship between salivary flow
rate and Candida colony counts in the saliva of xerostomia
patients. They found the significant association among
reduced SFR and increased Candida counts.” However,
Almstahl, et al. (2003) analyzed the association between
Candida counts and less severe hyposalivation where the
decrease in salivary secretion is smaller. They found that this
group had an oral flora similar to the controls.”
mellitus  and

Association between diabetes

cariogenic bacteria were controversial. Although some
studies demonstrated the higher prevalence of caries due to
the increased concentration of salivary glucose, acidity of the
oral cavity, salivary viscosity, reduced salivary flow rate, and
salivary gland dysfunction, other studies reported a reduction
of caries levels, probably caused by decreased sucrose
ingestion.” Participants with potential prediabetes and
diabetes (HbA |, >5.7) have salivary flow rate and prevalence
of high levels of the three microbes similar to participants
with the normal glycemic level (Table 3). These results are
in agreement with the study by El-Tekeya et al. (2012). They
evaluated the non-stimulated saliva from groups of children
with and without type 1 diabetes, and found no differences
regarding salivary concentrations of S. mutans and
Lactobacilli spp.," which is similar to the results of our study.
Likewise, Akpata et al. (2012) evaluated the association
among type 1 DM and S. mutans, Lactobacilli spp and yeast
counts in 12-15-year-old children in Kuwait. The association
among type 1 DM and these cariogenic bacteria could not be
detected.” In contrast, Singh-Hiisgen et al. (2016) studied
children and adolescents (3 to 18 years old) with and without
type 1 diabetes and found higher concentrations of S. mutans
and Lactobacilli casei in diabetics’ saliva,46 which is in
agreement with those reported by Swanljung et al. 1992."

It is important to note some limitations of our study

that may affect the interpretation of the results. We did not

investigate the numbers of dental caries because of the

difficulty in examining the Decayed, Missing due to caries,
and Filled Teeth (DMFT) in the field work. As explained in
Material and Method section, in the rural area we conducted
the investigation in His Majesty the King’s Mobile Dental
Service Unit (HMDSU), where tremendous numbers of
patients came at once. DMFT examination is thus not a
practical choice. Instead, we used the commercial modified-
dip-slide test kit to examine the cariogenic bacteria that are a
good indicator of dental caries.” The abundance of cariogenic
bacteria like S. mutans and Lactobacilli obtained by using the
commercial kit was found to be significantly correlated with
DMFT”. Although we did not have the numbers of caries in
our study, the amount of cariogenic bacteria can be used as a
surrogate outcome of dental caries to look into oral hygienic
status. Another limitation is that the numbers of study
subjects might be too small that the generalization to the
entire population of Thailand need to be done with caution.
Lastly, our work was a cross-sectional study. Therefore, a
contributing temporality cannot be recognized between the

exposure and the outcome.

Conclusion

In this study, we explored the correlation among
demographic, health conditions and oral health conditions
with three types of oral microbes, S. mutans, Lactobacillus,
Candida spp. Sociodemographic status of studying
populations is different in that the education level of
participants living in urban area is statistically higher than
rural-area participants. Moreover, 71% of urban participants
are living comfortably, whereas the fraction is only 40.3% for
those in rural area. Two oral conditions, which are
periodontal status and number of missing teeth, are
significantly different between these two groups of
participants. These might suggest that in our study
population, the urban participants have better oral health
conditions than the rural ones.

Multivariate  step-wise  regression  analyses
demonstrated that the salivary level of S. mutans was related
to residency in rural area, education level, hyposalivation and

number of tooth loss. Salivary Lactobacilli level was
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associated with hyposalivation and the numbers of tooth loss.
Candida level was also related to the numbers of tooth loss.
Identification of the persons at risk as a preventive measure is
of importance. Once these persons are identified, available
therapeutic modalities should be offered. Management of
these conditions may include daily oral hygiene maintenance,
frequent professional oral evaluations and cares, hydrating
lubrication and nutritional counseling. This study can be a
preliminary guideline in studying the correlation between the

risk factors and oral microbes of other diseases.
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Figure 1 Pretreatment intraoral photographs (A, B)
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Figure 6 Intraoral photographs showing location of the left maxillary central incisor during treatment (A-C)
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Treatment of an Impacted Maxillary
Central Incisor by 2x4 Appliance with
Artificial Eruption: A Case Report

Tantayanon O*

Abstract

Impacted maxillary central incisor is occasionally reported in dental practice, but quite important because it could significantly affect
a child facial esthetics, psychology, and induce a problem of pronunciation in the future. Early detection of such teeth is important. Complications
frequently encountered are poor clinical outcome, psychology, duration of treatment and cost for treatment. It should be managed as early as
possible. Artificial eruption is one choice of treatment that is useful because it is applicable in early mixed dentition. This article describes a case
of a 9-year-old male with an impacted left maxillary central incisor. The child was treated by 2x4 appliance combined with artificial eruption using
closed eruption technique and the application of an orthodontic force brought the impacted maxillary central incisor down to its proper position.

This approach showed favorable outcomes.

Key words: Impacted maxillary central incisor/ 2x4 appliance/ Artificial eruption/ Closed eruption
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Space Management for Children

Kitsahawong K* Kitsahawong S**

Abstract

There are several causes of early loss of primary teeth. Consequences of early loss of primary teeth are imbalance of force to adjacent
teeth, which may lead to undesirable tooth movements and create space shortage in the dental arch. Space deficiency can provide detrimental effects
on the developing permanent dentition or increase the severity of malocclusions with crowding. Therefore, using an intra-oral space maintainer to
preserve arch length following the premature loss of primary teeth/tooth is crucial. To ensure proper treatment in individual patient, appropriate
treatment planning and designing the right appliance are very important and need to consider the relevant factors. This article aims to provide
detailed information about the causes and factors affecting the loss of space due to premature loss of primary teeth, including guidelines for
examination and treatment planning for appropriately manage individual patient. In addition, to deliver information about the considerations for
the use of space maintainers and how to maintain the space in the dental arch. The advantages, disadvantages and limitations of different kind of

appliances were discussed in order to assist on decision making for selecting appropriately appliances in patients.

Key words: Deciduous teeth/ Tooth loss/ Space Maintenance/ Space maintainers
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