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Figure 1 Flap design (A) Sulcular incision and vertical incision. (B) Partial thickness flap.
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Figure 2 Concentrated growth factor
(A) Buffy coated fibrin (B) CGF membrane
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Surgical procedure (A) Preoperative view. (B) Flap design and vertical incisions. (C) CGF membrane. (D) CGF membrane placement

Figure 3

(tooth no. 41-43) and CTG placement (tooth no. 31-33). (E) CTG. (F) CAF and sutures. (G) Suture at palatal area. (H) Preoperative

view. (I) 3-month postoperative view.
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Figure 5 Digital image file was imported into a measurement software.
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Figure 6 (A) Gingival margin and keratinized gingiva measurement
with reference point of vacuum stent.

(B) Relative attachment level measurement with reference
point of vacuum stent from the lower border of stent to

bottom of gingival sulcus.
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Figure 7 Gingival thickness gaining in the control and test groups per

subject and per tooth.
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(NN 0.09 Hadiuas dauiunfjuwﬂaamﬁwﬁmmﬁu
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msdszfivanuduiha auadeanumiviia
Fuit 3 ndarhdalunguaruguiiiiy 2.92 Waathunan-
1hadnies) aulungqunaasumiiny 033 (lila-1a
wndes) Falungquaruauiiaundsanuiuiaunn

VoA = v 2 o o IA T ' ' " A w oo W a
ADANYNUAURAYTICAVIATUNNTNAAAUUANANNUDYN NAUNATOUDYNUUITIAYNNADS (p<0.05)
I W o w aa ~
lliJlluElﬁmaJ‘VlNﬁﬂGl MINn 1)
M1 1 AmdsmnaimeinuaatinGudutazrdinda 3 Aou veanquALAUIAYNANNATDY
Table 1 Clinical parameters at baseline and 3 months of the control group and test group.
Mean Mean
Baseli o . -vall Baseli . . -vall
aseline 3 mos Diff p-value aseline 3 mos Diff p-value
Per subject 0.82+0.24 1.47+0.35 0.64 0.000% = 093+£029 1.22+023  0.29 0.00* 0.35 0.000*
Per tooth
Lateral incisor ~ 0.89+0.24 1.540.32 0.65 0.000%  0.95+0.32 1224023 027 0.00* 0.37 0.000*
Canine 0.76£0.21 1.39+0.37 0.64 0.000%  0.92+0.24  1.23%023 031 0.00* 0.33 0.001*
Per Level
L1 0.80+0.20 1.47+0.37 0.67 0.000%  0.93+0.26  1.14£0.14 = 021 = 0.003* 045 0.001*
L2 0.85+0.23 1.47+0.44 0.62 0.000% = 094031 = 1.27+021 = 033 = 0.000* = 0.28 0.032*
GT L3 0.82+0.29 1.46+0.26 0.64 0.000% = 0.93+0.31 = 1.26%030 = 0.34 = 0.000*  0.30 0.005*
Per tooth & level
L1/Latincisor ~ 0.90+0.20 1.56+0.38 0.60 0.000* 1.00£0.25  1.15£1.45  0.15 0.154 0509  0.011*
L2/Latincisor ~ 0.84+0.23 1.54+0.38 0.70 0.000%  0.84+0.36  1.23%0.19 039  0.004* 0316 0.123
L3/Lat.Incisor ~ 0.94+0.31 1.51+0.25 0.57 0.000%  0.99+0.38  1.28+0.34 029  0.036* 0287  0.048*
L1/Canine 0.7120.17 1.38+0.36 0.67 0.002*  0.86£0.26  1.13x0.15 027  0.006* 0400  0.045*
L2/Canine 0.86+0.25 1.39+0.50 0.53 0.015* 1.03£0.24 131024 028  0.004*  0.250 0.182
L3/Canine 0.70+0.21 1.41+0.27 0.71 0.012*  0.86£0.22  1.25+028 039  0.012*  0.324 0.066
Per subject 0.56£1.07 = 0.58+0.87 0.02 0.84 0.52+0.97  0.50£0.68 = -0.02 = 0.800  0.042 0.704
GM Per site
Mid-buccal -0.13£1.03  0.31x0.70 0.44 0.050%  -0.13%1.00  0.19+0.91  0.31  0.025*  0.13 0.527
Proximal 0.91+0.93 0.72+0.92  -0.19 0.225 0.84+0.77  0.66+0.48  -0.19  0.058 0.00 0.922
Per subject 3.06£0.77 = 3.88%1.15 0.81 0.008%  3.19+0.83 = 3.75+0.683  0.56 = 0.007* = 0.25 0.425
KTW Per tooth
Lateral 3.38£0.74  4.500.54 1.13 0.014*  3.19£0.83  4.00£0.76  0.63  0.025%  0.50 0.046*
Canine 2.75+0.71 3.25+1.28 0.50 0.194 3.00£0.93  3.50£0.54  0.50 0.102 0.00 1.000
Per subject 6.63£1.619  629+1.35 = -033 = 0.015*% = 638155 = 635t135  -0.02 0834 = -031  0.037*
RAL Per site
Mid-buccal 7.81£1.42  7.00£1.37  -0.81 0.005*  7.56+1.315  7.00£1.414  -0.56  0.014*  -0.25 0.388
Proximal 6.03+1.38 5.94+122  -0.09 0.519  578+1.313  6.03£1.204 025  0.033*  -0.34 0.051

* Significant difference compared within groups (base'line vs 3 months) and between groups (control vs test groups)

o 1 o oA ' o o o od
HUBne : (-) ﬂlﬁ]U!‘l’iﬁ@ﬂﬂgGﬂﬂ?ﬁ%ﬂU CEJ, ﬂ']mﬁﬂﬂ’ﬂmmﬂ@]N"UE)\ﬁ%ﬂ‘lJﬁﬂﬁlJWWﬁﬂﬁﬂﬁ\i

Remark : () Gingival margin apical to the CEJ, decreasing of mean difference of RAL
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The Clinical Result of Coronally Advanced Flap with
Concentrated Growth Factor Compared to Coronally
Advanced Flap with Connective Graft Tissue for Gingival
Thickness Enhancement in Pre-Orthodontics Patients:
A 3-Month Randomized Controlled Trial

Suwannarong W* Puasiri S** Chanwiboon T*** Rotjinda R**** Tribuppachatsakul P*****

Abstract

The purpose of this study was to compare the clinical result of gingival thickness using coronally advanced flap with connective
tissue graft (CAF+CTG) and coronally advanced flap with concentrated growth factor (CAF+CGF). Eight pre-orthodontics patients (6 females,
2 males) with a thin gingival biotype and at the least one site of gingival recession at the lower anterior teeth were recruited in this randomized
controlled clinical trial (split-mouth). The control group was CAF+CTG, and the test group was CAF+CGF. Outcomes were assessed by
measuring gingival thickness (GT), gingival margin (GM), keratinized tissue width (KTW), relative attachment level (RAL) and visual analog
scale (VAS). At the 3-month post-operative period, there was a statistically significant difference in the mean GT gain between the test and
control groups (p<0.05). The mean GT gain was 0.640 mm and 0.293 mm in the control group and the test group, respectively. However, the
mean GT gain at L2 (3 mm below GM) on lateral incisors and L2, L3 (3, 4 mm below GM) on canines were not significantly different between
groups. RAL was significantly decreased in the control group compared to the test group (p<0.05). No statistically significant difference was
demonstrated between the two groups in terms of GM and KTW. The mean VAS score in the control group was significantly higher than the
test group at day 3 postoperative (p<0.05). In conclusion, CAF+CTG is superior to CAF+CGF for increasing GT and decreasing RAL.
CAF+CGEF can be an alternative treatment due to decreased postoperative complications.

Keywords: Concentrated growth factor/ Coronally advanced flap/ Gingival thickness
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Figure 1 Hydrophilic sealant specimen (A) Top view (B) Lateral view
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Table2  Comparison of mean of Shear bond strength between groups (95% confidence interval) and P-value
Groups 2 3 4 5 6 7 8 9
4.2 4.0 3.8 1.0 5.2 4.0 0.6 1.7
1 [0.6, 7.8] [0.4,7.6] [0.2,7.3] [-2.5,4.6] [1.6,8.7] [0.4,7.6] [-3.0,4.2] [-1.9,5.2]
0.006* 0.013* 0.026* 1.0 <0.001* 0.012* 1.0 1.0
-0.2 -0.4 -3.2 1.0 -0.2 -3.6 -2.5
2 [-3.8,3.4] [-4.0,3.1] [-6.7,0.4] [-2.6,4.5] [-3.8,3.4] [-7.2,-0.0] [-6.1, 1.0]
1.0 1.0 0.2 1.0 1.0 0.045%* 0.8
-0.2 -2.9 1.2 0.0 -34 2.3
3 [-3.8,3.3] [-6.5,0.6] [-2.4,4.7] [-3.6, 3.6] [-7.0,0.2] [-5.9,1.2]
1.0 0.282 1.0 1.0 0.083 1.0
-2.7 1.4 0.2 -3.2 2.1
4 [-6.3,0.8] [-2.2,5.0] [-3.3,3.8] [-6.7,0.4] [-5.7,1.5]
0.494 1.0 1.0 0.155 1.0
4.1 3.0 -0.4 0.6
5 [0.6,7.7] [-0.6, 6.5] [-4.0,3.1] [-2.9,4.2]
0.008* 0.277 1.0 1.0
-1.2 -4.6 -3.5
6 [-4.7,2.4] [-8.1,-1.0] [-7.0,0.1]
1.0 0.002* 0.063
-3.4 2.3
7 [-7.0,0.2] [-5.9,1.2]
0.082 1.0
1.1
8 [-2.5,4.6]
1.0
9

* LAAIDIANNIANANB I TITod A NIEDA p<0.05

* show different in the statistical significant p<0.05
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35
32.42+3.54

30 28.22+3.32 28.43+3.37 28.65+3.97

25
20
15

10

Shear bond strength (MPa)

WIBIHG * 1AAID ANNIANA RS NTITIdAYNNEDA p<0.05

—

31.37+3.83

31.82+2.70
30.74+3.14

28.42+2.85
27.25+4.17

Group

Remark  * indicates the statistically significant difference at p<0.05
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Figure 3 Comparison of shear bond strength testing of 9 groups
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Table 3  Percentage of failure modes

Cohesion = Adhesion Mixed
1 Co 25 5 70
2 C5 45 10 45
3 C5+ES5 35 0 65
4 C5+E15 45 0 55
5 C5 +E20 30 0 70
6 C30 45 5 50
7 C30+E5 40 0 60
8 C30+EI15 45 0 55
9 C30+E20 35 0 65
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Effect of Saliva Contaminated and Re-Etching
Time to Shear Bond Strength of Hydrophilic Sealant:
An In Vitro Study

Phakthawat S* Phajongviriyatorn P** Kitsahawong K** Rattanacharoenthum A**

Abstract

The purpose of the study was to evaluate the effect of different saliva-contaminated (C) and re-etching time (E) on the shear bond
strength of hydrophilic sealant. One hundred and eighty extracted premolars were randomly divided into 9 groups (N=20) including Group 1—
noncontaminated enamel and sealant applied according to the manufacturer’s instructions (Co), Group 2 (C5): saliva contamination at 5
seconds, Group 3 (C5+E5): saliva contamination at 5 seconds and re-etching time at 5 seconds, Group 4 (C5+E15), Group 5 (C5+E20),
Group 6 (C30), Group 7 (C30+ES5), Group 8 (C30+E15) and Group 9 (C30+E20). The sealant was bonded on all specimens, then they were
thermocycled for 5,000 cycles between 5°c and 55°c. The shear bond strength was tested by a universal testing machine. The result of this study
revealed that group 1 showed a significantly higher shear bond strength than those the saliva-contaminated groups (group 2, 6) (p<0.05).
There was no statistically significant difference between group 2—5 (p>0.05). On the other hand, within-group 6—9, Group 6 was significantly
lower than group 8 (p<0.05). It could be concluded that salivary contamination undermined (weaken) the adhesion of the hydrophilic sealant
to enamel and consequently reduced bond strength. Re-etching was applied to pit and fissure, resulting in significantly higher strength values

of shear bond. Therefore, Re-etching on saliva-contaminated pit and fissure should be done to provide the best adhesion.

Keywords: Shear bond strength/ Hydrophilic sealant/ Saliva contamination/ Re-etching Time
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Figure 1

Three types of specimens with 2 millimeters in thickness (A) disc-shaped specimen with 22 millimeters in diameter (B) type 2 dumbbell-

shaped specimen (a=75 millimeters b=12.5+1 millimeters c=25+1 millimeters d=12.5+1 millimeters and e=8+0.5 millimeters) and

(C) trouser-shaped specimen (a=100 millimeters b=40+2 millimeters ¢=2+0.2 millimeters d=15+1 millimeters e=7.5+0.5 millimeters

and F=force direction).
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Table1  Weather meter chamber setting

Irradiance level 0.35 W/m’/nm at 340 nm

Test cycle 102 min light at 63°C black panel temperature
18 min light and water spray

Black panel 63°C

temperature
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Table 2

Comparison of mean AE* value and standard deviation (SD) in all three groups at each time period.

A-103 with TiO, A-103 without TiO, Multisil
100 4.58+2.02"(4.42) 6.08+3.52"(4.01) 2.09+0.89 °(1.85) <0.001
200 6.05+1.76 ‘(5.71) 7.3143.33 (5.67) 2.03+0.73 '(2.09) <0.001
300 7.14+1.80 *(6.81) 8.76+3.37 "(7.42) 2.32+0.84 '(2.17) <0.001
400 8.59:£1.90(8.70) 9.33+3.18°(8.44) 3.13+0.68 “(3.00) <0.001
500 9.80+1.68 '(9.76) 10.10+3.37'(9.13) 3.19+0.70 "(3.03) <0.001
600 10.80£1.65 " (10.91) 11.03+3.34 "(10.30) 3.67£0.73 ° (3.68) <0.001

* Means with same superscripted lowercase letters are not significantly different (p>0.05)
** Median values are show in the parentheses
. . A ' aa s Aq 1 a s
HBLE : A-103 with TiO, fie nquad Inuudamesye 103 NldensunTulmndion laoan las
A-103 without TiO, 1o nguaa lauurlamesipe 103 i hildmsunTulnmidlonlaoonled uaz

Multisil Ao nqudalauriiadsezl

Note : A-103 with TiO, = Factor II A-103 with 2%wt nano-titanium dioxide
A-103 without TiO, = Factor IT A-103 without 2%wt nano-titanium dioxide,
Multisil = Multisil-Epithetics
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Table 3

100 200 300
A-103 with TiO, 458£2.02°  6.05£1.76"  7.14+1.80"
A-103 without TiO, 6.0843.52" | 7314333 8764337
Multisil 2.09£0.89°  2.03+0.73°  2.32:0.84"

Comparison of Mean AE* value and standard deviation (SD) of each group in each time period.

400 500 600
8.59+1.90  9.80+1.68" 10.841.65° <0.001
9333.18"  10.10£3.37°  11.0323.34 <0.001
3.1320.68' 3.19+0.70™ | 3.67+0.73" <0.001

* Means with same superscripted lowercase letters are not significantly different (p>0.05)

NUHA : A-103 with TiO,
A-103 without TiO,
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A ' aa g =4 19 = I
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Note : A-103 with TiO, = Factor IT A-103 with 2% wt nano-titanium dioxide
A-103 without TiO, = Factor I A-103 without 2% wt nano-titanium dioxide,
Multisil =Multisil-Epithetics
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Figure 2 Mean AE* value after 600 hours of Factor II A-103 with 2%wt nano-titanium dioxide (A-103 with TiO,), Factor II A-103 without 2%wt

nano-titanium dioxide (A-103 without TiO,) and Multisil-Epithetics (Multisil).
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Figure 3 Color changes of specimens every 100 hours up to 600 hours of aging (A) Factor IT A-103 with 2%wt nano-titanium dioxide No.7 (B)

Factor II A-103 without 2%wt nano-titanium dioxide No.9 and Multisil-Epithetics No.3
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Table 4 Mean and standard deviation (SD) of tensile strength, tear strength and percentage elongation of Factor II A-103 with 2% wt nano-

titanium dioxide (A-103 with TiO,), Factor IT A-103 without 2%wt nano-titanium dioxide (A-103 without TiO,) and Multisil-Epithetics

(Multisil)

A-103 with TiO,

Tension (Mpa) (Mean+SD) 6.22+1.52"
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Tear (kN/m) (Mean£SD) 2.2240.59 ¢
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Effect of Nano-Titanium Dioxide on the Color
Stability and Mechanical Properties of Factor II
A-103 Compare with Multisil-Epithetics Maxillofacial
Silicone Elastomer

Phayuha T* Chanatapaporn P** Sookto T** Puasiri S¥**

Abstract

The objectives of this study were to evaluate the effects of nano-titanium dioxide on the color stability of pigmented silicone Factor
1I A- 103 maxillofacial prosthetic elastomers compare with Multisil- Epithetics before and after artificial aging and to evaluate physical
properties. Fifty disc-shaped maxillofacial silicone elastomer specimens in each group were fabricated for color stability evaluation. The first
group was fabricated from Factor Il A-103 with 2% wt nano-titanium dioxide, the second group was fabricated from Factor Il A-103 without
2% wt nano- titanium dioxide and the last group was fabricated from Multisil- Epithetics. The first and the second group were colored with
intrinsic silicone pigment for the same color like Multisil-Epithetics. Total of 150 specimens were aged in an artificial aging chamber (Q-Sun
xenon test chamber LX 5050, USA) for 600 hrs. Color changes (AE*) were calculated based on the recorded CIElab values using
spectrophotometer (HunterLab, ColorQuest ® XE, USA) at base line (0 hour) and then every 100 hours up to 600 hours of aging. For the
physical properties test 16 dumbbell-shaped and 16 trouser-shaped of each group were fabricated and tested for tensile strength, percentage
elongation and tear strength in a universal testing machine. Kruskal- Wallis was performed for analyze the differences among group at 95%
confidence level and Friedman’s two way ANOVA was used to compare mean AE* value of each group in each time period (100-600 hrs.). For
color stability test, Multisil- Epithetics exhibited smallest color changes (AE*=3.67) followed by Factor II A-103 with 2% wt nano-titanium
dioxide (AE*=10.8) and Factor Il A-103 without 2% wt nano-titanium dioxide (AE*=11.03) respectively. Multisil-Epithetics had statistically
significant differences in comparison to the other groups (p<0.001). Delta-E values of all groups after 600 hours aging was higher than
acceptable threshold (AE*=3.3). For mechanical properties test, Factor I A-103 with 2% wt nano-titanium dioxide demonstrated significantly
higher tensile strength, percentage elongation and tear strength than Multisil- Epithetics (P<0.001). There was no significant difference of
tensile strength, percentage elongation and tear strength between Factor II A-103 with and without 2% wt nano- titanium dioxide. In
conclusions, incorporation of nano-titanium dioxide improved the color stability of Factor Il A-103 silicone elastomer in 300 hrs. from artificial

aging, but did not improve the color stability in the long term and did not improve the physical properties of the material.

Keywords: Color stability/ Tensile strength/ Tear strength/ Percentage elongation/ Nano-titanium dioxide
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Figure 1 Translucent silicone mold with central cavity




43 Khon Kaen Dent |

¢ Volume24 &« Number 1# January - April 2021

a D) A o ¢ aw Ya ' a sq 99 Ao
AN 1 uﬁﬂww‘.awammm UIHNHHAA uazmuﬂszﬂamawmumﬂﬁﬂm%

Table 1  Description of cements, manufacturer and composition used in this study

Zinc phosphate Cement
Tooth Yellow

Batch number

Powder: 442783

Liquid: 101621-1
Nexus 3 DC

Clear

Batch number 7120585

Variolink Esthetic DC
Neutral
Batch number X56282

Variolink Esthetic LC
Neutral

Batch number Y07160
Panavia V5

Clear

Batch number 4C0022

Panavia SA
Translucent

Batch number 8N0106

Rely X Ultimate
Clicker
Translucence

Batch number 4034627

SS White,
Lakewood, NJ,
USA

Kerr Corp.,
Orange, CA, USA

Ivoclar Vivadent,
Schaan,

Liechtenstein

Ivoclar Vivadent,
Schaan,
Liechtenstein
Kuraray Medical
Inc, Tokyo, Japan

Kuraray Medical
Inc, Tokyo, Japan

3M ESPE, St.
Paul, MN, USA

Powder: Zinc oxide, Magnesium Oxide

Liquid: Phosphoric acid, Zinc oxide

Base paste: Barium aluminoborosilicate glass, ytterbium fluoride, ethoxylated
bisphenol-A dimethacrylate, urethane dimethacrylate, triethylene glycol
dimethacrylate, hydroxyethylmethacrylate, fumed silica,bisphenol-A diglycidyl
methacrylate, Ethyldimethylaminobenzoate

Catalyst paste: Hydroxyethylmethacrylate, Peppermint oil, Barium
aluminoborosilicate glass, ytterbium fluoride triethylene glycol dimethacrylate,
ethoxylated bisphenol-A dimethacrylate, urethane dimethacrylate, fumed silica,
bisphenol-A diglycidyl methacrylate

Base paste: Ytterbium trifluoride, urethane dimethacrylate, 1,10-decandiol
dimethacrylate, acetyl-2-thiourea

Catalyst paste: Ytterbium trifluoride, urethane dimethacrylate, 1,10-decandiol
dimethacrylate,

O, (X -dimethylbenzyl hydroperoxide

Ytterbium trifluoride, urethane dimethacrylate, 1,10-decandiol dimethacrylate

Bisphenol A diglycidylmethacrylate (BisGMA),triethylene glycol
dimethacrylate (TEGMA), silanated barium glass filler, silanated
fluoroalminosilicate glass filler

colloidal silica, surface treated aluminum oxide filler, Hydrophobic aromatic
dimethacrylate, Hydrophilic aliphatic dimethacrylate, dl-Camphorquinone
Initiators, accelerators, pigment

Bisphenol A diglycidylmethacrylate (BisGMA), triethylene glycol
dimethacrylate (TEGMA), 2-hydroxyethyl methacrylate (HEMA), sodium
fluoride, silanated barium glass filler, silanated colloidal silica, 10-
Methacryloyloxydecyl dihydrogen phosphate (MPD), hydrophobic aromatic
dimethacrylate, ydrophobic aliphatic dimethacrylate, dl-Camphorquinone,
Peroxide, Accelerators, Catalysts, Pigments

Base paste: silane treated glass powder, 2-propenoic acid, 2-methyl-, 1,1'- [1-
(hydroxymethyl)-1,2- ethanediyl] ester, reaction products with 2-hydroxy-1,3-
propanediyl dimethacrylate and phosphorus oxide triethylene glycol
dimethacrylate (TEGDMA) silane treated silica, oxide glass chemicals, sodium
persulfate, tert-butyl peroxy-3,5,5-trimethylhexanoate, copper (II) acetate
monohydrate

Catalyst paste: Glass powder, surface modified with 2-propenoic acid, 2
methyl-3-(trimethoxysilyl)propyl ester, substituted dimethacrylate
2,4,6(1H,3H,5H)-Pyrimidinetrione, 5-phenyl-1- (phenylmethyl)-, calcium salt,
1,12-dodecane dimethycrylate, silane treated silica, sodium p-toluenesulfinate,
2-Propenoic acid, 2-methyl-, [(3-methoxypropyl)imino]di-2,1-ethanediyl ester,
calcium hydroxide,

2-propenoic acid, 2-methyl-, 2-[(2-hydroxyethyl)(3-methoxypropyl)amino]ethyl

ester
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Table 1
Rely X Veneer 3M ESPE, St.
Translucence Paul, MN, USA

Batch number N986641

Super-Bond C&B
Clear

Batch number
Powder: RW13

Sun medical,

Shiga, Japan

Description of cements, manufacturer and composition used in this study (Cont.)

Silane treated ceramic, triethylene glycol dimethacrylate (TEGDMA)
bisphenol a diglycidyl ether dimethacrylate (BISGMA), silane treated silica,
reacted polycaprolactone polymer, titanium dioxide, diphenyliodonium
hexafluorophosphate, triphenylantimony

Powder: Polymethyl Methacrylate (PMMA)

Liquid: Methyl Methacrylate (MMA),4-Methacryloxyethyl trimellitate
anhydride

(4-META)

Catalyst V: SX13

Liquid monomer: RT11
Temp—Bond® Clear™

Clear

(Temporary cement: SC) Batch
number 6987800

Kerr Corp.,
Orange, CA, USA
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Figure 2 Fabrication and light activation of resin cement specimen
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Figure 3 Cured cement after removal from silicone mold
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Calibration curve for aluminium step wedge thickness

y = 103.9In(x) + 59.674

300
&) R2= 0.995
= 200 ..
:
=100 .
0
0 1 ] 3 4 | |

Aluminium step wedge thickness (mm)

P P ¥
[ ] ﬂﬁﬂwﬂw\liﬁﬁﬂiﬂﬁl [ ] ﬂﬁﬂWfJﬂ1W'§\iﬁﬂ§ﬂ‘ﬁ2 ﬂﬁﬂWfJﬂWWiQ?TﬂiQ‘VB
' o o & A ' o a oA ' o oo YA
NITDYNINIITATING [ ] NITDYNINIITATINS [ ] NITDYNINIITATING
' v a & A ' o a A ' o o YA
o NITDIYNINIITATINT [ ] NITDIYNINIITATING [ ] NITDIYNINIITATIN
Vv '
[ ] mmmmwsﬁmﬁlo [ ] mean seseeeeee Log. (mean)

=n.

|

v o Za ' ¥ a
8 iduIdamsaeuifouuazaumiaNuduiuSIFuduIEnI1A M (LnUAY) uazmmwuwaﬂama:gmﬁan (LNUUDU)

o

Tunieladuas
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Table2 Means and standard deviations (SD) of gray value and aluminium step wedge thickness of the tested materials.

Zinc phosphate Cement 236.046 + 3.660 5.429+0.141"
Nexus 3 192.416+7.175 3.595+0.250"
Variolink Esthetic DC 152.749+6.222 2.4529+0.148°
Variolink Esthetic DC 148.474410.598 2.36040.234°
Panavia V5 143.650+11.850 2.256+0.257°
Panavia SA 135.680+8.804 2.084+0.177°
Rely X Ultimate 99.948+10.540 1.4795+0.150"
Rely X Veneer 93.12412.929 1.3886+0.182"
Super-Bond C&B Nd* Nd*

Temp-Bond Clear Nd* Nd*

Nd* lignnsaasiedanld
Nd* Non-detectable
# Aonysilouny vinedlinnuuanasedis liihied Wy sadanszanisdnn p>0.05

# The same letters in the column indicate no statistically significant difference at p>0.05
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Radiopacity of 9 Clear Resin Cements and Zinc
Phosphate Cement

Prawatvatchara W* Sriamporn T** Klaisiri A*¥** Thamrongananskul N****

Abstract

The aim of this study was to compare radiopacity value of 9 clear resin cements and zinc phosphate cement. Ten group of specimens
were divided by commercial brand. Disc specimens (diameter: 6 mm and thickness: 1 mm) were fabricated by manufacturer’s instruction
(n=10). The samples and aluminum step wedge used as standard for radiologic analysis were placed on X-ray sensor. They were digitally
radiographed together and the digital radiographic images were then analyzed with ImageJ program. The relationship between the gray value
for each specimen and the aluminium step wedge thickness were plotted and transferred. The data were analyzed by One-way ANOVA and
Tukey’s post-hoc test at p<0.05. Zinc phosphate cement showed the highest radiopacity value among 10 dental cement groups. For the resin
cements, Nexus 3 demonstrated the highest radiopacity value followed by Variolink® Esthetic LC which was no statistically significant
difference to Variolink® Esthetic DC, Panavia V5 and Panavia SA luting. Moreover, Rely™ X Veneer was the lowest radiopacity value but it
was no statistically significant difference to Rely™ X Ultimate Clicker. However, Superbond C&B and Temp-Bond Clear showed radiolucent.
In conclusion, there were statistically significant among 10 groups of cement in which zinc phosphate cement showed the highest radiopacity

value.

Keywords: Radiopacity/ Resin cement/ Zinc phosphate cement/ X-ray
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Figure 1

Cytotoxic effect of Thai propolis extract on the viability of periodontal ligament (PDL) cells stored in different concentrations for 3, 6

and 12 hours. Boxplots show median of the detected relative fluorescence unit. Upper and lower error bars indicate the maximal and

minimal RFU, respectively.
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Table1 Comparison of mean and standard deviation, median, minimum and maximum of PDL cell viability when PDL cells was stored in
different concentrations among 3, 6 and 12 hours
PDL cell viability (RFU)
Stored period (hours) Concentration of Thai Propolis Extract (mg/ml)
Mean+SD Median Minimum = Maximum

3 Serum free media (negative control) 114.46+2.96 115.73 111.08 116.58
0.3125 121.14+17.83 123.51 102.25 137.67

0.625 142.67+24.46 132.86 124.64 170.64

1.25 111.39+16.12 102.60 101.57 129.99

2.5 82.96+11.80 80.33 72.69 95.85

5 23.07+7.31 19.11 18.59 31.50

hydrogen peroxide solution (positive control) 16.87+0.32 16.71 16.65 17.24

6 Serum free media (negative control) 142.75+13.57 142.79 129.16 156.30
0.3125 129.75+5.04 126.85 126.82 135.57

0.625 145.61+12.30 139.63 137.44 159.76

1.25 94.68+26.08 108.88 64.59 110.58

2.5 22.72+4.63 23.73 17.67 26.76

5 17.46+0.36 17.58 17.05 17.74

hydrogen peroxide solution (positive control) 17.50+1.18 17.21 16.49 18.79

12 Serum free media (negative control) 134.93+7.48 133.21 128.47 143.12
0.3125 122.4245.01 121.35 118.04 127.88

0.625 101.56+41.69 89.99 66.88 174.81

1.25 19.49+4.62 19.62 14.81 24.05

2.5 17.08+1.05 16.61 16.35 18.29

5 16.69+1.10 16.77 15.55 17.75

hydrogen peroxide solution (positive control) 18.31£2.01 17.49 16.84 20.60
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Figure 2

Cytotoxic effect of Thai propolis extract on the viability of periodontal ligament (PDL) cells stored in different concentrations for 3

hours. Boxplots show median of the detected relative fluorescence unit. Upper and lower error bars indicate the maximal and minimal

RFU, respectively. Significant difference in viability of periodontal ligament cells between concentrations of Thai Propolis are indicated

with* (p<0.05).
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Figure 3

Cytotoxic effect of Thai Propolis Extract on the viability of periodontal ligament (PDL) cells were stored in different concentrations of

Thai propolis extract among 6 hours. Boxplots show median of the detected relative fluorescence unit. Upper and lower error bars indicate

the maximal and minimal RFU, respectively. Significant difference in viability of periodontal ligament cells between concentrations of

Thai Propolis are indicated with * (p<0.05).
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Figure 4

Cytotoxic effect of Thai propolis extract on the viability of periodontal ligament (PDL) cells were stored in different concentrations of

Thai propolis extract among 12 hours. Boxplots show median of the detected relative fluorescence unit. Upper and lower error bars

indicate the maximal and minimal RFU, respectively. Significant difference in viability of periodontal ligament cells between

concentrations of Thai Propolis are indicated with* (p<0.05).
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Figure 5

Cytotoxic effect of Thai propolis extract on the viability of periodontal ligament (PDL) cells were stored in different concentrations of

Thai propolis extract. Box plots show median of the detected relative fluorescence unit. Upper and lower error bars indicate the maximal

and minimal RFU, respectively.
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A representative photomicrograph taken under 10X magnification power of PDL cells after PDL cells were stored in different
concentrations of Thai Propolis extract for 3 hours. (A) PDL cells were stored in Thai Propolis extract 0.3125 mg./ml. (B) PDL cells
were stored in Thai Propolis extract 0.625 mg./ml. (C) PDL cells were stored in Thai Propolis extract 1.25 mg./ml. (D) PDL cells were
stored in Thai Propolis extract 2.5 mg./ml. (E) PDL cells were stored in Thai Propolis extract 5 mg./ml. (F) PDL cells were stored in

hydrogen peroxide solution (positive control). (G) PDL cells were stored in Serum free media (negative control).
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A representative photomicrograph taken under 10X magnification power of PDL cells after PDL cells were stored in different
concentrations of Thai Propolis extract for 6 hours. (A) PDL cells were stored in Thai Propolis extract 0.3125 mg./ml. (B) PDL cells
were stored in Thai Propolis extract 0.625 mg./ml. (C) PDL cells were stored in Thai Propolis extract 1.25 mg./ml. (D) PDL cells were
stored in Thai Propolis extract 2.5 mg./ml. (E) PDL cells were stored in Thai Propolis extract 5 mg./ml. (F) PDL cells were stored in

hydrogen peroxide solution (positive control). (G) PDL cells were stored in Serum free media (negative control).
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A representative photomicrograph taken under 10X magnification power of PDL cells after PDL cells were stored in different
concentrations of Thai Propolis extract for 12 hours. (A) PDL cells were stored in Thai Propolis extract 0.3125 mg./ml. (B) PDL cells
were stored in Thai Propolis extract 0.625 mg./ml. (C) PDL cells were stored in Thai Propolis extract 1.25 mg./ml. (D) PDL cells were
stored in Thai Propolis extract 2.5 mg./ml. (E) PDL cells were stored in Thai Propolis extract 5 mg./ml. (F) PDL cells were stored in

hydrogen peroxide solution (positive control). (G) PDL cells were stored in Serum free media (negative control).
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Cytotoxicity of Thai Propolis Crude Extract on
Human Periodontal ligament cell, In Vitro.

Samaksamarn T* Pawaputanon Na Mahasarakham C* Kantrong N* Kumtawee S** Pannak N*** Suknim C**** Chailertvanitkul P*

Abstract

The aim of this study was to compare the cytotoxicity of Thai Propolis crude extracts in which PDL cells were stored in different
concentrations and amount of time. Frozen PDL cells derived from extracted human premolars for orthodontic treatment were stored in each
Thai Propolis extract concentrations (0.3125, 0.625, 1.25, 2.5, 5 mg/mL), serum free media as a negative control, and hydrogen peroxide as a
positive control for 3, 6 and 12 hours. The number of PDL cell viability was assessed by PrestoBlue assay. The result showed that the lower
concentration of Thai Propolis extract was more effective in maintaining the viability of PDL cells. In conclusion, Thai Propolis extract is not

cytotoxic to PDL cells.
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Fracture Resistance of Simulated Open Apex
Teeth Filled with Three Brands of Calcium Silicate
Cement

Ancheun P* Wimonchit S**

Abstract

The aim of this study was to examine the fracture resistance of simulated immature teeth after root canal filling with three brands
of calcium silicate cement. A total of sixty single-rooted lower premolars were sectioned to obtain an 8 mm length. An artificial open apex was
prepared using a No.I- No.6 Peeso Reamers on entire the length of the tooth. After that, all specimens were randomly allocated into 4 groups
of 15 teeth each, according to the type of calcium silicate cement: groups I (control) - completely filled with gutta-percha and AH+ sealer,
groups II - ProRoot MTA, groups III - MTA angelus and groups 1V - Retro MTA. Each specimen was then subjected to fracture testing using a
Universal Testing Machine. The samples were loaded at a crosshead speed of 1 mm/min until the fracture occurred. The maximum force needed
to fracture was recorded in newtons. The data were analyzed statistically by One-Way ANOVA with a Scheffe test. Results: The control group
showed significantly lower fracture resistance compared to the other groups (P < .05). No significant differences in fracture resistance between
the ProRoot MTA, MTA angelus, and Retro MTA groups were revealed (P > .05). The most common fracture level was the 1/3 middle in 27 of
45 teeth. The immature teeth were completely filled with ProRoot MTA , MTA angelus, and Retro MTA which seemed to increase fracture

resistance.
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Corresponding Author

Suwit Wimonchit

Department of Conservative Dentistry and Prosthodontics,
Faculty of Dentistry,

Srinakarinwirot University,

Wattana Bangkok, 10110.

Tel.: +66 2 649 5000 #15112

Email: suvit@swu.ac.th

* Dental Department, Sunpasitthiprasong Hospital, Amphur Muang, Ubonratchathani.
** Department of Conservative Dentistry and Prosthodontics, Faculty of Dentistry, Srinakarinwirot University, Bangkok.




76

Khon Kaen Dent] & Volume 24 & Number 1# January - April 2021

A Comparison of Five Conducting Media for
Length Determination of Electronic Apex Locator
Using a Simulation Model

Tanasoontrarat P* Ackapolpanich T* Kong-ngoi N* Phuvoravan C**

Abstract

The aim of this study was to compare five conducting media for length determination of electronic apex locator using a simulation model.
Fifty plastic teeth were performed the access opening and mounted in simulation models. Simulation models were constructed with a clear acrylic
tube (8 mm. in diameter) filled with conducting media in a clear acrylic box (50x50x30 mm). They were randomly allocated into 5 groups (n=10)
according to the conducting media used which were 0.9% sodium chloride (NaCl), 2.5% sodium hypochlorite (NaOCI), 2% chlorhexidine (CHX),
17% ethylenediamine tetraacetic acid (EDTA), and cell culture medium (Minimum Essential Medium, MEM). The working length of each tooth was
recorded visually (actual working length, AWL) and measured by an electronic apex locator at 0.5 bar (electronic working length, EWL). The mean
differences between AWL and EWL were calculated and statistically compared among groups with one-way ANOVA, followed by Tukey’s HSD test
(p<0.05). Results showed that the mean differences in the 0.9% NaCl and MEM groups were significantly lower than the 2.5% NaOCl, 2% CHX
and 17% EDTA groups. Under the limitations of this study, 0.9% NaCl and MEM were suitable conducting media for length determination of

electronic apex locator using a simulation model.

Keywords: Conducting media/ Electronic apex locator/ Tooth length determination/ Simulation model

Introduction

Length determination of root canals during root
canal treatment can be performed by electronic apex
locators (EAL). The EAL is a very useful and reliable tool
for obtaining root canal length.1 Therefore, the use of EAL
has been generally included in endodontic courses in the
D.D.S curriculum.

The end point of root canal preparation should be
located at the apical constriction (AC).2 In the classic study
by Kuttler, it was discovered that AC was located at a
distance of 0.5-0.75 mm short of the apex.3 The new
generation of EAL determines the position of AC by
estimating the changes in impedance values between the tip
of the file and the periodontal tissue around the root apex.1
Numeric reading of the “0.5” bar on the EAL display screen
was claimed by manufacturers to indicate the position of the

file tip at the AC.
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EAL in simulation model has been widely used in
endodontic laboratories for dental students. Most of the
simulation models were constructed with extracted or
artificial teeth. The teeth were mounted in a container or
dental model with conducting media.”"® These conducting
media acting as periodontal tissue. The electric circuit is
completed when the endodontic file contacts the medium
through the apical foramen. Several media and materials have

5,12-13

. 4-5, 810  .q. 11 .
been used, such as alginate, silicone, = gelatin,

10,14

agar,  and 0.9% sodium chloride (NaCl).

5-6,10,15
Among

these media, alginate was the most frequently used, and

5.8-10 . o
However, alginate exhibits

showed promising results.”
shrinkage and becomes more rigid after setting due to
dehydration. A study by Alshwaimi and Narayanraopeta
showed that the accuracy of EAL depended on the moisture

content in alginate, therefore it can only be used within a

limited timeframe.®

* Dental student, Faculty of Dentistry, Thammasat University, Pathumtani.

** Department of Endodontics, Faculty of Dentistry, Thammasat University, Pathumtani.
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Simulation models which constructed with
transparent material can aid students in understanding the
relation between EAL readings and the position of
endodontic file in root canal. Thus, the purpose of this study
was to compare the accuracy of 5 transparent conducting

media for length determination of EAL using clear

simulation models.

Materials and Methods

Fifty simulation models were constructed with clear
mandibular first premolar (Nissin dental product, Japan)
mounted in a clear acrylic model. Before mounting, the access
cavity was prepared by a tapered diamond bur to allow
straight line access. Canal was dried with paper point. Tooth
length was determined by the insertion of a #15 K-file
(Maillefer, Switzerland) in the root canal until the tip of the
file was visible at the apical foramen. The rubber stop was
gently moved towards the reference point at the buccal cusp.
The distance between rubber stop and the file tip was visually
gauged using a Vernier caliper, which measures to the two
decimal places. This length was minus with 0.5 mm, then the
“actual working length (AWL)” was recorded. Measurement
of AWL was conducted 3 times by the same operator, who
was trained how to use the EAL.

Once all the measurements of AWL were recorded,
plastic teeth were randomly allocated into 5 groups

(n=10). Each plastic tooth was mounted in a clear acrylic

model. A model constructed with a clear acrylic tube with a
diameter of 8§ mm and a height of 20 mm, fixed in the middle
of clear acrylic box with the dimensions of 50x50x30 mm
(Figure 1). Clear acrylic box was designed to stabilize the
model. While the tube was filled with conducting media
according to the following groups: Group 1: 0.9% NacCl,
Group 2: 2.5% sodium hypochlorite (NaOCI), Group 3: 2%
chlorhexidine (CHX), Group 4: 17% ethylenediamine
tetraacetic acid (EDTA), and Group 5: cell culture medium
(Minimum Essential Medium, MEM, Gibco BRL, England).
A stainless-steel wire was then immersed in the conducting
media and secured with sticky wax. A lip clip was hooked to
the outer end of the stainless-steel wire in order to transfer an
electric current to EAL. The file clip was connected with a
#15 K-file which was slowly inserted into the canal.
Electronic length measurement was performed using RootZX
(J. Morita, Japan).

The electronic working length (EWL) was taken
when the signal on the display screen reached the “0.5” bar.
At this point, the rubber stop was gently moved to the
reference point at the buccal cusp. The file length was
measured with a Vernier caliper (Figure 2). Measurement of
EWL in each plastic tooth was conducted 3 times by the same
operator.

Differences between the EWL and AWL were
calculated in each tooth. Statistical comparisons of mean
differences between groups were performed using one-way

ANOVA, followed by Tukey’s HSD test (p<0.05).

Artificial tooth

Lip clip

~,

7
o -y
C%ductmg medm. \E
TS
Acrylic model

Figure 1 The simulation model constructed with artificial tooth and clear acrylic box. (A) side view, (B) top view
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Figure 2 Measurement of K-file using a Vernier caliper

Results

Data of mean differences between AWL and EWL,
standard deviation, and minimum and maximum differences

are shown in table 1 and figure 3.

All conducting media showed promising results.
The maximum difference of each group was within £0.5 mm
from AWL. MEM demonstrated the lowest mean difference,
followed by 0.9% NaCl, 2% CHX, 17% EDTA and 2.5%
NaOCl, respectively. Comparison by one-way ANOVA
followed by Tukey’s HSD test showed that the mean
differences were significantly lower in MEM and 0.9% NaCl
groups (p<0.05). There was neither a significant difference
between the MEM and 0.9% NaCl groups nor the 2.5%
NaOCl, 2% CHX and 17% EDTA groups.

The distribution of frequency of differences
between EWL and AWL according to the conducting media
can be seen in table 2. All samples in the 2.5% NaOCI and
17% EDTA groups distributed in range of -0.50 to 0.00 mm,
indicated that EWLs were consistently short of AWLs. On the
other hand, all samples in 2% CHX groups distributed
between 0.00 to 0.50 mm, indicated that EWLs were
consistently longer than AWLs. Samples in the 0.9% NaCl
and MEM groups were distributed in both positive and

negative values.

Table 1 The mean differences and the range of minimum to maximum differences between EWL and AWL in each group
0.9% NaCl 0.14+0.08 0.00-0.30
2.5% NaOCl 0.322+0.07 0.20-0.46
2% CHX 0.29+0.08 0.15-0.46
17% EDTA 0.303+0.05 0.24-0.40
MEM 0.10440.07 0.06-0.14
Table 2  The distribution of frequency of distance between EAL and AWL according to conducting media
-0.25 to -0.50 mm 1 9 0 8 1
0.00 to -0.25 mm 3 1 0 2 2
0.00 to 0.25 mm 6 0 5 0 7
0.25t0 0.50 mm 0 0 5 0 0

Negative value indicated reading short of apex
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Mean differences (mm)
0.5

0.45

0.4

0.322+0.07

0.14 +0.08

0.9% NaCl

IL,

2.5% NaOC1

PR

0.29 £ 0.08

0.303 £ 0.05

0.104 £ 0.07

Group

Figure 3 Bar graph representing mean differences between EAL and AWL, and significant differences between groups

(*Statistically significant difference of p<0.05)

Discussion

In this study, a new simulation model was
developed for EAL training. Clear plastic teeth were used in
order to control size of root canal and diameter of apical
foramen which could be influenced on accuracy of the EAL.
Moreover, plastic root canal is not easily enlarged which
practitioners can use this model several times. ' Many studies
successfully used plastic teeth for length determination.' """
All clear components in this model provide the opportunity
for dental students to investigate the relationship between
EAL reading on screen and file position in root canal.
However, because of the clear container of this simulation
model, conducting media could not be obscured during EAL
measurement. The EAL used in this study was Root ZX, as
this device is widely used and provides a reliable reading

. 1,7,12,16
index.

Nevertheless, the accuracy may be more precise
if the measurements of AWL and EWL were determined
under microscope.

The conducting media were of considerable
importance for length determination of EAL using simulation
model. Materials that can be used as conducting media in
simulation models should have electrical conductivity.
Electrical conductivity of solution creates by ions that carry
the electricity through the liquid, and it represents substance’s

ability to conduct electrical currents. The more ions present,

. 1
the more current can be carried.

The results of this study showed that mean
differences in the MEM and 0.9% NaCl groups were
statistically lower than the mean differences in the 2.5%
NaOCl, 17% EDTA, and 2% CHX groups. MEM is a clear
pink-colored chemical-based synthetic media which supports
cell survival and proliferation, as well as cellular functions for
cell culture technology.17 MEM contains several amino acids,
vitamins, glucose and other salts such as calcium chloride,
potassium chloride, magnesium sulfate, and sodium chloride.
Amino acid levels of MEM are similar to the protein content
of mammalian cells.'® This is, however, the first time that
MEM has been used as a conducting media for length
determination of EAL using a simulation model. While data
from the MEM group proved accurate, MEM is more
expensive than other conducting media used in this study.
Furthermore, MEM requires preparation before use, and it
can deteriorate when stored at room temperature.

0.9% NaCl is a mixture of sodium chloride in water.
It has a number of uses in medicine, such as fluid
replacement, cleansing of wounds, and nasal lavage. The
mean difference of the 0.9% NaCl group was statistically
equal to the MEM group. Sauerheber and Heinz showed that
0.9% NaCl has a good electroconductive property and ionic
composition similar to blood plasma and biological tissue.'

Leonardo et al (2008) showed that 0.9% NaCl used as a
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conducting media in a simulation model displays a high
accuracy for length determination even though it was used for
primary teeth.”” In this study, both MEM and 0.9% NaCl
groups showed high accuracy as the maximum difference
between EWL and AWL were only 0.14 and 0.30 mm
respectively.

Turning to the data in 2.5% NaOCl, 17% EDTA,
and 2% CHX groups, this is the first time for these common
root canal irrigants that have been used as conducting media
in simulation models for length determination of EAL. These
irrigants were selected because they are transparent and
available in clinic. Moreover, literatures showed that they
have electrical conductivity,ﬂ’22 which considered the most
important properties of conducting media for length
determination of EAL in simulation model. However, mean
differences in 2.5% NaOCl, 17% EDTA, and 2% CHX
groups showed significantly higher than MEM and 0.9%
NacCl groups.

Electrical conductivity may be the key factor for the
accuracy of EAL simulations models. The electrical
conductivity of some root canal irrigants, culture mediums,
body fluids, and blood have undergone testing. In 1976,
Culkins reported electrical conductivity of 0.9% NaCl 16,000
pS/cm.23 While Mazzoleni et al (1986) reported 15,400
uS/em for 0.9% NaCl and 13,800 uS/ecm for MEM.”' Shin et
al (2012) reported 2,160 and 172,420 uS/cm for 2% CHX and
1% NaOCl
conductivity of body fluid reported at 15,000 and 7,000 for

respectively.22 Compared to electrical
blood,” it seems that the closer the electrical conductivity of
conducting media is to human body fluid, the higher the
accuracy of length determination of EAL used in simulation
models. The electrical conductivity of MEM and 0.9% NaCl
are close to that of the electrical conductivity of body fluid.
This confirmed the results of our study that MEM and 0.9%
NaCl enhanced the accuracy of EAL in simulation models.
Whereas NaOCl which has very high electrical conductivity,
the results showed that the EWLs were always short of
AWLs. On the other hand, the 2% CHX group, with low
electrical conductivity, reached 0.5 bar EAL only when K-file
went through AWL. As precise working length determination
is required for root canal treatment, an erroneous working

length, either short or long, can compromise the outcome. A

short working length leaves uncleaned and unfilled root canal
space in apical regions, while a long working length will lead
to over-instrumentation and overextended obturation, causing
significant postoperative discomfort and failure.

The simulation model used in this experiment was
effective, inexpensive, and easy to assemble. The model
provided a better understanding of the relation between the
file position within the canal and the EAL reading.
Conducting media in simulation model imitate condition in
periapical area, because they also have electrical conductivity
in the same way that body fluid has. The solute compositions
of body fluid are classified into electrolytes (inorganic salts,
acids, bases and some proteins) and nonelectrolytes (glucose,
and lipids). Sodium is the major cation, and chloride is the
major anion.” MEM and NaCl, which have similar
compositions and electrical conductivity to body fluid,
demonstrated the highest accuracy of EAL reading among
other conducting media. However, 0.9% NaCl is considered
the best conducting medium, due to the fact that it is
inexpensive, colorless, and transparent, has a long shelf life,
gives accurate length determination, and is widely available

for laboratory settings.

Conclusion

Both 0.9% NaCl and MEM can be used as
conducting media in simulation model for determining the
working lengths using EAL. Electrical conductivity of
conducting media may be the key factor for the accuracy of

EAL using simulations models.
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Water Sorption and Solubility of Resin Composite
Core Build-up Materials

Jantasi P* Champirat T**

Abstract

The aim of the current study was to investigate the water sorption and solubility properties of various core build-up resin composites
after 30 days of immersion. Three resin-based materials were tested including MultiCore®Flow, Filtek™ Bulk Fill, and Filtek™ Z350XT. All 30
specimens (n=10) were prepared according to 1SO 4049:2009. The specimens were stored in the desiccator of 37+2 °C for 22h and at 23+1 °C for
2h and then weighed with a precision accuracy of £0.1 mg to obtain the initial constant mass. After a total immersion time of 30 days in distilled
water, the specimens were weighed and dried in the desiccator to obtain other constant mass. Water sorption and solubility values were calculated
and any statistical differences were determined by using one-way ANOVA at a significant level of 0.05. The result found that MultiCore®Flow and
Filtek™Bulk Fill showed lower water sorption value than Filtek™Z350XT significantly (p<0.001) with the value of 15.63+0.88 ,ug/mmj, 14.46+1.72
,ug/mmj, and 18.88 +1.74 ,ug/mmj respectively. Additionally, all tested materials demonstrated significantly different solubility behavior (p<0.001).
MultiCore®Flow had the lowest solubility (2.34+ 0.59,ug/mm3),ﬁ)llowed by Filtek™Bulk Fill (4.43+0.96 /tg/mm3), and Filtek™Z350XT (6.34+1.17
,ug/mmj). In conclusion, resin-based core build-up materials tested in this study exhibited significantly different water sorption and solubility
behavior. MultiCore®Flow had the lowest sorption and solubility, while Filtek™ Z350XT had the highest. According to ISO 4049 standards, all

tested materials showed acceptable water sorption and solubility behavior.

Keywords: Water sorption/ Solubility/ Resin composites/ Core build-up materials

Introduction

Properties of foundation materials can affect the
clinical outcome of the fixed prosthetic restorations,
especially in cases with extensive loss of coronal tooth
structure. Several types of resin-based materials are widely
used as a core build-up material due to its favorable properties
particularly tooth-like color, adequate mechanical properties,
and curing time period that facilitates immediate preparation.
Those types include dual-cured core build-up material, which
usually comes in form auto-mixing gun type, and light-cured
resin composite, which is normally used as restorative
material by incremental or bulk-filled technique. However,
water sorption and solubility behaviors of the resin
composites have shown to have unfavorable effect in physical
and mechanical properties including modulus of elasticity,
surface hardness, wear resistance, and color stability. These

properties are significantly concerned for the longevity of the

Received: April 27, 2020
Revised: November 30, 2020
Accepted: December 01, 2020

core build-up materials. Since dental resin-based restorative
materials are continuously exposed to the wet environment,
which is the oral cavity, thus the properties of water sorption
and solubility play an important role in their long term
success.”’ Resin-based core build-up materials, which are
usually filled in the extensively damaged tooth structure in
conjunction with prefabricated fiber posts, are often left
exposed in the oral cavity prior to the tooth preparation
procedure in the next visit, which could be delayed for several
weeks or months. This type of clinical situation might result
in long term exposure of resin core build-up material to the
moist environment inevitably.

Previous study in 2014 investigated water sorption
behavior of the four different resin-based materials, including
Grandio Core, Core.X Flow, Bright Flow core and Speedee.

The result from this study demonstrated significantly

* Dental Department, Somdejpraboromrachineenart Natawee Hospital, Amphur Na Thawi, Songkhla.

** Department of Advanced General Dentistry, Faculty of Dentistry, Mahidol University, Bangkok.
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different water sorption and solubility among all four tested
materials.” Limited studies were interested in investigating
water sorption and solubility of the resin-based materials
commonly used as core build-up materials among most dental
professions.

MultiCore” Flow, dual-cured resin composite
material that comes in form of auto mix syringe which
facilitates the direct injection into the prepared cavity;
Filtek™ Bulk Fill, the light-activated restorative composite
that could be bulk placed into the tooth cavity; and
Filtek™Z350XT, the light-cured nanocomposite which has to
be incrementally placed into the cavity, are those three resin
composite materials most commonly used as core build-up
materials in restoring severely damaged tooth. Previous study
of short and long-term water sorption behavior of resin-based
materials has shown that the maximum amount of water gain
occurred during the first month of testing time period,
therefore, one-month immersion time period would sufficiently
represent accurate water sorption and solubility behavior of
the materials.’

It would be beneficial for clinicians to have some
more information on the resin composite core build-up
materials being widely used in regular dental practice to assist
in selection of the material with the lowest value of water
sorption and solubility for long term success.

The purpose of this study was to investigate the
water sorption and solubility properties of various resin

composite core materials after 30 days of immersion time.

Materials and Methods

Three types of the tested materials are shown in
Table 1. Ten specimens of each group (n=10) were prepared
according to ISO 4049:2009. Mould for the preparation of a
disc specimen with the dimensions of 15.0+0.1 millimeter
(mm) in diameter and 1.0+0.1 mm in depth was used to
prepare specimen discs. The materials were filled into the
metal mould with a piece of transparent polyester film on the
top and bottom side. Filtek™ Z350X and Filtek™ Bulk Fill
(shade A3) were condensed into the mould using hand
instrument while MultiCore“Flow was injected into the

mould. After having displaced the excess material, the mould

was then covered with the glass slide while curing each side
of the specimens with overlapping irradiation from the inner-
center to the outer-peripheral part of the specimens using the
LED light-curing unit (Elipar S10, 3M ESPE, St.Paul, MN,
USA) with the light intensity greater than 1000 mW/cm.” All
specimens were then finished using fine-grit sand paper. The
thickness and diameter of each specimen disc were measured
with micrometer (Series111, Mitutoyo, Kanagawa, Japan)
and the volume of each specimen was calculated. The
specimens were then stored in the desiccator of 37+2 °C for
22 hours (h) and transferred to be stored in the second
desiccator at 23+1 °C for 2h. After that, the specimens were
weighed to an accuracy of 0.Imilligram (mg) (Precisa 262
SMA-FR, Precisa Instrument AG, Dietikon, Swizerland) and
their mass were carefully recorded. The cycle was repeated
until the mass loss of each specimen was not more than 0.1
mg in any 24 h, thus, the value was recorded as a constant
mass, m,;. Consequently, the specimens were immersed in
distilled water at 37+1 °C for 30 days by having 3 mm space
between each specimen to assure the complete immersion.
After a total immersion time of 30 days, all specimens were
removed from water, blotted away the surface water until they
were free from visible moisture and waved in the air for 15
seconds. The specimens’ mass was recorded at this point as
m,. Consequently, the specimens were reconditioned to a
constant mass in the desiccators using the same cycle as
described above until the mass loss of each specimen was not
more than 0.1 mg in any 24 h. The constant mass m; was then
carefully recorded. Each value at each procedure was an
average of the three repeated value for each specimen. Water
sorption and solubility values were calculated using the
specific equation.

Water sorption (W) of each specimen was calculated

using the equation8:

\W =(m,-m,)/V

sp

Where
m, is the mass of the specimen (ug) after immersion in water
m, is the mass of the reconditioned specimen (png)

V s the volume of the specimen (mm’)
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Solubility (W) of each specimen was calculated

using the equationg:

W =(m,-m,)/V

sl

Where

m, is the conditioned mass (pLg) prior to immersion in water

m3 is the mass of the reconditioned specimen (ug)

V  is the volume of the specimen (mm3)

Table 1

MultiCore” Flow

Statistical analysis

One-way ANOVA and Tukey Method were used to
determine statistical differences among the mean water
sorption and solubility of each group at a level of significance
of .05 using SPSS version 18.0 software (SPSS Inc., Chicago,
IL, USA).

Tested materials, their compositions, and manufacturer information

Bis-GMA, UDMA, TEGDMA 54.65 T37741
(Ivoclar Vivadent, Schaan, inorganic fillers (barium glass, Ba-Al-fluorosilicate glass, silicon
Liechtenstein) dioxide, and ytterbium trifluoride)
Filtek™RBulk Fill AUDMA, UDMA and 1, 12-dodecane-DMA 76.5 N609985
(3M ESPE, St.Paul, MN, non-agglomerated/non-aggregated 20 nm silica filler, a non-
USA) agglomerated/ non-aggregated 4 to 11 nm zirconia filler, an aggregated

zirconia/silica cluster filler and a ytterbium trifluoride filler
Filtek™Z350XT Bis-GMA, Bis-EMA, UDMA, small amounts of TEGDMA 78.5 N679116
(3M ESPE, St.Paul, MN, non-agglomerated/non-aggregated 20 nm silica filler, a non-
USA) agglomerated/ non-aggregated 4 to 11 nm zirconia filler, and loosely

bound agglomerated zirconia/silica nanocluster

Bis-GMA (bisphenol-A-glycidyldimethacrylate), UDMA (urethane dimethacrylate), TEGDMA (triethylene glycol dimethacrylate), AUDMA

(aromatic urethane dimethacrylate), Bis-EMA (bisphenol-A-diglycidylmethacrylate ethoxylated), DMA (dimethacrylate)

Results

Filtek™Z350XT showed significantly higher mean
of water sorption value (18.88+1.74 pg/mm’) compared to
MultiCore“Flow and Filtek™ Bulk Fill after 30 days of
immersion in  water (p<0.001). Filtek™ Bulk Fill
demonstrated the lowest mean of water sorption value
(14.46x1.72 pg/mmS) among other tested materials, however,
the mean water sorption of Filtek™ Bulk Fill was not
of MultiCore“Flow

(15.63+0.88 pg/mm’) as presented in Table 2.

significantly ~different from that

The three tested materials were significantly
different from each other regarding their solubility properties
(p<0.001). MultiCore"Flow had the lowest solubility value
(2.3410.59ug/mm3), while Filtek™ Z350XT showed the
highest value (6.34i1.17ug/mm3) among all tested groups.
Solubility behavior of Filtek™Bulk Fill (4.43+0.96 pg/mm’)
was superior to Filtek™Z350XT, nevertheless, the value was

still higher than that of MultiCore“Flow.

Table 2 Mean (SD) of water sorption and solubility of the tested materials
MultiCore"Flow 15.63 (0.88)" 2.34(0.59)°
Filtek™ Bulk Fill 14.46 (1.72)" 4.43(0.96)
Filtek™ Z350XT 18.88 (1.74)" 6.34 (1.17)°

#Groups with different upper case superscript were significantly different in water sorption (p<.001).

*Groups with different lower case superscript were significantly different in solubility (p<.001).




86 Khon Kaen Dent] & Volume 24 &« Number 1# January - April 2021

Discussion

The current study compared water sorption and
solubility properties of three resin-based core build-up
materials. The results revealed differences of those properties
among all tested groups. Regarding water sorption behavior,
MultiCore“Flow and Filtek™ Bulk Fill showed significantly
better performance than Filtek™ Z350XT. Almost similar to
its sorption behavior, MultiCore“Flow demonstrated the
lowest solubility among all materials. According to ISO 4049
standards, the water sorption and solubility values must be
lower than 40 ug/mm3 and 7.5 ],Lg/mm3 respectively.8 The
water sorption and solubility values of all tested materials
obtained in this study were considerably lower than the
threshold values. High water sorption and solubility would
adversely affect the physical and mechanical properties of the
resin-based materials, including strength, modulus of
elasticity, surface hardness, wear resistance, and color
stability."”>*

Water sorption and solubility of resin-based
materials can be affected by many factors, including material
types, the efficiency of polymerization, matrix composition
variations, filler size, and distribution™®  Monomer
compositions in the matrix of the resin-based materials may
influence their water sorption behavior. The more hydrophilic
monomer presented in the material, the more amount of water
gained was expected4. Most resin composite materials utilize
bisphenol-A-glycidylmethacrylate (Bis-GMA) as the matrix
resin. Since Bis-GMA is highly viscous, more fluid
difunctional monomer such as triethylene glycol
dimethacrylate (TEGDMA) needs to be added to dilute the
viscosity of the material. The added diluent monomers
coupled with Bis-GMA tend to adversely affect the properties
of the matrix material including the increase of water
sorption.3 Previous studies revealed that the materials with
Bis-GMA and TEDGMA tended to gain more water than the
materials without them.""” This may be the reason why
Filtek™ Z350XT, which contains Bis-GMA and TEDGMA,
had higher water sorption value than Filtek™Bulk Fill in this

study. However, MultiCore“Flow also contains Bis-GMA

and TEDGMA according to the manufacturer, its sorption
value was observed to be lower than that of FiltekT™MZ350XT.
A previous study suggested that the relative proportion of
each monomer in the matrix should also be taken into
consideration rather than the composition of the matrix
alone.”

Fillers also play a role in water sorption of resin
composites. Resin composite with small-size filler tends to
have higher water sorption value because of higher volume
fraction of polymer. Previous studies showed an inverse
correlation between water sorption and the filler loading of
the resin-based materials. The lowest water sorption was
observed in the material with the highest filler loading
percentage.7’9"l In contrast to previous studies, the result from
this study showed that the lowest water sorption was found in
the material with the lowest percentage of the filler, which is
MultiCore"Flow. Moreover, Filtek™ Bulk Fill and
Filtek™ Z350XT had almost comparable percentage by
weight of filler, however, they showed different water
sorption behavior significantly. Besides the monomers and
filler components, the quality and stability of coupling agent
also had an effect on water sorption of resin composi'[es.12

All of the components in dental resin composites,
including monomers and fillers, could be leached out from the
material into water determining solubility properties of the
material. However, monomers make up the large majority of
the eluted components.13 During polymerization process,
monomers react to form cross-linked polymer chains. The
enlarged polymer chains are found to be difficult to
participate efficiently in the polymerization process, which
consequently result in the presence of unreacted monomers.
These unreacted monomers are the components that mostly
found eluted from the resin composite. The percentage of
reacted monomer after polymerization is known as the degree
of conversion. Higher degree of conversion results in less
unreacted monomers available to be leached out form the
material and thereby lower solubility value. The degree of

conversion depends on the monomer composition and does
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not differ between chemically activated and light-activated
materials containing the same monomer composition as long
as adequate light curing is used.” Since the materials used in
this study contained dissimilar monomer composition, the
degree of conversion might be different. However, the degree
of conversion of the tested materials was not determined in
this study, so the difference could not be verified.

Filler size and type had some contributions on
solubility of resin composites in that smaller molecules tend
to have enhanced mobility and are expected to be eluted at a
faster rate than larger and bulkier molecules. ** However, there
were limited studies generated on this topic. * Barium glass
is more readily leached into water than silica particles
resulting that resin composites with barium glass filler are
more unstable than those with silica fillers. *" Silica-
containing resin composites could also have high solubility
since water in contact with silica filler surfaces can break
siloxane bonds and consequently induces debonding of the
filler particles.3 This study found the lowest solubility in
barium glass-containing MultiCore“Flow, whereas higher
solubility in

Filtek™ Z350XT. Solubility is affected by fillers to some

silica-containing Filtek™ Bulk Fill and

extent, however its greatest influence comes mainly from
monomers.

Additional investigation was done in this study by
observing the tested specimens under light microscope at
100X magnification (CX31, Olympus, Tokyo, Japan).
MultiCore“Flow specimens appeared to be more
homogeneous than other tested materials, in which air-filled
voids were to be noticed as shown in Figure 1. Voids in the
material may increase the surface exposed to water and may
lead to inhibitions zones with unpolymerized materials, thus,

49,16
The ease of

accelerate water sorption and solubility.
handling’ s method of injectable MultiCore“Flow can be
attributed to its ability to be homogeneously developed
resulting in better water sorption and solubility behavior than

other tested materials. Previous study in 1996 demonstrated

that the application mode of resin composite influenced the

presence of voids in the restoration. The number of voids in
resin composite was found to be lower for the injection
technique than that of the incremental condensation
technique. 7

The results of sorption and solubility are expected
to be correlated in the same way since the unreacted
components can only be leached out when water penetrates
into the material.”" This is in agreement with the result in this
study that all the tested materials had the same ranking
regarding their sorption and solubility behavior.
MultiCore“Flow showed lower value of both water sorption
and solubility, whereas Filtek™ Z350XT showed the highest
in both aspects.

Although the result in this study did not entirely
coincide with the previous studies, the mean sorption and
solubility values of all tested materials were reported to be
lower than standard value, implying that all tested materials
in this study can be safely used as core build-up materials
regarding their sorption and solubility properties. However,
the technique of handling these materials in clinical practice
should be of interest as having air voids or non-homogeneous
layers in the materials may create higher chance of increasing
water sorption and solubility besides the inherent property of
the materials themselves.

This study aimed to compare water sorption and
solubility of the commonly used core build-up resin
composites to provide an information for dentists to assist in
material selection regarding this aspect. To decide which
materials are to be properly chosen does not depend only on
the sorption and solubility behavior, however, other
properties such as strength, wear resistance, microleakage,

hygroscopic expansion and shrinkage or the ease of material’s

application should also be considered.
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Figure 1 Representative images of MultiCore®Flow, Filtek™ Bulk Fill and Filtek™ Z350XT specimens under light microscope at 100X

magnification from left to right respectively. Voids could be observed in all tested materials, however, fewer voids were noticed in

MultiCore"Flow (left) compared with other materials.

Conclusion

Within the limitations of this in-vitro study, the
conclusion could be drawn that after 30 days of immersion
time in water, all tested materials had significantly different
water sorption and solubility values. MultiCore“Flow and
Filtek™Bulk Fill exhibited significantly lower water sorption
value than Filtek™ Z350XT. Moreover, MultiCore"Flow
showed the lowest solubility value, while Filtek™ Z350XT
All

showed the tested materials

MultiCore®Flow, Filtek™ Bulk Fill and Filtek™ Z350XT

highest. including
showed acceptable water sorption and solubility values

according to ISO standards.
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Intrusion of Maxillary Posterior Teeth with
Miniscrew Anchorage: A Finite Element Study

Tangsumroengvong V* Patanaporn V** Rungsiyakul C*** Chalermwong H ****

Abstract

The purposes of this study were to evaluate the displacement pattern of all maxillary teeth and the von Mises stress distribution in the
periodontal ligament when using different maxillary posterior intrusion mechanics with miniscrew anchorage, analyzed using a finite element
method. Finite element models of maxillary teeth with periodontal ligament and alveolar bone were constructed. For each pattern of mechanics, a
100-g of intrusion force was applied and distributed to the miniscrew on the buccal and palatal sides. In Model 1, one miniscrew was inserted
between the roots of the first and second molar teeth on the buccal side. In Model 2, one miniscrew was placed on the buccal side and a transpalatal
arch (TPA) connected the first molars. In Model 3, two miniscrews were placed between the roots of the first and second molar teeth, one on the
buccal and one on the palatal sides. The stress distribution in the periodontal ligament and the displacement of the teeth were analyzed using
ABAQUS software. The result showed that the posterior teeth in Model 1 were intruded and tipped buccally and the overall stress values were
highest. In Model 2, the posterior teeth were intruded along the long axis with no tipping. The overall stress values were lower than in other models.
In Model 3, the posterior teeth were intruded and slightly tipped palatally. In all models, the anterior teeth were slightly extruded and had a low
stress concentration in the PDL. In conclusion, posterior tooth intrusion with one miniscrew on the buccal side with a TPA provided balanced

intrusion with less concentration of stress in the PDL than did the other types of mechanics.
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Introduction

Intrusion of posterior teeth is required for the
closure of anterior open bite and the intrusion of extruded
molar teeth."> Conventional methods of posterior tooth
intrusion, such as high pull headgear, Multiloop-Edgewise-
Archwire (MEAW) and posterior bite plane, often result in
limited intrusion and depend on patient growth and
compliance.3’4 Nowadays, miniscrews are efficient tools to
use as skeletal anchorage for molar intrusion without any side
effects and do not require patient compliance. They also
provide minimal invasiveness, are simple to use and cost
less.”

Many case reports have shown satisfactory outcomes

The

. . . . .. 6-11
of posterior tooth intrusion using miniscrew anchorage.

intrusive force varies among authors from 50-500 grams.

Carrillo et al.” found that force ranging from 50 to 200 g
produced clinically significant amounts of intrusion with no
root resorption. The number of miniscrews is usually two or
three, being placed buccally and palatally to produce
counteraction to the applied force.”*" The placement locations
of miniscrew on the buccal side include the buccal
interradicular space and infrazygomatic crest, whereas the
placement locations in the palate can vary from the midpalatal
area, the paramedian area to the interradicular area.”” The
intrusion force is applied to the tooth through attachments on
the tooth, such as brackets, buttons, soldered bands and through

segmented or continuous archwires. When group intrusion is

required, the whole group of teeth should be tied toge‘[her.1
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Currently, several protocols of maxillary posterior
tooth intrusion mechanics are used, and differ in the number
and positions of miniscrews, force patterns and magnitudes of

"1 The referenced studies have reported the treatment

force.
steps for posterior tooth intrusion and the efficiency of
clinical outcomes. However, the biomechanical effects of the
whole maxillary teeth when using different number of
miniscrews and force patterns for posterior tooth intrusion
have rarely been studied."*"” Moreover, applying intrusive
force to posterior teeth attached with a continuous archwire
might affect the anterior teeth.” Previous biomechanical
studies have reported the effect of intrusion on only the
posterior teeth but did not reported the effects on the anterior
teeth. '

The finite element method (FEM) has been widely
used to study the mechanics of tooth movement in orthodontic
research. " It is a computational technique used to study
intraoral biomechanics, which is complex and difficult to
study intra-orally. Therefore, FEM 1is beneficial for
simulating living tissue and the mechanical characteristics of
biomaterials, both of which are challenging to research in
vivo."”?!

The purposes of this study were to investigate the
displacement pattern of all maxillary teeth and von Misses
stress distribution in the periodontal ligament (PDL) when
using different maxillary posterior tooth intrusion mechanics

analyzed by FEM.

Materials and Methods

A geometric solid model of maxillary teeth and
maxillary bone was constructed from the scanned digital
tooth image of a commercial model (Model-i21FE-400C;
Nissin Dental Products, Kyoto, Japan), which was based on
the average tooth dimensions of Asian adults with normal
occlusion. In this process, the Nissin model was scanned via
3-D laser scanner (D800 3D Scanner, 3Shape, Warren, New
Jersey, USA), and then was exported to SolidWorks software
(Dassault Systémes Americas, Waltham, Mass., USA) to
construct and assemble structures of the solid model,
including all maxillary teeth, PDL and maxillary bone. The
periodontal ligament was assumed to have an even thickness
of 0.2 mm, conforming to the root surface. The maxillary
bone consisted of cancellous bone with 1.0 mm thickness of
cortical bone. The alveolar crest was formed following the
curvature of the cemento-emamel junction (CEJ), 1 mm

2 The brackets with slot dimensions of

apical to the CEJ.
0.018 x 0.025 inches and a stainless-steel main archwire with
dimensions 0f 0.017 x 0.025 inches were modeled, and it was
assumed that there was no play and no friction between the
brackets and the archwire. The brackets were attached to the
midpoint of the facial axis of the crown and completely
connected to each tooth. The buccal and palatal miniscrews
were simulated 6 mm above the CEJ between the maxillary
first and second molars in the interradicular space.

In the first model, miniscrews were placed in the
buccal interradicular space between the first and second
molars. An intrusive force of 100 g was applied from the
miniscrews to the brackets on the first and second molars, the

force divided equally, 50 g for each tooth (Figure 1).

50g 50g

Figure 1

of the first and second molars. A) Right B) Left

Schematic force diagram and miniscrew positions of the first model. Intrusive force (50 g) is applied from the miniscrews to the brackets
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In the second model, miniscrews were placed in the
same position, the buccal interradicular space between the
first and second molars. In this model, a transpalatal arch
(TPA) with a diameter of 1.4 mm was constructed connecting
the right and left first molars. The TPA was modeled 5 mm
away from the palatal bone to achieve clearance for intrusion.
The intrusive force of 100 g was applied from the miniscrews
to the brackets on the first and second molars, the force

divided equally, 50 g for each tooth (Figure 2).

In the third model, miniscrews were placed buccally
and palatally in the interradicular space between the first and
second molars. In this model, buttons were modeled with a
diameter of 2 mm. and attached to the midpoint of the palatal
surface of the first and second molar crowns. An intrusive
force of 100 g was applied from the miniscrews to the
brackets and the buttons, the force divided equally, 25 g for
each tooth (Figure 3).

A .
SOgi ESOg ;

G

Figure 2 Schematic force diagram and miniscrew positions of the second model. A) Intrusive force (50 g) is applied from the miniscrews to the

brackets on the first and second molars. B) Occlusal view that shows the transpalatal arch connecting the first molars. C) TPA is 5 mm.

away from the palatal bone

A
| 25g 25
25g 25

@

aanlg

Figure 3 Schematic force diagram and miniscrew positions of the third model. A) Intrusive force (25 g) is applied from the miniscrews to the

brackets on the buccal side and the buttons on the palatal side. B) Posterior view of the model showing the intrusive force vector from

the miniscrews to the buttons on the palatal side

The properties of all materials followed the same
values as used in other previous finite element studies (Table
). All materials were assigned as isoparametric,
homogeneous, and linear elastic properties, except for the
PDL, which was defined as having non-linear elasticity. The
property values of the Ogden model were assigned to describe

the non-linear elastic behavior of the PDL (Table 2).30

Table 1  Material properties of dentin, cortical bone, cancellous
bone and stainless steel required within the FE model.
Material O BT Poisson’s ratio
(MPa)
Dentin 19600 0.3
Cortical bone 13700 0.26
Cancellous bone 1370 0.3
Stainless steel 200000 0.3
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Table 2  Coefficients of the third order Ogden model property
values describing non-linear elasticity of the pDL.”
1 -24.4237106 1.99994222 4.87164332
2 15.8966494 3.99994113 0.00000000
3 8.56953079 -2.00005453 0.00000000

The constructed finite element model was meshed
into 148,914 nodes and 651,810 elements. The teeth, PDL and
alveolar bone were constructed into tetrahedron elements.
The brackets, buttons, and archwire were constructed into
hexahedron elements. The interactions between teeth were tie
contact with no friction. The boundary conditions were
defined at the top and posterior surface of the maxillary bone.
The orientation of this model was established with the x axis
representing the mesio-distal direction of the anterior teeth
and the bucco-palatal direction of the posterior teeth. The y
axis represented the supero-inferior direction. The z axis
represented the antero-posterior direction, which was the
labio-palatal direction of the anterior teeth and the mesio-

distal direction of the posterior teeth (Figure 4).

Figure 4 The orientation of the model in X, y and z axes.

The Abaqus software (Dassault Systémes
Americas) was used to calculate and visualize the initial tooth
displacement and the PDL von Mises stress distribution of all
maxillary teeth for the intrusion of the maxillary posterior
teeth. To precisely determine the tooth displacement, the
same nodes of the incisal edges, the cusp tips, and the root
apices of teeth in each model were assessed, and

superimpositions were used.

Results

Tooth displacement

The displacement patterns of all maxillary teeth in
each pattern of intrusion mechanics are shown in Figures 5-7.
The translucent yellow tooth images show the positions of the
teeth before applying the force, and the blue tooth images
show the displaced positions afterwards. With all mechanics,
the amounts of initial tooth movement in the posterior
segment were larger than in the anterior segment.

In the first model, the posterior teeth, especially the
first and second molars, were intruded and tipped buccally.
The buccal roots showed considerably greater intrusion than
did the palatal roots. Extrusion was observed at the palatal
cusps, as the result of prominent buccal tipping movement of
the posterior teeth. The anterior teeth were slightly extruded

and tipped palatally (Figure 5).

Figure 5 Displacement of the maxillary teeth in first model indicated
by superimposition of teeth before (yellow) and after (blue)
application of the intrusion force. A) Sagittal view (buccal),

B) Sagittal view (palatal), C) Frontal view, D) Posterior view

In the second model, the posterior teeth were
intruded along the long axis with no tipping movement,
representing bodily movement or pure intrusion. The amounts
of intrusion movement of buccal and palatal roots of the
molars were nearly equal. The premolars were intruded less
than the molars. The anterior teeth were also slightly extruded
and tipped palatally, as in the first model (Figure 6).

In the third model, the posterior teeth were intruded
and slightly tipped palatally. Intrusion of the palatal roots was
slightly greater than that of the buccal roots. The anterior teeth
were also slightly extruded and tipped palatally, as in the first
and second models (Figure 7).
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Figure 6 Displacement of the maxillary teeth in the second model. A)
Sagittal view (buccal), B) Sagittal view (palatal), C) Frontal

view, D) Posterior view

Stress distribution in PDL

The von Mises stress distribution in the PDL was
calculated in N/mm” (MegaPascals or MPa). The color-coded
map of von Mises stress distribution in the PDL with all
models is shown in Figure 8. The levels of stress are shown
in the map, in which the red color represents the areas of
maximum stress and the dark blue color represents the areas
of minimum stress.

In the first model, the maximum von Mises stress
was 5.653x10” MPa, which was the highest maximum stress
value in all the models. The buccal roots of the first and
second molars showed that the high stress was concentrated
in the apical third of the first molar and all surface areas of
the second molar. The minimum von Mises stress was

2.492x10™ MPa and areas of low stress were found in the

Figure 7 Displacement of the maxillary teeth in the third model. A)
Sagittal view (buccal), B) Sagittal view (palatal), C) Frontal

view, D) Posterior view

anterior teeth, decreasing progressively from the posterior to
the anterior segments (Figure 8A).

In the second model, the maximum von Mises stress
was 1.276x10” MPa. High stress values were observed in the
root tip of the disto-buccal root of the first molar. The buccal
root and the apical third of the palatal root of the second molar
also showed high stress values. The minimum von Mises
stress was 5.373x10” MPa and areas of low stress were also
found in the anterior teeth (Figure 8B).

In the third model, the maximum von Mises stress
was 2.464x10” MPa. High stress values were identified in all
surface areas of the palatal root of the first molar and the
buccal and palatal roots of the second molar. The minimum
von Mises stress was 9.521x10” MPa and areas of low stress

were also found in the anterior teeth (Figure 8C).
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Figure 8 Color-coded maps of von Mises stress distribution of the left maxillary quadrant PDL in the buccal and palatal views. A) Model 1, B)

Model 2, C) Model 3
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Discussion

This finite element study was carried out to evaluate
the effects of various patterns of posterior tooth intrusion
mechanics with miniscrew anchorage. It was found that the
displacement and stress distribution were different in each
pattern of mechanics and was influenced by the force pattern
and miniscrew position.

In the first model, the intrusive force was applied
only from the buccal side, resulting in buccal crown tipping.
This tipping was the result of the buccal crown moments
caused by the intrusive forces through only the buccal molar
tubes.' Thus, the most severe buccal tipping and highest
stress magnitudes among the three models were observed in
this model. In addition, high stress was mostly found in the
buccal roots of the molars because these roots were more
intruded than the palatal root (Figure 5 & 8A).

The most balanced intrusion with no buccal or
palatal crown tipping was identified in the second model,
which had a TPA connecting the first molars. The TPA was
used to balance the produced moments and inhibit buccal
crown tipping. The highest stress magnitudes of this model
were less than the magnitudes of the other two models. The
area of high stress was found in both buccal and palatal roots,
since they were intruded equally (Figure 6 & 8B).

In the third model, the applied force from
miniscrews on the buccal and palatal sides led to slight palatal
crown tipping of the posterior teeth. One explanation for this
tipping is the inequality of the angles of buccal and palatal
force vectors in this finite element model due to the difference
in slope anatomy of the buccal and palatal sides of the
alveolar bone. The palatal force vectors were angulated 13
degrees to the long axis of the maxillary molar teeth, whereas
the buccal force vectors were angulated 30 degrees.
Consequently, there was more resultant force in the palatal
direction, leading to slight palatal tipping. However, the
posterior teeth had a balanced intrusion, similar to that in the
second model due to the counterbalancing force on the buccal
and palatal sides. Whereas the high stress was found in both
buccal and palatal roots of the molars, the stress was slightly
higher in the palatal root, which was more intruded than the
buccal root (Figure 7 & 8C).

In all models, high von Mises stress and large

amounts of displacement were observed in the first and

second molars and gradually decreased from the molar to the
premolar and anterior teeth. The anterior teeth were slightly
extruded because the lever effect in the reciprocal force
system produces an extrusive force when applying intrusive

231,32 . .
This extrusion movement

force to the posterior teeth.
may improve the anterior open bite by closing the overbite.
The von Mises stress in the PDL of the anterior teeth was low,
since the extrusion effect occurred in them. Moreover, the
tooth adjacent to the force application site showed relatively
high stress, whereas minimum stress was observed in the
anterior teeth, which were away from the force application
point. Hence, the chances of root resorption were high in the
posterior teeth and low in the anterior teeth. These findings
are consistent with those of Cifter et al."* and Pekhale et al.,”
who reported that the stress was more concentrated on the
teeth close to the point of force application than on other teeth
in positions farther away.

Cifter et al."* studied three models of posterior
tooth intrusion in which the combinations of miniscrews and
TPA varied. They reported on only the posterior teeth but did
not mention the anterior teeth. They found that the application
of force from the miniscrew on the buccal and palatal sides
leads to a more uniform stress distribution and balanced
intrusion than does the pattern of mechanics with a TPA. In
our study, balanced intrusion was observed when using one
miniscrew on the buccal side and a TPA. These results agree
with the finding of Pekhale et al.,” who suggested that using
three mini-implants with a TPA showed the most balanced
intrusion.

In clinical situations, extrusion of the palatal cusps
of the posterior teeth can create interferences between the
opposing teeth and lead to more severe open bite.*'* Thus, in
most patients with open bite, it is important to prevent buccal
crown tipping during posterior tooth intrusion. Previous
studies have reported that the use of four miniscrews on the
buccal and palatal sides is biomechanically ideal, but it can
be difficult to apply clinically and obtain acceptability from
patients because four miniscrews can be too much for

13,15
them.

Using four miniscrews is more invasive and costly
than using only one miniscrew on the buccal side. Buccal
interradicular areas are commonly used in anchorage because

of their ease of access and patient comfort compared to palatal
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areas, which require some complicated auxiliary tools for
loading the force.”™ In our study, where one miniscrew on
buccal side and a TPA were used, the results obtained were
effective intrusion with no buccal crown tipping. The stress
concentration in the PDL was also lowest when compared
with the other patterns of mechanics. However, it is essential
to apply unique mechanics and force systems for each patient
because of the variations in tooth morphology and inclination
of the buccal and palatal slopes of the alveolar bone that can
affect stress distribution and the displacement pattern of the
posterior tooth intrusion.”” Even though perfect patterns of
mechanics and force systems are used, the biomechanical
effect of the force systems can change after the initial tooth
movement, and some modifications might be required during
the treatment.

In the finite element method, the accuracy of the
result is largely attributed to how well the model is
constructed in terms of anatomy, material properties and
boundary conditions.” In this study, a commercial dental
model was used to create the external geometry of the finite
element model, based the dimensions and alignment of teeth
of adult populations with a normal occlusion.”*" All
materials were assigned as linear elastic properties, excepting
the PDL, which was defined as having non-linear elasticity
because of its hyper-elastic behavior. Previous studies have
proved that the PDL is generally perceived to be nonlinearly
elastic in its behavior.”” Therefore, the Ogden model of non-
linear properties proposed by Huang et al.” was used to
express the elastic response of this biological soft tissue.

This finite element study showed initial
displacement and stress distribution in the PDL of maxillary
teeth during posterior tooth intrusion. The results may not
reveal actual clinical outcomes because the human body
continually undergoes biological responses after force is
applied to the tooth. Therefore, orthodontic tooth movement
might differ from the calculated initial movement, since the
periodontal ligament and alveolar bone are remodeled before
changing their shapes and positions, according to individual
biological responses.*™*' Another factor should be considered
was the floor of maxillary sinus, which may interfere the
maxillary molar intrusion. However, orthodontic movement

through maxillary sinus can be possible when applying

constant and light to moderate forces with temporary

42,43

anchorage devices (TADs). Yao et al.*¥ and Kravitz et

8,45
al.

used TADs to intrude maxillary molar within the
maxillary sinus. They reported that bone remodeling of the
sinus floor was observed following the maxillary molar
intrusion. Moreover, the thickness of the PDL is in fact non-
uniform, having an hour-glass shape with the mid-root level
having the narrowest width," but in this study, it was assumed
to be uniform (0.2 mm.). The cortical bone in this finite
element model was also created with uniform thickness (1
mm.), but the thickness of the cortical bone varies in the
jaws."™* These limitations can cause differences between
clinical applications and simulation studies. However, in
conjunction with other relevant clinical, biological, and
biomechanical research, our findings can provide a treatment
guide in the clinical application of miniscrew anchorage for

intrusion of the maxillary molar teeth.”

Conclusion

Posterior tooth intrusion with miniscrews placed on
only the buccal side resulted in buccal flaring of the posterior
teeth, whereas placing miniscrews on the buccal side with a
TPA, or placing buccal and palatal miniscrews, produced
balanced intrusion and uniform stress distribution.

- Applying intrusive force to the posterior teeth
also produced an extrusive force on the anterior teeth,
resulting in slight extrusion of the anterior teeth.

- Areas of high stress concentration were
particularly found in the intruded roots, thus it should be taken
into consideration that these areas are prone to apical root

resorption.
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Chlorhexidine in Dentistry Part II: Products,
Application, and Future Development

Teerakanok S*

Abstract

Chlorhexidine is commonly used in the medical and dental field because it is a board spectrum antimicrobial agent with high safety
and efficacy. Although chlorhexidine was researched and developed as a commercial product for more than 60 years, the researchers still pay
attention to the improvement of chlorhexidine application to yield the highest benefits. This review article aimed to elucidate chlorhexidine
contained dental products, the approaches to optimize benefits, along with research and development of chlorhexidine application to improve

the clinical efficacy.
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