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Objectives: Determination of molar coefficients of the chemical elements in dentin, their possible correlation 
with tooth enamel. 
Material and Methods: There were examined 29 clinically extracted teeth of both jaws and their longitudinal 
sections (12 clinically intact teeth, 10 teeth with wedge-shaped defects, 7 teeth with cervical caries) of the 
patients aged 25 to 54 with the help of JSM-6490 LV focused beam electron microscope (scanning) with system 
of energy-dispersive X-ray microanalysis. We have determined the chemical composition of 290 enamel areas 
and 235 dentin areas in the incisal region (tubercle), equator, cervical area as a percentage of the weight 
amounts of carbon, oxygen, calcium, phosphorus, sodium, magnesium, sulfur, chlorine, zinc, potassium, 
aluminum, we have identified their molar coefficients. 
Results: The chemical composition of dentin differed in the values of Na/Mg, Al/Zn, Mg/Ca, K/Na (p≤0.05) in all 
studied topographical regions of the samples. Higher values of Na/Mg and lower values of Al/Zn were identified 
in the teeth with cervical caries (p≤0.05). Correlation was found in dentin: inverse - between Ca/P and P/Ca, 
Mg/Ca and Na/Mg, Ca/Mg and Mg/Ca, Mg/P and Na/Mg, Mg/P and Ca/Mg, direct - between Ca/Mg and Na/Mg, 
Mg/P and Mg/Ca (p≤0.05). High correlation was determined between molar coefficients in enamel and dentin: 
Mg/Ca and Mg/P (direct), Ca/P and P/Ca (inverse), p<0.0001. 
Conclusions: The differences in the indicators of molar coefficients in dentin, their correlation with enamel are 
probably associated with the peculiarities of the pathological processes in the cervical region and it requires 
further study. 
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Introduction 

The onset of the pathology of dental hard tissues is 
generally considered that the lesions don’t result from a 
single factor but they may be caused by a combination of 
some factors.1 The effectiveness of its prevention 
depends on understanding the risk factors and how they 
interact and change in specific patients in course of time.2 
The content of the chemical elements in hard dental 
tissues is not a constant value but it dynamically changes 
under the influence of various reasons, one of which is 
damage of carious and non-carious genesis.3,4 Dentin 
permeability can be increased because of the changes to 
the integrity of enamel and dentin through processes of 
trauma, decay and toothwear.5 The amount of calcium has 
significant differences both in the structure of enamel and 
dentin in different types of pathology and it determines 
their development.6 Dentin also had the characteristics of 
microwear which were more consistent with wear types 
than enamel.7 Chemical dissolution of the components of 
both organic and inorganic matrix happens during an 
acidic attack or a typical demineralization regime. It is 

come about by the water content of enamel and dentin 
that facilitate acid diffusion in and mineral content out of 
the tooth. The areas of structural weakness which have 
been demineralized are also the objectives for the 
formation of caries. Bacteria can colonize tooth 
demineralized areas easily and, with a combination of 
their own acid formation, they can penetrate into dentin.8 

Previous studies confirmed the assumptions about the 
differences in the inorganic composition of enamel and 
dentin at various levels.6,9,10 Significant differences were 
found in the content of sodium and zinc in dentin of the 
incisal region (tubercle) (IR), equator (E), cervical area (CA) 
depending on the presence and type of the pathology.9 

But taking into account the widespread occurrence of the 
coordinated effects of some chemical elements it is 
necessary to pay attention not only to their amount but 
also to the ratios that have a synergistic and antagonistic 
impact on various physiological parameters.11 We have 
hypothesized that molar coefficients in dentin, their 
possible correlation with enamel may influence the 
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occurrence and progression of cervical defects in hard 
dental tissues. Therefore, this study is considered to be 
relevant to determine the integrated parameters under 
the conditions of the physiology of the oral cavity, 
establish their critical values in order to prevent the onset 
of the pathology. 

The purpose of the study is to determine molar 
coefficients of the chemical elements in the dentin of 
clinically intact teeth, teeth with a wedge-shaped defect 
and cervical caries in IR, E, CA, identify their possible 
correlation with enamel. 
 
Material and Methods 
 

Written informed consent was obtained from all subjects 
in compliance with Helsinki Declaration of the World Medical 
Association – Declaration of Helsinki – Ethical Principles for 
Medical Research Involving Human Subjects (1964-2008) as 
well as the order of the Ministry of Health of Ukraine No. 690 
dated September 23, 2009. The work was approved by 
Bioethics Commission of Donetsk National Medical 
University (No 43, dated January 21, 2021). 

We examined 29 teeth that were extracted from both 
jaws for some orthodontic indications and their 
longitudinal sections (12 clinically intact teeth, 10 teeth 
with wedge-shaped defects, 7 teeth with cervical caries) 
of the patients aged 25 to 54 with the help of a JSM-6490 
LV focused beam electron microscope (scanning) with 
system of energy-dispersive X-ray microanalysis INCA 
Penta FETх3 (OXFORD Instruments, England) based on the 
previously described method.9 Using the method of the 
peak to background ratio local mass fractions of chemical 
elements were calculated taking into consideration the 
corrections for atomic number, fluorescence and 
absorption, measured in normal mass percentage (normal 
mass %). The mineral composition of 290 enamel and 235 
dentine areas in IR, E, CA has been identified as a 
percentage of the weight amounts of calcium, 
phosphorus, sodium, magnesium, sulfur, chlorine, zinc, 
potassium, and aluminum. The molar coefficients were 
calculated as the ratio of the amounts of chemical 
elements. We examined dentin at approximately the 
same distance from the enamel-dentin border. 

To determine possible relationships between the 
chemical composition of enamel and dentin the 
correlation was identified in the following groups: Group I 
– teeth with a wedge-shaped defect and clinically intact 
hard tissues, Group II –teeth with cervical caries and 
clinically intact hard tissues, Group III – teeth with cervical 
pathology. The research was carried out at the base of 
Donetsk Institute of Physics and Technology of the 
National Academy of Sciences of Ukraine.  

 
Statistical analysis 
Using the Statistica 12.0 computer program 

(3BA94C4ED07A) we carried out statistical analysis. We 
used the G*Power program to calculate the sample size. 
Replication measurements were averaged in one sample 
before statistical analysis. To check the presence of the 

relationship between the variables, the correlation 
analysis was performed (Pearson's parametric correlation 
method) based on the determination of the parametric 
Brave-Pearson coefficient (r) with the confidence level of 
95%. Using Student's T-test we assessed the reliability of 
obtained results as well as the correlation between the 
indicators – based on Student's T-test using Z-test (Fisher's 
Z-test). The differences were thought to be statistically 
significant at p≤0.05. The significance of the differences 
between the groups was evaluated based on the analysis 
of variance. 
 
Results 
 

The chemical composition of dentin in the area of IR 
samples was determined at the first stage (Table 1). 
Clinically intact teeth were characterized by higher molar 
coefficients of P/Ca, Al/Zn, K/Na and lower ones of Na/K 
(p≤0.05). The values of Al/Zn molar coefficient in dentin of 
intact samples were 4.5 and 1.5 times higher than in the 
samples with cervical caries and a wedge-shaped defect, 
respectively. Its indicators differed by 2 times depending on 
the type of the pathology of hard dental tissues (p≤0.05). 
The chemical composition of dentin of the samples with a 
carious process was characterized by higher values of the 
coefficients of Na/Mg, Ca/P, Ca/Mg (p≤0.05). The indicators 
of Na/Mg in the teeth with cervical caries were 10.7 and 4.7 
times higher than in the teeth with a wedge-shaped defect 
and intact teeth, respectively. Na/Mg molar coefficient was 
2.3 times higher in the group of clinically intact samples 
compared to the samples with non-carious cervical 
pathology (NCCL). The indicators of C/Mg in dentin of the 
teeth with caries were 2.7 and 2.2 times higher than those 
ones with a wedge-shaped defect and intact hard tissues, 
respectively. 

The chemical composition of dentin of the samples in E 
region was studied at the next stage (Table 2). Dentin of 
clinically intact teeth was distinguished by higher values of 
molar coefficients of Al/Zn, Mg/Ca, Mg/P and lower values of 
Na/Mg, Ca/Mg, K/Na (p≤0.05). The indicators of Al/Zn in 
intact samples were 4 and 2 times higher than in the samples 
with cervical caries and a wedge-shaped defect, respectively. 
The indicators of Al/Zn differed 2 times depending on the 
type of cervical pathology (p≤0.05). Significant differences 
were identified in terms of the indicators of Na/Mg molar 
coefficient. Its values were 2.5 and 4.5 times higher in dentin 
of the samples with cervical caries than in the samples with a 
wedge-shaped defect and clinically intact hard tissues, 
respectively (p≤0.05). The teeth with a carious process had 
higher indicators of Ca/Mg molar coefficient: almost 2 times 
higher when compared with the teeth with NCCL and 3.8 
times higher when compared with intact teeth. The molar 
coefficient of K/Na was 2.4 and 5 times higher in dentin of 
the samples of the teeth with a wedge-shaped defect when 
compared with the samples damaged by caries and intact 
teeth, respectively. 

The results of determining the chemical composition 
of dentin in CA region are presented in Table 3. Examined 
parts of dentin in СА are presented in Figure 1. 
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Figure 1-A. The sample with a wedge-shaped defect (magnification х30). 

 

 

Figure 1-B. The sample with cervical caries (magnification х40). 
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Figure 1-C. The sample of clinically intact teeth (magnification х60). 

Table 1. The molar coefficients of chemical elements in dentin of IR 

Molar 
coefficients 

Teeth with wedge-shaped 
defect 

mean±SD 
(n=21) 

Teeth with cervical caries 
mean±SD 

(n=26) 

Clinically intact teeth 
mean±SD 

(n=20) 
P-value 

Na/К 53.103±44.934 74.014±38.785# 43.749±42.338** 0.048* 

Na/Mg 0.846±0.225#** 9.035±10.951# 1.938±0.498** <0.001* 
Са/Р 1.802±0.030#** 1.947±0.113 1.934±0,135 <0.001* 
Р/Са 0.055±0.009#** 0.515±0.030 0.520±0.038 <0.001* 

Са/Mg 52.717±12.024#** 143.134±149.484# 64.267±22.035** 0.003* 
Са/Cl 294.962±126.626** 189.292±263.410 214.443±129.909 0.188 
Al/Zn 40.525±50.661** 20.266±41.199# 62.591±50.172** 0.014* 

Mg/Са 0.020±0.004** 0.015±0.009 0.017±0.006 0.043* 
Mg/Р 0.036±0.008** 0.028±0.018 0.034±0.013 0.144 
К/Na 0.054±0.063** 0.020±0.032# 0.058±0.051** 0.018* 

р – the statistical significance of differences; n – number of dentin areas; * (p≤0.05); # – the difference of intact teeth from dentin is statistically 
significant, p≤0.05; ** – the difference of teeth with cervical caries from dentin is statistically significant, p≤0.05. 

 
Table 2. The molar coefficients of chemical elements in dentin of E 

Molar 
coefficients 

Teeth with wedge-shaped 
defect 

mean±SD 
(n=26) 

Teeth with 
cervical caries 

mean±SD 
(n=41) 

Clinically intact 
teeth 

mean±SD 
(n=26) 

P-value 

Na/К 49.020±45.688 59.222±43.116 69.530±37.311 0.315 
Na/Mg 2.539±3.568** 6.255±7.5126# 1.385±0.386** 0.005* 

Са/Р 1.992±0.138# 2.051±0.138 2.072±0.061 0.091 
Р/Са 0.504±0.035# 0.490±0.034 0.483±0.014 0.078 

Са/Mg 84.479±29.760#** 165.158±160.578# 43.774±8.171** <0.001* 
Са/Cl 234.088±161.405** 353.009±462.075 290.075±283.613 0.430 
Al/Zn 35.145±48.867#** 17.281±38.459# 69.554±48.174** <0,001* 

Mg/Са 0.013±0.003# 0.015±0.012# 0.024±0.004** <0.001* 
Mg/Р 0.026±0.007# 0.029±0.023# 0.049±0.007** <0.001* 
К/Na 0.091±0.115#** 0.038±0.043 0.018±0.025 0.003* 

р – the statistical significance of differences; n – number of dentin areas; * (p≤0.05); # – the difference of intact teeth from dentin is statistically 
significant, p≤0.05; ** – the difference of teeth with cervical caries from dentin is statistically significant, p≤0.05. 



Zabolotna et al./ Cumhuriyet Dental Journal, 26(1): 1-7, 2023 

5 

Table 3. The molar coefficients of chemical elements in dentin of CA 

Molar 
coefficients 

Teeth with wedge-shaped 
defect 

mean±SD 
(n=26) 

Teeth with cervical 
caries 

mean±SD 
(n=20) 

Clinically intact teeth 
mean±SD 

(n=29) 
P-value 

Na/К 50.0378±44.467#** 69.095±43.137 82.969±31.480 0.019* 
Na/Mg 2.638±4.672#** 10.177±6.390 9.811±23.608 0.13* 

Са/Р 1.791±0,143#** 1.945±0.161# 2.0599±0.065** <0.001* 
Р/Са 0.562±0.044#** 0.518±0.047# 0.486±0.016** <0.001* 

Са/Mg 120.728±201.365** 186.690±90.962 163.451±264.068 0.411 
Са/Cl 218.106±148.323** 108.515±67.421 160.866±127.932 0.007* 
Al/Zn 35.200±48.358** 0.970±1.018# 31.690±48.262** 0.011* 

Mg/Са 0.014±0.005** 0.008±0.008 0.013±0.009 0.006* 
Mg/Р 0.024±0.009** 0.016±0.014# 0.027±0.017** 0.009* 
К/Na 0.421±0.137#** 0.975±0.374 1.011±0.410 <0.001* 

р – the statistical significance of differences; n – number of dentin areas; * (p≤0.05);# – the difference of intact teeth from dentin is statistically 
significant, p≤0.05; ** – the difference of teeth with cervical caries from dentin is statistically significant, p≤0.05. 

 
Intact teeth had higher values of Na/K, Ca/P, Mg/P and 

K/Na (p≤0.05). The indicators of K/Na in their dentin were 
2.4 times higher than in the samples with NCCL. Its 
indicators differed by 2.3 times in the groups of the teeth 
with a cervical pathology. Na/Mg coefficient was 3.9 times 
lower in the samples with a wedge-shaped defect than in 
the samples with cervical caries, and it was 3.7 times 
lower when compared with intact samples. Dentin of the 
teeth with NCCL differed from the teeth with carious 
process by 1.5 times lower values of Ca/Mg and 2 times 
higher values of Ca/Cl (p≤0.05). Significant differences 
were determined in Al/Zn-coefficient: its indicators in the 
group of the teeth with cervical caries were 36 and 32.7 
times lower than in the groups of the teeth with NCCL and 
intact hard tissues, respectively. 

  Thus, the chemical composition of dentin in clinically 
intact specimens and with cervical pathology in all studied 
anatomical areas differed in the values of molar 
coefficients of Na/Mg, Al/Zn, Mg/Ca, K/Na (p≤0.05). There 
have been determined higher values of Na/Mg and lower 
values of Al/Zn (p≤0.05) in teeth with cervical caries. 

 The revealed correlations between the molar 
coefficients in dentin of the studied topographical areas, 
their nature are presented in Table 4. Correlation was 
determined: inverse - between Ca/P and P/Ca, Mg/Ca and 
Na/Mg, Ca/Mg and Mg/Ca, Mg/P and Na/Mg, Mg/P and 
Ca/Mg, direct - between Ca/Mg and Na/Mg, Mg/P and 
Mg/Ca (p≤0.05). High correlation was found between the 
molar coefficients in dentin and enamel: direct -Mg/Ca 
and Mg/P, inverse - Ca/P and P/Ca, p<0.0001 (Table 5). 
 

Table 4. Correlation between the molar coefficients of dentin, r 

Molar 
coefficients 

Аrea 

Molar coefficients 

Na/Mg Mg/P Mg/Са Са/Р 
group 

I II III I II III I II III I II III 

Ca/Mg 

IR 0.551* 0.910* 0.916* -0.922* -0.735* -0.788* -0.994* -0.760* -0.803* 

- E 0.672* 0.943* 0.913* -0.878* -0.776* -0.685* -0.889* -0.774* -0.687* 

CA 0.810* 0.977* 0.817* -0.598* -0.585* -0.615* -0.637* -0.581* -0.625* 

Mg/Ca 

IR 
-0.503 

p=0.010 
-0.758* -0.837* 0.979* 0.992* 0.993* 

- 
 
- 

E 
-0.408 
р=0.008 

-0.684* -0.586* 0.992* 0.996* 0.995* 

CA -0.484* 
-0.470 

p=0.004 
-0.765* 0.978* 0.994* 0.993* 

Mg/P 

IR -0.358* -0.726* -0.819* 

- - - 
E 

-0.388 
р=0.012 

-0.686* -0.582* 

CA -0.452* 
-0.476 
р=0.003 

-0.751* 

P/Ca 
IR 

- - 
- 
 
 

-0.999* -0.998* -0.999* 
E -0.999* -0.996* -0.997* 

CA -0.996* -0.994* -0.995* 
р – the statistical significance of differences; r -Pearson correlation coefficient; * (р<0.001); Group: I – teeth with a wedge-shaped defect and clinically 
intact hard tissues, II –teeth with cervical caries and clinically intact hard tissues, III –teeth with cervical pathology; Area: IR - incisal region (tubercle), 
E - equator, CA - cervical area 
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Table 5. Correlation between molar coefficients of enamel and dentin, r (р<0.0001) 

Molar 
coefficients 

Аrea 

Molar coefficients 

Mg/P Ca/P 
group 

I II III I II III 

P/Ca 
IR 

- 
-0.9568 -0.9646 -0.9979 

E -0.9773 -0.9968 -0.9782 
CA -0.9316 -0.9857 -0.9219 

Mg/Ca 

IR 0.9945 0.9949 0.9965 

- E 0.9974 0.9973 0.9964 

CA 0.9844 0.9947 0.9879 
р – the statistical significance of differences; r -Pearson correlation coefficient; Group: I – teeth with a wedge-shaped defect and clinically intact hard 
tissues, II –teeth with cervical caries and clinically intact hard tissues, III –teeth with cervical pathology; Area: IR - incisal region (tubercle), E - equator, 
CA - cervical area 

 

Discussion 

As a result of the study, the values of the molar 
coefficient of Ca/P were determined in the range of 1.79-
2.07. According to other authors’ data the coefficient of 
Ca/P ranged within 1.5812 that may be due to the 
heterogeneity of the distribution of the chemical 
elements in dental hard tissues13 and the associated 
difference in obtained results.14 Compared with clinically 
intact teeth at the level of 5% smaller values of the 
coefficient of Ca/Mg in IR region and CA of dentin of the 
teeth with a wedge-shaped defect is probably due to 
tooth wear.15 In all studied areas of the samples with 
cervical caries the molar coefficient of Ca/Mg was higher 
than in clinically intact ones that is explained by a higher 
concentration of magnesium in the hard tissues of healthy 
teeth according to the of data Klimuszko E. et al.16 

According to Meisel P.et al. (2016) the coefficient of 
Mg/Ca is serum that predicts periodontitis and tooth loss 
in a 5-year follow-up.17 

Higher values of Na/Mg and lower values of Al/Zn were 
determined in all investigated areas of dentin of the 
samples with cervical caries. The tendency in the 
indicators of Na/Mg molar coefficient in the teeth with a 
carious process can be explained by the revealed 
significantly large amount of sodium in this group.9 The 
lower values of Al/Zn coefficient in the samples with 
cervical caries are probably associated with a certain 
reliably high amount of zinc in all studied anatomical 
regions: from 3.8 times (at the E) to 23 times (in the IR) 
when comparing with dentin of the patients’ teeth with a 
wedge-shaped defect and intact hard tissues, 
respectively.9 Shishniashvili T. et al.18 (2018) determined 
the increase in the content of zinc in the teeth with caries 
by 28.4% that they explained by its ability to reduce the 
permeability of enamel and, consequently, the transition 
of the chemical elements from saliva to hard dental 
tissues. Zohoori FV.et al.19 (2020) found an inverse 
relationship between the incidence of tooth decay and 
aluminum levels in drinking water, food and soil. Other 
researchers confirmed the accumulation of aluminum and 
zinc in teeth dentin from the environment.20 It was not 
possible to compare certain indicators of the molar 
coefficient of K/Na in dentin due to the lack of the 
information on its study in the available literary sources. 

Correlation between the chemical composition of 
enamel and dentin (magnesium and calcium, magnesium 
and phosphorus) that was described in a previously 
published work10 probably explains the revealed strong 
direct correlation between the molar coefficients of Mg/P 
and Mg/Ca in enamel and dentin. Obtained results confirm 
a certain role of Mg concentrations not only in the dental-
enamel junction (according to Kuczumow А. et al. (2021))21 
but also in the entire thickness of hard tissues. In our 
opinion, the conducted research has confirmed the opinion 
of Fernández-Escudero АС.et al. (2020) that dentin presents 
physiological exchanges of in trace elements after a period 
of mineralization and some factors can influence its 
concentration22, one of which is cervical pathology. 

In our opinion, the limitation of the study is the 
insufficient number of the samples that is associated with 
the difficulties in obtaining them taking into account the 
patients’ age. We believe that the further search for 
etiopathogenetic factors of the development of cervical 
pathology and the development of the methods for its 
prevention are promising. 

 
Conclusions 

 
Revealed differences in the values of molar 

coefficients of chemical elements in dentin, depending on 
the topographical region and the state of the hard tissues 
of the teeth, their correlation with the indicators in 
enamel are probably associated with the peculiarities of 
the pathogenesis of a wedge-shaped defect and cervical 
caries and they are one of the risk factors for their 
occurrence which requires further study. 
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