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Influence of root canal irrigants on the antimicrobial efficacy and bacterial communities of oral mixed bio-
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[Abstract] Objective To investigate the bactericidal efficacy and impact on oral mixed biofilm microbial structure
of commonly used clinical root canal irrigants under dynamic oxygen conditions, and to provide experimental evidence
for clinical root canal irrigant selection. Methods This study has been reviewed and approved by the Medical Ethics
Committee, and written informed consent has been obtained from all of the participants. Two healthy oral volunteers

from Beijing Stomatological Hospital, Capital Medical University were selected, and subgingival and supragingival

[We#s B#A] 2026-04-16; [1&[E B H#1) 2026-06-05

(ESTIE ] o #0EER R MR b 5T O 2 e 00 57 56 4 T 5 (CXJJ25103) 5 65T 0 I B2 B2 s PR BF 5 A0 300 H (24-09-22) 5 [ K AKF 2535 3
P& 2 BhF G 1 H (— 855 H 04)

(1EE EIA ) VB LRIT, B 3 AT B0, A5+ WF 53 2k, Email : 13801201212@qq.com

[BIS1EE ) JE, FAT B, #4152, Email : endosuzheng@163.com


https://dx.doi.org/10.12016/j.issn.2096-1456.202660150
https://dx.doi.org/10.12016/j.issn.2096-1456.202660150
mailto:E-mail:endosuzheng@163.com
mailto:E-mail:13801201212@qq.com
mailto:E-mail:endosuzheng@163.com

AERFRE 20265F9R 5345 HoH

Journal of Prevention and Treatment for Stomatological Diseases, Sept. 2026,Vol.34 No.9 https://www.kqjbfz.com

- 887 -

plaque from their mandibular premolars and molars were extracted to construct an oral mixed microbial biofilm model.
The plaque was cultivated on hydroxyapatite slices for 1 week (anaerobic conditions for 3 days + aerobic conditions for
4 days) to construct a young oral mixed bacterial biofilm model, and cultivated for 3 weeks (anaerobic conditions for 3
days + aerobic conditions for 18 days) to construct a mature oral mixed bacterial biofilm model. Three root canal irrigat-
ing solutions were used: sterile water (control), 2% chlorhexidine (CHX), and 1% sodium hypochlorite (NaOCl). The
bacterial biofilms were treated for 1 week and 3 weeks, respectively, and the overall bactericidal rate was assessed
using live/dead bacterial staining and laser confocal microscopy. Concurrently, high-throughput 16S rRNA sequencing
was performed to analyze the microbial community structure and to evaluate the antibacterial effects of irrigation solu-
tion, on common dominant pathogens. Results The proportion of dead bacteria in the biofilm treated with three types
of root canal irrigation drugs at 1 week and 3 weeks, from high to low, were as follows: 1% NaOCIl >2% CHX >control
group (P < 0.001). The bactericidal rate of 1% NaOCI on mature biofilms at 3 weeks was significantly lower than that of
light biofilms at 1 year (P < 0.001). High-throughput sequencing revealed minimal effects of 2% CHX and 1% NaOCl
on biofilm community structure but demonstrated poor bactericidal activity against dominant root canal pathogens, such
as Streptococcus and Fusobacterium. Conclusion  Under the initial anaerobic and subsequent aerobic culture condi-

tions, 1% NaOCl exhibits potent bactericidal effects on young bacterial biofilms, but demonstrates limited efficacy

against mature biofilms and certain root canal dominant bacteria (Streptococcus and Fusobacterium).

[Key words] root canal; microbial biofilm; root canal irrigating solution;

anaerobic culture; aerobic culture;

antimicrobial efficacy; high-throughput sequencing; bacterial communities
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Table 1  Comparison of bactericidal rates of different root canal irrigation drugs on biofilms formed by mixed bacterial communities

from supra and subgingival plaque samples of two participants under dynamic oxygen culture at different times xES

Proportion of dead bacteria

Group t P
1 week 3 weeks
Control 6.2% = 1.29%" 7.9% + 1.5%" 2215 0.051
2% CHX 37.9% + 3.2%" 28.8% + 2.6%" 5.378 < 0.001
1% NaOCl 91.3% + 1.8%" 38.4% + 3.6%" 31.79 <0.001
F 2162 200.1
P <0.001 < 0.001

The data of the two participants were merged and analyzed, n = 10 biologically independent samples. The biofilm was treated with sterile water (control),

2% chlorhexidine (CHX), and 1% sodium hypochlorite (NaOCI) for 3 minutes. Different capital letters within the same column indicate significant differ-

ences between the irrigation solutions (P < 0.05)
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D1: participant 1; D2: participant 2. The biofilm was treated with
sterile water (control), 2% chlorhexidine (CHX), and 1% sodium
hypochlorite (NaOCI) for 3 minutes

Figure 1 High-throughput sequencing sample rarefaction

curve
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D1: participant 1; D2: participant 2. a: the relative abundance distribution of bacterial phyla within different groups; b: the relative abundance dis-
wibution of bacterial phyla across samples, The hiofilm was treated with sterile water (control), 2% chlorhexidine (CHXY), and 1% sodium hypochlo-
rite (NaOCl) for 3 minutes
Figure 2 The effect of different root canal irrigants on the phylum distribution of biofilms formed by mixed bacterial communities
from supra and subgingival plaque samples of two participants under dynamic oxygen culture at different times
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The data of two participants were merged and analyzed. The bio-

film was treated with sterile water (control), 2% chlorhexidine
(CHX), and 1% sodium hypochlorite (NaOCI) for 3 minutes
Figure 3 The effect of different root canal irrigants on
the relative abundance distribution of dominant bacterial
genera in biofilms formed by mixed bacterial communities
from supra and subgingival plaque samples of two partici-
pants under dynamic oxygen culture at different times
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D1: participant 1; D2: participant 2. The biofilm was treated with sterile water (control), 2% chlorhexidine (CHX), and 1% sodium hypochlorite
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Figure 4 The effect of different root canal irrigants on the relative abundance distribution of bacterial genera in biofilms formed

by mixed bacterial communities from supra and subgingival plaque samples of two participants during dynamic oxygen culture at

different times
4 R R R 2 R S 55 IR L R T TR & TR AR 20 A SR 55 AN [R] B (5] T8 58219 A= 40 R 1) BT Jes AR 0T == B
G35 )5 M)

B 12 AF 9% 22 3 FH K% 3% 18] K 3 JRIAE A A7 5% B A 4
20 A A A B s [ 2720 R G AR TR O
BURE9E 25 2 F SR /8RR T BEAE N B AR IR,
I IR AR L A A AR B R AR A
SCARRR (KRR 1) 5 U (K557 3 J8) i 4w 2B )
JE, DAASEADUAS [ % i B B 0 AR A IR YR S o A
FE % B 1% NaOC X AT 52 21 B A 0 110 3% R 3% o ik
91% , XT T~ A 40 B AR W) A ] 3 min (4 2% 1 %6
1 38.4% , LR ah B W, 40 B A W IS 1 R R R
ERZ MR R R RCR . RS 1% NaOCHE# H
RS I 0 T v 2% TR AR e A (EL A ) i 2 A R
YRR, FE B e 1A fe e — 4R . RILTE I
PR At e R A R U TR g, AT Ao B o ok SR o
PRI B B R] R ph e AR R 0 il 22 R Uk
F AR v 20 TR A A B R AR

CHX 2 i % B9 1 90 18 25 4, WG 13 0F 5% i
i CHX 5 NaOCI H A7 A AL A 7 850CR D AR
WA A AT IA IR A 5 A G SR S SR A T, 41
X IR A T AR B, 1% NaOCl 2 38 A T 2%
CHX M R BERCH . Prasad 21590 A 80 14l 5B 3 47
Bl AL KT BRI 5, 43 R PR 2L FH 2.5% NaOCL i i )
2% CHX % W3- 47 oh i, & 3 NaOCL #f ik J5 - Y 1
T EGR B 190 J7 , 40 B 2 08 96% , 1 CHX i
PEJG F¥ CFU %0k 670 J7, i & 7 86% , 3IE 5L
NaOCI H CHX BE 55 A3 &5 b 9 20 AR 4 74 1k A 9 4

SR A AL

HET, ¢ TR YT o B b AR A P Al 1A A
AHETE SACHE = W AL E AR XS 8 . Zandi
ORI SY & B, AR A IR YT A H NaOCL 5 CHX o
VR 5 TR B BR T B A I 2 D (R R
SEATC R MU . ARG AE Bl AR MR — PR
FE T A7) e W T 4 A A VR 45 A 1R S ) e o
TN 235 S TR RF & B0 2 b O Yk A 8 5 AT 485 44 O
AL =S RS b A4 A DR
I 0 AR A B I B S RE ER B R
FE TR B B M B 7 TR A5 BT 2 ol i R V6T
S BRI A 52 IR, SR BT X P S R R S M R A R
PEHE T SEIRARE .

R PR AR A ) U SR Y R R P R e 1 L
PR AW R B, A th ok 25 W Ak B B
R, H 48 CHX M NaOCI 4h B |, 4% 3R 1 & 19 A
PR T . X — 25 4R, CHX M NaOCl
Xof i R TR 119 % A A0 1T BE AR X R A, 5 RE AR A
T A BR AR R S R AR AR R R AR AS N AR AT Y
SEIEHRAE 28 Zandi S5 IXT 10 5118 PR AR 2
R PFIEIT B F 47 1% NaOCL B{ 2% CHX ik 51 5 H2
BV T BRI, % PR b Uk SRR AR P R
WO H i £ E R R EEER T MR AT B o Vieira
SER R B R F BT A B A R A ST AR AP AR
Y %% B NaOCI Wy T ] 0 25 B IR MR AT B LR 1A



AfEgmlE 20265698 $£34% $9M
+ 892 + Journal of Prevention and Treatment for Stomatological Diseases, Sept. 2026,Vol.34 No.9 https://www.kqjbfz.com

A ok B TR S W A A ok I 40 R TR AR G
Amaral 550 SR A AT 18 AR R JE] 4 PR AS R 2P R
A ARV YT R BRI T AR A TR S5 Uk L IR B
5.25% NaOCIAE 2k v e 3, 8 2o sy 3 o 00 1k AR
O E R RS N T E I sE, 52
FERFFEARAL 2 ARG v [ R R 0, AT 1 5
BR A 52 B0 A LY AR b R A, ) R M T A
XT3 B 43 BN 3.80% K 5.92% , CHX kb B J5 7% Ky
11.10% K 4.17% , % NaOC1 Ab B 5 ) 48 A 10.17% J
8.08% , HH L 7 H HIF I PR tise 25 9 Jo ik 56 4 R K
R SR SR YY AR O Y O SR A, A s kB B
X ) I DR gk T % o

AN A S AEAE — 8 R BR M . B 26, (RS i
AT W I ] [ 52 4 3 min 56 IRAF 76 22 5%, H ATl
PRSI 8 vp o SR FH e %K s ) 550 RE 7 0O B B
T e SEBR R TR AR P R AR . HOKR,
AR AL o B BEOR IR T AE S 5 W T R R
KB A AR5 55, SR AR AR A R AR AT Y LA
TR IR AT R B R AT 25 5, KRB SR 4
B A P B A7 S A5 F , AT R 52 ) ip 56 24 4 X
S SO B I ST RCPE A, AT S SR B AR A
PEAT S — 2 R R S SR . B e, AWFR R
IR e A B i 2K TR B AR AT TR AR R S B T, T
Al VR T R508% R B S 09w Bl b T il 4 X
2, BRUAS I 5 09 B A 1t 250 /0 B = TR AH DG 8 3o
AT, BLAE J5 22 F o rh g i — 2D i R A R, O
G5B YR TR AT D IR

ZE LT IR AW ST AR AR AP B T R T IR
A5 WA AR IR AR R R TR A T A ) A
R I PEM T 1% NaOCl K 2% CHX Y3t 1 501 &
45 R R, M T 2% CHX, 1% NaOCL % 4F 5% K ik
AN B A ) I 34 3 I TR AR A R R R R X
I A Py T HL R TR ORI A B B
FBak— 258 Tt o 2 Fh b ik 25 ) 60 41 o A= W R Y
TALAE 445 P 1 5 Wi A PR LR A JRR e A AN 7 i K R
Ko W KT B A o 0k Ak B S 09 A G T BT SRR
X} 55 45 5 P R A O 1 R A AP AT e i 3 B R
W o R R 5E N — A BADLAS [a] M A7 1 48 2%
T, 2R B GL AR A B RE AR | JE K R B ] I 5 A
AT AR, I R T AL A A 465 4 43 A A B o e 25 4
() 2% T 5 TEA L BEORS ofE i R 001 PR AR 45 i A=
ARG, e 2R A R i i 8OR .
[ Author contributions] Shi BJ designed the study, performed the

experiments and wrote the manuscript. Yang 7 performed the experi-

ments and wrote the manuscript. Su Z designed the study, evaluated the
data, and reviewed the manuscript. All authors read and approved the
final manuscript as submitted.

[ Ethics statement] The study adhered to the tenets of the Declara-
tion of Helsinki and was approved by the Ethics Committee of Beijing
Stomatological Hospital, Capital Medical University (No. CMUSH-IRB-
KJ-PJ-2024-79), and written informed consent was obtained from all
participants.

[Funding] This study was supported by the grants from Innovation
Foundation of Beijing Stomatological Hospital, Capital Medical Univer-
sity (No. CXJJ25103), Clinical Research Incubation Project of Beijing
Stomatological Hospital, Capital Medical University (No. 24-09-22). Sci-
ence and Technology Innovation Project Fund of Sports Medicine (Gen-
eral Administration of Sport of China, 04). The funder had no role in the
study design, data collection and analysis, decision to publish, or prepa-
ration of the manuscript.

[ Competing interests]  All authors have completed the ICMJE uni-
form disclosure form at www. icmje. org/disclosure-of-interest/ and de-
clare: support from the Beijing Stomatological Hospital, Capital Medical
University (No. CXJJ25103), Clinical Research Incubation Project of
Beijing Stomatological Hospital, Capital Medical University (No. 24-09-
22). Science and Technology Innovation Project Fund of Sports Medi-
cine (General Administration of Sport of China, 04) for the submitted
work; no financial relationships with any organisations that might have
an interest in the submitted work in the previous three years; no other
relationships or activities that could appear to have influenced the sub-
mitted work.

[Data availability statement] The original contributions presented
in this study are included in the article. Further inquiries can be di-
rected to the corresponding author upon reasonable request.

[ Generative AI statement] The authors declared that generative Al

was not used in the creation of this manuscript.

S % 3k

[1]  Nascimento D, Guedes IC, Brand LM, et al. Bacterial viability in
persistent apical periodontitis: a systematic review[J]. J Endod,
2025, 51(11): 1549-1556. doi: 10.1016/j.joen.2025.07.015.

[2]  Zakaria MN, Takeshita T, Shibata Y, et al. Microbial community
in persistent apical periodontitis: a 16S rRNA gene clone library
analysis[J]. Int Endod J, 2015, 48(8): 717-728. doi: 10.1111/
1ej.12361.

[3]  Asahi Y, Kuriki N, Okamoto M, et al. Microbiome of apical intra-
canal and extraradicular biofilms from the same roots of teeth with
persistent apical periodontitis: an observational study[J]. Int
Endod J, 2026, 59(5): 806-818. doi: 10.1111/iej.70113.

[4]  Kolenbrander PE, Palmer RJ, Periasamy S, et al. Oral multispe-
cies biofilm development and the key role of cell-cell distancel[J].
Nat Rev Microbiol, 2010, 8(7): 471-480. doi: 10.1038/nrmi-
cro2381.

[5] Stojicic S, Shen Y, Haapasalo M. Effect of the source of biofilm
bacteria, level of biofilm maturation, and type of disinfecting agent

on the susceptibility of biofilm bacteria to antibacterial agents[J]. J


https://www.icmje.org/disclosure-of-interest/
http://dx.doi.org/10.1016/j.joen.2025.07.015
http://dx.doi.org/10.1111/iej.12361
http://dx.doi.org/10.1111/iej.12361
http://dx.doi.org/10.1111/iej.70113
http://dx.doi.org/10.1038/nrmicro2381
http://dx.doi.org/10.1038/nrmicro2381

OB & s B g

2026 E9 8 #F34%H FoHi

Journal of Prevention and Treatment for Stomatological Diseases, Sept. 2026,Vol.34 No.9 https://www.kqjbfz.com - 893 -

(6]

(7]

[10]

[11]

[13]

[14]

[15]

[16]

[17]

[19]

Endod, 2013, 39(4): 473-477. doi: 10.1016/j.joen.2012.11.024.
Swimberghe RCD, Crabbé A, De Moor RJG, et al. Model system
parameters influence the sodium hypochlorite susceptibility of
endodontic biofilms [J]. Int Endod J, 2021, 54(9):1557-1570. doi:
10.1111/iej.13544.

Siqueira JF Jr, Rogas IN. Present status and future directions: mi-
crobiology of endodontic infections[J]. Int Endod J, 2022, 55
(Suppl 3): 512-530. doi: 10.1111/iej.13677.

Assadian H, Fathollahi S, Pourhajibagher M, et al. Effectiveness
of activated sodium hypochlorite irrigation by shock wave-en-
hanced emission photoacoustic streaming, sonic and ultrasonic de-
vices in removing Enterococcus faecalis biofilm from root canal sys-
tem[J]. J Clin Med, 2024, 13(20): 6278. doi: 10.3390/
jem13206278.

Boutsioukis C, Arias-Moliz MT, Chavez de Paz LE. A critical
analysis of research methods and experimental models to study ir-
rigants and irrigation systems[J]. Int Endod J, 2022, 55(Suppl 2):
295-329. doi: 10.1111/iej.13710.

Feng Y, Sun Q, Liu P, et al. Antibacterial property and mecha-
nisms of Au@Ag core-shell nanoparticles with near-infrared ab-
sorption against E. faecalis infection of dentin[J]. Int ] Nanomedi-
cine, 2024, 19: 6981-6997. doi: 10.2147/1JN.5468649.
Boutsioukis C, Arias-Moliz MT. Present status and future direc-
tions-irrigants and irrigation methods[J]. Int Endod J, 2022, 55
(Suppl 3): 588-612. doi: 10.1111/iej.13739.

Prasada LK, Pai UAK. Antibiofilm activity of ultrasonic and diode
laser activated sodium hypochlorite, chitosan, and chlorhexidine:
a confocal laser scanning microscopic in vitro study[J]. J Conserv
Dent Endod, 2023, 26(4): 441-446. doi: 10.4103/jed.jed_224_23.
Maezono H, Klanliang K, Shimaoka T, et al. Effects of sodium hy-
pochlorite concentration and application time on bacteria in an ex
vivo polymicrobial biofilm model[J]. J Endod, 2024, 50(6): 814-
819. doi: 10.1016/j.joen.2024.02.020.

Vieira WA, de-Jesus-Soares A, Lopes EM, et al. Effect of supple-
mentary sodium hypochlorite agitation techniques on an ex vivo
oral multispecies biofilm during passive disinfection of simulated
immature roots[J]. Int Endod J, 2024, 57(7): 966-980. doi:
10.1111/iej.14053.

Hu Z, Xiang Y, Wet Y, et al. Bacterial diversity in primary in-
fected root canals of a Chinese cohort: analysis of 16 S rDNA se-
quencing[J]. BMC Oral Health, 2023, 23(1): 932. doi: 10.1186/
$12903-023-03618-3.

Sun X, Yang Z, Nie Y, et al. Microbial communities in the extrara-
dicular and intraradicular infections associated with persistent api-
cal periodontitis|J]. Front Cell Infect Microbiol, 2022, 11: 798367.
doi: 10.3389/fcimb.2021.798367.

Bakhsh A, Joseph S, Mannocei F, et al. Apical periodontitis micro-
biome association with salivary and serum inflammatory burden[J].
Int Endod J, 2025, 58(3): 504-515. doi: 10.1111/iej.14184.

Tak EJ, Park OJ, Lee JS, et al. Microbiota associated with caries
and apical periodontitis: a next-generation sequencing study[J]. Int
Endod J, 2025, 58(6): 890-901. doi: 10.1111/iej.14218.

Buonavoglia A, Zamparini F, Lanave G, et al. Endodontic micro-

[20]

[21]

[22]

[24]

[27]

[28]

[29]

[30]

bial communities in apical periodontitis[J]. J Endod, 2023, 49(2):
178-189. doi: 10.1016/j.joen.2022.11.015.

Usta SN, Solana C, Ruiz-Linares M, et al. Effectiveness of conser-
vative instrumentation in root canal disinfection[J]. Clin Oral In-
vestig, 2023, 27(6): 3181-3188. doi: 10.1007/s00784-023-
04929-z.

Amhmed M, Liu H, Hikkinen L, et al. Antimicrobial efficacy of
DJK-5 peptide in combination with EDTA against biofilms in den-
tinal tubules: primary irrigation, recovery and re-irrigation[J]. Int
Endod J, 2024, 57(9): 1343-1359. doi: 10.1111/iej.14104.

Sheng X, Yu J, Liu H, et al. Dual effectiveness of a novel all-in-
one endodontic irrigating solution in antibiofilm activity and smear
layer removallJ]. Front Bioeng Biotechnol, 2023, 11: 1254927.
doi: 10.3389/fbioe.2023.1254927.

Amhmed M, Kieft B, Almegbel A, et al. Primary and re-exposure
effects of D-enantiomeric peptide on metabolism, diversity, and
composition of oral biofilms at different stages of recovery[J]. Bio-
act Mater, 2025, 48: 257-272. doi: 10.1016/j.
mat.2025.02.023.

Rosa RAD, Santini MF, Figueiredo JAP, et al. Effectiveness of

bioact-

photodynamic therapy associated with irrigants over two biofilm
models[J]. Photodiagnosis Photodyn Ther, 2017, 20: 169-174. doi:
10.1016/j.pdpdt.2017.10.003.

Liu H, Li H, Zhang L, et al. In vitro evaluation of the antibacterial
effect of four root canal sealers on dental biofilms[J]. Clin Oral In-
vestig, 2022, 26(6): 4361-4368. doi: 10.1007/s00784-022-
04399-9.

Chen B, Liu H, Wang Z, et al. Effects of DJK-5 and chlorhexidine
on exopolysaccharide volume and pH in oral biofilms[J]. BMC
Oral Health, 2023, 23(1): 705. doi: 10.1186/512903-023-03381-5.
Li H, Liu H, Zhang L, et al. Evaluation of extracellular polymeric
substances matrix volume, surface roughness and bacterial adhe-
sion property of oral biofilm[J]. J Dent Sci, 2023, 18(4): 1723-
1730. doi: 10.1016/j.jds.2022.12.022.

Pérez-Carrasco V, Uroz-Torres D, Soriano M, et al. Microbiome in
paired root apices and periapical lesions and its association with
clinical signs in persistent apical periodontitis using next-genera-
tion sequencing[J]. Int Endod J, 2023, 56(5): 622-636. doi:
10.1111/iej.13893.

Ruiz-Linares M, Monroy-Rojas JF, Solana C, et al. Antimicrobial
potential of new diclofenac hydrogels for disinfection in regenera-
tive endodontics: an in vitro and ex vivo study[J]. Int Endod J,
2023, 56(1): 103-117. doi: 10.1111/iej.13840.

Yang Y, Shen Y, Wang Z, et al. Evaluation of the susceptibility of
multispecies biofilms in dentinal tubules to disinfecting solutions
[JI. J Endod, 2016, 42(8): 1246-1250. doi: 10.1016/).
joen.2016.05.011.

Liu H, Nio S, Shen Y. Sodium hypochlorite against Enterococcus
faecalis biofilm in dentinal tubules: effect of concentration, tem-
perature, and exposure time[J]. Odontology, 2024, 112(2): 390-
398. doi: 10.1007/s10266-023-00850-9.

MIE, B, ZeleE, 55 L OIS AL B AR X 20 T A ) R A 1 BRSO
[J]. 1 JE B 22 W 5T, 2023, 39(7): 607-612. doi: 10.13701/j. enki.


http://dx.doi.org/10.1016/j.joen.2012.11.024
http://dx.doi.org/10.1111/iej.13544
http://dx.doi.org/10.1111/iej.13544
http://dx.doi.org/10.1111/iej.13677
http://dx.doi.org/10.3390/jcm13206278
http://dx.doi.org/10.3390/jcm13206278
http://dx.doi.org/10.1111/iej.13710
http://dx.doi.org/10.2147/IJN.S468649
http://dx.doi.org/10.1111/iej.13739
http://dx.doi.org/10.4103/jcd.jcd_224_23
http://dx.doi.org/10.1016/j.joen.2024.02.020
http://dx.doi.org/10.1111/iej.14053
http://dx.doi.org/10.1111/iej.14053
http://dx.doi.org/10.1186/s12903-023-03618-3
http://dx.doi.org/10.1186/s12903-023-03618-3
http://dx.doi.org/10.3389/fcimb.2021.798367
http://dx.doi.org/10.1111/iej.14184
http://dx.doi.org/10.1111/iej.14218
http://dx.doi.org/10.1016/j.joen.2022.11.015
http://dx.doi.org/10.1007/s00784-023-04929-z
http://dx.doi.org/10.1007/s00784-023-04929-z
http://dx.doi.org/10.1111/iej.14104
http://dx.doi.org/10.3389/fbioe.2023.1254927
http://dx.doi.org/10.1016/j.bioactmat.2025.02.023
http://dx.doi.org/10.1016/j.bioactmat.2025.02.023
http://dx.doi.org/10.1016/j.pdpdt.2017.10.003
http://dx.doi.org/10.1016/j.pdpdt.2017.10.003
http://dx.doi.org/10.1007/s00784-022-04399-9
http://dx.doi.org/10.1007/s00784-022-04399-9
http://dx.doi.org/10.1186/s12903-023-03381-5
http://dx.doi.org/10.1016/j.jds.2022.12.022
http://dx.doi.org/10.1111/iej.13893
http://dx.doi.org/10.1111/iej.13893
http://dx.doi.org/10.1111/iej.13840
http://dx.doi.org/10.1016/j.joen.2016.05.011
http://dx.doi.org/10.1016/j.joen.2016.05.011
http://dx.doi.org/10.1007/s10266-023-00850-9
http://dx.doi.org/10.13701/j.cnki.kqyxyj.2023.07.008

- 894 -

OB & s B g

2026 E9 8 #F34%H FoHi

Journal of Prevention and Treatment for Stomatological Diseases, Sept. 2026,Vol.34 No.9 https://www.kqjbfz.com

[33]

[34]

[35]

[36]

(37]

(38]

kqyxyj.2023.07.008.

Su Z, Yang Z, An T, et al. Antibiofilm activity of irrigation proto-
cols activated by lasers in witro[J]. J Oral Sci Res, 2023, 39(7):
607-612. doi: 10.13701/j.cnki.kqyxyj.2023.07.008.

Katle E, Zandi H, Pedersen D, et al. Radiographic outcome of end-
odontic treatment and retreatment of teeth with apical periodonti-
tis using two different root canal irrigants. A prospective cohort
study[J]. Int Endod J, 2024, 57(3): 297-304. doi: 10.1111/
iej.14019.

Brisefio-Marroquin B, Callaway A, Shalamzari NG, et al. Antibac-
terial efficacy of peracetic acid in comparison with sodium hypo-
chlorite or chlorhexidine against Enterococcus faecalis and Par-
vimonas micralJ]. BMC Oral Health, 2022, 22(1): 119. doi:
10.1186/512903-022-02148-8.

Prasad LK, Markan S, Suthar MG, et al. Comparative analysis of
antimicrobial efficacy of sodium hypochlorite and chlorhexidine as
irrigants in root canal therapy[J]. J] Pharm Bioallied Sci, 2025, 17
(Suppl 1): S454-8456. doi: 10.4103/jpbs.jpbs_1422_24.

Zandi H, Rodrigues RC, Kristoffersen AK, et al. Antibacterial ef-
fectiveness of 2 root canal irrigants in root-filled teeth with infec-
tion: a randomized clinical trial[J]. J Endod, 2016, 42(9): 1307-
1313. doi: 10.1016/j.joen.2016.06.006.

Siqueira JF Jr, Silva WO, Romeiro K, et al. Apical root canal mi-
crobiome associated with primary and posttreatment apical peri-
odontitis: a systematic review[J]. Int Endod J, 2024, 57(8): 1043-
1058. doi: 10.1111/iej.14071.

de Castro Kruly P, Alenezi HEHM, Manogue M, et al. Residual
bacteriome after chemomechanical preparation of root canals in
primary and secondary infections[J]. J Endod, 2022, 48(7): 855-
863. doi: 10.1016/j.joen.2022.03.008.

Zandi H, Kristoffersen AK, @rstavik D, et al. Microbial analysis of
endodontic infections in root-filled teeth with apical periodontitis
before and after irrigation using pyrosequencing|J]. J Endod, 2018,
44(3): 372-378. doi: 10.1016/j.joen.2017.11.019.

[40]

[41]

[42]

[43]

[44]

Amaral RR, Love RM, Braga T, et al. Impact of root canal prepara-
tion using two single-file systems on the intra-radicular microbi-
ome of teeth with primary apical periodontitis[J]. Clin Oral Inves-
tig, 2024, 28(2): 139. doi: 10.1007/500784-024-05544-2.
Nardello LCL, Pinheiro ET, Gavini G, et al. Nature and preva-
lence of bacterial taxa persisting after root canal chemomechanical
preparation in permanent teeth: a systematic review and meta-
analysis[J]. J Endod, 2022, 48(5): 572-596. doi: 10.1016/j.
joen.2022.01.016.
Arias-Moliz MT, Pérez-Carrasco V, Uroz-Torres D, et al. Identifi-
cation of keystone taxa in root canals and periapical lesions of post
-treatment endodontic infections: next generation microbiome re-
search[J]. Int Endod J, 2024, 57(7): 933-942. doi: 10.1111/
iej.14046.
Park KH, Ordinola-Zapata R, Noblett WC, et al. The effect of ul-
trasonic and multisonic irrigation on root canal microbial commu-
nities: an ex vivo study[J]. Int Endod J, 2024, 57(7): 895-906. doi:
10.1111/iej.13996.
de Oliveira HF, da Silva Janior IF, Teixeira LCG, et al. Influence
of different agitation techniques on bacterial reduction in curved
root canals[J]. Aust Endod J, 2023, 49(1): 104-110. doi: 10.1111/
aej.12623.

(418 EBE)

Open Access

This article is licensed under a Creative Commons
Attribution 4.0 International License.
Copyright © 2026 by Editorial Department of Journal of

Prevention and Treatment for Stomatological Diseases

WL
IR

L1


https://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.13701/j.cnki.kqyxyj.2023.07.008
http://dx.doi.org/10.13701/j.cnki.kqyxyj.2023.07.008
http://dx.doi.org/10.1111/iej.14019
http://dx.doi.org/10.1111/iej.14019
http://dx.doi.org/10.1186/s12903-022-02148-8
http://dx.doi.org/10.1186/s12903-022-02148-8
http://dx.doi.org/10.4103/jpbs.jpbs_1422_24
http://dx.doi.org/10.1016/j.joen.2016.06.006
http://dx.doi.org/10.1111/iej.14071
http://dx.doi.org/10.1016/j.joen.2022.03.008
http://dx.doi.org/10.1016/j.joen.2017.11.019
http://dx.doi.org/10.1007/s00784-024-05544-2
http://dx.doi.org/10.1016/j.joen.2022.01.016
http://dx.doi.org/10.1016/j.joen.2022.01.016
http://dx.doi.org/10.1111/iej.14046
http://dx.doi.org/10.1111/iej.14046
http://dx.doi.org/10.1111/iej.13996
http://dx.doi.org/10.1111/iej.13996
http://dx.doi.org/10.1111/aej.12623
http://dx.doi.org/10.1111/aej.12623

