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72 23 A4S periodontal curette© 2 A3t #AF XA g dvkAR
AR Aok ¥ 280 AR 1083 AFSH FH5R AF Azse.
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op
>

A4-g oba™ #E o]&ste] AL F9nt wiEsidith H3 & A4 diamond
wheel saw (Minitom, Struers, Denmark)E ©]-8-3lo] X|o} FFol HaYstA FA
Weko 7 04-05mm o HHLS wHE U #800, #1200 AFE (Deer abrasive, 11T,
g=n)E ol&ste]l 015-020mm FAE <Awpsilvh Ak & 2&9 AFV|=
1083 ARE & JAH F9 Edolu dde] fle HEE 79 T °of 23mm
A2 windowE A <]3}al bonding agent (Scotchbond MP, 3M, U.S.A)$} nail varnishs

XS AT Y 1209 AWl HES so] B aghel AWL Fulshark

2. 49 €99 A=

7} Stock &-<9] Az

30% fAHged (Sigma Co., St. Louis, U.SA. ¥ 9009, ¥Xx 1.080) <

o] &3l 1M 9] lactic acid& NS Ax, AAZ] 0978MS Aojx °]E sock



solution o= AL&3l3ith. 93t 24 =% (Sigma Co., St. Louis, U.SA. A&
136.1)= o] &3t 03Me] &S A x3Fe] lon chromatography (790 Personal lon
Chromatography, Metrohm, Switzerland)® A% 223 A3} 0322MS A9,
oA E (Sigma Co., St Louis, USA. 23 136.1)S o] &3to] 0.9M 9

LAS A xste] AFEA A3} 088ME dojr] o] sock solutionO®E

4. g3 95899 Az

stock &N o 2HE AstE <GS Fshal, 3.08mM sodium azide (NaNg)ES % 7}+3t
t}2, pH meter (Model 920A, Orion Research Inc., U.SA.) A5 &loll 8N A&
FEENS Hlete]l pH 430 HEE 2435190tk 9 89S lon chromatography
(790 Persona lon Chromatography, Metrohm, Switzerland)® 2z} ©]29] L= Ut}A]

A BAeke] Tablele) FEE AL, olF AW T3 golow ALgET

Table 1. Composition of demineralization solution

Composition Concentration
Lactic acid (mM) 100

Calcium (mM) 17.88
Phosphate (mM) 6.44

Sodium azide (mM) 3.08

pH 4.3




o AFs &5 99 A=

Stock solutionol] A AlxFE Fe] lactic acid, calcium, phosphateE 3 3}al, 3.08mM

[¢]

NaNg& 37Fstslon, 8N =1ks} 2

ol
=<

FgMow 7tz pH7l 4.3, 5.0, 55, 6.00]
HEE 4709 AFs fA9S HEQU 7 79 degree of saturation 0.25%
7oz xAsiglth o]#EA wE &99E lon chromatography (790 Personal lon
Chromatography, Metrohm, Switzerland)® A& #2413 & A|H] 33} gHo=

AH-8-3} 31 th(Table 2).

Table 2. Composition of remineralization solution

Composition Group
1 2 3 4
Lactic acid (mM) 100 100 100 100
Calcium (mM) 30.01 7.13 2.47 1.02
Phosphate (mM) 13.27 3.71 1.43 0.51
Sodium azide (mM) 3.08 3.08 3.08 3.08
pH 4.3 5.0 5.5 6.0
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AFetrr Aol wel 17y HsseA Ad f5s2 9 F

patd
e}
R
K

o

QLo ZAASNGA, AA BES BV 2ol A FAse By

o

B3 (Fig. 4).

3) Group 32] #AF3} 47
AFe7E &g wel AdRETo] oS FHHAKO, 129 v

AA mEe 2ol o] FE

J\d'

FA X ekttt (Fig. 6).

4) Group 44| AFst &4
3y WA R Qs A Eed wel AREFol  uS
FRE oL, 1,27 ws] AA EFE E3F9 Zo] FTrE FAXA

2okt (Fig. 8).

5) pH #}ololl wE Group 1,2, 3,47t ¥l

AR BFoA AFst 93] Zolrt F7HHAE, pH o wE A
23] Zlo] W3lES 17 131.7+24.8%, 27 112.4+15.2%, 3 111.0%23.7%,
47" 104.0+153%% pH7F S7REel wep dA] @3] Zlolo w®istES
dadts A¥Fe Bioy SAA #Foake /ISl (Table 3) (Fig. 10). 117
FZo Zo MEES 17 132.2+7.8%, 2i¢ 127.2+15.2%, 37 124.2+19.2%,
455 1174412452 pH7} ZHAastel wel AAdES Z o WilEo] Frlsls
s Boou, A FAA FYAE §IH (Table 4) (Fig. 11). pH 7}

S 120 A= s ol 2ol dwtHor Hol= vk pH 7}



Fig. 1. Polarizing microscopic Fig. 2. Polarizing  microscopic
observation of demineralized enamel observation of remineralized enamel

(Group 1, X 100). (Group 1, X 100).

Fig. 3. Polarizing microscopic Fig. 4. Polarizing  microscopic
observation of demineralized enamel observation of remineralized enamel
(Group 2, X 100). (Group 2, X 100).

Fig. 5. Polarizing microscopic Fig. 6. Polarizing microscopic
observation of demineralized enamel observation of remineralized enamel
(Group 3, X 100). (Group 3, X 100).

12



Fig. 7. Polarizing microscopic Fig. 8. Polarizing  microscopic
observation of demineralized enamel observation of remineralized enamel

(Group 4, X 100). (Group 4, X 100).

Fig. 9. Change of demineraized depth = b/a * 100 (a : demineralized depth after
demineraization , b : demineralized depth after remineralization)

Change of surface lesion width = d/c * 100 (c : surface lesion width after demineralization , d :
surface lesion width after remineralization)

Red : subsurface lesion after demineralization, Blue : subsurface lesion after remineralization

13



Table 3. Change of demineralized depth in Group 1, 2, 3, 4

Groupl Group2 Group3 Group 4 F Sig.
Change of 131.7% 112.4+ 111.0x 104.0x+ 2.851 .053
demineralized depth 24.8 15.2 23.7 15.3
(%)
demineralized depth 102.9 107.0 118.8 126.6
after +24.8 +29.9 +51.1 +42.2
demineralization(a)
(um)
demineralized depth 138.6 120.1 131.8 130.1
after +63.7 +40.2 +55.9 +55.9

remineralization(b)
(um)

*Change of demineralized depth = demineralized depth after remineralization /

demineralized depth after demineralization x 100 (%) = b/a* 100 (%)
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= 120
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3

- 40
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9 20
2

© 0
=

(@]

Group

Fig. 10. Change of demineralized depth = b/a* 100 (a: demineralized depth after

demineralization, b : demineralized depth after remineralization)
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Table 4. Change of surface lesion widthin Group 1, 2, 3, 4

Group 1 Group 2 Group 3  Group 4 F Sig.
Change of surface 132.2% 127.2+% 124.2+ 117.4% .826 491
lesion width (%) 7.8 15.2 19.2 24.5
surface lesion width 20.6 22.5 21.0 21.5
after +5.8 +4.9 +6.7 +£8.5
demineralization(c)
(um)
surface lesion width 28.9 29.7 27.9 25.6
after +6.6 +7.9 £8.6 +6.2
remineralization(d)
(um)

* Change of surface lesion width = surface lesion width after remineralization / surface lesion width

after demineralization x 100 (%) = d/c * 100 (%)
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_S 100
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2 80
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Fig. 11. Change of surface lesion width = d/c * 100 (c : surface lesion width after demineralization,

d : surface lesion width after remineralization)
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2. Image Program& o]&3% E4

7b s7betelal, ARRSE ®Sst 2EFel v F2 densty & Kol 9lo

8 WA vEiAs e densitys Holal 9l

L B Bt s |

1) Group1l ¢ #|%3} A7

el He AgsA AdESI BT I Nl dubxow

-

o] £o] P o] densy’h HolAE A2 AW+ AT (Fig. 12).

2) Group2 9| #%F3} &~7

=3 Aol Hls) AFsAl dRbAQl =3 Ae]  density’} sobA A

o] &9 We] dolyt AL < F AT} (Fig. 13).

L5 ol AubA ol A FEt S Ho] density 7F sobxont 1,27

Hlel = AF-7HA] AGE7E Ay E A= Skt (Fig. 14).

4) Group 49 33 427
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ofji
o

AFstzb vlwd dd gZFHel weEe] yERsa Ao

Wael AFss B2EA 2o} (Fig. 15)

5) pH z}tolol] wE Group1,2, 3,43 712 W3} v
Zb tzre] AFst N 2e] Fof| densitye] WIES 17 129.4+21.39%,
2+ 120.0+18.25%, 3 116.7+15.30%, 4 107.0+16.07%= A4 9+

21t} (Table5) (Fig. 17).
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Fig. 12. Comparison of density in enamel before and after remineralization

(Group 1).
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Fig. 13. Comparison of density in enamel before and after remineralization

(Group 2).
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Fig. 14. Comparison of density in enamel before and after remineralization

(Group 3).
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Fig. 15. Comparison of density in enamel before and after remineralization

(Group 4).

Table 5. Mineral density change (%) of enamel after remineralization

Group Group 1 Group 2 Group 3 Group 4 F Sig.

Mineral density 129.4% 120.0% 116.7+ 107.0% 1.348 0.314

change after 21.39 18.25 15.30 16.07
remineralization
(%)

*Fig.16. 2+ %
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Fig. 16. Mineral density change of enamel after remineralization = (1 + b-a/b) x 100 (%) (a:

demineralized area after demineralization, b : demineralized area after remineralization)
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Fig. 17. Mineral density change of enamel after remineralization

20



V., 1.2k

W 27] 929 AFEe] AFE 9% WP ORE Moreno 5(1974)°] A QHet

acid buffer system #} Silverstone(1967)°] #|<F3+ acid gel system 5©] Ut} Acid gel

a9

system & AA A Aok 7] A3 AR FHE Wt AdEs Aol

N
N
ol
o,
)
32
=
<
9
3
2
=
(o]
\‘
E
o
©
=
(o]
O
S
N
N
>
>
oo
e
8.
o
o
=4
Q
g
&
flo
=
e
i)
=2

HEd x27] 49 7P @A 52 v FEe 2ol A2 A
HZ(suface zone)?t FEo Aol FE doju= ®TE 23] H-(subsurface
lesion)7t ##FTh= 3lo|th. Moreno 5 (1974)2 -2 EHZFS] FAS precipitation
- dissolution model = 483k Si=dl, Wi-ell A Eallel F7]do] Fime] Afelel] of s
Mak oFE gatss Aol =2 sl 71l ol AF ] dojitr]
wZolgkar shltt. o] Aol oatd W] Fx= WehA v dAE FE7t
obuel, shytelld FEjHE 24, <l Sol ARA HWA fAdva it
solubility diagram ol 4| (acidic condition 3}) &2 WAl °Fke] WHEgd &7t
HA dojuwia DCPD, fluoroapatite 52 Aol dojudt}, o]dt Hitol

HF Aol A HE2, DCPD, 589 Alolo] quasi-equilibrium “JEIE ©|&

21



ZHA A

[e]

=

olo] wtEM |actic acid 9
il—/‘\}o

=

Att.

[e;

3

[e)
calcium hydroxide potential

Holl DCPDe] AL o7 A]

3T
ar
)

.

v

IR
¥ 22 basic constituents (i.e. basic calcium phosphate) <]

chemical potential ©]

N
pl

ol
No
2%

5]

o] 2]

bt

S

3
=
T

L4

A

2
1

kel
=

T2

Bl

S

SHA dvkaL

S

(surface zone)}
_‘%_

water imbibition

=

=

ol F& AT 4§
E

3
s

ke:
¢}

]

A
2

o
-

]

7

x5t &3] (subsurface lesion)

gk 20~50 1 m

=

1

[e}
RS

s

°©

g 79l

=

(1994)°l €]

p=S

[e)
2k A 8] A intact

ion transport rate 7} subsurface lesion

shlu),

Thylstrup
o

-

R

g
sttt

}

pore volume ©] 5%

regenerationg &= ¢

Qe

3IA
=

N

B

o))
No

o

it
il
o
T

fire)
_Z#O
B

o
zo
B

g mAl F3tel

sl

23] 3ge] o

2aos

[}

)
-
oy
i

<]

B4

o

F ool

22

HIZHZ Hola,

3

A E7], E)7F

A7



)
4P
)
r o
olN
N
N
o2
oy
o
fitl
i
i
i)
rlr
=
o
l

o
1>
ok
[P
P
-_>‘J-"4
=2
-
N
i
o
™
DL
ol
ol
s

TE, 9, Ba ool WFW R AFsel WA 9 oAsiu

7

[}

A9

il

2
o

frEat7] meletn gk,

4

Agste] gk pHe] Pl disiAe= B AT AR ofF FEig
Aol x| e Aejo]t}. Featherstone 5(1981)2 #4133} o o] H A9
pHE F71de] F o] 7hsal WA &7 dojubA] ¥ 689 %9

pHE}aL &3tk Margolis 5(1986)%  1ppme] E47F ¥3kd A g}

vl 5200002 pH £ 4308 Asta A@3 A3 A AFGEA A e

pH ol A 712 o] o] FFH-9fo] wehso] dojuty] wiiol pHE HF3thal

N

o2

l

ol

R olAs pHE YWFolA AFstE & A 2o HA FAll

g

3]

i

Mo AERelA Frde] AF 5

iy

ads B7] el skl
au A S(1997)9] ATl o8k pH 7} 5504 thE pH Huk ¥ o2 A3 st

%3

tio
T
o

o 3k, A 5(2007)9 ATl E pH 437 50004 AEE

[¢]

Sl Aes|7F ok W, pH 55 Q1 A AFIA F7HH @3] 9 §lo]

23



AYE7 Qojskeh

K
I
3
_O‘L
32
v
ke
ot
A

5(2006)°ll ot A|Fst AFelA pH

6ol ool Aol wE Felo] w@Eo] dojwli, pH 436lAE A7

Lo

EEI W AFRNA T Pl #RE
@ ol AelA 100 olFeli FE pH 7} s ol ;o] w7}
[e)

dojut o ool dzo]l &rbssiglaL, ol HI AFIE 7dA ARlem

o)

A23190T. olel Ws} oy UL 17 2ol AFF 9] pH 7 YT e
A9 F7AHQ g8} A% Aasle] Hiol ckalslo] Al BYL AT 27 A

HA £

i)
38
N
=
Sl
r o
P
o
it
o
e
)
au)

Agstet xsteo] A gk AFES AR, ¥ 5(200002 ESFETH
7HE 2 7(0.390)1 4= 1] o] x5l wehE = AdS YERIThaL
, ©°l T(2009) pH43?1 AFst oMo Ay Al EIETE W o
(0.22)0l| A= o] 9] o] WA ARk o= dojgton, ¥x3wrt =55 1A
oA o WS AFst didol dojwtar ETE WadAe Agst didol

AA dojwttia sk T3 & 5(2009) %= ¥3=rF 7R wekd (0.25)0 A =

ABs AT ALEEE A3 Wyt BHOFT Aoba 5(1978)S X-ray diffraction

O

study S ©]-83H1 3L, Hakel 2(1983)°] %12} &n7%, Featherstone G-(1983) A4 9|

24



ofp

R A B!

b2

1S ek o] Hholl = Darling(1956)<]

S

has

3l Microradiography<} electron probe micro-

zk Groeneveld 5(1974)°] A&

s

B

)

—

o i}, weba ol

]
v

o

density

35t

29

e B

o
=

A

B

]

A

ol

0
=

e

=
=

ato] Zdel density

s olg

213 (Scion Image analyzer)

Ay

|
A

Mo s Hla

=
[¢)

5o 4

AFE el UAg s

=T E

S

4rg vl

el i) o)

shapis

YA
b

ofolA 44k Aoliel densty &

ki3

=h

715

o)

of weh @3] zole] 77k TR pH o W

1
=

I

Fe=dl, pH 7F 24

7}3

=
o

Az &3] zZo] WSS 17 131.7+24.8%, 27 112.4+152%, 37 111.04 23.7%,

)

Al &3] zlole]

gl uet A

7}

=
€]

47" 104.0+153%% pH 7}

ATt (Table 3).

g EAR folAe

(}D;]\O

SAA

1174+ 2455

4t

3T 124.24+19.2%,

27 127.2+15.2%,

132.2+7.8%,

25



b e

d|

2=
N

Avte} v

43

(2006) <]

L
4 5

o]T‘:_

AATH (Table 4).

P
T

Ei

)

ke el F7) el

I

5

-
A

gholl uje}

7}

=
()

ASE pH 7}

2\
.
o
X

0

=)
0SS

p—

A
=

=

of BAH frol

A ¥

&

o st

HAT} (Table 5).

7+

=
o

7714]

O
TS w

SAAAIRE pH 7} 7H SetE 1ol A 7HE

e,

o] A Aol N FEY

Fol ©3]%-9]of

eoltt. pH 7+ 7F

-
.

o] et}

7

=9
==

1)

Jotell A vp2 Al

2

o 2]

Ao}

2o

> O
—

Jobol e

2

A 2=

olet &

Al
Al

3 vhs} gol AyAobe] A A

&

=
T

(2009)°]

p=S
[}

(2009)3} ©]

o =
b [e)

3} A9 o X dental history (

=4

—_
fite)

26



ol gatel uli, Brkshe

o
[SR=3

FA 1 single section technique

obg o] §3

5(

EEREEICH

293

1?_}_.

o pH ¥ WEAZA

=

%ou

b A =33t

S

43t

Aol A

ol

7

27



3| A7) 4L,

ATl =

ol

}o]

3|

st 47FA] A Fs) 8doll 7L A

S

o] pH & 43, 50, 55, 6.022 &7

oF

ko3
T

3] o} g3t

% ol gdtel @

F$itk. =3k Image program(Scion Image analyzer)

EEEEL

]

£ Hlaste] -7

I density

3

o] 9o Ao 7HE |eson F-99

—_
fite)

,.m.o
A

Tor

1

DL

s

b A

d|

=

35

EEHY

a7

1, 2vto A=

KR
T

1. pH 7} &

)

7
NJo

d

2. pH 7} ¥& 479 A

3. pH7} ¥

A 34 3t

5|
pul

s}w=7F 24#(0.253% pH 43, 50, 55 60 <

23|
B

—_
fi%e)
o}

T

oH
<M

)

M
(-

g, pH 7} ¥&

Qo

Al

ol

28



A

[e] 7;] < ]—
]4— A
= ° T [e]
&4 O ]_v_l‘ (o]
—_— o L. HA XX

03

el
;OO
ﬁo

29



o
i

A
A

o

10)

Ho

0

o
el
1
o
o

:pH 55004 A3 3} 84 2]

&

) O‘I?J_—

0

o}

—

7U
NB

jpace]

0
Ar

o] AFsle m A= F3F dighx] 2R E8ES] 2] 33: 481-92, 2009

w2

1
L

2ol AFste] wA]

o}, HpALSR =22, 2006.

3}
<1

Al
2]

e

X 7} R FE8F3] A 22: 193-208, 1997.

ki3

AT

O;

F09] pH Wsl7l obasl AYshe] v A

T3t &

o A

‘m.o
=

R

0

_/_U

3% 2} 1 E8F3) %] 32: 151-161, 2007

e

3

}3] 2] 25: 459-

I3
&1

2| I E =

s

o

A g}l

473, 2000.

x| 1. E38}F35]) 2] 34: 20-9, 2009

s

Wst o

AA X =5 7 34-41, 1992

Amjad Z, Nancollas GH : Effect of fluoride on the growth of hydroxyapatite and human dental

enamel. Caries Res 13: 250-258, 1979

30



Anderson : Clinical study of arresting dental caries. J Dent Res 17: 443-452, 1938

Aoba T, Okazaki M, Takahashi J, Moriwaki Y : X-ray diffraction study on remineralization

using synthetic hydroxyapatite pellets. Caries Res 12: 223-30, 1978

Darling Al : Studies of the early lesion of enamel caries with transmitted light, polarized light

and radiography. Brit Dent J 6: 289-341, 1956

Dirks OB : Posteruptive changes in dental enamel. J Dent Res 45: 503-511, 1966

Feagin F, Patel PR, Koulourides T, Pigman W : Study of the effect Ca, P, F and hydrogen
ion concentrations on the remineralization of partially demineralized human and bovine

enamel surfaces. Arch Oral Biol 16: 535-548, 1971

Featherstone JD, Mellberg JR : Relative rates of progress of artificial carious lesionsin bovine,

ovine and human enamel. Caries Res 15: 109-14, 1981

Featherstone JDB, Rodger BF : Effect of acetic, lactic and other organic acids on the

formation of artificial carieslesion. Caries Res 15: 377-385, 1981.

Featherstone JD, Rodgers BE, Smith MW : Physicochemical requirements for rapid

remineralization of early carious lesions. Caries Res 15: 221-35, 1981

Featherstone JD, ten Cate JM, Shariati M, Arends J : Comparison of artificial caries-like
lesions by quantitative microradiography and microhardness profiles. Caries Res 17: 385-91,

1983

31



Groeneveld A, Jongebloed W, Arends J : The mineral content of decalcified surface enamel. A

combined microprobe- quantitative microradiography study. Caries Res 8: 267-74, 1974

Haikel Y, Frank RM, Voegel JC : Scanning electron microscopy of the human enamel surface

layer of incipient carious lesions. Caries Res 17: 1-13, 1983

Head : A study of saliva and its action on tooth enamel in reference to its hardening and

softening. JAm Med Assoc. 59: 2118-2122, 1912

Lammers PC, Borggreven JMPM, Driessens FCM : Influence of fluoride on in vitro

remineralization of artificial subsurface lesions determined with a sandwich technique. Caries

Res 24:81, 1991

Margolis HC, Moreno EC, Murphy BJ: Effect of low levels of fluoride in solution on

enamel demineralization. J Dent Res 65: 23-29, 1986.

Moreno EC, Zahradnik RT : Chemistry of enamel subsurface demineralization in vitro. J Dent

Res 53: 226-235, 1974.

Silverstone LM : Observation on the dark zone in early enamel caries and artificial like lesions.

Caries Res 1: 267-274, 1967.

Silverstone LM, Wefer JS, Zimmerman BF, Clark BH, Featherstone MJ : Remineralization

phenomena. Caries Res 11: 59-84, 1977.

32



Ten Cate M, Arends J: Remineralization of artificial enamel lesions in vitro. IV. Influence of
fluorides and diphosphonates on short- and long-term reimineralization. Caries Res 15: 60-9,

1981

Ten Cate IM, Duijsters PPE : Alternating demineralization and remineralization of

artificial enamel lesions. Caries Res 16: 201-210, 1982.

Thylstrup A, Fejerskov O : Textbook of Clinical Cariology, 2nd edition, Munksgaard, 1994

33



Abstract

THE INFLUENCE OF DIFFERENT pH ON
REMINERALIZATION OF ARTIFICIALLY DEMINERALIZED
ENAMEL

Keun young Yoon, D.D.S.

Department of Dentistry, the Graduate School, Y onsei University

(Directed by Professor Chanyoung Lee, D.D.S., M.S.D., D.D.SC.)

There is considerable evidence that remineralization and demineralization occur
simultaneoudly in enamel caries. Many experiments have been carried out to determine the
optimal conditions for remineralization of incipient dental caries to occur. It was shown that
the remineralization process is affected by the pH, lactic acid concentration, degree of
saturation, chemical composition of the enamel, and fluoride concentration and etc. Thus, this
study observed the remineralization aspect of the enamel by changing the pH of the organic
acid (4.3, 5.0, 5.5, 6.0) while keeping the organic acid concentration and the degree of

saturation constant.

In this study, artificially demineralized enamel was treated with remineralization solution
of different pH (4.3, 5.0, 5.5, 6.0) with the same degree of saturation for 7 days. Then using a
polarizing microscope, changes in the demineralization depth and the surface lesion width
were measured. The changes in minera density were also compared and analyzed using a

computer program.
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1. Ingroupsl, 2, with the lower pH, remineraization tended to occur thoroughly from
the surface to the subsurface lesion, and the total demineralization depth also

showed atendency to increase.

2. In group 4, with the highest pH, remineralization tended to occur mainly in the surface

lesion, and there was no change in the total demineralization depth.

3. Asthe pH decreased, a greater degree of remineralization tended to occur.

In conclusion, in remineralization solutions of different pH (4.3, 5.0, 5.5, 6.0) with the
same degree of saturation, demineralization and remineralization occurred simultaneoudly. As
the pH decreased, mineralization tended to occur thoroughly from the surface to the
subsurface lesion. As the pH increased, remineralization tended to occur mainly in the surface
lesion, but minimaly in the deep subsurface lesion. Although there was no statistical

difference, asthe pH decreased, a greater degree of remineralization tended to occur

Key Words. Demineralization, Remineralization, pH, Degree of saturation
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