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[Abstract] Objective To modify the non-antibacterial bioceramic root canal sealant iRoot SP with the quaternary
ammonium salt dimethylaminododecyl methacrylate (DMADDM) and to develop a new type of sealant. Methods  The
cytotoxicity of the modified root canal sealant was evaluated using the cell counting kit-8 (CCK-8). The solubility and
flowability of the sealant were tested according to International Organization for Standardization (ISO) methods. The
sealing ability and penetrability of the sealant were assessed by micro-computed tomography (micro-CT) and confocal
laser scanning microscope (CLSM). The antibacterial activity of the sealant against Enterococcus faecalis biofilm was
evaluated by colony-forming unit (CFU) counting, crystal violet staining, scanning electron microscope (SEM), and
live/dead staining. Results ~When the DMADDM mass fraction was 0.625%, the modified sealant demonstrated good
biocompatibility (P > 0.0125). The flowability (> 17 mm) and solubility (< 3%) of the sealant modified with 0.625%
DMADDM met ISO standards and showed no significant difference compared with iRoot SP. DMADDM modification
did not affect the sealing ability or penetrability of the sealant at different positions of the tooth root (P > 0.05).
Antibacterial experiments showed that the modified sealant reduced the CFU count (0.518 + 0.333 vs. 8.156 + 0.011, P <
0.001) and the amount of biofilm (mean difference of 86.94%, 95% confidence interval: 74.82%-99.07%, P < 0.0001) of
Enterococcus faecalis biofilm at the unaged stage. However, after 1 week of aging (7.327 + 0.068 vs. 7.422 + 0.035) or 4
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weeks of aging (7.479 + 0.065 vs. 7.581 + 0.071), the CFU count of the modified sealant showed no significant difference
from the iRoot SP group (P > 0.05). Live/dead staining and SEM also showed that the modified sealant could inhibit the

formation of Enterococcus faecalis biofilm. Conclusion

iRoot SP modified with 0.625% DMADDM exhibited good

biocompatibility, sealing ability, and penetrability, and significantly improved resistance to Enterococcus faecalis biofilm,

providing a new approach for the antibacterial modification of bioceramic root canal sealants.
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Fig 1 The effects of DMADDM on the biocompatibility, solubility, and flowability of iRoot SP
Dash line: criteria for evaluating material-related biocompatibility. ~ P < 0.0005; 1 = 3 per group.
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A, CFU counts (n = 3); B, biomass tested by crystal violet assay (n = 3); C, representative live/dead staining CLSM images of E. faecalis biofilm; D, the statistical

analysis of live/dead staining (1 = 3); E, representative SEM images of E. faecalis biofilm. "™ P < 0.0001, " P < 0.01.

P, RMELERUEAE T, SRRV R 7] b S A e 2
B, 3L AT R R RIE UG 38 T8, B3 BT R
FATA micro-CTHRALLE R LM, Fi & 9%0.625%
DMADDMI{ K M EiRoot SPEA [l HLEB Y23 B R, $/R
P SR WA A 3 R A PP 1 R B B 25 4 5 T iRoot
SPINHLIETE .

AR /N AR 2R G0 0 B AL R oy, BT R
HRAE TR T DhitE A F A /N I B P ™) R4
BEVEA BT A R A T A B INE, XN T
P, B U N o 36 BT AR R sl S e d R oim A
DGR P B A TARIC, 38 :F CLSM BRIV AT BV 5 91
ARASRE [ 35t P 70V 99t L0, B AR B e A R vh T g

FEAESEKGRHS AR B I AT A
LS A s W75 0 R, (R B4R T A, FRATTOR A 2
“BIBENEREE o3 MR BB R VR F 265, 7658
BYERTEAL LR A R, 5 2Z AT —5 E R
AR 28 e 3 1) 98 33 M i 58, T AEAR R =00 2 — 11
DX 8 7% 0 2 0 i M, B0 P AT A7 A B 1 T
T30 SR I A RIE S e 0 K ORI AR I AR A
P b, Sl SN R 5 5 0 R T B R 5 B
PE, X R HESRiRoot SPHIB B TERRAL T 75 1] .
DMADDM 2 Bz fil 4 P B i, 347 1E FL A 2R
FEIAT R A T B S5 A8 T A A R . 5 AR RIS
—3X, iRoot SPAS BB RE J1 #5559 . FATHICFUTT



3 1

it 5 el Ok A Y M B PR R P P U B 1 E I AT 705

B, gm0 55 /AU Y {6 . SEMWEE S L hr— 2
7 IGF - DMADDM VAT 5 2 i) 55 3% i Bk 0 £ 9 i 72
if o SR, A5 o415 % BB 20 (1) CRUHEUE I i 22
5. X H#E/RDMADDMM T AT s 4 e K M AL
F, X fEJEDMADDM A 5 A W) ) HARTE ik
fe2fling, R B B P R ZE R DR T B, RORIR T E
JEAN A SR AR S AT AL [ . R ARSI ST S el
3 P10 )RV T PR 8 0 O R, L2 S0 SR T 220 11 3
VBRSO T A 5 AE PSR VE SR80 . A AR A Bl 2 A T
VNG A DX B0 P R R S B B, AR A A) A= A B £ e,
AR R KR . T B A, IRRIER R R
Fir AR TR, 25 Bk (S PR BB AN, S
T Al A A LERHE KT, DMADDMY £ H A ) JE7R 2
VAR, (R AR B SR MR ATh o 22 TR R R B0 IE

AW I A B AR5 PRAMIESE , X 35 A B B 1
PEAG L 35 AR AT TR S LA, W EWIA R BE ki
AR BE ;s BURPEAN R T BRI A W IR, 15 22 TR R 1Y
BAE, KBTI AR . Ah, T AE sh il v
PEATR ISR, 27 A VRN B0 R BE 1 ek 4 LSt R

25 B TR, A5 DMADDM ] T Motk b sk
HAI5iRoot SP, X CPE R f5 A 7 2 Fp ik REHEA T T 45
AVEAG o 30 L B R AR S AR SN B S 86 R B, B Sy
#70.625%DMADDMEK PEiRoot SPTELEFE L Iy Bk fig 5
A Wy G ) [ o 25 iR 1 o 2 B R A A 0 P 4 o
R o TRECPE SR I Ry A 0 B e 8 AT R0 A D e AL TG it
T AT AR, ST LA T 2 R AR R AR N SR Ak S Ak
LN

* * *

EERBFEY D st BdRd g BT, WA BF5r
BT AR A B T AR S 1, R TR IR
I, BRI EAE R, PRI MBS R S A S 1, AR TTE
SCHYIE BRI DT H A PR AL W BHR S R i S i
BiE. FrffEd O &R ORI AT, B2 R RA ST
IR SER, IF IR X TAEM T st .

Author Contribution MA Jinyi is responsible for data curation, formal
analysis, investigation, methodology, project administration, software,
validation, visualization, and writing--original draft. LI Bolei is responsible
for funding acquisition, project administration, resources, supervision, and
writing--review and editing. CHENG Lei is responsible for
conceptualization, funding acquisition, project administration, resources,
supervision, and writing--review and editing. All authors consented to the
submission of the article to the Journal. All authors approved the final
version to be published and agreed to take responsibility for all aspects of
the work.

FIZEMR AXEERERANRELFTERNE . FOCERETH
R BT R A 1 B PIBCRIEA T, EREHANZTALB . Btz

Sb, BT VR & P AT AER SR 2 o

Declaration of Conflicting Interests CHENG Lei is a member of the
Junior Editorial Board of the journal. All processes involved in the editing
and reviewing of this article were carried out in strict compliance with the
journal's policies and there was no inappropriate personal involvement by

the authors. Other than this, all authors declare no competing interests.

£ % X W

[1] KARAMIFAR K, TONDARI A, SAGHIRI M A. Endodontic periapical
lesion: an overview on the etiology, diagnosis and current treatment
modalities. Eur Endod J, 2020, 5(2): 54-67. doi: 10.14744/eej.2020.42714.

[2] YE L, CAO L, SONG W, et al. Interaction between apical periodontitis
and systemic disease (review). Int ] Mol Med, 2023, 52(1): 60. doi: 10.
3892/ijmm.2023.5263.

[3]  PIRANIC, CAMILLERI J. Effectiveness of root canal filling materials and
techniques for treatment of apical periodontitis: a systematic review. Int
Endod J, 2023, 56(Suppl 3): 436-454. doi: 10.1111/iej.13787.

[4] AI-ANIA M, ALI A H, KOLLER G. Assessment of bacterial load and
post-endodontic pain after one-visit root canal treatment using two types
of endodontic access openings: a randomized controlled clinical trial.
Dent J (Basel), 2024, 12(4): 88. doi: 10.3390/dj12040088.

[5] SINGH H, MARKAN S, KAUR M, et al. “Endodontic Sealers”: current
concepts and comparative analysis. Dent Open J, 2015, 2(1): 32-37. doi:
10.17140/DO]J-2-107.

[6} ORTEGA M A, RIOS L, FRAILE-MARTINEZ O, et al. Bioceramic versus
traditional biomaterials for endodontic sealers according to the ideal
properties. Histol Histopathol, 2023, 39(3): 18664. doi: 10.14670/HH-18-664.

[7]  ASHKARI, SANZ ] L, FORNER L, et al. Calcium silicate-based sealer
dentinal tubule penetration-a systematic review of in vitro studies.
Materials (Basel), 2023, 16(7): 2734. doi: 10.3390/mal6072734.

[8] YANY,LIY, CHIY, et al. A comparative study of biological properties of
three root canal sealers. Clin Oral Investig, 2023, 28(1): 11. doi: 10.1007/
s00784-023-05402-7.

[9] DENG Z, LIN B, LIU F, et al. Role of Enterococcus faecalis in refractory
apical periodontitis: from pathogenicity to host cell response. ] Oral
Microbiol, 2023, 15(1): 2184924. doi: 10.1080/20002297.2023.2184924.

[10] KARKEHABADI H, KHOSHBIN E, GHASEMI N, et al. Deep learning
for determining the difficulty of endodontic treatment: a pilot study. BMC
Oral Health, 2024, 24(1): 574. doi: 10.1186/s12903-024-04235-4.

[11] LIY,LIB,GUOX, etal. Applications of quaternary ammonium
compounds in the prevention and treatment of oral diseases: state-of-the-
art and future directions. ] Dent, 2023, 137: 104678. doi: 10.1016/j.jdent.
2023.104678.

[12] ALKHALIFA S, JENNINGS M C, GRANATA D, et al. Analysis of the
destabilization of bacterial membranes by quaternary ammonium
compounds: a combined experimental and computational study.
Chembiochem, 2020, 21(10): 1510-1516. doi: 10.1002/cbic.201900698.

[13] HUANGY, LI H, ZHU C G, et al. Anti-bacterial and anti-microbial aging
effects of resin-based sealant modified by quaternary ammonium
monomers. ] Dent, 2021, 112: 103767. doi: 10.1016/j.jdent.2021.103767.

[14] CHENG L, WEIR M D, ZHANG K, et al. Dental primer and adhesive
containing a new antibacterial quaternary ammonium monomer
dimethylaminododecyl methacrylate. ] Dent, 2013, 41(4): 345-355. doi:
10.1016/j.,jdent.2013.01.004.

[15] International Organization for Standardization (ISO). ISO 6876: 2012
Dental root canal sealing materials. Geneva: ISO, 2012.

[16] SIQUEIRA JF, ROCAS I N. Present status and future directions:
microbiology of endodontic infections. Int Endodontic J, 2022, 55(S3):
512-530. doi: 10.1111/iej.13677.

[17] COPE A L, FRANCIS N, WOOD F, et al. Systemic antibiotics for
symptomatic apical periodontitis and acute apical abscess in adults.
Cochrane Database Syst Rev, 2024, 5(5): CD010136. doi: 10.1002/
14651858.CD010136.pub4.


https://doi.org/10.14744/eej.2020.42714
https://doi.org/10.14744/eej.2020.42714
https://doi.org/10.3892/ijmm.2023.5263
https://doi.org/10.3892/ijmm.2023.5263
https://doi.org/10.3892/ijmm.2023.5263
https://doi.org/10.1111/iej.13787
https://doi.org/10.1111/iej.13787
https://doi.org/10.1111/iej.13787
https://doi.org/10.3390/dj12040088
https://doi.org/10.3390/dj12040088
https://doi.org/10.17140/DOJ-2-107
https://doi.org/10.17140/DOJ-2-107
https://doi.org/10.17140/DOJ-2-107
https://doi.org/10.17140/DOJ-2-107
https://doi.org/10.17140/DOJ-2-107
https://doi.org/10.17140/DOJ-2-107
https://doi.org/10.14670/HH-18-664
https://doi.org/10.14670/HH-18-664
https://doi.org/10.14670/HH-18-664
https://doi.org/10.14670/HH-18-664
https://doi.org/10.14670/HH-18-664
https://doi.org/10.14670/HH-18-664
https://doi.org/10.3390/ma16072734
https://doi.org/10.3390/ma16072734
https://doi.org/10.1007/s00784-023-05402-7
https://doi.org/10.1007/s00784-023-05402-7
https://doi.org/10.1007/s00784-023-05402-7
https://doi.org/10.1007/s00784-023-05402-7
https://doi.org/10.1007/s00784-023-05402-7
https://doi.org/10.1007/s00784-023-05402-7
https://doi.org/10.1007/s00784-023-05402-7
https://doi.org/10.1007/s00784-023-05402-7
https://doi.org/10.1007/s00784-023-05402-7
https://doi.org/10.1080/20002297.2023.2184924
https://doi.org/10.1080/20002297.2023.2184924
https://doi.org/10.1080/20002297.2023.2184924
https://doi.org/10.1186/s12903-024-04235-4
https://doi.org/10.1186/s12903-024-04235-4
https://doi.org/10.1186/s12903-024-04235-4
https://doi.org/10.1186/s12903-024-04235-4
https://doi.org/10.1186/s12903-024-04235-4
https://doi.org/10.1186/s12903-024-04235-4
https://doi.org/10.1186/s12903-024-04235-4
https://doi.org/10.1186/s12903-024-04235-4
https://doi.org/10.1186/s12903-024-04235-4
https://doi.org/10.1016/j.jdent.2023.104678
https://doi.org/10.1016/j.jdent.2023.104678
https://doi.org/10.1016/j.jdent.2023.104678
https://doi.org/10.1002/cbic.201900698
https://doi.org/10.1002/cbic.201900698
https://doi.org/10.1016/j.jdent.2021.103767
https://doi.org/10.1016/j.jdent.2021.103767
https://doi.org/10.1016/j.jdent.2013.01.004
https://doi.org/10.1016/j.jdent.2013.01.004
https://doi.org/10.1111/iej.13677
https://doi.org/10.1111/iej.13677
https://doi.org/10.1002/14651858.CD010136.pub4
https://doi.org/10.1002/14651858.CD010136.pub4
https://doi.org/10.1002/14651858.CD010136.pub4

706 PR AR (BE2E R 5 5745
[18] LIU X, GAO M, BAI Q, et al. Evaluation of palatal furcation groove and research methods and experimental models to study root canal fillings. Int
root canal anatomy of maxillary first premolar: a CBCT and micro-CT Endod J, 2022, 55(Suppl 2): 384-445. doi: 10.1111/iej.13713.
study. Biomed Res Int, 2021, 2021: 8862956. doi: 10.1155/2021/8862956. [26] FANY, WANG Z, SUN Y, et al. Effect of the modified methacrylate-
[19] KOMABAYASHI T, COLMENAR D, CVACH N, et al. Comprehensive based root canal sealer in single-cone technique. Nanomaterials (Basel),
review of current endodontic sealers. Dent Mater J, 2020, 39(5): 703-720. 2022, 12(21): 3722. doi: 10.3390/nano12213722.
doi: 10.4012/dm;j.2019-288. [27] GUO X, SUN Y, WANG Z, et al. The preventive effect of a magnetic
[20] TABASSUM S, KHAN F R. Failure of endodontic treatment: the usual nanoparticle-modified root canal sealer on persistent apical periodontitis.
suspects. Eur ] Dent, 2016, 10(1): 144-147. doi: 10.4103/1305-7456. Int ] Mol Sci, 2022, 23(21): 13137. doi: 10.3390/ijms232113137.
175682. [28] SHARMA ], JHAMB S, MEHTA M, et al. Prevalence of Enterococcus
[21] SAH S, MANGAT P, KUMAR A, et al. Stereomicroscopic evaluation of faecalis in refractory endodontic infections: A microbiological study. J
sealing ability of four different root canal sealers: an in-vitro study. BMC Conserv Dent Endod, 2025, 28(5): 462-467. doi: 10.4103/JCDE.
Oral Health, 2024, 24(1): 258. doi: 10.1186/s12903-024-03913-7. JCDE_871_24.
[22] JAHA H S. Hydraulic (single cone) versus thermogenic (warm vertical (2025 - 11 — 1415cF. 2026 — 03 — 144% )
compaction) obturation techniques: a systematic review. Cureus, 2024, -
16(6): €62925. doi: 10.7759/cureus.62925. o
[23] TEKINARSLAN D, ER K, EGIN M, et al. The effect of various irrigants FFHGRIR A SRR IR 528 2 —Ak R
on mixed biofilms in dentinal tubules: a confocal laser scanning BY NC 4.0F BRI P (CC BY-NC 4.0), 4045 2351510
microscopy study. Microsc Res Tech, 2025, 88(9): 2586-2593. doi: 10. hitps://creativecommons.org/licenses/by-nc/4.0/.
1002/jemt.24877. T )
. i OPEN ACCESS This article is licensed for use under Creative Commons
[24] EGEMEN A, BELLI S. The effect of primary root canal treatment on

[25]

dentinal tubule penetration of calcium silicate-based sealers during
endodontic retreatment. ] Endod, 2022, 48(9): 1169-1177. doi: 10.1016/j.
joen.2022.05.008.

De-DEUS G, SOUZA E M, SILVA EJ N L, et al. A critical analysis of

Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0). For more

information, visit https://creativecommons.org/licenses/by-nc/4.0/.

© 2026 (PO 2F 2 (R 2 1) V4

Editorial Office of Journal of Sichuan University (Medical Sciences)

BE =

x

QU2 (B2 ) YR PG BE R 22 ) S R B B0 3278 L DU R R I G B 222 R ), L)
B B AFAH D E BRI UR o 0 BB Xt 5 g e 25 T AR RHII A D2 R o 55 BR 2 B A R A= o 202148
&, AR LRER, BRI FEMEMEL. B¥HF . WEL DRSS R GRS SO B AR k5%
FH.

BRI, ARG SRR T T I BOR R E RS, 4 E L FRH I P55 BRI 2% EE )
HE R U P B S RO SR P v RS e O T A AR L e e e O S
WL o A E R PIAE . B b RS S5 5 SCEE E (CSTPCD) | Bk 5 | SC8U 1 (CSCD) (#%
R A R 2 TR AR A Crpr SO0 I ERVYE ) v T 2 R R 4 SOBOHE B (CNKT) L SEE (R4 5])
(IM/MEDLINE) , 2 [ £} ¥ [ 2% 4> OB J/EPubMed Central(PMC) | 26 [E EBSCO2: AR B JE . 25 [ (4 W25 3CH% )
(BA) . 5[ (k27300 )(CA) | 77 22 (G 55| SCEUR % Y(Scopus) . Embase$H 4 . TR 3By 1) H 55 (DOAJ) . 74 AT
TEHE X PR 22 R B PE (WPRIM) . H ASRFAH ARYR AU B 2 (JST) 45K R R Gk

JUR T EZRE SR, BIR AR 4 AT UL ERHIFE 4 08 Bh ik R s B BB . S8 FME S5 0y
e, TR e k. UM B AR !

AL PIAE: https://ykxb.scu.edu.cn

Motk DUJI 4SRN RS % = BE17'5 (DU R (R i) ) 4

MR 2 A5S: 610041

156 2 LG (028)85501320, (028)85500106

fiE &

E-mail: scuxbyxb@scu.edu.cn

U 2R (BE2AAR) ) S


https://doi.org/10.1155/2021/8862956
https://doi.org/10.1155/2021/8862956
https://doi.org/10.4012/dmj.2019-288
https://doi.org/10.4012/dmj.2019-288
https://doi.org/10.4012/dmj.2019-288
https://doi.org/10.4012/dmj.2019-288
https://doi.org/10.4103/1305-7456.175682
https://doi.org/10.4103/1305-7456.175682
https://doi.org/10.4103/1305-7456.175682
https://doi.org/10.4103/1305-7456.175682
https://doi.org/10.4103/1305-7456.175682
https://doi.org/10.1186/s12903-024-03913-7
https://doi.org/10.1186/s12903-024-03913-7
https://doi.org/10.1186/s12903-024-03913-7
https://doi.org/10.1186/s12903-024-03913-7
https://doi.org/10.1186/s12903-024-03913-7
https://doi.org/10.1186/s12903-024-03913-7
https://doi.org/10.1186/s12903-024-03913-7
https://doi.org/10.1186/s12903-024-03913-7
https://doi.org/10.1186/s12903-024-03913-7
https://doi.org/10.7759/cureus.62925
https://doi.org/10.7759/cureus.62925
https://doi.org/10.1002/jemt.24877
https://doi.org/10.1002/jemt.24877
https://doi.org/10.1002/jemt.24877
https://doi.org/10.1016/j.joen.2022.05.008
https://doi.org/10.1016/j.joen.2022.05.008
https://doi.org/10.1016/j.joen.2022.05.008
https://doi.org/10.1111/iej.13713
https://doi.org/10.1111/iej.13713
https://doi.org/10.1111/iej.13713
https://doi.org/10.3390/nano12213722
https://doi.org/10.3390/nano12213722
https://doi.org/10.3390/ijms232113137
https://doi.org/10.3390/ijms232113137
https://doi.org/10.4103/JCDE.JCDE_871_24
https://doi.org/10.4103/JCDE.JCDE_871_24
https://doi.org/10.4103/JCDE.JCDE_871_24
https://doi.org/10.4103/JCDE.JCDE_871_24
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://ykxb.scu.edu.cn

	1 材料与方法
	1.1 材料
	1.2 生物相容性及物理性能
	1.2.1 生物相容性
	1.2.2 溶解度
	1.2.3 流动性
	1.2.4 离体牙预备
	1.2.5 显微计算机断层扫描（micro-computed tomography, micro-CT）检测封闭性
	1.2.6 共聚焦激光扫描显微镜（confocal laser scanning microscope, CLSM）检测渗透性

	1.3 抗菌性
	1.3.1 样品制备
	1.3.2 生物膜构建
	1.3.3 结晶紫染色评估生物膜量
	1.3.4 扫描电镜（scanning electron microscope, SEM）
	1.3.5 活死染色

	1.4 统计学方法

	2 结果
	2.1 生物相容性、溶解度及流动性
	2.2 封闭性
	2.3 渗透性
	2.4 抗菌性

	3 讨论
	 作者贡献声明
	 Author Contribution
	 利益冲突
	 Declaration of Conflicting Interests
	参考文献

