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[Abstract] Objective To investigate the physicochemical and biological properties of a new calcium sulfate-based
root canal sealer for deciduous teeth containing calcium sulfate hemihydrate, barium sulfate, chlorhexidine acetate, and
polyethylene glycol 400 (PEG 400). Methods This study was reviewed and approved by the Ethics Committee. The
calcium sulfate hemihydrate and barium sulfate powders with different mass percentages were mixed with liquid PEG
400 at a powder-to-liquid ratio of 3: 1, and chlorhexidine acetate was added to a concentration of 0.2 mg/mL accord-
ing to the volume of PEG 400. The above materials were mechanically ground at 250 r/min for 24 h to obtain a calcium
sulfate-based root canal sealer for deciduous teeth. The sealer was classified into different groups according to mass

percentages of components. The mass percentages of components were optimized by performing time, fluidity, and radi-
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opacity experiments, and then the pH, mass loss in vitro, and microscopic morphology of the optimal sealer were evaluat-
ed. The antimicrobial properties of the sealer were evaluated by a bacterial-material cocultivation method. The cytocom-
patibility of the sealer was evaluated by a CCK-8 assay and cytomorphological staining, and its biocompatibility was
evaluated by a subcutaneous tissue embedding assay. Results  After optimization, mass percentage of calcium sulfate
hemihydrate was 80 wt%, and the mass percentage of barium sulfate was 20 wt%. The flowability and radiopacity of the
sealer were in accordance with international standards. The pH stabilized between 6-7. On the 7th and 14th days, the
pH in the water group was significantly greater than that in the PBS group (P < 0.001), although the pH in both groups
gradually increased (P > 0.05). In vitro degradation experiments, the mass loss of the sealer was approximately 15.17%
during the preimmersion period, and rate of mass loss decreased after 3 weeks, reaching only approximately 8.33%.
X-ray diffraction (XRD) and scanning electron microscopy (SEM) revealed that the main component of the sealer after
hydration was calcium sulfate dehydrate. In bacterial growth assays and cytological tests, the sealer showed significant
inhibition of the growth of E. faecalis (P < 0.001). After 1 and 4 days of culture, the cell viability in the 1:10 and 1 :20
sealer extract dilution group was lower than that in the control group (P < 0.05). On the 7th day, the 1:20 sealer extract
dilution had no significant effect on cell proliferation (P > 0.05). Both the sealer group and the control group (Vitapex
and zinc oxide eugenol) caused mild inflammatory reactions in tissue sections. Conclusion In this study, a new type of
root canal sealer for deciduous teeth was designed based on calcium sulfate, which has good physicochemical properties
and strong antibacterial properties and meets biocompatibility requirements. This study provides an idea for the develop-
ment of a new type of root canal sealer for deciduous teeth.

[Key words] calcium sulfate; chlorhexidine; root canal sealing; deciduous teeth; degradable; biocompati-
ble; antibacterial properties; tissue sectioning
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Table 1  Mass fraction of each component of calcium sulfate-

based root canal sealer for deciduous teeth in different group

Group CSH (wi%) BaSO, (wi%) CHX (mg/mL)
Gl 95 5 0.2
G2 90 10 0.2
G3 85 15 0.2
G4 80 20 0.2

CSH: calcium sulfate hemihydrate. BaSO4: barium sulfate. CHX:

chlorhexidine
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The sealer was a milky white paste of uniform
color with injectability
Figure 1  Morphology of calcium sulfate -

based root canal sealer for deciduous teeth
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Table 2 Flowability and setting time of calcium sulfate-based

root canal sealer for deciduous teeth in different group

t-test (flow)*

Group Setting time/h Flow/mm -

t
Gl 10.3 +0.737 26.2 + 0.346 17.705 0.003
G2 9.8 + 1.044 24.4 +0.709 18.147 0.003
G3 9.2 +0.872 22.9 + 0.600 17.032  0.003
G4 8.6 + 0.608 21.3 +0.625 11.926  0.007

*: s SO (17 mm). The setting time of sealer in Group G4 was shorter
than in other groups, which was convenient for clinical application.
Groups G1-G4 were shown in Table 1. CSH: calcium sulfate hemihy-

drate. BaSO,: barium sulfate
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a: representative X -
ray images of the dif-
ferent sealers and
aluminum step wedg-
es in 1 mm incre-
ments from 1 to 10
mm. b: the relative
radiation density of

G3 G4 3 mmAl
Samples G

each  group  was

quantified compared to that of a 3 mm aluminum step wedge. *** P <0.001. c: radiograph of the Group G4 sealer in an isolated tooth. Groups

G1-G4 were shown in Table 1.The radiopacity of sealer in Group G4 was better than in other groups, with the blocking thickness 2 mm thicker

than dentin, which was in line with ISO

Figure 2 Images of calcium sulfate-based root canal sealers for deciduous teeth from different groups
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Figure 3 Changes in the pH and mass of the Group G4 calcium sulfate-based root canal

sealer for deciduous teeth in PBS and deionized water

a: change in pH of the sealer in PBS
and deionized water over time. From
Day 1 to Day 28, the pH of the sealer
in PBS and deionized water was stable
between 6 and 7. b: change in the
mass of the sealer in PBS over time.
The change in the mass of sealer indi-
cated that it was degradable and suit-
able for filling deciduous teeth root ca-
nals; the initial mass was (0.579 =+
0.050) g. Group G4: 80 wt% calcium
sulfate hemihydrate; 20 wt% BaSO,

B3 GAZH B R 55 He 7L 25 AR S8 P 30 72 PBS 12K 88 7K v i) pH I8 1 T & Fr9 28 4k

U AT D)5 R L B AT S DR AR AT DT C . 20 7
29.1°.35.96° .43.43° . 48.84° .50.32° .55.82° .65.82° .
66.68° 1Y T 5 I 55 7K it IR 45 1) b o P61 3 A3 53 Ui
N
2.3 ARSDIRAE AT N 6 A A 4 A
231 MRS P Sa g T 30 R Bk
AR BP0 S 36 2 R R 2 5% % i b A R
AR I KA B AR —F, [7]— A~ B a] 55
S0 A A AN TR A R AR T T IR AL, AL 2 TR Y 22
SHEASIFE (P <0.001),
232 IRAMHMESZES R Sh oA K RCE B 2L 40 i
EE R A, gat 5 dR R, BT WS 30 40 i 2 4
HMiREAE K VERERIERZNIE., R TdE,
Mg E L  ESAEK,

TE AN [R) e B 12 45 0 Hh 1 37 1 R LB 4 35 5 4
i 358 B S LAN ] Se B o 55 1R, SEE 4 (1: 10 Al
1:20 B P4 77032 B2 V0T B 4 ) 5 ) B A4 1 40 Jif 3%

2 B EER(P<0.001);554K,1:10F11:20
15 B8 VR B 2 A MR M R 2 ) 22 S W
(P<0.001,P=0.018) ;%5 7K, 1: 1025 Bk
2H 20 G v S 0 A 2 ) 25 R R (P = 0.002) ,
1:20 2 LR FR B 4L 5 X FRZH =22 8] oA i 25 57 (P =
0.461) .

TEHL1: 20 3= HE VR B 4L WSS A B 1 SR A
WMESd TR 551K, € B ai i 2 g & ;
54K, A AR BCE BT AN 5 5 7 R 4 AR A T
.

2.4 AR

BT RIEA LY R an & 6 fros B A4
Vitapex 41 1 ZOE 21 75 2 J&] i ¥4 0 88 31 5 vp B 11 5%
JiE S o 4 JRI A, J5F A 7 2H S R 2L 1) 9 A S50 3470k
B AL B RAEAI N . AHE T Vitapex 41 1
ZOE 21, 35 A5 20 I o H 0 50 000 7™ S ) % 05 S

“BaS0, *CSD

|

L
i

\ L d % o
"WJ\JL‘W m“‘dub'wu LS toodid

Intensity (a.u.)

10 20 30 40 50 60 70 80
20/°

a: the SEM image of the sealer after 48 h of hydration showing needle-like crystals; scale bar = 5 wm; b: the SEM image of the cured sealer

after dissolution for 30 d showing short rod-like crystals; scale bar = 5 wm; ¢: X-ray diffraction image of the sealer after 48 h hydration. The

main components of the sealer were CSD (the hydrated CSH) and BaSO,. CSD: calcium sulfate dehydrate. CSH: calcium sulfate hemihy-

drate. Group G4: 80 wt% CSH; 20 wt% BaSO,

Figure 4  Structural charateristics of Group G4 calcisum sulfate-based root canal sealer for deciduous teeth
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a: curves showing the effect of the sealer on the growth of E. faecalis. There was less bacterial growth in the experimental (G4) group than that in the

control group, indicating that the sealer had good antibacterial properties. The difference between the two groups was significant (P < 0.001); b: mor-

phology of SD-BMSCs in DMEM (the cells were shuttle-shaped at 5 d, and this morphology was more pronounced at 7 d, at which time the cells in-

creased in number; X200); SD-BMSCs: SD rat bone marrow mesenchymal stem cells; c: effect of the sealer (Group G4) on the proliferation of SD-BM-

SCs: 1:10 extract dilution and 1:20 extract dilution. The extracts were obtained after the sealer was immersed in DMEM for 24 h, after which the ex-

tract was diluted with medium at ratios of 1: 10 and 1: 20. vs. control group, *: P <0.05, **: P <0.01, ***: P <0.001; d: cytoskeletal morphologies

of SD-BMSCs. There were no significant differences in cytoskeletal morphology between the sealer and control groups. Control group: DMEM without

material extract. Nuclei are shown in blue, and actin is shown in red (bar = 200 wm). BMSCs: bone marrow mesenchymal stem cells. Group G4: 80

wt% calcium sulfate hemihydrate; 20 wt% BaSO,

Figure 5 In vitro evaluation of the biological characteristics of Group G4 calcium sulfate-based root canal sealer for deciduous teeth
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Figure 6 Representative images of the subcutaneous tissue reaction

At 2 weeks, the sealer group (G4), Vitapex
group and ZOE group exhibited mild to mod-
erate inflammatory responses. At 4 weeks, the
inflammatory responses were reduced and on-
ly a few inflammatory cells remained in the
sealer group, Vitapex group and ZOE group.
The sealer group (G4) did not show more se-
vere inflammatory responses than the clinical-
ly used sealers Vitapex and ZOE, suggesting
that the sealer had good biocompatibility.
Scale bar=100 pm or 20 wm. Vitapex: calci-
um hydroxide iodoform paste; ZOE: zinc ox-
ide eugenol. Group G4: 80 wt% calcium sul-
fate hemihydrate; 20 wt% BaSO,

s after treatment with the Group G4 calcium sulfate-based

root canal sealer for deciduous teeth, Vitapex and ZOE

Bl 6 G4BT IEFL F AR B 7 | Vitapex Fl ZOE ) Kz 21 4 [z w4 7k (5144
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