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Figure 1 shows the formation of polyurethane from the reaction

between diisocyanate and diol.
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Figure 2 shows a silicone ear prosthesis whose edge is torn.

(Photograph by Wisarut Prawatvatchara)
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Figure 3 shows the base of the silicone ear prosthesis, whose

polyurethane film lining was wrinkled.

(Photograph by Wisarut Prawatvatchara)
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Figure 4 shows a silicone ear prosthesis whose base is lined

with polyurethane.
(Photograph by Wisarut Prawatvatchara)

uaaauuutaowan llaslunenaadniiis
shows master model embedded in plastic PVC pipe.
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Table 1

shows the different fabrication techniques for polyurethane film-lining silicone prostheses from Udagama and Piyawat.
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meWﬂﬂﬁuﬁ‘mﬂ"uﬂma ELH Figure 7 shows alginate impression duplicated from master
Figure 6  shows master cast duplicated with alginate impression and model.
cover with plaster of Paris.
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Figure 8  shows alginate impression inserted with plastic Figure 9  displays a cast with microscopic perforations throughout
filaments. its surface.
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Figure 10 illustrates the use of a vacuum forming machine to Figure 11 shows a polyurethane film that has been removed from a
fabricate a polyurethane film on a perforated cast. perforated cast surface.
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illustrates a polyurethane film that was placed on a master cast.
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Figure 14 illustrates the faded color of silicone ear prostheses. MsANVIA (b)

(Photograph by Wisarut Prawatvatchara) Figure 15 demonstrates a silicone ear prosthesis with surface
deterioration (a) and rupture (b).
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Figure 16 shows the equation for pigment bleaching when exposed to sAAN
UV rays or light. Figure 17 shows the equation: silicone material creates free
radicals at the polymer chain and hydroxyl radicals
when exposed to sunlight and oxygen.
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Figure 18 shows the process of generating polymer hydroxyl and oxy radicals from equations 2-4.
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Figure 19 shows the scission reaction resulting in the polymer chains: one has the formation of an end carbonyl group, and the other is a

polymer radical.
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Figure 20 shows various reactions to the termination of polymer radicals occurring by bimolecular recombination.
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Extraoral Maxillofacial Prosthesis Materials

Part II: Polyurethane Elastomer
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Review Article

Abstract

Polyurethane was also employed in its production. However, there were several disadvantages to this type of material, therefore it
lost its popularity. Despite having a higher tear resistance than silicone elastomer, it is still exclusively utilized for lining silicone prostheses.
Although silicone materials are more widely used than other materials for the reconstruction of maxillofacial prostheses, there are many
unfavorable issues that arise after use, like discoloration and degradation. Thus, the study of material characteristics and behavior is necessary
to fabricate prostheses for patients with the best possible outcome.

Keywords: Extraoral maxillofacial prosthesis materials/ Polyurethane/ Silicone
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Figure 1 Frontal and worm’s eye view photographs showed swelling appearance at left cheek to infraorbital area
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Figure 2 Orthopanoramic film showed no osteolytic lesion and vertical bone loss at the mesial side of the left second molar
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Figure 3 Photograhphs from CT showed air was spreaded to fascial space and cervical area (A) and (B) showed air in the axial cut, (C) and (D)
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1 week post conservative photographs, frontal and worm’s eye view showed normal contour at left cheek
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Figure 5 Diagram showing guideline for managing subcutaneous emphysema
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Subcutaneous Emphysema Suddenly after

Restorative Dental Treatment: A Case Report

Viriyajirakul S "

Case Report

Abstract

Subcutaneous emphysema after dental treatment is a rare complication and spontaneous recovery. However, some reports have
found that the consequences were serious and life-threatening complications. In dentistry, it may appear with the use of air-driven handpieces
during tooth extraction, tooth separation with a raised mucosal flap, the use of gingival retraction cords, and using air-water syringe push air
into the periodontal tissue. Therefore, understanding the pathophysiology of subcutaneous emphysema, early diagnosis, and prompt treatment
will be a good prevention of complications. This report presents a rare occurrence of subcutaneous emphysema delivery of a class V dental
restoration with a retraction cord in an upper left second molar. The tissue swelling was presented suddenly from the left infraorbital area to
the left submandibular area. The expected clinical course, physical examination, diagnostic features, and treatment were discussed for the
prevention of a severe complication

Keywords: Subcutaneous emphysema/ Restorative dentistry with retraction cord/ Complication.
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Table 1  General information for patients who required the revision

of alveolar bone graft
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Table 2

study group.

1 No 3/3.76
2 No 3/4.92
3 No 4/3.43
4 Yes 3/3.82
5 No 3/4.12
6 Yes 3/5.05
7 Yes 4/0.0
8 Yes 3/5.95
9 Yes 3/4.20
10 Yes 3/5.61
11 No 3/5.45
12 Yes 3/5.23
13 Yes 4/3.84
14 Yes 4/0
15 Yes 4/0
16 Yes 4/2.53
17 Yes 3/4.05
18 Yes 4/3.18
19 Yes 4/0
20 Yes 4/0
21 No 4/0
22 No 4/3.12
23 No 4/2.53
24 Yes 3/2.82
25 No 3/3.38
26 Yes 4/2.50
27 Yes 4/2.04
28 Yes 3/4.30
29 Yes 4/2.76
30 Yes 3/3.30

NUW: C=cervical, M=middle, A=apex
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Information of the oronasal fistula, level of alveolar cleft according to the Bergland criteria and the mean size of alveolar cleft in the

Right side Left side
C M A C M A
7.98 8.95 12.31
9.36 10.56 12.70
8.58 12.46 18.72
437 7.34 13.92
3.85 6.65 11.88
6.12 6.57 6.87
8.95 10.28 12.40
6.68 6.30 10.38
11.66 12.30 14.67
12.05 14.05 16.67
10.83 12.74 15.85
6.41 6.53 9.95
13.23 14.47 15.78
6.68 6.70 7.50
7.69 9.16 13.28
9.65 14.18 17.98
13.59 14.88 17.34
10.93 11.79 13.52
5.78 7.03 12.06
9.94 11.91 14.55
12.64 12.66 15.66
8.23 9.46 13.36
5.08 6.11 10.89
11.81 11.59 11.73
5.23 5.69 6.34
15.40 18.81 23.75
10.56 11.85 13.04
11.65 11.80 12.81
6.42 8.24 11.70
9.18 12.94 16.71
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Table3  General information of patients who did not require the

revision of alveolar bone graft.
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Table 4

control group.

1 No 1/9.34
2 No 1/13.78
3 No 2/6.24
4 No 1/10.28
5 No 2/7.23

6 No 1/7.66
7 Yes 2/6.80
8 No 1/10.86
9 No 2/9.45

10 No 1/10.02
11 No 1/7.42

12 No 1/9.90
13 No 1/10.51
14 No 1/9.71

15 No 1/8.86
16 No 2/9.12
17 Yes 2/12.60
18 No 2/9.78
19 Yes 2/6.78
20 Yes 2/8.45

21 No 2/8.08
22 Yes 2/8.74
23 Yes 2/7.38
24 Yes 1/12.21
25 No 1/10.82
26 No 2/9.94
27 No 2/6.23

28 Yes 2/7.71

29 No 2/8.98
30 No 2/6.80

NS C=cervical, M=middle, A=apex

Information of the oronasal fistula, level of alveolar cleft according to the Bergland criteria and the mean size of alveolar cleft in the

Right side Left side
C M A C M A

9.48 12.60 18.05
6.89 10.92 11.29
10.67 9.35 9.14
6.60 8.27 9.45
14.74 14.45 13.29
11.37 12.31 13.87

6.15 7.20 10.90
6.48 8.10 8.17
11.25 12.03 14.72
3.29 3.90 4.74
7.24 9.97 11.91
4.17 5.82 8.56

7.14 8.29 9.66
5.61 6.22 8.94
5.25 6.14 8.75

4.84 5.22 5.13

8.21 8.38 8.30

11.56 13.02 14.28

6.70 7.58 9.54

7.75 9.57 11.40

3.62 7.26 7.68

5.18 7.13 9.82
8.66 9.74 10.24
11.80 12.75 13.63

8.14 8.43 8.64
5.09 7.07 7.21
3.84 6.04 8.86
5.15 5.87 7.85
6.20 8.35 9.83
5.33 7.68 6.33
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Table 5

Factors associated with the revision of alveolar bone graft using bivariate statistics and the size of alveolar cleft.
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- YWY 17 (70.8) 7(29.2) Chi — square test 0.008*
- WA 13 (36.1) 23 (63.9)
53018 (1)
- 6-12 20 (55.6) 16 (44.4) Chi — square test 0.43
- >12 10 (41.7) 14 (58.3)
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- Tyeanndadeseriinuazayn 8 (27.6) 21(72.4) Chi — square test <0.001*
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(Mean+SD)
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Table 6  Factors associated with the revision of alveolar bone graft using multiple logistic regression statistics.
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- ¥ 17 (70.8) 7(29.2) 1 1 0.041*

- ﬂﬂ:lxi 13 (36.1) 23 (63.9) 4.29 (1.41-13.06) 4.82 (1.06-21.85)
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- Nyeamedadeszninihnuazayn 8(27.6) 21(72.4) 1 1 0.005*

- hiflgeansdadeszninathnuazayn 22 (71.0) 9 (29.0) 6.41(2.08-19.75)  8.14 (1.86-35.59)
vnasesenni vy nulaesiniy 9.9+2.9 13.3+£3.7 1.37 (1.13-1.67) 1.62 (1.14-2.32) 0.008*

(WY.) (Mean+SD)
* ﬁﬁﬂﬁiﬁiyjﬂﬁﬁaaﬁizﬁu p<0.05, (CI = Confidence Interval)
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Table 7

LWE

Factors associated with the revision of alveolar bone graft using multiple logistic regression statistics.

Lower Upper

1573 771 4161 1 041% 4.821 1.064 21.851

%7991 1.127 770 2.143 1 143 3.085 683 13.942

rosAnadoznINInLazIyn 2097 752 7771 1 .005* 8.144 1.864 35.585

Filavoasosuennszgniiiu -243 908 072 1 789 784 132 4.648

fMuvesseousnnszgmiiiu 471 764 380 1 538 625 140 2792

vnasesennluLsnuneiu -191 193 981 1 322 826 566 1.205

vnasesuenniiunsnulaeiniu 484 182 7.058 1 .008* 1.623 1.135 2319
Constant -6223 1913 10579 1 001 002

* ed 1ﬁ'ﬂlu‘l'ﬂiﬁ DANTEAL p<0.05, CL.= Confidence Interval, B=log of the odds ratio, S.E.= standard error, df. = Degrees of Freedom
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Factors Associated with The Revision of

Alveolar Bone Grafting Using Iliac Crest Bone
Grafts in Patients with Cleft Lip and Palate

Kambkaew S’ Weraarchakul W’ Sutthiprapaporn P ’ Sittisomwong S ”

Research Article

Abstract

Alveolar bone grafting with iliac crest bone grafis is a common corrective procedure for maxillary abnormalities in patients with
cleft lip and palate. Despite its widespread use, the need for surgical revisions persists. This retrospective case-control study analyzed data
from the past 12 years (2010-2021), including 30 cases requiring revision and 30 controls without such need. We examined the influence of
gender, presence of oronasal fistulas, and alveolar cleft characteristics-specifically, the type and size of the cleft. Measurements were taken at
three anatomic levels: cervical, middle, and apex of the tooth root, using intraoral radiographs. Results from multiple logistic regression
analysis, controlling for confounding variables, showed statistically significant associations (p<0.05) with the need for revision. Notably,
females were 4.82 times more likely than males to require revision (95% CI: 1.06—-21.85), and the presence of an oronasal fistula increased the
likelihood of repeat surgery by 8.14 times (95% CI: 1.86-35.59). Furthermore, each millimeter increase in the size of the alveolar clefi at the
root apex was associated with a 1.62 times higher chance of requiring additional surgery (95% CI: 1.14-2.32). These findings underscore the
importance of meticulous patient preparation and targeted surgical planning to address oronasal fistulas and cleft size, necessitating close
collaboration among surgeons and orthodontists to reduce the frequency of revisions and improve post-operative outcomes.

Keywords: Alveolar clefi/ Alveolar bone graft/ lliac crest bone graft
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Figure 4  Testing method with Semmes-Weinstein monofilaments at lower lip (A) and chin (B) area
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Demographic data of patients and their follow-up treatment record

Sex, n (%)
Male
Female
Age (years), mean+SD
Follow-up (months), mean+SD
< 24 months, n (%)
> 24 months, n (%)
Operation time (minutes), mean+SD
Difference of BSSRO movement, median (P,;—P,; min-max)
<3,n(%)
>3,n (%)
Diagnosis, n (%)
Mandibular laterognathism
Skeletal class II deformity
Skeletal class III deformity

9(27.3)
24(72.7)
25.94+6.61
23.55+6.62
20(60.6)
13(39.4)
215.15+64.20
0.0(0.0-2.0, 0.00-5.00)
30(90.9)

309.1)

1(3.0)
4(12.1)
28(84.8)
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Table 1  Demographic data of patients and their follow-up treatment record (Count.)

Operation, n (%)
BSSRO advancement
BSSRO setback
LeFort I and BSSRO
LeFort I and BSSRO advancement
LeFort I and BSSRO setback
Type of right IAN exposure, n (%)
Not seen
Seen
Manipulated
Right Bad split, n (%)
Right surgeon, n (%)
Junior resident
Senior resident
Specialist/Staff
Type of left AN exposure, n (%)
Not seen
Seen
Manipulated
Transected
Left Bad split, n (%)
Left surgeon, n (%)
Junior resident
Senior resident
Specialist/Staff
VAS score, mean+SD
VAS score
<45
>4.5
Mid forehead testing (g.)*,
Median (P,;—P,5, min — max)
Normal
Right lower lip and chin testing (g.)*,
Median (P,;—P,5, min — max)
Right lower lip and chin testing, n (%)
Normal
Mild
Moderate
Severe
Left lower lip and chin testing (g.)*,
Median (P,;—P,;, min — max)
Left lower lip and chin testing, n (%)
Normal
Mild
Moderate

Severe

*Mid forehead, lip and chin tested by Semmes-Weinstein monofilaments (gram).

1(3.0)
8(24.2)

1(3.0)

3(9.1)
20(60.6)

23(69.7)

6(18.2)

4(12.1)
1(3.0)

7(21.2)
7(21.2)
19(57.6)

19(57.6)
5(15.2)
6(18.2)
3(9.1)
1(3.0)

3(9.1)
12(36.4)
18(54.5)

2.85+1.80

26(78.8)
7(21.2)

0.07
(0.07-0.07)
33(100.0)

0.07
(0.07-0.40, 0.07-2.00)

17(51.5)
11(33.3)
5(15.2)
0(0.0)
0.40
(0.07-0.40, 0.07-300)

13(39.4)

14(42.4)

5(15.2)
1(3.0)
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Table 2

Relation between characteristics and the severity of VAS score

VAS, mean+SD
Sex, n (%)
Male
Female
Age (years), mean+SD
Follow-up (months), mean+SD
<24 months, n (%)
> 24 months, n (%)
Operation time (minutes), mean+SD
Difference of BSSRO movement, median (P,s—P,; min-max)
<3,n (%)
>3, n (%)
Diagnosis, n (%)
Mandibular laterognathism
Skeletal class II deformity
Skeletal class III deformity
Operation, n (%)
BSSRO advancement
BSSRO setback
LeFort I and BSSRO
LeFort I and BSSRO advancement
LeFort I and BSSRO setback
Type of right AN exposure, n (%)
Not seen
Seen
Manipulated
Right surgeon, n (%)
Junior resident
Senior resident
Specialist/Staff
Type of left IAN exposure, n (%)
Not seen
Seen
Manipulated
Transected
Left surgeon, n (%)
Junior resident
Senior resident
Specialist/Staff
*Significant level (p<0.05)

7(21.2) 26(78.8)
5.77+1.10 2.06+0.91 -
0(0.0) 9(34.6) 0.149
7(100.0) 17(65.4)
29.71£10.72 24.92+4.83 0.289
19.86+3.67 24.54+6.93 0.097
7(100.0) 13(50.0) 0.027*
0(0.0) 13(50.0)
263.43491.14 209.42+55.87 0.331
0(0-1, 0-1) 0(0-3, 0-5) 0.385
7(100.0) 23(88.5) 1.00
0(0.0) 3(11.5)
0(0.0) 1(3.8) 0.647
0(0.0) 4(15.4)
7(100.0) 21(80.8)
0(0.0) 1(3.8) 0.643
3(42.9) 5(19.2)
0(0.0) 1(3.8)
0(0.0) 3(11.5)
4(57.1) 16(61.5)
6(85.7) 17(65.4) 0.427
1(14.3) 3(11.5)
0(0.0) 6(23.1)
3(42.9) 4(15.4) 0.122
2(28.6) 5(19.2)
2(28.6) 17(65.4)
5(71.4) 14(53.8) 0.614
1(14.3) 4(15.4)
0(0.0) 6(23.1)
1(14.3) 2(7.7)
1(14.3) 2(7.7) 0.275
4(57.1) 8(30.8)
2(28.6) 16(61.5)
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Table 3

Sex, n (%)
Male
Female
Age (years), mean+SD
Follow-up (months), mean+SD
< 24 months, n (%)
> 24 months, n (%)
Operation time (minutes), mean+SD
Difference of BSSRO movement, median (P,—P,, min-max)
<3,n(%)
>3, n (%)
Diagnostic, n (%)
Mandibular laterognatism
Skeletal class II deformity
Skeletal class III deformity
Operation, n (%)
BSSRO advancement
BSSRO setback
LeFort I and BSSRO
LeFort I and BSSRO advancement
LeFort I and BSSRO setback
Type of right IAN exposure, n (%)
Not seen
Seen
Manipulated
Right surgeon, n (%)
Junior resident
Senior resident
Specialist/Staff
Type of left IAN exposure, n (%)
Not seen
Seen
Manipulated
Transected
Left surgeon, n (%)
Junior resident
Senior resident
Specialist/Staff
*Significant level (p<0.05

Relation between characteristics and the severity of hypoesthesia by objective assessment

9(27.3) 24(72.7)
3(33.3) 6(25.0) 0.677
6(66.7) 18(75.0)
29.3347.62 24.67+5.87 0.070
25.56+8.19 22.79+5.96 0.293
5(55.6) 15(62.5) 1.00
4(44.4) 9(37.5)
230.89+78.09 209.25+58.99 0.397
0(0-3, 0-5) 0(0-2.0, 0-5) 0.215
8(88.9) 22(91.7) 1.00
1(11.1) 2(8.3)
1(11.1) 0(0.0) 0.192
0(0.0) 4(16.7)
8(88.9) 20(83.3)
0(0.0) 1(4.2) 0.586
2(22.2) 6(25.0)
1(11.1) 0(0.0)
0(0.0) 3(12.5)
6(66.7) 14(58.3)
7(77.8) 16(66.7) 0.843
1(11.1) 5(20.8)
1(11.1) 3(12.5)
2(22.2) 5(20.8) 0.867
1(11.1) 6(25.0)
6(66.7) 13(54.2)
3(33.3) 16(66.7) 0.014*
0(0.0) 5(20.8)
4(44.4) 2(8.3)
2(22.2) 1(4.2)
1(11.1) 2(8.3) 0.520
2(22.2) 10(41.7)
6(66.7) 12(50.0)
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Factors Related to The Severity of Persistent
Hypoesthesia after Bilateral Sagittal Split Ramus
Osteotomy

Udomsin T Chaichit R Limmonthol S

Research Article

Abstract

Bilateral Sagittal Split Ramus Osteotomy (BSSRO) is a widely used surgical procedure for correcting mandibular deformities, ofien
resulting in a common post-operative complication: persistent hypoesthesia in the lower lip and chin. This study aimed to identify factors that
related to the severity of this hypoesthesia post- BSSRO. We retrospectively analyzed treatment records of 33 patients who underwent BSSRO
at an Oral and Maxillofacial Surgery clinic between October 2019 and October 2021. Neurosensory disturbance was assessed using a visual
analog scale (VAS), and neurosensory function was objectively tested with 5-piece Semmes-Weinstein monofilaments on the lower lip and chin.
Results indicated that the duration of post-operative follow-up was significantly associated with the severity of persistent hypoesthesia (P=
0.027). Moreover, intraoperative nerve encounter on the left side significantly related to the severity of symptoms, particularly in patients with
normal to mild neurosensory disturbance (P = 0.014). The study concludes that extended post-operative follow-up, avoidance of intraoperative
nerve exposure, and the expertise of the surgeon are key factors in reducing the severity of persistent hypoesthesia following BSSRO.

Keywords: Persistent Hypoesthesia/ Bilateral Sagittal Split Ramus Osteotomy/ Neurosensory Disturbance/ Mandibular Surgery/
Postoperative Complications
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Figure 1  Fishbone diagram of problems and sources of problems in studying dental practice
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Table 2 Summarizes the analysis results from the fishbone diagram
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Figure 2 Application of value chains to dental practice courses
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A Study of Development of Dental Practicum

Course Provision for Students in Doctor of Dental
Surgery Program

Kheawseema P’ Theerasopon P >t

Research Article

Abstract

This research aimed to study the current situation in the management of dental practicum courses and to identify the strategies for
improving the management of dental practicum courses. The study group focused on the 3rd to 6th year dental students from the School of
Dentistry, University of Phayao during the 2022 academic year who had enrolled and completed in dental practicum courses. 30 samples were
voluntary included in this study with informed consent. The researchers collected data by focus group discussion during February to March,
2023, where participants were encouraged to freely express their experiences in accordance with guided discussions created by researchers.
The data was then analyzed by reporting the strengths, weaknesses, opportunities and threats (SWOT analysis) and major issues were chosen
for further analysis to fishbone diagrams and value chain diagrams. The results of this study were summarized that the course content is
contemporary and globally applicable, supported by well-detailed manuals. Instructors are knowledgeable and specialized in their teaching
topics, instructors from both full-time staffs and special instructors from other faculties provide diverse learning opportunities for students. The
physical environment of the location is conducive for learning situation, and facilities such as equipment and laboratory staffs are efficient.
Furthermore, the curriculum management system is up-to-date, utilizing electronic and online systems for communication and assessment. The
findings of this study can be utilized to improve learning instruction by using up-to-date practical manuals, focus on the communication between
learners and instructors during learning activity, ensure evenly distributed class schedules across academic years, and well-planned necessary
equipment to procure suitable and cost-effective materials. These efforts will enhance the efficiency of teaching management and create long-
term value.
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Masking Ability and Color Stability of Resin
Composites with Different Layering Techniques on

Discolored Tooth at Immediate Restoration and After
Thermocycling

Uasuwan P IKanpachai R’ Luengtrakoon K ! Kantrong N ’ Wongkhantee S ”

Research Article

Abstract

The purpose of this study was to evaluate the masking ability and color stability of resin composites, restored with various layering
techniques on discolored tooth at immediate restoration and after thermal aging. For the materials and methods, three hundred and forty disc-
shaped specimens of dentin shade and enamel shade of four brands of resin composite included Filtek Z350 XT, Harmonize, Ceram X Duo, and
Estelite X Quick were prepared with five layering thicknesses in millimeters (n=17) as followed (Dentin thickness/Enamel thickness), 0.3/0. 3,
0.4/0.4, 0.5/0.3, 0.5/0.5 and 0.7/0.3. The masking ability was interpreted through the color difference of resin composites on A4-shade tooth
background at immediate restoration (A E,) and afier thermocycling (A E,,), and the color stability of specimens was measured on Al-shade
inherent color background (AE,,) using CIELab coordinates obtained from a spectrophotometer. Thermocycling was performed at 5 °Cand 55°C
in distilled water for 5,000 cycles. Kruskal-Wallis test and Dunn’s Bonferroni post hoc test, and Wilcoxon matched-pairs signed rank test were used
to determine the significant difference of color difference (p<0.05). The results showed that the median color difference of the layered specimens
(AEW AET,, and AEA,) were as follow, Filtek Z350 XT (1.52-2.00, 1.40-1.87, and 0.94), Harmonize (2.19-5.82, 2.34-5.65, and 1.36), Ceram X Duo
(1.26-2.65, 2.13-2.45, and 1.28) and Estelite X Quick (3.80-7.70, 4.07-8.10, and 1.16). AE,, and AE,, were significantly different amongst resin
composites with layering technique. Moreover, thermocycling significantly affected to the masking ability and the resin composite brands affected
to the color stability (A E,,) afier thermocycling in some layering thicknesses (p<0.05). In conclusion, all resin composite brands demonstrated
higher masking ability when increasing the thickness except for Filtek Z350 XT. A minimum 0.6 mm thickness of Filtek Z350 XT and Ceram X Duo,
and 1.0 mm of Harmonize can mask the discolored tooth, whereas Estelite X Quick showed unacceptable masking ability at all thicknesses. The

color stability of all resin composites was clinically acceptable. Filtek Z350 XT showed the highest color stability.

Keywords: Resin composite/ Layering technique/ Masking ability/ Color stability/ Discolored tooth

Received: Jun 19, 2024
Revised: Oct 15, 2024
Accepted: Oct 15, 2024

Introduction

Tooth discoloration was one of the most common
issues in cosmetic dentistry since this change impacted the
confidence, personality, and social interaction of pa‘[ients.l’2
Worth noting is that recently direct composite veneer was
popularly implemented for correcting the tooth size, tooth
color, and tooth alignment as it presented excellent esthetic
outcome, acceptable durability, tooth structure preservation,
as well as it was budget-saver than ceramic veneer. It is thus

recommended for the young adult patients with large pulp,

and the patient with financial issue.”” Generally, tooth
preparation for direct restoration is limited to the enamel in
accordance with the minimally invasive tooth preparation. In
case of severe discoloration, more tooth preparation or more
opacity of resin composite were recommended, while in case
of, an optimal tooth preparation in combination with layering
technique was a treatment of choice for restoring and masking

of non-severely discolored teeth." &
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To simulate the natural tooth and surrounding
structure which presents complex color and translucency,
layering technique using resin composites with different
optical properties is recommended. "’ Optical property and
color of resin composite were influenced by the tooth
background and oral environment.'' An opaque shade of the
selected resin composite is first used to mask the discoloration
or dark background, while final facing with the translucent
shade is aimed to simulate the natural esthetics to obtain
clinically acceptable outcomes.' Moreover, the translucency
of opaque shade decreases as the thickness increases.'”
Minimal tooth preparation relating to the enamel depth of
natural tooth (0.3-0.5, 0.6-1.0 and 1.0-2.1mm for cervical,
middle, and incisal area, 1respective1y)]3 simultaneously with
the layering technique of resin composite veneer is advocated
for masking the discolored tooth."” Nonetheless, the longevity
of resin composite restoration and its color stability may
compromise long-term esthetic appearance and alter its
masking effects on the discolored tooth background.

Esthetic properties of resin composite restoration
are affected after prolonged aging, for instance a hydrolytic
degradation may also alter the translucency and color of resin
composite.* Long-term studies using a relatively short
storage period indicated that the major changes in color
occured in the first days after polymerization.15 Several
studies have assessed the changes in optical properties of
materials following temperature change simulation processes
(thermocycling) involving 2,000 cycles ', 3,000 cycles ',
and 5,000 cycles "’ The results indicated that the AE values
varied depending on the composite resin used. However, it
was consistently observed that the translucency parameters
decreased after undergoing temperature change simulations.
In a study by Lee et al.”, the effects of temperature change
simulation on the optical properties of composite resins were
evaluated. They found that 5,000 cycles, equating to six
months of clinical use, significantly impacted the color and
translucency of the materials.

Previous studies on the masking ability of
composite resins over dark backgrounds have provided
valuable insights. For instance, Kim et al.” investigated the
translucency and masking ability of various opaque

composite resins. They evaluated the sufficient thickness of

opaque composites in scenarios involving dark backgrounds,
such as black oral cavities and discolored tooth structures.
Their findings indicated that the thickness required to
effectively mask a C4 background was between 0.5 and 1.0
mm, while for a black background, it ranged from 1.0 to 2.0
mm. In a related study, An et al.”® examined the continuous
increase in thickness of opaque composite resins on their
masking ability. They determined the minimum thickness
necessary for the composite to effectively cover discolored
tooth structures or black backgrounds, reporting that 0.80 to
1.45 mm was required for a C4 background and 1.85 to 2.00
mm for a black background. These studies focused solely on
opaque composite resins; however, anterior tooth restorations
often require a combination of materials with varying
opacities. Thus, the thickness of each layer becomes crucial
when aiming for adequate masking and achieving a natural
aesthetic. Additionally, Miotti et al.”' investigated the
masking ability of composite resins applied in a layering
technique at a final thickness of 1.5 mm. They found that the
Filtex Z350XT, restored using a layered approach with the
following combinations: Al Dentin shade at 1.5 mm, Al
Dentin shade at 1 mm combined with A1 Body shade at 0.5
mm, and A1 Dentin shade at 1 mm combined with A1 Enamel
shade at 0.5 mm, effectively masked a C4 discolored tooth in
a clinically acceptable manner.

However, there were still not sufficient evidence on
the masking ability of resin composite on non-severe,
discolored tooth. Therefore, this recent study aimed to study
the masking ability of various resin composite shades with
different layering thickness at immediately restored and after
thermocycling and also the color stability of restoration. The
research null hypotheses of this study were: (1) Resin
composites with different layering technique would not affect
to the masking ability of restoration at before and after
thermocycling; (2) Thermocycling would not affect to the
masking ability of resin composites with different layering
technique; (3) No difference between the color stability of

resin composite brands after thermocycling.




Materials and methods

This study was conducted as an experimental study
to compare the masking ability of resin composites at the
different thicknesses of combined enamel-dentin layering
technique on the moderately discolored tooth. The masking
ability on natural tooth and the color stability were measured
by color difference (AE) at a time before and after
thermocycling. There will be no color differences (AE) if the
masking ability is perfect. A color difference in the range of
3.3 was considered clinically acceptable.” The CIELab
coordinates for color difference (AE) was obtained by a
spectrophotometer (ColorQuest XE, Hunter associates
Laboratory, Inc. Virginia, USA)

Sample size calculation

Statistical values from a pilot study comparing the
masking ability of four brands of composite resins at various
layering technique ((1=1.70, U,=1.18, 01=0.65, 0,=0.07)
were inputed to G*power 3.1 software (Heinrich-Heine-
Universitét, Dusseldorf, Germany) with a power of test = 0.90
and (X error = 0.05. The sample size was calculated and
employed 17 specimens per group.

Fabrication of resin composite discs

Four commonly used brands of resin composite
with different compositions: FTK: Filtek Z350 XT (3M-
ESPE, USA), HNZ: Harmonize (Kerr, USA), CXD: Ceram X
Duo (Dentsply, Germany) and ESQ: Estelite X Quick
(Tokuyama, Japan) were used as shown in Table 1. Disc-
shape specimens (6-mm diameter) were prepared from each
resin composite brand and allotted to five layering thickness

groups (n=17, N=340) as follows.

Group 1: 0.3/0.3; Dentin shade 0.3

mm and
Enamel shade 0.3 mm

Group 2: 0.4/0.4; Dentin shade 0.4 mm and
Enamel shade 0.4 mm

Group 3: 0.5/0.3; Dentin shade 0.5 mm and
Enamel shade 0.3 mm

Group 4: 0.5/0.5; Dentin shade 0.5 mm and
Enamel shade 0.5 mm

Group 5: 0.7/0.3; Dentin shade 0.7 mm and
Enamel shade 0.3 mm

The thickness categorization was related to the
enamel depth of natural tooth (0.3-0.5, 0.6-1.0 and 1.0-2.1
mm for cervical, middle, and incisal area, respectively) B

The specimens were prepared by customized
cylindrical metallic devices, measuring 6.0 mm in diameter
and different thicknesses. Two-layer specimens were
prepared by first obtaining dentin shade at a desired thickness
and covered with glass plate to flatten and smoothen the
surface, then light curing was performed using a light-
emitting diode (LED, Demi Plus, Kerr, USA) with 1,200
mW/cm” irradiance. The glass plate was removed, and the
second enamel shade layer was subsequently placed on top.
The final layer was again covered with the glass plate and
finally light-cured. Each layer was light-cured for 40 seconds
on upper surface of the specimens. The final A1 color of each
brand was achieved by the combination of dentin and enamel
shade as suggested by manufacturer recommendation as
shown in Table 1. Thickness consistency of each layer was
confirmed with digital vernier caliper (Mitutoyo 500,
Mitutoyo Corporation, Kanagawa, Japan). All specimens
were stored in 37°C and 90% relative humidity-controlled
cabinet (Climatic test cabinet, Nuve TK120, UK) until further

analysis.




Table 1

The materials used in the study

Filtek Z350 XT/ AlE 3M-ESPE, St. Paul, Resin matrix: Bis-GMA, UDMA, Bis-EMA, TEGDMA, PEGDMA NA71222
Nanofill A2D MN, USA Inorganic filler: silica filler (20 nm), zirconia filler (4-11 nm), NA90199
(FTK) aggregated zirconia/silica cluster filler (0.6-10 Ltm)

Filler loading: 63.3vol%/ 78.5wt%
Harmonize/ AlE Kerr corporation, Resin matrix: BisGMA, BisEMA, TEGDMA 7282947
Nanohybrid AID Orange, CA, USA Inorganic filler: nano-scale spherical silica and zirconia particles 7594901
(HNZ) (5-30 nm), barium glass particles

Filler loading: 64.5vol%/ 81wt%
Ceram X Duo/ E2 Dentsply DeTrey, Resin matrix: Methacrylate modified polysiloxane, Dimethacrylate 2009000377
Nanohybrid D1 GmbH, Konstanz, resin, Camphorquinone, Ethyl (dimethyl-amino) benzoate 2010000296
(CXD) Germany Inorganic filler: Barium-aluminium-borosilicate glass (1.2-1.6

HUm), Methacrylate functionalised silicon dioxide nano filler (2.3 nm)

Filler loading: 57vol%/ 76wt%
Estelite X Quick/ Al Tokuyama Dental Resin matrix: Bis-GMA, TEGDMA E2823
Supra-nanofill OAl Co., Tokyo, Japan Inorganic filler: silica-zirconia filler, composite filler (0.1-0.3 pim) W7973

(ESQ)

Background preparation

Two background shades (A4-central incisor, and
Al-dentin shade of resin composite) were used to determine
the masking ability and color stability. A4-central incisor was
used as a representative of moderately discolored tooth, and
the Al-dentin shade of each individual brand was used as an
inherent color background. The study involved the use of
tooth specimens, which were exempt from ethical approval as
they were obtained from de-identified sources and this aligns
with institutional guidelines regarding the use of biological
materials in research.

The A4-shade natural central incisor was initially
inspected by an intraoral spectrophotometer (Vita Easyshade
V, Vita Zahnfabrik, Germany). The tooth crown was cut and
embedded in an epoxy resin block. The labial surface was
ground by Ecomet3 (Buehler, Germany) followed by silicon
carbide abrasive paper no. 600 and 800, respectively (Figure 1).

The Al-inherent dentin shade resin composite was
prepared as a disc shape (6 mm diameter, and 5 mm thickness)
from each brand, in the acrylic mold (Figure 1). The glass slip
was placed on top of materials and the resin composite was
cured for 40 seconds by a light-emitting diode (LED, Demi
Plus, Kerr, USA) similarly on both top and bottom of

samples.

Filler loading: 71vol%/ 82wt%

A

ESQ

Figure 1 Two background used in this study. The A4 central incisor
background (A) and A1 inherent color of each resin
composite (B).




Color measurement

Each specimen was analyzed over two different

backgrounds, with a glycerin to simulate the oral
environment.” The color measurement of specimens was
performed according to the CIELab system for D65 standard
light source, 10% observer angle, 100% UV, and a standard
wavelength of 380-780 nm on a white background (L* =96.7,
a* = 0.1, b* = 0.2) using a spectrophotometer (ColorQuest
XE, Hunter associates Laboratory, Inc. Virginia, USA)
(Figure 2). To calibrate the machine before testing, a standard
white tile (L*=96.7, a*=0.1, b*=0.2) was used.

The CIE1976 were used, based on L*, a*, and b*
coordinates. The color difference on different background at
immediate restoration (AETO) and after thermocycling

(AEt) was calculated as follows (Equation 1, and 2) as

previously reported. 24

AEq,
AE,

[(AL)? + (Aa})? + (Ab})?]Y2 ..... (Equation 1)
[(ALy)? + (Aa3)? + (Ab3)?]Y/2 ..... (Equation 2)

Where ALj, Aaj, and Ab] corresponds to
lightness, green-red, and blue-yellow differences of A4 tooth
background and A1 inherent resin composite backgrounds at
immediately restored, respectively, and AL%, Aa3, and Ab3
were achieved after thermocycling.

The color difference for color stability (AE A1) Was

calculated as follows. ** (Equation 3).
AE,; = [(ALy)? + (Aay;)? + (Abj,)?]Y2..... (Equation 3)

Where AL, Aaj;, and Abj; corresponds to
lightness, green-red, and blue-yellow differences of Al
inherent color backgrounds before and after thermocycling. A
threshold of AE<3.3 were considered clinically acceptable.
Color difference values above these thresholds can be
visualized by a layman and cannot be considered

12, 25,26
acceptable.

Figure 2 The layering composite resin on the A4 discolored tooth background (A). The schematic of specimens for masking ability test (B): (a)

enamel shade, (b) dentin shade, (c) A4 discolored tooth background, (d) acrylic resin mount, e) epoxy resin




Thermocycling

Thermocycling was performed on the specimens for
5,000 cycles in distilled water at 5°C and 55°C with a dwell
time of 15 seconds mimicking 6 months of clinical service
according to Lee et al” in a machine (Thermocycling,
KMITL, TC301, HWB332, Thailand), and color was
measured after blotting dry. The testing workflow was shown
in Figure 3.

Statistical analysis

The descriptive analysis was performed by median,
interquartile range (IQR) on all color difference values. The

test of normality of color difference values at immediately

restored (AE), after thermocycling (AET,), the difference
before and after thermocycling, and color stability (AE4)
were done and non-normalized distribution were presented.
The non-parametric test was then utilized, the values of
AETq, AET, AE 54 0f each layering technique of different
resin composites were subjected to Kruskal-Wallis test and
Dunn’s Bonferroni post hoc test, and Wilcoxon matched-
pairs signed rank test was performed to compared the color
difference values before (AEtq) and after thermocycling
AET. Statistically significant difference was defined at
p<0.05 using SPSS 20 software (IBM, USA).

Dentin and enamel shade with different thicknesses

v

y

over A4-shade tooth background

over A1-shade inherent background

|

v

«—— Color difference (AE) test

v

l

Thermocycling
(65°C and 5°C: 5,000 cycles)

___________________

(AE1;) <«——Color difference (AE) test

| Masking ability '

Figure 3 The testing workflow




Results

Color difference of resin composite shades with
various thicknesses of layering technique at immediately
restored (AE,,)

The median, and interquartile range (IQR) of color
difference (AE;,) of different resin composite shades with
various layering thicknesses at immediate restoration were
shown in Table 2 and Figure 4.

According to the color difference on A4 background
(AE,,), Filtek Z350 XT and Ceram X Duo at all layering
thicknesses, and Harmonize at 0.5/0.5 and 0.7/0.3, showed the
clinically acceptable limit of human detection (AE <3.3);
however, Estelite X Quick at all layering thicknesses showed
unacceptable masking ability (AE,>3.3).

The
background (AE,) was presented in CXDO0.7/0.3 and
CXD0.5/0.3 which were 1.26 and 1.38, respectively. On the
other hand, the highest color difference value on A4
background (AE,,) was seen in ESQ0.3/0.3 and HNZ0.3/0.3,

lowest color difference value on A4

which were 7.70 and 5.82, respectively. The masking ability
of all resin composites shades was likely to improve while
increasing the overall thickness of resin composites, except
for Filtek Z350 XT.

Based on each resin composite shade, the Kruskal-
Wallis test showed that there was an influence of different
layering thicknesses on the masking ability. The Dunn’s
Bonferroni post hoc test showed no statistical difference
amongst all groups except between HNZ0.3/0.3-HNZ0.5/0.5,
and HNZO0.3/0.3-HNZ0.7/0.3, CXD0.3/0.3-CXD0.5/0.3,
CXDO0.3/0.3-CXD0.5/0.5, and CXD0.3/0.3-CXD0.7/0.3.

Color difference of resin composite shades with
various thicknesses of layering technique after
thermocycling (AE,,)

The median, and interquartile range (IQR) of color
difference (AE,,) of different resin composite shades with
various layering thicknesses after thermocycling were
presented in Table 2 and Figure 5.

According to the color difference on A4 background
(AETl), Filtek Z350 XT and Ceram X Duo at all layering
thicknesses, and Harmonize at 0.5/0.5 and 0.7/0.3, showed the
clinically acceptable limit of human detection (AE,,<3.3);
however, Estelite X Quick at all layering thicknesses showed

unacceptable masking ability (AE,,>3.3).

The difference value on A4
background (AE,) was in CXDO0.7/0.3,

CXDO0.5/0.5, and FTX0.3/0.3 which were 1.23, 1.40, and

lowest color

presented

1.40, respectively. On the other hand, the highest color
difference value on A4 background (AE;) was seen in
ESQO0.3/0.3 and HNZO0.3/0.3, which were 8.10 and 5.65,
respectively.

The masking ability of all resin composite brands
was likely to improve while increasing the overall thickness
of resin composite, except for Filtek Z350 XT.

Based on each resin composite shade, the Kruskal-
Wallis test showed that there was an influence of different layering
thicknesses on the masking ability. The Dunn’s Bonferroni post
hoc test presented that there was no statistical difference amongst
all groups except between HNZ0.3/0.3-HNZ0.5/0.5, and
HNZ0.3/0.3-HNZ0.7/0.3, CXD0.3/0.3-CXD0.5/0.5, CXD0.3/0.3-
CXD0.5/0.5, and CXD0.3/0.3-CXD0.7/0.3.

The difference of color difference of resin
composites with various layering thicknesses before and
after thermocycling (AE,, and AE,,)

The color difference of all resin composite brands
was likely to decrease after thermocycling. Wilcoxon
matched-pairs signed rank test showed no significant

difference between the color difference (AE,, and AE,,) of

0>
all resin composite shades at before and after thermocycling,
except FTX0.4/0.4, FTX0.7/0.3, HNZ0.4/0.4, HNZ0.5/0.3,
HNZ0.7/0.3, ESQO0.4/0.4 as shown in Figure 6.

Color stability of resin composite shades after
thermocycling (AE,,)

The color stability (AE,,) of all resin composite
shades demonstrated a clinically acceptable at AE, <3.3. The
lowest color difference value (AE, ) was found in Filtek Z350
XT (0.94) whereas the highest color difference value was
found in Harmonize (1.36) as seen in Table 2 and Figure 7.

The Kruskal-Wallis test showed that there was an
influence of resin composite brands on a color stability (AE, )
(p<0.05). Dunn’s Bonferroni post hoc test showed that there
was significantly different of color stability (AE,,) amongst
groups except between HNZ-CXD, HNZ-ESQ, and CXD-
ESQ (Table 2).




Table 2 The color difference (AE) of resin composites with various layering thicknesses

Filtek 0.3/0.3
7350 XT 0.4/0.4
(FTK) 0.5/0.3
0.5/0.5
0.7/0.3
Harmonize 0.3/0.3
(HNZ) 0.4/0.4
0.5/0.3
0.5/0.5
0.7/0.3
Ceram X Duo 0.3/0.3
(CXD) 0.4/0.4
0.5/0.3
0.5/0.5
0.7/0.3
Estelite X Quick 0.3/0.3
(ESQ) 0.4/0.4
0.5/0.3
0.5/0.5
0.7/0.3

Same lowercase letter showed no significant difference amoung groups in a column and same uppercase letter showed no significant difference

between groups in a row (p >0.05)

1.52 (1.43-1.63)"
2.00 (1.84-2.17)"
1.53 (1.42-1.63)"
1.99 (1.83-2.04)"
1.86 (1.76-2.01)"
5.82 (5.60-5.97)"
3.90 (3.58-4.22)"
3.74 (3.52-4.44)"
2.19 (2.15-2.43)"
2.54 2.44-2.71)"
2.65(2.37-3.05)"
1.73 (1.56-1.86)"
1.38 (1.33-1.49)"
1.39 (1.34-1.44)"
1.26 (1.20-1.61)"
7.70 (7.56-7.89)"
533 (5.11-5.71)"
5.34 (5.24-5.60)"
3.80 (3.54-3.97)"
3.99 (3.90-4.11)"

1.40 (1.35-1.51)" 0.94 (0.66-1.29)"
1.60 (1.56-1.72)°
1.53 (1.43-1.77)"
1.87 (1.73-1.96)"
1.48 (1.35-1.54)°
5.65 (5.49-5.74)"
3.45(3.27-3.52)"
3.57(3.37-3.69)"
2.34 (2.26-2.59)"
243 (2.31-2.57)"
2.45 (2.35-2.66)"
1.63 (1.55-1.69)"
1.42 (1.32-1.55)"
1.40 (1.31-1.47)"
1.23 (1.17-1.29)"
8.10 (7.79-8.28)"
4.80 (4.62-4.98)"
5.55(5.20-5.76)"
3.83 (3.59-3.94)"
4.07 (3.91-4.20)"

1.36 (1.08-1.72)"

1.28 (0.73-1.98)"

1.16 (0.92-1.75)"
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Figure 4 The masking ability on discolored tooth at immediately restored via the color difference values (AETO) (The asterrisk (*) showed the

significant difference between groups)
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Figure 5 The masking ability on discolored tooth after thermocycling via the color difference values (AET1)
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Discussion

This study aimed to compare the masking ability of
four resin composite brands with different layering thickness
on a moderately discolored tooth at before and after
thermocycling, and investigate the color stability of
restoration. Our result showed that resin composites with
different layering techniques, significantly affected to the
masking ability of restoration at before and after
thermocycling on discolored tooth, so that the first null
hypothesis was rejected. Moreover, in this study, the
thermocycling significantly affected to the masking ability of
resin composites with different layering technique in some
thicknesses, so that the second null hypothesis was partially
rejected. Concerning the color stability, there was significant
difference amongst the color stability of resin composite
brands after thermocycling, so that the third null hypothesis
was rejected.

The final thickness of resin composites used in this
recent study was consistent with enamel depth of natural tooth
(0.3-0.5, 0.6-1.0 and 1.0-2.1 mm for cervical, middle, and
incisal area, respectively).I3 Ferrari et al suggested that 0.5
mm was a minimum thickness for veneering restoration.” To
mimic the moderate discoloration, A4-shade was selected
since the value and chroma of A4-shade was less than that of
C4-shade which usually used to represent severe
discoloration.”” To examine the masking ability of resin
composites on the non-severely discolored teeth, our study
model was in agreement with an earlier report of Farhan et al,
that measured the masking ability of ceramic veneer on Al-
and A4-shade background.28

At immediately restored, the masking ability of
resin composites was improved when increasing the entire
thickness as indicated by the reduction of color difference
value (AE,,). AE,, of layering technique was significantly
different for all resin composite brands except for Filtek Z350
XT. Filtek Z350 XT and Ceram X Duo at all thicknesses (0.6-

1 mm) and Harmonize at 1 mm could mask the A4-shade

background with clinically acceptable limit (AE,,<3.3). On

the other hand, the masking ability of Estelite X Quick at all
thicknesses could not be practically acceptable.

While the enamel shade thickness was controlled at
0.3 mm, the increasing of dentin shade thickness might not
affect to the color difference (AE ) as shown in Harmonize
at 0.5/0.3 and 0.7/0.3, Ceram X Duo at 0.5/0.3 and 0.7/0.3,
and Estelite X Quick at 0.5/0.3 and 0.7/0.3. This argued with
other study showing that the masking ability of layering resin
composite was influenced by the variation of dentin shade
thickness.'> * We found that the thickness of enamel shade
might also play an important role in masking ability. When
limiting the dentin shade thickness at 0.5 mm, an increase of
enamel shade thickness led to the decrease of color difference
value (AE ) as shown in Harmonize at 0.5/0.3 (AE,,=3.74)
and 0.5/0.5 (AE;, = 2.19), and Estelite X Quick at 0.5/0.3
(AE,,= 5.34) and 0.5/0.5 (AE.,= 3.80). However, this effect
was not significantly different. It is possible that the enamel
shade affected to the masking ability of layering techniquezg,
and the small variation of thickness of enamel shade has a
stronger effect on masking ability than that of dentin or body
shade. * However, the reduction of color difference by the
alteration of enamel shade thickness could not be seen in
Ceram X Duo at 0.5/0.3 (AE,=1.38) and 0.5/0.5
(AE,,=1.39). This might be attributed by the different
translucency, component, and microstructure of different
materials used in this study. In addition, to strongly confirm
the effect of dentin and enamel shade on masking ability of
layering composite resin, a specific and focused research
design should be further conducted.

Considering the Filtek Z350 XT, there was no
statistical difference of masking ability amongst the layering
thicknesses (p>0.05) and all groups could mask the A4-
discolored tooth in clinically acceptable level (AE,,<3.3),
similar to a previous study of Kamishima et al.”’ The
composition and translucency of enamel and dentin shade
could contribute to this distinction. Arikawa et al, reported
that size, shape, and amount of filler affected to the
transmission of light on the materials.” Regarding the amount
of filler loads, Filtek Z350 XT showed opaquer even Filtek
7350 XT presented 78.5% by weight which was less than that




of Harmonize (81%wt) and Estelite X Quick (82%wt).
However, this was inconsistent with the study of Suh et al,
they pointed that the resin composite material would become
opaquer when contained more filler loads.” Differences of
refractive index of fillers and resin matrix leads to and the
scattering of light at the matrix/filler interface, resulting in the
opacity of the materials.” Filtek Z350 XT contained 0.6-10
um zirconia/silica cluster in a resin matrix showed more
opacity and thus demonstrated high masking ability
performance.34 In addition, the smaller the filler grain, the
higher the translucency.”' Estelite £ Quick consisted of 0.2
pum spherical filler, and the color difference (AETO) of Estelite
X Quick at 1 mm layering thickness was significantly higher
than that of Filtek Z350 XT and Ceram X Duo. This was
supported by the study of Perez et al, they studied 4 types of
resin composite fillers: supra-nano spherical fill, nanofill,
nano-hybrid, and micro-hybrid. They found that supra nano-
spherical filler, contained in Estelite X Quick, had less light
scattering than other types, leading to the high translucency.
This might be resulted from the discrepancies of refractive
indices between resin matrix and supra nano-spherical filler.”
Moreover, translucency parameter of dentin and enamel
shade of Estelite X Quick was higher than other nano-hybrid,
and micro-hybrid resin composite.36 Interestingly, types of
monomer in the resin composite matrix might play a role in
its optical properties. BisGMA-based resin composite had
significantly higher translucency than UDMA and
TEGDMA-based resin composite.37 Further studies for
chemical composition and microstructural analysis are
required to confirm this speculation.

After thermocycling, the masking ability of all
materials tended to be improved as observed by the decreased
color difference value (AE,,). AE,, of Filtek Z350 XT and
Ceram X Duo at all thicknesses and Harmonize at 1 mm
thickness were less than 3.3 which was practically acceptable,
consistent with the result at immediately restored. This
acceptable masking ability and decreased AE ., was consistent
to the study of Lee et al.”” However, our result disagreed with
the study of Perez et al. They found that after soaking in water

for a year, the AE of 1.5 mm thickness resin composite was

increased.” This might be due to the different aging protocol
and number of cycles, and different layering thickness
preparation.

Concerning the color stability, this study found that
all resin composites demonstrated a clinically acceptable
color stability as shown by AE, of less than 3.3 after 5,000
cycles thermocycling. The color stability was influenced by
the degradation of chemical compound, the oxidation of
unreacted double-bonded carbon, accumulation of colorant,
dehydration, water absorption, material’s leakage, as well as
the roughness of material surface.” Regarding the color
change by water absorption, this was impacted by the filler
size, resin matrix, as well as the filler ratio. Vichi et al found
that distribution and size of filler affected to the color
stability.4° The resin composite containing larger filler tended
to change in color compared to resin composite containing
smaller filler after water aging. This was due to the larger
filler, which had more filler boundary leading to the water
absorption and light scattering. In this study, Filtek Z350 XT
had the smallest filler size than others, so that it presented the
highest color stability.

To mimic the long-term clinical usage, more than
5,000 cycles of thermocycling should be conducted in the
future study to verify the significant change of color stability
of resin composites. Moreover, there are other factors such as
the pH change or beverage colorant, that might affect to the
optical property of restoration and also the oral environment
which might impact to the result, so that a further clinical
study should be conducted.

As for the clinical application of this study, Filtek
7350 XT and Ceram X Duo with layering technique could
mask the A4-discolored tooth at even 0.6 mm thickness.
Harmonize could mask the discolored background at 1.0 mm.
On the other hand, Estelite X Quick could not mask at every
thickness. Importantly, an appropriate tooth reduction in
order to obtain an optimal thickness of resin composite must

be practiced in masking of discolored tooth background.




Conclusion

The masking ability of four resin composites with
layering techniques on a discolored tooth at immediately
restored and after thermocycling were significantly different.
Harmonize, Ceram X Duo, and Estelite £ Quick was likely to
have higher masking ability when increasing the thickness
except for Filtek Z350 XT. Thermocycling significantly
affected to the masking ability of resin composites with
layering techniques in some thicknesses. The color stability
of all resin composites was significantly different, but
clinically acceptable. Filtek Z350 XT showed the highest
color stability amongst groups.

Clinical implication

Filtek 2350 XT and Ceram X Duo with layering
technique could mask the A4-discolored tooth at even 0.6 mm
thickness. Harmonize could mask the discolored background
at 1.0 mm. On the other hand, Estelite ¥ Quick could not

mask at every thickness.
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Dental Specialists’ Perspectives on Holistic Care

Kwangvittayanon W' Buranachad N

Research Article

Abstract

Dental patient care is being provided in specialized branches. A specialized perspective is being challenged by holistic patient care,
which emphasizes the importance of caring for patients in various dimensions and whole-person care. The dental specialists assigned to teach
students in programs related to holistic patient care will have an experience of a specialized perspective and a holistic perspective. Therefore,
the expertise of this group of dentists is valuable in promoting a more comprehensive understanding of the holistic approach. The objective of
this study was to find the meaning and perspective of holistic care through the experiences of dental specialists. Qualitative research was
employed. Data was gathered through in-depth interviews with groups of dental specialists who have completed postgraduate studies in various
programs and teach students in holistic dentistry programs. A purposive sampling technique was used to select a sample of eleven participants.
Data analysis was done following a thematic analysis. The results showed that patient-centered care, humanized care, and medical ethics were
the three definitions of holistic care provided by dental specialists. The significance found links to multiple aspects of holistic health, including
physical, mental, emotional, social, and spiritual. Furthermore, the finding showed the transition from a specialized perspective to a holistic
perspective through 1. gaining patient care experience. 2. seeing other people's patient care models. 3. getting gratification from beneficial
treatment outcomes and patients' delight. The accessory factor includes working in a patient-centered care environment. In conclusion, holistic
care can be achieved when dentists develop an understanding of the medical humanities perspective, gain experience in patient care, and
practice self-reflection. As a result, dentists will recognize their worth and find fulfillment in their work, as well as be able to provide the most
benefit to patients in terms of success and enjoyment from obtaining quality care.
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Water Sorption, Solubility and Surface Properties
of CAD-CAM Materials
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Abstract

The purpose of this research was to examine water sorption, solubility, and surface properties of three widely used CAD-CAM materials:
resin composite (Cerasmart; CS), polymer-infiltrated ceramic network (Vita Enamic; VE) and lithium disilicate glass ceramic (IPS e.max CAD;
LS). Therefore, 45 rectangular-shaped specimens were prepared and immersed in deionized water for varying durations at 7 days, 1 month and 6
months. These specimens were then subjected to a range of tests, including water sorption, solubility, hardness and roughness. The result showed
that immersion time significantly impacted water sorption among tested materials (p<0.001). However, there were no significant differences in
solubility between materials at each time point of the water immersion process (p>0.05). The 2-way ANCOVA revealed that water immersions had
significant effects on hardness among tested CAD-CAM blocks (p<0.001), while there were no significant differences on roughness (p>0.05).
Moreover, the study found that there were no significant differences on roughness within IPS e.max CAD group at every time point (p>0.05), while
Cerasmart exhibited a similar trend compared to Vita Enamic, where surface properties showed significant differences among 7 days and 6 months
of water immersions (p<0.05). The correlation analysis showed statistically significant differences between water sorption and hardness, water
sorption and roughness (p<0.001). Overall, assessment of IPS e.max CAD, Vita Enamic, and Cerasmart, exhibited different levels of water sorption
when subjected to prolonged water immersion for up to 6 months. Both aged and unaged specimens of these materials showed similar sorption and
solubility during immersion process. However, water sorption influenced their hardness and roughness after immersion. Although these materials
displayed varying degrees of water sorption, hardness, and roughness, they did not exhibit significant differences in solubility after 6 months of
water immersion.

Keywords: CAD-CAM block/ Hardness/ Roughness/ Solubility/ Water sorption
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Introduction

Computer-aided design-computer-aided manufacturing
(CAD-CAM) technology is becoming a promising means of
choice for indirect restoration due to its benefits, including
reduced chair time, better infection control and patient’s
preference over intraoral scanning rather than taking
impressions'. Software and milling devices also have greatly
improved, especially with recent introduction to a new range
of digitalization tools and scanners . Additionally, CAD-
CAM technology has enabled the use of polycrystalline
ceramics and the development of new materials with a
polymeric matrix >, There are a variety of commercially
available CAD-CAM blocks in dental practice, with

differences in composition. A modern kind of resin

composite materials for indirect restorations has been
developed especially for CAD-CAM technology. This
advanced technology produces highly polymerized resin
composite blocks under high temperature and high pressure
in order to increase monomer conversion, mechanical
properties, and polymerization shrinkage stress’. Lithium
disilicate (LS2), with long-term clinical research’, has been
proven to be the most widely used material for ceramic
restorations due to its pleasing appearance, excellent
mechanical properties, high hardness, high wear resistance’,
and user-friendly workabilitys. A polymer-infiltrated ceramic
network or PICN has been introduced as an alternative to

ceramics’. It is created by infusing a pre-sintered glass-
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ceramic scaffold with a monomer, which is subsequently
polymerized. Unlike resin composite materials with dispersed
fillers’, PICNs have a unique 3-dimensional scaffold of
interconnected particles that forms a sturdy skeleton'’. This
structure distributes stresses effectively in all directions,
making it highly resistant to breakdown phenomenalo. High
temperature increases chain mobility and polymerization,
whereas high pressure compensates for shrinkage and reduces
number and size of defects’.

Previous studies have demonstrated that water
sorption and solubility were the origins of various changes in
physical and mechanical properties of resin composites”’ 2
which resulted in reduction of hardness and wear resistance
due to material degradationls. Despite its excellent
mechanical properties, CAD-CAM lithium disilicate glass
ceramic degraded after exposure to various beverages,
leading to decreased hardness, color changes, and increased
roughness”.

Although several studies reported that CAD-CAM
blocks exhibited good mechanical properties3’5’15, there was
limited research regarding this topic3. For example, one study
evaluated water sorption and solubility of CAD-CAM resin
composite blocks after eight months of storage in water and
artificial saliva. However, this study did not assess
mechanical properties of these blocks in comparison with
ceramics'”. Another study evaluated sorption, solubility and
color stability of CAD-CAM materials after immersion in
various beverageslé. Therefore, comparing water sorption and
solubility among different commercially available CAD-
CAM materials and their mechanical properties after long
immersion up to 6 months can lead to understanding the
characteristics of each material after a long period of testing.

There have been studies highlighting the
significance of hardness and roughness of CAD-CAM
materials after water immersion, since water sorption and
solubility of these materials could lead to reduction of their

14,17,18
. Furthermore,

hardness, followed by material degradation
a decrease in mechanical properties of materials could
compromise surface stability leading to increased roughness,
compromising the esthetic outcomes of tooth-colored

. 14 g s s .
materials . Therefore, it is imperative to assess hardness and

roughness of CAD-CAM materials to ensure their optimal
performance and longevity. The aims of the present study
were to evaluate water sorption, solubility, and the effect of
water immersion on hardness and roughness of commercially
available CAD-CAM materials. The first null hypothesis was
that water sorption and solubility of aged CAD-CAM blocks
were not different from those of un-aged CAD-CAM blocks.
The second null hypothesis was that water sorption and
solubility of CAD-CAM blocks did not affect hardness and
roughness after water immersion. Lastly, the third null
hypothesis was that types of CAD-CAM blocks did not
exhibit different water sorption, solubility, hardness and

roughness.

Materials and methods

All CAD-CAM materials in this study were
commercially available products, including resin composite
(Cerasmart, CS; GC, Japan), polymer-infiltrated ceramic
network (Vita Enamic, VE; Vita Zahnfabrik GMbH, Germany)
and lithium disilicate glass ceramic (IPS e.max CAD, LS;
Ivoclar Vivadent, Liechtenstein). G*power 3.1 software was
used to calculate sample size, and found that this study
required 45 rectangular-shaped specimensn. All specimens
were prepared, with an estimated dimension of 12x14x2
mm’, by a low-speed cutting machine (Isomet 1000, Buehler
Co, USA) under constant water irrigation. Specimens were
divided into 9 groups (n=5 per group) by material
categories (CS, VE, LS) and immersion times (7 days, 1
month, 6 months) as illustrated in the flow diagram
presented in Figure 1. Details about tested materials with
their compositions and manufacturers are listed in Table 1.

Each test piece was polished on both sides using
a polishing machine (Minitech 233, Presi, France) with a
series of silicon carbide papers of decreasing grit size of 15
pum (P1200, 30 seconds), 10 pm (P2400, 30 seconds), and 5
pum (P4000, 30 seconds) (Buehler Co, USA) under continuous
flow of water. All specimens were then divided equally into
two separate surface areas with an estimated dimension of
12x14 mm’ on each side, with a T-marker to identify specific

areas for surface measurements at each time point (Figure 2).




Table1 Commercially available CAD-CAM blocks

Resin composite GC Corporation, Tokyo, Japan = 71% Silica and barium glass nanoparticles,
Shade A3 HT (Cerasmart; CS) Bis-MEPP, UDMA, DMA
Polymer-infiltrated ceramic network Shade = Vita Zahnfabrik GMbH, Bad 86% feldspar ceramic enriched with aluminium
3M2 HT (Vita Enamic; VE) Sackingen, Germany oxide, UDMA+TEGDMA

Lithium disilicate glass ceramic Ivoclar Vivadent, Schaan; 57.0-80.0% Si02, 11.0-19.0% Li20, 0.0-13.0%
Shade A3 HT (IPS e.max CAD; LS) Liechtenstein K20, 0.0-11.0% P205, MgO, Al203

Abbreviations; Bis-MEPP: Bisphenol-A ethoxylate dimethacrylate; DMA: Dimethacrylate; TEGDMA: Triethylene glycol dimethacrylate;
UDMA: Urethane dimethacrylate.
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(CS, Cerasmart; LS, IPS e.max CAD; VE, Vita Enamic; 7d, 7 days; 1m, 1 month; 6m, 6 months)

Figure 1  Flow diagram of research process




1. Before immersion

II. After immersion of 7 days, 1 month or 6 months

Figure 2 Rectangular-shaped specimen size 12x14x2 mm was divided into 2 separate parts with a T-marker

All specimens from each group were immersed in
deionized water in separate containers. Then specimens
were subjected to evaluate water sorption and solubility at
0, 7 days, 1 month, and 6 months. Water sorption and
solubility were calculated in accordance with ISO
10477:2020.

Firstly, the specimens were stored in a desiccator
with silica gel, maintained at 37+1 °C. After 24 hours,
specimens were then removed and weighed as baseline
(m1) using a digital balance (AS220/C/2, Radwag, Poland)
with a resolution of 0.1 mg. After initial desiccation
procedure, specimens were immersed in 70 mL of deionized
water in plastic containers and remained there at 37+1 °C for
7 days, 1 month, and 6 months. Subsequently, specimens
were removed and washed with tap water. Thereafter, each
specimen was isolated, and any remaining water was
absorbed on both sides of an absorbent paper (Raylabcon
Inc., USA) until it was visually free from moisture.
Afterwards, each specimen was air-dried for 15 seconds and
weighed again (m2). Within one minute, the specimen was
weighed once more and then returned to its respective vial.
Finally, specimens were reconditioned to a constant dry mass

(m3) in the desiccator using the abovementioned cycle.

Water sorption and solubility were calculated by
using the following equations provided by ISO 10477:2020
standard. Water sorption of all materials within 1 month of
the experiment was set not to exceed 40 pg/mm3, and
solubility of all materials was set not to exceed 7.5 pg/mm3.

Sorption = (m2-m3)/ v

Solubility = (m1-m3)/ v

ml was the mass obtained after initial drying and
before immersion of the specimen in deionized water.

m2 was the mass of the specimen after immersion
in deionized water at 7 days, 1 month, and 6 months.

m3 was the final mass of the specimen.

V was the initial volume of the specimen.

The roughness values were measured using a
contact profilometer (Talyscan 150, Taylor Hobson Ltd.,
Leicester, England) following the recommendations of
1SO4288-1985. The 2 um radius diamond stylus moved
diagonally along defined specimen’s surface at each time
point from the upper left corner downwards to the lower right
corner. Three profile measurements were made for each
defined specimen’s surface, with a 0.25 mm space between
them. Mean roughness (Ra) was determined with a cut-off

value of 0.25 mm and a stylus speed of 0.1 mm/second.
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Serption (ug/mm

Vickers hardness test was subsequently conducted
to evaluate hardness (HVN). The test was performed by using
a diamond indenter in accordance with the guidelines
provided by ISO6507-1. Vickers hardness tester (Micro-
hardness tester-FM810, Type D, Future-Tech, Japan) was
used for hardness measurements, by applying a 200-g load
with a 10 second dwell time for each indentation. Three
indentations were made on the defined surface of each
specimen, positioning towards the periphery of the square
surface at each time point. The measured values were
averaged to determine the hardness values of each
specimen at the following timings: at 0, 7 days, 1 month,
and 6 months.

Statistical analyses

Data were analyzed using an SPSS statistical
software, with 2-way Analysis of Variance (ANOVA) for
sorption and solubility, 2-way Analysis of Covariance
(ANCOVA) for hardness and roughness, followed by
Spearman correlation test. The results of statistical analyses

with p-values less than 0.05 were interpreted as statistically

significant.
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Figure 3  Mean water sorption of tested CAD-CAM materials; IPS

e.max CAD (LS), Cerasmart (CS), Vita Enamic (VE) at 7
days (7d), 1 month (1m), and 6 months (6m)

Results

All specimens were immersed separately in
deionized water by 3 groups of immersion periods; 7 days, 1
month and 6 months. From Table 2, the 2-way ANOVA
demonstrated that water sorption of those materials was
influenced by the variations in their mechanical properties
(p<0.001), irrespective of immersion time (p=1.000).
However, solubility was not influenced by their mechanical
properties and immersion time (p=0.482, p=0.326),
respectively. Furthermore, Table 3 and Figure 3 demonstrated
that there were no significant differences in water sorption
between LS and VE group at 7 days and 1 month of water
immersion (p=0.064, p=0.200), respectively. In each group of
CAD-CAM materials, there were no significant differences in
water sorption observed between 7 days, 1 month, and 6
months of water immersion.

The 2-way ANOVA revealed that there were no
significant differences in solubility properties between LS, CS
and VE at each time point of water immersion process (p>0.05).
Furthermore, water immersion did not influence solubility
properties of tested CAD-CAM materials (p>0.05), regardless of

immersion period, as shown in Table 3 and Figure 4.
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Figure4 Mean solubility of tested CAD-CAM materials; IPS

e.max CAD (LS), Cerasmart (CS), Vita Enamic (VE) at 7
days (7d), 1 month (1m), and 6 months (6m)




The 2-way ANCOVA revealed that hardness of
tested CAD-CAM materials was significantly affected by
variations in their mechanical properties and immersion time
(p<0.001). However, roughness was not found to be
influenced by different mechanical properties (p=0.526), but
rather by immersion time (p<0.001), as shown in Table 2.

The 2-way ANCOVA illustrated that each duration
of water immersion process showed a significant impact on
hardness among tested CAD-CAM blocks (p<0.001).
Moreover, as shown in Table 3 and Figure 5, specifically, in
the LS group, hardness significantly decreased after 6 months
compared to 7 days (p=0.010), but no significant differences
were observed between 7 days and 1 month (p=0.066) or
between 1 month and 6 months (p=0.352). For the CS group,
hardness significantly differed between 7 days and both 1
month (p=0.031) and 6 months (p<0.001), with no significant
difference between 1 month and 6 months (p=0.148). The VE
group showed significant differences in hardness between 7
days and both 1 month and 6 months (p<0.001), but no
significant difference between 1 month and 6 months

(p=0.209).

Hardness

Mean hardness of tested CAD-CAM materials; IPS e.max
CAD (LS), Cerasmart (CS), Vita Enamic (VE) at 7 days
(7d), 1 month (1m), and 6 months (6m)

Figure 5

From Table 3 and Figure 6, the 2-way ANCOVA
indicated significant roughness differences between CS and
LS, and between CS and VE, after 7 days of water immersion
(p=0.032, p=0.034), with no significant difference between
LS and VE (p=0.601). However, no significant differences
were found among the CAD-CAM blocks after 1-month and
6-month immersion periods (p>0.05). Within the LS group,
roughness remained consistent across all immersion periods.
In contrast, the CS group showed significant roughness
differences between 7 days and both 1 month and 6 months
(p<0.001), but not between 1 month and 6 months (p=0.343).
Similarly, the VE group had no significant difference between
7 days and 1 month (p=0.616), but showed significant
differences between 6 months compared to both 7 days and 1
month (p=0.006, p=0.012).

Additionally, negative correlations between water
sorption and hardness, and water sorption and roughness were

observed (p<0.001).

Roughness (um)

Figure 6

Mean roughness of tested CAD-CAM materials; IPS
e.max CAD (LS), Cerasmart (CS), Vita Enamic (VE) at 7
days (7d), 1 month (1m), and 6 months (6m)




Table 2

roughness of tested CAD-CAM materials

Sorption
CAD-CAM(A)
Time(B)

AxB

Solubility
CAD-CAM(A)
Time(B)

AxB

Hardness
CAD-CAM(A)
Time(B)

AxB

Roughness
CAD-CAM(A)
Time(B)

AxB

1.768x10™"
0.000
0.000

6.877x10"
1.066x10"
1.048x10"

4863.586
7838.782
1837.036

0.001
0.023
0.020

"2-way ANOVA; 2-way ANCOVA.

2-way ANOVA and 2-way ANCOVA for CAD-CAM materials(A), immersion time(B), on water sorption, solubility, hardness and

8.839x10 "' 100.914 <0.001"
0.000 0.000 1.000°
0.000 0.000 1.000°
3.438x10”° 0.745 0.482"
5.329x10" 1.155 0.326
2.619x10" 0.568 0.688"
2431.793 20.507 <0.001"
3919.391 33.052 <0.001"
459,259 3.873 0.010"
0.000 0.654 0.526
0.012 17.333 <0.001"
0.005 7.394 <0.001"

Table3  Mean+SD of water sorption, solubility, hardness (HVN) and roughness (Ra) of tested CAD-CAM materials

Mean Sorption
(ng/mm’)

Mean Solubility
(ug/mms)

Mean HVN

Mean Ra (um)

LS
CS
VE

LS
CS
VE

LS
CS
VE

LS
CS
VE

0.49+0.52 **
5.76+1.44 >
1.62+0.86 **

0.38+0.45 ™
2.1140.96 **
-0.9620.49 **

457.0025.40 **
87.7442.72 *°
248 46+11.24 "

0.32+0.07"™
0.05+0.01 ™
0.26+0.02 "

1.19£0.39 ™ 0.59+0.71™"
5.54+0.89 ™" 5.09+1.23 ™
1.97+0.45 ** 2.6341.28
0.76£0.39 ™ 0.02+0.75 ™
-5.6241.65 ™ -80.67+202.24 **
-5.78+0.80 ** 237242473
445.07+17.41 441.0743.71
72.50+1.39 > 61.36+2.04™
208.24+3.60 199.50+4.32 <
0.29+0.08 0.32+0.06™"
0.14+0.03 0.18+0.07""
0.22+0.01 ™ 0.25+0.02""

Abbreviations; CS: Cerasmart; LS: IPS e.max CAD; SD: standard deviation; VE: Vita Enamic.

Values with the same superscript letters represent a non-significant difference.

Capital letter denotes statistical comparison in column. Small letter denotes statistical comparison in row.

According to the equation provided by the ISO 10477:2020 standard, when the final mass (m3) was greater than the initial mass (m1), it might result in a

negative solubility value.




Discussion

This study investigated water sorption, solubility
and surface properties of 3 commercially available CAD-
CAM materials: Cerasmart, Vita Enamic, and IPS e.max
CAD, which were immersed in deionized water for varying
periods of time. The correlation between sorption, solubility
and surface properties of CAD-CAM blocks were analyzed.
The findings indicated that there were no significant
differences in water sorption and solubility of each material
type during multiple periods of water immersion, therefore,
the first null hypothesis was consequently accepted.
Furthermore, water sorption of CAD-CAM materials had a
significant effect on hardness and roughness in all materials
tested. Thus, the second null hypothesis was partially
rejected. On the other hand, the results showed significant
differences in water sorption, hardness and roughness
between different types of CAD-CAM materials, while there
were no significant differences in solubility among those
tested CAD-CAM blocks, thus, the third null hypothesis was
partially rejected. Water sorption and solubility of three
distinct CAD-CAM materials were evaluated over a six-
month period in deionized water. The findings indicated that
there were no significant differences in water sorption and
solubility of each material during multiple periods of water
immersion. Furthermore, water sorption had a significant
effect on hardness and roughness in all materials tested. The
results showed significant differences in water sorption,
hardness, and roughness between different types of CAD-
CAM materials, while there were no significant differences
in solubility among those tested CAD-CAM blocks.

In this present study, there were no statistically
significant differences of water sorption and solubility of all
tested materials between un-aged and aged CAD-CAM
blocks, irrespective of immersion time. Water sorption had no
significant effect comparing between groups of LS and VE at
7 days and 1 month of immersion periods. However,
regardless of immersion time, CS group exhibited a
significant water sorption compared to LS and VE groups. As

mentioned above, CAD-CAM resin composite blocks were

produced by incorporation of filler particles in monomer
mixture"™ 19, and polymer-infiltrated ceramic network (PICN)
blocks comprising a pre-sintered glass-ceramic network
infiltrated with a monomer which was then polymerizedls’ .
Compared to ceramics, resin composites exhibited lower
strength and inferior color stability, resulting mainly from
their solubility and water sorptionlz. Storage in water induced
hydrolytic degradation of the interfacial silane-coupling
agent, causing molecular instabilityﬂ’ . Even though CAD-
CAM resin composite blocks have been improved during the
past several years, degradation of resin composite could still
be observed®. Water immersion, therefore, affected
mechanical and physical properties of resin composites and
induced hydrolytic degradationz}zs. However, Hibino et al.”®
reported that resin blocks used in their study were considered
to have low water sorption because the main monomers was
UDMA and Bis-MEPP™. Vita Enamic and Cerasmart were
made from similar resin matrix monomers, whereas
Cerasmart used Bis-MEPP in addition to UDMA. The resin
components of Cerasmart blocks were mainly composed of
Bis-MEPP, hydrophobic in nature, and UDMA, still
hydrophobic but rather hydrophilic compared to Bis-MEPP”".
Mourouzis et al.” stated that TEGDMA and UDMA were the
main eluted monomers. However, at the end of the 60-day
experimental period, no monomers were detected in distilled
water. Leaching pattern of monomers in CAD-CAM resin
blocks, as reported in a previous study, decreased over time
because the materials were highly polymerized into ready-to-
mill blocks and possessed better chemical propertieszg.
Although water was likely to penetrate into resin blocks when
immersed in water, matrix resin components would absorb
less water because of their hydrophobic nature. Therefore,
water may have had a greater effect in reducing bonding of
resin matrix and filler in Cerasmart blocks™. Water sorption
of CAD-CAM composite blocks was dependent on the resin-
matrix composition and influenced by the weight percentage
of the fillers". As the filler percentage increased, the polymer
matrix percentage decreased, resulting in less water
diffusion™ *. The study by Goujat et al. revealed that

mechanical properties of resin blocks were more dependent




on their structural composition, including filler content and
matrix distribution, rather than just chemical properties of the
monomers used’. As a result, despite the hydrophobic nature
of Bis-MEPP in Cerasmart, it showed higher water sorption
compared to Vita Enamic, highlighting the importance of
structural factors over purely chemical ones in determining
material performance. Alamoush et al.” who reported that
CAD-CAM composite blocks exhibited hydrolytic stability
during long-term storage. However, their stability was found
to be comparatively lower than that of ceramics"”. In addition,
according to ISO standards, the initial and final dehydration
of specimens could affect solubility of the tested materials’'.
Some of the water absorbed might interact with resin matrix”
and, therefore, was not completely removed by desiccation
after water storage”. Furthermore, the negative solubility
values of Vita Enamic and Cerasmart did not necessarily
imply that these materials were insoluble, as it could be the
result of incomplete dehydrationu. However, previous studies
reported that negative values might be the result of water
penetrated into the surface of materials. This phenomenon
might be ascribed to hydrophilicity of resin matrix and/or
hydrolytic instability of the interfacial coupling between filler

. .11, 16, 30
and resin matrix

. Additionally, water molecules
penetrated into spaces between chains of polymer molecules,
causing changes in dimension and volume of material™*. The
solubility variations observed in the CS and VE groups after
six months of immersion could be attributed to several
factors. Soderholm et al.” noted that barium-containing filler
particles were susceptible to leaching, and in the case of
Cerasmart, the filler particles were relatively large, small, and
uniformly distributed™. Extended immersion might weaken
the bond between resin matrix and filler particles, leading to
filler detachment™. This detachment, particularly of fillers of
varying sizes, might allow water to penetrate, contributing to
observed solubility variations after six months. Beyond filler
content, polymer matrix exhibited a crucial role in solubility
after prolonged immersion. Mourouzis et al.” found that Vita
Enamic was the only material to release TEGDMA in a
distilled water solution over different experimental periods

due to its molecular structure and higher solubility™. This

leaching of TEGDMA, likely due to hydrolytic degradation,
could explain the solubility changes in Vita Enamic after six
months. Alamoush et al.”” monitored the pH of the solution
during long-term immersion in water and artificial saliva, a
factor that could affect monomer elution and the degradation
of CAD/CAM resin composite materials™. However, the
current study did not monitor the pH levels of the storage
medium, which might have influenced monomer elution,
contributing to material degradation and increased water
uptake.

It was more difficult for water to penetrate into
ceramics in comparison to polymer-based materials under
test’. However, various studies reported significant changes
in surface properties of ceramic materials following

. . 14, 21, 38-40
1mmersion procedures

. The present study found a
significant change in roughness of LS group between 7 day
and 6-month immersion times, which coincides with some
previous studies. For example, Milleding et al.”® stated that
once a ceramic material was exposed to an aqueous
environment, leaching out of easily-released alkali oxides
(sodium and potassium) from glass matrix might occur,
creating porosities and channels within the glass matrix
allowing  further diffusion of water molecules.
Subsequently, this process might lead to disruption of the
bonded glass network (Si-0-Si)™, According to Alencar-
Silva et al."* who reported that significant changes in
roughness, hardness, and color stainability were observed in
CAD-CAM lithium disilicate ceramic after immersion in
tested beverages”, which was in line with Musanje et al”
who reported that water sorption not only affected physical
and mechanical properties, especially of resin composite, but
also decreased hardness and elastic modulus’.
Al-thobity et al.” also reported that it might be due to leaching
of alkali ions from exposed surfaces of ceramics which made
them rougher. Furthermore, roughening of ceramic surfaces
could jeopardize the structure of the material and increase
plaque accumulation”. In addition, Kukiattrakoon et al.*
evaluated ion leaching of 4 different ceramics after being
immersed in acidic agents and deionized water. The

crystalline phase of ceramics was found much higher in acidic




agents. They demonstrated that there was a large number of
ions leaching out of various ceramics immersed in all acidic
agents and deionized water”. One possible explanation that
Al-thobity et al.” reported was that aqueous solutions
substantially weakened the structure of glass-based ceramics
(feldspathic porcelain) while structures of crystalline-based
ceramics (zirconia and lithium disilicate) were not affected”.
However, Kukiattrakoon et al.* reported that all aqueous
solutions including saliva had a significant effect on
roughness of ceramics including lithium disilicate and
zirconia®. Although chemical degradation of ceramics has
been demonstrated to be associated with elution of alkali
ions", due to their homogeneous structure and toughness, and
lithium disilicate showed much greater long-term resistance
to chemical and mechanical degradation7.

The present study found that VE group showed no
significant change on roughness within 30 days. However,
there was a significant difference in comparing short-term
and long-term immersion time as reported in a previous study.
In the same trend, Mourouzis et al.”® stated that surface of Vita
Enamic after 60-day immersion did not differ signiﬁcantlyzs.
As a consequence of the study, it was noted that using a single
method to evaluate roughness could be misleading®, which
was consistent with Amaya-Pajares et al.” who stated that
highly variable Ra values have been reported for ceramics
because they relied on the composition of the material,
method of fabrication, measurement methods, and surface
treatment . They also relied on instrumentation-dependent
factors including stylus or probe size, scanning speed,
frequency response and sampling rate of the recording
instrumentation, limitations due to feature slope or sharpness,
sampling length or area and type of software used to filter and
refine the raw data®. Roughness in dentistry is commonly
described using the Ra parameter, which is determined by
various machines and techniques. However, direct
comparison of Ra values could be challenging due to
variations in techniques. Ra value does not completely
describe the surface of a material. However, this Ra value,

which is easy to calculate, gives a representative estimate of

43 . . .
roughness ~. Moreover, previous studies also mentioned that

high crystal content in a ceramic material could produce an
uneven surface when polished44’ ®. Morphology of a surface
depended on the scale of observation and different measuring
methods used. Numerical characterization of roughness
varied depending on the roughness parameter chosen and the
measuring equipment used*”*’. Therefore, SEM analysis was
performed after profilometer measurements in the evaluation
of roughness as shown in many studies™*. This study did not
prepare the specimens in a disk shape as specified by ISO
4049 due to the limitations of using a Cerec milling machine
and its associated diamond milling tools. However, this did
not affect the required flat surface area for the experiments.
There have been a few in vitro tests that seemed to
reveal limited correlation of short-term clinical performance
of ceramics and resin composite indirect restorations™” .
There were no methods which could reliably predict long-
term clinical performanceso. Clinical studies, that have
evaluated lithium disilicate glass ceramic or resin composite
indirect restorations separately, found good clinical short-
term and long-term performance with slightly different
success rates in favor to ceramics” . The properties of a
material, including its sorption, solubility, and surface
properties, are highly dependent on various external factors
including surface finishing treatments, chemical structure of
the material itself, and type of solutions it is exposed to.
However, limitations in the study included the inability to
replicate factors such as saliva, consumption habits, thermal
changes, oral hygiene or tooth brushing habits, smoking, and
both functional and parafunctional forces. Therefore, it is
necessary to conduct studies that closely simulate clinical

situations to obtain more comprehensive results.

Conclusion

Within the limitations of this study, three
commercially available CAD-CAM blocks, IPS e.max CAD,
Vita Enamic, and Cerasmart, exhibited different levels of
water sorption when subjected to prolonged water immersion
for up to 6 months. Both aged and unaged specimens of these
materials showed similar sorption and solubility during the

immersion process. However, the water sorption properties




influenced their hardness and roughness after immersion.

Although the three materials displayed varying degrees of

water sorption, hardness, and roughness, they did not exhibit

significant differences in solubility after 6 months of water

immersion.
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Treatment Outcome and Prognostic Factors of
Root
Undergraduate Dental Students: A Retrospective Study

Initial Canal Treatment Performed by

Booranapanich w' Osiri S’ Ongchavalit L .

Research Article

Abstract

This study aimed to evaluate the outcomes and survival rates of initial root canal treatments performed by undergraduate dental students
at the Faculty of Dentistry, Mahidol University. Additionally, this study aimed to identify prognostic factors influencing the treatment outcome and
survival rate. A total of 1,768 teeth treated between 2015 and 2018 were analyzed, with 406 teeth included in the survival analysis and 397 teeth
in the treatment outcome analysis. Clinical and radiographic data were collected, and descriptive statistics were used to report treatment outcomes
and survival rates. Multivariable logistic regression and multivariable Cox regression were used to identify significant factors. The median follow-
up time was 2.6 years. The overall healing rate was 82.1% (326 out of 397 teeth). Multivariable analysis revealed five significant factors negatively
impacting the outcome, which included being male (OR=2.698), presence of a sinus opening (OR=2.641), pre-operative radiolucency (OR=3.620
and 5.991 for size <5 mm and >5 mm, respectively), inadequate root canal filling quality (OR=2.964), and inadequate restoration quality
(OR=9.417). The survival rate was 97.8% (397 out of 406 teeth), with the only significant factor affecting the survival rate being cracked teeth
(OR=16.067). The survival from fracture rate was 95.8%, with four significant factors found to negatively impact this rate: mandibular teeth
(HR=5.653), teeth that lost more than two surfaces (HR=4.895), intra-operative complications (HR=8.049), and teeth that did not receive definitive
restoration (HR=13.777). The majority of fractured teeth did not receive definitive restoration, and most incidence were fractured within 3.3 years
(40 months). In conclusion, the healing rate of initial root canal treatment performed by undergraduate dental students at the Faculty of Dentistry,
Mahidol University was 82.1%. Male gender, presence of a sinus opening, pre-operative radiolucency, inadequate root canal filling quality, and
inadequate restoration quality were significant prognostic factors for the healed rate. The survival rate was 97.8%, with cracked teeth being the
only significant factor negatively impacting the survival rate.
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Introduction

The purpose of root canal treatment is to prevent
and treat apical periodontitis, which is caused by infection.
The procedure aims to eliminate the infection and prevent
reinfection through adequate root canal obturation and
coronal seal.” Studies on the outcomes of root canal
treatment have shown varying success or survival rates,
attributable to differences in assessment criteria and study
designs.> " In fact, the terms "success" and "failure" do not
fully capture the healing dynamics of the disease. Thus, the

outcome of endodontic treatment should be assessed based on

clinical and radiographic examinations after a certain follow-

up period, ideally at least one yearﬁ, using terminology that
reflects the biological process as '"healed," "healing,"
"disease," or "functional retention”.”

Moreover, numerous factors have been evaluated
for their effects on the outcome. Research on treatment
outcomes provides clinical evidence to prognosticate the
future of a root canal-treated tooth and aids in communication
between patients and clinicians. However, there has been no
study on the outcomes of root canal treatments performed by
undergraduate students in Thailand. Therefore, this study

aimed to assess the treatment outcomes and survival rates
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after initial root canal treatment performed by undergraduate
dental students at the Faculty of Dentistry, Mahidol
University, and to explore potential factors associated with

treatment outcomes.

Materials and Methods

The protocol for the present retrospective study was
approved by the Institutional Review Board (MU-DT/PY-
IRB) of the Faculty of Dentistry/Faculty of Pharmacy,
Mahidol University (2020/DT013). Study data of root canal
treatment cases were collected from endodontic and hospital
charts between the years 2015 and 2018 from the
undergraduate clinic at the Faculty of Dentistry, Mahidol
University.

Root canal treatment procedure

Treatment was performed by undergraduate dental
student year 5 and 6, without experience of root canal
treatment in patients under the supervision of endodontists.
Instrument was sterile according to standard of dental
hospital. The treatment was performed under rubber dam
isolation. The working length determination was aided by an
electronic apex locator (RootZX, J Morita Co) and confirmed
by radiograph. Mechanical instrument was performed with
hand files (K-file or H-file), canals were rinse with 2.5%
NaOCl during preparation by syringe irrigation with needle
guage 25 and final rinse, 17% EDTA was used after finished
preparation. In some case, 2% chlorhexidine might be used as
an additional irrigant. Root canals were medicated with
calcium hydroxide freshly mixed with sterile water or ready
mixed calcium hydroxide (Ultracal) and carried into root
canals by lentulo spiral. In between treatment session, the
teeth were coronal sealed with temporary filling such as
Cavit™ and IRM". Root canals were obturated with gutta
percha and zinc oxide eugenol sealer with lateral compaction
technique then the teeth were intermediate restored with resin
composite or glass ionomer cement before referring for final
restore at Restorative or Prosthodontic clinic.

Inclusion Criteria:
1. Primary root canal treatment for a single or multi-

rooted mature permanent tooth.

2. Treatment undertaken by a 5th-6th year
undergraduate student under the supervision of a staff of
Endodontic division between 2015 and 2018.

3. Complete endodontic records and radiograph
information.

Exclusion Criteria:

1. Absence of follow-up data for at least one year.

2. Teeth referred to the postgraduate dental clinic.

3. Poor-quality radiographs that lack interpretive
accuracy.

4. Teeth referred to extract were excluded from the
treatment outcome analysis.

Based on earlier study, pre-operative, intra-operative,
and follow-up information was collected and recorded.

Clinical and Radiographic Examination:

All radiographic interpretations were conducted by
one examiner (B.W.), a general dentist who was calibrated
with a Thai-board of endodontist (O.L.). The inter-examiner
calibration achieved an almost perfect agreement, as
determined by Cohen’s kappa coefficients. Data were
interpreted twice, at two-week intervals, with an intra-
examiner level of agreement considered almost perfect
(K=0.81-0.99).

Outcome Evaluation:

The treatment outcome was assessed based on clinical
and radiographic examination according to Friedman and
Mor criteria.’” The outcome was categorized as follows:

1. Healed: Both clinical and radiographic findings
are normal.

2. Healing: Radiolucency is reduced, combined with
a normal clinical presentation.

3. Disease: Radiolucency either emerges or persists
without change, regardless of a normal clinical presentation,
or clinical signs or symptoms are present, even if the
radiographic presentation is normal.

These criteria were applied to each root canal-
treated tooth. For multi-rooted teeth, the root with the worst
outcome determined the overall outcome for the tooth. The
size of periapical lesions was measured in millimeters, based

on the largest diameter and its perpendicular measurement.




Subsequently, the outcome for each tooth was dichotomized
as healed or healing/disease. Functional retention was defined
as the presence of an asymptomatic, endodontically treated
tooth in the oral cavity. Survival referred to the presence of
an endodontically treated tooth in the oral cavity, while
survival from fracture was defined as the absence of fracture
in either the tooth structure or restoration.

Statistics:

The treatment outcomes were described using
frequency and percentage for each tooth unit. To identify
prognostic factors affecting the outcome of root canal
treatment, both univariable and multivariable logistic
regression analyses were employed. Additionally, the rates of
survival and survival from fracture were assessed using
Kaplan-Meier statistics and log-rank tests. Univariable and
multivariable Cox regression analyses were also conducted to
evaluate the impact of various variables. All tests were

interpreted at the 5% significance level. These analyses were

performed using SPSS software, version 18.0.

Result

From January 2015 to December 2018, 1,768 teeth
met the inclusion criteria, but 18 teeth were excluded. These
exclusions were due to referrals to the postgraduate dental
clinic because of perforations (8 teeth), complex root canal

anatomy (5 teeth), separated instruments (2 teeth), and low

patient compliance (3 teeth). Additionally, 1,344 teeth were
unreachable or declined the recall, resulting in a recall rate of
23%. Consequently, 406 teeth were analyzed for survival rate
and survival to fracture. Of these, 9 were extracted and
excluded, leaving 397 teeth for treatment outcome analysis
(Figure 1). Due to the low recall rate, a response bias analysis
was conducted. Using Chi-square analysis. Result showed
that the only one factor was identified: fewer anterior teeth in
the study sample compared to the lost follow-up.

The characteristics of the study sample for the
treatment outcome analysis were documented, showing a
mean follow-up time of 2.6 +1.4 years (range 1.0-5.5 years).
The overall healed rate was 82.1% (326 out 0of 397 teeth), with
the remaining 17.9% (71 out of 397 teeth) classified as
healing/diseased. In the healing/diseased group, the apical
radiolucent area was smaller in 48 teeth (indicating healing)
and larger in 23 teeth (indicating disease) compared to the
initial radiograph.

Univariable analysis identified significant pre-
operative factors including sex, presence of sinus opening,
tooth mobility, and pre-operative radiolucency. The
significant intra-operative factor was root canal filling
quality, while post-operative factors affecting the treatment
outcome included type of restoration, restoration quality, and

post-placement as detailed in Table 1.

1,768 teeth 18 teeth were referred to PG clinic due
to
| excluded * 3 teeth perforations
e 5 teeth complex root canal anatomy
¢ 2 teeth separated mnstruments
15750 teeth & 3 teeth patient with compliance
|
- - 406 teeth
Survival analysis [
23% Recall rate
excluded | 9 teeth were extracted and from
v outcome analysis
Treatment
outcome analysis 397 teeth

Figure 1 Flow chart of study sample.




Table 1

Univariable distribution and characteristics of the study samples for treatment outcome analysis

Demographic data

Age
<45 years 178
>45 years 219
Sex
Female 254
Male 143
Systemic disease
No 279
Yes 118
Preoperative data
Tooth type
Anterior 100
Premolar 159
Molar 138
Arch
Maxilla 216
Mandible 181
Cause
Caries 317
Non-caries 80

Preoperative pain

No 332

Yes 65
Traumatic occlusion

No 387

Yes 10
Soft tissue swelling

No 390

Yes 7
Intraoperative data
Flare-up

No 389

Yes 8
File

Hand file 386

Rotary file 11
Complication

No 366

Yes 31
Root canal filling extent

Adequate 356

Short 21

Long 20
Root canal filling quality

Adequate 337

Inadequate 60

82.6
81.7

86.6
74.1

83.2
79.7

84.0
80.5
82.6

85.2
78.5

83.9
75.0

83.1
76.9

81.9
90.0

82.3
71.4

82.5
62.5

82.1
81.8

82.2
80.6

83.4
71.4
70.0

84.3
70.0

0.826

0.002

0.407

0.761

0.083

0.063

0.234

0.518

0.457

0.161

0.979

0.824

0.142

0.009

1.060

2.259

1.260

11.271
1.105

1.579

1.739

1.479

1.987

1.861

2.832

1.021

1.111

2.014
2.157

2.296

Sinus tract opening

Absent 363

Present 34
Percussion

No 177

Yes 220
Cracked

No 385

Yes 12
Mobility

No 333

Yes 64
Periodontal involvement

No 385

Yes 12
Preoperative radiolucency

No 109

<5 mm 198

>5 mm 90
Adjacent teeth

0-1 contact 347

2 contacts 50

Terminal tooth

No 359

Yes 38
Occluded tooth

No 37

Yes 360
Surface loss of tooth structure

1-2 surfaces 284

>2 surfaces 113

Postoperative data

Restoration type
Resin composite 304
Crown 93
Use as abutment
No 386
Yes 11
Definitive restoration
Not received 140
Received 257
Restoration quality
Adequate 382
Inadequate 15
Post
No 323
Yes 74

84.6
55.9

80.2
83.6

80.2
83.6

84.4
70.3

82.6
66.7

93.6
82.2
66.7

82.4
80

82.2
81.6

81.1
82.2

83.5

78.8

79.9

89.2

82.1
81.8

85.0
80.5

83.5
46.7

80.2
90.5

Univariable analysis logistic regression

Bold letter indicate significance (p<0.05)

<0.001

0.379

0.517

0.008

0.168

<0.001

0.349

0.928

0.863

0.272

0.044

0.979

0.270

0.001

0.041

1
4.328

1.260

1.554

2.282

2.373

3.021
7.286

1.299

1.041

1.079

1.360

2.084

1.021

1.369

5.787

2.365




For teeth without pre-operative radiolucency, 93.6%
(102/109 teeth) healed, showing no significant factors. Among
teeth with pre-operative radiolucency, 77.8% (224/288 teeth)
healed. Stratified univariable analysis highlighted significant pre-
operative factors related to treatment outcome, including sex,
cause of endodontic treatment, presence of sinus opening, tooth
mobility, and lesion size. The significant intra-operative factor
was root canal filling quality, and the post-operative factor was
restorative quality.

Multivariable analysis identified five significant
predictors affecting the treatment outcome are shown in Table 2.
Pre-operative factors were male gender (OR=2.698; CI
1.442-5.046), presence of sinus opening (OR=2.641; CI
1.039-6.711), and pre-operative radiolucency (OR=3.620; CI
1.391-9.422 and OR=5.991; CI 2.060-17.423 for lesion size
<5 mm and >5 respectively). Intra-operative and post-
operative factors were inadequate root canal filling quality
(OR=2.964; CI 1.333-6.589) and inadequate restoration
quality (OR=9.417; CI 2.642-33.561), respectively.

A stratified multivariable analysis for teeth with
radiolucency identified five

pre-operative significant

outcome predictors are displayed in Table 3: male gender

Table2 Multivariable analysis of the significant predictors of outcome

Demographic data

Sex
(0=female; 1=male) 2.698 1.442-5.046 0.002
Preoperative data
Sinus opening
(0=absent; 1=present) 2.641 1.039-6.711 0.041
Preoperative radiolucency 0.004
(0=no)
1=Size < 5 mm 3.620 1.391-9.422 0.008
2=Size > 5 mm 5.991 2.060-17.423 0.001
Intraoperative data
Root canal filling quality
(0=adequate;1=inadequate) 2.964 1.333-6.589 0.008
Postoperative data
Restoration quality
(0=adequate; 1=inadequate) 9.417 2.642-33.561 0.001

Multivariable analysis logistic regression

(OR=3.512; CI 1.734-7.112), cause of endodontic treatment
(OR=2.597; CI 1.101-6.125), presence of sinus opening
(OR=2.829; CI 1.049-7.626), inadequate root canal filling
quality (OR=2.800; CI 1.110-7.067), and inadequate
restoration quality (OR=5.017; CI 1.053-23.902).

Survival analysis

Survival rate

The characteristics and distribution of the study
sample for survival analysis are detailed in Table 4. The
survival rate at 2.6 years was 97.8% (397 out of 406 teeth),
with all surviving teeth being symptomless, resulting in a
functional retention rate of 97.8%. The cause of all extracted
teeth was unrestorable tooth fractures.

Univariable Cox proportional hazards regression
models revealed three significant factors affecting the
survival outcome: the presence of cracks, tooth mobility, and
teeth that lost structure on more than two surfaces. The
multivariable Cox proportional hazards regression models
demonstrated that the presence of cracks was the only
significant factor influencing the survival outcome (p=0.014,
HR=16.067; CI 1.756-146.604).

Table 3 Stratified multivariable analysis of the significant predictors
of outcome in teeth with preoperative radiolucency

Demographic data
Sex
3.512 1.734-7.112

(0=female; 1=male) <0.001

Preoperative data
Cause
(O=caries; 1=non-caries) 2.597 1.101-6.125 0.029
Sinus opening
(O=absent; 1=present) 2.829 1.049-7.626 0.004
Intraoperative data
Root canal filling quality
(0=adequate; 1=inadequate ~ 2.800 1.110-7.067 0.029
Postoperative data
Restoration quality
5.017

Multivariable analysis logistic regression

(0=adequate; 1=inadequai 1.053-23.902 0.043




Table 4

Univariable distribution and characteristics of the study samples for survival analysis

e e e

Demographic data

Age

<45 years 181

>45 years 225
Sex

Female 260

Male 146
Systemic disease

No 284

Yes 122
Preoperative data
Tooth type

Anterior 102

Premolar 163

Molar 141
Arch

Maxilla 219

Mandible 187
Cause

Caries 323

Non-caries 83
Preoperative pain

No 340

Yes 66
Traumatic occlusion

No 395

Yes 11
Soft tissue swelling

No 399

Yes 7
Intraoperative data
Flare-up

No 398

Yes 8
File

Hand file 395

Rotary file 11
Complication

No 373

Yes 33
Root canal filling extent

Adequate 365

Short 21

Long 20
Root canal filling quality

Adequate 345

Inadequate 61

98.3
97.3

97.7
97.9

98.2
96.7

98.0
97.5
97.9

98.6
96.8

98.1
96.4

97.6
98.5

98.0
90.9

97.7
100.0

97.7
100.0

97.7
100.0

98.1
93.9

97.5
100.0
100.0

97.9
96.6

0.425

0.920

0.342

0.921

0.240

0.237

0.567

0.224

N/A

N/A

N/A

0.158

N/A

0.888

N/A
N/A

N/A

N/A

N/A

N/A

3.104

N/A

N/A
N/A

1.161

Sinus tract opening

Absent 372

Present 34
Percussion

No 179

Yes 227
Cracked

Absent 392

Present 14
Mobility

No 338

Yes 68
Periodontal involvement

No 393

Yes 13
Preoperative radiolucency

No 112

<5 mm 201

>5 mm 93
Adjacent teeth

0-1 contact 355

2 contacts 51
Terminal tooth

No 367

Yes 39
Occluded tooth

No 37

Yes 369
Surface loss of tooth structure

1-2 surfaces 287

>2 surfaces 119
Postoperative data
Restoration type

Resin composite 312

Crown 94
Use as abutment

No 386

Yes 11

N/A (extracted) 9
Definitive restoration

Not received 140

Received 266
Restoration quality

Adequate 387

Inadequate 15

N/A (extracted) 4
Post

No 324

Yes 73

N/A (extracted) 9

97.6
100.0

98.9
96.9

98.2
85.7

98.5
94.1

98.0
92.3

97.3
98.5
96.8

97.6
98.3

97.8
97.4

100
97.6

99.0
95.0

97.1
100

100.0
100.0

100.0
96.6

98.7
100.0

100
100
0

Bold letter indicate significance (p<0.05).

N/A = Not applicable

N/A

0.230

0.003

0.020

0.212

0.612

0.601

0.928

N/A

0.037

N/A

N/A

N/A

N/A

N/A

N/A
N/A

2.623

11.375

4.793

3.771

0.656
1.472

1.521

1.100

N/A
N/A

4.375

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A




Survival from fracture

The distribution and characteristics of the study
sample for the analysis of survival from fracture are shown in
Table 5. The rate of survival from fracture was 95.8% (389
out of 406 teeth). Of the 17 fractured teeth, 17.6% (3 out of
17 teeth) were restorable, while 82.4% (14 out of 17 teeth)

Table 5

were not restorable. The Cox proportional hazards regression

models identified several significant factors for survival from
fracture: the mandibular arch, the presence of cracks, tooth
mobility, intra-operative complications, and teeth that did not
receive a definitive restoration as significantly impacting the

outcome.

Univariable distribution and characteristics of the study samples for survival from fracture analysis

Demographic data

Age
<45 years 181 96.7 0.353 1
>45 years 225 95.1 1.597
Sex
Female 260 96.2 0.560 1
Male 146 95.2 1.332
Systemic disease
No 284 96.5 0.275 1
Yes 122 94.3 1.706
Preoperative data
Tooth type
Anterior 102 97.1 0.855 1
Premolar 163 96.3 1.028
Molar 141 94.3 1.337
Arch
Maxilla 219 98.2 0.015 1
Mandible 187 93.0 3.684
Cause
Caries 323 96.0 0.554 1
Non-caries 83 95.2 1.402
Preoperative pain
No 340 95.3 0.171 1
Yes 66 98.5 3.721
Traumatic occlusion
No 395 95.9 0.600 1
Yes 11 90.9 1.707
Soft tissue swelling
No 399 95.7 0.523  20.919
Yes 7 97.1 1

Sinus tract opening

Absent 372 95.7 0.949 1

Present 34 97.1 0.949
Percussion

No 179 96.6 0.527 1

Yes 227 95.2 1.381
Cracked

Absent 392 96.2 0.018 1

Present 14 85.7 5.038
Mobility

No 338 96.7 0.012 1

Yes 68 91.2 3.318
Periodontal involvement

No 393 95.9 0.561 1

Yes 13 92.3 1.806
Preoperative radiolucency

No 112 95.5 0.568 1

<5 mm 201 96.5 0.901

>5 mm 93 88 1.471
Adjacent teeth

0-1 contact 355 96.5 0.382 1

2 contacts 51 94.1 1.537
Terminal tooth

No 367 96.5 0.156 1

Yes 39 89.7 2.212
Occluded tooth

No 37 97.3 0.919 1

Yes 369 95.7 1.111
Surface loss of tooth structure

1-2 surfaces 287 97.2 0.058 1

>2 surfaces 119 92.4 2.447




Table 5  Univariable distribution and characteristics of the study samples for survival from fracture analysis (Count.)

Intraoperative data

Flare-up
No 398 95.7 N/A N/A
Yes 8 100 N/A
File
Hand file 395 95.7 N/A N/A
Rotary file 11 100 N/A
Complication
No 373 96.5 0.033 1
Yes 33 87.9 3.216
Root canal filling extent
Adequate 365 95.3 N/A N/A
Short 21 100 N/A
Long 20 100 N/A
Root canal filling quality
Adequate 345 95.7 0.915 1.084
Inadequate 61 96.7 1
Postoperative data
Restoration type
Resin composite 313 94.6 N/A N/A
Crown 93 100 N/A

Multivariable Cox regression analysis, as detailed
in Table 6, revealed significant predictors for survival from
fracture: mandibular teeth (HR = 5.653; CI 1.224-26.107),
teeth that lost more than two surfaces (HR = 4.895; CI 1.331-
18.005), intra-operative complications (HR = 8.049; CI 1.428-
45.359), and teeth that did not receive a definitive restoration
(HR =13.777; C1 1.522-124.683). Notably, 91.1% (16 out of
17 teeth) of the fractured teeth had not received a definitive
restoration, and most fractures occurred within 40 months

(Figure 2).

Use as abutment

No 386 97.9 N/A N/A
Yes 11 100 N/A
N/A(extracted) 9 0 N/A
Definitive restoration
Not received 140 99.3 0.003 1
Received 266 94.0 11.695
Restoration quality
Adequate 387 97.2 0.065 1
Inadequate 15 86.7 4.396
N/A (extracted) 4 0 76.131
Post
No 324 97.5 N/A N/A
Yes 73 100 N/A
N/A (extracted) 9 0 N/A

Bold letter indicate significance (p<0.05).
N/A = Not applicable

Table 6 Multivariable Cox regression analysis of the significant

factors effect survival from fracture

Preoperative data
Arch
(0=Maxilla; 1=Mandible)

> 2 surfaces loss

5.618 1.115-28.295 0.036

5.679 1.395-23.118 0.015

(0=no; 1=yes)
Intraoperative data

Complication 9.583 1.52-60.413 0.016
(0=no; 1=yes)

Multivariable Cox regression
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Figure 2 Frequency of tooth fracture and time range.

In a subgroup analysis focusing on the survival
from fracture among teeth that did not receive a definitive
restoration, the Cox proportional hazards regression model
was applied to 266 teeth. This analysis identified significant
predictors for survival from fracture: the mandibular arch
(p=0.018) and tooth mobility (p=0.004). Further, the
multivariable Cox regression analysis, as detailed in Table 7,
highlighted three significant factors affecting the survival
from fracture in this subgroup: the mandibular arch
(p=0.036), teeth that lost more than two surfaces (p=0.015),

and intra-operative complications (p=0.016).

Table 7 Multivariable Cox regression analysis of the significant
factors effect survival from fracture in teeth that not receive
definitive restoration

CPredicors MR 99%Cl Pualue

Preoperative data
Arch
(0=Maxilla; 1=Mandible)

> 2 surfaces loss

5.653 1.224-26.107 0.026

4.895 1.331-18.005 0.017
(0=no; 1=yes)
Intraoperative data
Complication 8.049 1.428-45.359 0.018
(0=no; 1=yes)
Postoperative data
13.777

(O=received; 1=not received)

Definitive restoration 1.522-124.683 0.020

Multivariable Cox regression

Discussion

The healing rate of endodontically treated teeth
varies across studies, ranging from 68-85%, according to
systematic reviews.”’ Population-based cohort studies
indicate that treatments performed in general clinics tend to
have lower success rates compared to those in specialist
clinics and institutes.'’ The healing rates also significantly
differ based on the provider's experience, with endodontists
reporting 77-84.1%'"", postgraduate students or general

13-16

reporting  82.8-88.6%

17,18

dentists and undergraduate

students reporting 73.5-78% ~ . At the Faculty of Dentistry,
Mahidol University, approximately 500 teeth receive root
canal treatment annually at the undergraduate clinic. This
study aimed to investigate the outcomes of treatments
performed by undergraduate dental students under
supervision and identify prognostic factors to aid clinical
decision-making.

A retrospective observational study allows
evaluation of a large dataset with some limitations, such as
the inability to control the treatment regimen and incomplete
data recording. However, the academic setting ensures a
standardized treatment protocol, organized records, and high-
quality radiographs, enhancing the reliability of the obtained
information.

The low recall rate (23%) might be influenced by
the COVID-19 pandemic, yet a response bias analysis was
conducted. Although the tooth type varied between the study
sample and those lost to follow-up, it's unlikely to affect the
study’s result because the tooth type is not a factor that
influences the treatment outcome, making the study's results
representative of the population.

The healed rate in this study was 82.1%, aligning
with rates reported by other studies on undergraduate student
treatments™' " and even comparable to those by specialists.“’12
The high healed rate observed may be attributed to careful
case selection and comprehensive supervision (student:
supervisor=4:1). Notably, patients with intra-operative

complications were referred to postgraduate clinics and

excluded them from the study.




For preoperative factors affecting root canal
treatment outcomes, the study highlights several key points.
While sex showed a significant impact on treatment outcomes
in this study, a systematic review found no such influence.””
Preoperative radiolucency is a well-known predictor of
outcome, with a lower healed rate observed in teeth with
preoperative radiolucency compared to those without. "> '*?!
The size of the periapical lesion also influences the outcome,
smaller lesions

with associated with higher healed

11,14,15,21
rates

, though the impact of lesion size might diminish
over longer follow-up periods.z‘9 Since the median follow-up
time of this study was 2.6 years, the size of the lesion might
not affect the outcome in a longer follow-up time. The
presence of a sinus opening, indicative of chronic infection
and inflammation. Some studies have explained that the sinus
tract may allow bacteria in the oral cavity to colonize the
periapical area and increase the risk of extraradicular

14,22,23

infection and may have a negative impact on treatment

outcomes."”  The etiology of endodontic treatment has
emerged as a factor influencing outcomes, with non-carious
causes, including 36 teeth with non-carious cervical lesions,
6 fractured teeth, 1 cracked tooth, and 14 teeth affected by
trauma, associated with lower healing rates. The impact of
treatment etiology on outcomes has not been extensively
studied before, underscoring the need for further
investigation.

The quality of root canal filling, especially its
homogeneity and length, critically affects the healing

9,18,19,24,25
rate.

The present study is consistent with previous
studies, showing that the quality of root canal filling
significantly influences the treatment outcome. Among the
397 teeth included in this study, 60 teeth (15.1%) had
inadequate root canal fillings, primarily due to the length of
the fillings. The length of a root canal filling reflects the
quality of disinfection; thus, inadequate filling length
significantly impacts the treatment outcome in teeth with
preoperative radiolucency. A systematic review and meta-
analysis have shown that adequate root canal filling and high-
to favorable treatment

quality restoration contribute

outcomes.”® The results of this study align with previous
studies.

Survival analysis indicated a high rate (97.8%),
which was higher than earlier studies (85.1-93%). 12162728 Thig
higher rate can be attributed to the selection of cases, effective
treatment protocols, and the exclusion of cases with serious
complications. In the final multivariable Cox regression
model, present of crack emerged as the only significant
predictor. A crack can serve as a pathway for bacteria to enter
and cause infection and increased risk of fracture. With
delayed placement of a crown, the tooth will have a lower
survival rate if a crack is present.

All non-surviving teeth were attributed to
unrestorable fractures. Previous research has identified tooth
fracture as the most common reason for the extraction of

29,30 .
The survival from fracture

endodontically treated teeth.
rates reported in earlier studies ranged from 84.1% to
86.2%", which is lower than the 95.8% observed in this
study. The reasons are not entirely clear, but may be related
to the selection criteria for undergraduate students. Previous
studies showed that teeth with less severe structural loss, the
employment of composite resin for intermediate restoration,
or the relatively short follow-up duration demonstrated higher
survival outcome.

Furthermore, the timing of the definitive restoration
is crucial. Previous studies have demonstrated that delayed
definitive restoration significantly increases the risk of tooth
fracture™”, with recommendations suggesting that such
restorations should be completed within four months post-
endodontic treatment.” It’s important to note that the delay in
crown placement observed in this study was largely due to the
service setting of dental school, where patients may face
waiting periods up to 3-4 years. Regular monitoring is vital to
mitigate the risk of unrestorable tooth fractures.

Our study confirms the necessity of definitive
coronal restoration following root canal treatment. Ideally,
the definitive restoration should be applied as promptly as

possible, particularly for mandibular teeth with more than two

surfaces loss of tooth structure.




Conclusions

Undergraduate dental students at Faculty of
Dentistry, Mahidol University's had an 82.1% healed rate for
their first root canal treatments. Significant predictors
influencing this rate included sex, preoperative radiolucency,
the presence of a sinus opening, the quality of root canal
filling, and quality of restoration. The overall survival rate
was 97.8%, with tooth cracks identified as a significant
negative predictor this outcome. The survival rate from
fracture was 95.8%, with significant factors lowering this
outcome being the tooth located in the mandibular arch and

the tooth that lost more than two surfaces of its structure.
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Figure 1 Materials and instruments for testing volunteers a. Examination

kit b. Injection syringe c. Florida probe d. EPT
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Figure 2 Injection site of Mylohyoid nerve block in oral cavity of

volunteer
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Table 1

Less than 0.00 Poor
0.00 - 0.20 Slight
0.21-0.40 Fair
0.41 -0.60 Moderate
0.61 —0.80 Substantial
0.81 —1.00 Almost perfect
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Table 2  Percentage of complete pulpal anesthesia in each tooth

Central incisor 0(0)
Lateral incisor 0(0)
Canine 0(0)

1" Premolar 0(0)
2™ Premolar 3.33 (1)
1" Molar 3.33 (1)
2™ Molar 20 (6)
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Table 3 Percentage of complete numbness of soft tissues

Buccal sulcus Central incisor
Lateral incisor
Canine
1" Premolar
2" Premolar
1" Molar
2" Molar
Lingual sulcus Central incisor
Lateral incisor
Canine
1" Premolar
2" Premolar
1" Molar
2" Molar
Buccal alveolar mucosa Central incisor
Lateral incisor
Canine
1" Premolar
2" Premolar
1" Molar
2" Molar
Lingual alveolar mucosa Central incisor
Lateral incisor
Canine
1" Premolar
2" Premolar
1" Molar
2" Molar
Floor of mouth
Tongue
Buccal mucosa
Lower lip
Chin
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6.67 (2)
10 (3)
26.67 (8)
16.67 (5)
26.67 (8)
30 (9)
16.67 (5)
56.67 (17)
66.67 (20)
76.67 (23)
63.33 (19)
76.67 (23)
100 (30)
90 (27)
0(0)

0(0)

0(0)

0(0)

0(0)

3.33 (1)
3.33 (1)
46.67 (14)
63.33 (19)
76.67 (23)
96.67 (29)
100 (30)
100 (30)
100 (30)
90 (27)
100 (30)
16.67 (5)
0(0)

0(0)

M3 4 uasmanauntihlumazeraaiag

Table 4 Kappa statistic of each volunteer
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0.843
0.691
0.798
0.659
0.886
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Boundary of Mylohyoid Nerve Block: A Clinical

Trial study

Chengprapakorn D ! Kanyapan K : Ruangtananurak N : Phonphalert M : Chaijit R * Limmonthol S

Research Article

Abstract

Mylohyoid nerve block is a useful injection technique, especially for the operation at the posterior mandible. However, the exact
boundary of anesthesia has not been reported. The objective of this study is to study the anesthetized area of the teeth and soft tissues after
mylohyoid nerve block injection. Thirty volunteers received mylohyoid nerve block which the side of the injection was retrieved by a simple
random sampling method. Thereafter, the pulpal anesthesia of the mandibular teeth was determined with Electric Pulp Tester (EPT) along with
the numbness testing of the gingival sulcus, alveolar mucosa, middle area of the floor of mouth, buccal mucosa and tongue by using a Florida
probe and asking the volunteers about the numbness in the area of lower lip and chin. The measurements were repeatedly at 5, 10, 15 minutes.
The results revealed that complete pulpal anesthesia of the mandibular second molar was 20%, mandibular first molar and mandibular second
premolar were equally 3.33%. In addition, the incidence of complete numbness of soft tissue (the area in which the volunteers were 100%
completely anesthetized) was the lingual gingival sulcus of mandibular first molar, lingual alveolar mucosa from mandibular second premolar
to second molar and tongue respectively. Secondly, the area where complete anesthesia was greater than or equal to 80% but less than 100%
consisted of the lingual gingival sulcus of the mandibular second molar, lingual alveolar mucosa from the mandibular first premolar and floor
of mouth. The incidence of lower lip and chin numbness has not been found. In conclusion, the mylohyoid nerve block technique has completely
anesthetized the area of the mandibular second molar mostly, followed by the mandibular first molar and mandibular second premolar
respectively and caused complete numbness (100%) at the lingual gingival sulcus of the mandibular first molar, lingual alveolar mucosa from
the mandibular second premolar to second molar and tongue. Furthermore, extra-oral tissue numbness has not been detected.
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