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Deep dentinal caries and microorganisms
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Abstract

Compared to our understanding of coronal plaque, less is known about the microbiology and
the biochemistry of deep dentinal caries. It seems to be very important to clarify the bacteria
at the advancing front of the caries process and the pulpal effect of the bacterial components.
This study was designed to assess the ability of the oral microorganisms to induce dentinal
caries by using in wvitro system. In essence, the results of this study suggest that Lactobacillus
casei strain PSR 3002, Streptococcus mutans strain 6715, and clinically isolated strain L. casei
have capacity to invade into the exposed dentinal tubules. This ingrowth capacity, however,
seemed to be mild in this experimental system. Therefore, future research will be taken to

assess the bacterial ingrowth capacity for long incubation time.
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AR, HehDOFREGRICBI T 5 BB S RE I
BUIZIZHIC, H8003ICBE5 ¢ 5D FEREIZD

Rizo\WTld, FLEARHZEIKZLEBINTWVS,
INFTOREIT &S E, Lactobacillus, Streptococ-

WTUE, DEVBLSDIENHELMIZE>TE, L
ML, HEREDORARICAE L, ZOHETREBEIC
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WA DX Lactobacillus T#&H %, 12& 21 Edwardsson!
DORETIE, BB OLKN1/30 5 Lactobacillus HS5y
FEXNTWVWDBMN, ZNIZH T Streptococcus X
Actinomyces DR HEIZZE UK 1B L2 0,
—7, MEMO 77— sk, ThEd#ic
Streptococcus D FAZKRH S 1, Lactobacillus X Acti-
nomyces \ZIEWIZEOWER T UPBRE I LY &
EDDIEoTND, US> THIEEDZD LS g
5 AHTH, BFEOMETFENI, WEHDO 77—
JHREGEBNIIPZORESILRETICHY, 22
T Streptococcus LISV DERIED, 5 BhDOMETICERE &
b0 EBLTHWAEEEESKE N,
SHEHIEE, FRIHRELTB I 2HEEADL, &
LIHIEO b ORBERTICE~TCOEBI3hB L
i, $TRANOEETHS, LrL, ZORIED A
HZXLIZDVTERBREZEDZ LV, bhbhidl
NE TR 3ER, RTHESEREIED 5 BB A TAEIC )N
125 —EDOBEEE#ITT A12012, WL DHhDERBEN
R EIT->TE Y, ZZTRRETE, 20H5F
LIZDWTHN, HhOETHATITORTNWAE DS
HOMEDOBRTIZ DOV THENT 5,

I. RB>MRTEAOHERE

RAEOEOHET - WEDA A Z XL BB 120D
i, FEHMORARE, Tab5RFE S hORGFEL
2B HHEEDEREE R[N LUNENH D, AAL T
Edwardsson' 1%, A E 5% H 3 5 HEE (4674)
wikER, € OWRESZBRASEHT CHREERED i
SRBICHT TNICENUSEE L2, ZOHKICER
W, BANCESEBAE DB IC 72 o 12830105, S BRES
DRFEREND T &I D, ZOHMITH T 5 HEE
D58 - RIEDKER % Table 1 IZ/R U 12. Lactobacil-
lus 5 BB ORIL/BICRIHENTH - E b BRETH
Bo DWVTT 7 LIGHEDRSHERE S K ORREE L
T Arachnia, Bifidobacterium, Eubacterium, Propionibact-
erium, B & O Actinomyces D"k & T W5, Rothia
R Bacillus BbBHBINTWBEN, Thdidndh
L1 %BICHHIK W, 7T LGHEDEKE T & 5 Strep-
tococcus BOHBEK L - & TIHEL, REPHREIRD
TI— Il EO AR EFE UL RLE>TWS, &
DFERIL, BB EDORERY, WEML2EI2H
LEOBRTUEPEBMNICERT L) 2HHREEETICH
BLEEDEIRBTEHEDIEENZ LD, BE, F
DRITONIZVLOAPOFRTYH, ThEZERKED

Table 1 Organisms isolated from deep dentinal
caries
Organisms Mean  Range
Gram positive anaerobic rods 44 0-100
Arachnia sp. 12
Bifidobacterium sp.
Eubacterium sp. 9
Propionibacterium; sp. 11
Gram positive facultative anaerobic rods 38 0-100
Actinomyces sp. 5
Lactobacillus sp. 33
Gram positive anaerobic cocci 7 0-100
Streptococcus sp. 7
Gram positive facultative anaerobic cocct 6 0-100
Streptococcus sp. 6

( Modified from Edwardsson, S.: Bacteriological studies on
deep areas of carious dentine. Odotol. Revy 25 : Suppl. 32,
1-143, 1974)

RBRPRINTNAB, ZDEPEISEIIREL D
73, Lactobacillus % 5 AR FHNIZB T 56> & LB
BEWEEELTH T TOBERELD SN DhHH
nbd, bhbhd, BFIOv b OGS R FEAH
% Lactobacillus casei X Streptococcus mutans 5 & 1 <
O OEEESHE - FEL 2,

WEFhIZE &, D& IR R FEROME
B, MEBDOZNEDP S ORL > THRIEES BN
EHOTOWEIENUEWIHOSIZR>TET, L
> TH%RIE, BELD I DL ME
EXRRE U, —E ORBHRE, 3 & B8k
ZLEITONAMENSHH, ThETORETIX
INHDFHIFEFLEAEHE —Ih TV, 207 —
FHEBEITEDITUIN T, FEHIMETENICSH
JOMIERDOERS, X HITIE)MOETBRICH Y
%W HWD % pioneer bacteria DEIE DL, L0 H 4 5
LHHEIZ 2> TL B HDEEbN 5, HERBDORKH
i < BHHIREIAIL, TTIZED Do ARk E
<ERIL, Z2LOFT AR ZEAHLTOWSE DS
THb,

0. invitro ICB T 2RFHES>MOFR

BRID &5 ITHAETIE, HS8KEHEGRD 27T Strep-
tococcus mutans 755 BRIRMEMIE & U T ho 508 133
ENTHB, —FH, ZHITHANT, Lactobacillus 755
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ORI T ARENIERITNINVETEERN
20, Lrl, CNETOERIBRFERNICBY
ZRHEERTHBRY, FTFEOIBOETITELT
Lactobacillus D312 4 1%E1, 3 LL/PpEERL
EBRbHbNB,

FIThbhbhid, SHOOBEERED LN 5,
Z D Lactobacillus # G WL 2 DEEZ R,
NODEFESMAREOFELZ, ATHICHE NS¢
RETFHENNOEHMEDORARE L WS EIZULIED,
JEREXH, H{LFEENCHANBEZEIC Uz, TR
fTo-DBHRERPEDLI LR T TH-Eb &
HIBRNBAL D B, FBIKEERRBRD D %
HARBLI:DDERTH 5,

A. =¥l (dentin block) DERE

AT BEFENHEATRE I N OB
FNAEEROZ, ChosDOl%, Fig. LISIRLIZ
EOBBICHEBZ UM Ukt 2RELcDs, /35
T4V Ty IATIOEEHBELUL, DOTHEHED
2RICOI>TEABICEST S /v F AN, 2O
/oy FIZio TH & EM U CRTME ORMIE % &
ST, BB, ThoOBREIXT N TERENICIT- 12,

Exposed dentinal surface
by the fracture

~Paraffin wax

Fig. 1 Schematic representation of dentin block

B. B¥EH

A. 1Tl X712 TYERK U 72 dentin block % B &
Licos, F470) a— MEMPCRIEEL T,
block DEFREN RN TNVE I EEHR LT, »
WT, IhsDEE dentin block #B.H.I. 7o — 2
AN, 208> ICHEBREKZREL CRiROD
L. casei DEGRTBERR = B2RE U 72, 558813210, 37C

Table 2 Culture conditions of dentin block associ-
ated with clinically isolated strain of L.

casei
Experimental Exchange of Aerobic(3%) or
Group 0.5%Sucrose culture medium Anaerobic(¥)
A + + W
B + - DA
C + + *
D + — *
E - + w
F - - A
G - + *
H - - *

TiT-otehs, ZDE&ETable2IRUIZ&D A s
HheTEH 8B DERBE R T 1, EERWET, KB
IOWTESF O pH ORRNSEE ZRIE L, &
FEODEVIZES>TEDOHEIEVWVET BN EI L E
AT, FEEKT (21A) #1213, EARER
(SEM) E XA THIEANNDEDRADH X BIK D
BELEZBERLL,

ZORR, Bt s u—- 2 Mx:EBE(A~D)
BOVYE& pH 13494.3, nxsh -1 (E~H)E
DFE 5. 2C, MBI HILICEBI O
B)OHESLSTFSIEETH 50 E 2 pORME, it
D pH DETICE > 12K EEERIFI LW END
-1z (Table3), ThidEICA 70— 2%MA
52LICE-T, MEORBEBREIIBIFBELANLF—
BELTOHEOBMSHA LD EELOND, RIS

Table 3 Degree of decalcification and bacterial in-
vation of dentin block
Experimental o Bacterial Final pH of
Decalcification i
Group invasion Culture broth
A + + 4.27
B + - 4.24
C ++ + 4.30
D ++ - 4.25
E + + 5.19
F + - 5.15
G + + 5.21
H + - 5.26
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WFTR T, BIKIZT XTOERB CEA DREETR
doNT, FRMERNNOHORAIR, —EDHBET
KBRS DHB I B (A, C, E, G) B
TRIRTICED N, EZ#: (B, D, F, H)
BECRIEEIIBIVIICVWEITHo 1 (Fig. 2,
Table 3 ),

Swad
Ve

SEM of the longitudinally fractured tubules.
Clinically isolated strain of L. casei are present
in the dentinal tubules: experimental group; C.
x5, 440.

Lizhi-> T EORERD» S, COEBRRICBI S5
BEDSLBEBEBXMGEIODPDIIEEZILNIIDT,
DVWTREICHR NS L H KERIZH Do, Thbb,
Lactobacillus casei DMK T & 5 PSR3002¥K (LI
L. casei PSR 3002 & B%) &, RFEM 5 OEMEOEYE
¥k T & B Streptococcus mutans 6715 ¥k (UL S. mutans
6715 & 8%) B & U Staphylococcus aureus 209P¥E (LLF
S. aureus 2090P & B8 ), X HIZX XD L. casei DR
iR O T, ThoDEKORTE D i RaEDH
M| TUREEM, ECERICH A, BRI ZOER
TRz 218, 37C, REEMF (10%
CO2, 10%H:, 80%N:) FTITL, EEKTRETS
HIEICEMO—8% 75 A RE L THIEBETHSH
ERMER U, TR ZREIFICEO pH 2HIE
L, F0d &, FOXEB S D2t aiith s XL 12,
EEgER T (21H) &, $E#hh 5 dentin block % HY
H U, BEICEVSEMB X OUXFEHOER % EB L
7o LPICAKEETZ ONIERZTRT,

C. AEHRNMELRE
Fig. 31, AL EKEICH T 2MELRED

7.0
6.0
=
=
5.0
—
—————— T
4.0
3 6 9 12 15 18 21
Incubation time (day)
Fig. 3 pH changes of culture broth associated with the

growth of organisms in dentin block : &—A L.
casei PSR 3002;4& — A L. casei (clincally isolated
strain); [1—01, S. mutans 6715; O—Q, A. wviscosus
ATCC 19246; X — X, S. aureus 209 P;+ — -,

control.

B, Firhd pH O ZRERNICHES 52 &
WEoTHARLLLDTH B, HOISEOEKD S b
T S. mutans 6715 & L. casei BRI K S BERROpHAS b -
EHEL, FORKMIINLITH->, 20T
L. casei PSR 3002 & A. viscosus ATCC 19246 »5%94. 7
U, S aureus 209P13K95.3CTH -1z, ZDEHIIHE
IZHRIR A5 4 & RO R pH 5. 51ICIEHICE# U 1 fE
EWVWZ B,

BBIOD&D BRI, FEKREICH T 2 BREERE
DEVWE, ZEMPICAHUZCaBDESE L THN
rEAICLED oIz, 975 b 5% dentin block @
BAEE (af) M4720DCalaHE13, L. casei PSR
3002 X S. mutans 671575 & % EERE L 12 B 05 S. aureus
209PERH LV HE <, W2/BIEL VT,

LizhioThl kD & H, bhibhoRHWZD
FEBRRD S H» T, BEHPICHEAINIZBOBOD de-
ntin blockld, FRFICERE XN B4 OME (2D
& & < L. casei PSR 3002 % S. mutans 671575 &)
DELETHBICE > THRAICHRIKSIh T2 &
HoldTHRTELDOYTHD, LTFZOFR%E
SEMEBEIZ L » Tk~ 5,

D. RFHMEANDOHERA

2 TIIRERE LT, BINIZL. casei PSR 30024
BHORR%EH T 5, £3Fig. 4 TRULIZEDIT,
R X1 L. caset PSR 300213, BRIKS W TERZ
FEDO KDY HHE L CBEZ T EEOMERCER L
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Fig. 4 SEM of the exposed dentinal surface. L. casei
strain PSR 3002 are invading into the dentinal
tubules. Peritubular dentins are partially dis-

solved. x5, 700

5, MENPBAKBIBAL TV SDONBRINT,

IHIINERMERTATHS E, ZhsDMMER
13, BEBEOMEEEZIBRL NS U IEOICEIRAIEE,
BAZEDDF TV (Fig. 5). ZO& ExDOMEDE
ABIEL > & BFEOEMN TR0 TH -1, 55,

INERIFTEBEDOFTRIE, L. casei EEIR T BERRE S
mutans 6715 BB THLED LN, WTHOBA
BEHLFELEL, BEHRBICEIZBLITZVWES T
»H-1: (Fig.6,7)o

Fig. 5

SEM of the longitudinally fractured dentinal
tubules with ingrowing L. casei strain PSR 3002.

Destruction caused by bacterial products is pres-
ent in the peritubular and intertubular dentin.
x5, 440

&

Fig. 6 SEM of longitudinally fractured dentinal tubules
with ingrowing S. mutans strain 6715. The fibril-

lar structure of the intertubular dentin is visi-
ble. x5, 440

Fig. 7 SEM of the longitudinally fractured dentinal tu-
bules. Clinically isolated strain of L. caser are

also invading the tubules. x5, 440

DEDEHiz, bhbhid I NE TIZ in vitro DE
BREHWT, RFBESHFERICBAT AL 20 0H
BMREZ> B ENTER, LALIAETIZZS
Ntz 57— 42T, WINOEKOZFHENDEA
K, RAERE LIEFITRMBIZ 127120, SEKEHIC
BB OB REDORTZHET HETITEVIESHE
otz, CORERELTIE, FENTHBEZEICHE
4 U T 5 hydrostatic pressure' 19 A5, KEERD
XI5 invitro DFREFTF TR E-LELTOEND
tunEbpFohkd, 2 TCIOMBEEBRRT 55—
SOHEE LT, &L, BELRYE (908) BHEER
EfToTHIzETH, HWOIS mutans 6715 &
L. casei PSR 3002 Ol E &, B (21H) BB
Bl RELUWVHERAREZRT Z 8D 2
(Fig. 8)o LItH->THRER, ZORMEEY AT
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W
Fig. 8

Invasion into dentinal tubules of L. casei strain
PSR 3002 after ninety days inoculation. x300

LAERVWTRTE I HETBEORETZ T THTL
%o

V. EHOL - EEHMERA

M. TRz EBAEL, in vitro DFRH T TEM
BHEOZFHEN~DRAE R LBRF TS &2 E
KEMELTHRELIED, HEICRBAINSHOR
FHIE NS OB FORBEIC O VT ECITEEZ L
Hbipotz, UL LEEBOEERNICE T 2RIME
WEBIZIE, RFEMIEZE Y 3T — 7 v #ikHE, den-
tinal fluid 2 EMNFEL T, FRENDVZELSKE%
BATNG, 1IN SERBICX T 5 EBRHEL
td, Z2oTCESRBI-TVWHEEZHLND, LT
Do THBICEUBLOENZ, RFMEZBUT
oD ADICE, 3FIFHEELZRITLTY
et TEIND,

INETRIC, HEBESEEREEEEATOAER
M (EHNE) T3, ZTFMENBICRTTFMBORES
ENTFEEL, X 5ICHEHERlD 5 I13—E O H Tdentinal
fluid HEALTWSB 12612, N HERWIZKIEN
(ESENE) L0 &, BHEFAXRED, S>MEANI~ DM
BHOBARBREIZLAEINTE WD, Ll
— BT, EERD S ORICEBRS PRGNS

W, EEEOIEF D PHRENR L0 HHEITHED LB
HETBATEENIW|EDD 355,
FrTbhbhbhid, XD in viro DEBEHITL
T, BBYNICAELZ AN FORE LKA
(8 ] 8) #AWT, HMEBEOEIFENSUKBOZTHE > #h
OHETORE (BHRFHEHE D 5 MERIH~OME D
EADREE) ICED LD RHEE RITT » 2 HBFN
ICEANRTHT, BBRICHIZ->TIX, TFHERE (8 |
8) DWW Ehhr—HEKEE, RELEL CRERS U,
HKAFED [ RIR Lo & & b R IC, RAE
IET 5 S ERERR L (Fig. 9) DWW TIRE
2LUWEE—FER EEIE U T30, BRI
ELUTIS0AR) HMER, h oDz kEL,
HRAEREOBHETER Y H5MERIB~OMER A
DIEE, FFEREEOELORELE %2, HEB LU
SEMTHEELI., SBHMENTRANOHERAEIL,
ME % (Brown-Brenn: 8) # 1T 12 #EF AR D 5
y, MESL->ELFEHRETRALULERE, £00H]

human tooth: §

' class ¥ cavity
depth:2.0mm

Fig. 9 Schematic illustration of the method of dentin

exposure: P, palatal side; B, buccal side.

Plaque, Exposed dentin
AN - .
\ S _Dentinal tubles

\-
Bacteria

Micrometer, x100

Fig.10 Schematic illustration of the method used to mea-

sure the degree of bacterial invasion.
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BHEIMEOER, F3MaBERI 7 ax -7 — %3k
HUEME(X100) FCHREL, 2 ohlHiEiz b
EICEFE UL (Fig.10), Z0#B2T LD HLON
Fig. 11T % %, EWH T34 TEER (Fig. 12), £

[22]
(=]

[ Vital tooth
! [ Non-vital tooth

=)
(=)

7

Invaded tubles (%)
~N (Y]
£

—
o

0 30 150

Dentin exposure time (day)

Fig.11 Degree of bacterial invasion into the exposed den-

tinal tubules.

r &

BB IR ARIZIER ITEL (891.0%), MR
RlICXiZEAEENBONLEL 12, L LERFIIC
A&, KIERE (Fig. 13,14) O5PAEFRERICH
REB(BBRELI%LUT)ICEVEESAR(38.5%
%t 23.5%) %R UL, EHOIIZEAEREHSHL. 4nm DF
XITRATOWBEIL B -1 (Fig.13),

ZDEHIZ, bhbhidSRI{T- It EBERY» D,
BBAEDAITLIIR T EH D RO TICKE L EZ RITL
HBTE, ZUTERERD D ST E A B FHBRIC
REULLBEINABERICHDEVIHREZZ2 B &
WTEl, COEREL TR, BEIPERIETEE, F
NITE B 2> THIENIRO R FFFMRaZEE s M, I
L, X HICRBEIRIENYE %2 & A1 dentinal
fluid MHET B ELENBT O N LS,

ZTHENANOMERAE A ELGT HEESRHTOD
O &EDTHBHRITFMAAZEED, ZITME D E DIAL
WWETHHLTVBENEWVSHEIL, RFEORED
D HHEL OMFREDBELEZ LATHWARHETH 5
M, BELLEBHOLP KRBT DV TR NA-B)
B - 377 —YEORAIXZOMEZEHT 5>

Fig.12 Vital tooth cavity, exposed for 30 days. Bacteria
are present only in a few tubules. Percentage of
invaded tubules; 1.1%, Brown & Brenn stain.
x300.

Fig.13 Non-vital tooth cavity, exposed for 150 days.
Bacteria are unevenly distributed over the sur-
face, and chains of bacteria are present in many
of the tubules at various levels. Percentage of
invaded tubules; 39.0%, Brown & Brenn stain.
x300.
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Fig.14 SEM of the non-vital tooth cavity, exposed for
150 days. Bacteria of coccal type and many rods
invading the tubules. x5, 440.

ZATH, FbhbhoBNETHERRICET R
MBS MERA S OBREZHOLMIZT S X
THHERALFEE S ATREEND S,

V. bW

SFE DD IEAE - HEITH OHEBERFEICNZE—
HOBIBREERIT T 5201, ZhETbhhbhh
FoTEHROBEIZIDWITRRTE 2, bhivbh
HENST-o i ERERABICELZ T TOTELLD
2, OB < DRXDOABICOVTIRELAERNT
BIENTERMSI,

EERIZZWVWL, bbb DBRELZCICHVWTEHE
f&i% L. casei, S.mutans 3 E DT HHEIZTES, L
b invtrolEVWIORLINIZEZHTT, EHADEZR
EICY)VBEL TZ DEMFEREBRD T < —E 2T~
T ERL, LAL, bELOEERAOOBHEE
BEbHTHEMTHY, LrbE I TIRIZASTHIEN
HOBHEHACERREZPELTVS, BERETIED
FOWHBREZRETHESL, MMOEELDO»HDY
BVDEPTEDOEEDSBRMEZRTHE D DI
FLULHLITHVY, BicbhbhdfTotz5 v b
BB OBMBERERTY, S mutans 671513 L. casei

PSR 3002& & b ICIRERBRP X B L, S mutans BIR
TRRXEIFELVD, S8REZ2EHL &L ER
BeHFFRZEZ TS, ULEN->TESEIE, kS
TS OBEIER OB S in vitro B £ O in vivo
DAL ST THTVAENHHH, ZDL %, B
KIEEZ T U & T 5 RFHBLENFERLE DD
TERRBFHEIIBRV>»BEEDbNS, (KREICEEL
MREORBRED —BRINHEARNEHAREFHD 2
No. 58570801, 58771348, 59771413, 60771591 & %
LOTHA FLULTHEERETS,)
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