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Abstract 

Dental calculus formed after 10 days on resin 
plates, applied to the lingual sides of the mandibular 
gingival regions in eight human subjects, was investi
gated by means of scanning electron microscopy (SEM) 
and energy-dispersive X-ray microanalysis (EDX). The 
mineral deposits were mainly divided into three types: 
A, B, and C. The type A deposits showing an average 
Ca/P molar ratio of 1.42 were densely packed with fine 
needle-shaped crystals formed by the intra- and extra
cellular calcification. The type A deposits, probably 
composed of Ca-deficient apatites and the transitional 
forms between apatite and octacalcium phosphate (OCP), 
were observed in all subjects. The type B deposits 
showing an average Ca/P molar ratio of 0.96 were ag
gregated with polygonal column, triangular plate-shaped, 
and rhombohedral crystals. These crystals identified as 
brushite (CaHPO 4-2H2O: dicalcium phosphate dihydrate: 
DCPD) were found in four subjects. Platelet-shaped 
crystals of the type C deposits were observed in three 
subjects. Their Ca/P molar ratio of 1. 26 and the crystal 
shape were similar to those of OCP. Whitlockite crys
tals were not found although Mg-containing hexagonal 
disk-like crystals were observed in two subjects. 

Key Words: Resin plate, oral cavity, early dental 
calculus, scanning electron microscopy, energy-dis
persive X-ray microanalysis, crystal shape, Ca/P molar 
ratio, brushite (DCPD). 
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Introduction 

Among the major inorganic constituents of human 
dental calculus, brushite [CaHPO 4-2H2O: dicalcium 
phosphate dihydrate: DCPD], octacalcium phosphate 
[Ca 8(PO 4)iHPO 4)i5H 2O: OCP], hydroxyapatite 
[Ca 10(PO4MOH)i: HAP], and ~-tricalcium phosphate 
or whitlockite [Ca 10(HPO 4)(PO 4) 6 : WHT] have been 
revealed in X-ray diffraction analyses [17, 20, 21, 52, 
60]. Their native and synthetic crystal habits are as 
follows; DCPD is a triangular plate, polygonal column, 
and rhombohedral in shape [3, 4, 34, 37, 40-42, 46, 51]; 
OCP is needle-, ribbon-, flake-, and plate-like in shape 
[6, 8, 36-39, 42, 46, 49]; HAP is hexagonal dipyramidal 
and needle- or rod-like in shape [6, 25, 37, 46, 49, 54]; 
while WHT is rhombohedral and cuboidal in shape [ 11, 
15, 42, 49, 54]. 

Crystal identification in human dental calculus has 
been mainly performed by transmission electron micros
copy (TEM) with electron diffractions [16, 27, 53, 55, 
58, 63]. Based on this method, the long ribbon-shaped 
crystals were determined to be OCP [55], the fine nee
dle-shaped crystals to be HAP [16, 53, 58], and the 
rhombohedral crystals to be WHT [27, 63], whereas the 
fine hexagonal column-shaped crystals in early calculus, 
4 to 8 days old [57] and young calculus, 3 months old 
[58], were suggested to be DCPD by Schroeder [58, 59]. 
Using scanning electron microscopy (SEM), needles or 
elongated shapes, different shapes and sizes of platelet 
forms, and cuboidal crystals were observed in old dental 
calculus [ 43]. 

The ideal molar calcium to phosphorous ratios 
(Ca/P) for different calculus phosphates are as follows: 
1.00 for DCPD [3, 4, 12, 37, 52]; 1.33 for OCP [6, 12, 
37, 49, 52]; 1.67 for HAP [6, 12, 25, 37, 49, 52]; and 
1.29 to 1.43 for magnesium (Mg) containing WHT 
[Ca9Mg(HPO 4)(PO 4)6] [7, 12, 26]. Such Ca/P molar 
ratios and crystal shapes can be used as the indicators of 
biological calcium phosphate crystals. 

From crystal shapes and Ca/P molar ratios based 
on examination with a SEM and a SEM fitted with an 
EDX system [28-32], we classified three kinds of 
calcium phosphate crystals in old dental calculus as 
follows; fine grain-shaped HAP [29, 32], variably plate-
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Table 1. Subjects, sex, age, and number of crystals 
masses analyzed by SEM-EDX 

Subject Sex Age Analyzed mass 
(No.) (years) (No.) 

I Male 42* #1 - #6 
II Female 25 #1 - #5 

III Female 22 #1 - #5 
IV Male 36* #1 - #4 
V Male 37* #1 

VI Male 22* #1 - #3 
VII Male 24 #1 - #3 

VIII Male 33 #1 - #3 

*smoker 

shaped OCP [29, 31, 32], and hexahedrally based Mg
containing WHT [28-30]. In these studies, DCPD crys
tals were not observed. Kani et al. [24] using micro
beam X-ray diffraction analysis, also did not find 
DCPD, although Grnn et al. [17] reported that DCPD 
occurred infrequently and only in small amounts. 

Schroeder and Bambauer [60] reported that DCPD 
was most frequent in young supragingival calculus de
posits ranging in age from 22 to 27 days and less in old 
ones, whereas HAP and WHT were detectable more fre
quently in old than in young calculus deposit~, and that 
OCP occurred in addition to DCPD in the earhest stages 
of development of dental calculus and was also one of 
the main constituents in old calculus. Morphologically 
Schroeder and his co-workers [57-59, 61] proposed that 
during the formation of dental calculus, two mineraliz
ation centers of type A and B should be distinguished 
and suggested that the crystals of A- and B-centers were 
formed by HAP and DCPD, respectively. 

In the present study, using resin plates exposed to 
human oral cavities for 10 days, we illustrate the three
dimensional shape of calcium phosphate crystals which 
have not been investigated in the early stages of dental 
calculus formation by means of SEM and SEM-EDX, 
although there were a number of studies on early 
calculus up to 14 days of age [16, 44, 45, 47, 56, 57, 
61] and young calculus ranging in age from 22 days to 
3 months [44, 58, 60] using weight measurement [45], 
chemical analysis [55], light microscopy [44, 47, 56, 61, 
64], TEM [57, 61], TEM with electron diffractions [16, 
58], and X-ray diffraction analysis [60]. In additi~n, 
these crystals and their frequency were compared with 
that of early, young, and old dental calculus reported 
previously. 

Materials and Methods 

For this experiment, an acrylic dental resin plate 
fitted with simple clasps was applied to the lingual side 
of mandibular incisors of the gingival region in eight 
human subjects aged 22 to 42 years (Table 1), who had 
no systematic nor salivary gland diseases. The subjects 
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(I-VIII) were allowed to remove the resin plates during 
meals and tooth brushing. An exposure period of the 
resin plate to the oral environment of 10 days, similar to 
that used in previous studies [16, 45, 47, 56, 57, 61], 
was selected. 

The resin plates with attached dental plaque and 
calculus deposits were fixed in 70 % ethanol for one day, 
and the regions with the deposits were cut into small 
pieces of an area of about 1 x 1 cm 2 with a diamond 
wheel under running tap water. Several large masses of 
the deposits were removed from the resin plates with 
tweezers. About half of the specimens were rinsed in 
distilled water, dried in the air, and coated with carbon 
in a Hitachi HUS-5GB high vacuum evaporator; so that 
the principal elements of dental plaque and the mass 
which involved much the same crystals in shape and size 
could be analyzed at 5 points in quantity and quality by 
using a Hitachi X-560 SEM fitted with a Kevex 7000Q 
EDX (SEM-EDX). The number of the analyzed crystal 
masses in each subject (I-VIII) were up to 6 (#1-#6 in 
Table 1). The microprobe conditions were 15 kV accel
erating voltage and lxl0- 7 mA specimen irradiation cur
rent. The standard sample for quantitative analysis of 
Ca and P was native fluorapatite. Sulphur (S) and Mg 
were not quantitatively analyzed. The remaining speci
mens were treated with about 10% sodium hypochlorite 
(NaOCl) for one hour, in order to remove organic matter 
[22, 23, 29, 30, 32]. They were rinsed in running tap 
and distilled water, and dried in the air. All specimens 
treated with and without NaOCl were coated with a 10 
to 15 nm thick platinum-palladium layer in an Eiko IB-5 
ion sputtering apparatus and photographed by a Hitachi 
S-430 SEM operating at 20 kV. 

Results 

Macroscopically, the deposits on the resin plates, 
white in color, showed no distinction between dental cal
culus and plaque. These deposits were attached to the 
cervical edges of the resin plates, with their outer sur
faces exposed to the oral cavity, and their inner surface 
adjacent to the gingiva, although their areas and volumes 
varied. 

Figures 1 to 6 show the scanning electron micro
graphs of early dental calculus including type A deposits 
(without and with NaOCl in Figs. 1 and 2); type B de
posits (without and with NaOCl in Figs. 3 and 4); and 
new type C deposits and others (Figs. 5 and 6). 

Under the SEM-EDX analysis followed by the 
SEM observation, dental plaque containing microorgan
isms and no crystals occasionally showed a smooth sur
face (Figs. la-c). From such a plaque, S, Ca, and P 
were detected qualitatively, although the S content was 
rather small, and the Ca and P concentrations by weight 
were 2.30 + 2.73 and 2.29 ± 2.01 % (Mean± S.D., n 
= 25; 5 sa;ples x 5 points). In other deposits except 
for the plaque, the tightly packed masses, in various 
shapes and sizes, showing bacterial molds and micro
organisms on the surfaces (type A: Figs. la-d, 3e), and 
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Figs. la-d. SEM micrographs of the natural surfaces of the type A deposits. Samples were not treated with NaOCI. 
Bacterial molds (arrows) on the tightly packed masses (A: type A deposits), microorganisms (MO, particularly in b), 
and plaque (PQ) showing a smooth surface are seen. 
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Table 2. SEM-EDX analysis of the type A deposits as 
shown in Figures la-d and 3e. 

Sample Ca p Ca/P 
(No.) (weight%) (weight%) (molar) 

I-#1 21.49 12.68 1.31 

II-#1 31.23 17.06 1.42 
#2 28.79 16.03 1.39 
#3 26.65 14.55 1.42 

III-#1 30.97 17.33 1.39 
#2 30.45 17.43 1.35 
#3 28.57 15.31 1.44 
#4 21.69 11.35 1.49 

IV-#1 30.05 16.93 1. 38 
#2 28.79 15.63 1.43 

V-#1 25.82 15.22 1.32 

VI-#1 26.63 12.41 1.73 

VII-#1 27.75 15.99 1.35 
#2 26.84 14.11 1.48 

VIII-#1 27.41 15.01 1.41 
#2 26.48 15.13 1.34 

Mean of 5 points; I - VIII: subjects; 
#1 - #4: a number of analyzed masses 

Total 27.48 15 .14 1.42 
±2.84 ±1.79 ±0.10 

Mean ± S.D. (n = 80: 16 samples x 5 points) 

--- -- --- ----- -- - -------------- --- -- --------- -

Table 3. SEM-EDX analysis of the type B deposits as 
shown in Figures 3a-e. 

Sample Ca p 

(No.) (weight%) (weight%) 

I-#2 22.25 17.26 
#3 21.73 17.66 
#4 21.60 17.65 
#5 20.54 16.15 

II-#4 23.40 19.01 
#5 23.29 18.67 

VI-#2 19.06 15.85 
#3 18.45 15.36 

VIII-#3 18.99 14.73 

Mean of 5 points; I, II, VI, VII: subjects; 
#2 - #5: a number of analyzed masses 

Total 21.03 
± 1.87 

16.93 
±1.48 

Ca/P 
(molar) 

1.00 
0.95 
0.95 
0.98 

0.95 
0.97 

0.93 
0.90 
1.00 

0.96 
±0.03 

Mean ± S.D. (n = 45: 9 samples x 5 points). 
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Table 4. SEM-EDX analysis of the type C deposits as 
shown in Figures 5a, b. 

Sample 
(No.) 

I-#6 
III-#5 

VII-#3 

Ca 
(weight%) 

25.10 
24.95 
11.89 

p 
(weight%) 

15.67 
15.02 
7.51 

Mean of 5 points; I, III, VII: subjects; 
#3, 5, 6: a number of analyzed masses 

Total 20.65 
±7.58 

12.73 
±4.54 

Ca/P 
(molar) 

1.24 
1.29 
1.24 

1.26 
±0.03 

Mean ± S.D. (n = 15: 3 samples x 5 points) 

aggregations of visualized crystais under the lower SEM 
observation with no treatment (type B: Figs. 3a-e; type 
C: Figs. 5a,b) were distinguishable. From these masses 
and aggregations, larger amounts of Ca and P were de
tected (Tables 2-4); therefore, the type A, B, and C 
deposits were recognized as calcium phosphate calculus. 

The type A deposits shown in Figures 2a, 2b, 3e, 
and 6b formed by intra- and/or extracellular calcification 
were found in all subjects I to VIII. Fine needle-shaped 
crystals were observed on the surfaces (Fig. 2b). Table 
2 shows the mineral content of the type A deposits. The 
Ca and P concentrations were 27.48 ± 2.84 and 15.14 
± 1.79%, respectively (Mean± S.D., n =80; 16 sam
ples x 5 points). The Ca/P molar ratio was 1.42 ± 0.10 
ranging from 1.31 to 1.73, but most of the deposits 
showed an average less than 1.49 except for one subject 
(sample VI-#1 in Table 2). 

The type B deposits shown in Figures 3a-e and 
4a-e clearly differed from the type A deposits. The 
large crystals, frequently deposited on and between the 
masses of the type A deposits, mainly showed polygonal 
columnar and triangular plate-like shapes, but rarely a 
rhombohedral shape. Their sizes measured about 2 to 20 
µmin length. Table 3 shows the mineral content of type 
B deposits observed in four resin plates (subjects I, II, 
VI, VIII). The Ca and P concentrations were 21.03 ± 
1.87 and 16.93 ± 1.48%, respectively (Mean ± S.D., 
n = 45; 9 samples x 5 points). The Ca/P molar ratio 
was 0.96 ± 0.03 ranging from 0.90 to 1.00. The Ca 
concentration and the Ca/P molar ratio of the type B 
deposits were significantly lower (p < 0.01) than those 
of the type A deposits, although there was no significant 
difference (p < 0.05) in the P concentration (Tables 2, 
3). 

Masses of flake or platelet-like crystals were ob
served on rare occasion in limited areas of three resin 
plates (Figs. 5a, 5b; subject I, III, VII). The Ca and P 
concentrations were 18.40 ± 7.65 and 11.35 ± 4.62%, 
respectively (Mean ± S.D., n = 15; 3 samples x 5 
points). The Ca/P molar ratio was 1.25 ± 0.03 ranging 
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Table 5. Variation of the crystal composition in eight 
subjects. 

Type 

Subject A B 

I +1 +2 
II +3 +2 

III +3 I 
IV +3 I 
V +2 I 

VI +1 +2 
VII +3 I 

VIII +3 +1 

+3: large amounts and frequently 
+2: small amounts but frequently 
+ l: small amounts and rarely 
/: not found 
•: oval-shaped crystals 

••: hexagonal disk-like crystals 

C Others 

+1 
I + 1 ** 

+1 + 1 *, ** 
I + 1 •, •• 

I I 
I I 

+1 I 
I I 

from 1. 24 to 1. 29 (Table 4). These crystals were cate
gorized into the type C deposits. Statistically, the Ca/P 
molar ratio was significantly lower (p < 0.01) than that 
of the type A deposits, and higher (p < 0.01) than that 
of the type B deposits (Tables 2 to 4). 

In two subjects, oval-shaped crystals measuring 
about 1 to 3 µm in length were rarely seen (Fig. 6a; 
subject III, IV). The Ca and P concentrations were 
25.84 ± 2.19 and 14.29 ± 1.14%, respectively (sample 
IV-#4; Mean ± S.D. n = 5), and the Ca/P molar ratio 
was 1.40 ± 0.05. Calcium phosphate crystals contain
ing a small amount of Mg were found in some areas of 
three resin plates attached with the type A and B depos
its (Figs. 4e, 6b; subject II, III, IV). The crystals meas
uring about 3 µm in maximum length showed hexagonal 
disk-like shape, but the Ca, P, and Mg concentrations 
could not be quantitatively analyzed by the SEM-EDX 
due to the very small masses of the crystals. 

The variation of the crystal composition of early 
dental calculus formed after 10 days in eight subjects is 
summarized in Table 5. When the frequency of type A 
is compared with that of type B deposits, four subjects 
showed type A only, one subject had a larger volume of 
type A than type B, one subject clearly showed type A 
and B, and two subjects had a relatively larger volume 
of type B than type A. 

Discussion 

Schroeder [56] reported that there were no differ
ences between early (up to 12 days old) and old supra
gingival calculus in their percentage Ca and P contents 
of the deposit' s ash. The Ca content in 12 days old cal
culus (31 % ) was similar to that of the type A deposits 
(27. 5 % in Table 2) rather than that of the type B depos
its (21.0%), while the P content (19%) was similar to 
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Figs. 2a,b. SEM micrographs of the A type deposits. 
Samples were treated with NaOCl. a: Intracellular cal
cification of bacteria on the fractured surface. b: Extra
cellular calcification showing fine needle-shaped crystals 
and bacterial molds (arrow). 
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Figs. 3a-e. SEM micrographs of the natural surfaces of 
the B type deposits. Samples were not treated with 
NaOCl. Various sized crystals show polygonal columnar 
(a, c-e) and triangular plate-like shapes (a, b). In e, the 
B type deposits (B) exist between the type A deposits 
(A). Arrows: bacterial molds. 

that of the type B deposits (16.9% in Table 3) rather 
than that of the type A deposits (15 .1 % ) . Schroeder 
[57-59] and his co-workers [61] proposed that during the 
formation of dental calculus, two mineralization centers 
of type A and B should be distinguished, and suggested 
that the crystals of A-centers formed by intra- and extra
cellular calcification was hydroxyapatite (HAP) while 
crystals of B-centers were brushite (DCPD). 

In the present study, we classified the crystals of 
early dental calculus formed after 10 days into three 
types A, B, C, and the others, except for dental plaque. 
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Figs. 4a-e. SEM micrographs of the type B deposits. 
Samples were treated with NaOCI. Various sized crys
tals show polygonal columnar (a-d) and triangular plate
like shapes (a-c), and rarely show a rhombohedral shape 
(e). These B type deposits (B) frequently exist on and 
between the A type deposits (A). An arrow in e shows 
hexagonal disk-like crystals (also see Fig. 6b). 

Fine needle-shaped crystals of the type A deposits re
sembled HAP rather than octacalcium phosphate (OCP) 
on account of the crystal shapes and the Ca/P molar 
ratios (Fig. 2b; Table 2) [6, 12, 25, 29, 32, 37, 46, 49, 
52-54, 57-59]. Most of the crystal masses showed less 
than 1. 67 of HAP in the Ca/P molar ratio; they may be 
Ca-deficient HAP [37, 50] or defective HAP [5, 12], but 
some of them might be transitional forms between OCP 
and HAP (OCP-HAP) [2, 6, 37-39, 48, 49]. Only in 
one case of the type A deposits, the Ca/P molar ratio 



T. Kodaka, Y. Ohohara and K. Debari 

Figs. Sa, b. SEM micrographs of the type C deposits. The natural surfaces showing flake or platelet-like crystals. 
Samples were not treated with NaOCI. 

Figs. 6a, b. SEM micrographs of crystals distinguished from the type A, B, and C deposits. a: oval-shaped crystals 
on the inner surface of calculus without NaOCl-treatment. b: hexagonal disk-like crystals (arrow) on the type A 
deposits (A) treated with NaOCI. 
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exceeded 1.67 (Table 2). The crystals may be HAP con
taining carbonate on phosphate sites [12, 35, 37]. From 
these Ca/P molar ratios and the thinner crystal shapes, 
the crystallization will be less than that in old dental 
calculus. 

Variable crystals of the type B deposits were 
identified as DCPD, because the shapes and the Ca/P 
molar ratios of the crystals are similar to those of DCPD 
(Figs. 3, 4; Table 3) [3, 4, 12, 34, 37, 40-42, 46, 51, 
52], and DCPD crystals are one of the major constitu
ents of dental calculus [37, 52, 60]. These three-dimen
sional shapes under SEM have not been reported in den
tal calculus although a crystal shape on human enamel 
surface shown by Hoyer et al. [18] was about equal to 
our Figure 3c. The DCPD crystals were not reported in 
old dental calculus except in Grnns' study [17]. 

The crystals of the type C deposits resembled 
OCP rather than DCPD in their shapes and their Ca/P 
molar ratios (Fig. 5; Table 4) [6, 12, 29, 31, 32, 36, 37, 
42, 46, 49, 52, 55]. These crystals may be OCP or the 
transitional forms between DCPD and OCP (DCPD
OCP) [l, 12, 37, 60]. 

In the other crystals, oval-shaped crystals (Fig. 
6a) were similar to the type A deposits in their Ca/P 
molar ratio. The crystals might be Ca-deficient HAP 
although the oval-shaped crystals have been not reported 
in dental calculus. 

Mg-containing hexagonal disk-like crystals (Figs. 
4e, 6b) agreed with those in the old dental calculus re
ported in our previous study [29]. The crystals in the 
old calculus contained about 3 to 9 % Mg by weight and 
frequently coexisted with Mg-containing WHT [29], but 
the relationship was not elucidated and they were not 
identified as any crystals in the previous and also in the 
present study. However, it is noticeable that the hexag
onal disk-like crystals were found in early as well as old 
dental calculus. WHT crystals, usually containing Mg, 
were not found in this investigation, although these 
crystals have been reported to be major in old calculus 
[12, 27, 29, 30, 32, 37, 42, 59, 60, 63]. 

From Schroeder's studies using TEM [57-59, 61] 
and the present SEM and SEM-EDX study, calculus de
posits of A- and B-centers will be equal to the type A 
and B deposits, respectively. The type A crystals will 
be basically HAP as well as A-center crystals [58, 59], 
and both the type B and B-center crystals will be DCPD 
[59, 60] although the B-center crystals under the TEM 
were remarkably smaller than the type B crystals under 
the SEM. In addition, the crystals of the type C deposits 
may be included in B-center crystals. According to our 
previous studies [31, 32], long ribbon-like OCP crystals 
were arranged parallel and radially on the tightly packed 
masses of HAP in old ledge-like deposits attached to the 
cervical region, Therefore, the HAP masses and the rib
bon-like OCP crystals will agree with the calculus de
posits of A- and B-centers, respectively. 

When the early dental calculus of 10 days old and 
up to 14 days old [57, 59, 61] are compared with the 
young calculus of 3 months [58, 59] and 22 to 27 days 
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[59, 60] and also with old dental calculus [17, 20, 21, 
24, 27, 29, 31, 32, 35, 42, 43, 52, 53, 55, 59, 60, 63], 
Ca-deficient HAP or OCP-HAP, the major crystals in 
the early calculus gradually mature to HAP due to an in
crease of pH or fluoride source [2, 6, 8, 12, 37-40, 42, 
46, 48, 49, 60], and DCPD crystals which were often 
found in the early calculus may be gradually transformed 
into OCP [l, 6, 10, 34, 37], HAP [13, 40], or WHT 
when supplemented with Mg [9, 11, 27, 37, 42, 49, 63]. 

The variation of the crystal composition of cal
culus samples in subjects (Table 5) may be due to the 
difference in the pH and mineral composition of their 
saliva and the daily variation of the pH range [14, 19, 
33, 62], since HAP and DCPD crystals are formed in 
different pH ranges and mineral sources [3, 12, 13, 34, 
37, 40, 41, 49]. 
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Discussion with Reviewers 

R.Z. LeGeros: Your study is well done and provide 
very interesting results important to our understanding 
of calculus formation and composition. Was there a sig
nificant difference in the composition of calculus that 
could be related to the age of the subjects? 
Authors: In this study, we could not reveal this due to 
the small number of samples. Turesky et al. [64] 
reported that the calculus formation on cellulose strips 
occurred less rapidly in children than in adults, but pre
sented the same histologic and histochemical features. 
According to our previous SEM study using exfoliated 
deciduous teeth with attached dental calculus [65], the 
calculus contained HAP-, OCP-, and WHT-like crystals, 
although these amounts might be smaller than those in 
adults [29-31]. These reports suggest that there are no 
difference in the composition between children and 
adults. 

R.Z. LeGeros: What values for %Ca and %P were 
obtained for the F-Apatite used as standard for the 
analyses? 
Authors: So far, for the quantitative analysis of Ca and 
P, we have used the standard sample of native fluorapa
tite and applied the ZAF corrections [28-32]. 

Reviewer II: It is highly questionable whether the 
manuscript presents sufficient data in order to conclude 
the frequency of crystals having various shapes and 
morphologies. 
Authors: The aim of this study was to illustrate the 
three dimensional crystal shapes of early calculus using 
SEM and SEM-EDX. We have not analyzed the statis
tics of these crystals due to a small number of samples 
(eight subject). We use "frequency" in the paper to 
mean tendency. 

G. Daculsi: Have you determined the amount of sulphur 
and magnesium and did you observe a relation with the 
three types of crystals (A,B,C)? 
Authors: No we did not. Under the SEM-EDX analy
sis, a small amount of sulphur was detected only in den
tal plaque (PQ in Figs. 1, 3; MO in Fig. 2). Magnesium 
was detected only in hexagonal disk-like crystals (Fig. 
6b), but the Ca, P, and Mg contents could not be quan
titatively analyzed due to the very small mass of the 
crystals [29]. 

Reviewer III: SEM-EDX data from samples treated 
with NaOCI are lacking. The material used for EDX 
analysis is heavily contaminated with such organic 
material as bacteria, salivary secretion, etc. How can it 
give the true analysis of the calculus? 
Authors: When the SEM-EDX data on dental hard tis
sues treated with and without NaOCl are compared [66], 
the Ca and P contents in the NaOCl-treated cementum 
showed 34.00 ± 0.23 and 15. 74 ± 0.10% by weight, 
respectively (Ca/P molar ratio was 1.68 ± 0.01), while 
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those in the untreated cementum obtained from the same 
tooth showed 22.80 ± 0.42 and 10.89 ± 0.16% (Ca/P 
molar ratio was 1.62 ± 0.03). Thus, there were signifi
cant differences between the samples. The Ca content in 
the NaOCl-treated cementum was nearly equal to the Ca 
content of the untreated (36.08 ± 0.27%) and NaOCl
treated enamel (35.75 ± 0.21 %) obtained from the same 
tooth. A NaOCl solution may more or less dissolve or
ganic matters in mineralized tissues and the regions 
which have included organic matter will be filled with 
water, ethanol, and air following sample procedure. 
Under SEM-EDX analysis, the sample must be in a high 
vacuum, thereby the air spaces will be in vacuum. From 
the above-mentioned EDX data, the empty spaces are not 
accounted as the sample regions under the EDX analysis. 
When cementum and dental calculus containing a 
relatively large amount of organic matter are treated 
with NaOCl, they must be embedded in resin under EDX 
analysis. Such an EDX analysis will be the data of 
crystals composed of NaOCl-insoluble minerals. Ir. this 
EDX analysis, however, we have not undertaken such 
methods; therefore, non-crystallized Ca and P besides 
Ca and P in crystals may have been detected. 
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