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[Abstract] Dental caries is a chronic infectious disease
that occurs in the hard tissue of teeth, and its occurrence and
development is closely related to the pH value of dental plaque.
Therefore, the pH value is an important index to measure the
cariogenic ability of plaque biofilm. Through the dynamic
changes of plaque pH and the study of plaque pH detection
technology, we can understand the acid metabolism of plaque.
Comparing the potential cariogenic ability of food and plaque,
individual caries susceptibility is of great significance for the
prevention and treatment of dental caries. This paper focuses on
the dynamic changes of plaque pH and the related research of
plaque detection technology.

[Key words] Dental caries; Dental plaque; pH
determination; Dynamic change

Fund program: Science and Technology Planning Project
of Yunnan Province[ 2017FE467(-145) ]

DOI:10.3877/cma.].issn.1674-1366.2021.01.009

R[] L*Ell?ﬁ)i

B A0 A A R R ST A AN AT S e R, T R S
AR Jil s R GI B RAE ST — RGN I RAE , ™ H S0 5 AT
FhE o Ul B A RS O TR B A WA pHL (B VIR
Ko FBBEAYIEN A —AFEE A SR, RN
AT — RIS 3 o TRBE pH (R AR [ AR R
HARASZ R RE /I AR BE AR50 o 83 0 T 3 pH (B3
BAACHIBTTE , AT ARSI RO BIG S BB B B% . (H A TR A
MUJ X pH R ARG N H AR BER B  o ASSCHUATEE pH (H 5

AR B HAS B ARBIE ST e — 253

— M BE pH E Y 324

1. R BE pH I = 45015 < BRBRESS A o B 52 2%, LA MR &
¥ (extracellular polymeric substances , EPS) 7E 5¢ % A% T8 B 4=
PIErb o3 A AN 2 2 R () BA R R RS540 BFsk M),
BEA: 55 52 A% 1) = HE S5 A8 T2 BT TR RE PN AN B4 2 0 R M Tl
PRI Vioom 55 FTBOL TR W0 /s 1 5888 1
AN pHAB Y AEAL , A BUEAEE 52 5 BTt . Hwang 55 filf
FH pH i 13 2 't P R 22 011 R RO L AU I 22 H ARG T
S HERBEAS A ) pH ZE [0 A ISR R B 2= 0y
b R R AN R N R R SNZE T
SRy o RN I RV % ) v MV R I TR B
SF B L2 NN 2 B SN2 B R REASHER B p oA TG i )2 A
oy XA R YE . FRBENJZE pHAE M |2 F #9722 4L, ik pH
(<4.7) XI5 2] 40 wm B9 5 B, #8350 wm f& pH {EBE
A s BE I Z A BTt AR )2 R, pH (B AR SR
5N JZ XA LA, IHAE R T 50 m 1785 BE S (A5 0
DX I ) pH B 5 , ik R AT IIRHE (< 40 pm) FISEIE %
TP F o 18 DO 2 ool b RV E TR B . 7ESM2
DX, pH 8 (LR 220 7 e FEE ) P o T, 3k 2 B
T S5 K1 AL AT B B pH 7.0 B9 22 v PR Xiao 55
IIRT S R B TR S5 2R . BIFSE s, 78 v P M VR B 05
T, A RBE T Y EPS BEAE R HIE MR VR, ORI BRI
PRI, IV B 5 9 52 b i b AR BE DRI A2 AR pHLEL ™

2. ANJF RN BE pH AR A A2 4K : Hwang 55 X4 AT
RIRBT SR TR E H , h T B8 R B 45 14~ ok 1)
59RO RS 9707 BAE LE, H A PR e A v 5 i
R TR S2 N, 7 T JRE 1) . TG S PR P B R, 75 2 S I ] o
AR AR v B N PRI BRI o DRI, FRVEAZ DR R Y L
PO . DIERIPITE R, h TR EPS A Y H#L

S B A L BR 0071 R 28 5 R AR R N A2 35, AT 5 i e



rPAE T BE 2T 2 s (R T W) 2021 4F 2 A 45 1548565 1] Chin J Stomatol Res(Electronic Edition ), February 2021, Vol.15, No.1 55

WA TR R FH o T AR FEL Ay 14 75 05 CAn R ) AR 25 20 1 ik
PN AP h B BRI AR . BN BRI SR RR
ol KA ORIRE 1 L5/ N B

3. AR BEFEBE pH AR 1925 1E : Schlafer %7 SR H He 31T
R YR ZEHTR-4F 5-(-6) R R (Seminaphthor-hodafluor-
4F 5-(and-6) Carboxylic Acid, C-SNARF-4) & 4 T 4E%%
HBE(30 848 h) FRZAEHE (120 h) 1Y pHAEAE{k . 30 h (T
BEAE N A AGHE 5 pH T FRARMR . [FIB, A= AN [) DX Sl iy
TR AL AN ]GRBT 2 B Y AE AR R TR ) pH OB . Bl
WA, 30 h A T4 pH BT BRI . M
ARV IV B IS L 120 h 8 BRE 04 77 R 3 4518, 3 ) Al
AR A AR PRI . SRIMT, 120 h A4 A B A 7 e Y 37 30
MBS F5 I Ak EemA . MR I 201 45 min )5 , P34 pH FFE
PR A S T 30 h AR /KT . 120 h B BER) & %
30 h ) BRTEREAE ] — 305 T DAY, 000 o) 5 25 A0 R M V38 ) A )
FN SRR R BT, A= R MG S TE 120 hiA:4
v 240 6 25 P8 1 o, s A O L) JSC AR B 1 EPS 11 % Jié
A A RE AT MR AR W R P B MR TS . Chida 55" (1 F
ST F W | B2 A5 A BRI () (R 3 4, P AR B 7 45 (148 h >
96 h>48 h) . HEM P =24 P 5 T« (1) Bifi 5 A= W) st 1]
FIRE , EPS F) J8 AR A0 A2 384 in T DA 328 R 11 7 A4
TRAF 5 (2) 40 M3E 1 109 T B 1T BE 23 BRI L A 0 1) 7 1
W1 SR FERRIKAL G W R R R 1 25 AT, B B[R]
RS, AE W 0 7= IR I 1R B ) SBT3 IR T 9T A
SRy AN [ SRR 35 TR BRE DA I A8 A AN Ti) DA 32 350 B p LY
AR AEE

B pH (EAR A

Wi %o BT BRE pHL RS (A, RTERE pHL (L P AR DUy 325 3
Wiz, ST EBE pH (Eh A28 R B, B ARG I B A
HAVIT 4548 (1) T 805 (8, 25 Sy 45 5 (2) AR B
A BRZERE 5 (3) REAG N B BE N A ST R IR B 5 (4) REShAS A
DU ERTBE pH ARk o Tk 3222 14 J LRSI A 14 A e st i —
mek,

1. ELBRAG I A < X6 B BE pH L A AG: 0 AR 22 v A 0
BRI AR

(1) T8 BERFEF AR (Plaque sampling) « FHHR S |l L 25 44
PN 2 T 2 11 B PR B TR B | 2 — 2 R 1) P P R A
pHAE "o ZHAR M AL OB AT B, 25 5 #AE ; Q45 Rn]
§Eo B OBEIR TR BEA: BREE K ; @52 I35 T A RAF T 48 ik
Gl F , A RE R AL B A — 8RR I R BE s OANIE & W
IR pH BB ™ ; @A RE 1725 W I B B pHL {8 .

(2) B 45 AH A (Touch method ) + 4 B 1 HE4f A F 1
BEAE Y I I B BE pH ™ % AR B A B RAR L IR H4h
WA HAAR AT - OFTIR A B AF T BB pH s @] LE
DR BE pH A", Bk O BEA: BZEF R @R
AE T4 J A8 52 AR BRE ST 09 28177 5 COAG: T 45 53 Ay T B 7Y - 45
pHAE , AN HE S BB BEAR Y 5] RIS

(3) HL 5%, L AR 32 0 R (Telemetric system ) < K LA HEA

SCHR AL, PR SCIA B T, DA 7 R B 3 TR B P T B
pHAE ™o ZHEARMIE A OARBIR BB = BLL5H ; @] %
SN R BEE SO B i pHAE . 2B AU DEOR 2
DN TN A5 1 25 T B s @A R FH T 4 1 S A4 Ff
LY ORI S5 Ay B F-45) pH, AN BE S B BT B4 P A
B LIRS

(4) N T BEH A (Artificial plaque measurement) : i 5
AR FH AR N TR BER R Y pH (B, B AP
Sl N B BER AR A . ER S . O N T RS
5 TN BEAT DO s QRIS R R B BE N P2 pH, A REI
IR BT EAN 45 2] B R B3

2. pH iR 48+ R (pH indicator strips) : pH 348 A JE
pH ARG f 52 07 ) B BE 10 s, AR pHARZR Y Bl (5 pH
BUOTEEOT ZEHEAT oA, TR S I BE pHA(E . BRI
a5 O I ; @15 & TR 5 m R . EZ Tl pH
BRI 1 B LR, AN BE Sl 25 e T 5 pHL, AN E
AL AT BRE A B ST I BR PR, 1207 1k 03 T BT Sk i
Frift— R

30 WO R £ T B BUBE (confocal laser scanning
microscope, CLSM) 4% 7K : CLSM i a5 340 A& i 2% 8 & o
TR 5 C Bk S B E R e, # il i T AR SO E
B X RN pH ARG R S B AT ik CLSM A Al 47
SR A AT UL R AU AS 8] A A RE LSRN 43 2
A =S 250 SR CLSM Y sl # R e 3 300
BORFAOCIE AR B, JF H CLSM i 125 T 8 4 BR 1l 78
20 ~ 40 pum , DTS 21505 T B 1 pH RS 2R W= BT
CLSM Yl 1 & BE pH (AR 22 9 A5 R HR 54T
A I ) pH U GSRHEOR | HE T B Y4kl C-SNARF-4
BORFN SR EDNAAR AR H AR

(1) %5675 4w A% 37 R (fluorescence life-time imaging,
FLIM) : ZH AR FIDEOG w08 18] 1 22 S 7E 5O L G ™ A
X HE R I i T BE pH A ™ o I HAR A £ OXS B BETC AL
T ORI AE B BE A 2 A7 8 PGPl pHAE , 473 A8
TN 5 AT ARG BT B N AN S RIS . 2By : (D4
ARIZH, By 5 s QREF I N2 ) A W PR G 50 s RREF
WP, 9t AR BREPMR BE A, A= B A9 e
pHAE AL, MEREPERET (5 I5 R BE s AT 9O A3 i i
BT A 3l AN AT

(2) 5 AT MEIHEIEE Y pH BUBGURHEOR % BORE i 43
TUREHS AR R, RIS A BERE T A, 5 3
BHBE EPS KL 5T b= MU XSG A 5 P D' B R ) 4 2
WREpHAH ™ o ZHARBRIO A A UFHAR ML RS, 1A
M S5 R Z PO CHRE R BE R A . E BB . DY
BHEREBE T AP 12 BV R, TGRS B DR E 52
BRI Q@YGIHUR AT RS R 40 MFEPE s @Ykt T RE Tk
pHARE I RBUE™

(3) R Yk C-SNARF-4 F A - 1% Y kb1 A Iy 15
BEJ5T rh SRS T pH SO &5, I TE BRI T a4



56 AR T R BE AR 2 A (L RR) 2021 4F-2 A %5 15 555 1 ] Chin J Stomatol Res (Electronic Edition), February 2021, Vol.15, No.1

PRANI R A . AR R T B A e T B A 3R
A : DC-SNARF-4 ]/, 5 TP 88 A i @c-
SNARF-4 HLAT i 3300 4 5 Y (2 F0 pH AURRE FR e 6 1) 30U e e
TR, ATAEANE AN 35 2 Y (O 0 17 50 0 i pHL, 3k B
T pH BURGL RS2 Yok 22 SR, DS TR TR ekt
i T A [ Y SR A A« 7 X pH AR I S e
HEFT AN E R U | T8 5 PFAk A 0 B 1 4 et okl 5l & 5 i)
M

(4) AU REDRAG AR AR Z AR pH U2
Yol e A ERER SR BECR B T BRI A g )
LY i T R S RN %5 % N UL WS 4 = R A D = ¥ (4
FEEAT RAFIZEARZMED s @QUUBE M8 A 31 4 A ik 2k
B R E R TR B R R R R O
RIURE A0 5 A W RE LA NI T S TR S TP B AR b R
MERE 15 5 @ S AT A SO 548 5 ) 1) % € (3R S 142
TR,

4. SOEF O BB H R (two-photon excitation micros-
copy, TPE) : %45 ARl CLSM, {H TPE P (i F T 8K P K 14
HUR DG, BUA L CLSM TE & 1Y 2538 3¢, MAITT3RE S 1~ CLSM X I
BEAE ELOR BEAG I A BT o (RIS ET A EEE s (A5 R0
T WA I S T AE AR A B S5

= g

S R BRE pH A O £ 5 8 B A 0 P S0 O ) EE LA A L 3
ot B BE pH 1 Zh A AR A W58 0T LA T A R BRE 1Y 7= TR A R 17
O, — 20 RS DA B pHL, 88 M1 A B S8 L A 1 s 1 By 3 4
OB . B RTAY BT pH AN B AR X ] 4G B B Y pH
18, (E3O G IR AR H R K TPE fEXT T BE pH (i 1Y 3 25 Wi K
TRIBE PN pH (B = 4870 A ARSI A 32 S 8. miFsE &)
HRAE S B0 R 92 H 25675 18, R A IS A IIH AR
FEEMIE A VEF R IR 45 0o

2 £ X wt

[1] Sampaio - Maia B, Caldas IM, Pereira ML, et al. The Oral
Microbiome in Health and Its Implication in Oral and Systemic
Diseases [ ] ]. Adv Appl Microbiol, 2016,97:171-210. DOI: 10.
1016/bs.aambs.2016.08.002.

[2] Koo H, Yamada KM. Dynamic cell-matrix interactions modulate
microbial biofilm and tissue 3D microenvironments [J]. Curr
Opin Cell Biol, 2016,42:102-112. DOI: 10.1016/j.ceb.2016.05.
005.

[3] Xiao J, Klein MI, Falsetta ML, et al. The exopolysaccharide
matrix modulates the interaction between 3D architecture and
virulence of a mixed-species oral biofilm[J]. PLoS Pathog, 2012,
8(4):e1002623. DOI: 10.1371/journal.ppat.1002623.

[4] Xiao J, Hara AT, Kim D, et al. Biofilm three - di - mensional
architecture influences in situ pH distribution pattern on the
human en-amel surface[J]. Int J Oral Sei, 2017,9(2) : 74-79.
DOI:10.1038/ij0s.2017.8.

[5]  Vroom JM, De Grauw KJ, Gerritsen HC, et al. Depth penetration

(7]

[11]

[13]

and detection of pH gradients in biofilms by two-photon excitation
mi(:mst:opy[ﬂ. Appl Environ Microbiol, 1999, 65(8):3502-3511.
DOI:10.1089/0li.1.1999.9.359.

Hwang G, Liu Y, Kim D, et al. Simultaneous spatiotemporal
mapping of in situ pH and bacterial activitywithin an intact 3D
microcolony structure [J]. Sci Rep, 2016, 6: 32841. DOI: 10.
1038/srep32841.

Koo H, Falsetta ML, Klein MI. The exopolysaccharide matrix: a
virulence determinant of cariogenic biofilm [J]. ] Dent Res,
2013,92(12):1065-1073. DOI: 10.1177/0022034513504218.
Schlafer S, Baelum V, Dige I. Improved pH -ratiometry for the
three -dimensional mapping of pH microenvironments in biofilms
under flow condition[J]. J Microbiol Methods, 2018, 152: 194 -
200. DOI:10.1016/j.mimet.2018.08.007.

Chida R, Igarashi K, Kamiyama K, et al. Characterization
ofhuman dental plaque formed on hydrogen -ion-sensitive field -
effect transistor electrodes [J]. J Dent Res, 1986, 65(3) : 448 -
451. DOI:10.1177/00220345860650031501.

Takahashi N, Nyvad B. Caries ecology revisited: microbial
dynamics and the caries process[J]. Caries Res, 2008,42(6) :
409-418. DOI:10.1159/000159604.

Takeshita T, Yasui M, Shibata Y, et al. Dental plaque
development on a hydroxyapatite disk in youngadults observed by
using a barcoded pyrosequencing approach[J]. Sci Rep, 2015,5:
8136. DOI:10.1038/srep08136.

Franklin S, Masih S, Thomas AM. Effect on oral pH changes and
taste perception in 10 - 14 - year - old children, after calcium
fortification of a fruit juice [J]. Eur Arch Paediatr Den, 2015, 16
(6):483-489. DOI:10.1007/540368-015-0198-4.

Fatemeh M, Marjan S, Homa S, et al. CPP-ACP: Effect on
Dental Plaque Acidity after Water Rinsing Following Topical
Fluoride Therapy [J1. ] Clin Pediatr Dent, 2017,41(1) :22-26.
DOI:10.17796/1053-4628-41.1.22.

XN, R, B AOF 0% pH AR ELHEM N T 5 pH
BN AT L0 ). 28 s 2t F S s 2 2 L 1998, 8(3) 1 159-
161. DOI: 10.15956/j.cnki.chin.j.conserv.dent.1998.03.004.

Joshi VS, Sheet PS, Cullin N, et al. Real - time metabolic
interactions between two bacterial species using a carbon -based
pH microsensor as a scanning electrochemical microscopy rrobe
[J]. Anal Chem, 2017,89(20) : 11044-11052. DOI:10.1021/acs.
analchem.7b03050.

Kalhan TA, Lin YT, Kalhan AC, et al. Dental plaque pH in
predicting caries relapse after general anaesthesia-an exploratory
study [J]. Int Dent I, 2019, 69(6) : 419-427. DOI: 10.1111/idj.
12508.

Bowen WH. The Stephan Curve revisited[J ]. Odontology, 2013,
101(1):2-8. DOI: 10.1007/s10266-012-0092-z.

Newman P, MacFadyen EE, Gillespie FC, et al. An in-dwelling
electrode for in-vivo measurement of the pH of dental plaque in
man[J]. Arch Oral Biol, 1979,24(7) :501-507. DOI: 10.1016/
0003-9969(79)90128-6.



rPAE T BE 2T 2 s (R T W) 2021 4F 2 A 45 1548565 1] Chin J Stomatol Res(Electronic Edition ), February 2021, Vol.15, No.1 57

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Liu Y, Ren Z, Hwang G, et al. Therapeutic Strategies Targeting
Cariogenic Biofilm Microenvironment [J]. Adv Dent Res, 2018,
29(1):86-92. DOI:10.1177/0022034517736497.

Carlén A, Hassan H, Lingstrom P. The ‘strip method’ : a simple
method for plaque pH assessment [ ] |. Caries Res, 2010,44(4):
341-344. DOI:10.1159/000315273.

PN I SIVL, F R WOCH IR A RO HOR SRR
s A U R L) ). IR R B 2 2R, 2010,32(6)
567-569. DOI:10.3760/cma.j.issn.1673-4246.2010.06.050.
INER BB, R, OGRS R HOR T/ b
NELT] gl Rp2i i CEARRR R , 2016,36(1):1-9,
14. DOI:10.3969/}.issn.1671-8151.2016.01.001.

Schmitta FJ, Thaab B, Junghansa C, et al. eGFP-pHsens as a
highly sensitive fluorophore for cellular pH determination by
fluorescence lifetime imaging microscopy (FLIM) [J]. Biochim
Biophys Acta, 2014,1837(9):1581-1593. DOI: 10.1016/j.bbabio.
2014.04.003.

Chang CW, Sud D, Mycek MA. Fluorescence lifetime imaging
microscopy [J]. Methods Cell Biol, 2007, 81: 495 - 524. DOI:
10.1016/S0091-679X(06)81024-1.

Klein MI, Duarte S, Xiao J, et al. Structural and molecular basis
of the role of starch and sucrose in Streptococcus mutans biofilm
development [J]. Appl Environ Microbiol, 2009, 75 (3) : 837 -
841. DOI:10.1128/AEM.01299-08.

DePedro HM, Urayama P. Using LysoSensor Yellow/Blue DND -
160 to sense acidic pH under high hydrostatic pressures[J]. Anal

(28]

Biochem, 2009, 384 (2) : 359-361. DOI: 10.1016/j.ab.2008.10.
007.
Lawrence JR, Swerhone GDW, Kuhlicke U, et al. In situ
evidence for metabolic and chemical microdomains in the
structured polymer matrix of bacterial microcolonies [J]. FEMS
Microbiol Ecol, 2016, 92 (11) : fiw38. DOI: 10.1093/femsec/fiw
183.
Burns A, Ow H, Wiesner U. Fluorescent core - shell silica
nanoparticles: towards “Lab on a Particle” architectures for
nanobiotechnology [J]. Chem Soc Rev, 2006, 35 (11) : 1028 -
1042. DOI:10.1039/B600562b.
Schlafer S, Garcia JE, Greve M, et al. Ratiometric imaging of
extracellular pH in bacterial biofilms with C-SNARF-4[]J]. Appl
Environ Microbiol, 2015,81(4) : 1267-1273. DOI: 10.1128/AEM.
02831-14.
Ru F, Du P, Lu X. Efficient ratiometric fluorescence probe
utilizing silicon particles/gold nanoclusters nanohybrid for “on-off-
on” bifunctional detection and cellular imaging of mercury ( Il )
ions and cysteine [J]. Anal Chim Acta, 2020, 1105: 139 - 146.
DOI:10.1016/j.aca.2020.01.020.
Ryu J, Kang U, Kim J, et al. Real -time visualization of two -
photon fluorescence lifetime imaging microscopy using a
wavelength - tunable femtosecond pulsed laser [J]. Biomed Opt
Express, 2018,9(7) :3449-3463. DOI: 10.1364/BOE.9.003449.
(WA H 19.2020-06-27)

(AR £18)



