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ABSTRACT

THE INFLUENCE OF pH AND LACTIC ACID CONCENTRATION ON THE FORMATION OF
ARTIFICIAL ROOT CARIES IN ACID BUFFER SOLUTION

Hyun-Suk Oh, Byoung-Duck Roh, Chan-Young Lee*
Department of Conservative Dentistry, College of Dentistry, Yonsei University

The purpose of this study is to compare and to evaluate the effect of pH and lactic acid concentra-
tion on the progression of artificial root caries lesion using polarizing microscope, and to evaluate the
morphological changes of hydroxyapatite crystals of the demineralized area and to investigate the
process of demineralization using scanning electron microscope.

Artificial root caries lesion was created by dividing specimens into 3 pH groups (pH 4.3, 5.0, 5.5), and
each pH group was divided into 3 lactic acid concentration groups (25 mM, 50 mM, 100 mM). Each
group was immersed in acid buffer solution for 5 days and examined. The results were as follows:

1. Under polarized microscope, the depth of lesion was more effected by the lactic acid concentra-

tion rather than the pH.

2. Under scanning electron microscope, dissolution of hydroxyapatite crystals were increased as the
lactic acid concentration increased and the pH decreased.

3. Demineralized hydroxyapatite crystals showed peripheral dissolution and decreased size and
number within cluster of hydroxyapatite crystals and widening of intercluster and intercrystal
spaces as the pH decreased and the lactic acid concentration increased.

4. Under scanning electron microscope evaluation of the surface zone, clusters of hydroxyapatite
crystals were dissolved, and dissolution and reattachment of crystals on the surface of collagen
fibrils were observed as the lactic acid concentration increased.

5. Under scanning electron microscope, demineralization of dentin occurred not only independently
but also with remineralization simultaneously.

In conclusion, the study showed that pH and lactic acid concentration influenced the rate of progres-
sion of the lesion in artificial root caries. Demineralization process was progressed from the surface of
the cluster of hydroxyapatite crystals and the morphology of hydroxyapatite crystals changed from
round or elliptical shape into irregular shape as time elapsed. (J Kor Acad Cons Dent 32(1):47-60, 2007)

Key words: Root caries, Acid buffer solution, pH, Lactic acid concentration, Demineralization,
Hydroxyapatite, Scanning electron microscope
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Table 1. The composition of initial demineralization
solution of group pH 4.3

pH 43 43 43

Lactic acid (mM) 25 50 100
Ca* (mM) 13.00 12.50 15.30
PO4” (mM) 4.20 6.80 9.00
Sodium azide (mM) 3.08 3.08 3.08

Degree of saturation ~ 0.15475  0.15493 0.15446

Table 3. The composition of initial demineralization
solution of group pH 5.5

pH 5.5 5.5 5.5

Lactic acid (mM) 25 50 100
Ca* (mM) 1.00 1.27 1.80
PO4” (mM) 0.40 0.50 0.60
Sodium azide (mM) 3.08 3.08 3.08

Degree of saturation ~ 0.15408  0.15422 0.15402

2. Stock 29| H|=

30% -89 (Sigma Co., TAHF 90.08, EX= 1.080)
= o83t 1 M9 fAked& Az & AFsto 1.03
M= st dsaEEY (Sigma Co., A
111 0)= o83t 0.3 M9 895 A=zt A&

2 (Sigma Co., ¥A4HF 136.1)% o|&3k] 0.9 M9 &
‘ﬂ% Azstqom ztzte] &9 Jon chromatography
(790 Personal Ion Chromatography, Metrohm,
Switzerland) 2 #413td 0.295 M, 0.930 M <& &<l

Adroz 379 pH (pH 4.3, 5.0, 5.5) 2.2 WY
7k pH& 3709 4% & (25 mM, 50 mM, 100 mM)
7o 2 ] BFAY. 4 29 8§44 2, <l
S stock solution© ZHE #3l1 bacteriostatic 317
371 98l 0.0308M sodium azide® F7}3ta pH
meter (Model 920A, Orion Research Inc., U.S.A)Z
Z3lol| date pH7E S =8 8N KOHE H7betdA 24
I 42 TRTE o] &3t F 500 mi7}t HA st €3
HF8AE A XS (Table 1 - 3). AlzE 479 &

& SI5BYUS pH & UG ST} AZHDLHS Yo D/FE 5

Table 2. The composition of initial demineralization
solution of group pH 5.0

pH 5.0 5.0 5.0

Lactic acid (mM) 25 50 100
Ca* (mM) 1.98 3.90 4.20
PO+ (mM) 1.90 1.10 2.04
Sodium azide (mM) 3.08 3.08 3.08

Degree of saturation ~ 0.15467  0.15419 0.15439

< Ion chromatography (790 Personal Ion Chro-
matography, Metrohm, Switzerland)2 % & 45}
A H 9] initial demineralization solution® & A}&-3}

AT,

4. SOHE P4 Haol ¥

50 cc ZEt2E &7]9] 30 ccd 23] dFEAS A+
ol Az =S 1GAIZ g

24N 7t HAo R 27 1Y, 39, 59A ghEgaldA] 7

=
@ AE S SRTE AEA Aol 408, 100ue] A
B (1221, 94, @=)or ddsia Wst ¢
£ AR Bgee] TR RE P B2 29 2
T4 dolE 94 WA Zo|& B Qo il B9 E A
83t T micrometer ©]-&3te] 1 Aol & SH T}

2} QA ot Al Al Fet7] Slal Aok
Az FA o7 osteotomeJJr malletS o]&3t] A&

P A 7Tk, olu sbdE AlH-& %Ter-’?oﬂ 24’\] =
Azsto] s yeA] A =
5 %=% nail varnish& Eiﬁf} j’%
50cc Eet2E 84719 Yol C
Bt 7242 1Y, 3‘”, SUS AlAS &3 g5
A AW SRTFE AHG § Ao FFo] FHo=
osteotomeZ} mallets ©|-&sto] X|2g FEAZ T FH|
d AlHL aluminium stubdl] ZHAIZ] T 2 dE] ol A
Ta Agste FARAER 7 (S-800, Hitachi, Japan)
o2 #Es.
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1. Hysio|d oA TALUTE WA BAE FA Aobdd vl %
AEZEY Fdol wA UehEtt. Wi BAeA e ok

1) &3] 27 (Figures 1 - 3) '04 T dopilde] FelS B & glglont dopd
AFAoT PP Fold Sz AAA Wa = < upe} e 92 WA BA bl o] 2o Ee Fujub
%2 HA R (saucer shape) &2 EE AJH #H2A] )3 7 Fe9) = (zone of band)ll 98} F4 Ao}A 3} FE ]
o] Bl Zol7t dstH HAad AAE i Ak, Fold HeHZME % 5 - 10 m FA %2 &

50

(a) Lactic acid 25mM (b) Lactic acid 50mM (¢) Lactic acid 100mM

Figure 1. Polarizing microscopic view of demineralized dentin of group pH 4.3 in acid buffer solution (5 day treatment,
X 100, imbibed in water).

(a) Lactic acid 25mM (b) Lactic acid 50mM (c) Lactic acid 100mM

Figure 2. Polarizing microscopic view of demineralized dentin of group pH 5.0 in acid buffer solution (5 day treatment,
X 100, imbibed in water).

a) Lactic acid 25mM ) Lactic acid 50mM ¢) Lactic acid 100mM

Figure 3. Polarizing microscopic view of demineralized dentin of group pH 5.5 in acid buffer solution (5 day treatment,
X 100, imbibed in water).
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Figure 4. The effect of the pH and lactic acid conce-
ntration in buffer solution on the progression of
artificial root caries (um).
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1) B4 Aok (Figures 7-1, 8-1)

73 ot M= dotHl# (dentinal tubule) 2 &5
ol (peritubular dentin), &3t %ol (intertubular
dentin)2 #2E 4= ot HH FTolA g A
ot o] 7ol vHlwd Fa A7 1E 4kekle A
ZA%o] et wjdE o] glo] F3to] Ad iUt Ao}
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Zone F

x 150

Figure 5. SEM image of demineralized pattern in root
dentin (pH 4.3-Lactic acid 100mM).
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1) Zone A

(b) x 50,000 (b) x 50,000

(b) x 50,000 (b) x 50,000

(b) X 50,000 (a) X 1,000 (b) X 50,000

Figure 6. SEM images of demineralized dentin of pH 4.3-Lactic acid 100 mM (zone A - zone F).
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1) Normal dentin 2) pH5.5-Lactic acid 100mM

3) pH5.0-Lactic acid 100mM

L AZEA| pH ' FLte| ST} AZAIZ-RA S FYof 0/F= FE

o] A2l wide] tt2A Uehd A= & F AUk Zone
D (Figure 6-4)°llA = FAHIRISIA A4 clustere] & H
5 #EE F Aoy o] Fof ARdAe #F dotd e
W7317] o]t} Zone E (Figure 6-5)& zone D &P
o FAE AFsHE WMeZ=02 zone DA YeERE AT}
9] ARSI A o] XustA W e AS &
o1g 4= Y. Zone F (Figure 6-6)= B3] ¥ 7ol 3t
Wl EAlste A7 AEe] dobd S Ve 2 gitt

@ pH 4.3¢ (Figures 5, 6, 7-4, 8-4)

b F=7 25 mMQl AlHe] &3] 27l ARl
43 e gAY deo] #8134 2% FETL
25 e AL el ws) 2% 277} 2t sl o
u ARl Aatetes 23 27le o Aasiila 2%
clusterst cluster Atole] F3te F7tEom 24 §

4) pH4.3-Lactic acid 100mM

Figure 7. SEM images of demineralized dentin of peritubular dentin (X 50,000).

1) Normal dentin

3) pH5.0- Lactic acid 50 mM  4) pH4.3- Lactic acid 50 mM

2) pH5.5- Lactic acid 50 mM

Figure 8. SEM images of demineralized dentin of intertubular dentin (X 100,000).
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