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Figure 1
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(A) Baitudaiudalauussyluveonlulaseunsiiag (B) wisituesnluaosdiuluwwen (Q) Baftuiveesdiudnmedils (D) dnduiinly

(A) Sample was fixed with silicone in microcentrifuge tube, (B) The root was split longitudinally into two halves, (C) The root was

re-assembled with sticky wax, (D) The root was remounted into silicone mold in a microcentrifuge tube.
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Figure 2 Residual calcium hydroxide (Red area) in root canal (Gray area) , (A1) calcium hydroxide powder mixed with distilled water +
needle irrigation , (A2) calcium hydroxide powder mixed with distilled water + PUI, (A3) calcium hydroxide powder mixed with
distilled water + XPF , (B1) UltracalXS + needle irrigation, (B2) UltracalXS + PUI, (B3) UltracalXS + XPF, (C1) Vitapex + needle
irrigation , (C2) Vitapex + PUI, (C3) Vitapex + XPF

aaedi 1 mmé‘h%@aammﬁuﬁmamﬂaL%ﬂmlamanlmﬁﬁmﬁaae‘jwwﬁmammnﬁu

Table 1  Mean percent residual calcium hydroxide left on root canal wall
Type of calcium hydroxide Irrigation protocols

(n=10) needle irrigation PUI XP endo finisher
Calcium hydroxide powder + distilled water 11.86+1.15 4 3.89+1.08° 2.18+0.66°
UltraCal™Xs 35.03+2.66 11.32+2.07° 9.28+1.14°
Vitapex® 67.62+4.94F 47.77+3.32" 51.90+5.18 ¢

Fyanwalisnwsasiuluwaiwazmeduilifeniu nunetsradeiinuuenasegdidedfgmnsatanssautieddey 0.05
Different alphabet in the same row and column indicates statistically significant difference between groups at P = 0.05.
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sUN 3 nsmluiaaninniefosazvesiuiivesunadeulansenlediiviovuninaesnituiunmusiavesunadeulansonled

* fanuuansneiuegsililudAgynieadf P = 0.05

Figure 3  Bar chart illustrating the means of percent area of calcium hydroxide on root canal wall categorized by types of calcium
hydroxide.
* Statistically significant difference at P = 0.05.
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1
= T
T =
0.000 r T L r
syringe IR PUI XPF

Uit e  nemiwiwansdiadsesasvesituiivesunadenlensenlusfvieuuniinaosnituduunnusinuesisnisdenaessnity
* fanuuansnsiuegivudAgynnseds P = 0.05

Figure 4 Bar chart illustrating the means of percent area of calcium hydroxide on root canal wall categorized by types of irrigation
protocols.

* Statistically significant difference at P = 0.
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L

Efficacy of Three Irrigation Protocols for
Removing Three Types of Calcium Hydroxide
fromm Root Canals

Pibultip P* Piyachon C**

Abstract

The aim of this study was to compare the efficacy of XP-endo finisher, passive ultrasonic irrigation and conventional syringe
and needle irrigation for removing three types of calcium hydroxide (CH) from root canals. Ninety human mandibular premolar teeth
with single root canals were used in this study. All teeth were decoronated and root canal enlarged using PT Next rotary instruments.
The roots were split longitudinally, and the root halves were reassembled with sticky wax. The specimens were randomly divided into
three groups according to type of CH medication (n=30): CH powder mixed with distilled water, UltraCal™XS and Vitapex®. After seven
days, the roots were divided into three subgroups (n=10) according to the irrigating techniques : XP-endo finisher, passive ultrasonic
irrigation and conventional syringe and needle irrigation. The root halves were detached. The photographs of root canals were taken
under light stereomicroscope at 20x magnification. The percentage of calcium hydroxide coated the total surface area in relation to
the surface area was calculated. The data was analyzed with two-way ANOVA and a post-hoc Scheffe test. Results showed that
different irrigation protocols and CH types have affected to the residual CH in root canal. The percent area of residual CH of CH powder
mixed with distilled water group and UltraCal™XS group had no statistically significant difference in XP-endo finisher and passive
ultrasonic irrigation group, but significantly less than conventional needle irrigation group. In contrast, the Vitapex® group showed
significantly less residual when irrigated passive ultrasonic irrigation. Under the condition of this study, the conclusion is that
different irrigation protocols and CH types have affected to the residual CH in root canal. XP-endo finisher and passive ultrasonic
irrigation were more effective in the removal of CH than conventional needle irrigation. The oil-based CH paste exhibited the most
difficult to remove from root canals.

Keywords: Calcium hydroxide/ Passive ultrasonic irrigation/ XP-endo finisher
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Table 1 Demographic data

MW uarnsEenY (M5ed 1) sunginssuaunm
wuieranasinsanlvadudliguyn’ Tusyifnesnm
N UANTIULATSNYINIUTUA LazdingRnssunis
wdseilulaiAn 2 afy/Au s1anBen (91 2)

Metabolic Syndrome

Variables
Sex
Male 60 30 30 -
Female 140 70 70
Age [median(Q1-Q3)] 60.00 60.50 60.00 0.551%
(51.25-66.00) (50.25-66.00) (53.00-65.75)
Household income (baht/month, N)
< 25,000 86 41 45 0.701
25,000-49,900 49 27 22
> 50,000 baht 65 32 33
Educational level (N)
< Primary school 37 14 23
High school 64 33 31 0.253"
> Bachelor's degree 99 53 46
Occupation (N)
Unemployed 36 15 21
Employed 100 50 50 0.458"
Retired 64 35 29
*Mann-Whitney U test
"Chi-square test
ansefl 2 wgAnTINAUAMYRINANTIBEN
Table 2 Health behavior
Variables Total Metabone Syrdiome P-value’
yes no
Smoking status
Former/Current smoker 27 13 14 0.836
Non smoker 173 87 86
History of dental treatment
Regular dental check up 87 a5 a2 0.669
See dentist only when 113 55 58
symptoms arise/Never been to the dentist
History of periodontal treatment
(Scaling/Root planing)
Yes 145 70 75 0.428
No 55 30 25
Tooth brushing frequency
< 2 time/day 160 75 85 0.077
> 3 times/day 40 25 15

“Chi-square test
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Table 3  Physical and blood chemistry results

Variables Metabolic Syndrome
[Median (Q1-Q3)] Yes No

Body Mass Index (BMI, kg/m?) 26.91 (24.86-30.08) 22.45 (20.41-25.04) <0.001
Waist circumferences (WC, cm.)

Male 95.75 (91.75-102.63) 85.40 (77.88-89.00) <0.001

Female 89.00 (84.50-97.08) 77.75 (72.50-86.25) <0.001
Fasting blood glucose (FBS, mg/dl) 97.50 (89.25-113.00) 88.00 (81.25-93.00) <0.001
HbA1C (%) 5.87 (5.51-6.39) 5.43 (5.06-5.70) <0.001
Triglyceride (TG, mg/dl) 131.00 (101.00-184.00) 83.50 (68.00-127.25) <0.001
Low Density Lipoprotein (LDL, mg/dl) 129.01 (102.21-170.01) 134.09 (107.10-163.88) 0.702
High Density Lipoprotein (HDL, mg/dl)

Male 40.70 (35.96-51.76) 47.91 (43.00-56.71) 0.026

Female 54.16 (46.21-64.00) 58.97 (53.21-65.37) 0.018
White blood count (WBC, x10° u) 5.6 (4.72-6.93) 5.99 (5.15-7.09) 0.102
Red blood count (RBC, x10° u) 4.93 (4.59-5.37) 4.75 (4.36-5.06) 0.027
Hemoglobin (HGB, gm/dl)

Male 14.25 (13.62-15.42) 13.85 (12.37-14.60) 0.093

Female 13.20 (12.55-14.02) 12.70 (12.10-13.50) 0.019
Neutrophil (%) 57.60 (50.80-63.28) 55.60 (48.10-61.50) 0.178
Lymphocyte (%) 32.20 (27.20-38.23) 34.10 (28.40-39.10) 0.242
Neutrophil-lymphocyte ratio (NLR) 1.76 (1.37-2.33) 1.63 (1.23-2.12) 0.193
Monocyte (%) 5.85 (4.83-7.30) 6.60 (5.50-7.60) 0.035
Eosinophil (%) 2.70 (1.83-4.18) 2.80 (1.60-4.30) 0.753
Basophil (%) 0.60 (0.40-0.88) 0.50 (0.30-0.70) 0.321
Platelet (PLT, x10° u) 256.50 (218.75-312.50) 238 (196-272) 0.050
Platelet-lymphocyte ratio (PLR) 7682.68 7020.31 0.045

(6380.46-10550.60) (5431.03-6380.46)

Blood pressure (BP, mmHg)

Systolic Blood Pressure 137.00 (128.25-146.00) 127.50 (118.00-139.00) <0.001

Diastolic Blood Pressure 85.00 (75.00-90.75) 78.00 (71.00-84.00) <0.001

Metabolic Components (N)

0 0 21
1 component 0 36
2 components 0 43
3 components 62 0
4 components 25 0
5 components 13 0

*Mann-Whitney U test
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A15197 4
Table 4

N13N5210IAYTENOUVBINGUDINTTIATUDEN

Metabolic Components

The components distribution of the metabolic syndrome according to the harmonized criteria

0-2 (100) > 3(100)
Elevated fasting glucose/ Drug treatment of elevated glucose a4 50
Elevated waist circumference 35 95
Elevated triglycerides/Drug treatment for reduce triglycerides 17 72
Elevated blood pressure/Antihypertensive drug treatment in a patient with a history of hypertension 51 92
Reduced HDL-C 15 a2

A1519% 5
Table 5

Periodontal parameters

Median (Q1-Q3) Yes

AR wunaunaudiivaglifinguenniswniuedn
Periodontal parameters classified by subjects with and without metabolic syndrome

Metabolic Syndrome

No

Remaining teeth 25.00 (22.00-27.00) 26.00 (22.25-27.75) 0.062
Periodontal probing depth (mm.) 2.61 (2.42-2.86) 2.54 (2.30-2.83) 0.084
Clinical attachment level (mm.) 3.22 (2.85-3.82) 3.06 (2.71-3.43) 0.060
Gingival index 1.29 (1.17-1.40) 1.27 (1.11-1.39) 0.445
Plaque index 1.15 (1.05-1.29) 1.12 (1.00-1.29) 0.135
Mean CAL > 3 mm. (N) 67 54 0.060"

*Mann-Whitney U test
“Chi-square test

nsduunlsaUiviuddniay (ideldanadonis
SanzvasetersUsiudialnd s 3 dadwasiuly
PUNFIATIZR ROC curve Wuilwdsseninegielse
U3ruddniauseausulsteanannqusUaglsauiviud
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WUU Univariable model ¢e Binary Logistic Regression
sEninnguemsuaivedn dudadusieg laun imene
918 selaasnSeufitesnin 25,000 v/Afeu sERU
nsfnuildiiudszand@ne fAfngAnssunisguyns
auBlunisuuseitulaiiu 2 ady/Su sedunissniauves
wien sauiansnsaanulsausiudsniausedusuuse b

o w a

wuAMUduNUSo s lTud A 9aia

evhmslieszianudiiusuuy Multivariable
model A28 Binary Logistic Regression Tagif1vumlin1g
AsanungueInIsatvednidudiuusniy wazdnig
muaNfulsmwdiusiulsaUTuRsiay 9019
HARBNITATIINUNGUDINTUAEEN TakA InAvIey 81
s1elaaa snsnTeufitesnin 25000 UIN/FoU FE6U
nsAnuliiAuuszoudnu {AfimgAnssunisguyns
arwilunisuuseiiulaiA 2 adyTu sefumssniaunes
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AulsaUSuddniauseAuulse (OR = 1.929, 95% Cl:
1.010-3.687) (57471 6)
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M990 6 AnuduTUSIETIvanTIeUSTud deyausevnsmans uareddAusenauTetunIuean
Table 6 Association between metabolic syndrome and severe periodontitis

MS > 3 components

factor Crude OR Adjusted OR
N p-value p-value
(95% CI) (95% ClI)

Severe periodontitis (Mean CAL > 3 mm) 121 1.730 0.061 1.929 0.047
(0.975-3.068) (1.010-3.687)

Age 200 1.014 0.385 1.018 0.290
(0.983-1.045) (0.985-1.053)

Male 60 1.000 1.000 0.881 0.731
(0.546-1.831) (0.427-1.818)

Smoking behavior 27 0.918 0.836 0.913 0.855
(0.408-2.067) (0.343-2.427)

Education < Primary school 37 0.528 0.106 0.386 0.068
(0.244-1.144) (0.139-1.072)

Household income 86 0.940 0.850 1.543 0.315
< 25,000 bath/month (0.493-1.790) (0.662-3.595)

Tooth brushing frequency < 2 times/day 160 0.529 0.080 0.547 0.113
(0.260-1.078) (0.260-1.153)

Gingival index 200 1.573 0.548 1.227 0.806
(0.359-6.905) (0.240-6.270)

Individuals with 0-2 components were used as the reference group
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Metabolic Syndrome is Associated
with Severe Periodontitis in a Group of
Thai Population

Lorsuwan P* Bandhaya P**

Abstract

The purpose of this case-control study was to assess the association between Metabolic syndrome (MS) and periodontitis.
One hundred participants with MS and 100 without MS, aged 40-81 years old, were recruited from the Faculty of Dentistry, Chiang Mai
University. Socio-demographic characteristic and oral health-related behaviour were obtained from participants. The anthropometric
index and blood test were performed to define MS by harmonized criteria. Severity level of periodontitis was categorized by mean
clinical attachment level (CAL). Participants with the mean CAL > 3 mm were classified into the severe periodontitis group. There is
positive association between the severe periodontitis and participants with MS. (OR=1.929, 95% Cl: 1.010-3.687). Dentists should be
aware of the association between MS and periodontitis.
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Table 1

Aspects of quality of life

Eating (M35UUs2Nu01%13)

The results of construct validity in a pilot of the Thai version of the Dental Impact Profile

Percentage of Good effect n (%)

Not a denture
Wearer (n=25)

Always wearing
denture(s) (n=35)

1. Eating (A155UU5EMU0113) 33 (94.3) 10 (40.0) 21.165  <0.001**
2. Tasting (N15TUTABINI3) 30 (85.7) 9 (36.0) 15843  <0.001*
3. Chewing and biting (M3LABILAZATTARA) 33 (94.3) 9 (36.0) 23592  <0.001**
4. Enjoyment of eating (A3ugvlun1sulsEnIuemu 33(94.3) 8(32.0) 26.146  <0.001**
5. Food you choose to eat (¥linamsfitdaniulszniu) 34.(97.1) 10 (40.0) 24.351  <0.001**
Health/Well-being (qwnmuammuuﬁuagjﬁﬁ)
6. Feeling comfortable (A133ANAU) 33(94.3) 12 (48.0) 16.663  <0.001%*
7. Living a long life (M3flenaiigue) 30 (85.7) 13 (52.0) 8.163 0.004*
8. General health (qsumwimaﬂ’ﬂﬂ) 35 (100.0) 13 (52.0) 21.000  <0.001**
9. Appetite (PINUBHINBINNT) 31 (88.6) 11 (44.0) 13796  <0.001*
10. Enjoyment of life (ugulunisandudin 35 (100.0) 13 (52.0) 21.000  <0.001*
11. General happiness (A1ugulngn M) 35 (100.0) 14 (56.0) - <0.001**
12. Weight (wiinga) 23 (65.7) 7 (28.0) 8.297 0.004*
Social Relationship (AMNEUNUSN19§9AL)
13. Having confidence around others (Audulaionulzauseudng) 35 (100.0) 15 (60.0) - <0.001**
14. Appearance to other people (nwanwalfiauduue’) 33(94.3) 14 (56.0) 12595  <0.001**
15. Moods (151aiA133n) 34.(97.1) 14 (56.0) 15429 <0.001**
16. Attendance at activities (M99 WAINTINAE)) 34.(97.1) 14 (56.0) 15429  <0.001%*
17. Success at work (Aud@nsalunisvinew) 31 (88.6) 13 (52.0) 9.974 0.002*
18. Smile and laughing (M3BULAAILINE) 35 (100.0) 14 (56.0) -4 <0.001%*
19. Facial appearance (gﬂa"nwm“lmﬁmmaa) 34 (97.1) 13 (52.0) 17.510  <0.001**
20. Social life (n1s1d1&ama) 34(97.1) 12 (48.0) 19.688  <0.001**
21. Speech (N15%A) 35 (100.0) 15 (60.0) 2 <0.001%
22. Breath (nauun) 27 (77.1) 8 (32.0) 12.227  <0.001**
Romance (A2115n1A3) (n=29)° (n=20)°
23. Romantic relationships (Asduiusiugsn) 22 (75.9) 7(35.0) 8.182 0.004*
24. Having sex appeal (AudlLeu) 22 (75.9) 7 (35.0) 8.182 0.004*
25. Kissing (M33uv3anauuiy) 16 (55.2) 6 (30.0) 3.032 0.082

2 Fisher’s Exact Test, ® Excluding single, divorced, and widowed, *P-value < 0.05, **P-value <0.001
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Table 2 Demographic and denture wearing of participants of a pilot study and a main study

Pilot Study (n = 60) Main Study (n = 155)

Characteristics

Percentage (%) Percentage (%)
1. Gender (Mean (SD), Range of age)
Male 31 51.7 85 54.8
Mean (SD) of age 73.3 (1.26) 74.7 (0.93)
Range of age 62, 90 60, 97
Female 29 48.3 70 45.2
Mean (SD) of age 76.0 (1.65) 73.2 (1.07)
Range of age 60, 94 60, 94
2. Age (years old)
60 — 69 17 28.3 53 34.2
70-79 29 48.3 56 36.1
>80 14 233 46 29.7
3. Educational level
Uneducated 11 18.3 35 22.6
Elementary 45 75.0 113 729
Junior high school 2 3.3 3 1.4
High school 2 3.3 4 2.6
4. Monthly income (Thai Baht)
<1,000 33 55.0 76 49.0
1,000 - 2,500 23 38.3 59 38.1
2,501 - 5,000 3 5.0 13 8.4
>5,000 1 1.7 7 4.5
5. Personality
Introvert 12 20.0 33 213
Extrovert 12 20.0 37 239
Ambivert 36 60.0 85 54.8
6. Number of natural teeth remaining (teeth per person)
None 36 60.0 87 56.1
1-6 10 16.7 28 18.1
>7 14 23.3 40 25.8
7. Number of pairs of natural teeth (pair per person)
None 53 88.3 135 87.1
>1 7 11.7 20 12.9
8. Type of the current dentures
Complete denture 36 60.0 87 56.1
Acrylic partial denture (both upper and lower arch) 16 26.7 a2 27.1
Single denture with acrylic partial denture 8 13.3 26 16.8
9. Denture wearing
Always 35 58.3 83 53.9
- Sleeping with dentures 7 20.0 7 8.4
- Removed at night 28 80.0 76 91.6
Sometimes 8 133 27 17.4
Reasons for wearing
- Eating 2 25.0 8 29.6
- Meeting others 6 75.0 19 70.4
Never 17 28.3 45 29.0
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Table 3

Aspects of quality of life

Eating (M35UUs2NU01%13)
Eating (N155UU5MU01%19)
Tasting (N13TUADINT)
Chewing and biting (n'mﬁymt,t,azmsﬁﬂ)
Enjoyment of eating (A213gaulun1ssulszmuenis)
Food you choose to eat (winewnsidensulseniu)
Health/Well-being (qwmwuazmwﬂuagﬁﬁﬁ)

BN SN Rl I o

6. Feeling comfortable (Au3dnauis)
7. Living a long life (msﬁmqﬁﬁum’s)
8. General health (guamilagyialy)
9. Appetite (MUBEINBINII)
10. Enjoyment of life (Anugulunisaniudin)
11. General appiness (A21UEULAEATNT )
12. Weight W)

Social Relationship (A uENWUSNNeF9AL)
13. Having confidence around others (rrusiuladenulzausoutng
14. Appearance to other people (nMwdnwalfieudusies)
15. Moods (915uainusdn)
16. Attendance at activities (N3LU15WAINTINAN )
17. Success at work (rrmdnalunisvha)
18. Smile and laughing (nstuuazase)
19. Facial appearance (sUanwallunthnues)
20. Social life (M3ideans)
21. Speech (M3%n)
22. Breath (ndun)

Romance (A21u3nlas) n = 124a
23. Romantic relationships (Auduiusugsn)
24. Having sex appeal (Anudliaion)
25. Kissing (M33uiavasuiy)

*Excluding single, divorced, and widowed

The impact of denture on quality of life of participants from the Thai version of the Dental Impact Profile

Good effect

Bad effect

No effect

n % n % n %
107 69.0 a4 28.4 4 2.6
101 65.2 34 21.9 20 12.9
102 65.8 a6 29.7 7 4.5
106 68.4 42 27.1 7 4.5
108 69.7 38 24.5 9 5.8
109 70.3 31 20.0 15 9.7
107 69.0 19 12.3 29 18.7
115 74.2 18 11.6 22 14.2
100 64.5 24 15.5 31 20.0
115 74.2 17 11.0 23 14.8
116 74.8 16 10.3 23 14.8
86 55.5 14 9.0 55 35.5
120 7.4 10 6.5 25 16.1
118 76.1 13 8.4 24 15.5
120 7.4 16 10.3 19 12.3
116 74.8 11 7.1 28 18.1
112 72.3 10 6.5 33 21.3
121 78.1 13 8.4 21 13.5
120 7.4 14 9.0 21 13.5
115 74.2 13 8.4 27 17.4
118 76.1 16 10.3 21 13.5
96 61.9 18 11.6 41 26.5
64 51.6 10 8.1 50 40.3
78 62.9 9 7.3 37 29.8
57 46.0 8 6.5 59 4a7.6
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Table 4 Significant correlations between the impact of dentures on quality of life and different factors

Variables

.
e 5 g >y 2 %2 . § 2.3 oo
Aspects of quality of life 2 o S 3 £ E © g+ 2+ s § 5 3 E
S < 5 3 S g S 283 ® °F EE t©t&
S 3= 3¢ 5 B35 Ez2 | 838 &¢
& = | 285 3E P
T
Eating
1. Eating 0.813 0.972 0.189 0.790 0.823 0.859 0.256 0.917 <0.001**
2. Tasting 0.419 0.838 0.125 0.670 0.812 0.753 0.136 0.809 <0.001**
3. Chewing and biting 0.982 0.702 0.219 0.350 0.696 0.827 0.152 0.367 <0.001**
4. Enjoyment of eating 0.460 0.528 0.225 0.485 0.800 0.929 0.231 0.860 <0.001**
5. Food you choose to eat 0.257 0.747 0.318 0.536 0.687 0.969 0.034* 0.746 <0.001**
Health/Well-being
6. Feeling comfortable 0.182 0.969 0.498 0.801 0.451 0.714 0.624 0.792 <0.001**
7. Living a long life 0.199 0.649 0.189 0.916 0.751 0.218 0.256 0.563 <0.001**
8. General health 0.134 0.353 0.193 0.958 0.709 0.826 0.237 0.693 <0.001**
9. Appetite 0.777 0.993 0.819 0.586 0.266 0.901 0.583 0911 <0.001**
10. Enjoyment of life 0.134 0.355 0.193 0.720 0.288 0.826 0.083 0.847 <0.001**
11. General appiness 0.331 0.392 0.063 0.674 0.246 0.893 0.094 0.916 <0.001**
12. Weight 0.958 0.466 0.583 0.596 0.060 0.646 0.663 0.661 <0.001**
Social Relationship
13. Having confidence around others 0.486 0.542 0.335 0.262 0.569 0.863 0.250 0.852 <0.001**
14. Appearance to other people 0.517 0.913 0.233 0.261 0.921 0.892 0.408 0.886 <0.001**
15. Moods 0.756 0.542 0.155 0.262 0.313 0.787 0.568 0.629 <0.001**
16. Attendance at activities 0.331 0.365 0.332 0.474 0.464 0.399 0.026* 0.500 <0.001**
17. Success at work 0.609 0.445 0.066 0.532 0.242 0.435 0.015* 0.562 <0.001**
18. Smile and laughing 0.089 0.557 0.123 0.713 0.857 0.701 0.078 0.755 <0.001**
19. Facial appearance 0.064 0.542 0.060 0.599 0.827 0.646 0.250 0.660 <0.001**
20. Social life 0.446 0.193 0.671 0.561 0.047* 0.576 0.083 0.587 <0.001**
21. Speech 0.788 0.913 0.458 0.160 0.210 0.968 0.162 0.994 <0.001**
22. Breath 0.226 0.649 0.507 0.814 0.836 0.805 0.075 0.889 <0.001**
Romance
23. Romantic relationships 0.682 0.047* 0.399 0.022* | 0.008* 0.460 0.001* 0.262 <0.001**
24. Having sex appeal 0.256 0.024* 0.025*% 0.018* | 0.169 0.120 0.004* 0.047* <0.001**
25. Kissing 0.669 0.073 0.857 0.044* | 0.043* 0.287 0.025* 0.291 <0.001**

*P-value < 0.05, **P-value <0.001
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Table 5

natural teeth, and types of dentures

Romantic relationship

Having sex appeal

Kissing

Ham sl sufisudndiuvemansenuvesiiuiisusenunmiinduanuduiusivgsn Suunaueny seiunsfinu Melddeieu dnvaryadinnm Sunugauitusssud wasssamiludion

The results of a comparative analysis of the proportion of the impact of dentures on quality of life in romance, classified by age, education level, monthly income, characteristic, number of pairs of

s Good Bad and X2 (dn p-value Good Bad and by aGli) p-value Good Bad and X2 (dn
effect No effect effect No effect effect No effect
n (%) n (%) n (%) n (%) n (%) n (%)

Age (years old) 6.119 (2) 0.047* 7.479 (2) 0.024* 5.239 (2) 0.073
60 - 69 31 (63.3) 18 (36.7) 37 (75.5) 12 (25.5) 26 (53.1) 23 (46.9)
70 -79 23 (50.0) 23 (50.0) 28 (60.9) 18 (39.1) 23 (50.0) 23 (50.0)
>80 10 (34.5) 19 (65.5) 13 (44.8) 16 (55.2) 8 (27.6) 21 (72.4)

Education level 0.710 (1) 0.399 5.040 (1) 0.025% .032 (1) 0.857
No education 12 (44.4) 15 (55.6) 12 (44.4) 15 (55.6) 12 (44.4) 15 (55.6)
Elementary or higher 52 (53.6) 45 (46.4) 66 (68.0) 31 (32.0) 45 (46.4) 52 (53.6)

Monthly income (Thai Baht) 7.656 (2) 0.022% 8.019 (2) 0.018* 6.226 (2) 0.044*
<1,000 30 (50.8) 29 (49.2) 37 (62.7) 22 (37.3) 28 (47.5) 31 (52.5)
1,000 - 2,500 19 (41.3) 27 (58.7) 24 (52.2) 22 (47.8) 16 (34.8) 30 (65.2)
>2,500 15 (78.9) 4(21.1) 17 (89.5) 2 (10.5) 13 (68.4) 6 (31.6)

Personality 9.759 (2) 0.008* 3.561 (1) 0.169 6.278 (2) 0.043*
Introvert 6 (24.0) 19 (76.0) 12 (48.0) 13 (52.0) 7(28.0) 18 (72.0)
Extrovert 18 (62.1) 11 (37.9) 21 (72.4) 8(27.6) 18 (62.1) 11 (37.9)
Ambivert 40 (57.1) 30 (42.9) 45 (64.3) 25 (35.7) 32 (45.7) 38 (54.3)

Having a pair of natural teeth 10.580 (1) 0.001* 8.226 0.004* 4.808 0.028*
No 49 (45.8) 58 (54.2) 62 (57.9) 45 (42.1) 45 (42.1) 62 (57.9)
Yes (=1 pair) 15 (88.2) 2(11.8) 16 (94.1) 1(5.9) 12 (70.6) 5(29.4)

Type of the current dentures 2.675(2) 0.262 6.119 0.047* 2.470 0.291
cD 33 (48.5) 35(51.5) 38 (55.9) 30 (44.1) 28 (41.2) 40 (58.8)
ARPD 22 (62.9) 13 (37.1) 28 (80.0) 7(20.0) 20 (57.1) 15 (42.9)
SD with ARPD 9 (42.6) 12 (57.4) 12 (57.1) 9 (42.9) 9 (42.9) 12 (57.1)
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Table 6  The results of a comparative analysis of the proportion of the impact of dentures on quality of life in eating and social relationship, classified by characteristic, and number of pairs of natural teeth

Social Relationship

Food you choose to eat Attendance at Activities Success at Work Social Life
variabie Good Bad and X’ (df) p-value Good Bad and yacil p-value Good Bad and Y acil p-value Good Bad and X (d) p-value
effect No effect effect No effect effect No effect effect No effect
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Personality 0.751(2) 0.751 1.537(2) 0.464 2.842 (2) 0.242 6.102(2) 0.047*
Introvert 21 (63.7) 12 (36.3) 22 (66.7) 11 (33.3) 20 (60.6) 13 (39.4) 20 (60.6) 13 (39.4)
Extrovert 26 (70.3) 11(29.7) 29 (78.4) 8(21.6) 28 (75.7) 9 (24.3) 32 (86.5) 5(13.1)
Ambivert 61(71.8) 24 (28.2) 65 (76.5) 20 (23.5) 64 (75.3) 21 (24.7) 63 (74.1) 22 (25.9)
Having a pair of natural 4.489(1) 0.034* - 0.027* - 0.015% B 0.103
teeth 90 (66.7) 45 (33.3) 97 (71.9) 38(29.1) 93 (68.9) 42 (31.1) 97 (71.9) 38(29.1)
No 18 (90.0) 2(10.0) 19 (95.0) 1 (5.0) 19 (95.0) 1(5.0) 18 (90.0) 2(10.0)
Yes (21 pair)

? Fisher’s Exact Test
*P-value < 0.05
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Table 7

classified by denture wearing

Aspects of quality of life

Eating (NM35UUseM1U48IM5)

Eating (NM35UUseM1U48IMNS)
Tasting (N13TNTA81MNT)
Chewing and biting (nmﬁumuazmsﬁﬂ)
Enjoyment of Eating (mmf:flﬂumﬁuﬂizmummi)
Food you choose to eat (ﬂjﬁmmmiﬁtﬁaﬂ%wszmu)
Health/Well-being (qwnwwuasmwmﬂuaéﬁﬁ)
Feeling comfortable (Au3dnaue)
Living a long life (miﬁmqﬁﬁuma)
General health (qﬂumwimaﬂ"ﬂﬂ)
Appetite (A11UBEINBIRT)
Enjoyment of life (Augalunisandudin
General happiness (A31uUlABATNT )
Weight (ming)
Social Relationship (Audumiusn1danw)
Having confidence around others (rrusuladlonuvsausoudng
Appearance to other people (nMwdnuaifimudues)
Moods (81suninuiin)
Attendance at activities (151915 WAINTTUA 9)
Success at work (ud@nsalunisvine)
Smile and laughing (Mstuuazuse)
Facial appearance (gﬂé’ﬂwmﬂluuﬁmum)
Social life (nswd&sa)
Speech (N3%A)
Breath (ndutn)
Romance
Romantic relationships (A31uduiusiugsn)
Having sex appeal (ALALaU)
Kissing (N153Un3evianuial)

*Excluding single, divorced, and widowed
**P-value <0.001

naealaldndiugineuinfluiieudwmaisenmun niin
wnAigalunniif sesanfe nquldiiuionuinia
waznguitlallduan anudeu

= P S o = P sia v o = , =
NamiuLﬂﬁsm‘ds&mmwammwaaNanswu(wam)mm‘ﬂumama@mmwmﬂunnmu mLLunmqummsumﬂaWumEm

The results of a comparative analysis of the proportion of the impact (good effect) of dentures on quality of life in all aspects,

Denture wearing

Always Sometimes Never X’ P
(n=83) (n=27) (n=45) (df=2)
n (%) n (%) n (%)
8(94.0) 5 (55.6) 14 (31.1) 56.721 <0.001**
2(86.7) 6(59.2) 13 (28.9) 43.530 <0.001**
76 (91.6) 13 (48.1) 13 (28.9) 55.474 <0.001**
9(95.2) 4(51.9) 13 (28.9) 63.450 <0.001**
9(95.2) 4(51.9) 15 (33.3) 57.745 <0.001**
77(92.8) 19 (70.4) 13 (23.3) 57.058 <0.001**
75 (90.4) 19 (70.9) 13 (23.3) 51.607 <0.001**
79 (95.2) 22 (81.5) 14 (31.1) 63.466 <0.001%**
74 (89.2) 15 (55.6) 11 (24.4) 54.524 <0.001**
81 (97.6) 22 (84.5) 12 (26.7) T77.567 <0.001**
80 (96.4) 21 (77.8) 15 (33.3) 61.756 <0.001**
60 (72.3) 16 (59.3) 10 (22.2) 29.803 <0.001**
1(97.6) 22 (84.5) 17 (37.8) 60.023 <0.001**
80 (96.4) 21(77.8) 17 (38.8) 55.202 <0.001**
1(97.6) 21(77.8) 18 (40.0) 55.362 <0.001**
0 (96.4) 20 (74.1) 16 (35.6) 57.350 <0.001**
77(92.8) 1(77.8) 14 (31.1) 55.840 <.001%**
83 (100) 3(85.2) 15 (33.3) 76.703 <0.001**
81 (97.6) 23(85.2) 16 (35.6) 65.362 <0.001**
9(95.2) 22 (84.5) 14 (31.1) 63.466 <0.001**
81(97.6) 20 (74.1) 17 (38.8) 57.520 <0.001**
0(83.4) 13 (48.1) 13 (23.3) 40.690 <0.001%**
n=64 n=21° n=39°
45 (70.3) 12 (57.1) 7(18.0) 26.916 <0.001**
53 (82.8) 15 (71.4) 10 (25.6) 34.731 <0.001**
41 (64.1) 7 (33.3) 9(23.1) 18.014 <0.001%**
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Development and Use of the Thai Version
of the Dental Impact Profile to Assess Thai
Older Adults under Royal Dental Prosthesis
Project

Saensutthawijit P* Chatiketu P** Wanichsaithong P**

Abstract

Older adults who use dentures under the Royal Denture Prosthesis Project have different behaviors of denture
wearing. However, the impact on quality of life, or factors associated with the impact of dentures on quality of life has
never been assessed. Therefore, the purposes of this study were to develop and test the validity and reliability of the Thai
version of the Dental Impact Profile, and then to use the tool to assess the impact of dentures on quality of life and to
explore the factors associated with the impact of dentures on various aspects of quality of life. Data were collected among
215 Thai older adults who received dentures in Pak Chom District, Loei Province by interview and oral health examination.
The results of the development and testing of the validity and reliability demonstrated that The Thai version of the Dental
Impact Profile had a content validity index of 0.96. For a construct validity, it was found that all items had good structural
integrity (P<0.05), except for the kissing question (P=0.083). Cronbach's alpha coefficient for determining the internal
consistency was 0.970. The results of using the developed assessment revealed that the dentures had the greatest
proportion of good effect on smiling and laughing (78.1%), the greatest proportion of bad effect on chewing and biting
(29.7%), and the greatest proportion of no effect on kissing (47.6%). Educational level, monthly income, personality traits,
having a pair of natural teeth, and type of the current dentures were associated with the impact of dentures on some
dimensions of quality of life (P<0.05). Denture wearing was associated with the impact of dentures on all dimensions of
quality of life (P<0.001). This result of the study indicated that the Thai Version of the Dental Impact Profile is a good validity
and reliability that can be applied to the Thai population. The tool was able to explain the different effect of denture on
various dimensions of quality of life and the demographic factors were associated with the impact of dentures on quality

of life.
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AUFURUS 53N 19AULTIAITEA U TULAT SZAY
qanAvemedlTiammeSianileuiseynauiluegd
uikumsUuanmitasheasgauleiay
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Ya9aUnIaluaIzng

MY TUTNERveIIaqvaN (5199 1)

519 1 wansTanildlumsinuassdl
Table 1 Showed materials that use in this study

vaneLaviud
Wan
(Lot No.)
LOT 1900MS

USEVEHER

waydssind

RGN G
LUNASLERTUAULA?

Major,
Moncalieri, Italy

feaNsoU

ansgauleay Sigma-Aldrich, LOT PX2762200
windudies St. Louis, MO, USA

aﬁgmﬂuﬂua@ﬁm US Research Nano, LOT UAX543-6002

Houston, TX, USA

1. Yupaunisadredudiegnmeans adn
wluuunatadnliifnl1uend 25 dadiuns ndng 13
fladluns wazwun 3.5 Saduns duavdn 140 ndu wd
afrahvaet unusetslnonaunaaEAe AuLALIVAY

TN YUENOUNE DM BUUU (Dental flask) dauA3ean
iy Wenanamesiuudsiudtaunsdenszany
NS MEANTAUNAN TUULUUIAIUUNA AR S AU
INVDUNBULHNABLUULNNG AU UIA1TULVEDWUUEIUY
A3sULINUsENULAZARE A e Auadluusy fe
13mﬂ'ﬂsuam.uiLLUUﬁﬂﬁéhLszLLUUMLﬁmmimsﬁ’uLLaxa&ﬂu
Fuvdafniingy Wenanawmesiuud i unzuinuu
NaARNEDNKAYNIANTAUNET AN TU e B WU LT 9E Y
A3SULIATEN
Taumaulueglivvuadusimudnansseanm
40 wlusuns (US Research Nano., Houston, TX, USA) tLag
asamulgauria laswnilasaendlnsiialasunend
[(3-methacryloxypropyl) trimethoxysilane] 13 8 1O uT Lod
(MPS, Sigma-Aldrich, St. Louis, MO, USA) TagiA 1u18dann
aunsvedinadasla (Posthumus’s equation)” Hileim3 e
ANUEduresansamulgausoanAunluegiiunly
vaneanududuiienaasuitaududulaiivinldian
nMseaeURUUTIEEY e 9 Araduduldun 0.01475
0.0295 0.059 0.118 0.236 0.472 0944 1.416 Lkay
1.888 N3U,5y00/NS1logann B01Tus 1/32 1/16 1/8 1/4
1/2 1 2 4 6 uag 8 WNNNITATUIUAILEUNITVD
TWad @ UEIAUANLLININITANEI1VDY Jiangkongkho
wazany” ilothlumnsuivanmineynauiluegiiun
A875904 Katheng wazmny'® Aaly
wiguansgatulsiauluaisazaigioniuea
AUUTY Sp8ay 99.8 lnaUSu1ns (99.8% Ethanol,
Carlo erba, Milano, Italy) nanf Uy 1UsiraIndeou
(Deionized water) 97u2u 9 970 T laleniusaniny
Wudu Sevaz 70 Tneusuans ndudsudauy
nsauazidumng Inevenasaisnsnezdan (96% acetic
acid, Carlo erba, Milano, Italy) Tda1anudu nsa-
fn9 (pH) 7 4.5% uagldoyniaunluegiiun 1 n¥u udn
U lUnaudeins ot unauualndn (Maenetic stirrer,
Intllab, Shenzhen, China) Tnetunaudunan 2 42luq
ﬁ]’]ﬂﬁguﬁﬂﬂausluﬁ 89U (Incubater, Memmert, Schwabach,
Germany) Viufifigamadl 70 ssrmisaiea Wunm 4 Flus
pdsaniuisdesliifuasiigumgivionudiutuday
AnudutuoeniJuansdiu druusnouiigumgil 50+5
pIALgALgYd UsatiniSunnguuya (Dried group) 8n
drutduansazanglelelnsniuea (sopropanol, RCI
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labscan, Bangkok, Thailand) A onind1u 3 ae 11lae
V31105 vt et lUd udaeias eet wind sennneneu
(Hettich 460R centrifuge, St. Louis, MO, USA) 120,000
seusioun?t 1u nan2 Falus wdliDied (Pipette) gn
druveamarnuuueenmiefivseynaulusgiiund
anmzneustfuadITniluouuisiigungd 5045
ssrneaidoalugou 16 47Tus 1onng udund g
(Centrifuged group)

yrieg190un1aunlueg Ui 1un1sUTy
amwﬁaé’waﬁ@mﬂmauﬁgﬂﬂa@LLﬁﬁLLasﬂa:uﬁr:i’mmi
Humismnerududuioun 18 ngulunsiaaoudae
w3 arinssesiUsznaudunsdas (Oreanic element
analysis, Thermo Fisher Scientific, Waltham, MA, USA)
Lﬁa@ﬂ'%mzums‘uaumﬂmiﬁjmulqn,auﬁl,msagjwﬁa
yosoymAuluegiiun WednaTinuasgaiuleay
finzogiiniveseyniauilusgiuuazmanududud
¥rliAnmsindeunuuiuRenddariniuanududui
0.118 ﬂ%’mLguﬁm/ﬂ%’mgaﬁmlﬁaﬁwlﬂiﬁiﬂumiﬂ%’vamwﬁa
symauilusgiunivhnsuaulunedwiiawmesiasly
Sumeumsnadeumuudsiasiely

TguSuueunauiluegiun fesar 0.25 0.5
0.75 1 3 uay 5 Ing i unsuSuanmniiadeans
@jmuvlfaLaumwf?umaumam@jmfjum%aﬁmmL%m%uﬁ
0.118 N34 gyion/ N T g WAL U ILHIMOALDTYD LA
WUNIASLAATEAUNA8ANS DU (Methyl methacrylate,
Major, Moncalieri, Italy) 7 2¢ \A3 panauA20nd nLes
(Cubic mixer, Uniquetools, Chachoengsao, Thailand)
NG IR 8LAS DU 1ENS (Vortex mixer, VTX L-
3000, LMS Co., Tokyo, Japan) 10 utia1 10 w19 a1y
WUININISFN®I1V8 Karnonkhantikul wagzaniy &4
WU lnAansnszanesiinuazaiiaueveassn
wnsnszduunluluisdusrasandiiinisdesdiondes
qavssAuBianaseuluudeinsa InelinguaturuAengy
flaidueuniaunluegdun Yinangulunauivdiu
gounarfiduseuawes (Monomer) fednsanumns 2.5
%y sionevawe? 1 fadans wenlddniu annihudiowdn
dsvuvoauyu (Dough stage) Faunluldasludnde
ﬁ']"l,ﬂﬂm‘l,uﬁﬁauﬁqmmﬁ 80 esrwadeadussogiia
90 Wil iinmudouswiiendeiiedn 30 wit seli
Bureuunziunu

UUNUNDR LU ALUNIASLAAUTALS BUAUAY
w1 3 Ta8L1UAT A281A3 099AT U (MoPao160E,
Shangdong, China) fiA3131§3 600 seusawiduiian
10 3w Tneldnseanvnsneiiniuaziden 200 400
600 800 L% 1,000 AMUEIFU I nTuduaulUdauls
senudestuviiiug Wldanuntis 12 faduns uay
81 12 faduns wasviun 3 Jadwns mensewmawes
g uuludaseiawed (Laser CNC machine,
T-BROs engineering, China) Tneduieg1ansnageu
ﬂ%ﬁlx‘lLLiﬂﬁWM%JU‘VlﬂﬁaUﬂﬂuLL‘ﬁﬂﬁ?i%ﬁjufqaﬂﬁﬂ LazASa
naedmSunaaauANLTalIsEA ULl AINLUINIG
A3ANEIT8s Machado wazane? fidnwanuuddives
WORTIALIMASIAN LAYATINEBULIAT UNUS AT 0 9TR
282 WUUN A Moa (Digital vemier caliper, Mitutoyo,
Kanagawa, Japan) wusngunaaasismumaanidu 7 ngu
(m51991 2) Tnsanmsanwiiges leRwinsIuaves
MsVAdaU (Power of test) fioray 90 Aiszautiuddry
n9edid 0.05 SwfuAnadsuayddonuunnsg e
YANANN1TNARDY Wil uIEWIuFIeE1e (N) WU
g5 ausetaify 7.66 udmduanuudsiasey
wluwag 8.74 %uﬁm%wmuLLsﬁﬂﬂaﬁzﬁ’U@amﬂ NA9IN
5u$aLm%'au?uyusﬁ"aasiNﬁm%’umsmaaﬂﬁmajuaz 20 %y
Tnsuusasansn 10 Fudmduinisnaasuninuud i
svsuulunazaImdsdn 10 Sudmdunnaounundin
seAULanIA wid udaegantsnaanmnngulutii
pamgivioadunan 24 Halus Aeunismeaeu

U

719199 2 nFufegINMINARDILAzEINYTENEUTD ISR NEN
Table 2 Experimental groups and the component in each group
USunasynmaunlusgiiun
ndulunediufiaiuminiian
linaneuniawluegiiu

nauiildlunmaaas

1 (NguAIuAY)
2 Soway 0.25 lngtwiin
Soway 0.5 laeviwin
Soway 0.75 lngtwiin
Y H o
Soway 1 lnathnin

Soway 3 lngtniin

~N o U B

Soway 5 lngtniin
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2. TUABUNITNAFBUANUD AR T Uy

@

14 7 nqu 9 az 10 Fulunadeuninuudiaszaiugania

q

wuvinines lngldtaTomaaeuauudeiseduganie
(Vicker hardness tester, Sunproc, Guiyang, China) N
Funudehnawuuinnes suausna 10 n3 Wuna
10 Fu19l muISnaasuveIven 1muALed Lo (ADA
specification) 81Ul 17 dmsuguiiufiendiainsnin
ovesAnluusazluny vhnsnageu 5 I ﬁaquﬁgﬁuaz
isnadnanadefielidusunluitastuay

thaussie 7 ngudnnduaz 10 Tu nedeuaa
wdsiiaseduunlusieing ssmaaevuiluduinuindu
(Nanoindentater, Nanomechanics, Inc., Oak Ridge, TN,
USA) sigianainysgulsidaatud 1u (Three-sided
pyramidal diamond tip) Ineldussduia (Contact force)
Suduit 150 uiluifunazusinngegadl 1 faddasu 7
10 Aunfifeuanussuazenianatunuisnimeaouanu
wisiszauunlulunedwfiawniesianaunisfinwves
Arunuagany® Ingvadeu 5 USILADLNT9A LAz
Asnanaudnanadslusasiuny

3. JuUABUNIINATDUNIIARR AnTeideya
ABANALTIDYUIY UTENNTLATIZRAURUTUTIURUY
N4 87 (One-way ANOVA) 1l 81A1ILUANA 1978
Anadsvesmundiiaosdauasnaauidetouss
3By (Tukey’s HSD test) iflarUTsuLfisumnuuususiu
\Bedouvesynteyaluusaznguvnassiiseiuaiuidesty
Y8095 (P<0.05) MNUUIMANULANAIITEHIN9ANRTE
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AMULTIRITTAUANIALAT TEAUUILUAIENITNAFOU
AuLAnAIesreasuuUllBasy (Paired t-test) way
wAduUsEansanduiussenineeuudsiviaeswin
Tuusiazngumaasaiiegarmduiugszmninemaud i
Wwaewingensinssdandulssansanduiudiies
&u (Pearson correlation coefficient) laalalUsunsa
ATEINEDALDENLDELDE 1ID5TU 24 (SPSS version
24, IBM, Armonk, NY, USA)

A13]

'
a

HAN1IANYY (AN131991 3) WudrALRReYeIAL
wisisyAvuluiannfiganulunguisduezasaninay
ArgaunAulueg N IUNITUSUAN N IR I8aNTE
auleiauievar 0.25 lngumin Anadueyi 266.76
wneUanadauanisegeliteddynnguaIuALLag
nauLsTUREATANTINALMEBUAIAUILERHUNTINIUNNT
USuanmidameansaauluausesay 5 lnsumin lng
A a a 2 a Y 1l
nguAuAuilAafenuLdmIsEAvuIluegn 19551
wngdraaa

' a & o o = =i

ARREYRIANNLDEITEAURANATIIINIgANY
lunguistuezasaniinausiauAuluegiuIMHIuN1g
USuanmiimeansamuluauiovar 0.25 lngumin &
ANRdEaYN 26.43 IninasusiluuanasannguaIuAy
wagnaunnaesd e 1ived Ay lnefinqualuaud
' a < a Y 1o a s
ANRRYAIINLYINITEAUIANIABYY 17.60 INLNDI

7151971 3 uansrdsr UL dsissiunlukarauulsisaugamavesngunUAURaNELVRae T IV sInduUsEAvDanduTuS TR

sivutuiuruwdeiassiuganea
Table 3
nano and micro hardness.

ayn1AuIluagiul AnuudRsziuuIly

(%'aaaﬂﬂmfwﬁn) (wngUrdna)
0 (NguAIVAL) 195.51+31.59*
0.25 266.76+26.19°

0.5 243.23+26.73%

0.75 244.75+25.38"

1 241.91+36.82%

3 224.01+22.40°%

5 223.76+28.00°°

3 SE—

Showed average of nano and micro hardness of control group and each experimental group with correlation coefficient between

o o <
ﬁ’J']SJLL;NN’JiSﬂU'\Jﬁﬂ']ﬂ AuUsEans

wnzUrdgaa* Annes AVHUNUS
172.60+ 38.93% 17.60+3.97" 0.927
259.20+ 37.86° 26.43+3.86" 0.929
235.80+32.56 ° 24.04+3.32° 0.909
231.60+ 37.95° 23.62+3.87° 0.959
242.20+ 29.03° 24.70+2.96° 0.847
230.39+31.19°8 23.09+3.18" 0.852
227.10+35.40°® 23.16+3.61° 0.602

mhewnzUrdmavesnnunisisziuganialasunsulawnanmiieinines

9NwINa Uz LRI IANLANA1RE 1 TTBE A 9EdA (0<0.05)
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Anadsauudsiaszduunlunazsziuganiadl
wnlivanaailounueynaulusgiundiiiunisuiu
anmiadsansgaulenuiiugedu ogslsAnungs
naaeNNguTiinsrameynauiluegiudauude
ﬁy’qaaqsuﬁmqmdmfjumuqu Fatuldalugun 1

Adulseavsavduiusseninsauudeinseiu
W ULAZIEAUANIATDINNNAUNITNAADITINA LT AN
Wiy 0.84 Tnen193AszRkuUanaeeLBady (Linear
regression) wazldaunssraesfifianuulugi Sesay
70.6 Rail

Auudsiaseauuly (wnguraana)
= 7.339 x AuwlaRasEiugania (3nnes) + 62.325
%30

Audsiiaszaugania (Gnines)
= 0.096 x ANULTaRsEAULTY (Whzlana) + 0.419

300
250

200

(wnzihanm)

ANRAYUBIANULUIANINIADY

150

<4 a

100

=

50

0 (NQUAIURY) 0.25 0.5

SnunzvassesnaLaziuiIvesd ufiegnans
NPa9lUNGUNIINAABINGIINHIUNINAFBUAIIULT
Aasziuunlutazsedugania (3Ufl 2 uaw3) lideau
LANANNAUTENINNFUNTNAGDILA NAUAIUANN LT
MIvageuANULlRIvdnfeaiy uadnwuzvedseunad
ANULANANSTUALTIMAdDUYELAS 09l avaaoy 1ng
anundaialussivululdimageusulsiinaiusui
Aadudnwazvessesnaguanmimasusnuin luvasd
i3 osdlenaaeunnuudsiiseiuganmalivinannaey
anuudaianuvinines Fuduinamysmssiisidingy
136° g1ud vd oudnsa Sufndnuuzsosnndugy
?im?alama%’aLﬁmﬁuuu%uﬁaasmwaﬁl,uﬁameﬂ%Lamﬁlﬁi’f

nnau

0.75 1 3 5

a da = a v ' y 3 o
Pnmvetseymmn luogiunidmumsdivanmindemsgao e Gosaz Tasihmin

<
B audariszauin lu

gﬂﬁ 1
Figure 1

o -
#H FI'J‘I&ILLQNE’!izﬂ“LI?ﬂﬂ']ﬂ

Whsuiisusswineadsanuddhssivuiluseaiaiermundfssiuranmeildsumswlaandumbemnsuanalunnngunisnaaes
Comparison between average nano hardness and micro hardness which were converted into megapascal in every experimental groups.




Figure 2

Un 3

Figure 3
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aiIegssesnauauiIvestufeg1sn1srareslunguAIuAmMEINEuMadeUANLLdsRrseRuuly seenagUaLmEBNdY
winAnanmsnalaeviiilinaaeuruudsiasefuunlugudnfinanumasususi

Sample image of impression and surface relief of specimen of control group after nano-indentation. The triangle impression was
indented by equilateral triangular pyramid shaped nanoindentation testing tip.

nwihegesesnauariuivestiufegninismeaeddunguausumdainiiunisageuanuudainseiugania sesnagudivasuduiia

Winnnnsnatpefmageurundsihseduganauuuinnes dadumnanssiisndiage 136° grudvaeudnia
Sample image of impression and surface relief of specimen of control group after micro-indentation. The square impression was

indented by square base 136° pyramid shaped vicker hardness testing tip.
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UnIsed

nansANwIUfLasanuRgIuUITevanUsens
wsniinandnlaifinnuunnsnaszninesaauudeiisedu
ululagseduganiaueediufialmyaTianiiaude
ounauluegfiunfiniunsUsuanInAs g AU
lotauluy3unai uanA19fuaINNITNIAUUANFNS
sewineAnadsanuudadasefuganiauassdvuily
Tuuagnguien1TIAgeUALLANANIYDIA LA BUUY
Lidase agalsfinu mnfiasannmeluanuudaisedv
wluAleiuesaznuIlauuanaluwsasngunis
naaosfiTuTinaeymaulusgiuniiiunisuiuaniw
Aaemsgmulsauiiunnsirsiuainnsnaaeusienis
AnneinnaulsUnuluumaien Tuvagiinuudein
seAURaMAlINUANLLANANNTEUINGLN TVIAABAT)
Usnaseymauiluegiiundidnumsusuanmiagoase
mulsaulaineduimainla venaniuanisinun
Ujiasauufgiuanuisendndnusenisinaaiila
ANNFURUSTENIIA LT IRITEnI1TEA UL uas

[ a

sEAURANIAYBINRTTIaLUNIATIaRT AT uA 18Uy

'
a a

agiwunsUSuanmEmeasaaluleau

nsfnuluadsd 19 uneulunisuvaninia
oyneuluegfiundisansemulaiau (Silanization) 74
drunileuiuislunmsfinwives Wareesurahan way Aoy’
AlF@nwrFsnnudunuion1sdn (Wear resistance)
yenadLuiiammiaiianiiasussoynauiluogiiu
friunsusvanmiadasgaavlaauuisuiisud
F W un19n15A 19T AR 19 AILLININITAN W1V
Katheng uavaniy™®  agralsAmuidounnanaiunsis
fimenadufimnzauvesasgaiuleiau Tasnisdnw
294 Wareesurahan Tdnsmanuiduduvesansgaiule
wufivlfiAanisindevianuutufeadaensliasei
nMaAsundasimineseuniauluogiuiiiiuns
USuanwiasieansgmuleaudioinsosiiasieing
WasuuUawesanstaenuausAaniiniuieu [Thermo
Gravimetric Analysis (TGA)] @svilinsudwiminues
arsgmulaauildldlulunisusvanmdaliiannis
wdevinuvududeuueymauuogiuudaTsiuan
\umnududuvesansgenulsauiimnzay vty

0.26 NSU ui0a/ NS Noniur - PUVUETANTSANWT UL

N9NIMIAIANUTLTUTDIASA AU LBIAUR NN
msfnw1ves Jianekongkho wazamy” Faendaipsosiiy
wismnmagneuiiorednstuil dvesuieg duuonves
fufoumeeeniazlinssiuimnuafueufieieios
Anreidunidansuuiiuiaveseynia wluegd
un lensdnnandumnnduduresars  gaule
uiviliAnnnadeufawuuiudisnddunsinuads
ifidmes mrnduduresarsdeuleaunsatumsding
499 Maphakdeewong™ wazAnedi 0.118 N5U 5, a0e/
ﬂ%/llaqﬁm
wan1sAnwiassidunanunltuveseniaie
Y94AMNURTIEITTAVUIIUANAINNUTUIVDIDUYN AU
Tuogfiuniiiudy Tnewuiwnuveseymeuluogiiul
friunsuuanmiainauadungunaaeddundagngud
waster s seduuluiatu Usngmsali Asopa
wazamy™ Idosursiinisiiansdaunsnd duindulsl
Suduflenuudinnntum uiUiinuesEnssaumn
furnifuilugnislidudaifoatu (Non-unity) vas
Faquazinlugnistavinsanuseiiesnislulasesas
TN nd uaganseAuNTNTA NINLAUL NS N7
(Saturation point) #¥anlsianusaduanssaunsniiails
§n Unlugnsanauudsdaluiige @esenadaaiu
nsfnwluadsdifldoyniauluogiuiidosfiganauas
Tunedfiaumiasianudlinruudsianniign Snis
§aaenndoeiunisfnyiveHasratiningsinwazaay’ 7
wuiauudsiadwfosaudearssaunsnlunedidian
yASianiiunIntu uazaenadestunisfinuuesArun
uazane® finuindlonaueyniauluegiuiiesas 0.2
Tngtmiinlunediufiaumiesianayliauudeiasesu
unlugafigauazid o nusunaassaunsnaznuls e
{‘ngmmsﬂizmaéﬁLLazLﬁmmmhjLﬂwﬁmﬁmﬁwﬂm%u
fegansneasaranAuLilussAuulunLan
ALed svesnuudadasedvunlunagsedu
qanaannsfnwildlvlufemaforsuluiieiede
Anuudsialuseavunlulinnuunnanaiuegnsited Ay

yaadRszvienguistusrATaniinaueyneuluegiun
Sovaw 0.25 uay 5 lasthmiin Tuvaifidadoauuds
AaseauganialinumuuansnsegelidedAgymniceda
seninangunsmaaes 3 winedldnaaeuannuudsio

seavwludvueiiianuinniinnuudiiaszauyania
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wnvliinedildnageurnuud@seduuluilona
nalilaueymauiluegiungs Snfsssduvesisnani
wiarlussauulufidanuuinined esleneaaauniny
wisilusgdugania demaliaadonuudeiasedumn
TudsausaiinAunenssegNldsd 1Ay nIsatAne
ﬂ&jwmaanﬁﬁ’lmwamﬁé’mL.miﬂﬁLﬂuawmﬂiuisﬁu
wly aghdlsAnudnuarnisuadeslutesiniaag
TndlAgeaiudnwazvaIn1snaaauaILwd el lusedu
gan1ANINNdn §3TeFuiudinnnuudiaseaugania
TunsAnwadadsamunzunnisdradaiteldlunisdne
sedmiutaglungunediufiammedianfias s
Wuliew

ANULTIRIvedIuAaMIASIanAISIASY
A15RaNTNTINAUALEIUNIUATSEN F991nnTSAnE
Y99 Wareesurahan Wagame > WUTIAITUA TUNITY
deon1sdnvesduszaiani Ufulsadigaunia
uluezgiuniinunisusvaninsisaisgaivleiay
Yowaz 0.25 Ingvminildgeiian egrdlsfinmiuna
YBIANTOAUNTA AINN1TANWIVDY Wareesurahan ag
nnsdneaded dUsuiafidesuinideifiousu
n15AN®1Y8e Arwatchanakan wasaniz® fivhnsane
futnulawesunudnarssaunsnoyniaulusgiiund
m'wumiﬂ%“Uamwﬁ’sﬁaaaﬁﬁjmﬂmauﬁ%@aaz 70 lng
ﬁlﬂﬁﬁﬂﬁﬂﬁﬁﬂﬂ’ﬂmgf’]umquﬁaﬂ”liﬁﬂLLa%ﬂ’J’]MLL‘ﬁﬂﬁ’JQQ
negsiitedAy

HaIINNNSANEIASeT suUasAiAuLd i
szﬁuqamﬂmﬂﬁmﬁﬂLﬂai‘mlﬂwmaLmzmama?ﬁq
Wunihevesauudsiaseiuunlundivaaeuaaay
serinaulaiaseauwlukay ALl sEiugania
lunnA18819N131A8895IUAUAIENITNAAOUAIY
wanaswesAnadsuuUliiBass nuiaedefiduiasiy
NNNANNITNABBIVBIAMULTIRITEA UL UGN
wiehszduganmaogsiiodiny Tnoradsmnuudsin
izﬁuuﬂuqaﬂd’]m@?ammwﬁqﬂqszﬁuqamﬂﬂizmm
$apay 2.5 doARaDIUNISANYIYEY Qian wazams™
‘W‘Ud']mmLL%ﬂﬁaszﬁuuﬂﬂﬁmLa?{aqaﬂdwmwmwﬁaﬁa
sEAvIanInTesay 10 fie 30 Tududet1snsnnas
et s“u"qmﬂﬁﬂwwiuﬂ%aﬁwudWﬂduﬁﬂqﬂuLL%@Q@%@]’U
uquqaadwaxﬁuanWﬂiuﬂduﬁLﬁuaqmﬂmluaqﬁm
¥awaz 0.25 0.5 uaz 0.75 Inethmnidn eehslsinuieny

<@ a

wisiaszauunlufiadesninaauudaiiszauganialy

'
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nauiineyniaulusgiiunfesas 1 3 uay 5 Tngtutn
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A Study of Nano and Micro Hardness of
Polymethyl Methacrylate Reinforced with
Various Amount of Silanized Nano Alumina

Maphakdeewong R* Yavirach P** Chaijjareenont P**

Abstract

The purposes of this study were to study nano and micro hardness of polymetyl methacrylate mixed with various
amount of silanized nano-alumina particles and to study relationship between nano and micro hardness. Silane coupling
agent were used for silanization of nano-alumina particles and silanized nano-alumina particles were mixed with acrylic
resin at 0.25, 0.5, 0.75, 1, 3 and 5% w/w, producing the experimental groups. The control group was acrylic resin without
nano-alumina particles. Both experimental groups and control group were 7 groups, each group contained 10 specimens.
The specimens were 12 mm in width, 12 mm in length and 3 mm in thickness. Nano and micro hardness were investigated
for all groups. Results were analyzed using one-way ANOVA at 95% confidence intervals and were analyzed by correlation
coefficient for relationship between nano and micro hardness. Nano hardness ranged between 195.51-266.76 MPa. Micro
hardness ranged between 17.60-26.43 vickers. The highest average nano hardness was found in the 0.25% w/w silanized
nano-alumina group (266.76+26.19 MPa) and was significantly different from control group. The highest average micro
hardness was found in the 0.25% w/Ww silanized nano-alumina group (26.43+3.86 vickers) and was significantly different from
control group. The correlation coefficient between nano and micro hardness in all groups was 0.84.

Keywords: Methyl methacrylate/ Micro-hardness/ Nano-alumina particles/ Nanoindentation/ Silane coupling agents
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754 (Direct technique) lneld 1 dunatadnd 1593y
(Prefabricated plastic pattern) 38 UL T UQ 1A E
(Duralay, Reliance Dental Mfg.Co., Worth, Illinois, USA)
iiedassguiufesiluazunuiiurialaveniosioe
TanznauRulwatafisn (Silver-Palladium casting alloy,
Aurium, USA) Tagduunuiluiininugs 3 Tadiuns

lauvutsfuveadosiunazinuiusilnlany
wisdluituinansindsurasssniiuiiesuiesilunay
WU wAINITALNUAI8LAS 09d@UAY 3 Shape E3 (3
shape, Copenhagen, Denmark) ﬁuﬁﬂ%agalugﬂuw
wiludayanouiiames ulwana .dem (Digital Imaging
and Communications in Medicine image) \ietilueen
wuvdIuAToUiuws1inaelusinsy Dental system (3
shape, Copenhagen, Denmark) mmfuﬁﬂv\lé‘i’fauua?hu
Aveuilulwsdnd1glusunsy Hyperdent Wendeadna
Aseufugs1inaaeias e Coritec 250i Digital milling

machine (ines-icore®, Eiterfeld, Germany)
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nsTeunuusiasaialdlunisdnsizilu
lusiteduud arenmsdlauiunsuinnes nlunsv
(Micro CT Scan, Skyscan 1173, Bruker Company, Belgium)
nzilusnanedivssunassniluiosuiosfiuwasuny
#u JuiindeyalusUwuuuiiudoyansuiiames wilana
dem wagUsvananasenudunin 3 46 lagldlusunsu
Medical image processing (MIMICS version 11, Materialise
NV, Belgium) 4 sazeglugUuvuuiludeyanesfinnes
uana *stl (Stereolithography)

MnsawnuituinansiwIsunasssniluiiesu
WpsiuuazLAuiu LuULsTuTeuAneiuLaznuiluwiln
Tansnd o issiiuneulndmasuduly uazaseuily
wardin delildteyaiiui 3 83 Faduuiudeyaiiuin
Aeuen (Surface) Tasi uRAa 197 13 suAaos Ny
Wesuiesiluwazunuily wesilunazunuiluvdalany
wies WosilunreuTndmasudule wazaseuluesiin
auaiu Taeldinsesauny 3 9@ (3D optical scanner,
ATOS 3D Scanner, GOM, Braunschweig, Germany) wag
Jauiuluguuuuuitudeyaneufiames uuana *stl

a519uuusians 3 97 e uina i 3oy
passsniluiiofuiiiosfusazunuily weedly wasuny
furdalansinios inesfiunoulndnasudule wnuily
poulwdn wazasouiiueadin andoyadiufia 3 4R
Taglalusunsudaseanuuy Computer-Aided Design
software (Geomagic, 3D Systems, USA) LLazLﬁU‘ijaiﬁa
aglusluuuuiludoyanouiianes uwana *.stp (STEP
file; Standard for the exchange of product) 9ntuth
Inddayaidglusunsudniaguledaisasu 2017
(Solidwork version 2017, Dassault system, France)
wiouas1auudiaeveinsrgnuazd udauTiug sau
wuuanaestvluvitedmuduesdiunig q 11eaeAu
IGuuusans 3 fanldlunisinen 2 wuudiaes (gﬂﬁ 1)
wUasuiludeyaidunisledn (Parasolid) wazifivegly
sUsuuludayanauiames uNana *. x_t

All-ceramic crown
Composite core
| Cast post and core

Fiber-reinforced composite post

Lower central incisor
PDL

Bone

Model 1

U1 uanwuudaeslwluviediuud
Figure 1 Finite element modelled components.

Model 2

WUUS1a897 1 Usznaudie fludnansilmsen
AaesniluiiieSuiiosfluuazunuiiy Wesfluuazunuiy
vilalavgios aseuituesiiin nsegn uastdubnU3viud

wuusaeil 2 Uszneudae Hludaansfimen
AapssInuiiesuiosfiunazunuily iesilunoulnds
wsuidule wnuilupeulnds aseuiluwsniin nszgn uay
LBudnUsviud

ﬁ%muaﬁ’wamﬁmumsﬂixﬂauLﬁ%faaugiamé’q
Wglusunsudmsevliluriiefuudusudadsauud
(Finite element analysis software, ANSYS Workbench
Version 20.0, Inc., Canonsburg, Pennsylvania, USA)
aulasssnameiegusimssdnii (Tetrahedral) wagnse
nANU1 (Hexahedron) 9119 0.5 TadLuns 91U2U
2,991,105 tedLuud wagimunautinianavesian by
wuuiaes lnssadrsituuasYanitomunduidutanid
audfvesianinilauiunniianig (Isotropic) AL
gangwdadu (Linearly elastic) waziaiiowdumniae
iAW (Homogeneous) antiutoslunaulndaasy
dileiifautRvesianuansnsiuilofalufianissneiy
(Orthotropic)'® (15197 1 uag fN5137 2)
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aseit 1 wansauiimisnavesiagiitlanifiulelelnsln
Table 1  The mechanical properties of isotropic materials
Materials
Dentine®
Periodontal ligamen
Bone®
Gutta-percha®
Resin composite?*

t47

All ceramic crown (IPS e.max CAD, Ivoclar Vivadent, Schaan, Liechtenstein)*’

Ag-Pd alloy®®

M15190 2 @udAvanavesTagidiaudRdueeslonsela
Table 2 The mechanical properties of orthotropic materials

Materials Elastic modulus, (GPa)
Fiber-reinforced composite post™* X=37
Y=9.5
7=9.5

fuuadeulvreuin (Boundary condition) wa
oulunsliuse (Loading condition) Inguuudnaesgnase
Tuyniiensusnunsegnuinssing Iaeussadn (Static
load) fivaneflugmuuiivindninvanedlu 1 fadwas v
1131 30 pernfuunuitu lnednesusuAn (Chewing force)
w19 65 T U’ wazusaingaan (Maximum bite force)
yum 176 Taiu® (Uil 2) ldlunaiivinnisveaeu 4 laaa
Tngluea A uaz luea B LLamﬁué’mdwﬁlﬁ%’umigims
saesilusazunuilusialanewies edusannseyid
65 Hadu laz 176 1adu muaiau duluea C uag luea
D uamsilusinansiiléisumsysasieieniluneylndniada
dlesuiunnuiiunenlnds wasduswnnssyind 65 Sasu
wag 176 49 muaIsu

nsanseideya delusunsudinsiedilnlug
audkeudadsauud Tugduuunmsiasgiuuuada
(Static structural) FsuansegluguatmnuAureud als
WAITUINIINTTAIYAAVDIAULAY (Stress distribution)
WagAAINIALEER (Maximum stress, Oy,,,) Yasilufnang
s suraemniluiiefudiesfiunasunuily Weeiluuas
wnuilurilalansuiies desiluneulndmaduduly wnuily
pewlndn pseuiluesifin nszgn uazduBaUIviu

TATI21 AN (Fatigue life) 13 0N193LATIZY
mmﬁwwﬁuaﬁaﬂﬁLﬁmﬁuwé’amﬂ’?aqlé’%’uLLiammwTﬂ
YesuuTaeuiosiuazunuilueilalansiiies uaziios
Huronlndsasudulosuduunuilunoulnds v1n1s
tufindumisuazAnaanAugan wasA1Auudge
(Minimum stress, O,;,) TulfazesAUsznau AnUAIAI
Wulade (Mean stress, Oye) HATAIUBNNAIAVBIANY
WU (Stress amplitude, Opmpiiuae) FaaunsT 1 way 2

Elastic modulus, (GPa) Poisson’s ratio

18.6 0.31
0.0689 0.45
13.7 0.30
0.14 0.45
12.0 0.30
95 0.23
95 0.33

Poisson’s ratio Shear modulus, (GPa)

Xy=0.27 Gxy=3.1

Xz=0.34 Gxz=3.5

Yz=0.27 Gyz=3.1

o OMaxtOMin
UM 1 Opean = f

OMax—OMin

FUNIIN 2 O-Amplitude =

U2 uanadeulunsloiuss
Figure 2 Load condition

ANUIMANN1TANNA IR eTUTHATHT AT ER b
luvieduAweudaisaluud m1uauni15389 Goodman

2.2 fNafuin

waz Gerber feaun1s7 3 uag 4 AU
A1 Equivalent cyclic stress (Orqaien) $82UIURIITN
Tunsavluansmudusiusues Equivalent cyclic stress
wazsuauseuiiviliiiaaudenis wie s SN
(Stress versus number of loading cycles to failure, S-
N) weaiioitu® (Uil 3) Fauansdeduausoudesiignd
vlmAnanuidoms mniuhsuseutiosiiaaiivinli

Weanudsmeludunumaangnisldnuvesan
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AUN159 3

OEquivalent = 1—

O Amplitude
9Mean
dUltimate strength

AUn15N 4

O Amplitude
GEquivalent = 1— OMean 2
OUltimate strength

K
£
i
3

gﬂﬁ 3

Figure 3

W&

1000 10000 100000 1000000 10000000 100000000

Number of cycle to failure, Ny

N9 LERIAUFUNUS VB9 Equivalent cyclic stress Wag
Srnuseuihlidnanudemeveuieity

The relationship of equivalent cyclic stress and number
of cycles to failure of dentin.

ANAMUAUIDUNAE N1TNTEINYFIVBIAULAL

wazAIAIAUEER agluguAIANIALIBUTiaALARING

Wunmdusneneiu sumisideanudugsaauanadud

wed laelalna A way Luna B wansiudnaned e sung

1 = = N =~ o
yjimzmamaaﬁuuammuﬁu‘uuﬂiaw&m U3 YU LI

ASEVIN 65 AU LAy 176 939U Aua1ny d@uluma C

waz luaa D uansiludna9ilasunisysaeaigioeily

paulndnas uidules uAuknudureulnds waginsen

nsevini 65 T3 uay 176 Ty muddiu (U7 4) laeen

P ALgEnlulsiazduUsTnouveding (115191 3)

19846 Max
20

20011
00012097 Min

Figure 4

MM1519% 3 wansAAuAwsuliawageanvadluea A luea B luwa C uas luwa D
Table 3 Maximum von Mises stresses of model A, model B, model C and model D

Ceramic crown®
Cast pos‘[36

Fiber reinforced

Material ‘ Yield strength (MPa)

composite post37

Composite core™
Tooth™

PDL**

55
Bone

Model A
500 169.35
552 20.63
950 -
185 -
275-300 18.19
6.8 1.85
69 3.28

wanensnsEeaNUduvesinallluiteduud luna A flu

o v Y - o
mmaNwimsumsu‘jim:maLmaaWuLLazLLﬂuWu%uﬂIﬁmme
i o - o o o anwe
Adusannszyi 65 Gaau luwa B ‘Wummawlmumiyﬁmz
Y - 4 e . -
feiosiulazinuiluriinlanznes Adlusennseyir 176 92
fu e C fudnansitldsunisysaemedosiiunoulnga
wsudulasuiunnuiturenTnds Niuswnnseyin 65 Gafu
wazluaa D fludnaeiilddunisysaezdioiesfiuneulngs
sudulesmtuwnuilureulndn Nduswnnseyin 176 iy
Stress distribution of finite element models. Model A:
mandibular incisor teeth restored with cast post under 65
N loading, Model B: mandibular incisor teeth restored
with cast post under 176 N loading, Model C: mandibular
incisor teeth restored with fiber-reinforced composite
post and composite core under 65 N loading, Model D:
mandibular incisor teeth restored with fiber-reinforced

composite post and composite core under 176 N loading.

Maximum von Mises stresses (MPa)

Model B Model C Model D
462.15 147.13 404.52
55.75 - -

- 2.88 7.75
- 26.33 51.18
60.64 25.05 84.54
4.60 1.90 4.66
8.15 3.28 8.44
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ATEUN WY N NUAMULALIBUT dlwad 9a0
UihaaeaseuiiudmBiiuinlunnluina dadusiumis
A¥uussnsesin (3U7 5) lneArmnuidueuiiaiwagqely
lutna A luwaa B, lutaa C way tuwma D Juuin 169.35
MPa, 462.15 MPa, 147.13 MPa Waz 404.52 MPa Alanu

wasnunazunuiy thssWuuazunuuyie
Tanzuissmunisnszareanuiulaeiudesiuiesnin

4001

0.0012097 Min

gu‘ﬁ 5

v
a =

Jarudesunazunuilududwdedrtu Inenuainudy
Joulawageaauinveuiidudatudiuuugaueaiiuly
Tuna A uaz luma B au1a 20.63 MPa Way 55.75 MPa
puanu dululuna C wag luwma D nun1SNTEANY
AUAUUS AR NaIme L esiiy LarnuALA LIy
fawagaaauinafinataiesitufuaumn 2,88 MPa
uaz 7.75 MPa auadu (U7 6)

B

462.15 Max
4

91767
45303
0.22085 Min

WAAINTINTEBFIVDIAIILAY LazAnTIAIBuTiaagsgnuuAToUTugEn

Figure 5  Stress distribution and maximum von Mises stresses of ceramic crowns.

U 6
Aoulndn

UAPINNINTEAEAIVBIAMUAY UazAmieulaaggnvefissiluuasunuilusialavewies WesiureulndnidSuduly uaswnuily

Figure 6  Stress distribution and maximum von Mises stresses of cast post, fiber-reinforced composite post and composite core.
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HudnaefiwIounasssiniluilasuiiosilu
wazwnuily nuanuAuIeulialsag qafivs aUI A
youilususaiiunluynlnea (Ui 7) Tasranaduiou
fawageantuluea A luwa B, luwna C wag luea D &
UM 18.19 MPa, 60.64 MPa, 25.05 MPa wag 84.54 MPa
mudd flufildsunsysagioiesituasunuituvia
Iauw%nwunwmsmammLﬁug%?nminé’ﬁ'auﬂma
voudosity waziluildFumsysazioiiesiluasslndn
wsudulonunsnszanemudulaeTusnafnansilu

20
! 18.188 Max
16
114
12
10
8
6
a
030913 Min
o
02
com—
20
0;
16,06
1
1015

a0;
in

5000 1209 v
— i

WBudauvud nuanudueufiaaggai
Uinaveuvensubauiuidiudululuiaa A Tuna C
waz uipa D vu1n 1.85 MPa, 1.90 MPa Uz 4.66 MPa
puay dauliieg B uansAinfeulalageand
Uhaaenilu vunm 4.60 MPa (5U1 8) 1ilesannitud
I§$unisysuedeiosilunasunuiiuwdelavzmiosd
n1INsEgANAUgUInMduUaevauiayiiulng
Uanesnilu Weldsuussunideiiigadu vilhiAnnis
nsreANUuINUaeTIniulUgusuBaUT gty

98607

082585 Min

00 5000 £20%0 o)
— —
2t S50

UARY NMINTTINLRIVDIAILAY UazAAIALBUliawaggauuiudnaswSsuraasniluie Sulieslulas unuily

45977 Max
40993
36009
31024
2604
21085
16071
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06102
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20 2000}
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sUn 7
Figure 7 Stress distribution and maximum von Mises stresses of endodontically treated mandibular incisor teeth.
A
prri
024191
0.041388 Min
C D
P
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i
=
5
]
Sosea i
G370
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EU‘VI 8 LAY N1TNTTAYFAIVDIAULAU Lmzmmmmmaumwaqqqmuuwuﬂmﬁwum

Figure 8

Stress distribution and maximum von Mises stresses of periodontal ligament.
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nsean wummﬁmauﬁawaqaqmﬁﬁnfw’dma
sinfululuiea A wazliing B aun 3.28 MPa Way 8.15
MPa Awd1fy wagnumuiRuoufialagsaniusom
vouvaunszaniuLidlulieg C uag luiaa D Yu1n 3.28
MPa LAz 8.44 MPa MU (3UA 9) dalgunuunis
nszeARumilauiuluynlieg lnenseateaua
mndsuivndaduduiiiulduusdlugduauiadu
AUNNA

AMMMULT5IVBINUSY (Bond strength)

Tnevhlunumsazauanuiugeuinaseulios
fluluynluea Faduduidrasmsdadnduseminadies
flunaziiieiiy (gﬂﬁ 10) ieR915a1A1A7UT sus a0
fuszanAwsRdluLd s nvesTan 2 Ussnniiduda
fu wuAusaslunuadaansywinadesflunasunuity
sialansnd sefuid oty Wesilutasunuiiusdalane
wisstuAseUTluesfin uaviieilufuaseuituesiiin lu
laiea A 91 5.07 MPa, 3.49 MPa wag 2.55 (gﬂﬁ 10 a, b,
o) warluluipa B A1 13.64 MPa, 9.43 MPa way 6.76
MPa MUAIRY FUAIANNLT LTI DIRUSENALTIRT Y
wnRsnsewinafesiluneulndnasudulefuidodly
wnuilusenTndnfuaseuiiuwsiin uavoilufuasouiiy
w5190 Tulaiaa C JA1 0.84 MPa, 0.79 MPa way 3.57
MPa (5U7 10 g, h, ) waglulaiaa D fiAn 2.22 MPa, 2.11
MPa tag 9.43 MPa Aua1Ay

gﬂ‘f/’i 9
Figure 9

wuilaiiuildsumsysaeseiiesitunesln
amasudulefiausdduuumanninilumaiiuiilésu
msysauzsofesiiutazunuiluvialavewios sniu
Ausaislunuadsannsywiad eflufuaseuiiuesdinly
luaa D dengendnluluea B wansIAlESULSIURLAEN
fuiutuannsssh uildsunmeysausiedesituuasuny
Huvdalavemlssazgadensdafaldineniniuiliy
msysuemenegituneulndnaSudilelufeuynuiion
s nANsinRnsTuihaieilufuaseuiiuesiin

AUA Msinwaanisalnnudved oily
Alaguusaieaisumsituiauung 65 Sy Tnesa
9NALNSALATVEY Goodman wag Gerber 9ntutily
Wisuisuiunsw SN veadieily 1ienanisalsiuau
soufisunssauinnudene

Tuwna ALl ediuilen Equivalent cyclic stress
INAUNITAIINA1V89 Goodman 9.96 MPa (E‘Uﬁ 11 A
LA¥AINENNITAMNA1VOS Gerber 9.16 MPa (gﬂﬁ 11 B)
wasluma Ciifeudien Equivalent cyclic stress 210
AUN1SAINNABY Goodman 14.22 MPa (gﬂﬁ 11 O) uay
277@N5ANENY8e Gerber 12.71 MPa (3U71 11 D)

\lewdn Equivalent cyclic stress WeanaLns
ANAIUBY Goodman wag Gerber lUwWSauiisuiunsn
S-N el oty Linugadans i uansinitudilesunis
ysgieiiosilunazunuiturdslanswies uazifesily
aouTndnasudule lddemenieldnssunsiunien

89459 Max

LARINIINTENLAVBIALLAY LLasﬂ'Wmmmymauﬁawaqmmuuniz@ﬂ
Stress distribution and maximum von Mises stresses of bone.
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Model A Model B
b e f
Model C Model D
g h i
g R

gﬂﬁ 10 uang mﬂ’nmLL‘ﬁﬁLLid‘Uaquﬁzy(a, d, g j; synihadesiunasunuituiuidiediv) (b, e, h, k; s¥rnafeefiusazLnuiuiuaTaU
Huws@in) (¢, f, i, | serinadlefluiuaseuiluesiiin)

Figure 10 Bond strength. (a, d, g, j; between post and endodontically treated tooth) (b, e, h, k; between post and ceramic
crown) (c, f, i, |; between endodontically treated tooth and ceramic crown)

s
.....& !
|
E ﬁ.w-

g
|

l.m-

gﬂ‘ﬁ 11 LARIAIAINULAUIINFNNITAIINA1VDUBY Goodman Kay Gerber (A; AMAMULANINNFNNNTAINA1VDIUBY Goodman Tuliea A, B; A1
ANMULALIINANNITANNAIVBIWDS Gerber Tulaaa A, C; AMAIULALINNANNITAINAINBIYDY Goodman Tulaaa C, D; A1AINLALAIN
ANN1ANAIIDY8Y Gerber Tuluiaa C)

Figure 11  Equivalent cyclic stress from fatigue criterion of Goodman and Gerber. (A; Equivalent cyclic stress from fatigue criterion of
Goodman from model A, B; Equivalent cyclic stress from fatigue criterion of Gerber from model A, C; Equivalent cyclic stress
from fatigue criterion of Goodman from model C, D; Equivalent cyclic stress from fatigue criterion of Gerber from model C)
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s Wlwieduud WeRasanay
WuilAntumeludefiu vesiuilldumsysuededos
Hu Inenmusliliandfuidauiunnfiane (sotropic)
ANEAnE wBady (Linearly elastic) waziadoudumine
1AEnU (Homogeneous) BnliuAos i uAsNlwaALESULEY
lofi fanvAvesianuansraiudl oFalufiannsansiu
(Orthotropic) T iilassaseiuldlfdaudfid umiae
Wi 9Ty (Homogeneous) Taeiil el uillassadradusie
(Capillary morphological structure) indeuitufidnuaugiu
U3 (Prismatic structure) wagtdudausyiudinsdainiy
wannanefiAnne uenant B udausiud Tyl A
Baveuidadn? Tunsfnui fvuelidiSug ausiudly
wuusae Wetdastunsiiaeudunniiuanuduese
vshaseusnily TnefvunaudRvend udausiuslu
Tusunaulilanudavgudadu elilviuuudaesiudeu
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anysal Wnefirsanlidufiuudssriunuiiuiasase
flududruviweunuity Wewndaruusnnuasden
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fusdunoulndnuaziiieflu wazfiarsanlddudiuus
senirndesiunazsiniududiund sveesinily
\lesnfianuuannuazdamendavesaningaveuy
TndiResiuiiioity ddunenatnudarmnsinfnonsdu
Fandretanysuriaslassaiisiuufunaetade
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Three-Dimensional Finite Element Analysis
of Stress Distribution and Fatigue Life of
Endodontically Treated Mandibular Incisor
Restored with Cast Post and Fiber-Reinforced
Composite Post with all Ceramic Crown

Vivattanakulpanit T* Pratumwal Y** Yodsuwan D***

Abstract

The study of stress distribution and fatigue life of endodontically treated mandibular incisor restored with cast
post and fiber-reinforced composite post with all-ceramic crown. Endodontically treated mandibular incisor underwent cone
beam computed tomography assessment. The resin pattern for cast post, fiber-reinforced composite post and all-ceramic
crown were scanned and converted into three-dimensional parametric solid models, then generated finite element models.
A linear static structural analysis was performed to calculate stress distribution and fatigue life in different restoring
configurations. The load of 65 N and 176 N applied at 30 degrees from vertical tooth axis on labial surface of the crown to
simulate chewing force and maximum bite force. Recorded stress distribution was presented as diagrams and numerically
as maximum values of von Mises stresses, then calculated fatigue life of endodontically treated mandibular incisor. For all
models, the maximum von Mises stress values were found in all-ceramic crown. Tooth restored with cast post demonstrated
greater stress level near apex of the post, while tooth restored with fiber-reinforced composite post showed stress distribution
around cervical area. The study of fatigue life found no fatigue failure for both post systems. That means that,
endodontically treated mandibular incisor restored with cast post and fiber-reinforced composite post with composite core
demonstrated different stress distribution patterns. No damage was found on both types of post under chewing force and
maximum bite force and could predict that fatigue failure under cyclical loads will not occur.

Keywords: Stress/ Fatigue/ Fiber-reinforced composite post/ Cast post/ Endodontically treated mandibular incisor
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Effect of Overall Powder-to-Liquid Ratios
on Surface Hardness and Initial
Viscoelasticity of A Short-Term Soft Liner
Incorporated with Litsea Cubeba QOil

Yangsuk N* Ratanajanchai M** Kanchanavasita W**

Abstract

The aim of this study was to evaluate surface hardness and initial viscoelasticity of short-term denture soft liner incorporated
with Litsea cubeba essential oil. The nine groups with different compositions in overall powder-to-liquid ratios (P/L = 0.9, 1.2, and 1.5) and
L. cubeba oil concentrations (0, 10, and 20 %w/w) were investigated. The material hardness was determined at 2 hours and 7 days by
Shore A0 durometer. The initial viscoelastic properties, including gelation time, storage (or elastic) modulus and loss (or viscous) modulus
were investigated by an oscillating plate rheometer until 30 minutes after mixing the materials. Five independent experiments were done
thorough the study. The surface hardness of the soft liner with and without L. cubeba oil was mainly influenced by overall P/L ratio. The
soft liners with higher P/L ratio significantly showed greater surface hardness at both 2 hours and 7 days (p<0.05). The addition of L. cubeba
oil at 10 %w/w did not affect the material hardness. Whereas, high concentration (20 %w/w) of L. cubeba oil significantly decreased Shore
A0 hardness at 2 hours (p<0.05). The gelation time, initial elastic and viscous moduli of the soft liners were also contributed by the overall
F/L ratios. The soft liner compositions with higher overall P/L ratio showed the shorter gelation times and higher initial moduli (p<0.05). No
statistical effect of the L. cubeba oil concentration on the initial viscoelastic properties was observed. In conclusion, the surface hardness
and initial viscoelasticity of the short-term soft liner were dominantly influenced by the overall P/L ratios. The incorporation of L. cubeba
oil concentration did not dramatically affect the material hardness and initial viscoelastic properties.

Keywords: Soft liner/ Hardness/ Viscoelastic/ Litsea cubeba/ Essential oil
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Introduction
Denture soft liner has been wused in condition.”” However, the materials are easily
prosthodontic fields to treat abused tissues, improve  degradable  and  susceptible  to  microbial

the fit of ill-fitting dentures, prevent trauma from a  colonization.” One attractive method is an

sharp ridge or atrophic mucosa, and distribute the
masticatory force.”” By duration of usage, the materials
could be categorized in two types, short-term and
long-term soft liners." For the short-term soft liners,
the materials are commonly used as tissue
conditioners or as temporary soft lining materials for
around 7 days.'

Basic chemical compositions of the short-term
soft liners are plasticized acrylic resins. The materials
are applied beneath the denture base to improve
fitness of dentures and absorb masticatory force. This

would make the mucosa return to a healthy

incorporation of antimicrobial agents into short-term
soft liners to extend their clinical longevity and prevent
microorganism proLh‘eration.6 Many kinds of additives
have been applied including well-known polyene or

azole drugs such as Nystatin, Amphotericin B,

10,11

. 79 . .
miconazole, ketoconazole,”” metallic oxides, and

natural products."”™
Recently, several essential oils derived from
plants and fruits could improve the anti-microbial

12-14
However, some

properties of soft lining materials.
studies found that the incorporation of antimicrobial

additives into the soft lining materials could also

* Residency Training Program in Prosthodontics, Department of Prosthodontics, Faculty of Dentistry, Mahidol University, Bangkok.
** Department of Prosthodontics, Faculty of Dentistry, Mahidol University, Bangkok.
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influence other material properties such as surface
hardness, surface roughness, tensile strength, setting

18 guch alteration effects

time, and viscoelasticity.
from the additive could be caused by two main
reasons. First, the essential oils would decrease the
overall powder-to-liquid (P/L) ratio of the soft lining
material because of their liquid-like nature. Another
reason might be a plasticization or softening effect of
the essential oil on polymer networks of the soft lining
materials."

Herein, an essential oil from Litsea cubeba
was introduced as an additive into a short-term soft
liner. L. cubeba or mountain pepper is a plant
distributed in large Asiatic areas. It has been used as
herbal medicines or aromatherapies. Its essential oil
has been reported about various pharmacological
effects including anti-fungal activity, anti-bacterial
activity, and anti-inflammation, etc.”  Although
benefits of L. cubeba oil on denture soft liner could be
expected, an influence of this additive on the material
properties has to be examined.

In this research, a surface hardness and initial
viscoelasticity of a short-term soft liner after incorporating
with L. cubeba oil were evaluated. Two variables
including the essential oil concentration and overall P/L
ratio were investigated. For the null hypothesis, there is
no difference in surface hardness and initial viscoelastic
properties of the short-term soft liner with different oil

concentrations and overall P/L ratios.

Table 1

(P/L) ratios for initial viscoelastic testing.

Materials and methods

The essential oil and soft lining material

L. cubeba essential oil was purchased from Thai-
and Fragrances Industry Co. Ltd,
Nonthaburi, Thailand. It was extracted by hydrodistillation

technique from its fruits. Main chemical constituents of L.

China Flavours

cubeba oil analyzed by the product supplier were citral
and D-limonene with 60% and 17%, approximately.

The short-term acrylic soft liner, GC Soft
Liner™ (GC corporation, Bunkyo-ku, Tokyo, Japan), was
used in this study. Its powder contains poly(ethyl
methacrylate) (PEMA) with an average molecular
weight of 2.34 x10° ¢/mol.”* Major compositions of GC
soft liquid are butylpthalylbutyl
(BPBG;~81%) and ethanol (~15%). Density of the liquid
at 25°Cis 0.9 ¢/mL.*

There were nine experimental groups with

liner glycolate

different compositions in overall P/L ratios and oil
concentrations. The liquid of GC soft liner was priorly
mixed with a certain amount of L. cubeba oil. The
powder was manually mixed with prepared liquid. The
amount of all compositions for initial viscoelastic
testing was shown in Table 1. For hardness testing, all
experimental groups with similar proportions as the
viscoelastic testing were also investigated. The
concentrations of L. cubeba oil to total liquid were

assigned as percentages by weight.

Various compositions of GC soft liner incorporated with L. cubeba oil at different oil concentrations and overall powder-to-liquid

GC soft liner

% L. cubeba oil Overall P/L

L. cubeba oil GC soft liner

(mg) Liquid (mg)
P/L0.9_control 0 500
P/L0.9 LC-10 55 500
P/L0.9 LC-20 125 500
P/L1.2_control 0 500
P/L1.2 LC-10 55 500
P/L1.2_LC-20 125 500
P/L1.5_control 0 500
P/L1.5 LC-10 55 500

P/L1.5 LC-20 125 500

Powder (mg) to total liquid (w/w)
450 0% w/w 09:1
499.5 10% w/w 09:1
562.5 20% w/w 09:1
600 0% w/w 12:1
666.7 10% w/w 12:1
750 20% w/w 12:1

750 0% w/w 15:1
832.5 10% w/w 15:1
937.5 20% w/w 15:1
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Shore A0 surface hardness testing

The surface hardness of the soft liners with all
compositions was determined by Shore A0 hardness
durometer according to 1SO 10139-1:2018.”> All soft
liner compositions were prepared as mentioned
previously at room temperature. The samples were
then loaded into the stainless steel mold to fabricate
the specimens with 55 mm diameter and 8 mm
depth.” After 15 minutes, the test specimens were
immersed into the 100 mL water-filled water bath at
37°C for 2 hours. Then, the specimens were removed
from the mold and determined the Shore A0 hardness.
After that, the specimens were re-immersed into the
water bath for 7 days and then measured the hardness
again but on the opposite side. Five specimens (n=>5)
of each group were tested.

Evaluation of the initial viscoelasticity

The initial viscoelastic property of all groups
of the soft liners was evaluated by an oscillating
rheometer (Bohlin gemini HR nano rheometer,
Marvern, UK). The parallel plate geometry was 20 mm
in diameter. An oscillating frequency was set at 1 Hz.
The

temperature was set at 37°C. All samples were

stress was controlled at 40 Pa and the

manually mixed at room temperature. The material
was placed on the lower geometry of the rheometer,
then the upper plate was lowered on its guide into
the position with 1 mm gap between the plates. Shear
stress and shear strain were monitored for 30 minutes.

The (G s

calculated from the shear stress (T) and shear strain

complex shear modulus
(Y). The phase lag between stress represents as 0. The
shear storage modulus (G’), shear loss modulus (G”),
and loss tangent or damping coefficient (tan 0) can

be determined as the following equation;**

el = wy

G* = G +iG” (where /* = -1)
G’ = |G*|-cos )

G” = |e¥|-sin O

tand = GY/G

G’ and G” could also be called as elastic and
viscous moduli. Gelation time or ‘gel point’ can be
defined as the time point when G’ and G’ are equal
(tan O = 1) as shown in Figure 1.”* The initial elastic and
viscous moduli at different time points (5 to 30 minutes)
after mixing were also evaluated. Five independent

tests (n=5) were carried out for each group.

1044

10%

Shear modulus (Pa)

...... P/L0.9_control

ab et
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Figure 1 The initial viscoelasticity of GC soft liner as a function of
time after mixing. G’ and G” represented the shear
elastic and viscous moduli. The gelation times of the
soft liners with different compositions could be defined
as the time at the intersect point (G’ = G”).

Statistical analysis

All statistical computations were performed
by SPSS software (IBM corp. released 2013, IBM SPSS
statistics for Windows, version 22.0, IBM, Armonk, NY,
USA). The significant level was set at Q=0.05.

Shapiro-Wilk test was performed to validate
normality of the data and Levene’s test for equality of
variances between group data. An influence of the oil
concentration and overall P/L ratio on the gelation
time and surface hardness and interaction between
these two variables were analyzed by two-way analysis
of variance (ANOVA). The multiple comparisons
between groups were performed by Tukey’s test when
the data met the homogeneity of variances assumption
or by Games-Howell post-hoc test for unequal variance
situation. In addition, an alteration in the material
hardness from 2 hours to 7 days was analyzed by
dependent t-test. The significance level was set at
a=0.05.
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Results

Surface hardness of different compositions
of GC soft liner incorporated with L. cubeba oil

Shore A0 hardness of all groups of the soft
liners was measured at the initial stage (2 hours) and
late stage (7 days) as shown in Table 2 and 3. All
samples showed a statistically significant increase in
the hardness after aging process (p<0.05; dependent
t-test). From the two-way ANOVA, there was no

interaction between the oil concentration and overall
P/L ratio on the material hardness (p>0.05). The
overall P/L ratio significantly affected the surface
hardness of GC soft liner with and without L. cubeba
oil (p<0.05). While, the oil concentration significantly
influenced only on the hardness at 2 hours but not

affect the hardness at 7 days.

Table 2 Shore A0 hardness at 2 hours of GC soft liner with different compositions in overall powder-to-liquid (P/L) ratios and
concentrations of L. cubeba oil.

Overall P/L

No additive
0.9 9.88 + 1.50"°
1.2 19.96 + 1.09% ¢
1.5 28.36 + 1.35¢

Shore AO hardness (Mean + SD) at 2 hours*
10%w/w L. cubeba oil

20%w/w L. cubeba oil

9.04 + 0.86%° 6.28 + 0.87%°
18.68 + 2.325¢ 16.36 + 0.52 ¢
26.52 + 1.107f 26.24 + 0.52"f

*Mean pairs with different superscripts represented statistical differences (p < 0.05).
Capital letters indicate statistical differences between groups in same columns (same P/L ratios).
Lower case letters indicate statistical differences between groups in same rows (same oil concentrations).

Table 3 Shore A0 hardness at 7 days of GC soft liner with different compositions in overall powder-to-liquid (P/L) ratios and
concentrations of L. cubeba oil.

Overall P/L

No additive
0.9 17.64 + 155"
1.2 2632 + 0.97°
1.5 34.32 + 0.91°¢

Shore A0 hardness (Mean + SD) at 7 days*
10%w/w L. cubeba oil

20%w/w L. cubeba oil

17.64 +1.02° 17.08 + 1.31¢
25.96 + 0.57F 25.84 + 1.18"
34.88 + 0.92" 33.76 + 0.80'

*Mean pairs with different superscripts represented statistical differences among various P/L ratios (p<0.05). There were no statistical

differences in comparisons between groups in same rows.

At 2 hours, the Shore A0 hardness values of
GC soft liner control with overall P/L ratios at 0.9, 1.2,
and 1.5 were about 10, 20, and 28, respectively. The
addition of only 10% w/w L. cubeba oil into GC soft
liner with all P/L ratios did not significantly alter the
hardness at 2 hours (p>0.05). Nevertheless, the
incorporation of 20% w/w L. cubeba oil statistic
significantly diminished the Shore AO hardness at 2
hours of the soft liner with all P/L ratios (p<0.05).

Whereas, the incorporation of L. cubeba oil
at both 10 and 20% w/w did not influence the surface
hardness at 7 days of the soft liner with all P/L ratios

(p>0.05). Shore A0 hardness values at 7 days of the

soft liners were about 17, 26, and 34 for the overall
P/L ratios at 0.9, 1.2, and 1.5, respectively.

Initial viscoelasticity of different compositions
of GC soft liner incorporated with L. cubeba oil

Three initial viscoelastic properties including
gelation time, shear elastic, and viscous moduli were
evaluated in this study. The alteration by the time of
G’ and G” after mixing GC soft liner control with
different P/L ratios was illustrated in Figure 1. The
gelation time of the soft lining materials could be

defined as the time at the intersect point (G’=G”).
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The soft liner control with overall P/L ratios
at 0.9, 1.2, and 1.5 displayed the gelation times about
200, 150, and 100 seconds, respectively (Table 4).
From the two-way ANOVA, there was no significant
interaction between the overall P/L ratio and oil
concentration on the gelation time (p>0.05). The
addition of L. cubeba oil slightly decreased the

gelation time of GC soft liner but there was, however,

no statistical difference from the soft liner without
additive. An increase in the overall P/L ratios statistic
significantly shortened the gelation time of GC soft
liner without additive. For GC soft liner with 10% and
20% oil content, the gelation time was significantly
reduced when the overall P/L ratio increased from 0.9
to 1.2 (p<0.05).

Table 4  Gelation time of GC soft liner with different compositions in overall powder-to-liquid (P/L) ratios and concentrations of L. cubeba oil.

Overall P/L

No additive
0.9 205.4 + 27.65"
1.2 151.2 + 45.48°
15 100.2 + 16.16

10%w/w L. cubeba oil

Gelation time (s)*
20%w/w L. cubeba oil

203.0 + 43.39° 180.8 + 7.43°
123.0 + 14.39" 120.2 + 13.61°
102.2 + 9.20° 98.6 + 11.65°

*Mean pairs with different superscripts represented statistical differences among various P/L ratios (p<0.05). There were no statistical

differences in comparisons of gelation times between groups in same rows.

For initial shear moduli, both G’ and G” of all
samples dramatically increased during the first 2-4
minutes and then gradually increased until almost
stable values. From the two-way ANOVA of each time
point, there was no significant interaction between
the overall P/L ratio and oil concentration on the
shear moduli for all time points (p>0.05). The soft
liners with a higher P/L ratio showed significantly

greater elastic moduli at all time points (300 to 1800
seconds) after mixing (Table 5, p<0.05; multiple
comparisons of each time point). The higher P/L ratio
also led to higher viscous moduli especially at 300
and 600 seconds (Table 6). The addition of L. cubeba
oil slightly influenced G’ and G” of the soft liner but

no statistical difference was observed.

Table 5 Shear elastic modulus (G’) at 300 to 1800 seconds after mixing of GC soft liner with different compositions in overall powder-to-

liquid (P/L) ratios and concentrations of L. cubeba oil.

Group Elastic modulus, G’ (X10* Pa)*
at 300 s at 600 s at 900 s at 1200 s at 1500 s at 1800 s
P/L0.9 control 179 + 1.09" 4.53 + 2.20° 5.60 + 2.63° 6.09 + 2.83’ 6.32 + 2.94" 6.49 + 3.02°
P/L0.9 LC-10 2.90 + 1.93" 6.84 + 3.48° 8.31 + 3.99 8.98 + 4.25' 9.28 + 4.27" 9.58 + 4.54°
P/L0.9 LC-20 2.33 + 0.97" 5.05 + 2.07° 6.06 + 2.42° 6.59 + 2.63 6.82 + 2.73" 7.00 + 2.82°
P/L1.2_control 7.04 + 4.15° 12.32 + 5.94° 13.98 + 5.98" 14.87 + 6.30" 15.58 + 6.69" 15.42 + 6.02°
P/L1.2_ LC-10 10.24 + 6.35° 16.37 + 9.70° 18.62 + 11.02" 19.39 + 11.38% 19.81 + 11.55"  20.05 + 11.60°
P/L1.2 LC-20 7.31 + 2.06° 11.70 + 3.33F 13.24 + 3.92" 14.10 + 4.26" 14.39 + 4.26" 14.47 + 4.24°
P/L1.5_control 19.31 + 10.62° 27.27 + 15.11" 30.61 + 17.35' 30.26 + 15.59" 31.92 +17.48° 31.30 + 16.29°
P/L1.5 LC-10 14.77 + 5.21¢ 20.87 + 7.56" 23.56 + 8.29' 25.47 + 10.97" 25.68 + 9.24° 25.23 + 8.15R
P/L1.5 LC-20 15.30 + 7.84° 21.51 + 10.94" 23.75 + 12.70' 24.99 + 1352 24.66 + 12.74° 26.20 + 14.27"

* Mean pairs with different superscripts represented statistical differences in column comparison (p<0.05).
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Table 6 Shear viscous modulus (G”) at 300 to 1800 seconds after mixing of GC soft liner with different compositions in overall powder-to-

liquid (P/L) ratios and concentrations of L. cubeba oil.

Group Viscous modulus, G” (X10* Pa)*
at 300 s at 600 s at 900 s at 1200 s at 1500 s at 1800 s
P/L0.9 control 1.02 + 0.50" 1.53 + 0.62° 1.64 + 0.67° 1.68 + 0.69 1.67 + 0.67" 1.68 + 0.69"
P/L0.9 LC-10 157 + 0.85" 2.28 + 1.07° 2.48 + 1.08° 2.52 + 1.11' 252 + 1.18" 2.58 + 1.16"
P/L0.9 LC-20 1.24 + 0.51" 1.72 + 0.66° 1.84 + 0.75° 1.86 + 0.70 1.92 + 0.76" 1.94 + 0.79"
P/L1.2_control 2.61 + 1.22° 3.12 + 1.26°F 3.16 + 1.17° 3.09 + 1.04’ 3.14 + 0.99" 3.16 + 1.49"
P/L1.2 LC-10 3.45 + 1.96° 4.13 + 2.26° 4.15 + 2.44° 4.20 + 2.63’ 3.94 + 2.22" 4.07 + 2.31"
P/L1.2 LC-20 2.57 + 0.69° 3.02 + 0.96°F 2.98 + 0.80° 2.89 + 0.90’ 3.11 + 0.89" 3.09 + 0.93"
P/L1.5 control 5.29 + 2.69° 5.03 + 1.89°F 6.20 + 3.16" 5.56 + 2.72" 5.59 + 2.85" 6.39 + 3.58°
P/L1.5 LC-10 4.18 + 1.42° 4.79 + 2.40°F 5.50 + 3.20" 4.31 + 1.50¢ 5.12 + 2.40" 5.03 + 2.28°
P/L1.5 LC-20 4.28 + 2.10° 4.60 + 2.21° 5.09 + 2.81" 4.64 + 2,74 5.45 + 4.21" 5.55 + 3.32°

* Mean pairs with different superscripts represented statistical differences in column comparison (p<0.05).

Discussion

In the present study, L. cubeba essential oil
that has been reported the anti-fungal properties was
introduced as an additive into the short-term soft

820 Since L. cubeba oil is one of the essential

liner.
oils, it might affect the initial viscoelastic properties of
the soft liner in the same manner as the previous
study.” In such research, the diminished effect of
three essential oils on the initial moduli of GC soft
liner was mainly contributed by the overall P/L ratio.

From the preliminary experiment, 1.25¢g of L.
cubeba oil was incorporated into GC soft liner with 5g
of the liquid and 6g of the powder. This mixture
contained 20% w/w of L. cubeba oil into total liquid
content. The Shore AO hardness values of such
composition were about 12 and 19 at 2 hours and a
week, respectively. Whereas the same soft liner
without additive showed the surface hardness about
20 and 26 at 2 hours and a week, respectively. It
would be hypothesized that the addition of the
essential oil increased total liquid component and,
therefore, lowered the overall P/L ratio of the soft
liner. The decrease in P/L ratio of soft liners could
lead to a lesser modulus of the materials.”

This preliminary finding created an interesting
idea in an alteration of the soft liner composition. To
compensate the increase in the total liquid after

adding the essential oil, more amount of the powder

should be added. For instance, 7.5¢ of GC soft liner
powder was used if 1.25¢ of L.cubeba oil was
incorporated into the composition to maintain the

overall P/L ratio of 1.2 as illustrated in Figure 2.

L. Cubeba GC soft liner
oil Liquid Powder
No additive 0g 5¢ 6¢
With L. cubeba ol $1.25 g 5¢1 75¢

(20 % total liquid) o
i (Total liquid = 6.25 ¢) ;

Figure 2 Demonstration for a proposed formulation of GC soft liner
containing 20% w/w L. cubeba oil with overall powder-
to-liquid ratio at 1.2.

The results from the surface hardness testing
(Table 2 and 3) strongly supported this proposed idea.
The Shore A0 hardness of the soft liners was mainly
affected by the overall P/L ratio. Therefore,
compensation of P/L ratio by adding more powder
into the soft liner mixture could minimize the
softening effect from L. cubeba oil. In comparison to
GC soft liner control with the same overall P/L ratios,
the Shore A0 hardness of the soft liner incorporated
with 10% w/w L. cubeba oil did not significantly lower

than those of the control.
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However, the addition of 20% w/w L. cubeba
oil significantly decreased the material hardness at
the 2 hours for all P/L ratios. The softening effect at a
high concentration of L. cubeba oil could be due to
the plasticization of the polymer network in the soft
liner by the additive molecules. One relevant
parameter that influences the softening process or so-
called ‘plasticization” is a solubility parameter (8). If
the solubility parameters of additives are close to that
of polymers, the softening of such polymers could be
occurred.® Herein, the solubility parameters of main
compounds in GC soft liner and L. cubeba oil were

shown in Table 7.7

Polymer in the soft liner
powder was PEMA and major composition in the
liquid component was BPBG (~81%). The solubility
parameters of those compounds were around 19 and

27,2
% Therefore,

21 MPa"? that were close together.
BPBG could act as a plasticizer to make the polymer
softer. While, L. cubeba oil contained citral up to
60%. Its 19 MpPa'?,

appro><imatety‘29 In the same manner as BPBG, L.

solubility parameter was
cubeba oil could soften PEMA and then decrease the
hardness of the soft liner. In addition, because the
solubility parameters of main compounds in both GC
soft liner liquid (BPBG) and L. cubeba oil (citral) were
close together, the essential oil could be well
dispersed in the soft liner liquid.27

Table 7 Solubility parameters (§) of main chemical constituents

in GC soft liner and L. cubeba oil.?™?

Materials Main compositions 6 (MPa'?) ‘
GC soft liner Poly(ethyl methacrylate) 19.30
powder (PEMA)

GC soft liner Butylpthalylbutyl 20.65

liquid glycolate (BPBG) Ethanol 26.00

L. cubeba oil Citral 19.10

The incorporation of L. cubeba oil did not
only influence the material hardness but also the
initial viscoelastic properties. In this study, time-
dependent shear elastic and shear viscous moduli
during the initial setting of the soft liners were

investigated by the oscillating plate rheometer (Figure

1). The alteration in both moduli by time can reflect
the gel-forming process of short-term soft liners.”**
In the beginning, immediately after mixing, the
in a fluid-lke state and be
modulus  (G”).*****

Afterwards, polymeric molecules of the soft lining

materials are still

dominated by the viscous

materials would form physical or pseudo crosslinked
gel that leads to a dramatic increase in the elastic
modulus (G).”** At the time in which the elastic
modulus exceeds the viscous modulus, it indicates
the fluid-gel transition and can be defined as the

16,24,31

gelation time. The gelation time could be

related to the setting time and working time of the
soft liners.”*

In the present study, the gelation times of
the soft liners with different compositions were
mainly contributed by the overall P/L ratio (Table 4).
Whereas, the influence of the oil concentration on
the material gelation times was not remarkable. As
mention previously, the gel formation of the short-
term soft liner can occur via pseudo crosslink
consisting of polymer chain entanglements.” For
lower P/L ratios, the polymer chains in the soft liner
system would be surrounded by abundant liquid
molecules. These could retard the interaction or
intermolecular force between the polymer chain
entanglements. Consequently, the gelation time
would be prolonged to form sufficient pseudo
crosslinks of the soft liner polymer.””**

Besides the gelation time, the initial elastic
and viscous moduli could provide essential
information relating to clinical procedures including
material rigidity and ViSCOSity.24'32 In this study, the
elastic and viscous moduli were interpreted at every
five minutes until thirty minutes after mixing. The
intraoral working time of GC soft liner according to the
manufacturer’s instruction is about 4-5 minutes. So,
the moduli at five minutes could relate to the
material properties after the initial setting during a
chairside manipulation. While the moduli at 20-30
minutes could represent the material after a clinical

visit.
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From the results in Table 5-6, and Figure 3,
all compositions of the soft liners showed a regular
pattern in an alteration of the elastic and viscous
moduli. The shear elastic moduli (G’) of all samples
considerably raised until 15 minutes approximately
and then a slight increase or plateau phase was
observed. While their shear viscous moduli (G”) from
5 to 30 minutes were almost steady. The continuous
increase of the elastic moduli after the fluid-gel
transition point would remind the crosslinking process
of the soft liners is still incomplete. Thus, the
materials require at least 15 minutes to complete the
gel formation process.

Additionally,

reflect the material hardness or rigidity.

could
In this

study, the initial elastic moduli of the soft liners were

the elastic modulus
24,32

significantly affected by the overall P/L ratio in the
almost similar pattern as the surface hardness
experiment. The higher overall P/L ratio caused the
higher initial elastic modulus (Table 5). Theoretically,
an increase in polymer powder content would lead
to more polymer chain entanglement. This resulted
in more physical crosslinks and thereby greater elastic
modulus.”

Although there was no statistical difference
in the effect of the oil concentration, some distinguish
trends in the initial elastic moduli were observed as
shown in Figure 3. At excess powder content (P/L
ratio=1.5), the

diminished the initial elastic modulus of the soft liner.

incorporation of L. cubeba oil
For the compositions with lower P/L ratios (0.9 and
1.2), the soft liners with L. cubeba oil exhibited higher
elastic moduli than the compositions without the
essential oil. Interestingly, the incorporation of 10
%w/w L. cubeba oil into the soft liners with such P/L
ratios showed the elastic moduli higher than the
compositions with 20% w/w L. cubeba oil.

In general, most soft lining materials require
optimal formulations of solvent mixtures and suitable
amount of powder.” An alteration of each component
concentration and/or using improper ratio could

diminished material properties. One published work

found that formulated short-term soft liners with the
same P/L ratio at 1.2 appeared atypical trend in the
effect of ethanol content on shear elastic moduli.”!
Such materials with 5 and 10% w/w ethanol obtained
higher elastic moduli than the short-term soft liner
with 20% w/w ethanol. Nevertheless, this hypothesis
should be further investigated.

From the result in this study, it could be
helpful to establish an optimal composition of GC soft
liner with L. cubeba oil that exhibits an anti-microbial
effect without alteration on the mechanical and

physical properties.
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Figure 3 Shear elastic moduli (G’; plotted as straight lines) and

viscous moduli (G”, plotted as dash lines) of GC soft liner
with different compositions. The powder-to-liquid (P/L)
ratios of 0.9, 1.2, and 1.5 were illustrated in Figure 3A to
3C, respectively. The concentrations of L. cubeba oil were
0% w/w (hollow circle), 10% w/w (green circle), and 20%
w/w (red diamond).
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Conclusion

The deteriorating effects in the material
hardness and initial viscoelastic properties of the soft
liner after incorporating with L. cubeba oil could be
minimized or compensated by an adjustment of P/L
ratios. The compositions with the same overall P/L
ratios exhibited almost similar surface hardness and
initial viscoelastic properties. At higher P/L ratios, the
materials significantly showed the greater hardness,
faster gelation time, and higher initial shear moduli.
There was less effect of L. cubeba concentration on
the surface hardness of the soft liner. While the
gelation time and the initial moduli were not

statistically influenced by the oil concentration.
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In Vivo Study of Brushing Force Produced by
Three Types of Toothbrush Filaments from Two
Brands

Rotpenpian N* Wanasuntronwong A**

Abstract

Manual tooth brushing is a tool used for maintaining daily oral health. The purpose of this in vivo study was to investigate tooth
brushing force produced by three types of filament from two brands of manual toothbrush. The study enrolled 36 healthy volunteers.
Tooth brushing force was measured using a force transducer and a physiological recording system. All volunteers were instructed to brush
using the modiified Bass technique. Three filament types from Berman® and Oral-B® were assessed in this studly. We found that the diameters
of the filaments from Berman® medium, soft, and extra soft toothbrushes were 360.19+2.31, 277.04+2.16, and 142.89+18.42 um, whereas
those from Oral-B® were 312.22+3.82, 270.33+3.76, and 195.18+13.65 um, respectively. The brushing force with Berman® medium toothbrush
was significantly higher than that with the soft and extra soft toothbrushes, whereas the brushing force of Oral-B® medium toothbrush was
higher than that of the extra soft toothbrush. Although Oral-B® soft toothbrush and Berman® soft toothbrush had similar filament diameter,
the former required more brushing force. It was concluded that toothbrush filament types (diameter) could affect brushing force and should

be considered when selecting suitable toothbrush for each oral condition.

Keywords: Tooth-brushing force/ Toothbrush filament/ Oral health/ Toothbrush

Introduction

A manual toothbrush is the commonly used
mechanical equipment for maintaining oral health.
Currently marketed toothbrushes are available in
several designs with several filament tips, filament
diameters, and materials. For a low price, easy to find,
and short-term use, several manufactures are
competing to meet the demand from customers,
especially the demand regarding the efficacy of
toothbrushes. High brushing force results in tissue
injury such as gingival abrasion and recession." Several
studies have suggested that the optimal tooth-
brushing force should be below 240 grams.” > A force
higher than 300 grams can induce gingival recession
that manifests in necks of cervical margins.”* Under
normal conditions, brushing force is not the primary
factor considered while considering tissue injury.
Other such as oral tissue

negative  factors

inflammation or dentine sensitivity might contribute

Received: Jun 18, 2021
Revised: April 04, 2022
Accepted: May 19, 2022

to the overall sensory |oerception.5 Therefore, high-
force manual tooth brushing contributes to tooth
abrasion and eroded enamel and dentin, which
activates mechanoreceptors and nociceptors.’ The
prolonged activation of mechanoreceptors and
nociceptor after high-force brushing causes the efflux
of dentinal fluid, leading to dentin hypersensitivity
and dental pain.”’

Understanding the concept of high-force
brushing to nociception, it would be interesting to
determine the brushing force that is produced by
brands  of

toothbrushes in healthy volunteers. The findings will

various  filament  diameters and
benefit individuals who previously had a disease of
the oral mucosa. Therefore, the purpose of this
experiment was to investigate the brushing forces
produced by six toothbrushes including medium, soft,

and extra soft brushes of Berman® and Oral-B®

* Department of Oral Biology and Occlusion, Faculty of Dentistry, Prince of Songkla University, Songkhla
** Department of Oral Biology, Faculty of Dentistry, Mahidol University, Bangkok.
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The

filament diameter of all toothbrushes was examined.

trademarks available in Thailand markets.
Materials and methods

1. Ethical approval

The study protocol was approved by the
Ethical Committee of the Faculty of Dentistry/Faculty
of Pharmacy, Mahidol University (MU-DT/PY-IRB
2013/039.1211).

2. Subjects

This study enrolled 36 right-handed dental
students with a mean age of 255 years. All
participants gave consent upon being informed about
the purpose and detailed procedures of the study.

The inclusion criteria were as follows: providing

informed consent, good general health, age between
21 and 30 years, and habitual use of manual
toothbrush using the modified Bass technique.
Exclusion criteria were age <21 years or >30 years and
those declining to participate.

3. Toothbrushes

Berman® (Berman Innovative Care company,
Thailand) and Oral-B® (Oral B company, Vietnam)
toothbrushes of three filament types were used
(Figure  1A-1E): Berman® type Active Medium,
Berman® type Active Soft, Berman type Complete
Extrasoft, Oral-B® type All-rounder Medium, Oral-B®
type All-rounder Soft, and Oral-B® type Micro Thin

Extrasoft.

Medium

Extrasoft

Bermon

Figure 1
D, E, and F show the anterior view of toothbrushes

4. Test procedures

To compare the brushing force of the three
types of Oral® and Oral-B® toothbrushes, each subject
was required to brush using the modified Bass
method. They were asked to randomly select one of
the six toothbrushes at the first time. They were
required to select another toothbrush the next day,

for six consecutive days. The experiment was

Berman® and Oral-B® toothbrushes with three filament types (medium, soft, and extra soft). A, B, and C show the lateral view and

conducted for 30 min after lunch, and all volunteers
were prohibited from cleaning their teeth before the
experiment started. The dental arch was divided into
12 areas (Figure 3A). All volunteers brushed their teeth

using the modified Bass brushing technique.
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5. Assessment of brushing force

All toothbrushes were cut at 5 cm from their
neck and were connected with a force transducer
(MLT1030/D, BIOPAC® systems; Santa Barbara, CA,
USA). The force transducer translated signal to a
physiological recording system (MP100, Biopac®, USA).
Calibration was performed directly before brushing by
hanging standardized weights at the mid-point of the
head of each individual toothbrush (range: 0-400 g).
The Acgknowlege 3.9 software was used for data
acquisition and transfer to Microsoft Excel. Mean
brushing force was averaged for 12 areas of the dental
arch during the 3-min brushing activity.

6. Filament diameter measurement
Filaments from all toothbrushes were examined using
the Axio Observer (Carl Zeiss Microscopy GmbH,
Germany). In the preparation phase, 8-10 filaments
were randomly selected from the same areas of each
toothbrush. Each filament was fixed in place before
assessment  using the Axio Observer and
measurement using the AxioVision software (Carl Zeiss
Microscopy GmbH, Germany). The filament diameter

was measured at 1 mm below the tip.

Berman®

U
<
o
o
&
3
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7. Data analysis

Statistical Package for Social Science software
(IBM SPSS 19.0; IBM Corporation, 1 New Orchard Rd,
Armonk, New York 10504) was used for analyzing all
data. Data on brushing force endured by different
filament types and designs were analyzed using one-
way analysis of variance followed by Dunnett’s post
hoc test for a significance level of P<0.05. Simple
comparison between the two groups was performed
using Student’s t-test for independent samples. The
level of significance was 0.05 in all statistical analyzes.
Results

Figure 1 shows differences in the filament and
head design of Berman® and Oral-B® toothbrushes.
Berman® toothbrushes had a standard head design,
whereas Oral-B® toothbrushes had the all-rounder
head design. The head, neck, and filament length of
both toothbrushes were similar. Medium and soft
filament had round-ended filament. Therefore, Oral-
B® extra soft brushes had pointed, round-ended
filament, whereas Berman® extra soft brushes had

pointed, and cut-ended filament (Figure 2).

Oral-B®

1000

1000 pm

- 1008 pm m: )
3 1000 o
. ExtraSoft

1000 pen
: 1000y

1000 pem
ﬂ 1000 en

Figure 2 Ends of Berman® and Oral-B® toothbrush filament. All medium and soft filament types are round-ended. Berman® extra soft type

has pointed together with cut-ended filaments. Oral-B® extra soft type has pointed together, with round-ended filaments.
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The filament diameters of Berman® toothbrushes
were 360.19+2.31, 277.04+2.16, and 142.89+18.42 um,
whereas that of Oral-B® toothbrushes were 312.22+3.82,
270.33%3.76, and 195.1+13.65 um, respectively (Table 1).

Table 1 Diameter of each filament type of Berman® and Oral-B®
toothbrushes
Medium (n = 5) 360.19 + 2.31 31222 + 3.82
Soft (n = 5) 277.04 + 2.16 270.33 + 3.76
Extrasoft (n = 5) 142.89 + 18.42 195.18 + 13.65

Values are expressed as mean * standard error of mean of five
samples of each toothbrush.

'I
s

The brushing force endured by Berman®
medium was significantly higher than that endured by
soft and extra soft [F(2,105) = 4.547, P<0.05]. The Oral-
B® medium toothbrush endured higher brushing force
than extra soft [F(2,105)=5.448, P<0.05]. When the
type ®
toothbrushes endured more brushing force than

Berman® toothbrushes (P<0.001) (Figure 4).

same filament was compared, Oral-B

03 00K
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(A) The brushing pattern used in this experiment. Participants brushed for 180 s, allocating 15 s of brushing time each for all 12
areas. (B) Graphical results of brushing forces. Each toothbrush was taped to a force transducer (MLT1030/D, BIOPAC® systems,
Santa Barbara, CA, USA) 5 cm below the head of toothbrush. It transferred the brushing force to a physiological recording system

(MP100, Biopac®, USA).

Figure 3
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Figure 4 Brushing force of Berman® and Oral-B® toothbrushes of three filament types. Values are expressed as meansstandard error of

mean of 36 volunteers. °P<0.01 compared with the same filament type, °“ P<0.05 compared with the same brand
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Discussion

The study by Van der Weijden et al. revealed
no gingival recession when using a manual brushing
force of 212 ¢; however, a brushing force of over 375
g resulted in gingival recession around the neck of
cervical margins.® Ganss et al. also evaluated the
brushing force in 103 participants and similarly found
that the mean brushing force was 234.5+71.4 ¢, which
did not cause gingival recession.” In our experiment,
the maximum force was observed with the use of
Oral-B® medium toothbrush. The mean force using
these brushes was 291.76+21.76 g, which is below the
force that causes gingival recession. The brushing
force using Oral-B® toothbrushes was higher than that
using Berman®, approximately 80-100 g. Al

volunteers reported that Oral-B® toothbrushes
provided more flexibility and softer filament touch
compared with Berman® toothbrushes, encouraging
subjects to brush with higher force. On the other
hand, all volunteers complained about gingival
irritation  while using extra soft toothbrush. Low
brushing forces seen with the extra soft filament in
the present study could therefore be the result of
nociceptive reflex. Alexander et al. reported that
sharp-ended filament caused more gingiva irritation
than round-ended  filament.’ In addition,
Breitenmoser et al. found that cut-ended filament
induced 30% more gingival lesions than round-ended
filament.” and, ADA recommends toothbrushes with
soft, round-ended filament as it causes the least
gingiva irritation. "’

Although tooth brushing force, which is
might also activate

mechanical stimuli,

mechanosensitive  receptors  (transient  receptor
potential channel) in the dentinal tubules,'" leading
to adverse effects such as dentin hypersensitivity,
tooth surface loss, and traumatic in the periodontium
tissue, this is unlikely since most of the times, the
tooth is covered with enamel and none of the
in  this

subjects study complained of dentine

hypersensitivity. There might be two different
mechanisms that are related to the findings of the
study. The overall higher force in Oral-B® (in which
subjects reported a softer feel) could be explained by
less irritation to the gum and hence less protective
reflex whereas the lower force with soft filaments
compared to hard filaments is probably explained by
“von Frey Hair” effect (i.e. the amount of applied
force is directly related to the stiffness of the
filament). The former mechanism occurs when the
filaments mainly stimulate the gum or oral mucosa
but the latter mechanism occurs during filament-

tooth contact.

Conclusion

This study assessed the tooth-brushing force
of toothbrushes manufactured by two brands,
Berman® and Oral—B®, and three filament types
(medium, soft, and extra soft) by enrolling 36 healthy
volunteers who brushed their teeth using the
modified Bass technique. The mean brushing force
was higher with medium than with soft and extra soft
filament. Oral-B® toothbrushes tended to result in
higher force than Berman® toothbrushes. However,
the effect of toothbrush head has not
comprehensively investigated in this study. Our
results provide basic information for choosing
appropriate toothbrushes in dental patients whose

brushing force needs to be reduced.
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Diode Laser - Mediated Photocoagulation
in an Alveolar Socket after Tooth Extraction:
A Preliminary Study

Klangthong A* Sattayut S*** Kantrong N******* Prgsongvaranon V***** Thanudape L******

Abstract

Diode laser has been addressed for its potential use in soft tissue surgery for decades and successful outcomes have been
reported. This study therefore aimed at investigating the adjunctive effect of diode laser on the socket coagulation after tooth extraction.
Twelve healthy individuals who required an extraction of premolar for an orthodontic purpose were subjected to randomization. Control
group (N=6) was subjected to local gauze pressure technique to stop socket bleeding after the operation, while the experimental group
(N=6) was irradiated with diode laser (808 nm, 0.5 watt, 5-second interval) 1 cm above the alveolar socket until bleeding stopped. Bleeding
time and VAS scores between two groups were compared by using Mann Whitney U-test. Our data indicated that bleeding time was 2.74-
fold faster when diode laser irradiation was incorporated in the treatment. Photocoagulation induced by diode laser significantly
accelerated the clotting. In this study, we showed the efficacy of diode laser application in promoting a blood coagulation at the extraction

wound, in adjunct with a conventional tooth extraction procedure.

Keywords: Diode laser/ Tooth extraction/ Bleeding control/ Post-extraction socket bleeding

Introduction

Postoperative bleeding is a major complication
commonly found after tooth extraction procedure. This
unfavorable event may occur immediately after
extraction or begin 2-3 hours postoperatively
depending on traumatic level of extraction, pathology
of the extracted tooth, and injury of the surrounding
tissues." The simplest method for promoting blood
coagulation is the utilization of local pressure
technique. In patients on warfarin treatment, 88.6%
among them experienced blood ocozing from the
alveolar socket after tooth extraction that can be
controlled by a gauze compression at home,”
indicating its effectiveness on promoting bleeding
hemostasis even in patients with coagulopathy.

However, in a case with suspicious bleeding tendency

Received: Aug 28, 2020
Revised: Mar 25, 2022
Accepted: April 04, 2022

or persistent bleeding from the alveolar socket after
extraction, additional local hemostatic measures are
necessary to control post-extraction bleeding
complication’.

Several strategies have been introduced as
alternative methods to aid clot retention at the tooth
extraction site. While most common procedures
include an additional use of local hemostatic agents to
attenuate bleeding at the extraction wound, the use of
laser in dental surgery has shed new lights on the
prevention of post-operative bleeding complication.
It is believed that the mechanism by which the diode
laser promotes photocoagulation is initiated via an
energy absorption by hemoglobinf1 Importantly, a

large body of evidence has clearly elucidated the
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benefits of diode laser for clinical dentistry, particularly
as an alternative treatment modality that could
potentially be used with oral soft tissues.””’

Benefits of diode laser in surgical treatment
has been extensively addressed in the past decade.
One major outcome is the reduction of postoperative
complications i.e. pain, facial edema, and trismus after
the utilization of diode laser in combination with a
traditional surgical procedure to remove lower third
molars®.  Previous study also indicated that
postoperative pain and edema after periodontal flap
surgery were decreased when the surgical sites were
Notably, the

photo-irradiated by diode laser.’

application of diode laser during orthodontic

treatment can facilitate and reduce the pain occurred

10114 addition, irradiation of

after tooth movement.
tooth enamel with diode laser has shown to decrease
the mineral loss of enamel in response to hydrogen
peroxide e><|oosure.12 Collectively, earlier research
studies have suggested diode laser a promising
medical equipment that could be employed in
multiple areas of dental treatments.

It is noteworthy that continuous-wave diode
laser has recently been reported to be an efficient
tool in mediating blood coagulation during a laser
microsurgery procedure on the skin.”> Remarkably,
blood coagulation was visible after laser irradiation for
3 seconds. The use of diode laser in dermal surgery
also offers another advantage i.e., a fixation of
collagen scaffold which results in the faster wound
healing process.13 Despite its use for pain alleviation
and bleeding control, it is still unclear whether diode
laser can be used in combination with a conventional
tooth extraction procedure to mitigate a potentially
delayed coagulation at the extraction site. This study
thus aimed to investigate the application of diode
laser power and its effect on wound hemostasis after

simple tooth extraction.

Materials and methods

Subject recruitment and inclusion criteria

This preliminary clinical study was conducted
upon the approval from Khon Kaen University ethics
committee (Reference number: HE 552039) based on
the declaration of Helsinki. Study population were
walk-in dental patients at the Oral Surgery Clinic,
Faculty of Dentistry, Khon Kaen University, whose
simple extraction of premolar was indicated upon a
request from orthodontist. All recruited participants
must be in a good health without underlying systemic
conditions, and classified as American Society of
Anesthesiologist (ASA) physical status class I, in a
range of 16 — 35 years of age. In addition, patients with
concurrent history of taking anticoagulants or
antiplatelet drugs were excluded from the study.
Participants must have at least one premolar that
required a simple extraction incorporated in an
orthodontic treatment plan. Premolars planned to be
extracted must be sound, asymptomatic and not
exhibit any carious lesion and periapical pathology.
Root dilaceration must not be visible on a pre-
operative periapical radiograph, otherwise the
patients were excluded from the trial. In addition,
administering local anesthesia with 2% mepivacaine
containing 1:100,000 epinephrine must not be
contraindicated for its use in any recruited subjects.

Subject randomization, extraction and
bleeding control procedures

Twelve healthy individuals were recruited
into this study. All subjects were given a consent form
prior to the beginning of the trial, subsequently
randomized using a shuffled deck of cards to
determine the bleeding control method they
received. In accordance with a standard protocol for
simple tooth extraction, patient history taking,
physical examination, and vital sign monitoring were
performed. The entire operation was done by one

experienced oral maxillofacial surgeon to ensure a
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well-controlled extraction procedure. Time used for
injection and extraction were recorded by another
assigned dentist.

After the extraction procedure was completed,
bleeding from an alveolar socket was controlled by the
method assigned from the randomization method.
Control group was the subjects whose premolars were
extracted and the bleeding was controlled using a
gauze compression technique. Briefly, a fresh gauze
damped with 0.9% normal saline was quickly used to
wipe the seeping blood from the socket before a new
sterile gauze was placed against the extraction wound
and the subject was then asked to bite pieces of
gauze with a moderate bite force. All individuals were
informed that resistance from a gauze pressure must
be felt with no muscle fatigue from biting. Coagulation
at the extraction socket was timed by another blinded
observer right after the gauze was placed. Bleeding
control using gauze compression was evaluated every
30 seconds until the initial blood coagulation was
formed (Figure 1). Bleeding time, starting from socket
wiping with gauze to when the bleeding stopped, was

then recorded.

In  experimental g¢roup, standard tooth
extraction protocol was followed as described above.
However, a laser application protocol was adopted
from a previous study reported by Ishikawa et al. using
blue-violet light-emitting diode to photocoagulate

the socket bleeding."

In brief, after wiping the
extraction socket with a damp gauze, 808-nm diode
laser of 0.5-watt power, and 2.4-mm spot size
(Quanta808, Quanta System S.p.A., Solbiate Olona,
ltaly) was applied over a extraction socket for a
duration of 5 seconds under continuous mode (Figure
2). Safety goggles were used by the operator and
assistants. A laser handpiece delivering a collimated
beam was position at 1 centimeter above the
extraction wound without handpiece movement.
Calculated energy density was 8.84 J/cm®. After a 5-
second irradiation intervals, bleeding time was
recorded similarly as aforementioned. After the
operation, all participating individuals were observed
for another 30 minutes for a potential post-operative

bleeding. They were also followed up with the same

oral surgeon one week after the trial.

Figure 1 Initial blood coagulation at the alveolar socket seen

after a gauze compression technique

Figure 2 Positioning of Quanta 808 diode laser above the

extraction wound
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Statistical analysis

Bleeding time and post-operative pain
intensity at different time points was compared
between two groups of treatment by using Mann-
Whitney U test, unless otherwise indicated in the
table legend. A statistical comparison was considered
significant when P<0.05. Statistical analysis was
performed using a GraphPad Prism version 7
(GraphPad Software Inc., La Jolla, CA, USA)

Results

Summarized demographic data as well as
method used to control socket bleeding, time used
for extraction of the subjects participated in the trial
were shown in Table 1. We found that the mean age
of young individuals allocated into a conventional
treatment and diode laser irradiation was 20.50+2.81
and 19.83+1.17 years old, respectively (Table 2).
Distribution of the participants’ gender between two
groups was not statistically different (Table 2), as
determined by Chi-square test at P=0.1213. Twelve

healthy individuals were recruited into the study. Nine

Table 1

Subject

Gender* Designated bleeding

Pre-operative blood
pressure (mmHg)

individuals out of 12 subjects were young females
whose either right or left lower premolar needed to
be extracted for orthodontic reason. Only one female
underwent a simple extraction of upper right
premolar as indicated by a request from her
orthodontist. Three young males whose lower
premolar was planned to be extracted joined the trial.
All subjects were classified as ASA class | healthy
patients and the average age was 20.33+2.15 years
old. The procedure did not cause any visible trauma
of the remaining gingiva and hard tissues in all
individuals participated in the study.

Bleeding time as determined by the cease of
spontaneous bleeding from the alveolar socket was
compared between the two groups as shown in Table
2. While 270 seconds were allowed for bleeding to
stop when gauze compression was used, it took 98.5
seconds for photocoagulation mediated by diode
laser to occur. Median of bleeding time compared
between 2 treatment methods was significantly

different as indicated in Table 2.

Demographic data and recorded information of each subject participated in the study

Number of extracted
tooth in 2-digit system

ID control method
1 Female L
2 Female L
8 Female G
4 Male L
5 Female G
6 Female G
7 Female L
8 Female G
9 Female G
10 Female G
11 Female L
12 Male L

Average (Mean + SD)

110/70 14 21
110/70 34 19
110/70 34 20
120/70 44 20
100/76 44 22
110/70 45 16
110/70 45 21
110/70 34 24
120/60 34 23
120/70 45 20
115/80 34 18
130/80 44 20

20.33 + 2.15

* L = Diode laser irradiation, G = Gauze compression, LA = Local anesthetics, NS = Not specified.
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Table 2 Bleeding time recorded from the operation of each subject

Bleeding time

95% Confidence interval
(seconds)

Bleeding time
(Median in seconds)

Bleeding control Subject Mean age
method ID (years) (seconds)
3 20.50 £ 2.81"™ 240
5 360
. 6 240
Gauze compression

8 480
9 240
10 300
1 19.83 + 1.17™ 107

2 70
Diode laser a 118
irradiation 7 5
11 180

12 90

270 * 209.1 - 410.9

98.5 * 34.44 - 155.6

“Asterisk indicates statistically-significant difference at P-value = 0.0022 as determined by using Mann-Whitney U test. Non-statistical

significance of mean age between two groups was analyzed with unpaired t-test and P-value = 0.6043 was achieved.

Discussion

It is known to date that an emerging laser
technology has become very beneficial for oral
surgery particularly its application for the use with soft
tissue operation. Diode laser, for instance, is most
commonly utilized for gingival surgery as well as
dental hard tissue mineralization.”” Considering its
abilities to alleviate unfavorable symptoms following
surgical removal of the tooth, diode laser might be
viewed as an adjunctive tool used with dental patients
whose systemic conditions might compromise the
treatment plan. Furthermore, medically compromised
health conditions may render these patients unsafe
to undergo a traditional surgical operation.

Diode laser has been a potential instrument
used for increasing satisfactory treatment outcomes
in dentistry. Recently, the use of low-level laser
therapy has been introduced in adjunct with
conventional periodontal treatment i.e. scaling and
root planning.” A treatment combination with diode
laser showed to promote host’s periodontal tissue
healing as the changes of clinical parameters i.e.
sulcus bleeding and probing depth were significantly
improved in a group to which diode laser was
supplementally applied.” Intriguingly, gingivectomy
in orthodontic patients with fixed appliances using

diode laser in combination with a non-surgical

periodontal treatment demonstrated a better

improvement of gingival overgrowth index and
probing depth when compared to subjects treated
with non-surgical periodontal therapy alone.’ In
chronic periodontitis patients, it is also striking to note
that diode laser, as an adjunctive therapy, provided a
the

conventional scaling and root planning.16 In addition,

more satisfactory treatment result over
a recent in vivo study has demonstrated that
irradiation of bony perforations on the femurs of mice
with diode laser promoted formation of new
trabecular bones and collagen fibers, when compared
to the control group treated similarly without laser

. o g 17,1
irradiation.’™®

Providing its substantial beneficial use,
diode laser has therefore been rendered a promising,
adjunctive treatment modality used to yield a more
favorable and predictable surgical outcome. However,
due to the cost of the diode laser machine, the
practical use for promoting a coagulation in the
extraction sockets may still be limited.

In this study, we report the potential use of
diode laser as a photocoagulator in dental patients
who underwent a surgical procedure for simple tooth
extraction. Our results showed that an immediate
irradiation of alveolar socket after tooth extraction
with 808-nm diode laser at low level (0.5 watt, 5-
minute interval) can mediate photocoagulation,

consistent with previous studies using diode laser to
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19,20
and

successfully perform retinal photocoagulation
venous occlusion in the greater saphenous vein”" as
well as hemostasis of the gingiva in several types of
oral soft tissue surgeries.”” Although a split-mouth
design was not employed in this study, our results
obtained from healthy individuals have demonstrated
a significant reduction of bleeding time when diode
laser was applied. Remarkably, the use of
subthreshold micropulse diode laser resulted in
retinal  photocoagulation  without damage of
epithelium. 2 Although not investigated in this study,
the diode

photocoagulating the blood is thought to be via the

mechanism laser employs  for
energy absorption of the irradiated tissue in which
hemoglobin, acting as a chromophore absorbing laser
energy, is constituted.” It is also possible that
photocoagulation of the alveolar socket induced by
diode laser is mediated by local steam bubble
formation resulting in an indirect thermal change®.
This phenomenon might lead to the generation of
focal thrombosis that could result in the occlusion of
superficial blood clot over the extraction wound. For
better understanding of the use of diode laser, a
precise mechanism by which local blood coagulation
is mediated hence warrants further investigation.
Spontaneous bleeding from the alveolar
socket and post-operative pain are the two most
tooth

after extraction

24,25

common complications

especially in third molars. Even though the
utilization of diode laser for post-operative pain relief
was not our primary focus of the study, it is possible
that the long duration of tissue numbness after
inferior alveolar nerve blocking might considerably
hinder an individual perception of pain, thus
exercising the self assessment of post-operative pain
must be very careful. Pre-operatively, all of the
extracted premolars exhibited neither inflamed
surrounding gingival tissues nor pulpal pathology;
resulted from tissue
One

assumption that could be drawn from our data was

hence, postoperative pain

inflammation was not expected. clear

that diode laser irradiation did not provoke a
significant postoperative pain throughout the follow-
up period. Strikingly, several lines of evidence have
demonstrated its

adjunctive property for pain

alleviation. Diode laser irradiation at the surgical sites
was associated with reduced postoperative pain > as
well as swelling and trismus after surgical removal of
lower third molar. ® It is worth noting that diode laser
irradiation after surgical removal of lower third molar
mitigated trismus and facial edema; however,
extraoral laser application showed more favorable
outcomes when compared to an intraoral approach.”’
Interestingly, an irradiation of a low-level diode laser
on the tooth prior to restorative procedures rendered
the tooth less sensitive to mechanical preparation.28
Collectively, earlier reports have highlighted the
combination of diode laser with conventional surgical
methods to achieve more successful, satisfactory
treatment results. Further studies are therefore
required to elucidate the mechanism by which diode
laser energy diminishes pain in dental patients.
Clotting problem in individuals with acquired
bleeding disorders from an anticoagulation therapy
remains a serious concern among dental patients.
Immediate diode laser irradiation of an alveolar
socket after tooth extraction seems to be beneficial
in promoting focal blood coagulation as our in vivo
coagulation was 2.74-fold more rapid when diode
laser was implemented (98.5 seconds mediated by
diode laser versus 270 seconds induced by a local
pressure, as shown in Table 2). Our research study was
conducted in healthy individuals classified as ASA
class I. Although the application of diode laser in type
2 diabetes mellitus patients was reported to be safe
and effective in the healing of periodontium,” it is
still unclear whether diode laser irradiation has any
adverse effects on tissue healing in medically
compromised patients with other chronic diseases.
Safety and effectiveness of its clinical use with these

patients thus remains to be investigated.
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Conclusion

In conclusion, we first report the efficacy of a
808-nm diode laser used for photocoagulation at the
extraction socket of the tooth in this clinical trial. We
found that utilization of low-intensity diode laser
promoted blood coagulation in the alveolar socket
after tooth extraction. In stark contrast to a natural
coagulation, bleeding control time was 2.74-fold
diode

immediately over the extraction site after the tooth

accelerated  when laser was applied
was removed. However, further study in larger
population using split-mouth design might be
necessary to confirm our findings. Moreover, an
objective method for assessing the blood coagulation
should be implemented for a more accurate results,
as well as an anatomical contribution of each tooth
or dental arch must be considered for a more reliable
interpretation of the results. Our results herein
suggest clinical application of diode laser in a surgical

dental practice to enhance blood clot formation.
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mseit 1 Ffemeeddnifertunslifiawesanudumaislalenlunisdaadunsmevendulssamildunndundehitunnans
Table 1 Clinical study of low intensity laser therapy for remission of nerve injury after surgical removal of lower third molar
Publication Type of Treatment Probe Clinical Treatment
Authors Sessions
(Year) nerve injury regimens diameter assessment tools outcome
Midamba 1993 Paresthesia GaAlAs diode laser - 10 and 20 VAS Significant: VAS
et al 830 nm, 70 mW, sessions
continuous wave,
Dose 6 J/cm?
Khuller 1996 Paresthesia GaAlAs diode laser 8 mm 20 sessions  VAS Significant: VAS,
et al (more than 6 820, nm70 mW, Light touch light touch
months continuous wave, sensation sensation
Dose 6 J/cm? Thermal sensation  (no clinical
improvement for
thermal sensation)
Ozen 2006 Paresthesia GaAlAs diode laser 5 mm 20 sessions  VAS Significant: VAS,
et al Dysesthesia 820 nm, 70 mW, (Every Brush stroke brush stroke
(more than 1 continuous wave, otherday/  Two-point (clinical
year) Dose 6 J/cm? 3 times a discrimination improvement in all
week) parameters)
Pol 2016 Paresthesia GaAlAs diode laser 8 mm 10 sessions  VAS Significant: VAS
et al (less than 6 904 nm, 50 mW, (Once a Light touch (clinical
months vs continuous wave week) sensation improvement in all
more than 6 Thermal sensation  parameters)
months Pin prick sensation
Two-point
discrimination
Wang 2019 Paresthesia GaAlAs diode laser 2 mm 7 sessions VAS Significant: VAS,
et al 808 nm, 50 mW, (Every Light touch light touch, two-
continuous wave, other day) sensation point
Dose 3 J/cm? Two-point discrimination
discrimination
gl 2 msSsuiisunisamanseddnieu wasndinsinwdeawesaandusi

Table 2 Comparison of clinical assessment of sensation between before and after treatment with low intensity laser therapy

Before treatment After treatment

Pin prick sensation

- Hypoesthesia at left lower lip and labial mucosa
(area 31-35)
- Hyperesthesia at left chin

Hypoesthesia at left lower lip, labial mucosa
and chin (area 32-34)

Light touch sensation

- Hyposensation at left lower lip and labial mucosa
(area 31-35)
- Allodynia at left chin

Hyposensation at left lower lip, labial

mucosa and chin (area 32-34)

Two-point discrimination

- Control at right lip 0.8 cm.

- Left lower lip and chin 2 cm.

- Control at right lip 0.8 cm.

- Left lower lip and chin 1 cm.
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Low Intensity Laser Therapy Treating
Inferior Alveolar Nerve Dysesthesia after
Surgical Removal of Lower Third Molar: A
Case Report

Panichpichate R* Sattayut S*****

Abstract

Dysesthesia of the structures innervated by the inferior alveolar nerve after surgical removal of the lower wisdom
tooth was reported in 1.3 to 7.8 percent. This caused by the nerve injury resulting temporary alteration of sensation. However,
some patients experienced permanent dysesthesia which disturbed their quality of life in long term. Currently, there have
been a number of treatments of dysesthesia of structures innervated by inferior alveolar nerve such as medications,
psychological treatment, surgical repair and low intensity laser therapy. This article presents a case report of the patient
with dysesthesia of the left side of the lower lip, oral mucosa of buccal cheek adjacent to the lower left incisors to the
premolars (31 to 35) and the skin of left side of the chin. This had occurred for 2 years since surgical removal of the lower
left third molar impaction. The treatments include using of 635 nm low intensity laser for intraoral region and 980 nm low
intensity laser therapy for extraoral region for 4 episodes. In the 4 episodes of treatments, the clinical outcomes showed
improvements of light touch sensation, pin prick sensation and two-point discrimination besides the patient’s satisfaction.

Keywords: Nerve/ Low intensity laser/ Inferior alveolar nerve/ Diode laser/ Impacted tooth
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Integrating Concept of Self-Regulation
to Promote Oral Health in Early Childhood:
A Scoping Review

Maklon W* Nirunsitthirat A** Chuengpattanawadee A**

Abstract

Early childhood caries is major oral health problem. It may impact health and development of the child’s physical,
emotional and intellectual abilities. The current oral health promotion program focuses on common risk factors approach
addressing risk factors general to many disease. There is a growing demand in implementing an integrated approach to
effectively promote child development. Concurrently, the Thai Royal Government Gazette declared the creation of the Early
Childhood Development Act of 2019 directing commitment on concrete development of early childhood through
establishment of a coordinating agency. This enactment resulted to increase of focus on early childhood among government
and private stakeholders. Several policies and programs have also been introduced communicating importance of early
childhood to the society as the “golden-age period and cornerstone of growth.” It is an important period for children to
form their own lifestyle. If they are trained to manage and control themselves, it will affect their health behaviors during
adulthood. In particular, development of self-regulation skills, which is an executive function, is identified as an important
component for early childhood development. Hence, this study aims to review and understand the concept of self-
regulation and the relationship between self-regulation and oral health. We have identified a link between self-regulation
and various health and social outcomes. However, there are few studies on the direct relationship between self-regulation
and oral health and has not yet been studied in the context of Thailand. Moreover, self-regulation skills are strongly
associated with eating behavior. Therefore, it is important to develop preventive approaches using psychological or
behavioral strategiesfor oral health promotion program. Integrating promotion of self-regulation along with good eating
behaviors are beneficial to the oral health of children in the future, but its success will hinge on effective teamwork and
collaboration among multi-stakeholders.
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