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บทคัดย่อ
	 วัตถุประสงค์: การศึกษานี้มีวัตถุประสงค์เพ่ือตรวจ

สอบหาปริมาณแคลเซียม ฟอสฟอรัส ฟลูออรีน และ

แมกนีเซียมในฟันน�้านมของเด็กที่มีประสบการณ์การมีฟัน

ผุแตกต่างกันโดยใช้กล้องจุลทรรศน์อิเล็กตรอนชนิดส่อง

กราด และสเปคโตรสโคปีแบบกระจายพลังงาน

 วิธีการศึกษา: ฟันน�้านมที่ถูกถอนจ�านวน 30 ซี่ ถูก

แบ่งออกเป็น 3 กลุม่เท่ากนัตามประสบการณ์การมฟัีนผุต�า่ 

ปานกลาง และสูง ผิวฟันด้านเรียบท่ีปราศจากรอยผุของ

ฟันจะถูกใช้เป็นตัวแทนของฟันแต่ละซี่ในแต่ละกลุ่มฟันถูก

ตัดตามแนวยาว ท�าความสะอาดผิวฟันท่ีตัดด้วยการแช่ใน

สารละลายโซเดียมไฮโปคลอไรต์เข้มข้น ร้อยละ 5.25 เป็น

Abstract
 Objective: The aim of this study was to in-
vestigate the calcium, phosphorus, fluorine and 
magnesium content of primary teeth among three 
caries experience groups using Scanning Electron 
Microscopy (SEM) equipped with Energy Disper-
sive Spectroscopy (EDS).
 Materials and Methods: Thirty extracted  
primary teeth were equally divided into three 
groups:  low, moderate and high caries experience. 
A caries-free smooth surface was used to represent 
the whole tooth in each group. Each tooth was  
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เวลา 12 ชั่วโมง จากนั้นล้างด้วยเครื่องท�าความสะอาดอัล- 

ตราโซนกิเป็นเวลา 10 นาที ปล่อยให้แห้งท่ีอณุหภูมิห้องนาน 

3 วนั จากนัน้น�าเข้าสูก่ระบวนการศึกษาด้วยกล้องจลุทรรศน์

อิเล็กตรอนชนิดส่องกราด โดยศึกษาเคลือบฟัน และเนื้อ

ฟันอย่างละ 2 ต�าแหน่ง คือ นอก และใน วัดค่าร้อยละ

ของอะตอมของธาตุแคลเซียม ฟอสฟอรัส ฟลูออรีน และ

แมกนเีซยีมโดยเทคนคิอดีเีอส น�าข้อมลูมาหาค่าเฉลีย่ และ

ส่วนเบี่ยงเบนมาตรฐานของธาตุทั้งสี่น�ามาวิเคราะห์ความ

แปรปรวนแบบสองทาง (p ≤ 0.05) 
 ผลการศึกษา: ชัน้เคลอืบฟันของกลุม่ท่ีมปีระสบการณ์

การมีฟันผุต�่ามีปริมาณของธาตุแคลเซียม และฟอสฟอรัส

สูงกว่ากลุ่มที่มีประสบการณ์การมีฟันผุปานกลาง และสูง

อย่างมีนัยส�าคัญทางสถิติ อย่างไรก็ตามไม่พบความแตก

ต่างกันอย่างมีนัยส�าคัญทางสถิติของปริมาณธาตุฟลูออรีน 

แมกนีเซียม และสัดส่วนของแคลเซียมต่อฟอสฟอรัส

ระหว่างทัง้สามกลุม่ ในทางกลับกันพบว่าเคลอืบฟันชัน้นอก

มีปริมาณของธาตุแคลเซียม ฟอสฟอรัส และฟลูออรีนสูง

กว่าเคลอืบฟันช้ันใน เนือ้ฟันชัน้นอกมปีริมาณธาตฟุลอูอรนี

สูงกว่าเนื้อฟันช้ันใน เป็นที่น่าแปลกใจที่เนื้อฟันชั้นในมี

ปริมาณธาตุแคลเซียม และฟอสฟอรัสสูงกว่าเนื้อฟันช้ัน

นอก ส่วนปริมาณธาตุแมกนีเซียมจะเพิ่มข้ึนเมื่อเข้าใกล้สู่

ชั้นในของเนื้อฟัน

 บทสรุป: การศึกษานี้พบความเป็นไปได้ที่ความต้าน 

ทานต่อการผุของเคลือบฟัน ขึ้นอยู่กับปริมาณแคลเซียม 

และฟอสฟอรสั แต่ไม่ได้ขึน้อยูก่บัฟลอูอรีนหรือแมกนเีซยีม 

อย่างไรก็ตามยังคงจ�าเป็นต้องมีการศึกษาเพิ่มเติมต่อไป 

 

ค�ำส�ำคัญ: ฟันน�้านม องค์ประกอบธาตุในฟัน ประสบการณ์

การมีฟันผุ สเปคโตรสโคปีแบบกระจายพลังงาน (อีดีเอส)

longitudinally sectioned. The cut surface was 
cleaned by immersion in 5.25% sodium hypo-
chlorite for 12 hours, and placed in an ultrasonic 
cleanser for 10 minutes. It was left to dry at room 
temperature for three days and processed for SEM 
examinations. Two areas, outer and inner, of the 
enamel and dentin were examined. The atomic%  
(at.%) of calcium, phosphorus, fluorine and  
magnesium were measured using the EDS  
technique. The means and standard deviations of 
these four elements were analyzed using two-way 
ANOVA (p ≤ 0.05).
 Results: The enamel, in general, in the low 
caries experience group had a significantly greater  
calcium and phosphorus content than in the  
moderate and high caries experience groups.  
However, there was no significant difference in  
fluorine, magnesium or calcium-to-phosphorus 
ratio between any of the caries experience groups. 
On the other hands, the outer enamel had greater  
calcium, phosphorus and fluorine content than did 
the inner enamel. The outer dentin had greater  
fluorine content than did the inner dentin.  
Surprisingly, the inner dentin had greater calcium 
and phosphorus content than did the outer dentin. 
The deeper the measurement depth in the dentin, 
the greater was the magnesium content. 
 Conclusions: Our findings raise the possi-
bility that the caries resistance of enamel depends 
upon calcium and phosphorus, but not fluorine or 
magnesium, content. However, further investiga-
tions are still needed.

Keywords: primary tooth, tooth elements,  
caries experiences, energy dispersive spectros 
copy (EDS)



ชม. ทันตสาร ปีที่ 40 ฉบับที่ 3 ก.ย.-ธ.ค. 2562 CM Dent J Vol. 40 No. 3 September-December 2019137

under a scanning electron microscope (SEM) can 
be used to assess both the chemical composition of 
human mineralized tissue and its morphology with 
high sensitivity (0.1%) without destroying or altering 
the specimens studied.(11)

 Several authors examined the mineral compo-
sition in enamel, using various techniques, such as 
atomic absorption spectroscopy, spark source mass 
spectrometry, neutron activation analysis, etc. and 
demonstrated some variations in element concen-
trations between sound and carious teeth.(12-17) The 
mineralized composition of enamel and dentin may 
be a key factor in the caries development process. 
The total level of mineral concentration in the teeth 
may serve as a determined predictor of patients’  
susceptibility to the developing of dental caries. 
However, little is still known about the relationship 
between the elemental composition of enamel and 
dentin and caries experience. Therefore, the aim of 
this study was to investigate the calcium, phosphorus,  
fluorine and magnesium content of enamel and  
dentin in primary teeth among three caries experience  
groups, by using SEM equipped with EDS.

Materials and methods 
 This study has been approved by the Human 
Experimentation Committee of the Faculty of  
Dentistry, Chiang Mai University (No.43/2017). The 
tooth specimens were collected with the consent of 
the patients and their parents. 
 The exfoliated and/or extracted primary teeth 
were obtained from healthy children aged 4-12 
years old. The teeth must have had at least one intact 
smooth surface and no evidence of developmental 
defects (fluorosis or hypoplasia), or have previously 
had root canal treatment. Teeth which had severe 
attrition on the occlusal surface, insufficient sound 
enamel or dentin, or had a history of restorations on 
smooth surfaces of the teeth selected for the study, 
were excluded from the study. 

Introduction 
 Mineralized dental hard tissue, enamel and dentin,  
serve as protective layers for dental pulp, a soft tissue 
layer in the center of the tooth structure.(1) Enamel 
is the most highly mineralized tissue at the outer-
most of the tooth crown structure. It has mineral 
composition by weight about 96%(2) in the form of a  
nanocrystalline calcium phosphate crystal called  
hydroxyapatite (Ca10(PO4)6(OH)2) which in-
corporated with small amounts of essential trace  
elements,(3) such as Carbonate (CO3), Magnesium 
(Mg), Sodium (Na), Fluorine (F), etc.(4)  rendering 
it more or less resistant to acid. Dentin, composed 
of 70% inorganic material by weight, mainly in  
hydroxyapatite form, lies underneath the enamel.(1) 
Compared to enamel, the higher concentration of 
organic material in dentin renders it less resistant to 
acid than is the enamel.(5) Dentin is a porous structure  
with greater permeability than enamel, due to abundant  
dentinal tubules.(6)

 It is widely agreed that hardness of dental hard 
tissue is highly affected by its mineral content.(7,8) 
Calcium and phosphorus are the principal contents  
of hydroxyapatite crystals in enamel, dentin,  
cementum, and bone, while small amounts of  
fluorine are crucial to help increase the acid resis-
tance property of the crystals. The acid resistance 
properties of dental hard tissues may relate to their 
individual chemical compositions, their degree of 
mineralization and their mutual arrangement in the 
apatite crystal structure.(4) Primary teeth are more 
susceptible to caries than are permanent teeth,(9) 
due to their enamel and dentin  being thinner, more  
permeable, less mineralized and less dense than  
permanent teeth.(10) However, dental caries suscep-
tibility depends on several factors, such as mineral 
content, acidic diet, salivary flow rate, buffer capacity  
of saliva, frequency of water-drinking, microflora on 
the plaque, etc.(1)

 Energy dispersive spectroscopy (EDS) analysis 
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Individuals’ caries experience was classified by  
modifying the World Health Organization (WHO) 
dmft/DMFT index in the mixed dentition.(18) The 
dmft index was used for primary teeth (d = decayed, 
m = missing due to caries, f = filled, t = teeth) and 
DMFT index was used for permanent teeth (D = 
decayed, M = missing due to caries, F = filled, T = 
teeth). 
 The teeth were cleaned with running water and 
stored in normal saline solution (NSS) with 0.1% 
thymol at 4°C.(19) The samples were grouped into 
three caries experience groups. Group 1 (low dmft/
DMFT score between 0 and 2, Group 2 (moderate 
dmft/DMFT score between 5 and 6 and Group 3 
(high dmft/DMFT score equal or more than 9). The 
score ranges 3-4 and 7-8 were excluded in order to 
amplify the differences in the element content among 
the groups. 

รูปที่ 1   แผนภาพแสดงการเตรียมตัวอย่างฟันด้วยเครื่องตัด

ฟันความเร็วต�่า ควบคุมทิศทางการตัด และการเตรียม 

ชิ้นตัวอย่างบนแท่นเพื่อการวัดด้วยกล้องจุลทรรศน์

อิเล็กตรอนชนิดส่องกราด

Figure 1  Procedure for tooth specimen preparation by cutting 

with a precision sectioning saw, controlling the 

direction of cutting, and transferring the specimen 

onto the stubs for SEM examination. 

รูปที่ 2  แผนภาพแสดงต�าแหน่งของพื้นผิวฟัน (บริเวณกึ่งกลาง 

1/3) ที่ใช้ในการศึกษาภายใต้กล้องจุลทรรศน์อิเล็กตรอน

ชนิดส่องกราดและสเปคโตรสโคปีแบบกระจายพลังงาน 

(1 = ชั้นนอกสุดของชั้นผิวเคลือบฟัน; 2 = ชั้นในของ

เคลือบฟัน; 3 = ชั้นนอกของเนื้อฟัน; 4 = ชั้นในของเนื้อ

ฟัน)

Figure 2  Selected tooth surface area (middle 1/3 the tooth 

sample) for examination under scanning electron 

microscope with EDS analysis. (1 = outer enamel 

surface layer; 2 = inner enamel layer; 3 = outer 

dentin layer; 4 = inner dentin layer). 

 The roots were cut off from the tooth speci-
mens at the cemento-enamel junction (CEJ) using 
a water-cooled high-speed cylindrical diamond bur 
(Intensive®, Swiss Dental Products, Montagnola,  
Switzerland). The remaining pulp tissue was  
removed with a barbed broach. One smooth surface 
(either buccal or lingual) of each tooth was selected 
and longitudinally sectioned, parallel to the long 
axis, into small pieces approximately 2 mm in width 
and less than 3 mm thick using a precision sectioning 
saw (Isomet®1000, Buehler, IL, USA).
 The residual debris on the cut surface of the 
specimen was cleaned using the following processes.  
The specimens were immersed in 5.25% sodium 
hypochlorite for 12 hours, placed in an ultrasonic 
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cleanser for 10 minutes and rinsed with distilled  
water. The prepared samples were air-dried in a 
closed environment at room temperature for three 
days before being processed for examination under 
SEM and EDS analysis.
 The morphology of the sample surfaces was 
observed under SEM (JSM-5910LV, JEOL Ltd.,  
Tokyo, Japan) at 100x magnifications, voltage 
15 keV, working distance 11 mm, spot size (as a  
percentage given by the equipment) 20-40%. 
 The four examination areas in the middle 1/3 
of each sample were the outer enamel 100 microns  
beneath the enamel surface (Level 1), the inner 
enamel 100 microns from the dentino-enamel  
junction (DEJ) (Level 2), the outer dentin 100  
microns from the DEJ (Level 3) and the inner den-
tin 100 microns from the pulp surface (Level 4), as  
illustrated in Figure 2. The atomic% (at.%) of  
calcium (Ca), phosphorus (P), fluorine (F) and  
magnesium (Mg) were measured using the EDS 
technique under SEM. 
 Data were input and statistically analyzed using 
SigmaPlot® version 12 (Systat Software, Erkrath, 
Germany). Descriptive data were reported in terms 
of mean±SD. The at.% of the test elements obtained 
from EDS analysis were compared using two-way 
ANOVA. A p value less than 0.05 was considered 
as a significant difference.  

Results 
 Calcium, phosphorus, fluorine and magnesium  
were detected using the EDS technique in all  
samples, as illustrated in Figure 1. The ranges of  
percent of calcium, phosphorus, fluorine and  
magnesium were 14.05-21.99, 9.06-13.25, 0.10-1.29,  
0.20-0.97, respectively (Figure 3). Enamel and dentin  
generally contained smaller amounts of fluorine and 
magnesium than of calcium and phosphorus. 
 Two-way ANOVA tests suggested that there was 
statistically significant interaction between caries 

experience groups and tooth levels for calcium and 
phosphorus (p < 0.05). 
 The calcium content of the low caries experi-
ence group (18.24±3.38) was significantly  (p < 0.05)  
greater than that of the moderate and high caries 
experience groups (17.56±2.93 and 17.08±2.75,  
respectively). The phosphorus content of the low  
caries experience group (11.28±1.89) was signifi-
cantly (p < 0.05) greater than that of the high caries 
experience group (10.75±1.55). Fluorine and magne-
sium content were not significantly different between 
any of the caries experience groups.
 Enamel contained significantly greater calcium, 
phosphorus and fluorine contents than did the dentin, 
whereas the dentin contained greater magnesium 
content. The content of all four elements was signifi- 
cantly different among all levels, except for pho- 
sphorus, which showed no significant difference 
between the two levels of enamel. There was no  
significant difference in calcium and phosphorus 
ratio between any of the tooth levels.
 The calcium and phosphorus content significantly   
(p < 0.05) decreased in order from the outer enamel 
(20.92±1.13 and 12.70±0.68, respectively), to the 
inner enamel (19.99±1.13 and 12.34±0.73, respec-
tively), the inner dentin (15.42±0.80 and 9.72±0.47, 
respectively) and the outer dentin (14.18±0.76 and 
9.16±0.47, respectively). Fluorine content tended 
to decrease from the outer enamel (1.19±0.34), 
to the inner enamel (0.56±0.16), the outer dentin 
(0.29±0.08) and the inner dentin (0.12±0.05). On 
the contrary, magnesium tended to increase in order 
from the outer enamel, to the inner enamel, the outer 
dentin and the inner dentin (0.23±0.08, 0.36±0.12, 
0.71±0.14, 0.90±0.18, respectively).
 There were statistically significant differences  
(p < 0.05)  in calcium contents among all four  
levels of the low, moderate and high caries expe-
rience groups, except between the outer and inner 
enamel of the high caries experience group.
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รูปที่ 3  รูปแสดงค่าเฉล่ียร้อยละของอะตอมของ (A) ธาตุแคลเซียม, (B) ฟอสฟอรัส, (C) ฟลูออรีน และ (D) แมกนีเซียม โดยใช้การ

วิเคราะห์อีดีเอส 4 ต�าแหน่งจากชั้นเคลือบฟันถึงชั้นเนื้อฟันจากตัวอย่างทั้ง 3 กลุ่ม (กลุ่มที่ 1 = ประสบการณ์การมีฟันผุต�่า; กลุ่มที่ 

2 = ประสบการณ์การมีฟันผุปานกลาง; กลุ่มที่ 3 = ประสบการณ์การมีฟันผุสูง), * แสดงความแตกต่างอย่างมีนัยส�าคัญทางสถิติเมื่อ

ใช้สถิติวิเคราะห์ความแปรปรวนแบบสองทาง (p ≤ 0.05) และการทดสอบเปรียบเทียบเชิงพหุคูณของทูคีย์

Figure 3  Chart of mean values, expressed in at.% of (A) calcium (Ca), (B) phosphorus (P), (C) fluorine (F) and (D) magnesium 

(Mg) from the EDS analysis at the four different levels from the enamel layer to the dentin layer of primary teeth from 

the 3 groups (Group 1 = Low caries experience group; Group 2 = Moderate caries experience group; Group 3 = High 

caries experience group).

 * significant difference at p ≤ 0.05 when analyses by Two-Way Repeated Measures ANOVA and Tukey’s multiple com-

parison test.

 When phosphorus content was compared within 
the same caries experience group, the result suggested  
significantly (p < 0.05)  greater phosphorus content 
in enamel than in dentin. 
 The fluorine content within the same caries  
experience group was significantly different (p < 0.05)  

between all tooth levels, except between the outer 
and the inner dentin. 
 No significant difference was found when  
magnesium content was compared within the same 
caries experience group, except between the outer 
enamel (0.20±0.06) and the inner enamel (0.34±0.09) 
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in the low caries experience group, and between 
the outer dentin (0.64±0.17) and the inner dentin 
(0.90±0.19) in the moderate caries experience group 
and between the outer dentin (0.77±0.12) and the 
inner dentin (0.97±0.18) in the high caries experi-
ence group. 
 The calcium-to-phosphorus ratio in the outer 
enamel in the low and moderate caries experience 
groups, (1.67±0.04 and 1.68±0.07, respectively) and 
in the inner enamel in the same groups (1.66±0.08 
and 1.66±0.08, respectively) was significantly  
(p < 0.05)  greater than in the outer dentin (1.53±0.09 
and 1.53±0.07, respectively) and in the inner  
dentin in the same groups (1.59±0.06 and 1.56±0.09, 
respectively), whereas the calcium-to-phosphorus 
ratio in the outer enamel in the high caries experi-
ence group (1.65±0.06) was significantly (p < 0.05)  
greater than in the outer dentin in the same group 
(1.54±0.06), as shown in figure 4. 

 Considering elemental content within the same 
tooth level, the calcium and phosphorus content 
in the outer enamel (21.99±0.70 and 13.25±0.51,  
respectively) and the inner enamel (20.93±0.94 and 
12.88±0.79, respectively) in the low caries expe-
rience group were significantly (p < 0.05) greater 
than in the moderate (20.83 ±1.00 and 19.71±0.93, 
respectively) and high (20.06±0.81 and 19.25±0.83) 
caries experience groups. 
 However, there was no significant difference in 
the levels of fluorine and magnesium among any of 
the caries experience groups. 

Discussion
 The tooth susceptibility to caries progression 
depends upon calcium, phosphorus, and fluorine 
contents.(20) While magnesium plays an important 
role in regulating the crystal growth and is a predis-
posing factor for dental caries. The EDS technique 

รูปที่ 4  รูปแสดงค่าสัดส่วนของแคลเซียมต่อฟอสฟอรัสโดยใช้การวิเคราะห์อีดีเอส 4 ต�าแหน่งจากชั้นเคลือบฟันถึงชั้นเน้ือฟันจากตัวอย่าง

ทั้ง 3 กลุ่ม (กลุ่มที่ 1 = ประสบการณ์การมีฟันผุต�่า; กลุ่มที่ 2 = ประสบการณ์การมีฟันผุปานกลาง; กลุ่มที่ 3 = ประสบการณ์การมี 

ฟันผุสูง) 

Figure 4  Chart showing calcium-to-phosphorus ratio from the EDS analysis of four different levels from the enamel layers to 

the dentin layers from the 3 groups (Group 1 = Low caries experience group; Group 2 = Moderate caries experience 

group; Group 3 = High caries experience group). 
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used in this study gave similar findings of calcium, 
phosphorus, fluorine and magnesium content in the 
enamel and dentin of primary teeth to those of other 
studies.(21-25)

 The elemental analysis by EDS in this study, 
expressed in at.%, indicated that the calcium, phos-
phorus and fluorine content  was significantly greater 
in enamel than in dentin, and all showed the highest  
amounts at the surface of enamel in concordance 
with other studies.(26-29) The mean values of  
calcium and phosphorus in this study were greater  
than reported by Gutiérrez-Salzar and Reyes-
Gasga,(26) who found  greater calcium and similar 
phosphorus content than did Ortiz, et al.(27) but could 
not detect fluorine content. 
 Fluorine is found in the form of fluoroapatites  
and fluorohydroxyapatites in the hard dental  
tissues.(30) Low fluoride content may lead to  
decreased acid resistance in enamel, rendering it  
susceptible to caries. However, in this study, there 
was no significant difference in fluorine content  
between any of the caries experience groups at any 
level. Fluorine content in the outer enamel was  
significantly greater than that in the inner enamel. The 
small amount of fluorine measured in this study made 
it difficult to evaluate the difference. Using other 
techniques, such as chemical analysis,(31) laser abla-
tion-inductively coupled plasma-mass spectrometry  
(LA-ICP-MS),(32) atomic absorption,(33) etc., may 
help to provide more definite fluorine content.
Calcium and phosphorus content were greater in 
enamel than in dentin, conforming to the findings 
of other studies.(13,26,28,29,34) Fluorine content was 
greater in enamel than in dentin, consistent with the 
findings of other studies.(35,36) Magnesium showed a 
similar pattern in all caries experience groups, with 
greater content in dentin than in enamel and greater 
content in the inner than the outer area, similar to the 
observations of other studies.(13,26,29)

 It has been proposed that lower caries suscep-
tibility is related to decreased porosity of enamel 
in primary teeth.(37) Some previous studies have 
found possible correlations in mineral composition 
corresponding to different caries experience.(38-41) 
The results of this study suggest that calcium and 
phosphorus content were lower in the enamel in the 
high caries experience groups compared to the low 
and moderate caries experience groups, possibly 
resulting in the chemical composition of enamel 
being altered, due to the demineralization process. 
The hydroxyapatite crystals are dissolved by the  
organic acid formed by bacteria through the anaerobic  
metabolism of sugars derived from the diet, resulting 
in loss of calcium and phosphate ions from the tooth 
surface. The high caries experience group may have 
had higher rates of demineralization than did the 
other groups. Nedosenko et al.(42) found the relative 
amounts of calcium and phosphorus in the enamel 
samples with a low resistance of caries were lower  
compared to the enamel samples with a high  
resistance of caries which is in agreement with this 
present study. 
 The EDS analysis indicated that the mean±SD  
of calcium-to-phosphorus ratio in enamel (1.63± 
0.05) was higher than that in dentin (1.57±0.05),  
a finding which corresponds to the findings of other 
studies.(26,29) The greater calcium-to-phosphorus 
ratio in enamel than in dentin is probably due to  
calcium being bonded to other elements than  
phosphate.(29) The lower ratio in the dentin could be 
explained by the lower inorganic content in dentin 
than in enamel, as is widely known.(26) Although  
previous study suggested that the calcium-to-phos-
phorus ratio was significant differences between 
enamel of caries-affected teeth and that of healthy 
primary teeth,(17) under the different experimental  
area, no statistically significant difference were  
revealed on the smooth surface sample among  
difference caries experience groups in this study.
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 There is no specific analytical method for the 
estimation of the elemental content of human teeth. 
In this study, the estimation was done using SEM 
configured with the EDS technique, which is a 
non-destructive micro-analytical technique used to 
accurately estimate the elemental content of mate- 
rials. It has high sensitivity (0.1%) for elements 
which have an atomic number equal to, or larger 
than, six, and is largely used in engineering and 
chemistry. Recently, this technique has been widely 
used in dental research.(11)

 The different values of calcium, phosphorus, 
fluorine and magnesium between this study and  
previous studies may be due to several factors, such 
as the locations in which the studies were conducted,  
selection criteria, sample preparation, variations  
between individual teeth, the type, age and ethnicity  
of samples, and even the analytical method  
performed.(1,13,14,29,43,44)

 Surprisingly, the low caries experience group 
had significantly greater calcium and phosphorus 
content than did the moderate and high caries expe-
rience groups. But there was no significant difference 
in fluorine or magnesium content between any of the 
caries experience groups. 

Conclusions
 The EDS elemental analysis showed greater 
calcium and phosphorus content in the low caries 
experience group than in the other groups, whereas 
similar fluorine and magnesium content was found 
among the three groups. This finding raises the  
possibility that the caries resistance of enamel  
depends upon greater calcium and phosphorus  
content, but is not related to fluorine or magnesium, 
content. However, further investigations are still 
needed.

Conflict of interest statement 
 The authors declare that they have no conflict of 
interest.

Acknowledgements
The authors would like to thank the Faculty of  
Dentistry, Chiang Mai University for financially 
supporting this study. We also thank Dr. M. Kevin  
O Carroll, Professor Emeritus, University of  
Mississippi School of Dentistry, USA and Faculty  
Consultant, Faculty of Dentistry, Chiang Mai  
University, Thailand, for his assistance in the prepa-
ration of the manuscript.

References
1. Nanci A. Ten Cate's Oral Histology: Develop-

ment, Structure, and Function. 8th ed: St. Louis: 
Elsevier Mosby; 2007: 122-205.

2. Driessens FCM, Verbeeck RMH. The mineral 
in tooth enamel and dental caries. In: Driessens 
FCM, Verbeeck RMH, editors. Biominerals. 
Boca Raton: CRC Press; 1990: 163-178.

3. Driessens FCM, Verbeeck RMH. The mineral 
in tooth enamel and dental caries. In: Driessens 
FCM, Verbeeck RMH, editors. Biominerals. 
Boca Raton: CRC Press; 1990: 105–161.

4. Rao A. Principles and Practice of Pedodontics. 
2nd ed. New Delhi: Jaypee Brothers Medical 
Publishers; 2008: 163-182.

5. He LH, Swain MV. Understanding the mechani-
cal behaviour of human enamel from its structural 
and compositional characteristics. J Mech Behav 
Biomed Mater 2008; 1(1): 18-29.

6. Pashley DH. Dentin: a dynamic substrate--a 
review. Scanning Microsc 1989; 3(1): 161-174.

7. Kodaka T, Debari K, Yamada M, Kuroiwa M. 
Correlation between microhardness and mineral 
content in sound human enamel. Caries Res 
1992; 26(2): 139-141.



ชม. ทันตสาร ปีที่ 40 ฉบับที่ 3 ก.ย.-ธ.ค. 2562 CM Dent J Vol. 40 No. 3 September-December 2019144

8. Davidson CL, Hoekstra IS, Arends J. Micro-
hardness of sound, decalcified and etched tooth 
enamel related to the calcium content. Caries Res 
1974; 8(2): 135-144.

9. Lynch RJ. The primary and mixed dentition, 
post-eruptive enamel maturation and dental  
caries: a review. Int Dent J 2013; 63 suppl 2: 3-13.

10. Sabel N, Robertson A, Nietzsche S. Demine- 
ralization of enamel in primary second molars 
related to properties of the enamel. Sci World J 
2012; 2012: 1-8.

11. Goldstein J, Newbury D, Joy D, et al. Scanning 
Electron Microscopy and XRay Microanalysis. 
3rd ed: United States: Springer; 2003: 297-355.

12. Brown CJ, Chenery SR, Smith B, et al. Environ-
mental influences on the trace element content 
of teeth--implications for disease and nutritional 
status. Arch Oral Biol 2009; 49(9): 705-717.

13. Derise NL, Ritchey SJ, Furr AK. Mineral com-
position of normal human enamel and dentin 
and the relation of composition to dental caries. 
I. Macrominerals and comparison of methods of 
analyses. J Dent Res 1974; 53(4): 847-852.

14. Derise NL, Ritchey SJ. Mineral composition of 
normal human enamel and dentin and the relation 
of composition to dental caries. II. Microminer-
als. J Dent Res 1974; 53(4): 853-858.

15. Gauba K, Tewari A, Chawla HS, Katyal JC, Bahl 
CM. Effect of micronutrients in drinking water 
on dental caries experience in real life situation. 
J Indian Soc Pedod Prev Dent 1984; 2(1): 1-9.

16. Losee FL, Curzon MEJ, Little MF. Trace element 
concentrations in human enamel. Arch Oral Biol 
1974; 19(6): 467-470.

 17. Das B, Muthu MS, Farzan JM. Comparison of 
the chemical composition of normal enamel from 
exfoliated primary teeth and teeth affected with 
early childhood caries: an in vitro study. Int J 
Paediatr Dent 2016; 26(1): 20-25.

18. World Health Organization: Oral Health Surveys: 
Basic Methods. 4th ed: Geneva; 1997: 41-47.

19. Sandhu SV, Tiwari R, Bhullar RK, et al. Sterili- 
zation of extracted human teeth: A comparative 
analysis. J Oral Biol Craniofac Res 2012; 2(3): 
170-175.

20. Hara AT, Zero DT. The caries environment:  
saliva, pellicle, diet, and hard tissue ultrastruc-
ture. Dent Clin North Am 2010; 54(3): 455-467.

21. Robinson C, Briggs HD, Atkinson PJ, Weatherell 
JA. Chemical changes during formation and  
maturation of human deciduous enamel. Arch 
Oral Biol 1981; 26(12): 1027-1033.

22. Wong FS, Anderson P, Fan H, Davis GR. X-ray 
microtomographic study of mineral concentration 
distribution in deciduous enamel. Arch Oral Biol 
2004; 49(11): 937-944.

23. Arora MY. Chan SW, Kennedy BJ, Sharma A, 
Crisante D, Walker DM. Spatial distribution 
of lead in the roots of human primary teeth.  
J Trace Elem Med Biol 2004; 18(2): 135-139.

24. Rythen M, Sabel N, Dietz W, Robertson A, Noren 
JG. Chemical aspects on dental hard tissues in 
primary teeth from preterm infants. Eur J Oral 
Sci 2010; 118(4): 389-395.

25. Zamudio C, Contreras-Bulnes R, Scougall-Vilchis 
R, Morales Luckie RA, F Olea-Mejía O, Rodrí-
guez Vilchis L. Morphological, chemical and 
structural characterisation of deciduous enamel: 
SEM, EDS, XRD, FTIR and XPS analysis. Eur 
J Paediatr Dent 2014; 15(3): 275-280.

26. Gutiérrez-Salazar MdP, Reyes-Gasga J. Micro-
hardness and chemical composition of human 
tooth. Mater Res 2003; 6(3): 367-373.

27. Ortiz A, Briano M, Esparza M, Juárez J. Com-
parison of Chemical Elements on Carious & 
Normal Premolar’s Enamel Layers Using Energy 
Dispersive X Ray Spectrometer (X Ray-EDS). 
Microsc Res 2014; 2(4): 11.



ชม. ทันตสาร ปีที่ 40 ฉบับที่ 3 ก.ย.-ธ.ค. 2562 CM Dent J Vol. 40 No. 3 September-December 2019145

28. Sabel N, Dietz W, Lundgren T, et al. Elemental 
composition of normal primary tooth enamel 
analyzed with XRMA and SIMS. Swed Dent J 
2009; 33(2): 75-83.

29. Teruel Jde D, Alcolea A, Hernandez A, Ruiz AJ. 
Comparison of chemical composition of enamel 
and dentine in human, bovine, porcine and ovine 
teeth. Arch Oral Biol 2015; 60(5): 768-775.

30. Fujikawa H, Matsuyama K, Uchiyama A,  
Nakashima S, Ujiie T. Influence of salivary  
macromolecules and fluoride on enamel lesion 
remineralization in vitro. Caries Res 2008; 42(1): 
37-45.

31. Zheng S, Deng H, Gao X. [The study on chem-
ical composition and crystalline structure of 
hypoplastic primary dental enamel]. Zhonghua 
Kou Qiang Yi Xue Za Zhi. 1997; 32(6): 366-368.  
(in Chinese)

32. Dolphin AE, Goodman AH, Amarasiriwardena 
DD. Variation in elemental intensities among 
teeth and between pre- and postnatal regions 
of enamel. Am J Phys Anthropol 2005; 128(4): 
878-888.

33. Giambro NJ, Prostak K, Den Besten PK.  
Characterization of fluorosed human enamel by 
color reflectance, ultrastructure, and elemental 
composition. Caries Res 1995; 29(4): 251-257.

34. Saiki M, Adachi L, Adachi E. Elemental compar-
ison in sound and carious human teeth by instru-
mental neutron activation analysis. J Radioanal 
Nucl Chem 2009; 282(1): 29-32.

35. Waszkiel D, Opalko K, Lagocka R, Chlubek D. 
Fluoride and magnesium content in superficial 
enamel layers of teeth with erosions. Fluoride 
2004; 37(4): 271-277.

36. Sa Roriz Fonteles C, Zero DT, Moss ME, Fu J. 
Fluoride concentrations in enamel and dentin of 
primary teeth after pre- and postnatal fluoride 
exposure. Caries Res 2005; 39(6): 505-508.

37. Shellis RP. Relationship between human enamel 
structure and the formation of caries-like lesions 
in vitro. Arch Oral Biol 1984; 29(12): 975-981.

38. Helle A, Haavikko K. Macro- and micromineral 
levels in deciduous teeth from different geograph-
ical areas correlated with caries prevalence. Proc 
Finn Dent Soc 1977; 73(2): 87-98.

39. Curzon MJ, Losee FL. Dental caries and trace 
element composition of whole human enamel: 
Eastern United States. J Am Dent Assoc 1977; 
94(6): 1146-1150.

40. Curzon ME, Crocker DC. Relationships of trace 
elements in human tooth enamel to dental caries. 
Arch Oral Biol 1978; 23(8): 647-653.

41. Lakomaa EL, Rytomaa I. Mineral composition 
of enamel and dentin of primary and permanent 
teeth in Finland. Scand J Dent Res 1977; 85(2): 
89-95.

42. Nedosenko VB, Drozdov VA, Gorbunov I.  
Problems of caries from the standpoint of resis-
tance of the teeth. Omsk Scientific Vestnik 2001; 
16: 1-122.

43. He B, Huang S, Zhang C, et al. Mineral densi-
ties and elemental content in different layers of 
healthy human enamel with varying teeth age. 
Arch Oral Biol 2011; 56(10): 997-1004.

44. Zaichick V. Neutron activation analysis of Ca, Cl, 
K, Mg, Mn, Na, P, and Sr contents in the crowns 
of human permanent teeth. J Radioanal Nucl 
Chem 2009; 281(1): 41-45.




