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Adhesive Property of Resin to Carious Dentin

and the Possibility of Sealed Restoration

YosHryAMA Masahiro, OHARA Naoko and MATSUZAKI Kumiko

Department of Operative Dentistry, Field of Study of Biofunctional Recovery and Reconstruction,

Graduate School of Medicine, Dentistry and Pharmaceutical Sciences, Okayama University
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VT4, Minimal Intervention (MI) OB &HIRIE S 1,
SEOHEIZZITITRIb 0D, MERRESRL, HA
AL DO ATREME SR T & % 5 B R T H OMREIEE
HEhTwa) Lalhss, HEEHELY V2T L
DEEMI XL F A VECHERTEE A CHllE
INDBENVIEEAETH D, 51T HRRERFEAN
DLYUVERICEL TR, FAHERPSCOPTIRTH
5. BEHSIL, SRRER LU MRRRFENDEL
DULY VRV AT LOEERS UM IEREE v
THRHETBEEDIC, TNHSHRFEL LY VoS
R oMMIEE 2 T E FEMEE (SEM) 8 L 0hE#
R TS (TEM) 2V CHMIcEHEL, B LT
Ez, KfRETE, SHEEESE, S MBS E,
AT/ BRRARFEE SO 7 viby 7 v & VERE
MRIE~DOL Y VEEEE@BHTLEE DI, v —
FLAML—va v or[EhEEEz A,

RIENDL T Bk

1. SBMPERIE DL VU EEN

W51, 1970 FERICB T 5% L OIPEYENE & E
LAtgic & v, SERFER IR0 R L3 25
DO, ThROLMERERS D EEICHIKL T3 58
RFEAVE &, PREITBIK L T 2 25 G D372 <
HEKALATRETH 2 S BIRFENEL H 2 2 L 2R L
722 Pashley s & L 7-3E% 5 2 & 0 EBRLFEIFS
&, 9 ERYE (carious dentin) % 9 BIESER P E (car-
ies-affected dentin) & 5 flUERSRFE (caries-infected
dentin) & ICHHL, 5 #EERIE CIIELERITHIC
RTLry v oEEmSBEL, BiEEREL HoIcE
RENKOT LWL LY. S5I1CEE S O
2T, SRR YE T, OENTHKS X OEA
ALE DB T Z Lok b R S ifE Rk TchH B Y
VIEHNT T LB TRINICIE L, RIMEEEHEL T
WEDLI VI TR E NI W EPFEINT
WY S RN & I T e R TN L ke &
AL CLY U BET 2854101, 5 MBERTED
WEKEICE B Ehb, LYY OBEEBRS IZHESR
FECORFEN-EET LD BRELETT D LD

DOI : 10.11471/shikahozon.66.1
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Ezbh, MIIGEZ2HEEKT 2 5 2 THOBRMIRT R EHR
BTHBENZ D,

2. OBMBERIBEANDL I EEN

EHE L, MUNSIRRBEAGH L TE b S ELKE S
P OHERITE, S ERTER X O flBRRR T E
EVV UV RATLEOEERBEREL, 200N
ficoM/NSIRESERSZMET S LKL

Caries-infected dentin

resin

Caries-infected dentin
4 5

Fig. 1 Schematic showing of preparing
carious dentin specimens and

micro-tensile bond testing of
carious detin/resin specimens

ootk Hle

(Fig. 1)Y. ZOfESR, 2 257 v 7> A5 L Tdh % Clearfil
Mega Bond FA (75 VL U% 7 Fr ) &, @ER
FEICHN L T449 MPa OEER I 278 L7z DICR LT,
5 AR E Tl 253 MPa L ERBICETL, &51C
5 BRI R E Tl 152 MPa L HEICIET T 52 &4
o Lol 7-BEREOMMEESE TEM ©#l
2L, DBURPRRIFECERE LS iR L v v
TUHINTVE I ERREN, 208, HEEOESE
Akl E SEM CTHIZE L, SHiRERFE LY VS S
DB AT TH-o72 b, BEGREIDEL%-T
W3 EREEEINT (Fig 2-a~c). £7- 9 BlUSRSF
Bk, WSiEERELLY vy IHEICERE A TY
W EDBHL2 LR o7 (Fig.2-d). kbbb, Sl
DHERZ T IRFETIE, REOa -7 o PEMEL
OWEINTEDY, VYOIrE/)2—0EBNIKELIE
EXNLD, BELLELELTHLHE W THD, BIEEER
BREoD CHME R D EERIPRELRWETLLEE
Aol ITho0—HOEFEEY» 5, MIZ2EHT
2HED, BN BEEERTES S RRERTH%
BT EIIBEERMIOBADLLIRTFELL RV EVnZ S,

3. AIBRK/BAKIERTIENDL U UEEH
KR FEDRE I, a5 —7 VEENRBEHEL, 2K
YURERLTLEY Z kS RBKRFE~OBE
T, BEMOLY v E ) v~ —%2WIKRKFEHEE £ C°F
EXRDBENRH D, FEHHIZ, S0 w»E MERAD

Fig. 2 SEM pictures of resin and carious dentin interfaces

(a) The hybrid layer (arrows) and resin tags were seen clearly. (b) The hybrid

layer (arrows) was not seen clearly on the caries-affected dentin. (¢)On some
area of caries-affected detin, a very thick hybrid layer (arrows) could be seen.
(d) On the caries-infected dentin, the typical hybrid layer was not seen.
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FIE % o T ATBIKRAE L ATHEAKACRTE % /E
ML, LYUEENETMEL Y. BEY AT LI,
JUyRMILEILTZ Yy F T AT LTH B Clearfil
Tri-SBond (75 Vv /2 V%754, BT, P54 <
2RV F) 2ERHAL, Clearfil AP-X (Z75Vv /%75
YHI, vz—F A3) BERL CEEREMAEFRL
To. ZLC, BESIFEE, ANTRKRFERH, ATH
AIKACS A EROMUNG RS RS OBEERIT- 7. F
72, 54 T AR FiZ Rhodamin B ¥ L TEEER
BHA 2 R8I, 5L — ¥ —FEMEE (CLSM) % Hw
T, BEREOBE 2T, ZOME, @ERIHEH
® CLSM & & Hle LT, ANLBKSAFERETIE, F5A
IAR Y FIERFMEOFE E TCORBEVALNIRD >
7z (Fig.3). L2 L, #UuhjliREEmM S 1L, MeRFE
BTl 20.3 MPa, ATHKSFERECIZ 300 MPa T

h, BEEEIAONGPoT. TR LELT Iy F
VIVATLIE, LY UVE T —DRFENNDEBEH
TEETHY, BEHIFIAEWEATHDF /4
V=S vav)—ritkoTELNE EEZLNT
BY, FIA AR FREOEIMAICED, AT
JRIK RS E OB BEER S ICHER IES ko Tz
HREMEDSE 2 BT,

—%, BAKARFE TR, RIEEECEREDE
P E N, BOAKGBEEA~OBREHMSETIE, &
DEELRBEAKLLZIIESRIT I EPIFRESIATL
29 Lo LiHs, BAKILL ZREE T OBKRS
BIEMKARE L TEERBKPELCTE D, FES OISR
fERTIE, BERTEROM/NG | REE M X 2729.3 MPa
Thol-Ditw L, ALHAKARFER Tl 155 MPa
Thb, NITHAKCRFEROMINGIREER I IZH
Bt ot, £/, CLSMick b, ALHEAGKARSF
BHTEFIA AR FORBEIHRLEKTERL DS
5 EpBlEsn (Fig3). ANLHEAGKAEFEIAN
THEEEMEVERO—o L LT, WEHICE L
LA Y 54 T AR Y FOEBE % HEL 7 wlaEtE»
Ezbohlz, ZORER, FIAZARYFORBLTL
72 OIIEREEBUK RS E R cEEWEN U, BER
IMBETFLEZEEZ BN,

4. YR RERGRIENDL I EBEMH

7 oAby 7 v 3 ERIE, BEFRT 40 A Yamaga 51
IZ & o THIF SN -MMERIR & 7 v LW DR R 2 350 2
%) fETIIFIEcH b, AT A FEERH 38%
(E=7 5V F-AF4a—-Fvyi) & LTHRS N,
BEMED T oy b AU T 2 0EFTIIGENCIA L A &
NTELEEYRH D, SEREEREIE 2 EEEOM
RN S Mo L ) —~FHROREA L 2o Tk
2, METIERE LR T HEE > ~oRIEE L

FSERFE~NDL Y VHEEMELES — L F LR FL—3 a v ORHEME 3

(a)

Fig. 3 Representative CLSM images in each group
(a)sound dentin, (b)demineralized dentin,
(c)remineralized dentin

T, WEOESICX 2BEANDED GO THEH S
TwpW, PR 28 EE O BEERIMEIC & b, S MY
BATALE & L CHLME - KARIC b 6 T 2FmTHE
TEZ &Ik, ZX58oMflzHKE LT, &
TERR & 72 (3B BIEGE T I Bm LIBELEABIT T
L0 kS RFHELEHINTH S,

EEHE51Z, 7ok v VEREBES S R TFED L
VUEBRICRIT TG L, BRI oK T 28
LTERMBPIZLEY . Sz TR ELZR
FEH i Lar oy P LYV REELTHUNIE
REiE1TH &, 7o 7T v 2 V& EA L 728 (Group
2) 3BAE L WEE (Group 1) ITHIR THEEE R X DSHHF
WK T L7 (Fig4). SMEAYORIEE 2K 57201
JHR 2T, BEAESERELBICLY VEELE
Bt (Group 4) TlIEEEME O FAHEE 2D 7255, BAG
LB WHOBEERIICERIE L kb ol 7viby 7
SURARFBEICEAT S L, RFMEHNDY v 28
BRI RERDEET L EEDIC, 7 vta A



4 H & & ® &R # % ¥ & He6E Hle
MPa Cariogenic bacteria
50 1 X
- Bonding agent
40 A X
% Hybrid layer
- Collagen
30 1
20 - .
Dentin ———|
N 0 L
0 i Fig.5 Concept of the method of
Group 1 Group 2 Group 3 Group 4 modified sealed restoration

% indicates statistical differences (n=10, p<0.05)

Fig. 4 Micro-tensile bond strength of resin bond-
ing to sodium diammine fluoride (SDF)
applied dentin

Group 1-No SDF application (control) ; Group
2-SDF application ; Group 3-After application of

SDF, light irradiation ; Group 4-SDF application,

light irradiation, removal the black stained lesion.

DR RAGIEHEERIC & b RIFME P EEING, Lo
T, 794 —BLUORVF4 v LYy ORENIHE
Shazoi, BIEEREPERS N TEERIMET
LictEZ N5, MEFFEINT L7 vk 73
VERBRICOWT D, LY VOSBRI AMET LY,
LY UBIETOESE Y AT LSO TIRY VBT v F
YIORRDIF I LT Ty F o 2R b s LS
HARIFCH 720 L OMEDH 3.

7Y 7 v I vERIE, BEETH - THBEREER
RIS Bls0, MR AR B 0 I ERZ RS D AR 5 A% F8IE
B, FEEEETOIMOYZI AL PR EK, 55
Wiffsh 23K chH s, LorL, BREKCILAWEK
BICRBI Ty Tr I URESEEL, LY UIBEE
Tor-b, BEELY v AV N CBEME LY FT 3
LT ERETH D, FERNICEEHEZREL 2
LY UBEERTISEAICY, 7y Ty I v
BOBH o> CWAHAREDSE X 5N 20T, MLOEED
WNETH 5,

S—ILRLZX ML= 3> DAJHEM

=)V KL AL —3 3 (Sealed restoration) i3,
SRR EZRESTICOMEREZ LYV EIE T AT
AF )2 —2 A v M THELCETIH LIBEL LS &
T5FETHY, ART ¥ (Atraumatic Restoration
Treatment) & & MEN, AT BT 7 MRS R S8
HEnTwz® FHHESE, SEPEE XU MERER
FE~OL Y VEERICET 2 —HOMRRRL» 6,

(MSR)
Cariogenic bacteria may be sealed
with resin bonding agent.

BXHIEE G IR % 5 Bl 2 BoE 1R L ¥ v 2 BE S & Tt
feEiRE cHET 5 2 L cEEML, MAOMEL2ETH
HBELTETFA 774 F = FLAFL—va vk
(MSR ) 2B L TE 7% (Fig 5", PR 15~17 45
ORMETZRE RS (B B) GRERS 15390576)
WWHBRIREh, BELXomE27-o CELHR, JBHT
BEMEL Y I P E A IKALEED AR AT R Tld e »
PEEZ TV, FOGHEERFICERIHENL Ty
> fhoiBEICIE, 2O MSRERELO THEITH
BEEZTED, RS MOBREICEL Tl Ul 2iE
BT EmEORE, ToRPiHET-725 2 CRHA
S EE 2 TR L 72, PR AT A AR U FFA
LB s S ES KR EEPFHTES N TWET7a T T
LYrTLYrva—g4 v rTalticky, BlifkT
#wEHELNTHBY,

Z O MSR #EOERRIFZEHBIC S 72 b, EHHF L
REEBEERIRTA R EEEMRERICHFE L v EEZR T
W3, ZOMIE—RL TV R LERESSEDNE
TR A B B i, ¥ O OBEMRICSINL T
WREWEEZ TS,

E: S )

ARFOEHEHFTH 55 1LIE, METEENKREKT
Bb, EERECHEBIERME 72 0 @EEE L 72 - 7215,
S E AR BRE O FIERT CIBFRE O 2 Hiil) € &
7o, KEY a — Y 7 ERKRF D Pashley B0 TIcE
FLUTLER, RFELY VvEERBOMBA L EEE LY
VY AT LOBFICET AR EREML, Fic Tzl
xS EINEE, 2o T —< L LT&K, RE3H
TEFEEMZ 4 A2 51 ZMIIRALZEBIE & R
FBICHEL T B, HEEZFCTH B RFEHERL - IAGE)
HEFLCO L LY HHAEC2EORARICET S
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HFRHREOERRIC TH2HI 5 720w 5 BliAE) DiESLIC
EATEFIA LTV REELVWEBRELTVS, AEHE
X IURTRETH 50T, 70 TR ABIIEATDH
BEFEN (BLE) CHERMIREE & L T - 1% -
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REWREAHEE L OCHWEICHED 5 7-DIciE, KHEfE
OWR - IRETEOBHFANHBI AR TH B, Zh
Zh oWz EEITEDY 1R 1IRE, L3RE—/IEEER
IR IREL 21, 2IR2BE LR EH HEERE 5 72
W REESH D, hoOREHEIZEIC Weine 57
£ Vertucci? OFIcfE->THIFo5NnTw3 (Fig 1),
L2 L 2D & D iR & REBUIMEA L AT LA A
5, I LDALNDDT TR IRHE 2 E AR
PIBFMRE 2 EVXEIET 5. 5 ORPWRE FFE AL
Rt bdb, REBERICREEKINZD, XREX
NTHTFICHEEI 2 INT, BABEHKOERLER S C
LD B,

AHTE, ThooiR - REDS B EBROEIK T
BRESHE L {, FARABLBICREE D PT W
RBERE BT DRSS TR, TSR F O E IR
BB IXOTHRAELILHMMEICER L2 S TT, 20
ISR, BRRDPEERORA v M K2 720,

BRAR CRIBE & V) X T VIBRIR/IRE

1. KA OEAIRSE ZRE

1) # =

RSERE R EE D DVEER (MBR), SO ERNR
(DBR), OZER PHR) 03B TH 2, fEREHERIC 1
WETHD IMIMEPETHD EINTERLD, KE
g DBEIHEEAR Z B\ 72 Vertucel DEIC L B &, F—K
Fg o MB 1R 82% 753 Type 1 & % \»iZ Type II (Type
145%, Type 1137%), 18%7%% Type VTH b,
FIH1Z 88% 72 Type 1 & %313 Type I (Type 171%,
Type 1117%), 12%% Type IVT&H v?, JE.LIEMIR X
% OFEFIC 2IREIEE NS (Fig2). 202250
BB LT VENRSE —RE (MBL), T OMEAMRE R
& (MB2) ERRIZN, Z2h 2 m0ERAR oM 0%
%5 v ICAZiE LT\ %, Fernandes 5 1% Cone-Beam CT
(CBCT) % T MB2 0 FBi& £ —KF 8 92%,
FeAEE— K8 87%, AIEE —KFI8E 69%, ZA[IEE K
FI65% LML TH DY, %< OfifilT REAMHIZ
SMAMRETH S Z L3 0h %, MB2 DFEBL & MRS
B OBRIC O W CTIIBEL W E T 2|ENH 5 —
F, HEANE MB2 SBICHE R 5 2 508, FEbIEE
HBrE5Z22RTTHLET2HEDL H 257, Guo itk
% LAERNE MB2 HHLICHE R 52 RTFTH D, F—
KB IZE W T MB2 o FARBI D FEIRE X 10~20 %
67.6%, 20~307% 72.4%, 30~40 % 60%, 40~50 %

HEFER - RE OBFEE L R - 1RO KA b 7

746%, 50~60 /% 60.8%, 60 %Ll E80%TH b, 60
B 70— T b REE I MB2 O FBERE L,
30~40 B CIFEEID 7V — FIc i~ o727, %
rlREAZECAERE R, WEko MB2 551% 65.6%
THY, 5ODRBEBICBWT MB2REICEREEIZ R
7o 7z (African American : 65.4%, Asian : 60.0%,
Hispanic : 725%, Other :60.6%, Non-Hispanic white :
725%)7. HAAIZBE LT Weine 5%, 203 KD —K
D 5 5 42.0% 5 Weine D348 Type 11, 30.4% A3
Type I, 34% %5 Type IVTH b, 2IBE DEI &G EH -
7z LTw3¥ CBCT #Mvi=/IsoHETIE, &
—KHEMHD 758%, FE_RHEAMKD 48% 3 2IRETH b,
Vertucci @ Type I, IVA3% L, F—KAWIEZE KA
Bk D b MB2 HBLOMEE 3 h o 72 (Table 1), %72
Yamada 5i&~<A4 2 v CT # W THAADE KA
® MBH % Weine ®74HIC X D 9% L, 444% %% Type
I, 223%%5 Type I, 244%%3 Type I, 89%%% Type
ViZor e LT3,

MB2 1356 RS EE 2 RS T H v, Schwarze b DIE
B 100 A (55— KEH 50 A, S KAH 50 A&) % Hw
72w clE, SEM T 63% @ MB2 (55— K8 39 A,
BORAK24AR) 2L, V—_EHAVEEETID
5% 413%, ¥4 7uxa—7%HwT937% % mHT
L TsOY, HIRTIE MB2 0% RAIER ICH L
WZ ENEDbNS, X5, WLVEARS1IRECTH S
ERELTOVDE, ZHZ2HHRINBIENRVED
HABIILICEL Z2ETFHREIND, Z0 LS BIRE
D Pk U IIRAIEZE DB h > TH b, CBCT #H
TR D Bk U EARARE O E #7078 T, k
AW CRD RAI NPT LIRS IZ MB2 (65%) TdH
D, REROWEIRIBEDORI L 2D, FEDHE
LAH 2 5B RIRAREN D 5 E 42 828% T, KE%
PES ATREMEAS 438 5o o C LA WG LT, &
BRIEN T v 7 ZFREE T, OB ASEA R 7 <
FHE N T 2 MRARENBE SN, Z DK HRML
BOMB2THSZ LIZLIFLIZRZ TSN 3 (Fig 3).

MB2IxR#EN2 L b S0y, HERKRO S POHE
D ZRILPTEIZEZEZXDLEABFTHOERE L VWX
%. 1929 4E)Il |- 51 MB, DB, P H%& ofEia%E, = —
VEA VL —EERICHREREPSRARERA, HE
REZBERL-EZAELABE NS IC4FHORE
CURHZE O OERE L LTw3)»B3Bd shizHE KA
B OREGI 7 E2HE L CB D, T OREN LEKAED
RERBFEROFER E 22 L2 EB L AT Sk
W ESRRT VB

2) ® %

MB2 i3 MB1 ® &M 0 IChiET 2 72D BN v
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Fig. 1-a Weine’s classification of root canal morphology"
| 1} 1] v \" Vi Vil Vil

Fig. 1-b Vertucci’s classification of root canal morphologyz)

7 ZAMEETIE MBLIcE 7 b FAEE R0 5 2 & I138E
U<, BERPERRAEEE O MIEART RC O RE PR FE DR
DHLTELNTWLE I LRSI OFEEBEEL W,

MB2 iZil# MB1 £ & (P) RE % #5A 72 MB1-P
Line & b &3ENICELTE D (Fig.4), Su 51 MB1-
P Line 5 MB2 % TOHEEA 05~1.0 mm BETH 3
TEEBELTLRY, Zokd MB2 EROBIIAE
22 (1) MBI, DB, PIREONERFREHERT 2, (2)
MB1 2056 PIZBI WD SUDLF Y 28T, Lo R
Ty Wb, Ly UHEBEREDZE L T 2541 IRE
EHoEEORO B L2, 774 VDPESEHSASL
iz, MB2ORE NI RO 57037 7 4 LAIAS
BOIEDRH L, HOREICHVWREIETHBH, B
EORFR LS £ FRE LIOBESNREL 725,

Al-Habib 5%, ¥ 7757 ADE —~KAEDHBE
RIE L~V T D MB1~MB2 @ fEEf 13574 252+£0.76 mm
TH DY, Lee 5 13EEADOKE —1 mm TO MBl~
MB2 O 35— KA T 2102044 mm, K
FIHEC 45 1.98+042 mm TH -7 L LT3 Ton-
eli 5ic k3 &7 52U ADFE—~KAHED MBI~MB2 D
R o BRI T4 2301057 mm TH b, MB2 & DB
DS 1 BEREIX 7 2304057 mm TH 5 7219,

Su b BEBADE—~KAEICE T, MBI~MB2,
MB1~P, MB2~P D3 BTz h£h 1.98+0.60

Fig.2 Horizontal cone-beam CT
(CBCT) image of right maxil-
lary molars

Arrows indicate MB2 of maxillary
first and second molar.

mm, 580064 mm, 411+0.77 mm, ZHT 1.71£054
mm, 552+0.69 mm, 4.13+0.85 mm T& b, MBI~
MB2 % T ORI O R MERNED B - 7253, Z DR
EREAEE Bl LTWwBY,

Manigandan 5 &, HIRKFIC 64% TH - 72 MB2 D FE
REN<A 72 a—7fHHT4%Icm L, IH5ICHR



202342 7 IHFIR - ARE O LR - RO R A v b 9

Table 1 Configuration of root canal system in mesial root of maxillary first and second molar?®

Vertucci’s classification (%) Total

Tooth type I I il v \% VI VI VI
Maxillary first molar 54 (225) 55 (229) 3 (1.3) 103 (429) 14 (58) 10 (42) 1 (04) 0 (0) 240 (100)
Maxillary second molar 103 (528) 26 (133) 2 (1.0) 48 (246) 14 (72) 2 (1.0) 0 (0) 0 (0) 195 (99.9)

P

Fig. 3-a Intraoral radiograph of left maxillary
first molar showing a periapical lesion

Fig. 3-b-d CBCT images of left maxillary first molar
b : Coronal plane. c, d : Sagittal plane (b : MB root, ¢ : MB1, d : MB2)

Fig. 4-b MB2 canal orifice after coronal
enlargement
Arrows indicate MB1 and MB2 of maxillary
first molar.

Fig. 4-a MBI orifice of mesio-buccal root on
right maxillary first molar
Arrow indicates MB1 of maxillary first
molar.
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Fig. 5 CBCT images of left maxillary molar

Maxillary first molar MB2 canal shows C-shape configuration in a

sagittal plane (Arrow).

E A ERICHIBR L 7235813 90% 1 B L, MB2#
KB bs~Ar7n2a—ToEMMEERL TV BT,
¥ 7z Castellucci 13, MB2 iREORKED S, BUTD
KA v P ERFBFCLBY,
(1) MB2723% % LifEL B2 ¢k
(2) 25~4X DN —RPTA 70 R a—TDfFH
(3) MB12STE&ICHEK « il & NARE FIE D HEfiE A3 C
= 72D MB2 %
(4) WEOZ2E-> T2 RFEREICHEFTH QM
(5) WEL DRI HIn— R~y 72RT7d 1% A
F L7 —DFEH
(6) &2 5 FIEHAERD 72 0 D 5%NaClO D fifi i
(7) 22X —J@lRED-D1T%EDTA O & 100%
I8 ) — LT DEE DR
(8) fiifafi - fiih DEHEMM O IBEAAEAEZ -y 7 R
MEEIRE (RAEVIEE MB2 2% % AlREESS
ELl5)
(9) FRSI2Z I HN
INsof, TNETOMEDL S MB2 OALEIXDH %
BREHETE 20, RorbhEAREEND LWL
BARWEEZEEICUEI TS L, BILER I THI
CBCT ZHWTEZETAI LV HOONS,
3) RO
MB2 (% MBI & [Al U  IRAEAE LT AIANER L, ]
B OEEOR L & Abe CILELWIZTC F,
HBr0IE W]F OREEEZELTHE I EDPSL
(Fig.5). ZD7-DiREDKIZ, ElETE 27 BT
7. OREN BFORFEDORVH L A2RET S LD
W E 72 % REERE OV OVIEBIR O Wi 13 MB2 48
H B HMEDHIL 72 BT, BMIIZEATYSC
EWS, ZOEATY S EOMIDEE X { Danger
zone & &N, Yank 5iC & 3 & MB2 237 Wi — KM

@ Danger zone (¥ 0.88 mm, MB2 »® %54 1%
MB1 #® Danger zone 7% 0.83 mm, MB2 #iZ 0.80 mm
THY, F— - FKAKE L B IC Dander zone (& D
VLN HERE B o 7219 %72 Azimi 51F, 5
— - B TKA® E B MB2 @ Daner zone 13 MB1 2k
RCHEEICH»P > L2BRELTVLRY, ok
MB2 OiAiE MB1 & b %227l (Stripping perforation)
DY A7 PEWEEZ 5N, Camargo 51X #25 @ 0.08,
006 77— 8—D=v 7 )L-F2 v (Ni-Ti) 774 V%EH
WT MB2 2K L 786, —EICELiA s iz e L
Tw3%, %7 MBIl & MB2 ofilicid, 4 2<% (Isth-
mus) PBRRTE (Apical Ramification) 25% { #lE X
N3 T EHWE SN TR 002  pares 5 ZREFTEA
DOIEFETYIHI A RHIE A A~ 227 4 VICH LA 1
T3 ELTE LD, WEMHTE & CRE RN O
BT EBRRIRERT v 7 Th 5.

MB1 & MB2 I3MRAEFAE TAT L IHBEORRILE
DHENRE W EBRENTED, Al-Habib 513 58%
@ MB2 % MBL IZ &3 L, £ OATRERALIZ LS 1/3,
REFES, RAT1/3 TENZEN 23, 27, 50% TH -7
ELY, REIRLRE R IIREOAROHR S
WMEL 25, BIROEEIXEER O R e & T
IR T & %5438, Castellucei ZREHLA L 7B ICH v
GR—F X L7 7 ANEANDHEERRELTEDY,
COHETEH Y I =F it wiz7 74 VO
5, E%¥Ho MB1 & MB2 721 ¢7% <, fhiothfEcd ik
WT 2O EDRENEIL T A5, BR2H
A2V 7y —DLIATHEML TS 02 HET S C
EncE % (Fig6).

MB2 & 0 B o IE KA ¢ & idik R AR Z
FCHZEIEL RV EEILN, BELOOHERLRE
O EEROBIA RS » Mok d LELNS.
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Fig. 6-a A case of mandibular first molar

Root canal preparation with Ni-Ti files of
disto-buccal root canal on left mandibular first
molar. Gutta percha was inserted in prepared

disto-ligual root canal.

it Y ETY S
Fig. 6-b Gutta-percha was marked with
Ni-Ti files

2. TEXRHAEEDHARE

1) ¥ =
NSRRI &R OB 248 3ARE (LD
2MRE, HWL1IRE) THDILENLnH, HWOLEMNIC
WA CROFHR: DLAR) 2802 2 ik 34,
Z OO ERIMREIZ Radix Entomolaris (RE) & M-Zh,
1844 4% Carabelli I & > T THBEhTwa® <
DBAEDER - MEEIZIWA4BELRD, ZOREZ
THARAROREIRECIITEE2ET 2 Wi TH b IRE
EWib, REBE KAWL TR OBEIRABLE
SRABICH DTN LEEIN?, Song b O
TIRHEADE KHAHEO RE FEHFIX07% TH -
723 % 7-FAMIC D RE 3BE SN TE 03, Song
5I3EEEA DS A D RE H#HKIZ 116% TH - 72
LLTWw3,

RE OFBIRIZAMBIZ L > THRLD, HEAREEA
FEA, FAT47 TRV HUVRIAFE—LRETS
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Fig. 7 Prevalence of Radix Entomolaris of mandibular

first molar®
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Fig. 8 Prevalence of Radix Entomolaris in mandibular
35,50-55)
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first molar in Japanese populations

(g NS a—wvyos, bla, AVF, BETY 7
UAKRETESEVBEEIN LAY (Fig 7)Y, B
iz & B HERIRNIC AR E v LT B 00424440
HEENBESN LT 2WENH 2%, EHECEL
TEREHNCSE L B HND L 5GP Fofl] %
W ETRHED H W AR I B S T8
Zxn, KEHEEBO VIR OHE TIEHIKERED
RE O D7z, BMHEEIMEL RE N T 5 Al FEE»
H5H, CBCT ZHWZTEOHRE TIEHAAND TEHEE
—KEABED 236%IcH 5N, 55 184%H MM (31
YT H > IJEBID 65%) THolztENTHED, o7
CTNERULK 4RI 1 KOEETZ OBEFIRITEILE
xhz (Fig 8)¥0% %7z oM cIx%E KA
RE 134 5o 729

RE 0ZWEE TN y 7 AMBEETITS Z LI
%0, $990% D RE AN v 7 AMEECHERETE
2r3nTe2Y Ly LOWENTy 7 2fEEClE
D2 EL 72D, 2RASNTHELS5HMRE 20
PR Eb S, Zogd, REAEIRL 2 EEK
ORIy 7 AMEE2EET5 LT, EEL0H
2 F 20 % KT 9 5 2 LT & 3% Z o Clark’s
Rule & &M - DZBANCA7E T 2 BEEW TR TlT
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Fig. 9-a Intraoral radiograph of ortho-
radial projection of mandibu-
lar molar

ootk Hle

Fig. 9-b Intraoral radiograph of medio-
radial projection of the Radix
Entomolaris

Arrow demonstrates the presence of
the Radix Entomolaris with fractured file.

Fig. 10 CBCT image of curvature to buccal direction of the Radix Entomolaris (Coronal
view)

LMT, O TIREOREE T % L v Same lingual
Opposite buccal (SLOB) @Rl & LTIHEHINTE D,
WA 7 7 4 Vb BARE OHERIC b &I L> (Fig 9).
BB EI3 25~30° FEE A L CE h, RE © Rk L %6
F5 2 EMTEY 25 0 LREIIRICESTH B
L9 IR L C IR mE e BEHE S B ST o b
i L OMAE T RE OFIEREED LA TE 359
ZORE CHETANEZEIZOBHTHY, %L DRE
R OEF 2 S ANE T 288 % b > T3 (Fig
10). ZOEBEMEIZIZIEIETHD, Chen HIZBBAD
21 KOBHAEEMIZL, 13EA LD RE 25U0ELITH
DR (924£610°) & b T IS GIER (36.35
+938°) &b o THED, 2857%IFMRARE 1/3 TiEdiL <
Wi EHELTw S,

De Moor 5% Carlsen 5%, RE o4 1 7
LW T OMETHFEL, & 512 Song 52 1FRE D E
ETEBHIL22oDNNY T — a VIZHHEL T3 (Table

2~4) .

ZDXHICRE X2 OEMPIOENL Yy 7 ZBEHET
FFRAIL D507z DR BRBOBIC AR L7 03V, ik
IRE O, HHEOKS LI LISRIEE 525 2 &
BEEEINDG, LAy 7 2EETREEDRKD
B L T AR, REODIELAT, Bk
DEHEZ 6N DI OBMEHET 52 LIETE S0
b Lz, L L CBCT #HwEMNATENE, RE ORE
OONE, EHOALmE, HRORIZEEX X DIE
MICBHTE 5.

Xu 5 1E, H—KRAMEICRE 23 2 5413 kWA I
R, GEDMBDOA A AOFRBBHEIERICE L, RE &
EDRDA A< 2O AHBERRD S 5 Z L 2 RE L T
bxé‘m,

2) & &R

RE 2372 WiGA OBPEBRIL 3= RE A THR & 72 5
ZAMICHEBR I N 55, RE 23 256130E0 DRI
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Table 2 De Moor’s classification of the Radix Entomo-

laris®

Type Description

I A straight root/root canal

I Initially curved entrance of the root canal and the
continuation as a straight root/root canals

Il Initial curve in the coronal third of the root canal
and a second buccally orientated curve starting
from the middle third

Table 3 Carlsen’s classification of the Radix Entomolaris
according to location of its cervical part®

Type Description

A Location of RE is lingual to distal root complex
and has two cone-shaped macrostructure

B Location of RE is lingual to distal root complex
and has one cone-shaped macrostructure

C Location of RE is lingual to mesial root complex

AC Location of RE between mesial and distal root
complexes

IHFIR - ARE O LR - RO R A v b 13

Table 4 Song’s classification of the Radix Entomolaris®®

Type Description
I No curvature
I Curvature in the coronal third and straight con-

tinuation to the apex
11 Ccurvature in the coronal third and additional
buccal curvature from the middle third to the
apical third of the root
Small Root length less than half that of the distobuccal
root
Conical Cone-shaped extension with no root canal

a L b L

Fig. 11 Access opening of mandibular molar

(a) Triangle type, (b) Trapezoid type

Table 5 Distances from DL orifice to other orifices in permanent mandibu-

lar first molars®

Distance (mm)

Mandibular first molar DL-DB orifice DL-MB orifice DL-ML orifice

Right (n=38)
Left (n=25)

278%0.71
266x0.71

441071
4.35%+0.73

341%£044
352%0.74

BEEMARICATZNATREZEBHBIEBET %
(Fig. 11)%.

RE o O o frEREfRICO W T, Tu 5i: CBCT 2 H
WTHEBEAD RE OME O M, T O ], VTl
FHoZNZFNoRED L 527, 44, 35 mm T
Ho7zk LTws (Table 5)%. AAAD RE ORE D
DOfEICE LTSS CBCT 2 HWTHKRE DX T
DL AEEZNIILTE D, BOEHARE D2 550
FEAARE O £ T 27204 mm, JDOLEHRE D %
TH34%06 mm, FOEHIRE 1% TH42+05 mm T
Ho 7P rEOEA-ELEHEOHHORE D 2
SRR 7T AEIZ TV 764+06°TH b, RE OIRED
Vs DERIRE O 5 FHEITMC & b EMAZEL T
2LLTBLY, O LERFEORYHILE TR
BOBRFHICBLN TV R GAREI, HAREDA
BEOMEICKITH I ENTE S,

3) BEROFER

RERZE-BESLHEIRTH 2560 H 505, HoEH
FaANEAR BT TEEIANERT 2 L0 EENR {0
TR F 2293224\ (Fig10)., 20kd
HEHREOAR RO o 7RET7 74 VidE THMEAT
D5 T ED% ., ZOHAD, MB2 LFU S REE
ROBNTEDA L THEL 42 &5 IREO BT 0%
HoEy L 2% 25%, RE 132 0EHh A A
HEMUSCOVWETRIHLTWAZ DS D, REN
EEBDILKIC KR H 5. CBCT T % OEHECRE
EHOIROMRAL EE2ITB L CTRFICHZ2 L L,

RE OBBRRICER TR E SIZREoBIcRES 7 7
ANV OWEYT, BimRTOH, Ly VKA EICL AR
T AR TR, - MR ETH 509 RE o &
7 7 A VT O BE M 2 JH A 2 BB S iz RE
D 182% (10/55) iIc7 7 A VDI LTzt T5HD
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Table 6 A classification of the Radix Paramolaris™

Type Description

A The cervical part is located on the mesial root
complex

B The cervical part is located centrally, between the
mesial and distal root complexes

738 %™ Eleftheriadis 5 13 OEIZZEFLIC B VT
RLEEALETFTH 2L LTEDLY, RE ORERICIZ
T ANEIRE T TR, BILLERIND,

RE EFHR LT LRERESIEFICH L {, LE
BB B < 72 DI i3 Z O FIEIC 53 B iERESNIET
b5, BEOER, 48, FERNEOEIT#10K 77
AN EERHY, 754 FARBEBOREERIZ, ZF
BTF — =2 NSWNITI 7 7 A VOFHAEE L
BB & pOREORERIR S A A B L, BERIREE
WK L7 7 7 A NVICHHY Ty 4 —F vy 2w
Uy VKA v IR MNEREPREINTL
2281 REICIR- 72 2 £ Tlalz v, Bl oMz
BAMERE L TH> TIRFRICH 725 2 D, ZILRPT7 7
AN DT & 72 5,

3. TEKXBEIOEAIIRE Radix Paramolaris

TEERMMICIE, AU ERNC D EEARDS A S
%2 EDdH BPHBB 413 Radix Paramolaris (RP)
LIRER, 1915 4F Bolk I & - TS5 1™, Carlsen &
Alexandersen 13 Z ® RP % Type A & Type Bz %E L
Tw3 (Table 6)™,

RPOFIIIRE LD H X HIcENT, 45 ADFKHE
ERRICRECEE KAE 1.2%, FKHEE08% T
BEEEZRL, Type ADBZNZFN08% & 04%, Type
B#504% & 04%TH 0™, V7% RP 0 X 135—
KFEM 116 mm, - KFAHE 145mm TH-72". 7
<L =37 ATORPOFEBIEE—KARE, £ KARE,
HEERABTZNZN07, 04, 06%TH -7, Aung
itk s l, HAEDOTHE -RKHEICE T2 RP D
FINE 01% TH - 725,

RE LU <, RP H#EFEIMTEAA SN B T LGS
NTEL, WREETECEET OTFE DM I & b EEIR
DEENRE I N 2D BEOBIIRE DO Rk L % b
V% 7z 2 — i e Z AT O BERERRTA 2 Al PR R L
(Fig.12), BEOLREOOMIc LIZLIZA SN B GO
EOBRERIE, REDOBEROBERLE LY, REN
AR IIRE BHE - REISRKOENC, fhoRE LR
IO WIIRED BORFEDOROVH L ARET B L2
FETHD, L—9v A 7uRa—TLRELEHTH
%,

Fig. 12 Clinical images of the opening cavity with

extension to the mesio-buccal to reveal the
orifice of the Radix Paramolaris of right
mandibular second molar®
M, mesial ; D, distal ; B, buccal ; L, lingual ; Rp, Radix
Paramolaris

¥ .
Fig. 13 Intraoral photograph of middle
mesial canal in a mandibular first
molar

4. TEABMLOPRIRE

1) # =

TEREH M OV MR ILEE, HENICREREEEZ L
72 1RTH v, REZELHVEN (MB) BE, 05
(ML) BRED 2 ETH 5. LrLEhicZ D& DM
2 3HHEOWRE, LR (Middle Mesial : MM) RE
DEEI NS E2H D (Fig. 13), Subbiya 513 FHEA
FBBE DR IC 4 IRE R 6 N Efl 2 HE L Tw ¥, o
» MM HE D FEBFIE Vertueel I2 & % £ 1~15%", 36
RO E £ 51 RDOFEFIHE % Hic U 7z Bansal 5 D
VATFRFvILEa— kB EABICEoTELD
D, XEIFHABICEIT 5 MM BEOFKIEIZ 026~
538% TdH - 7=% H—RKAWD MM HRE O FBK izt
[T 1.79~9.03% *67848) - Jat 7 2 U 4T 147%9, 2
AT 1481%Y, 75U T221%Y®, rraT
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Table 7 Morphology of canals of mandibular molar mesial root in Japanese populations

HEFER - RE OBFEE L R - 1RO KA b 15

35,56)

Vertucci’s classification (%)

Tooth Type Root I I I I\% \Y VI VI VI )
First mandibular Mesial root 30(10.8) 58(20.8) 44(158) 107(384) 33(11.8) 1(04) 6(22) 0(0) 279(100.2)
molar (Two root canals)

Second mandibular Single root canal 5(100)  0(0) 0(0) 0(0) 0(0) 000) 0 0(0) 5(100)
molar Mesial root 71(43.0) 12(7.3) 41(249) 16(97) 22(133) 2(1.2) 1(06) 0(0) 165(100)
(Two root canals)
Mesial root 2(100)  0(0) 0(0) 0(0) 0(0) 0(0) 000 000 2(100)
(Three root canals)
Table 8 Classification of middle mesial canal in mandibular
molar®
Type Description
I Fin, allowing free instrument movement
between the main and accessory canal
I Confluent, having a separate orifice but merg- Type Typel Typell Typell TypelV TypeV
ing more apically with the MB or ML canals Isthmus No Yes Yes Yes Yes
i Independent, having a separate orifice and api- 100)

cal terminus

148%%, E7 7 U AT20% L w5 WMELALND,
MMBREDOFKLBICHINZPEGEZIT VWL S TH
U5 pnbhHARNCEHE YRS EVRED X

I TH b, KEMZ A7z Peiris OIRE TIFE—KRANH
D26BITHRENNI>H D MMIBE &L Rs¥ % Ver-
tucci D53#E Type VIDSERE I 72438, B KEAWRICIZE
XN o7 CBCT &7/ 5 O TIE,
Vertucci D548 Type VIIZHE — « B KA & b ICHER
Xhiedo7ht (Table 7)%%), HAAD MM 4 %15
B REIRE DD TH 20 HEI LT
D MM 813 MB2 & 13874 b BB O RERIC K > TE
BINZHEEVPENL, FEHCALNPT LI LD
Yang 581 k> THEI N TE D, 40 mkis 11.22%,
40 %L L 6.61% & 40 AT ICERICE {BEINTY
%,

THERE— REMEIT DR DR RFLENCEI L T, Goel 51
60% 73 2 IR, 6.7% 55 3ARARTL, 3.3%H 4 RAFT
Hotzk LTEDH?, Mahajan 5 124i#iic CBCT % H
W, MRS 3ARE T 3RRILTH - I EE—KHABRORE
HlZHELTWBEY . CD kSRR LIRS L
LT MMIBERALGNDZ &S H DD, Fabra-Campos
TS — KA 760 A0 5 5 26% (20 4) 12 MM R
AL, HILLEREIZS% 1A THD, 65%
(134%) 13RAM1/3 © MBARE AL, 30% (6 4)

Fig. 14 Classification of Isthmus
Type 1 : Presence of two canals without a notice-
able communication. Type II : Presence of two canals
without a definite communication. Type Il : Similar to
type II but with three canals instead of two canals.
Type IV : Extension of the main canal into the isthmus.
Type V : Presence of a complete communication or
corridor between the two canals.

i MLIRE AR L Twiz e LTw 2, [k Amin-
sobhani 512 & % & MMARE @ 44.5% R4 1/3 ¢ MB
R 12, 148% 1 MLIRE Ic &% L T w79 Karapinar-
Kazandag 5 O ETIE, HB— - B RAWL b I
N2 TNTO MM BEIZ MB IRE 2 ML RE &
L, H—KAHED 42% 13 MBIRE &, 29% 13 ML AR
&, 29%xZ oiif L AL, BKHAHED 33%1& MB
& &, 55%iF MLARE &, 11%13 %2 Oiifi & &L,
R E LT 38%A MB IR &, 43% 13 ML 1% &, 19%
DEHEEHLTWEY Zok> it MMEZEDS X
RAFTESL 52D TREICATL T 3 W HEENE
$, FEFIERE T FAROHEH AR 50 50%9  Pomer-
anz 512D & 5% MM IRE %, MBIRE & ML IRE &
OBRICIEL T3 2D % A4 Tt L T3 (Table
8)98),

7= FEERMABTORICIE, EEET MBERE L ML
BEORIA 2w 20 BZE s n 2", Hsu 5132 DA 2
T AEL5DODYA SIS EL, Type A 2= R ki
BMoRErasnsb0E LT (Fig 14)'%, <
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Table 9 Characteristics of detected and distance of acces-
sory mesial canals (AMCs)in mandibular molars®®

Location (%) First molars Second molars Total

Closer to MB 2 (22%) 3 (27%) 5 (25%)
Closer to ML 4 (44%) 5 (45%) 9 (45%)
At middle 3 (33%) 3 (27%) 6 (30%)

Total n=9 n=11 n=20

Distance (mm) First molars Second molars ~ Mean

MB to ML 321x0.76 2.80+0.90 3.00%+0.90
MM to MB 1.00£0.28 0.87+0.39 093£0.32
MM to ML 1.30+0.14 0.81+0.58 0.95£0.53

DDA A2 A LicA 615 MMRE X, ERRICIEEN
DIRETIIRLA R ZAD—EEIBFAK L MERICT E
VET2HED H 0, THARAEOELRE O BE
DEEL WK E LTI DA A2 ADEIED T 5N 280,

2) B &

ML SR T (MM AR 1) 133 OB T (MB
WED) LD HEIRE D (MLARE D) oMiciash,
MM #% H 2 5 MB & L L MLARE L iRt Ic A ==
Wb ol b T 2WED H 555, Karapinar-Kazan-
dag 51X — KM & 5 KFABE T 45% O MMARE 113
HHIZ b T, 30% B HREFD, b 25%HHEMIZE b T
Hoto b LY, P MB R I~ML B 1o ik
1% 301090 mm, MM AR H~MB AR K o iE 093
+0.32 mm, MM % O ~ML A% 1o fHEfEiF 0.95+0.53
mm T& b, MM REHEE DK IE ML RS LA &
ANDERAIRIEL T3 (Table 9)%. %72 MM %
BROBED, MB2OHETEF RO R A » MI#EIET
ErLtEZLND,

Lu 51 MM RED S 2 56, MBRE & ML RE X
HEWEENCE b, FREORERIERIC~A 70 R
a—7EERFHLTCMMIRE 2 HBET 2088 H % L
LTw3? <4 r7vra—72H0uigae, L—<k
HRT MM ARE O F BENE—~KEAB T 16% 2 5 18%
12, HTRERT 16% 4 5 22% I L, ZRlc % -4
HIFE—KABET 12% 5 5 14% 1, - KREKT 10%
5 18% ML L, MMIREDFKR, Z@icxf L
<A rvuz2a—7R3EHTHO, BB KAETER
THbEH7Y,

3) IBFEREOER A

MMIBEDERELRALL, AT VLR AF—)
(SS) 774 MR NI-Ti 7 7 4 VETHREIAITHN
%, FEERFBE VT ORI K A BT IR RIR & F U
CHEAE T, EOPRTRICEBALEEEZL TV S
(Fig. 15). W& » 6 Z 0@ MIDOEAIE 1 mm T TH

Fig. 15 A morphology of mesial root

of right mandibular first molar

Arrow indicates a concave form of

mesial root of right mandibular first
molar.

2LV ED H 1Y MMBREEHRT 5K
MB2 ¢t R U £ 227, (Stripping perforation) ~DiFEEHs
WL 7%, Yang 512 & % &, 40 R D MM ARE X
95.15% A% 10° BL_E o yEm 0 A 72 5 1l 2 7R LFH 29.39+
853°, 40 M LT3 96.36% %5 10° L& % R L
¥ 2606+£850° TH b, MIFEL HIZHHIAARE il
gD EERREIE 40 AR O 71.84% 55 10°
DLETWA 2134 £1041°, 40 Bl o 8545% 4 10° M _E
T 2245+1067° TH b MEHICHEAE X - 725,

TEEARE BT DR OB LA & Tyt BT %
WFgET MM BRE A3 7 v 2% % #30 07 7 —/8— £ Tk
KUEA, FEILREE & AR TR T~ OIS IEIME
TL, MM#EDH 2 IREEZFYA X TIHEARL 7%
&, BEITERPEE I SIET L, BEENsrEREC L
DI B ET2HENH 21,

TR E B DU OMBE 1 _EBERE B oI DIEBIRE &
[H U < ARRHIcE OB L, REOTICIEEEORD
HLPH 2, ZokdREFREIZDELNE TCF) ©
M%) 2L T8, REDOEE % B UMRE O
2T AR EDRBALEE 5, %72 MM REIZ
MB2 PL_E I ARZER ¢ VT DAE IR 038 D i AR E & &
MLUTWLAAREESE WD, 77 AL EH Yy & 3—
Fr g EEROCTHEROBEREEAMERT 2742 8 L TRETY
o REFTEEATO L, L LA ATRAD—H %k
RUZICTEROARBEDBETE R WD, AIRETH
NIEAR LI MM IRBE 2D, 4 2A< 2D 87 D &1
B CBCT THEZET 5 2 L ASHERE S B,
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32: 79-87
= % 9) AN, B OBERER. R 2 — v E— 4 CT HlifRIC

KBTI, BTFARLNEZDIFTIEEVLAE—EDHE
THET AR - BRE IOV THH L 72, MMBEED RP
X, R TRIAEET 2SBS0 Lk
W, L L, MB2 3SR E VA Hagk Ui bl 5 RS
ZBEORKEE DT, REFFERLLTWHIIEE
DEEL VRS R D > T3, Wb TR REIL A
B - FRIEDSHEERRETCH D, o6 HAEOER I
RoTwAILdLv, REBEZHRIIANEL 720121
WEMREH OAFRZD B AALD, HEADOWR - REW
BEMEOZECTIEET 2 LEETH 5.

ARESICBI LT, B 9~ S FIZARSORIB I3 70 o,

X |

1) Weine FS, Healey HJ, Gerstein H, Evanson L. Canal
configuration in the mesiobuccal root of the maxillary
first molar and its endodontic significance. Oral Surg
Oral Med Oral Pathol 1969; 28: 419-425.

2) Vertucci FJ. Root canal anatomy of the human perma-
nent teeth. Oral Surg Oral Med Oral Pathol 1984; 58:
589-599.

3) Vertucci FJ. Root canal morphology and its relationship
to endodontic procedures. Endodontic Topics 2005; 10:
3-29.

4) Fernandes NA, Herbst D, Postma TC, Bunn BK. The
prevalence of second canals in the mesiobuccal root of
maxillary molars: a cone-beam computed tomography
study. Aust Endod J 2019; 45: 46-50.

5) Al-Habib M, Howait M. Assessment of mesiobuccal
canal configuration, prevalence and inter-orifice dis-
tance at different root thirds of maxillary first molars:
a CBCT Study. Clin Cosmet Investig Dent 2021; 24:
105-111.

6) Reis AG, Grazziotin-Soares R, Barletta FB, Fontanella
VR, Mahl CR. Second canal in mesiobuccal root of
maxillary molars is correlated with root third and
patient age: a cone-beam computed tomographic study.
J Endod 2013; 39: 588-592.

7) Guo J, Vahidnia A, Sedghizadeh P, Enciso R. Evaluation
of root and canal morphology of maxillary permanent
first molars in a North American population by cone-
beam computed tomography. ] Endod 2014; 40: 635-
639.

8) Weine FS, Hayami S, Hata G, Toda T. Canal configura-
tion of the mesiobuccal root of the maxillary first
molar of a Japanese sub-population. Int Endod J 1999;

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

B2 ESHKEAREOWMIEE X CIREFEOELE. HiE
RS 2017 5 38 : 57-62.

Yamada M, Ide Y, Matsunaga S, Kato H, Nakagawa K.
Three-dimensional analysis of mesiobuccal root canal
of Japanese maxillary first molar using Micro-CT. Bull
Tokyo Dent Coll 2011; 52: 77-84.

Schwarze T, Baethge C, Stecher T, Geurtsen W. Iden-
tification of second canals in the mesiobuccal root of
maxillary first and second molars using magnifying
loupes or an operating microscope. Aust Endod J 2022;
28: 57-60.

Karabucak B, Bunes A, Chehoud C, Kohli MR, Setzer F.
Prevalence of apical periodontitis in endodontically
treated premolars and molars with untreated canal: a
cone-beam computed tomography study. ] Endod 2016;
42: 538-541.

N Rk, &R, MRS 76 20 ESERHEE =5
7. DBRERErERE 1929 5 3 1 215-220.

Su CC, Wu YC, Chung MP, Huang RY, Cheng WC,
Cathy Tsai YW, Hsieh CY, Chiang HS, Chen CY, Shieh
YS. Geometric features of second mesiobuccal canal in
permanent maxillary first molars: a cone-beam com-
puted tomography study. J Dent Sci 2017; 12: 241-248.
Lee SJ, Lee EH, Park SE, Cho KM, Kim JW. A cone-
beam computed tomography study of the prevalence
and location of the second mesiobuccal root canal in
maxillary molars. Restor Dent Endod 2020; doi:
10.5395/rde.2020.45.e46.

Tonelli SQ, Sousa-Neto MD, Leoni GB, Brito-Junior M,
Pereira RD, Oliveira PAX, Nunes E, Silveira FF.
Micro-CT evaluation of maxillary first molars: interori-
fice distances and internal anatomy of the mesiobuccal
root. Braz Oral Res 2021; doi: 10.1590/1807-3107hor-
2021.vol35.0060.

Manigandan K, Ravishankar P, Sridevi K, Keerthi V,
Prashanth P, Pradeep Kumar AR. Impact of dental
operating microscope, selective dentin removal and
cone-beam computed tomography on detection of sec-
ond mesiobuccal canal in maxillary molars: a clinical
study. Indian J Dent Res 2020; 31: 526-530.

Castellucci A. Access cavity and endodontic anatomy.
Endodontics 2004; 244-329.

Yanik D, Nalbantoglu AM. Dentin thickness at danger
zone and canal morphology of maxillary molars. Acta
Stomatol Croat 2022; 56: 50-60.

Azimi VF, Samadi I, Saffarzadeh A, Motaghi R, Hatami
N, Shahravan A. Comparison of dentinal wall thickness
in the furcation area (Danger Zone) in the first and
second mesiobuccal canals in the maxillary first and
second molars using cone-beam computed tomogra-



18

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

1N

H KX & #

phy. Eur Endod ] 2020; 24: 81-85.

Camargo EJ, Duarte MAH, Marques VAS, S6 MVR,
Duque JA, Alcalde MP, Vivan RR. The ability of three
nickel-titanium mechanized systems to negotiate and
shape MB2 canals in extracted maxillary first molars: a
micro-computed tomographic study. Int Endod ] 2019;
52: 847-856.

Kang S, Yu HW, Shin Y, Karabucak B, Kim S, Kim E.
Topographic analysis of the isthmus in mesiobuccal
and mesial roots of first molars in a South Korean pop-
ulation. Sci Rep 2020; doi: 10.1038/s41598-020-58364-1.
Pérez AR, Ricucci D, Vieira GCS, Provenzano JC, Alves
FRF, Marceliano-Alves MF, Rocas IN, Siqueira JF Jr.
Cleaning, shaping, and disinfecting abilities of 2 instru-
ment systems as evaluated by a correlative micro-
computed tomographic and histobacteriologic approach.
J Endod 2020; 46: 846-857.

Garg AK, Tewari RK, Jindal MK, Agrawal N. Radix
entomolaris: A clinical challenge. Int J Clin Pediatr
Dent 2010; 3: 105-106.

Calberson FL, De Moor R], Deroose CA. The radix
entomolaris and paramolaris: clinical approach in end-
odontics. ] Endod 2007; 33: 58-63.

Agarwal M, Trivedi H, Mathur M, Goel D, Mittal S. The
radix entomolaris and radix paramolaris: an endodon-
tic challenge. J Contemp Dent Pract 2014; 15: 496-499.
Bharadwaj B, Arunajetasan S, Alagarsamy V, Deepti ]|
V, Ajitha R. Endodontic management of radix entomo-
laris—a report of two cases. Nat Volatiles & Essent
Oils 2021; 8: 6408-6415.

Carabelli G. Systematisches Handbuchder Zahn-
heikunde. 2nd ed. Braumuller and Seidel: Vienna; 1844.
114.

Lopez-Rosales E, Castelo-Baz P, De Moor R, Ruiz-Pinon
M, Martin-Biedma B, Varela-Patifio P. Unusual root
morphology in second mandibular molar with a radix
entomolaris, and comparison between cone-beam com-
puted tomography and digital periapical radiography: a
case report. ] Med Case Rep 2015; doi: 10.1186/s13256-
015-0681-x.

Karunakar P, Faizuddin U, Nagarjun M, Ranga Reddy
MS. Endodontic management of radix entomolaris in
second molar. Contemp Clin Dent 2018; 9: 137-139.
Shiraguppi V, Deosarkar B, Das M, Gadge P, Parakh S.
Endodontic management of radix entomolaris—two
case reports. Journal of Interdisciplinary Dental Sci-
ences 2020; 9; 1-5.

Song JS, Choi HJ, Jung IY, Jung HS, Kim SO. The prev-
alence and morphologic classification of distolingual
roots in the mandibular molars in a Korean population.
J Endod 2010; 36: 653-657.

Gupta N, Goswami M, Singh K. Bilateral radix entomo-

R

34)

35)

36)

37)

38)

39)

40)

41)

42)

43)

2

M ootk Hle

==
it

laris with primary and permanent mandibular first
molars. BM]J Case Rep 2013; doi: 10.1136/bcr-2013-
200018.

Patil A, Shigli A, Tamagond SB, Pushpalatha C. Missed
canal... call from radix entomolaris. BM] Case Rep
2014; doi: 10.1136/bcr-2013-202204.

AN FE, B OBERER. seRH 2 — v — L CT Eigic
B2 THE-RAKOWE L REFEOBIZ. HiE
LS 2017 ;5 38 : 93-98,

Wu YC, Cheng WC, Weng PW, Chung MP, Su CC, Chi-
ang HS, Tsai YC, Chung CH, Shieh YS, Huang RY. The
presence of distolingual root in mandibular first molars
is correlated with complicated root canal morphology
of mandibular central incisors: a cone-beam computed
tomographic study in a Taiwanese population. ] Endod
2018; 44: 711-716.

Huang CC, Chang YC, Chuang MC, Lai TM, Lai JY, Lee
BS, Lin CP. Evaluation of root and canal systems of
mandibular first molars in Taiwanese individuals using
cone-beam computed tomography. J] Formos Med
Assoc 2010; 109: 303-308.

Wu YC, Cheng WC, Chung MP, Su CC, Weng PW,
Cathy Tsai YW, Chiang HS, Yeh HW, Chung CH,
Shieh YS, Huang RY. Complicated root canal morphol-
ogy of mandibular lateral incisors is associated with
the presence of distolingual root in mandibular first
molars: a cone-beam computed tomographic study in a
Taiwanese population. ] Endod 2018; 44: 73-79.

Kim SY, Kim BS, Woo ], Kim Y. Morphology of mandib-
ular first molars analyzed by cone-beam computed
tomography in a Korean population: variations in the
number of roots and canals. J] Endod 2013; 39: 1516-
1521.

Kim Y, Roh BD, Shin Y, Kim BS, Choi YL, Ha A. Mor-
phological characteristics and classification of mandib-
ular first molars having 2 distal roots or canals: 3-
dimensional biometric analysis using cone-beam com-
puted tomography in a Korean population. ] Endod
2018; 44: 46-50.

Kim HH, Jo HH, Min JB, Hwang HK. CBCT study of
mandibular first molars with a distolingual root in
Koreans. Restor Dent Endod 2018; doi: 10.5395/
rde.2018.43.e33.

Wang Y, Zheng QH, Zhou XD, Tang L, Wang Q, Zheng
GN, Huang DM. Evaluation of the root and canal mor-
phology of mandibular first permanent molars in a
western Chinese population by cone-beam computed
tomography. ] Endod 2010; 36: 1786-1789.

Zhang R, Wang H, Tian YY, Yu X, Hu T, Dummer PM.
Use of cone-beam computed tomography to evaluate
root and canal morphology of mandibular molars in
Chinese individuals. Int Endod J 2011; 44: 990-999.



20234F 2 H

44)

45)

46)

47)

48)

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

59)

Qiao X, Zhu H, Yan Y, Li J, Ren ], Gao Y, Zou L. Prev-
alence of middle mesial canal and radix entomolaris of
mandibular first permanent molars in a western Chi-
nese population: an in vivo cone-beam computed tomo-
graphic study. BMC Oral Health 2020; doi: 10.1186/
$12903-020-01218-z.

Duman SB, Duman S, Bayrakdar IS, Yasa Y, Gumussoy
1. Evaluation of radix entomolaris in mandibular first
and second molars using cone-beam computed tomog-
raphy and review of the literature. Oral Radiol 2022;
doi: 10.1007/s11282-022-00609-y.

Pekiner FN, Borahan MO, Dumlu A. Evaluation of dis-
tolingual canal/roots in mandibular molars and mesio-
buccal canals in maxillary molars by CBCT. Open
Dent J 2017; 30: 360-366.

Rodrigues CT, Oliveira-Santos C, Bernardineli N,
Duarte MA, Bramante CM, Minotti-Bonfante PG, Ordi-
nola-Zapata R. Prevalence and morphometric analysis
of three-rooted mandibular first molars in a Brazilian
subpopulation. ] Appl Oral Sci 2016; 24: 535-542.
Schafer E, Breuer D, Janzen S. The prevalence of
three-rooted mandibular permanent first molars in a
German population. ] Endod 2009; 35: 202-205.
Tredoux S, Warren N, Buchanan GD. Root and canal
configurations of mandibular first molars in a South
African subpopulation. J Oral Sci 2021; 63: 252-256.
FHEE®E, SWEE, NIfA, fHEEF, & #E—
BE, /bR B8 EKIOR, AGRIEZE, TSHE—KRE#EO
SROHBMEE X MEEIC X 2HE—. Jpn ] Oral
Biol 1989 ; 31 : 13-18.

PE—=, BN B, aHFE, BERETE, BiRE—
BB, THEE—KAMEROEEZWIIA—THE—K
Fltig o 21 & 3R H#—. Jpn J Oral Biol 1987;
29 : 408-415.

FA 3R, MARHME, MARE" e ilE o
M. BEBGEEHAR ¢ BT 5 1983, 349.

REHEE. HARNKAHEREIY. 2. 73 b—Lth:
BT 5 1968, 159,

BEAERER. B il 19, SBHMR : Ha;
1974, 82-84.

W R HATEEE KA ERn =R = kA
7. JEEE 19305 4 195-215.

NI, Bl OEERER, R 2 — > v — L4 CT #ic
B2 HANTHEE KAMO R & IRETZEOBIZ.
H s NS 2018 5 39 @ 12-18,

Walker RT, Quackenbush LE. Three-rooted lower first
permanent molars in Hong Kong Chinese. Br Dent J
1985; 9: 298-299.

Clark CA. A method of ascertaining the relative posi-
tion of unerupted teeth by means of film radiographs.
Proc R Soc Med 1910; 3: 87-90.

Abella F, Patel S, Duran-Sindreu F, Mercadé M, Roig

60)

61)

62)

63)

64)

65)

66)

67)

63)

69)

70)

71)

72)

IHFIR - ARE O LR - RO R A v b 19

M. Mandibular first molars with disto-lingual roots:
review and clinical management. Int Endod 2012; 45:
963-978.

Pai ARV, Jain R, Colaco AS. Detection and endodontic
management of radix entomolaris: report of case
series. Saudi Endod J 2014; doi: 10.4103/1658-
5984.132723.

Ratnakar P, Saraf PA, Patil TN, Karan S. Endodontic
management of radix entmolaris: two case reports.
Endodontology 2018; doi: 10.4103/endo.endo_94_17.
Wang Q, Yu G, Zhou XD, Peters OA, Zheng QH, Huang
DM. Evaluation of x-ray projection angulation for suc-
cessful radix entomolaris diagnosis in mandibular first
molars in vitro. ] Endod 2011; 37: 1063-1068.

Chen YC, Lee YY, Pai SF, Yang SF. The morphologic
characteristics of the distolingual roots of mandibular
first molars in a Taiwanese population. ] Endod 20009;
35: 643-645.

De Moor RJ, Deroose CA, Calberson FL. The radix
entomolaris in mandibular first molars: an endodontic
challenge. Int Endod J 2004; 37: 789-799.

Carlsen O, Alexandersen V. Radix entomolaris: identifi-
cation and morphology. Scand J Dent Res 1990; 98:
363-373.

Sachdeva S, Phadnaik MB. Three-rooted mandibular
first molar: A consideration in periodontal therapy. J
Indian Soc Periodontol 2012; 16: 286-289.

Xu S, Dao J, Liu Z, Zhang Z, Lu Y, Zeng X. Cone-beam
computed tomography investigation of middle mesial
canals and isthmuses in mandibular first molars in a
Chinese population. BMC Oral Health 2020; doi:
10.1186/s12903-020-01126-2.

Das M, Das L. Radix entomolaris in permanent molars:
report of two cases. IJDR 2020; 5: 37-39.

Tu MG, Huang HL, Hsue SS, Hsu JT, Chen SY, Jou M]J,
Tsai CC. Detection of permanent three-rooted mandib-
ular first molars by cone-beam computed tomography
imaging in Taiwanese individuals. ] Endod 2009; 35:
503-507.

Ishizaki H, Okaguchi M, Kondo T. The prevalence of
distolingal root in the first permanent mandibular
molar and the influence of curvature on root canal
treatment: A cone-beam computed tomographic study
in a Japanese. Int Endod J 2019; 52: 3-50, Abst. No.
RO08.

Eleftheriadis GI, Lambrianidis TP. Technical quality of
root canal treatment and detection of iatrogenic errors
in an undergraduate dental clinic. Int Endod J 2005; 38:
725-734.

Rajasekhar R, Sebastian VM, Mani ES. Endodontic
management of radix entomolaris: a report of two
cases. JSD 2021; 11: 61-64.



20

73)

74)

75)

76)

77)

78)

79)

80)

81)

82)

83)

84)

85)

86)

1N

H KX & #

Thomas B]J, Nishad A, Paulaian B, Sam JE. Case
reports and clinical guidelines for managing radix
entomolaris. J Pharm Bioallied Sci 2016; 8 (Suppl 1):
S160-S163.

Attam K, Nawal RR, Utneja S, Talwar S. Radix entomo-
laris in mandibular first molars in Indian population: a
review and case reports. Case Rep Dent 2012; doi:
10.1155/2012/595494.

Alonso M, de Pablo OV, Estevez R, Vera ], Cisneros R.
Radix paramolaris in a second mandibular molar—a
case report of an unusual finding. Int J Oral Dent
Health 2018; doi: 10.23937/2469-5734/1510053.
Ragavendran N, Bhat GT, Hegde MN. Mandibular sec-
ond molar with 3 mesial canals and a radix paramo-
laris. J Pharm Bioallied Sci 2014; 6 (Suppl 1): S182-
S184.

Bolk L. Bemerkiingen tber Wurzelvariationen am men-
schlichen unteren Molaren. Zeiting fur Morphologie
und Anthropologie 1915; 17: 605-610.

Carlsen O, Alexandersen V. Radix paramolaris in per-
manent mandibular molars: identification and morphol-
ogy. Scand ] Dent Res 1991; 99: 189-195.

Kuzekanani M, Najafipour R. Prevalence and distribu-
tion of radix paramolaris in the mandibular first and
second molars of an Iranian population. J Int Soc Prev
Community Dent 2018; 8: 240-244.

Bhatia S, Kohli S, Parolia A, Lim NYH, Tung LC, Hean
TE. Prevalence of radix molar in mandibular perma-
nent molar: an observational study in Malaysian popu-
lation. OHDM 2015; 14: 32-36.

Aung NM, Myint KK. Three-rooted permanent man-
dibular first molars: a meta-analysis of prevalence. Int
J Dent 2022; doi: 10.1155/2022/9411076.

Subbiya A, Kumar KS, Vivekanandhan P, Prakash V.
Management of mandibular first molar with four
canals in mesial root. J Conserv Dent 2013; 16: 471-
473.

Bansal R, Hegde S, Astekar M. Morphology and preva-
lence of middle canals in the mandibular molars: A
systematic review. ] Oral Maxillofac Pathol 2018; 22:
216-226.

Xu J, Chen M, Yang Y, Wu B. Cone-beam computed
tomography for determination of mesial root canal cur-
vatures of human mandibular first molars. Nan Fang
Yi Ke Da Xue Xue Bao 2018; 38: 824-829.(in Chinese)
Yang Y, Wu B, Zeng J, Chen M. Classification and mor-
phology of middle mesial canals of mandibular first
molars in a southern Chinese subpopulation: a cone-
beam computed tomographic study. BMC Oral Health
2020; doi: 10.1186/s12903-020-01339-5.

Akbarzadeh N, Aminoshariae A, Khalighinejad N,
Palomo JM, Syed A, Kulild JC, Sadeghi G, Mickel A.

R

87)

88)

89)

90)

91)

92)

93)

94)

95)

96)

97)

93)

99)

2

M ootk Hle

==
it

The association between the anatomic landmarks of
the pulp chamber floor and the prevalence of middle
mesial canals in mandibular first molars: an in vivo
analysis. ] Endod 2017; 43: 1797-1801.

Navarro LF, Luzi A, Garcia AA, Garcia AH. Third
canal in the mesial root of permanent mandibular first
molars: review of the literature and presentation of 3
clinical reports and 2 in vitro studies. Med Oral Patol
Oral Cir Bucal 2007; 12: E605-E609.

Versiani MA, Ordinola-Zapata R, Keles A, Alcin H, Bra-
mante CM, Pécora JD, Sousa-Neto MD. Middle mesial
canals in mandibular first molars: A micro-CT study in
different populations. Arch Oral Biol 2016; 61: 130-137.
Peiris R. Root and canal morphology of human perma-
nent teeth in a Sri Lankan and Japanese population.
Anthropol Sci 2008; 116: 123-133.

Nagahara T, Takeda K, Wada K, Shirawachi S, Iwata T,
Kurihara H, Shiba H. A mandibular second molar with
a middle mesial root canal. Clin Case Rep 2020; 8:
1015-1020.

IIFHAER], $aK B, VR BERISGLE 4L i
DFRIRE 2 H T 2 NHHE— KA R ERERE R %
fTofe—fER, HEMNEGRE 2021 5 42 @ 117-122.

Goel NK, Gill KS, Taneja JR. Study of root canals con-
figuration in mandibular first permanent molar. J
Indian Soc Pedod Prev Dent 1991; 8: 12-14.

Mahajan P, Monga P, Goyal R, Bajaj N. Management of
independent middle mesial canal in mandibular first
molar using cone-beam computed tomography imaging
as an adjunct—a case report. ] Bagh Collage Dentistry
2016; 28: 26-29.

Fabra-Campos H. Three canals in the mesial root of
mandibular first permanent molars: a clinical study. Int
Endod J 1989; 22: 39-43.

Aminsobhani M, Bolhari B, Shokouhinejad N, Ghorban-
zadeh A, Ghabraei S, Rahmani MB. Mandibular first
and second molars with three mesial canals: a case
series. Iran Endod J 2010; 5: 36-39.
Karapinar-Kazandag M, Basrani BR, Friedman S. The
operating microscope enhances detection and negotia-
tion of accessory mesial canals in mandibular molars. J
Endod 2010; 36: 1289-1294.

Lu Q. Wang P, Yang B, Liu XJ, Wang SY, Yu Q. End-
odontic treatments of mandibular first molar with mid-
dle mesial canal: two case reports. Chin J Dent Res
2013; 16: 75-78.

Pomeranz HH, Eidelman DL, Goldberg MG. Treatment
considerations of the middle mesial canal of mandibu-
lar first and second molars. ] Endod 1981; 7: 565-568.
AR, (LHEHEE, SNERN, BRERRICE T 24
A< ADRER L Z X - FE, HeEfRAE 2022 ;
65 : 9-20.



20234F 2 H

100)

101)

102)

Hsu YY, Kim S. The resected root surface. The issue of
canal isthmuses. Dent Clin North Am 1997; 41: 529-
540.

Mortman RE, Ahn S. Mandibular first molars with
three mesial canals. Gen Dent 2003; 51: 549-551.
Garcia Filho PF, Letra A, Menezes R, Carmo AM. Dan-
ger zone in mandibular molars before instrumentation:
an in vitro study. ] Appl Oral Sci 2003; 11: 324-326.

103)

104)

HEFER - RE OBFEE L R - 1RO KA b 21

Zhou G, Leng D, Li M, Zhou Y, Zhang C, Sun C, Wu D.
Root dentine thickness of danger zone in mesial roots
of mandibular first molars. BMC Oral Health 2020; doi:
10.1186/s12903-020-1026-8.

Keles A, Keskin C, Karatashoglu E, Kishen A, Versiani
MA. Middle mesial canal preparation enhances the risk
of fracture in mesial root of mandibular molars. J
Endod 2020; 46: 1323-1329.



22 H A& & B & & % M & ootk Hle

Overview, Scouting and Treatment of Mesio-buccal Root Second Canal
(MB2) of Maxillary Molar, Disto-lingual Root Canal (DL) and Middle Mesial
Root Canal (MM) of Mandibular Molar

IsH1zak1 Hidetaka, MATSUURA Takashi,
YAMADA Shizuka™ and YOSHIMURA Atsutoshi

Department of Periodontology and Endodontology, Nagasaki University Graduate School of Biomedical Sciences
*Department of Prosthetic Dentistry, Division of Cariology and Restorative Dentistry,

Nagasaki University Graduate School of Biomedical Sciences

Abstract

Although the number of roots and root canals is decided by tooth type, extra roots and additional root
canals are sometimes observed and so knowledge of the morphology of these roots and root canals is
required for successful root canal treatment. The mesio-buccal root of a maxillary molar often has two
canals, and the second root canal, which is located palatally, is called the mesio-buccal root second canal
(MB2). MB2 is relatively common, but it is often difficult to find without a loupe or microscope. The root
canal orifice of MB2 is located 0.5-1.0 mm more mesial aspect from MBI and the palatal root canal line. For
the treatment of MBZ2, it is important to find the root canal orifice and coronal enlargement. The disto-lingual
root of the mandibular molar is called Radix Entomolaris. Radix Entomolaris is often observed in Japanese,
Taiwanese and Chinese populations. The treatment of Radix Entomolaris is not easy because of the curva-
ture to the buccal aspect of this root. Coronal enlargement, negotiation with small-sized files and glide path
processes are important. A very rare extra root, which is found on the mesio-buccal side of mandibular
molars, is called Radix Paramolaris. The mesial root of a mandibular molar usually has two canals, but some-
times has an additional canal, called the middle mesial (MM) canal. The prevalence of MM canals depends
on the race and seems to be less common in Japanese. MM canals are prepared with stainless steel files or
nickel-titanium files. It has been suggested that a prepared MM canal is just part of the enlarged isthmus;
preoperative CBCT is recommended to confirm this. For successful root canal treatment, it is important to
understand the root and root canal morphology of each individual patient before commencing treatment.

Key words: maxillary molar second mesio-buccal canal, mandibular molar disto-lingual root canal, mandibular
molar middle mesial canal
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Table 1 Association with bleeding on probing
using multivariate analysis'®

p
Obesity <0.0001
Smoking 0.0104
Gender 0.0140
Hypertension 0.23
Diabetes 048
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Fig. 1 Possible pathways by which periodontal

disease leads to cardiovascular diseases
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Dysgeusia | | Decreased oral function

Unbalanced
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Fig. 2 Hypothesis that periodontal disease causes

deterioration of oral function and affects
systemic health through changes in eating
habits
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Fig. 1 Typical scenes in the video educational materials
(A)Way to hold a toothbrush according to a pen grasp. (B)Bass method of tooth-
brushing. (C)Modified Stillman method of toothbrushing. (D)Structure of Gracey type
curette (Explanation by images)'V. (E)Way of holding a Gracey type curette. (F)
Scaling and root planing. (G)Sharpening.
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Fig. 2 Images in the image educational materials
(A)Way to hold a toothbrush according to a pen grasp. (B)Bass method of toothbrushing!”. (C)Modified

Stillman method of toothbrushing'”. (D)Structure of Gracey type curette
11,12)

curette!”. (F)Scaling and root planing'?
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Table 1 Operation tests

Test 1. Brush the maxillary buccal molars of the model by the bass method.

Test 2. Brush the maxillary buccal molars of the model by the modified Stillman method.
Test 3. Remove supragingival tartar from mandibular buccal anterior teeth with a curette.
Test 4. Perform sharpening.

Table 2 Evaluation items and their criteria

Tests Evaluation items Criteria

1) How to hold a toothbrush?

Grasping by pen grasp.

2) How to apply and move the brush to the The tip of the bristles is placed at 45° to the tooth axis and

Test 1 teeth by bass method? placed in the gingival sulcus along the tooth surface. Then, oscil-
late it in the proximal and centrifugal directions by several milli-
meters.

3) How to apply and move the brush to the The tip of the bristles is directed toward the root apex and the

Test 2 teeth by the modified Stillman method? side of the toothbrush is placed against the tooth surface. After

pressure vibration, it is rotated toward the crown of the tooth.

4) How to hold a curette? Grasping the curette by modified pen grasp.

Test 3 5) How to apply and move the curette? Finger rests are placed on adjacent teeth. The first shank is par-
allel to the tooth axis. The cutting edge is stroked against the

root surface of the tooth.

6) How to hold the grinding a sharpening The thumb and little finger of the right hand support the grind-
ing stone and the other fingers grasp it. The left hand is grasping
the curette by a palm grip.

stone and curette?
Test 4

7) How to move the arm in sharpening? The face of the blade and the floor are parallel. Sharpening stone

is moved up and down at an angle of 70° for polishing.

Test 1 : Brush the maxillary buccal molars of the model by the bass method. Test 2 : Brush the maxillary buccal
molars of the model by the modified Stillman method. Test 3 : Remove supragingival tartar from mandibular buccal
anterior teeth with a curette. Test 4 : Perform sharpening.

(95% fEHEIX[H) 1% 0.796 (0460~0921) TH - 7=,

i
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ELIEAEE TT&k,, ZhbiE Tc&hhrot, &
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Table 3 Evaluation of educational methods in seven issues

Evaluation items 1) 2) 3) 4) 5) 6) 7)
Decision Pass Fail Pass Fail Pass Pass Fail Pass Fail Pass Fail Pass Fail
Video group (n) 9 1 6 4 5 4 6 4 6 1 9 2 8
Image group (n) 5 5 3 7 1 3 7 0 10 0 10 0 10
total (n) 14 6 9 11 6 7 13 4 16 1 19 2 18
p value 0.141 0.370 0.141 1.000 0.087 1.000 0474

1) How to hold a toothbrush?, 2) How to apply and move the brush to the teeth by bass method?, 3) How to apply and move
the brush to the teeth by the modified Stillman method?, 4) How to hold a curette?, 5) How to apply and move the curette?,
6) How to hold the grinding a sharpening stone and curette?, 7) How to move the arm in sharpening?

points
6 p = 0012
1
5 {
4
3 l
{
2
1
0

Video group Image group

Fig. 3 Intergroup comparison of mean scores
from the sum of all assignments
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Educational Effectiveness of Instruction Using Video Teaching Materials
to Impart Initial Periodontal Therapy Techniques

SuGiHARA Shuntaro, Morozumr Toshiya, FucHIDA Shinyal,
Sumvizu Touta? INOUE Makoto®, TakumA Ryo,
MOoNDEN Daichi, SAkURAT Takashi* and Komak1 Motohiro

Department of Periodontology, Faculty of Dentistry, Kanagawa Dental University
"Department of Education Planning, Faculty of Dentistry, Kanagawa Dental University
’Department of Removable Prosthodontics, Faculty of Dentistry, Kanagawa Dental University
SDepartment of Fixed Prosthodontics, Faculty of Dentistry, Kanagawa Dental University

“Department of Maxillofacial Radiology, Faculty of Dentistry, Kanagawa Dental University

Abstract

Purpose: It is well established that video teaching materials are useful for improving the learning effi-
ciency of dental students in mastering dental treatment procedures. However, no study has examined the
effectiveness of video teaching materials in periodontal treatment. In the study, we investigated the effec-
tiveness of using video as a teaching tool to enable students to understand initial periodontal therapy tech-
niques, which are difficult to grasp using illustrations and photographs alone.

Methods: Twenty third-year students of Kanagawa Dental University who advanced to the next grade in
April 2021 and provided informed consent participated in the study. They were randomly divided into two
groups: a video group (four females and six males) and an image group (five females and five males). Each
group received a lecture on initial periodontal therapy (bass method, modified Stillman method, scaling and
root planing, and sharpening) using videos or images. After the lecture, two teachers evaluated seven tasks
according to the established evaluation criteria. Statistical analyses were performed using Fisher’s exact test
and Welch’s #-test at a significance level of 5%.

Results: The results were tabulated for each assignment, with “completed” being defined as two evaluators
judging the assignment to have met the standard, and “not completed” being defined as the assignment not
having met the standard. There were no significant differences between the two teaching methods in any of
the tasks. Next, the total score (out of 7 points) was calculated for the seven tasks, with 1 point allotted when
all evaluators judged that the standard was met, 0.5 points allotted when only one evaluator judged that it
was met, and 0 points given when the two evaluators judged that it was not met. The results showed that
the mean score of the video group was significantly higher (p=0.012).

Conclusions: The video materials on initial periodontal therapy effectively helped students acquire treat-
ment skills and techniques. However, the effectiveness of video materials may vary depending on the content
and target audience,

Key words: initial periodontal therapy, video teaching materials, dental education
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Table 1 Dental hygienist in charge and sequence of dental
health guidance in subjects

Dental Dental health guidance
Subject ..

hygienist Ist 2nd 3rd
A b 10S Conv. 1 Conv. 2
B a Conv. 2 Conv. 1 10S
C a Conv. 1 Conv. 2 10S
D a Conv. 1 10S Conv. 2
E c Conv. 1 Conv. 2 10S
F b Conv. 1 Conv. 2 10S
G a Conv. 2 10S Conv. 1
H b Conv. 2 10S Conv. 1
I c 10S Conv. 1 Conv. 2

Conv. 1 : Dental health guidance without the use of intra-
oral photographs, study models, or I0S records.

Conv. 2 : Dental health guidance using intraoral photo-
graphs and study models.

IOS : Dental health guidance using IOS records.
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Fig. 1 Comparative images displaying deviation of intraoral shape
(a) Prealignment, (b) Local best-fit alignment on right molar tooth surfaces, (c) Local
best-fit alignment on anterior tooth surfaces, (d)Local best-fit alignment on left molar tooth
surfaces. The redder the deviation, the more positive the deviation, and the bluer the devia-
tion, the more negative the deviation. And a positive deviation indicates that the surface of
the later record is outside the surface of the earlier record. And a negative deviation indi-
cates that the surface of the later record is inside of the surface of the earlier record.

Fig. 2 Images displaying the value of deviation of intraoral shape

(a) Prealignment, (b) Local best-fit alignment on right molar tooth sur-
faces, (c) Local best-fit alignment on anterior tooth surfaces, (d) Local best-
fit alignment on left molar tooth surfaces. Positive values indicate that the
surface of the later record is outside the surface of the earlier record, while
negative values are inside. In this study, the value of the deviation when
aligned in blocks ((b) in this figure) was used as the value of the gingival
area.

Bl
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(c)

Fig. 3 Images showing how a record with a defective section was handled
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Separate alignments were performed on the labial and lingual surfaces to determine

the deviation of the marginal gingiva on the labial and palatal sides. (a) Local best-fit

alignment on anterior tooth surfaces, (b)Local best-fit alignment on anterior tooth labial

surfaces, (c) Local best-fit alignment on anterior tooth lingual surfaces, (d) Three-

dimensional image of anterior teeth. The arrows indicate defective areas during record-

ing by I0S.
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Table 2 Relationship between the amount of change in probing depth and

gingival deviation

Changes in probing depth (mm)

-3 —2 —1 +0 +1 +2 +3

Number 5 42 803 2968 658 15 2

Average (mm) —015 —007 —005 —004 —005 —008 —007

SD (mm) 011 017 012 012 014 011 013

Maximum (mm) 0.01 0.19 0.50 041 0.46 0.07 0.03

Median (mm) —014 —-006 —004 —004 —004 —002 —007

Minimum (mm) —028 —070 —067 —107 —097 —028 —0.16
040 Changes| in probing depth (total number) 040 Changes in diagnostic results of
035} > Imm (803) 0.35 , Jp gingival swelling (total number)

S L
o ow
g S

Relative frequency
o o
58

=]
—
=]

005}

0.00

-o==+ Omm (2,968)
0=+ Imm (658)

T
Deviation of marginal gingiva (class value), mm

Fig. 4 Frequency polygons of gingival deviation rela-

tive to change in probing depth

‘ ——Yes—No (165)
—o=No change (4,005)
-0=-No—Yes (323)
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0.00 -2

Deviation of marginal gingiva (class value), mm

Fig. 5 Frequency polygons of gingival deviation rela-
tive to the diagnostic results of gingival swell-
ing

Table 3 Relationship between gingival deviation and changes in diag-

nostic results of gingival swelling

Changes in diagnostic results of gingival swelling

Yes—No No change No—Yes

Number 165 4,005 323

Average (mm) —0.08 —0.04 —0.02
SD (mm) 0.18 0.12 0.11
Maximum (mm) 041 050 0.33
Median (mm) —0.06 —0.04 —001
Minimum (mm) —-107 —1.05 —0.40

IZHW» BE LI U OB R A R 2= O X EEE s A
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(p<<0.01).
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Table 4 Relationship between gingival deviation and changes in diag-
nostic results of gingival redness
Changes in diagnostic results of gingival redness
Yes—No No change No—Yes

Number 360 3,733 400
Average (mm) —0.03 —0.05 —003
SD (mm) 0.14 0.12 0.11
Maximum (mm) 0.32 0.50 0.33
Median (mm) —0.06 —0.04 —0.01
Minimum (mm) —057 —1.07 —0.58

0.40

Changes in diagnostic results of
0.35F gingival redness (total number)
—— Yes—No (360)
—o=No change (3733)
025} ) -0~ No—VYes (400)

Relative frequency

S
|
n

Deviation of marginal gingiva (class value), mm

Fig. 6 Frequency polygons of gingival deviation rela-
tive to the diagnostic results of gingival red-
ness

WAL L 725 A OB HRADRAEDFITIE LA LR
%L, WD —003mm THo 7. WROFEKRDLE
FERICED o BAICE VT, UBRERHEDFZE
=107 mm DHBED H -7z,

DHAHTOFERTIZ, WADFKROBEMREOLE( L
RECZERERBERZERD 2 (p<005). LI L5
LEN T, HBROKKROBZEMERED, Tdb, 256
ML, w2, Zbe L, Tl 256 THb, &
L0 RAORZE X, BEEXH - AR
otz
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Table 5 Relationship between gingival deviation and
changes in bleeding on probing (BOP)

Changes in bleeding on probing (BOP)

Yes—No No change No—Yes
Number 306 3,391 196
Average (mm) —0.06 —0.04 —0.05
SD (mm) 0.14 0.12 013
Maximum (mm) 050 0.46 0.33
Median (mm) —0.05 —0.04 —0.03
Minimum (mm) —0.67 —1.07 —0.57

Changes in diagnostic results of
BOP (total number)

—— Yes—No (306)
o= No change (3,391)
-0~ No—Yes (196)

Relative frequency

o o o o o o
— — Do Do [9%] [9%)
(=) (2] (=] [$2] (=] (2]

o
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o
=3
S

(=)
[
Deviation of marginal gingiva (class value), mm
Fig. 7 Frequency polygons of gingival deviation rela-
tive to bleeding on probing (BOP)
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(a)

Fig. 8 Example of cross-sectional view of a maxillary right first molar
(a) Cutting position, (b) Enlarged buccal marginal gingival area. The deviation is
the normal distance between the gingival surfaces of the two aligned records. The
probing depth around this area was the same 3 mm for both of the two images
recorded. The cut surface was not evaluated in this study.

Table 6 Changes in clinical parameters in dental health guidance

PISA  Deviation

PCR PPD BOP Swelling Redness
n

(%) (mm) (%) (%) (%) (mm?)  (mm)
Conv.1 7 —623 —012 —31 1.11 544 —372 —0.041
Conv.2 6 —632 —002 -—50 0.69 —1.09 —384 —0.032
10S 5 0.76 008 —06 6.90 —393 —132 —0.022

¥ Values are changes resulting from the first and second guidance
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Table 7 Results of questionnaire answers

Were there any unpleasant records?
(Multiple answers) (No. of answers/times)

Impression 2/9

Periodontal exam. 4,27
Photography 7/27
10S Record 9/27

Have you noticed any gum changes before you received
the guidance today? (Number of responses/times)

Conv. 1 3/9
Conv. 2 4/9
10S 4/9

Was the previous guidance easy to understand?

Conv. 1 Conv. 2 10S
Very easy 5 7 8
Easy 4 2 1
Hard 0 0 0
Very hard 0 0 0

Has the previous explanation increased your interest in
oral health?

Conv. 1 Conv. 2 10S
Very increased 3 5 6
Increased 5 4 3
No change 1 0 0
Decreased 0 0 0
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Application of Intraoral Scanners in Dental Health Guidance:
Guidance Effectiveness
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'Department of Oral Health Sciences, Faculty of Health Sciences, Osaka Dental University
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Abstract

Purpose: We have been studying the use of an intraoral scanner (I0S)in dental health guidance to quantify
and visualize changes in periodontal tissues, to make it easier for patients to understand the state of peri-
odontal tissues, and to improve the accuracy of examining the effects of treatment. In this study, the useful-
ness of dental health guidance using I0S was examined by comparing conventional dental health guidance
methods and dental health guidance using IOS for faculty, staff, and students of the University who had not
received dental health guidance.

Subjects and Methods: The study subjects were a total of 9 faculty, staff, and students (mean age 41.6
years) who had never received adequate dental health guidance. Three dental hygienists provided the follow-
ing dental health guidance at intervals of at least two weeks for each subject, in different order. (1) Conven-
tional method 1: Dental health guidance without intraoral photographs, study models, or I0S records. (2)
Conventional method 2: Dental health guidance using intraoral photographs and study models. (3) I0S
method: Dental health guidance using IOS records (images showing changes in intraoral conditions and gin-
giva). In each dental health guidance, periodontal examination, plaque control record (PCR), and gingival
condition were recorded on the survey form, and the oral cavity was scanned by I0S (TRIOS 3, 3Shape,
Denmark). After the second recording, the subjects were asked to fill out a questionnaire about their dis-
comfort during recording and the ease of understanding the instructions. IOS records were exported as 3D
data in STL format and analyzed using 3D measurement data evaluation software.

Results: The IOS recordings allowed for a more detailed examination of gingival changes than the conven-
tional periodontal examination. The deviation of the marginal gingival surface obtained by aligning the I0S
records had a poor relationship with the results of probing depth, gingival swelling and redness, and changes
in BOP. No difference in guidance effectiveness was found between dental health guidance using I0S and
conventional guidance methods.

Conclusion: Currently, the clinical usefulness of dental health guidance using IOS is not high. Although the
positional alignment of IOS records one tooth at a time can provide a very detailed examination of gingival
changes, it is not clinically useful because it takes a very long time; block-by-block alignment is regarded as
more appropriate. However, recording by IOS is a method that allows detailed gingival evaluation from a dif-
ferent viewpoint than conventional periodontal examination and is easy to understand for both the dental
hygienist and the patient.

Key words: intraoral scanner, dental health guidance, periodontal examination
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XHHAREIC 1E PBS %8 3 6] 4 8, B S L0 0
ZHIEREEANDEEEE, 7 2D OBENORES
BNRICINZ 27212 30 G D FHAEEHE (BD v —
F—X, HERZ by - Fa v vy y) 2 @ALEY,
MT O#e581Z 4pul & LW, NEEREICI1Z PBS 2 [AE#5
L7z, 12EIEHGH# T 7THRICEBHR L. BRARET IV
Tk, HEKTH~ Y ZOE AR ICEAR Z EL
XEBHWT50M%R (G0, 7V7LyH)E2FEERLY,
4 OISR L 7207 B, AR L 4% 55 K
VLT NVTE PR CEEZIT- 7.

3. OFFEMERERE

< 2D S ABRET 50, BRERCTYY
VAh AT (D5500, #FEL >~ Xk AF-S Micro NIKKOR
60 mm, NIKON) % fifi [l L5 1/1.2 1c TiRsg %175 72,

4. ¥4 70CTBKEES LU

EHEER, BEEHKICA 70 CTHE (Scanmate-
RB090SS150, Comscan) % ffif L CEHELE 89.0kV, &
B 900 nA, RS0 FoRECHIEBIRE 2T, &
b TF—2da—rvE—LHERY 7 Y27
(ConeCTexpress, T2 LAF ¥ 577 /) iZkbhEHEK
27w, EGEFY 7 2 27 (TRIBon, 7 kv 2o
AT LIYyY =7V vY) EHOTEEEOMEE =X
TEMICBIZE L7z, Rk b ERVICHKEAR 2 BRS¢
e 204 7 u CTHIEBRE D, XV -2 F 2 VE
(CE]) » b iefEETEx colEft (CEJ-ABC distance)
T, EEBWOFEY 7+ =7 (Image J, NIH, USA) %
FIOTHRAS D O HEICHREGEHAI L 72, 55 I 25
DTy - I HEOLD 3 HFTEFHIA A >~ FEL, HIE
FERIE T R E TR L 72,

5. MEY 1 bAHA > DRIE

JBRERTIC Aged = 7 2 5 DEFRIIC & b K % £7
L, WOoERC g2 L. IEFRO A b
#H A4 v %, abl93660-Mouse Cytokine Antibody Array
Membrane (144 Target, Abcam, UK) # Hw CTHH
L7, gAY 7L iz Ax v+ — (GT-X970, =
7V Y) ICCHERERD AR, HEWEY T b 2T
(Image ]) #HVWTAEY FOEEEZHIEL 2D, &
array [EOPUR-TE G D 21X, positive control % Jk#E
ELCHIIERIT o7, Array IKZ&Y A4 bAA i L
20DAKRy FHBHEBEINTWE D, K4 AV
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BIZ2ODARy FPOEHMEE Lz, BiEIIHENN R T
Y P A PU—HE (RDM) 2170, FHEE £ EHERE
2FRLIK.

6. YUAWAIILH I ZRISEREEEETREN Y

721 L PCR R

4BE D MT BT E» 5 7 H#, Aged <7 A0 5
FGRIOZERAZERINL, EHAD 5 O4% RNA OB
5D FEVICHEY, RNeasy Mini Kit (QIAGEN, USA)
%HWTRNA 2% L7, ¥ _ToRNA %5
¢cDNA &% v + (RT2 First Strand Kit, QIAGEN) %
FW RS % £T > TS DNA (cDNA) % {ER L 7.
B 5472 cDNA » 5, PROFILER PCR Array Mouse
Wound Healing Kit (QIAGEN) % i\ CAlE AR
BEFRHEOME Z2T-7%., oKt iiZs5EHO Y
2 ¥ — ¥ v 7 #EET (B2M, HPRTI, RPLI3A,
GAPDH, ACTB) ®DiE7», positive control 25& £ T
BO, F—2O#EFMIcHWEEY B nk iR
VT, AACt 512 T Fold Change #7247 - 72 (Excel,
Ver 2010, Microsoft, USA).

7. HERIEA R

FEEIE 10% PG AL~ U v CREE L, 10%EDTA
(pH 7.4) VAWT 2EMBIIK L 72, @BHED I, <5
7 4 EBURRFICE S 5um ORRER % (ERL L
7o, DR BERETMMNETED S DEEY, ~<Fx U
v xA4vr (HE) R, WHREFERS 2 7 7
s —+¥ (TRAP) %@, 74> - wuoU— (AZAN)
Puft?) 2475 7=

8. MMERH LUEHA

HRARET V2T ADHE Jutt & TRAP Jetafs OFFEA
i, VAT LAEYEEMEE (BX53, Olympus) Z W T
22 7. HE 3etab) ol o SORE MM Ra 8oz G L
7z, HHEETED SRR OSSR L B A B E £
SEMIEEHAIE R (um?) & L, W7 b o LAEHiEk
DERET- 204D MR OMEE T 5HllE, %
FEVEMNE & U7z, %72 TRAP By Hc, #%EM o bt
BRIFICE T 5 TRAPGMEME OB EGHHIIL 7. patlE
TED & AR Y o sl 22k NI T 2 3105 2 P & 3%
EL, MEEFREORES (um) Z2HEIEL TZOERE
@ TRAP B A% % MI5E L 72172627

9. HEHEMAM

EE T — Y 3 PIEEEERFEE R L, BEERE
%, DEOHT (ANOVA) %47 72#%1C post-hoc & LT
Tukey #E % AW TITY, BEAKEZ BRICHEL, p
P EEKEEZ TR ZEAEICEERED D LWL &
(SPSS Statistics, Ver.27, IBM, USA).

MT RFF 52 & 5 AL F B R o et 49

Fig. 1 Soft tissue at the administration

site immediately after sacrifice

1: Young-MT group, 2 : Young-PBS
group, 3 : Aged-MT group, 4 : Aged-
PBS group

Dashed lines indicate the administra-
tion sites.

No inflammatory changes were
observed.

B

1. MT %£7:13 PBS 2 BFAf#&5 L=~ XOBEKNE

1REE

<7 ZOMEANEG % Fig 1 1ICRT. X TORFKS
EALIC BT, AP ORI B R FR LR 2 L O R
EEZIFERE IR h o T,

2. ¥4 70 CT BSE=

<4 27 u CT Hif#% Fig. 2 IR, &5 RAEOA
IO M2 82 L7, Young BEE Aged BE2 HINB L
Aged-MT B, Aged-PBS# & HICHRINSFEL T
7z.

3. fARFHEHE (HE #&)

HE %tk % Fig. 31”7, Aged-MT B 538
f ot A& X, REMEORE, Ao E
35S Aged-PBS B & g L < S LT 2 DAL
z23xhiz,

4. MBFEFOY A bHA REE

Aged DV A4 b h A V& FIME EEFZE%
Table 112”"9. Aged-MT # & Aged-PBS #£% thi L
T, WIhOIMBEFOTA P A VI ERERREDS
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Fig. 2 Bone shape at administration site

1 : Young-MT group, 2 : Young-PBS group, 3 : Aged-MT group, 4 : Aged-PBS group

Scale bar : 1 mm, Black lines : measurement points

Bone resorption was present in both the Aged-MT and Aged-PBS groups compared to the Young

groups.

Fig. 3 Location of inflammatory cells
1 : Young-MT group, 2 : Young-PBS group, 3 : Aged-MT group, 4 : Aged-PBS group
Scale bar : 100 um, Square areas : high magnification images

In the Aged-MT group, inflammatory cell infiltration and gingival adhesion destruction were observed to be sup-

pressed compared to the Aged-PBS group.

Nxhotz. MUK Table 1 1% dE2BDYA A

AV ERT,
5. ¥UZWAICH T 3RS ARBREEEETREDY
7IL2 4 L PCR &

B~ U AHEA B 2 BIEIREREER T O FIRM
&, UV A LPCRT LA ZHWTIT> 7, Aged-
MT BT Aged-PBS ##icxf L T Cxcl3, Cxcl5, MMP7,
G-CSF D FH A3 50% LU FIcf& F L, Collal, Col4a3,
TIMP-1, EGF @ 2 f L Lo Bl LA %2 38® 7228 (Table
2), BEERRDLEP- T

6. REMNmBAXEERLS LAY XOFRRNER

FYY VA X SHERE Fig 4 1R T, FEEREAMICE W
TMT R & LT PBS T TlE, MADFER, MED
Fall7Ze & o gREMEZRAL A3 AR 58 — F bl 1 25400 8 P e e
SN,

7. #EEMA, FEERATORESRINOERR

FEARER R P o FHBe il s 0~ 4 7 v CT Hiff % Fig.
51Rd. MT BEIEREERME, PBS BEIERESRMEIE g, i
HRIC & 2 BWRINSHFLE L Tz, £ 72 MT BERS R,
PBS#EAG M & & 1258 Z Fth B o g B IR DY X & 1T
TEIhTwiz,
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Table 1 Cytokine levels in Aged group

Parameters Aged-MT Aged-PBS
LIX 0575+0045 0424+0.124 (RDM)
IGFBP-2 0646+0080 0758+0.126 (RDM)
IGF-1 0.639+0013 066120084 (RDM)
TCK-1 0703+£0.012 0.749£0.126 (RDM)
ACE 0.745+0.024 0826+0.103 (RDM)
E-Cadherin 096240019 0.815%0.093 (RDM)

VCAM-1 (CD106) 0486%+0.058 0507£0.031 (RDM)
MMP-3 0517£0.017 0484+0.007 (RDM)
n=3

No significant difference in cytokines in either serum
compared to Aged-MT and Aged-PBS groups

MT RFF 52 & 5 AL F B R o et 51

Table 2 Genes Over-expressed and Under-expressed
in gingival tissues

Genes Over-Expressed in Aged-MT vs. Aged-PBS
Fold Change

Gene Symbol

Collal 2.25
Col4a3 255
EGF 274
TIMP-1 291

Genes Under-Expressed in Aged-MT vs. Aged-PBS
Fold Change

Gene Symbol

G-CSF 0.06
Cxcl3 0.07
Cxclb 0.04
MMP7 0.31

n=2

Gene expression in the Aged-MT group was not
significantly different from that in the Aged-PBS
group.

Fig. 4 Soft tissue at the administration site immediately after sacrifice
1: MT group, 2 : PBS group
Ligatures are indicated by dashed lines.

Inflammatory changes were observed in the palatal gingiva of the right sec-

ond molar in PBS group.

8. ¥4~ 0O CT E1&5tA

CEJ] 2> & Wt B TH £ < O IEEE% 1 L CFHME i
fRAETEL, FEE2ZHBL . MT BHEERMNZ 1435+
0.361 mm, MT #EIEREZRMNZ 1.336+0.183 mm, PBS #
FEZRMAIZ 1.570+10.150 mm, PBS BEIEREAR{ENZ 1273+
0029 mm TH o 7z,

JEfEARMAIC I, MT BEE PBS #E% Hol L CEIRINE I
EEEIRD o7z, £ MT BEOREERM & IS
OHBIZB VTS, BRNEICERZIED kh o7,
PBS B EITIE, IR OIEREREI L i L TH AR
CEWERINEZR L7 (p<005) (Fig.6).

9. HEFHIEIR

1) HE #ta

HE #HfRE&R % Fig. 7 1o d. &Mk, FERESM
&L U CBEEE A s TN, S MR S R R
7y MEBAERD itz PBS BEREAREI & il L T MT
BEEG SR MTx, ANV A R T REMEEe, WK
7y MEBIZRETH - /-,

2) TRAP %eth

TRAP Jfujfiff % Fig. 8 127”79, TRAP B,
FERERRENC LN TREBRBIC L K i s /e, MT BERSLR
L PBS s % i+ 2 &, MT BECl3EIZTE 3
TRAP BtEfIa s L 72 0 > 72, — 7 FEREER AT 13,
MT #EIEARSZR M1, PBS BEIEASERMEI & & i TRAP Fatkififa
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Fig. 5 Bone shape at administration site
1 : MT group ligated side, 2 : MT group non-ligated side, 3 : PBS group ligated side, 4 : PBS group non-
ligated side
Scale bar : 1 mm, Black lines : Alveolar bone resorption measurement site
Age-related bone resorption was present on both the non-ligated side in the MT group and the non-
ligated side in the PBS group. Alveolar bone resorption around second molars was further enhanced in both
the ligated MT and PBS groups.

* *

1111

hgated non ligated hgated non ligated
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Fig. 6 Difference in bone resorption (mm)
n=6, mean=*SD. * : Significant difference (p<<0.05)
There was no significant difference in bone resorp-

tion between the MT and PBS groups on the non-
ligated side. There was no significant difference in
bone resorption between the ligated and non-ligated
sides of the MT group, and the ligated side of the PBS
group showed significantly higher bone resorption than
the non-ligated side (p<<0.05).

BIBEALERD SN o Tz,

3) AZAN Bt

AZAN BetafR % Fig. 9 12" g, PBS BEfGRMEICIE, #5
BABFAP A & EAEE TEIC 2 TR DA & EfTD
Gz iRd 7z, MT BAEREITIE, BERRME D % I3
Rxh, ZoEfTRIEEHRE oMkt koTED,
FEAESRM & 12 I F R E OBEREIEE I N,

10 . fE#EEtA

1) RIEMES ORI

B TE D & sl O #E Ak & & VB A LR & A
e LTEIELZ, 1um®47- b o/NIMF 2 TR L
T 5 RIEMAE 0 iR & RIEMIN S 2 B L <, Ml
TREHER A L L7z, MT B 2R3 1.962+0.699 cells/
um? MT BEIEREZRMIC1E 1.951+0.639 cells/um? PBS
TR AR C 12 326710812 cells/ um?, PBS BEIERGZRHIC
13 2.089+0.750 cells/ um?T & - 7=, PBS BEfEERMI & Hfk
LT MT #5251, MT #FIERRM, PBS #IERE%&MIT
BRI HIEMEE OB 2B 072 (p<005). JEMEZEM
Ti¥, MTREE PBSHEEE ORICERE R ZIIRD 5k
o7z (Fig 10).

2) TRAP BaiMilaZo 33l

B e EREHORE S 2ME LT 1um 4720 @ TRAP
MMl oEE FE L, VHEEEEREALE L, MT #
FEERINE 4.96+1.74 cells/um?, MT BEIERSZRMNE 1.06+
161 cells/um? PBS BEEZLANZ 10.28+0.72 cells/ um?,
PBS BEIERE 2R 13 1.54+0.72 cells/ um?72 - 7z, PBS BEf
A, PBS BEJERSARM, MT BERSERMI, MT BEJEfkS2R
fill & bz L€ TRAP BpiEfiie s E82 (p<0.05) 12#
mrcw (Fig 11).

Z =

AWFZEIE, MT B8 8 250 561 b P~ o /T
B G55, N~ o At IC 5 2 558 & BRI
BT s PRI THREET 2 2 2 HIWE L
7o E UL, = A LBEE A O 26 o
MT 2@ 59 3 7V 2L L 7. WEARERTIX
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MT JBff# 50 & 2 BEA R TR R o 53

Fig. 7 Location of inflammatory cells

1 : MT group ligated side, 2 : MT group non-ligated side, 3 : PBS group ligated side, 4 : PBS group non-ligated side

Scale bar : 50 um, Square areas : high magnification images

Alveolar bone resorption, inflammatory cell infiltration, and periodontal pocket formation were more pronounced on the

ligated side than on the non-ligated side.

ZoETIVEAWCEA ORI S%, RS HEmIC
MBAMKT AL CHAREZERS . HEHETSE
A5 4 HRDE L7010 MT o ff iR O # 5.A8
— MR T H B, R T D MT AR D18
R BEZNRIC, REEE LTMT % 05~15%l&
U7eZVIREIEI D K 7 v b N S5 sa il B i aslic 5
W, BRI S FTbhTws”, Kiffkid~y 2 0%
Rlse s Ic MT ISR Z AT 5L, Z D%IFEERNICHE
RRE2FRIEDLick b, HERFETHSIEZ G
ODTHRFL-bDTH B, ZOfE, MT BHESE0H
HMCIEF OV A P h A VMECEEEIRD 5N
L6, KR TIT o 7 MT @51 & » Tagicx)
UBEEE L S o Ttk E v E £ X s hi,

1B L OBERY 2 71, Mg s 52, Z oMk
DO—2IZ, T & 2 RGN Y 7 HBEOE T 2%
239 bbb~ 7 2 IO Y 7RO
ETHPEEFICRZ EEZ, MT #%5 L -HARBTD

AlS RS R PRI A RET L7, PBS 245 L7-x
HATE & ol L€, MT B0 8 A #L# N < 1& G-CSF,
Cxcl3, Cxcls EETFHHAME T 2 HAAED 5,
18 8 R oG Tk, Ry b TR R
7w b ERF S AN~ O ERIEAEE ThH B
EpEI5NTWw 5%, G-CSF, Cxcl3, Cxcl5 idfFHEka
FFEPHTHICBE D 294 P ALY, TEHA VTHBY
TEhs, SEESNRERIE, MT OS5 A8 8
ROFIE « HEHERIC BV C R AT B B iR
BRI ET I LERRL TV S, —F, AlgaE
HEE THEOME T MT B LA OMERAFED 5h i
JETEE, COllal, COMa3, EGF T# - 7. COllal
X AR SR DR T D 80% % Hd B [ Bla 5 —
FoTHb, COMa3 1FHEBEDREK M TH 2IVEa
S—rrTHD. M &k AR OZENL, Fioo®E
B CIBIE AR AE O A i s S T v 3% %72 EGF
i, PRSI R AR O IR I B S % L v S WA H
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Fig. 8 Location of TRAP-positive cells
1:MT group ligated side, 2 : MT group non-ligated side, 3 : PBS group ligated side, 4 : PBS

group non-ligated side
Scale bar : 50 um

Reddish stained cells are TRAP-positive cells

More TRAP-positive cells were observed on the ligated side than on the non-ligated side.

2% MbE X CEEOBE MT 0508, HEAREAH
o a5 — 7 v ke R IR A R O MR @) < A REM:
PRI Tz,

DL ED#ERA S, Il & b4 U 2 Pk o g~
U 7HEREIE N 2, MT QR EIc k- CRIESE S %
ZEPHEHIE N, % ZCHSRREERIC & B A R AT
2, MT 2B 59 2 Z LRI D & 5 ki
HERIET oM 2T o7, ZOfEER, PBS ##i%HlC
PBS BIEREER M, MT #EIRREERMI & Hlg U CF & 75 il
BRI OEMEZZED 72, MT OR#51E, ApFZecH
W EBRIEERET VD L ) ICHRCHE LTS —
7 LRI X AN O T TR, 2h 5T
o CHEEIN 2 WEFTBINA I S5 Z LPRBE
Nio, AWFTIE, WEFRINEZFBEREOE A v -
FAVED & R ETHO RO CEHMiiL 72, L2 Lk
Do, Mk 2BHEEOETOEZLNEDT, BK
INEBZ T TR BEER EBEICHEET 235 4 -5 —
TOMETd SHME L Bbh b,

FERR A B2 & 2 ol FIAERR © o RE MR 1,
PBS #EAS R MHIT MT BEAEERMI, MT #EIRREEM, B XU

PBS BEIEARERRMN & Lhle L CH B A M E D 72, MT ©
ARG, FEARRERIC & 2 AR ERIA O K5E % 7%
WD ENPELLE otz KBFZETIE, K7 v b
BRSO A TOLETH 2 DT, B T3 2EM
fAOBENZEICOWTIFREFTETWwARY, b FOlE
RAOFATIAFPIRDPEM L, HivC T Mg, 7w
Bififas & OB filgsn2iEd 5. SENE, BARELT
4 A O WA ZBE L Tw b 2 Eh b, IFHERAE
FEfE O FEEEZ 5D, S8, Kkick 2 HEAM
5T D RAEMBE OB N 2 5T OF8 TIT 5 B D 5.
AWFZETIX, PBS BEAS SR C SR 5 TR 0 B A 35
Zm U7, L2 L MT B L PBS B &Ml L o bt
BT, AEERED Lo, AREELE LT, MA%
U TOBEDDLEZ NS, FRERMCB T2
BRI I A OFFE A 5 £ & X, TRAP §
% 7\ BRI R o TRAP Bl 2 3H L 7. =
DFER, PBS BRI © PBS BRI, MT BEIERER
M, MT BEREZRMI & Fole U A I TRAP B EfENE B
BRI L 72, MT BERSERMI & PBS BERSER I & o Hie oA =
ERBDLNTHBE LTE, BRICE3 TS5 — 75
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MT B 51 & % 8 JE 5% T B0 o #ET 55

Fig. 9 Collagen fibers around the ligature to the alveolar apex
1 :MT group ligated side, 2 : MT group non-ligated side, 3 : PBS group ligated side,
4 : PBS group non-ligated side
Scale bar : 50 um
On the ligated side of the PBS group, there was a decrease in collagen fibers around the

ligature site and at the alveolar apex, and disorganization of the collagen fibers.

On the ligated side of the MT group, the density of collagen fibers was maintained and

their running was in continuity with normal tissue.
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Fig. 10 Difference in inflammatory cells
n=6, mean+SD. * : Significant difference (p<<0.05)
Compared to the ligated side of the PBS group, the
ligated side of the MT group, the non-ligated side of
the MT group, and the non-ligated side of the PBS
group showed a significant decrease in the number of
inflammatory cells(p < 0.05). There was no significant
difference between the MT and PBS groups on the
non-ligated side.
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ligated non-ligated ligated non-ligated
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Number of TRAP (+) cells/ pm?

Fig. 11 Difference in TRAP-positive cells
n=6, mean+SD. * : Significant difference (p<0.05)
The number of TRAP-positive cells was signifi-
cantly (p<0.05)increased in the ligated side of the PBS
group compared to the non-ligated side of the PBS
group, the ligated side of the MT group, and the non-
ligated side of the MT group.
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Investigation of the Preventive Effect of Topically Administered Metformin
on Periodontitis in Aged Mice

Ixamr1 Hirotaka, KANAYAMA Keiichi, SIMIZU Yuta,
SATO Takumi , MORINAGA Hirotsugu, YASUDA Tadashi
and TATSUMI Junichi

Department of Periodontology, Division of Oral Infections and Health Science, Asahi University School of Dentistry

Abstract

Purpose: Metformin (MT) has become the first-line drug for the treatment of type 2 diabetes mellitus, and
studies on its effects on periodontitis have recently begun to attract attention. In this study, we aimed to
clarify whether local MT administration to the gingiva is effective in preventing periodontitis.

Methods: Ten male C57BL/6] mice aged 60-70 weeks (Aged group) and ten male C57BL/6] mice aged 10
weeks (Young group) were subjected to the experiment, and were divided into two groups: an experimental
group that was topically administered 1% MT solution, and a control group that was topically administered
PBS. Seven days after the last administration, the mice were sacrificed and maxillary bone and peripheral
venous blood samples were collected. Micro-CT images were taken of the maxillary bone, and the histologi-
cal images were observed by HE staining of the tissue sections. The collected blood was analyzed for cyto-
kines in serum. The palatal gingiva was collected from two mice in each of the Aged experimental group and
the Aged control group, and the expression of wound healing-related genes from the gingiva was quantita-
tively analyzed. Twelve aged mice were divided into experimental and control groups as in experiment 1,
and their maxillary right second molars were ligated with silk threads, and the maxillary bones were har-
vested after 4 days of ligation. The amount of alveolar bone resorption from micro-CT images, the number of
inflammatory cells, and the number of TRAP-positive cells were measured from histological images of the
maxillary bones. The Tukey test was used as a post-hoc test after analysis of variance (ANOVA), and the
significance level was set at 5%.

Results: There was no change in the amount of alveolar bone in the Aged and Young groups compared to
the experimental and control groups. Histological images of the Aged experimental group showed that the
junctional epithelium around the site of administration was maintained. The expression of wound-related
genes was decreased in the Aged-MT group, while the expression of healing-related genes was higher in the
aged-MT group. There was no significant difference in the serum cytokine levels. In Experiment 2, alveolar
bone resorption in the PBS-ligated group was significantly higher than in the MT-non-ligated and PBS-non-li-
gated groups. The number of inflammatory cells in the MT- and MT-non-ligated groups was significantly
lower than in the PBS-ligated group. The number of TRAP-positive cells was significantly higher in the
PBS-ligated group than in the PBS-non-ligated, M T-ligated, and MT-non-ligated groups.

Conclusion: Local administration of MT to the gingiva of aged mice maintained the amount of collagen
fibers in the gingival connective tissue and suppressed inflammation in the gingival tissue. Local administra-
tion of MT before ligation suppresses inflammation and bone resorption during the development of experi-
mental periodontitis. These results suggest that local MT administration in the gingiva may effectively pre-
vent the onset of periodontitis.

Key words: metformin, ligature-induced periodontitis, aged mice
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Fig. 1 Alveolar crest resorption in the maxil-

lary right lateral incisor area
A : No significant decrease in height was
observed.
B : Alveolar crest resorption was observed on
the labial side.
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Fig. 2 Alveolar crest augmentation procedure

: Connective tissue harvesting

: Wound protection for connective tissue harvesting

: Connective tissue graft

: Suture after connective tissue graft

: Connective tissue graft 1 month later (Buccal view)

: Connective tissue graft 1 month later (Occlusal view)

* Modification of alveolar crest morphology with provisional restoration

ootk Hle
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Fig. 3 Preparation of the right side of
the maxillary central incisor

Fig. 4 Setting of the adhesive bridge
A @ Tooth cleaning
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B : Priming with Panavia V5 tooth primer

C : Bridge set with floss protection

Fig. 5 Two years after bridge setting
A @ Oral photograph 2 years after bridge setting
B : Dental radiograph 2 years after bridge setting
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Esthetic Improvement of a Maxillary Right Lateral Incisor Defect by
Connective Tissue Graft and Single-retainer Adhesive Bridge Restoration:
A Case Report
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Abstract

Introduction: Cases have been reported in which adhesive bridges with a low amount of preparation were
used for anterior single tooth defects as a result of improved adhesive strength. However, appropriate tooth
selection is as important as devising a method to prevent detachment when conditions are unfavorable. In
this report, we describe a case in which a single-retainer adhesive bridge was used to restore a tooth and a
wide defect with horizontal alveolar crest resorption after improvement of the condition.

Case: The patient, a 67-year-old woman, visited our clinic because the crown of a maxillary right lateral
incisor that had been extracted four years earlier and was bonded to both adjacent teeth, had become
detached. The maxillary right lateral incisor defect was wide both proximally and distally, and horizontal
alveolar crest resorption was observed. The maxillary right central incisor and canine were healthy.

Progress: To restore esthetics and apply an ovate pontic, connective tissue was harvested from the palate
of the maxillary right molar and grafted to the maxillary right lateral incisor. Composite resin was added to
the proximal maxillary right canine to narrow the proximal width of the defect. Using the central incisor as
the abutment, a single-retainer zirconia bonded bridge with an ovate pontic was then placed on the lateral
incisor space. No dehiscence or fracture was observed for two years after bonding.

Conclusion: For anterior tooth defects with horizontal resorption of the alveolar crest leading to a wide
defect, single-retainer adhesive bridges can be applied by reducing the space with alveolar crest augmenta-
tion and composite resin addition, with high patient satisfaction.

Key words: alveolar ridge augmentation, single-retainer adhesive bridge, zirconia
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