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Bioactivity of Calcium Silicate Cements and Pulpal Wound Healing

in Vital Pulp Therapy

YosuBA Kunihiko

Division of Oral Science for Health Promotion, Department of Oral Health and Welfare,

Niigata University Graduate School of Medical and Dental Sciences

F—7— K HBEREEEE, MTA (mineral trioxide aggregate), 7 A AL D L%k X v+, BlGRRE, BERT

IR
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Mineral trioxide aggregate (MTA) & 1990 4 & #JEH
WK ETHF &, ProRoot MTA (Dentsply Tulsa
Dental, USA) & L THEHMLE W N BEAMEY ¢
b, RFTIE 2007 FFic THRBHHERIMEL & LTRSS
BRlR S iz, AWM, RiFas8E, bEE, SfEs
P, o CHHMAEEEET S L) o EEEM - W
#, WRERIE, ZAEE TR¥FCTI4Tr—vay,
SOICHAERNEE (VRS )8 —vay) hEX
FEFE A ARCERIEHEhTw B2,

b b EESEIC BT B E R R O LR Y ETAR C U,
MTA 23K AV > L BIH] L RSN o BERFE
WA RT C EMMEINTL YY), 72, 5 alEC
PES Bl $ 2 EEERAEICE W 5 MTA LKL
ATy LEIEIE QTR MTA OBIEREREIC
B0 EDE L DERETREATWEYY, &5,
WIEDIAT<T 4 v 7L Ea2—7Tl& MTAZHWA
EEERE T, R RIADERIR A2 KB A v > o L8
AICHIE L TERT W2 LA STV 20, T4, R
Al & W S N R S Bl 69T L b R

g E 75 F, MTA ZGH U7 Wit kb
(PSR ITRE) 1219 72 &, SEY) 75 B BEARAFALIE I & © HaRE
O MR T 2 2 LHAAIRETH B 2 LRI NDDH
% BAE, MTA 3KELA L o L8FN b % B
MOT—NVFRY T —FLARBINTWVS,

Z D & 5 B E Vital pulp therapy (VPT)
LRIz FEHSNTB D, MTA OIGHICK %
RBEOM ERZ0EHEO—~2TH DI L3R
VW, 2019 i 3 — vy SRR S (European Soci-
ety of Endodontology : ESE) ™ 75, & 51z 2021 4F 12 13K
[t N 44 (American Association of Endodon-
tists : AAE) 92z ZR VPT icBiT 2 XYy a v 2
T AVIFEREEL TR EPSD, ZOFEAED
EINEA B, VPT 134k - IEGH I ik L TR EE
(HEREN) Th b, FRBEFIESEM ClX7x LE
B <, S 51ca X MIC b BRI L IRTw» 319,
Fi, RV RTETEN, ke, B X REEZE
7% R OBERED R S N B,

L2 L, it L L TD ProRoot MTA DRREMA E L
T, ZOEEE, LR, S5 icEEoL k&P
fasnhctws, zofk, BINFIC X 2FECERREO
P, ML (L 2y 2 2947), HD0IELY VD

DOI : 10.11471/shikahozon.67.1
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Fig. 1 Biomineralization of ProRoot MTA implanted in rat subcutaneous tissue*
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<=+ Hydroxyapatite band at 960 cm™!

+++1+2: Calcite band at 1086 cm™
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A: Representative SEM-elemental mapping images of the interface between the ProRoot

MTA (PR) implant and subcutaneous connective tissue after 28 days of implantation. A
hydroxyapatite layer-like calcium (Ca)- and phosphorus (P)-rich region (arrows) is present
on the PR implant. The lines are drawn between the radiopacifier (Bi, bismuth)-present and-

absent regions. B: Representative SEM image and Raman spectra of spherical precipitates
formed on the PR after 28 days of implantation. A 960 cm ' Raman band attributable to
hydroxyapatite is detected on the PR. C: Transmission electron micrograph after 7 days of

implantation of the PR. Electron-dense needle-like crystalline structures are associated with

cell debris (arrows) and collagen fibrils (Co).

DIRINEIZ & b AR HELR R 722 & o dGE S N7 B
BRLCHFEEINTO DS, £, BOEOFERNO—DL S
NaEEM OB 2= 22BN a=y Lz EIcE
HI 2 ORI NE NG E, SR AEh
W LR AV FBRHREN TV D,

AfETld, ChorABALS T LRE A F OB
ME LT oEMEEREYE, o BN aiki (7824 )
FERICEHT 3 L EbIc, EEEN - Wi oaIEE
L BESR A EIEERS IO W T, FEESORTOHR
ERZABDOMEHT 5.

TABHAN I ITLREXAL FD
A RKEREM & BRARI SR EAE

ProRoot MTA O E R IX, FVbF v Fkx
VREFRE TABEANLT T L, TABET AN T L,
T VEEE AT L EOEEERRITH Y,
NICABEB X WEEM L LTIRILE 2= ARTINE T
W5, KM oERIGOMET, 7A ALY LK
KB A VS L DfERDERE N B3 MTA fif
EEKFEET 2 E ALY LA F v LKA
VISERRAICTAR L, VAW O pH 28 12 BB ICHER S 1
5. o OBEE MTA B{WAD & o/KBBLa Ly
LOFRNAHICLE 20 TH Y, MTA @ TKiglh

Ny LRBEME & LT oBEERSY,

MTA B{LE%Z VY » BEREEWR H 2 WIZFERMRK I
BT3LE, MHT ALY LAF YR v A v L
KIGL, ZORMEICT A MEE2ETY Y BHL Y
T ARSI T B S ERRENTE YD, KM OEMKRE
LA SR & OBEENRBIN TS, F
7o, INSONMEYPRAE L OFREERICILET 5 L
<, HEom L ES L TwR EEILR T,

MTA #2E¥ o T NI A L 2Ea o g s
IZoWTd, MTA Mz b L ¢ BiF 7 £ i &1
2HETI LRI T3, #FEHS51E MTA 0EFE
HeRelE, FricABRNAIKILEEERIC D TRET 21T
7. MTA % Z v b THEBNICEMEL, MTA REHBD
WL TEIMOLEHET B L & bic, k-
REED Ca t POSHICOVWTET~ A 7a7+ 3
AP =2k 2=y BV I PN EIT- 789 ZoffR
MTA RHIZ Ca, P2 iEMEMEEI#lEsh, M
WMo <2 v HHERNC L DI & b FEET 2S94 b T
H5HEDHEERESNT (Figl).

¥/, RTBHM 1 E%O MTA BB E&HE#Z TEM
ICCHZET 5 &, MTA EHE OSSR 1c 2 e A
3T =7 VMR o TERIRES SRR EY 0 5 X
N, ARKILENERINTVLAEIEBHLELLER ST
(Fig. 1). A X 2RV EEEHERICE WD, it
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Table 1 Apatite-Forming Ability of New-Generation Hydraulic Calcium Silicate Cements'?
. HA Detected via Calcite Detected via HA-Like Spher.u lites Ca-PRich L;'iyer
Material Micro.Raman? Micro-Raman? Detected via Detected in
SEM-WDX? Elemental Mapping?
White ProRoot MTA yes yes yes yes
Endocem Zr no no no no
Biodentine yes yes yes —
MTA Flow with a thin consistency yes yes yes —
MTA Flow with a putty consistency yes yes yes —
MTA REPAIR HP no yes no no
Endoseal MTA no yes no no
EndoSequence BC Sealer yes yes yes —
EndoSequence BC RRM Putty yes yes yes -
Well-Root ST no yes no no
Well-Root PT no yes no no
BioC Sealer yes yes yes —
BioC Repair no yes no no
Super MTA Paste yes yes yes —

HA, hydroxyapatite; SEM-WDX, scanning electron microscopy-wavelength-dispersive X-ray spectroscopy; Ca, calcium; P,

phosphorus.

HogEEHlo MTA £ifiic Ca, P2 &SR EEEY
23, F 7 MTA ICB:9 2l Ic D sHRAS RIS EY
PEEINTWVBY, 0k 5 REEENEGOAHKAE
DL, KEBILALS T LlcBWTHfite 1 HTT T
KRR L T w2 C EDHERSNTE D, W7 VA Ui
X ol DM ICHE S BREERAIKILTH S EEZ O
621).

C D& D ik L ORISR S 1 B HIKILE O JE
XE, TABANLS T LR AL ORI X 5
TEBRBHBLEBHLLICHESTWE, Ty FETIC
BiixhizL 2 iR o TheraCal LC (BISCO, USA)
DFEMNITZHL & 1 5 4 IKALIE 1% ProRoot MTA 12 Fhig L
THEICHE G Z LR S N, TheraCal LC 2> 5 D
AN LA F VEHER EMBEREO T 88 A4 PR
P MTA T HE L THEEITEY £ 5 in vitro DRFEHRD
E—HLTBY, TO&) RMEMAIETICE T 56K
FERE D AEDS B D IBRIC A % T R AR E
INp, ERE, E bt Wit o1 % kAN
B L 7-ff%8 ©1%, TheraCal LC i1 ProRoot MTA I
LT v F v 70y DI ARERI T 5 EED%
WEREIRh TP,

HHLZ, T v FHEEEMHEEE 7L % v T TheraCal
LC Ich 9 2 il SO & B SR BRI D W TRl L
7o, ZOfER, MTA LB L T, CD68 Wik~ 27 o
7 7 =Y EREUCREEMZEIR L, BERKIE
JRDMEIE S BEE S NP, AM DR G IKLFEEEIZ D D
THLAREBALV Y VDI & 2ELRBRI N, 5l

@ TheraCal LC 12 B3 2 EGIKWIFE Tl1X, A% EEEHE
WKIGH L7256, ZoRMTPRICOWTIE MTA ©I1F5
PENZ D OO, MEEHETIIRSETH S LRESN
W 525).

BIE, SRR ALY T LREA L FHB0IEN
AF2T Iy 7 AMBDHIATREL 2o T3, %M
KPR TT 824 P RIERT 2T, EERNTIET
NI A MEBRPRD bNBBHIRH DT EPRINTY
20 RIS VR B s 8 F X E R ARKAGIEE
HFPEEL T 5, SFRURRFIC T V7 2 v 2IFmT
3L, MEFREIOT 24 MERDPIHES NS T L5
AshTWw3Y,

EELIZ, INHBRFBEBOEERNT T4 M ERGHE
oW T Ty IR X 25l %75 7219, %2 OfE
B, —MOBEIIIM BRI & O A & oA
WCERRT 8 A4 FEEDPRO 67w I EDH L I
7eo7: (Table 1), 2D & > %EERNT 89 A4 FEEEE
DOHED R ICTUETHEIIHS »Tlds v, <
5 P IZHIFE D ProRoot MTA 1T Fhle U C H:EERY -
R IETAT 23145 £ i3 v dstz <, BRIRISHIC H7- 5T
X, BHEORMEZ T 0ICERT 20 ERH B EBbR
%, EBE, BRIV E L OSHLEA, MTA L
THER B ZRABREDR® Th 2 b 00, MkFENICI3E
BRIFEEESPRE 2 LOWE VS H 2 Lhb,
BYIM O ERN T 5 4 MEBHE L BEKFEL L O
SpECUVAVIN =R O
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MTA 28 DKL A VS ™ LERHIEME, & LT ok
MrEboOZ Eh s, MTA LKEELA LS Y LIFEEE
Bid 5 I IWIBELER, FEOBERIRE RS, KEERl
FT T LT & BEEEN T, T EMIE N THE
8D & RIEMMIEMESE L 5. 20%, FTEOH
HEA T OMIEIETEIC 5] &t &, BT ICHREEAE o
BE & B S R O S 234 U, R IIC RF
EREESER SN 2% —7, MTAIC & 2 EEHE
BE% OB B VLTS, KA LY LIS L
FIEFIRE OB % % C R B O BT S
é33,34)'

FEESI1F, HOFEBRBE TN F AL EERKEICE
L, RFFMIEOLICEE 2 EE2RZLTwD L
XN 5L > %2 fibronectin® IC 5 H L, KA L
U LTk B EEER ORI O RS L.. 2D
fE8, fibronectin 232 FHIICBISLEE NICHET % Z
&, FzOREESRGEIICER S h b BEEa
AL E —3 L Cwb T LA oIc LY, AR
7E % 1% osteopontin (OPN), dentin matrix protein 1
(DMP1) 7 &£ KA - BEARRETZ RO BT 2 9k a 5 — 7
VS VS b RO 5N TE DR F AR TR
RifE O BRANDEENRB I Twb, Thb
5, KEBLA IS D L B wid MTA G IC BRI
TR & 17z 15 KAV JE -~ fibronectin % OPN 23f&4& L, Z
5 S BEE G/ RTERAIAE O M, E & R M
BEA0Mbor-o DR (AXxvh—ILF) L4k 5
L CBERTEVEPHEINE LEESNE. —
7, OPNiZd~=/rn7 7y —V2603 % I LpgHY
MRCFBLL, S I B RE 2 R LTws C
EDRENTR RS, LizdsoC, EEEM®RTEICE
H5N 5 OPN OB IcERTs~rn 7 7 —
PhECKIDIEERENE EEZOND, EEE HOBE
AR S T EOER I BT, TEEBESEETE
&k (MHC) 7 9 A4+ & OPN o #5812 R 3l
DEEDIBEI N T,

v ru 77—V, AEGHEERICE » CEE R E
EREZLTWS, w7077 —VRZo&REcE-T
M1 E M2 BN RIS, M1 =20 7 7 — 13RS
@ < —77, M2 <2 a7 »—23AIEREOWIH
MTHHBOEEREEY A A4 v - HERT O
e BT & 0 B EOEICAEZEE B ST
2% 5y FAMKICE VT MTA Wik, i M2 <
rm77—Y<—#— (CD163 B & U8 CD204) %< ¥

BeTE Hle

Fig. 2 M2 phenotype macrophages are found with

Schwann cells in the wound-healing process of
direct pulp capping with mineral trioxide
aggregate (MTA)*

Immunohistochemical staining of CD68 (a) and
CD163 (b) in a serial section and double immunofluo-
rescence staining of CD163 and S100 (c-e) at 14 days
after pulp capping. A fibrous matrix (%) was formed
under the MTA. White arrowheads in (e) highlight the
close association of M2 cells (red) with Schwann cells
(green).

BT a0 —R RSB BRI Y, EERNC <
ra7 7 —YERBEE Y AT, HEBEREOB
ERIERESHST 5 EHEShTwEY, &
7z, EERWWEERF S v b EF L2 VT MTA Wil 7 0
BOMEIREEZBE LR, BIRET v~ CRIER
v MCHEL T CD68 Bt~ 7 v 7 7 — 2 O INHsER
5, Fric CD68/INOS B2 7~d Ml <27 nm
77— ¥ OEALIRIREED T G L T 72, R
fatkfife o 2t &k MBEESR A EEROEESBE I 1
Twa, ZhsofERPS, M2=2u7 7 —UHHl
FRIEEIE D 0 T2 K, RIFFHMIaME O oMb & BER
FEHRICEE A RE 2R LTV E T EIRBEND,
t MitedEkiclk, Nvrva 7y —Y<—%— CD63
Bt 3 B BE I BRtE 9 B D Ic R L, CD163 Bt M2 <
7v 77— Schwann flifd & LfES % & & b1 brain
derived neurotrophic factor (BDNF) 2 3 L T 5%,
BB, CD6S8 MMl 3 B o 2 Mg T I £/
T 5—J5, CD163 BMEMfE 24 1 Schwann fifd & 45
Lcigasng (Fig 2). %7, & MEREE THP-1 <
rma7y—Y%t MEewsEs 598 S 17z Schwann
MfE & ke 5 L, Schwann Mg & £l L 72 THP-1
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TAWA N T LR A Y OARBERENE & abERIEIAR 5

Fig. 3 Identification of laminin-a2 and a3 chains expression in human dental

pu1p43)

a—c: Double immunofluorescence staining of laminin o2-chains and glial

fibrillary acidic protein (GFAP), a marker of Schwann cells, in the plexus of

nerves. d-f: Double immunofluorescence staining of lymphatic vessel endo-

thelial hyaluronic acid receptor 1 (LYVEL), a marker of lymphatic vessels,

and laminin a3-chains. Asterisks indicate the lymphatic lumens and outlined

arrowheads indicate the junctions between the lumens detected in the mid-

dle of the dental pulp. Arrowheads indicate single-positive cells.

~ru7 77— i M2BOKMTH silifldmEEZRT L
L HIC CD163 2 %Bi§ %Y. & 51z, Schwann flfidic
BEEE U 72 BL ISR 5 50 1 D — > laminin-211 (a251y1)
FRIF2BES 75 A vk (B$-a2) Ta—F4 7
L7z7L—1F ECTHP-1~ 27077 —V% %5 L,
CD163 OFIA AT 2 2 L6 e Shi®,
NG OFERY 5, wEAERIEREBERICE W T CD163
M2~ 27 v 7 7 — 2 OFEEIC Schwann Ml 2B 5- L
TED, laminin-211 L ~27wv 77— OMAEEHIC &
DI NTVWEILE, EblcInbDwruryr—Y
(RS R T- BDNF 2 5B 2 2 L b5, fiEROBR
R ORE 2RI LT B L RBEINS, £77,
CD206"/CD163 =27 a0 7 7 —F Fic @ tklfilc 2o
5h3—7%, CD206~/CD163 <=2 1 77—V idiGEhtE:
5 B2 T Z QEANEBICHEMNL TBE S,
CD206*/CD163" = 7 1 7 7 — Y I3 EFH ot e fikic
BETH B0 LT, CD206 /CD163 <217 7 —
DRI 5 BB LRG3 2 LGS Tw
W L7hio T, b MBI BIZ S5 CD206"/
CDhl63"=2zu 77— Y3t N Ok E~ 7 0
T 7=V ThHb, MREEEOHERICEE R&E % R
LTwaZ &, —4CD206 /CDI63 w27 u77—2ik
FIE IR w—mE N L, FE L ammigic ks 500
BRI NS,

U S IR O TEE M OHERF P R INE 7 &I EEL
nREERLLTE D, FEBMICE W T, K -
W e o, S s icHiFRRMEORE Y ~
RETNOBENEE & LTHEIEL Tw Y. B0 AIgA
FOERRICB VT, REORINEE~DY v E O HE
PRESIND, Falt, FHE 6 IEHEBEY > 98 ) laminin-
32 %FBLTWD I LERWZLEY (Fig3). 2o
BRICOWTIANHTH 578, R ASflgE oA 55
OM AR HEZE I NS,

e B EL R P 0 Uk ol B e A/ SR e % 1T e R R % o
DICHFEELTED, ThsofiasalEiaiEak ol
TH iR L, RATFMlEMERCa T2 L3 Tw 3
23, ZDERRIC OV TREAHLENL v, <7 ZYJHKIC
B2 2T HEME 05 ic BEES 2 B RBME e L
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Fig. 4 Immunohistochemical staining of a-SMA and

nestin after direct pulp capping in human
molar teeth®
a-c: Two weeks after pulp capping with calcium
hydroxide. Fibrous matrix formation is formed at the
exposed site and lined with @-SMA (b; arrows) and
nestin (c; arrows) reactive cells. d-f: Six weeks after
pulp capping with MTA. Formation of a dentin-like
matrix with a tubular structure is observed (d). The
odontoblast-like cells (OB) are devoid of a-SMA (e)
and reactive to nestin (f). Immunoreaction of a-SMA
is confined along blood vessels (e; arrows).
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controlj % ¥ —"7 — FiZ PubMed TR L7 & 25 2
BRosH S ey, w IS EBENRRERN T E T A
ERTHOTE AP, 22T, WEBRCE2H
IEFEREEE S 2 > P e — L 21X U O 2T O ICE
53200 BREP L, FCEEHE - ARERE LW
S RUGIER LT TeRENEE ) TRRE) TifEa v e —
vy THHISEERERE ) TREERANE, 2¥ -7V —FiX
R E L %2 1T 72,

BRSO B O HE RIS 2 > b — VR R o 2 RIfER
W& ORBEMESEECH Y, WEAA T F v A
BT 2 R OMEAT L IEa v o —)L o B 2 G
L7z 54EMommE e cix, oy ro—L AR
RS TI1E, Mo > b o —L BIF A REEE D
FEWEIRIA R E I AT, AR OMEFTPHE DR Y 22
DNEE D ENRIN T B0, 2 BEREAE AbtE
FELWBREEENRE L BN ORI ®RE B
WU, THWEHEREE MR VIR Y, SR EEERALTH 2
18, HbAlc EAENC S MIc I T\ 3112,
UL, EEEAL (MAROFOERLE: 27 -YIV)
DERE A4 F o4 vosmEhi?, zhick s,
NCDs BFERESNIC T 2 G E O &5 RIEE & LI
EREY 22 (R~ —h— & LTl - EEE C K
B8 w0, A vy —uA ¥ 6, CHERIE, IMREK
B RR G, IRRIIME) oikEs) 1Y (Table 2)
BT 2 ETVADHE, ffEE, averPRIEED
BOHBREOFMMiL koTWwad, —F, ATF—YINOMW
JE 48 % G TR Sy RABIES & 5\ 13 28 RIBEEFI X3 %
UNEY T — 3 VT & 2 IHEHEEERIE o 4 5 RN
BE CRERIRRE, 7L AL, FBAIERER &) odEIRIc
227 2A0HEIMEWDE DD, LR 24—
BoarerFA0ES T 539 (Table 3). HaFl
DOFEL) 2 7 LIHEHREREE 25 27— Y IVO A%
JEFNZ, Kooy bo—L k OBEERRE W L
DRI NG Z L5, HAREOETIEEE & IHEEE DR
M O R I 1ZTHIERE O RN B L CREBNRE DEA
DRBEWEAIRBISNTw3Y, M EoZ kb, HWEH
I X BN ED MY F e — L e by
MR GEICET s e 7y 2, HRciRP20nb o
DX ODEBEFTDICFTERIN T D I EPHERIN G,

WRERDU X IVARFELTHOEREIE -
BREICOWVWT

WA E LT OHEARE & OB IRIE O E X
AR I I N CWwiwvds, WARICS W OEEER T v b
WRAERIREE (PISA) 8 EHE O AL E & CEREL
M, £, BERRICB W T, HbAle REREE C Kb
My w87 S, B®EAE (Body Mass Index @ BT,
BMI %5 25 BL_E 30 &) 72 £ & HREAEIC & 2 it a >~
b e =Lk OREMEAHE S w27 eI L
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Table 1 Grading of the evidence from the impact of periodontal treatment on NCDs (Adapted from reference No. 3)

Evidence® Decreased risk L .
NCDs (N) Weakly suggestive®  Highly suggestive’ Non-significant Increased risk
Adverse pregnancy 42 8 (26%) 3 (10%) 31 (64%) 0
outcomes
Cardiovascular disease 10 3 (30%) 1 (10%) 6 (60%) 0
Gastrointestinal disease 6 6 (100%) 0 (0%) 0 (0%) 0
Metabolic disorders 74 32 (43%) 3 (4%) 39 (53%) 0
Rhumatic disease 11 10 ( 91%) 0 (0%) 1 (9%) 0
Systemic inflammation 25 10 ( 40%) 4 (16%) 11 (44%) 0

# : Umbrella review of meta-analysis and systematic review

* : Weak +suggestive
T @ Strong+highly suggestive

Table 2 Impact of the periodontal treatment on cardiometabolic risk in pateints with severe

periodontits (stage III or IV, participants with and without NCDs) (Adapted from ref-

erence No. 14)

Cardiometabolic marker Randomized Controlled Trial study (N) SMD* p-value
High sensitive C-reactive protein 16 —055 <0.001
Interleukin-6 9 —048 0.02
Fasting plasma glucose 7 —1.09 0.02
Flow-mediated dilation 3 0.39 0.002
Diastolic blood pressures 4 0.29 0.003

* ! standardized mean difference

Table 3 Impact of periodontal treatment on systemic health (Adapted from clinical guideline to the management of stage IV

periodontitis : reference No. 14)

Quality of evidence

Recommendation Consensus

1 : Periodontitis patients with presumed systemi- Low level

cally healthy
: Periodontitis patients with a co-morbid NCDs

Middle level

Open recommendation  Strong consensus

Recommendation Consensus

Strong recommendation  Unanimous consensus

2
3 @ Periodontitis patients with partial/full edentulism Low level
1

, 2 Impact of periodontal treatment on systemic inflammation, metabolic control and cardiovascular risk.

3 : Impact of rehabilitation of partial/full edentulism on systemic health (improvement of nutritional status, fraily, cognitive

function or other systemic health benefits. Teeth lost for anyreason, including stage IV periodontitis).

Eoftis (BMI 30 BLE) iy o —LanEEic
REZEEE, WEBEC X 2 28 KEOUER R~
A7 INDAHEND 5. ZhlE, WEOISEZ DR
Bick, 2O RIERIGHMET LT, WERECKN
T2 KBS ET 2 w5 b ERsh Y,
D& IIESIC B W TIE, HERERE DA EicfES &
18 - EREUGEIC X BN REsh 2%, H
WEHSHE DR T L 22 R E T, I BET 285
PVEE - BRI EEZEIRLLT L 55 2 LR

XhTw3®, —7, WEEO T LR Ic R A
HDEINDHDEMDDVIIEDE LT, KIEHE &
WhitEs, A X 3RMEMM, €220 C €2 IUD,
TI9R7AF, a4 F, A4 Uik ENETs5
hTwz? KU7z/—iE 288X0HEERBTO
A ¥ 20 VRS QBRI RAEE Sh T 3P,

# 1,000 NOFAFEOREFH (JEdE 2% CIMIRKE) %
KR L L ERIITRICB T, WAR FHlERE D Dyshi-
osis L EHRIERLA v A U VIKGIE L OBEMEDRE X
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Table 4 Association between inflammatory potential of diet and periodontitis risks

(Adapted from reference No. 31)

Study 1 : Periodontitis risk

Energy-adjusted dietary inflammatory index

-val
al Q2 3 Q4 p-value
Cross-sectionl data : Odds ratio 1.00 1.24 1.30 117 0.01
(N=168378)
Prospective data : Hazard ratio 1.00 1.30 1.37 1.29 <0.0001
(N=160,397)

Study 2 : Moderate/severe periodontitis risk

Energy-adjusted dietary inflammatory index

T1 T2 T3
Discovery dataset : Odds ratio 1.00 092 153
(N=7,081)
Validation dataset : Hazard ratio 1.00 1.02 2.66
(N=5,098)

Q : Quartile, Q1 : —82~—12, Q2: —12~0.2, Q3:02~16, Q4 :1.6~64, T : Tertile, T1:
—545~—085, T2 : —0.85~281, T3 : 281~4.74, Q1—Q4, T1—>T3 : Anti-inflammatory—Pro-in-

flammatory

NTway, BYEREERESE &EY 7 b7 27)
FRHOI-BEOEIMITIX, BN EEE Y- Ll
RO REBICE B aBEE D s Tz, Ly
Leds s, Siiiilaeh i, ARafisiiEe 2 LEN
2, b U RABRRIGSIEFEREICERT A2 LR ED
RBENT W5 —J, AREERUSY — L AR
U A 7B 9 %59 35000 A& RRE Lz 24 S0 K
B 7 v r— b2 RAWZETAE af— MRV T,
THIEHERE DT LB T 2 A #ET 4 AFER, T4b
L, BEENT VALREBEOEN (KMo, ®
B, BE, AHAZEE) X, RARESOREY o —
5 ® Dysbiosis #IET 2 2 L5, HEROBEMHY 2
VRFCTH B ENTRINTVED . X 51E, BRE
21U LT 2 ENEERCRAGE 2 & & o B
HEIN T BHEERIERE (Dietary Inflammatory
Index : DII) TEHMIiE N B RIEZLI LT EEICH
LT, WECHER L DREMEDIAL Iz oTETW
22 REEFEFENE O A I3 0 R O FE 0 E K O AT
U 227 %H 40~50% BN S 2 5 T &3, BEWTE X OVENT
RTH G M ShTw 27 BEcid, AL
A= FMARICE D T2V X — T L - BRERIEEK
CHARLDY R QR EEEIC O W TS L 2 KR, Bl
DEL B (BIEFEFM) BEHRBALDOY R 7 EL &
% LR EN T (Table 4). 2@ 16000 A%
MG E Uiz 7T FBOFIH ERICE O TRFED RIE &
HEZDOY A7 oMM, JEIER (BMI 25 &), &

IREIA R, JEREIRE, JEElmE (65 MAd) Tk b
Mo pEBAPBRENZ L6, EEHERTHO—
BRELCORBBOEEMTHICE T2 RKEETOHE
FEPTRR SN D, FRCPIIER M (RS P, RE,
ERERY), fazhiEscEIh L HELE Y —
V) OERNE, REFREES RERW, LA, #8
i, FEREY T EVEHERICRR I NGBS —v) OfF
WEH LT, 79 —7ofER L BRI
Ky VAORELZBRT 22 EHPHSPICINTET
%523 (Table 5), ThbbiFEE Y — v 2T 3
BRI, BEHENY 7 R0 R O RIS % MR
THT LIk, BB OPEE B & R T 5 A REMEDY
RENTOBY, 7, —HOPIZKIC X b EHAKEDHE
B (4ER) KENRICHEL RIFTAREERE LT
1%, HERAEE X b b RAMY MR S8 55 o n REM: 2 HEH]
SThTwz®2Y EHNIZBWTH PISA & 2XERT &
OB TRE SN TE Y, AN & B REREEE B O
MRS T 2 WO BERE L L TOHAEIRE X
NTWw 559 Table 6 12, HEWE & AHE - sl
T ARG A £ Lo, SO
T, Wit ae HASOMihiES 2 L ofdfe (5
¥, BgE, KE, g Ak roEELAeE) 2, HA
RO RIEAEH I H 2 Z LRI T8 4
IEEERO 72 TEEE L OBE#EDIHS Ik > TS
PR E LT, 2BUBEIRE, IEEETE, B & bicH
FEAIHEI S T v 3% 2 BIEERIEIC 5 v TIREEH
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Table 5 Impact of healthy dietary patterns (anti-inflammatory properties : Mediterranean diet) compared to the western diet
(pro-inflammatory properties) on periodontal indicies in adults (Adapted from reference No. 33)

Periodontal Clinical parameter RCT Evaluation ORE™ p-value Evidence level
clinical status study (N) period (Week) (95% CI)
Periodontal inflam- Bleeding on Prob- 4 4-6 —22% <005 Medium level
mation ing (%) (—49%-5%)
Gingival Index 4 4-6 —0.37 >005  Medium level
(—0.77-0.03)
PISA** (mm?) 4 6 —155 mm? <0.05 Low level
(—375 mm?*-65 mm?)
Plaque accumulation Plaque Index 4 4-6 —0.02 >0.05 Medium level
(—0.08-0.04)

* : Overall effect with a healthy dietary pattern, * % : Periodontal inflamed surface area

Table 6 Impact of dietary habit, eating behavior, foods and nutrition on periodontal inflammation (Adapted from reference

No. 37)

Dietary habit, Eating behavior

Foods and Nutrition

Anti- inflammatory Japanease food, Mediterranean diet,
Fasting (Snack restrictions),
Improvement of mastification

Vegetables and fruits, Beans, Whole grains, Fish, Nuts, Legumes,
Plant-based whole-foods, Green/Black tea, Omega-3 fatty acids,
Oleic acid, Dietary fibre, Vitamin C, Micronutrients

Pro- inflammatory =~ Western diet, Eating between meals,

Matiscatory dysfunction

Red meat, Processed meat, Saturated fats, Simple carbohy-
drates, Refined grains, Trans unsaturated fatty acid, Dairy prod-
ucts

VR ORBE»D»D 6T, RN REEIIERE
JEV R 7 2R 30% T &2 2 L0, HAEMWREREE
UGE (R aEE, REay ba—)L, 59E @b
HEFEE, WEO 7 Va—LHlRA L) OB A
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VBP0 R ERIEKE (REEES ATE, AR
O B A ERL + ) LR T (B Rk O
75 vy 7 el H]BOMBIYAPEER) % ERER
HEL CTHlAaAEDLETCITS 7 v I 4 TH % Common
risk factor approach & L T ® Lifestyle change plus den-
tal care program I & 0, HREERRLER & & b I
av b o— VOB ERWENEST ST 3040

B ERICH T B

REE -
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EVEEER & WO EAD SR E X 2GA, A
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common chronic inflammatory NCDs) & L C#ik&
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Does the Restoration of Masticatory Function by Periodontal Treatment
Contribute to Improving Glycemic Control?

—Consideration from the Viewpoint of Improving Dietary Habits and Nutritional Balance—

MINABE Masato!?, YamaMoTo Yuko®, Kouno Kanji*, Nakazawa Masae® and Yamamoro Tatsuo®
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’Department of Environmental Pathology, Kanagawa Dental University
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Abstract

There are two pathways by which periodontal disease affects systemic health: local periodontal lesion-de-
rived bacteria, inflammatory cytokines and mediators that affect distant tissues via systemic circulation and
the gastrointestinal tract; and periodontal disease-derived tooth upset and loss, poor eating habits with
reduced chewing ability due to occlusal pain, and nutritional status. This review examines whether the resto-
ration of chewing function by periodontal treatment contributes to glycemic control and other whole-body
health. We conducted a philological study with a particular focus on dietary habits and nutritional improve-
ment. Regarding the relationship between chewing ability and glycemic control in patients with periodontal
disease, it is considered that periodontal disease improvement is important for systemic health, including
glycemic control by improving chewing function by periodontal treatment, although there is currently little
evidence. Regarding eating habits and nutrition as risk factors for periodontal disease, inappropriate dietary
intake associated with deterioration of chewing function, 1. e., deterioration of dietary balance and eating hab-
its, promotes gingival inflammation and dysbiosis of oral flora, suggesting that periodontal disease is a risk
factor. On the other hand, intake of anti-inflammatory foods has been shown to reduce periodontal tissue
inflammation regardless of plaque adhesion or the presence or absence of oral cleaning, and anti-inflamma-
tory healthy eating patterns may enhance the effectiveness of standard oral cleaning and periodontal treat-
ment. In fact, a program that combines improving lifestyle eating habit and periodontal disease care in col-
laboration with medical and dental departments has been shown to significantly improve glycemic control
along with clinical symptoms of periodontal disease. From the above, when periodontal disease is viewed
from the perspective of lifestyle-related diseases, it is necessary to give guidance on dietary habits and
dietary nutrition in response to the risk factors for the progression of periodontal disease. In addition, peri-
odontal disease and diabetes have a bidirectional relationship, and dietary guidance related to improving
masticatory function from both perspectives is considered reasonable from the viewpoint of disease burden.

Key words: periodontal treatment, diabetes, glycemic control, masticatory function recovery, eating habits
and nutrition
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The Diverse Roles of Gingival Epithelial Cells in Periodontal Tissue

—Duality of Defense and Destruction—

Usut Michihiko

Division of Periodontology, Department of Oral Function, Kyushu Dental University
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Fig. 1 Cell collection by laser microdissection method
Before (A) and after (B) collecting samples from section by laser microdissection. (C) Schematic of gingival epithelial
tissue. Laser microdissection allows for the collection of samples with a clear separation between junctional and oral gingi-

val epithelium.
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calprotectin

Fig. 2 Expressions of antimicrobial peptides, RANKL and neutrophils in gingival epithelial tissue
(A) slpi, (B) Gr-1, neutrophil marker, (C) S100AS8, SI00A9 and calprotectin, and (D) RANKL.
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Four-station Fatigue Cycler
L 0L i i

Specimen fixture
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Specimen fixture
for fatigue cycling

3 MTS 858 Mini Bionix II Servo
Hydraulic System & J& 57 5275 ikl
s R oK iRk 17 & b —&#
WE)

ElectroPuls E1000

Specimen fixture
for fatigue cycling

4 ElectroPuls E1000 & J#57 e Stk
iR oA Ok 17 X b —8
WE)

BY AT LB 2EEEFMAMICET 20%8" % H
RHMWELCW I 25, EYFPRSEIEHEERE
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HEIChn 2, B|EWNRACROLEET LIVX —BEOEIND»
5, HEIZBWTAZ VT —BEOFETIIEE > T
%9 Z0kHTCRIBENEELELE L, WEOWH
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EICHIRZT OB, AEOSRECHIENOERGO
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BE AT & o CEIFAPERL D, YN, hAEEs L O
BT 2 OB OTMIc B LT AEFRIFREL-TwE T
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PFWr—HUITORAEHTEEL,

AR, Y x— F 7 A % v 7O & 2 IRFRR O
Giie HWE LT, &tk b vy 2 — FTIAVE
P OwoGIIEAT 2 CRABEFE SN, BRICBWT
AuoshTwalh 70 212, ZoWHlichsxsn-
FoX TVt L= sa<lE, H—LRNEDT 1
I —OMHIRESEIC X 2BEEOEFIEL, WHOGHOH
HEFRIZLTw AR =g 2y z— K%
A4 7D CRIZ, EWEEREE GIREEEZBELTCED,
EHEEOBEE O @HZ KIS 2 2 & CENailES
P& FEHR LT 31819

INhETIT, EESIEL UV 2 — F CR 0N
MWEIZO>WT, fERFH STV 3 CR EDIE 2TV,
M ORI EIC O W THEHE R EDP R W £ 25 D
i L72, —%, CRABOMES—> & LT, [
Wi B W TP AV ICE IS, 2 Lick ),
Bl 74 9 —oltEs 4 U, CR FiH kAL
REEEISRITILABTFNED . %7, WD
RV TS vy v it kB CR OERIZ, ZBOOJR
Wic/ 3 L OWEd 2%, 2 2 CAMETIR, KES
YN x—F CRICN LM77 v BEREREE X RIS
MEEETV, ZOOFLEEICOVTIMT 2L LD
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1. fEEMH

AFFEICE A L 72 Eks & Ok % Table 112”87,
AR cikaFfAEAEE2ET5 v 70— FCR &
L C, Omnichroma (+Z ¥ <7 %)L, OMC), Omni-
chroma Flow (F 7 ¥ <7 > %), OMF), Beautifil
Unishade (f&)#, BUN), Clearfil Majesty ES Flow Uni-
versal U (72 v/ U% 7 5%, CLM), Clearfil
Majesty ES Flow Universal UD (7 9L/ V&7 5 v %
)V, CLD) & & U Clearfil Majesty ES Flow Universal
UW (25v /0% 574, CLW) D& 6 E%H
Wiz, E7z, WIEEEL UCHEED CR TH %, Estelite
Quick (F 27 ¥ =5 v %), EST), Estelite Universal
Flow (F2Z ¥ <54, ESF), Beautifil 11 (#3,
BFII), Beatifil Flow Plus X (#A&, BFF), Clearfil
Majesty ES-2 (7 5L/ V%7574, CMP) 88X
Clearfil Majesty ES Flow (75 Vv ./ U&7 5%,
CMF) oFl 6 % v/, WOy = —Fizvwdh
b A2 L7, ThoEH 12O CRICHLT, UTD
EgEiTo 7z,

2. W77 UERERR

HHECRZEZ 20 mmXIE 7 mmX/EEZ 2mm DA T
VU ASHEIEIRICESE L, KV ZFLYTL T I L— b
T AN LENLUTCH T AR CTHEREL %, SRR (7
V7754V, BUZ) KTCEAEBLXOTHIZIZNE
N WIS 217572, R Z2EHE» 5 H/EL, RE
W ERET 2 L &S ITIKPHER #1,000 2 v T
BRI OIS 2175 72, 5k E ZKE7KICEE L 7R &
THRZWEEHE (US-2, =237 +4) 2#HwT109
s, 37°COARHPIC 24 IRIRE L7, 58, 740U
LENLCEE2 T2 OW 7 7 VEREmm & L
o, AEEEREEABREE (K921, HUnUEHF) o &alkl% g
L, W79 vERREZTo -, BRI ZnZFN 101
L7, BRBRSME 1 Koizumi & @ /7 #2 6 & (0 1SO
14569-1 : 2007 ICHEL, 25U — (HRESA] : 28887k=120
g 120 mL) AT, ARBRIRF 120 40, A b v —2[E#
20000 B, R bo—20E30 mm, ME25N &L, H
79313 Bee KING HARD (E—7 5 v FAF 4 a—F
Yo, WEFIZRTA LTV RRTA R (544 V)
EZNENHEHL.

3. EEEFIEMEICL IR

ERE TEMEE (S-3400 N, HIZ:SEM) Z AW,
HAB OB O REMERIC O W THZE 2T o7, H—
Rrr—7FRuC&EREZRAMBCEEL, 14
a—%— (IB-5, =4 2—) 12T Au-Pd A&7E L
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Table 1 Composite resins used in this study

Code CRs Viscosity Matrix

Fillers (size) Lot No. Manufacturer

Single shade composite resins with color-matching ability (Single shade CRs)

OMC Omnichorma  Universal UDMA, TEGDMA Silicazirconium filler 105B1 Tokuyama
OMF Omnichroma Flowable UDMA, Nonamethylene (260 nm) 0151 Dental,
Flow glycol dimethacrylate Tokyo, Japan
BUN Beautifil Universal  Bis-GMA, Bis-MPEPP, S-PRG filler based on 042152 Shofu
Unishade TEGDMA, UDMA fluoroboroalumino- '
o Kyoto, Japan
silicate glass
CLM Clearfil Majesty 3N0005
ES Flow
Universal U Kuraray
CLD CleegglFl\l/iijvesty Flowable TEGDMA, Hydrophobic Surface treatment silica oBU0Z0 Noritake
. aromatic dimethacrylate filler Dental,
Universal UD Tokyo, Japan
CLW  Clearfil Majesty 5B0020 '
ES Flow
Universal UW
Conventional composite resins (Conventional CRs)
EST  Estelite 2 Quick Universal Bis-GMA, TEGDMA J0693 Tokuyama
ESF Estelite Flowable  Bis-GMA, Bis-MPEPP, Silica-zirconium filler 0771
Universal TEGDMA, UDMA (100-300 nm) Dental,
Tokyo, Japan
Flow
BFII Beautifil 1T Universal  Bis-GMA, TEGDMA S-PRG filler based on 032105
BFF Beautifil Flow  Flowable  Bis-GMA, Bis-MPEPP, fluoroboroalumino- 032125 Shofu,

Plus X

Bis-GMA, Hydrophobic

CMP Clearfil Majesty Universal

ES-2 aromatic dimethacrylate Surface treatment silica
CMF Clearfil Majesty Flowable TEGDMA, Hydrophobic

ES Flow

TEGDMA

aromatic dimethacrylate

silicate glass Kyoto, Japan

(0.01-4 pm)
BGO0115 Kuraray
Noritake
filler (0.18-35 um) 80328 Dental,

Tokyo, Japan

% 120 B[ T - 72 f2ic, IIEEE 15.0 kV Ok T
i1 7z,

4. BREANEOBEAE ab DAE

W77 R AT o w T, 20 mL ©
a—t — (Nescafe Gold Blend fE##, Nescafe) ¥ & O
ZEEAKIRE L, 3STCOEEM (IC-150MA, 727 V)
DT 28 HIFRE 2175 72, RIS RIBERICOE S
&L, 7HZ L ICRBERORMEZ T, otHEE
(CM-700d, a=h3/)%) 2HWT, BENLEE
%7, 14, 2l HB X O 28 HHICB W CHItA% T > 7. M
IcE L T, B2 R AKICT 10 oEE L, ~—
N—=g A cRBERTEOKYZ+TIChEL LB,
L*a*b*RERFICE D HEERICTERED 3 AClllta’
v, ZoVHEEEZHEMOMEM/LE Lz, {6/l

5, BEAE*ab=(AlP+AV+AL) V2% EH L 7-. ¥
7o, W87 T o PERERABRIC A U 7250k & W U #UE o R B
FERAERL, A0 FIHTREEZT VL, BEAE  ab %
FHLZ.

5. WkERE L VBEERDBTE

W7o vERRBREAKOFIETEE 10 mm X177
mmX E & 2mm Okt & EHL L, W k% E 7 K
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Fig. 1 SEM observations of CRs after abrasion (original magnification X 1,000)
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Fig. 2 Comparison color differences (AE*ab) of non-abrasion and abrasion CRs after immersion in coffee

Same upper-case letters indicate no significant difference among non-abrasion samples (p>>0.05). Same low-
ercase letters indicate no significant difference among abrasion samples (p>0.05). Asterisks indicate signifi-
cant difference among non-abrasion and abrasion samples (p<0.05).
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Fig. 3 Comparison color differences (AE*ab) of non-abrasion and abrasion CRs after immersion in distilled
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There is no significant difference among samples (p>0.05). There is no significant difference among
non-abrasion and abrasion samples (p>0.05).
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Fig. 4 Water sorption of CRs

(A) Comparison of water sorption. Same letters indicate no significant difference among samples (p>>0.05).
(B) Pearson correlation coefficient between water sorption and inorganic filler content (r=—047, p=0.12).
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Fig. 5 Water solubility of CRs
(A) Comparison of water solubility. Same letters indicate no significant difference among samples (p>0.05).
(B) Pearson correlation coefficient between water solubility and inorganic filler content (r=—0.07, p=0.83).
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Fig. 6 Pearson correlation coefficient between
water solubility and water sorption (r=058,
p<0.05).
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Color Stability of Single-shade Composite Resins with Color-matching Ability
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Abstract

Purpose: Recently, single-shade composite resins (CRs) with color-matching ability have been developed to
simplify the shade-taking for direct composite restoration. One of the problems with CR is discoloration
caused by pigmented foods, drinks, and saliva, but there are few reports on the evaluation of color stability of
single-shade CRs with color-matching ability. In this study, the color stability of single-shade CRs with col-
or-matching ability and conventional CRs were evaluated by toothbrush abrasion test and immersion test.

Method: As six single-shade CRs, Omnichroma (Tokuyama Dental, OMC), Omnichroma Flow (Tokuyama
Dental, OMF), Beautifil Unishade (Shofu, BUN), Clearfil Majesty ES Flow Universal U (Kuraray Noritake
Dental, CLM), Clearfil Majesty ES Flow Universal UD (Kuraray Noritake Dental, CLD), and Clearfil Majesty
ES Flow Universal UW (Kuraray Noritake Dental, CLW), six conventional CRs as the control group, Estelite
> Quick (Tokuyama Dental, EST), Estelite Universal Flow (Tokuyama Dental, ESF), Beautifil II (Shofu, BF
II), Beautifil Flow Plus X (Shofu, BFF), Clearfil Majesty ES-2 (Kuraray Noritake Dental, CMP) and Clearfil
Majesty ES Flow (Kuraray Noritake Dental, CMF) were used in this study. For these 12 types of CRs, sam-
ples for the abrasion group and the non-abrasion group were prepared, and the color difference AE*ab was
calculated by immersing the samples in coffee and distilled water for 28 days. In addition, other samples
were prepared, and water sorption and water solubility were calculated by immersing the samples in dis-
tilled water for 28 days.

Results: In the coffee immersion experiment, BUN containing S-PRG filler showed significantly higher
AE*ab values in both the non-abrasion and abrasion groups after 28 days of immersion compared to the
other CRs (p<<0.05). Also, when comparing AE*ab values between the non-abrasion and abrasion groups for
each CR in the coffee immersion experiment, CLM, CLW, EST, ESF, BFF, and CMP in the non-abrasion
group showed significantly higher values than the abrasion group after 28 days of immersion (p<<0.05). On
the other hand, the distilled water immersion experiment showed no significant difference in AE*ab values
between all CRs and between the non-abrasion and abrasion groups for each CR (p>0.05). Water sorption
was significantly higher in BFF than in the other CRs (p<<0.05) and was negatively correlated with inorganic
filler content. Water solubility was highest for CMP with a significant difference (p<<0.05) compared to CLM,
CLD, CLW, and CMF, but there was no correlation with inorganic filler content.

Conclusion: BUN containing S-PRG filler showed noticeable higher AE*ab values in the coffee immersion
experiment, suggesting that the color stability of single-shade CRs is affected not only by the resin compo-
nent but also by the filler properties.

Key words: composite resin, color stability, immersion test
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Fig. 1 Measuring points on superimposed image

The pre- and post-instrumentation images were
superimposed, and the amounts of resin removed
were measured at 18 points (9 inner points and 9
outer points).
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Fig. 2 Total preparation time
Significant differences were observed
between NF and SSK, and between NC and
SSK (1 :p<0.01).
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Fig. 3 Average of pushing forces during
preparation (1 : p<001)
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Fig. 4 Average of pulling forces during prepa-
ration ( : p<<0.01)
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Fig. 5 Representative example of superimposed images about pre- and post-instru-

mentation
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Fig. 6 The direction and amount of canal transportation (mm) at the different

measurement points

Values were calculated by subtracting the amount of resin removed at the inner

side (concavity of the apical curvature) of the simulated canal from the amount of

resin removed at the outer side. The larger the positive value means more outer

area is prepared. The larger the negative value means more inner area is prepared.

(* : p<005, T : p<0.01)
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Root Canal Preparation of a Curved Root Canal Model with Ni-T1 Files:
A Comparison of the Single Length Technique
and Crown Down Technique

ARAI Kyoko, MINATO Hanae, SATOH Tomonori,
YokosukA Takashi, MATSUDA Koichiro, SHiMIzU Kota*,
MorozuMI Toshiya and Krrajiva Kayoko

Department of Endodontics, The Nippon Dental University School of Life Dentistry at Niigata
*Department of Operative Dentistry, The Nippon Dental University School of Life Dentistry at Niigata

Abstract

Purpose: The purpose of this study was to evaluate the total preparation time, the pushing and pulling
forces, and the amount of canal transportation after preparing curved root canal resin models using the full
length technique (single length technique: NF) or crown down technique (NC) with nickel titanium (Ni-Ti)
rotary instrumentation (NEX NiTi FILE Ms: NEX).

Methods: Transparent resin models which had curved root canals of 30 degrees were used for root canal
preparation with NF, NC and stainless-steel K-files (SSK) (n=9 per group). The total preparation time and
the pushing and pulling forces during preparation were measured. Photographs taken before and after
preparation of the root canal were superimposed. The amount of root canal transportation was measured at
1-mm intervals from the apical foramen to the 8-mm level. The data were subjected to one-way analysis of
variance followed by Bonferroni or Games-Howell multiple comparison tests (p<<0.05).

Results: The average total preparation time was significantly shorter in NF and NC than in SSK, but there
was no significant difference between NF and NC. The average pushing and pulling forces were significantly
lower in both NF and NC than in SSK, but there was no significant difference between NF and NC. There
were significant differences in the amount of canal transportation between NF and SSK at positions 0, 1, 2, 4,
5, 7 and 8 mm; between NC and SSK at 0, 1, 2, 7 and 8 mm; but no significant differences between NF and
NC at any position.

Conclusion: Both the single length technique using NEX and the crown down technique of root canal
preparation were able to properly enlarge and form the curved root canal better than SSK. The results also
showed that the single length technique using NEX was effective in introducing a new root canal formation
method using Ni-Ti files from the existing method using SSK.

Key words: Ni-Ti rotary file, single length technique, crown down technique, canal transportation, preparation
force
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