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Preventive effect of dentifrice containing 1,450 ppm fluoride
and sodium pyrophosphate
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Received: June 13, 2022 Objectives: This study aimed to evaluate the effects of a toothpaste containing sodium pyrophos—
Revised: June 20, 2022 phate and a high concentration (1,450 ppm) of fluoride on dental plaque, gingivitis index, and calcu-
Accepted: June 20, 2022 lus index in a clinical trial.

Methods: This study used an eight-week, randomized, double-blinded, controlled, comparative,
parallel design. The participants, who voluntarily signed a consent form, were screened through
visit evaluation if they met the selection/exclusion criteria. After a one-week run-in period, the
selected participants were randomly assigned to either an experimental or control group in the order
of their enrollment. Subsequently, the participants were asked to brush their teeth with the study
toothpaste using the rolling method for 3 min, thrice daily, for 8 weeks. Oral examinations were
performed at baseline and after 3 weeks, 4 weeks, and 8 weeks. Evaluation of papillary marginal
attachment index (PMA index), Talbott’s gingival index, patient hygiene performance index (PHP
index), Turesky plague index, and calculus index were performed during the oral examination.
Results: After 8 weeks, the PMA indices were 7.12 for the control group and 5.00 for experimental
groups. In addition, the PHP index was 2.06 for the control group and 1.66 for the experimental
group. Significant differences were observed between the control and experimental groups in all
indice (P<0.05).
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N E (dental plaqueye 28 & 4= QY o3t &AL wr} GHAC
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Aokl G AU of2fgt EAX| ok |2 A 3] (American
Dental Association, ADA)7} 196410l X &8 2|2k 2 Q15
omn, 1% EAax|k9] ARgo] 9-4] ool FalHolek= A A
7} Bargof whe B4Rk de] ARE] AR, SUloE =Y
A, A Eo] EATGT BAIS R85t 2 0] =,
A ol A wiE A Q= BAR]| ol FEATHTRO| F7]5 0]
A,

EAA|o] 3h3E B4 0|22 AJof HOA F7]149 olg}
A2 HRA e oA 718 A-2HAEEHY] B X Al
OFH 7] QA WA AP AAA)7]|AL, ES B3 mineraliza-
tion)”F LSHA] 23t AJHI 2 W&k Aot HEd A% ol &
A7F 2251 FoAFI B ARG g, 1 Qo= BAvt
A AAlF] Al HIAEES] AR S SEAIA AokeAlES 7
2AFItRe A7ATE 93, 2847 B4olE 2| o)A AAsto]
A 2ol FEj7t 941500 olgto] & QtE|A A9tFF0] Zlo] &
| EoHs 5O AFARE k.

o)=3t G0l A AAISE 1,000 ppmt 1,500 ppm E4X] 2k
SHY ol T AR AollAl 1,500 ppm E47F ZHE
o] 2|0k oA o FL Ao e, T8, ¢
S A Y] Absl AHAQPERAI| Y] 0] 4] TEd &
S AIAAY] ZJok-4] o B3 = AIAA W] E49] skof 9
Tkl AFHH?, o)A F, X|ok9-4150] o} aul= B g
t27] g 2o B4 Fro] e o 53E 7|tistr] oA
+ 1,000-1,500 ppm?] 47} o5 A ARES 32T Ba7 3l
E oz ek ", Jzlsie] eyl A 201449 9F B4
A o BYE s T IAIE 7Yste] QJokeE Aok B4
B A33HS 1,000 ppmellAl 1,500 ppm. 02 A 245t

A ol == TR Aok Hi e = B4 SRES EF
SEFT dEAAEE 50| 7|24 08 wjgdstal ot &
AQUMEFS 71 AnpA|of thsto] QFY2 0 & 2Rgathe 43
7HAAL 91715z SHAEE EFQESRHERE HiRRt X|2fo] AEAQ
ARFEFZ vt 2] 9kE ot 2joke-4]9] TS AAsl= 580l 3l
om, 27] SAo] sl FH LAIF9E ABIA7 1= A= et
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Table 1. Ingredients and content of experimental dentifrice

SHEFCE HHsth

Sh, F2QNEFS A P/dE JAIstaL |5 A= A
| OE Y sfHE, Al J2HE Wolichs 282 75k,
2ok d] ARGE| L Q= E-o|rt,

EFFHEoMHo|E= BEA oA 3y JAA71 L, 2
2 aAyol 2448 A foketo Fofstn] FARSHA(Chain-break-
ing antioxidants)2 4#A QtH”. Bt ofe} EA UoflA] 3}
TL Aslo] A2 Ag dfavtz FEuky 9t Schifer 57
< EFHEOMH I ERIEI E)7} o ARt SUg &
TOE NUAFE A5 WL A2 AHE /st aakd e
2 478 S5 Aok T Zgo] Hrtal skt

olof] & A19] HA2 SeuEtoll A B4 B4t w4171 1,500
ppmO. & A 270 wt 1,450 ppm &4, TZIXHEE 1%
FEAE A AHATe, 2 2AA 9 A x| et adE
WA AL Fol H7lotarat gtk

LA U

1. HCHAR}

2 Atof] ot AAARES Fofol] Fstal, AH F2Aof A
55k vt 184 o4, 1t 60A olske] A9l | 60T & 5kl
t}. ofof| = ¥ ofR A¥og FAH 0w A&EHZ ofal A A
5 $-A1Z0|u EFo| gl FEA| o7 247] 041 A A
AR A7k, AlET 30, R 30 oR vt & AE A
Polgon, F= GRS ALt F AFPIAE AEE 259,
2t 257013t

2. AL R|}
AT HoRe AFHF L A% 2357 HokoE AP
910 2} 2jofo] AP s cheat g

2.1. A|[®X|2KE)

APk g AE o7 EFHZoMA o] E(tocopherol ac-
etate), T ZAANFEF(sodium pyrophosphate), IEEFY A7}

Division Ingredient
Tocopherol acetate
Sodium pyrophosphate
Dental type silica
Sodium fluoride

Other ingredients

Effective ingredients

Formulation ingredients

Effect Content
Prevention of gingivitis 0.01%
Prevention of dental calculus 1%
Dental plaque removal 19%

0.32% (1,450 ppmF)
Appropriate amount

Prevention of dental caries

Table 2. Ingredients and content of control dentifrice

Division Ingredient

Dental type silica
Other ingredients

Effective ingredients
Formulation ingredients

Effect

Dental plaque removal 19%
Appropriate amount

Content
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(dental type silica), %2 23h4E(Godium fuoride) 4% )
Fol APHROR 58A|, 713A|, F 52 AF TFel Y= A
RS ARSI Table 1).

2.2. LHEX|2K(C)

AR H8A, 712A D 52 7|1E22Q1 ARt HrhET
AR ek] AR Fof| A diFErI A E|7Ht E-okal U] F4E
& AR A1k A8 B ATHTable 2)
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3.1, LMAFMAIR RS 521
B A= otishn QAR E $1Y 3] (Dankook University IRB,
DKU)2| 521 stof] AaYstArHEU™M S DKU 2020-07-034).

3.2. AR 2R

2 AT QAR F 853t 7IRke s JegE o, o
T2 B, oS, FAA, tiE Alge= HAIEA
o} Al SofAol At ALt 555, B BV S350 A/
Ag] 7170 gh=r] o8 ghetal, B AFEY RS 5
3t Egsto], 23 3082 A AP o] HE== Sl
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R AR L AT AT TGS B T 15 o)
o 222 3 o|olfon], $4 FTHHAAE 2% 9 B A}
) el 212 AL, olFol AZEE 31T Aok 3ee
olg3te] &AL APSHES =S LRIAAL, AETIUS B
E ool S0 TEBAGI. olnh XS 2izte] o] i
She Aoke ABHGON, AL F 7 BE FUG Lot H&L A
Foteet

Table 3. Changes in PMA index
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A2 B Aot AR5} oot A Fof 2+ 5744 Ql= A
e SAHOE sk A2 747 10719] 920 B, 10
NS SRS 24 A HARZ 9 B2 2] A B2
eof, 307 59 7ReHlollA, G5l HAE o] e F919] £E2A
AR A 2H ] P& FAISH= Schour?} Masslar?] F-FHAF
23] 29 R)9x(The P-M-A index)E S50, E3h, 7} 212
of gt 2| #& Talbott, Mandel and Chilton°] ¥&E3t Loe2] |-
& 1374 7]1F70] whabA, Aot ML Qe S 22 S 47t
oA, YA, T AP R JEsto] o7 B9E S5k, 71
AZBA = 2 B 429 AE AAN AR Lo
T61= Talbott, Mandel and Chilton®] A-2A|4x(Talbot's Gingival
Index, GI)& S4513Tt.

(2) RIAALEH 221 XIH[0Y, 35, 4%, 85

A R e AR A 59 A4 A4(Caleulus score of
Oral hygiene index, OHI) 52 o]-g3}o] 2|4z gjs] 24L& Al
ot

(3) XA 22 X|IH[0Y, 35, 4%, 8%

AAAE & Tkl B2 = Podshaley?t Haleyol 2Js)
Aote WA He] 5 A (Patient Hygiene Performance
Index, PHP index)?'E AM&3to] AASIAL, Turesky?} HP3H
Quigley®} Hein®] X 8A| 2} B4 7]2(Turesky's plaque index)”
= AR&Ste] 7R A WA TEE HARE A6k

3.5. A2 EM 0} E7| X g

IBM SPSS Statistics 26.0 (IBM Inc., Armonk, New York, USA)
< o]-83}0] 77t ¥ 2-sample t-test & Mann-Whitney test 5
o7 BAMstjon +U H|IE paired t-test, Wilcoxon's signed
rank test O& A6t BAA Fod WS 93 S
0.05% 35}t

AT %

1. fRFHARAX[2HX|4(PMA index)

Table 3014 PMA A= &4 A3l 45 30 AP 6.92, O
F-2 8.84019071, 85 Fof] AlFF-2 5.00, R 7.122 UERE
om At 2 85 Fof| §-oJ3t Ao 7 UEREIN(P<0.05),

PMA index (value: mean#standard deviation)

G
roup Base After 3 weeks After 4 weeks After 8 weeks
Control group 9.32+6.04 8.84+4.85 8.84+4.81 7.12+3.56*
Experimental group 8.72+4.34 7.76£3.07 6.9242.56* 5.00+3.27*
P-value®* 0.689 0.352 0.085 0.033

“P value by 2-sample t-test.
*P<0.05 by paired t-test between base and after.
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Table 4. Changes in Talbott’s gingival index

Talbott’s gingival index (value: mean+standard deviation)

Group

Base After 3 weeks After 4 weeks After 8 weeks
Control group 458+1.24 4.35+0.68 4.2240.69 4.13+0.64
Experimental group 4.55+1.30 4.01+1.04 3.67+0.84* 3.64+0.76*
P-value® 0.927 0.170 0.015 0.018
*P value by 2-sample t-test.
*P<0.05 by paired t-test between base and after.
Table 5. Changes in PHP index
G PHP index (value: mean+standard deviation)
oul
roup Base After 3 weeks After 4 weeks After 8 weeks
Control group 2.44+0.83 2.23+0.47 2.16+0.70* 2.06+0.72*
Experimental group 2.5240.63 2.33+0.63 2.07+£0.61* 1.66£0.52*
P-value® 0.702 0.527 0.616 0.029
“P value by 2-sample t-test.

*P<0.05 by paired t-test between base and afterw.

Table 6. Changes in Turesky plague index

G Turesky plaque index (value: mean+standard deviation)

roup Base After 3 weeks After 4 weeks After 8 weeks

Control group 1.98+0.58 2.09+0.52 1.92+0.50 1.76£0.38*

Experimental group 2.06£0.70 2.0310.41 1.60+0.42* 1.52£0.35*

P-value® 0.669 0.650 0.021 0.029

“P value by 2-sample t-test.

*P<0.05 by paired t-test between base and after.

Table 7. Changes in calculus index

G Calculus index (value: mean=+standard deviation)

rou

P Base After 3 weeks After 4 weeks After 8 weeks

Control group 1.03£0.20 1.09£0.20 1.14+0.19 1.29+0.24

Experimental group 1.07+0.22 1.10+0.22 1.12+0.23 1.13+0.23

P-value® 0.498 0.910 0.738 0.024

*P value by 2-sample t-test.

AF2S] - A 45 FHE A Aol vl Fofet Alee] Hah AR 1.66, iR 2.062% LEHOH, Alded iR 8
LERt 202 1= AtkP<0.05). F ol f2fgt 2pol7} bt al(P<0.05), A8 A9 A8 457 &
- A Aof wisf et xla=2] Mo} vepd 2oz SRl it

2. X|2 X|x(Talbott’s gingival index) (P<0.05).
Table 40141 Talbott®] A A= &7 Ak 45 Fof) AP
3.07, dIET-E 4.2201%03L, 85 Fofl AJ&TE 3.64, 22 4.13
o= yepton] AlFE 272 45 Fof oIt 2lo]7} Lerg
(P<0.05), AFZY] B9 A9 45 THE A Ao v]g] G5t
Z|5=90] Wsh} vehd A 0.2 SRIEIQITHP<0.05).

4. Turesky2| X|HAM|ZUX|=(Turesky plaque index)
Table 6OllA] Turesky®] AHAHE A= S4 k= 453 T
AT 1.60, R 1.92019001, 85 Fof] AP 1.52, thR
T2 17622 Yehton, Algea} tiRaE 45 3o 5213t 2lo]
7HUEREIL(P<0.05), AlE9] B4 A1E 45 7 Al #of Bl
FoJgt A14=9] W37} Upepd A 02 SRIE ATHP<0.05).

3. X|BM7 92| S X|=(PHP index)
Table 5914 PHP A|<xpatient hygiene performance index)

24 AVE 43 o) AFEL 2,07, PREL 2,160, 8F T



graix| 2| | 1,450 ppm

5. X|AM X|4=(Calculus index)
Table 7014 A4 A4 24 A= 438 To Al 1.12, O
F-2 1.1401901L, 85 M 72 1.13, RS 1.295 YER

ov, BT Y22 8F Tl FEITH Aol LehdrhP<0.09)
ot
T BAsle] BAT ol§SHe WHS SEERALERAN

EAPAAGH T Aot A7l Akl EAE 5—%0}— s
omn, X|opfE A5 Xjopn|/d&A|7]o) vl w2 5k &
H EXoh= A/ FeAma e Tl EAGAY 9 Hi“]@?
A, o|F B ghf A|OFOZ ZoRPAZES 249
T AaA & Qloar B Higlom, ARk o & A|oke-AlE-E of
15-30% A= ZHAA71E A0 Y Qo
E3SL B4 IREE F EFQESRERO] TR X2k ARESH
IO tEEc o #E AgelE dedta 3192, Mittal
5L Aol ER0 ZEFS H7Isket] S oy WAy
WA 59 237} ATkl skl
Ul A AlEE] 1 Q)= AR tiFEo] 1,000 ppm9] E4AE B
okl A, B4 e} X|2ko] B4 vjufg} AokEct Aget 2t
7hEokchal B HIQIT, E3h, 5o} Al o] EAA|oF 7he)]
FIE v @ AF0)A, FE7} 250-550 ppmel AEA] 2] H]
3| 1,000 ppm ©JAe] I EA29K1,055-1,450 ppm)E ARRSH
3L, AA T GFADMFT, decayed, missing, filled primary
teeth)7} H-Z AR FA == Zo] Uit ojof &2 Aoli= =
W Alg ]9k Aet B0l F£oH= 1,450 ppm &4 X|9F0] B8-S
Yol 114} ot AFE ZIFotoH, H|oke-A59] aHZ AE
02 gRlsp7|ol= tdAt A 59 A Aol Hol, &4 A&
A 2 A GG AA 0 ofwgt FEFol = 4= Sh=Al EelsE A} 5)
%t
PMA A= &7 A3 Aldata dj& T ol -2zt Zje)7}
e (P<0.05), A&+t 4% ’\]°4 47‘ SEE A Ao vis)
oIt PMAA|4=9] 747} Ul 21 0 2 SRIE|ITH(P<0.05). Tal-
bott®] A= A5+ &4 A3} AP} ti R 45 Fof 723t Alo]
7FHERE O (P<0.05), AIEe] -9 AIF 45+ 58 Al Ao vl
Sf FQJet Talbott®] A& A|5=9] At Yehd A= SRI= Tt
(P<0.05). Philpotts 5°& EFHZ0A|E|o]E7} 4] 222]9] that
SATOE o] HI T A YFoIaL, EFHE0MH]E
o|E7} 2] 2xA0f| FFS 71Xt sl v A5 SRjollA
EFHZ0EC|E 3 BFAY] AHEORE A2 A5 A
47} VY, Brading 572 EFHZOME0]EL AT}
A2 o AAL skt ol A% i &I} Gl AL
Azt
AN A4 4 A AT 2T 85 ol K23t
UERATHP<0.05). T2QRERS ;‘(]o}oﬂ 7‘]"‘“1—} A Bk
Alste, A12d9] W= A= 2= OPEVQ A&,
bene*'7} Kim 5°79] YA o)A 1 2AtaS it B4 ]—F «]
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NG JAEIE Harokick
FEc

PHPAG> 57 A3} Alfat izt 85 Fofl foldt Afol7h
YUERE oM (P<0.05), AlET2] 735 Ald 45 e Al 2o H]
3 ‘rr—4 gk PHP A2 7 iﬂ Ueht Aoz SRIEATHP<0.05).

olo] %14 4ol SiAE Aoz A

E
2
R
1o F
R
H=)
ﬁ
ii
A
).
1
34,
N
—“#
2
ool
:
B
)
BN
;
rlo
N
N
—{O{l
.

o2 SR P<005 QeI 7
A2 AT Y 3902 A4 glo] ks ALg 7R, A
A % A B oA, Aot 98 WISk BHoz Aok
SIS Qe o]l XAl 7h
.

]O]:B}:_/\E_

olzjg AtE T & o, ZFQESEE, ZUHIEER,
Lxﬂ]ﬂo}ﬁlﬁl 1E, et A te 23F ot xRS ARSS
45 MAE AAlFet AA st A 2A95t 9 21434 A azt
83 AARIE FRIT = Ql9ith
£ 7= 1,500 ppm] EAE $H3H x|9F0] 17 Y 874 of
3t FIFE vAEA o] ol sty I A 777 W 8 i
o Z2& FE= A0 et SRR tiRt 2|9l BA7} 23
Ejo] 91A] got 7]&of ARGE|TL Q= 1,000 ppme] 47} S

2|20 ]3] ojgt Zlo] f £ JIE u|x=A] &7 ofEY 25
1,000 ppmt 1,500 ppmS R A9 Bl A7 Boskl, 5
7t 02 Ao} 2450 tA e YFS SQloks A Basirial

Attt

48

W 2MREET 1,450 ppm9] IEAE iRt 2]2Fe] XHA|
T4, A2H A, A4 A|50] tigt B AR S Boto] Bkt
1A}, 85 AJEOE EFFHEOE0E, D2QiER, HEEY]
A7t EREERE A vl AFLECE 584, 71
IA|, F 52 AT ZoH e AR g AlRAXe] SR 5

oA dEtErI A7 ShRokal A SRS AR tRA RS

ol-gsto] AE XAt Z7+e] X|okg ARk Al 30782
23t 307 5 60759 AHAAL ol Al 85571 ZH2E AlgA| o T &%)k
Z ABSIEE stof, SRS A5 AT 257, &R 25
Z 50789 IS I E AIE A, AIE 3FY & AT 439 &
9 A 85Y & & 43]o] A4 Schour?} Masslare] -.C-’r—‘.:—‘ﬂﬁ—rl}
A& HFA4(The P-M-A index) AA}, Talbotte] A2 A4(Talbott
s gingival index) AAE, A4A]4= AL PHP A4 HAF 2 Turesky 2]

A HAFE A4 HARS A e A o2t 22 222 Aol

1. A=Hof| thet H7olA], 85 Fof PMA Al R 7.12,
Al 5.00, Talbott®] A& Ag= RS 4.13, AT 3.64
E YR, F AgofA BFE tiRat ) AR AtoloA Y] fogt &}
o]7} Q1A= QItHP<0.05).

2. AHAF T HAE HroA] 85 &

| PHP Al 22
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2.06, A|87E 1.66, Turesky] A HAFI A G 2T 1.76, Al
2 1.522 YERY, & AgoflA] B 2t} Al Afolof| A9
FJgt Ao 7} A= ArHP<0.05).

3. A4 T Brlof|A 85 Fofl AN A= RS 1.
T2 11302 YR, tiRat A3l Ato]ofAf 2] -2t
A AHP<0.05).

oZ3t ¢4 EFFEoHH|0IE, HERMESR, WEE
A7t EFQEERE A5 oidet A4S AL 749 74"
A Al AR, A 2agstant 2 JAF4 A adE 7]

% gleg gl 4 ggick

29, A%

Aot el

2
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