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INTRODUCTION
Epidemiological studies of non-carious cervical lesions 
(NCCL) are carried out in all regions of the world that 
is fully justified by their high prevalence (36.8% [1], 52% 
[2], 67.8% [3], 68.5% [4], 88.1% [5]) and possible conse-
quences [4]. The results of such studies are very important 
for identifying new etiological factors taking into account 
the patient’s individual characteristics that are responsible 
for different degrees of the loss of dental hard tissue and 
the development of combined forms of damage [4, 6]. The 
progression of this pathology negatively affects the tooth 
structural integrity [6], pulp viability [6, 7] and it also leads 
to aesthetic problems [2, 6, 7], dental plaque retention [6, 
7], the development of hyperesthesia [5-7].

The most likely causes of NCCL development are abra-
sion (61.60%), erosion (26.08%), abfraction (12.32%) [1] 
or any combination of them [2, 6]. The frequency of this 
pathology increases with age [3-6] and the number of re-
tained teeth [6] that indicates the long-term component 
in their formation associated with occlusive stress [1, 3, 
5] which initially develops in enamel cracks [6, 7]. The 
presence of microcracks leads to disruption of chemical 
bonds between hydroxyappatite crystals, subsequent 
penetration of water and other molecules making a tooth 
more vulnerable to dissolution, chemical erosion or abra-
sive factors [7]. It is the cervical region where there are 
wedge-shaped defects with sharp angles converging in 

the region where the greatest loading is generated [6, 8]. 
According to the findings significant occlusal force on teeth 
is diagnosed by the presence of wear facets that were de-
termined in 78% of examined patients with NCCL [7]. The 
presence of occlusal wear facets and microcracks in teeth 
with wedge-shaped defects confirms occlusal stress as the 
main etiological factor, and in some cases it’s the root cause 
of the development of this NCCL form [7]. It is known 
from the literature review [6] that not all clinical studies 
show a positive correlation between occlusal loading and 
abfraction lesions. Probably, occlusal loading is a part of a 
multifactorial phenomenon that does not necessarily follow 
from the assumed classical mechanism of abfraction [6].

Nowadays the clinical picture of wedge-shaped defects 
is described, histological [9] and morphological [8, 10, 11] 
features of their structure are determined. But insufficient 
attention is paid to the mineral composition of teeth with 
NCCL, although a number of researchers confirm the link 
of the morphological structure with the number of chem-
ical elements and the features of the manifestation of the 
pathology of hard tissues of both carious and non-carious 
origin [11, 12]. The absence of certain minerals can affect 
the content of other minerals and lead to greater vulner-
ability of teeth to pathological processes [13]. Since the 
prevalence of NCCL tends to increase [7] it is important 
for clinicians to recognize etiological factors and their 
combination [5], identify the patterns of the processes as-
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sociated with the chemical structure of enamel and dentin 
[11, 12]. Therefore, the comparative analysis of the content 
of macro- and microelements in the dentin of intact teeth 
and teeth with wedge-shaped defects seems completely 
justified and necessary.

THE AIM
To determine dentin chemical composition of intact teeth 
and teeth with wedge-shaped defects with subsequent 
analysis of the revealed differences.

MATERIALS AND METHODS
Longitudinal sections of 22 clinically removed teeth of 
both jaws (12 clinically intact ones, 10 with wedge-shaped 
defects) were studied in patients aged 25-54. The teeth were 
extracted for orthodontic indications. The samples were 
washed under running water, purified from blood clots 
and stored in formalin. To make the sections the teeth 
were cut along the central axis through the middle part of 
the vestibular surface using diamond discs, then they were 
put in molds and filled with quick-hardening resins. The 
samples were ground and polished after polymerization 
[14]. We used JSM-6490 LV focused beam electron micro-
scope (scanning) with system of energy-dispersive X-ray 
microanalysis INCA Penta FETх3 (OXFORD Instruments, 
England). The sections were fixed on a glass slide and they 
were filled with carbon in the vacuum device. To perform 
quantitative X-ray spectral microanalysis standard samples 
were used. We calculated local mass fractions of chemical 
elements using the picfon ratio method taking into account 
the corrections for atomic number, fluorescence and ab-
sorption, measured in normal mass percentage (normal 
mass %). The mineral composition of 148 dentin areas 
in the incisal region (tubercle), equator, cervical area has 
been determined as a percentage of the weight amounts 
of carbon, oxygen, calcium, phosphorus, sodium, mag-
nesium, sulfur, chlorine, zinc, potassium, and aluminum. 
Replication measurements were averaged in one sample 
before statistical analysis. The study was conducted at the 
base of Donetsk Institute of Physics and Technology of 
the National Academy of Sciences of Ukraine. The work 
was performed in accordance with the principles of WMA 
Declaration of Helsinki “Ethical Principles for Medical 
Research involving Human Subjects”, Order No. 690 of 
the Ministry of Health of Ukraine (dated September 23, 
2009) and approved by Bioethics Commission of Donetsk 
National Medical University. Before being involved in the 
survey all the participants were provided with written 
informed consent.

The degree of reliability of the results was ensured by the 
use of certified equipment, correctness of the statistical 
processing of obtained findings. The analysis of variance 
was performed using Kruskal-Wallis test and according to 
the test the differences in the content of chemical elements 
in dentin were revealed. The differences at p≤0.05 were 
considered statistically significant. In order to evaluate the 

relationship between the variables the correlation analysis 
(Pearson’s parametric correlation method) was performed 
with the confidence level of 95%. The statistical processing 
was performed using the computer program Statistica 8.0 
(STA862D175437Q).

RESULTS
The analysis of the chemical composition of the surface 
enamel of teeth with wedge-shaped defect was presented 
in previously published papers. Depending on the depth 
of microcracks a significant difference in the quantitative 
distribution of phosphorus areas was determined in the ex-
amined enamel, p≤0.05 [15]. While studying dental dentin 
with NCCL the link between the content of magnesium and 
calcium and the depth of defects of the vestibular enamel 
surface (p≤0.05) has been determined [14]. The compar-
ative analysis of the number of macro- and microelements 
in teeth with wedge-shaped defects and clinically intact 
teeth has been carried out to confirm the assumption of 
differences in dentin chemical composition depending 
on the state of hard tissues. The obtained results of the 
samples from the area of the incisal region (tubercle) are 
presented in table I. 

The differences in the content of sodium, chlorine, and 
calcium were revealed: their concentration was significant-
ly lower in the group of the samples with NCCL compared 
to intact ones (p≤0.05). There was more sulfur and oxygen 
in the dentin of teeth with wedge-shaped defects (p≤0.05).

Examined parts of dentin in the area of the incisal region 
(tubercle) are presented in figure 1.

The results of the revealed correlation between the 
сhemical elements of high strength in the area of the incisal 
region (tubercle) are shown in Table II.

	 An indirect correlation has been determined in the 
group of the samples with NCCL between carbon and 
calcium, carbon and phosphorus, a direct one – between 
phosphorus and calcium p<0.001. An indirect correlation 
was observed in clinically intact teeth between the content 
of carbon and calcium, carbon and oxygen, carbon and 
sodium, calcium and zinc; a direct correlation between 
sodium and magnesium, sodium and calcium, calcium 
and oxygen, calcium and magnesium, p≤ 0.001.

Examined parts of dentin in the area of the equator are 
presented in figure 2.

The differences in the amount of sodium, magnesium, 
phosphorus and zinc have been revealed in dentin chemical 
composition in the equator area depending on the state of 
dental hard tissues (p≤0.05) (table III).

The content of sodium and magnesium was significant-
ly high in intact samples (0.80±0.21 normal mass % and 
0.58±0.08 normal mass %, respectively), p≤0.05. The con-
centration of phosphorus and zinc was statistically signifi-
cantly higher in teeth with wedge-shaped defects (12.87± 
0.53 normal mass % and 0.21±0.49, respectively), p≤0.05.

The results of the revealed correlation between the 
сhemical elements of high strength in the area of the 
equator are shown in Table IV.
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Table I. The chemical composition of dentin incisal region (tubercle)

Chemical element
(normal mass %)

Teeth with wedge-shaped defects
( X ±m)
(n=21)

Clinically intact teeth
( X ±m)
(n=20)

P

C 27.52±1.57 26.97±3.69 0.110

O 36.54±0.67 35.81±1.89 0.050*

Na 0.36±0.06 0.77±0.25 <0.001*

Mg 0.44±0.08 0.41±0.16 0.580

Al 0.02±0.02 0.02±0.04 0.310

P 12.46±0,54 12.21±0.28 0.060

S 0.10±0.05 0.07±0.03 0.030*

Cl 0.09±0.04 0.14±0.05 0.001*

K 0.02±0.02 0.04±0.04 0.070

Ca 22.46±1.07 23.61±1.78 0.004*

Zn 0.05±0.06 0.05±0.07 0.350

Note: P – the statistical significance of differences; n - number of dentine areas; *  the difference between the groups is statistically significant, p≤0.05.

Table II. Correlation between the content of the chemical elements in dentin of the incisal region (tubercle), r

Chemical 
element

Teeth with wedge-shaped defects
(n=21)

Clinically intact teeth
(n=20)

C Ca C Zn O Na Ca

Ca -0.902
р<0.001

-0.938
р<0.001

-0.670
р=0.001

0.706
р<0.001

0.809
р<0.001

P -0.856
р<0.001

0.938
р<0.001

O -0.902
р<0.001

0.706
р<0.001

Na -0.712
р<0.001

Mg 0.738
р<0.001

0.694
р<0.001

Note: р – the statistical significance of differences; r – Pearson correlation coefficient

Table III. The chemical composition of dentin equator

Chemical element
(normal mass %)

Teeth with wedge-shaped defects
( X ±m)
(n=26)

Clinically intact teeth
( X ±m)
(n=26)

P

C 23.37±3.68 24.45±3.16 0.340

O 36.68±1.61 37.00±2.33 0.960

Na 0.67±0.46 0.80±0.21 0.030*

Mg 0.33±0.09 0.58±0.08 <0.001*

Al 0.04±0.05 0.04±0.05 0.910

P 12.87±0.53 12.02±0.32 <0.001*

S 0.11±0.08 0.08±0.04 0.310

Cl 0.13±0.11 0.11+0.09 0.750

K 0.04±0.04 0.02±0.02 0.110

Ca 25.65±2.22 24.91±1.02 0.240

Zn 0.21±0.49 0.06±0.11 0.040*

Note: P – the statistical significance of differences; n  number of dentine areas; *  the difference between the groups is statistically significant, p≤0.05.
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The correlation analysis revealed an indirect correlation 
in both groups: between carbon and oxygen content; car-
bon and calcium, a direct correlation – between calcium 

and oxygen, p <0.001. A direct correlation was determined 
between phosphorus and oxygen, magnesium and oxygen, 
chlorine and zinc, chlorine and sodium, zinc and sodium 

Table IV. Correlation between the content of the chemical elements in dentin of the equator, r

Chemical 
element

Teeth with wedge-shaped defects
(n=26)

Clinically intact teeth
(n=26)

C Ca Zn О Na С Са

Ca -0.963
р<0.001

0.719
р<0.001

-0.903
р<0.001

P -0.654
р<0.001

-0.699
р<0.001

0.667
р<0.001

0.704
р=0.002

O -0.834
р<0.001

0.719
р<0.001

-0.707
р<0.001

-0.958
р<0.001

0.765
р<0.001

Mg 0.716
р<0.001

Cl 0.768
р<0.001

0.712
р<0.001

Zn -0.707
р<0.001

0.692
р<0.001

Note: р – the statistical significance of differences; r – Pearson correlation coefficient

Table V. Chemical composition of cervical dentin

Chemical element
(normal mass %)

Teeth with wedge-shaped defects

( X ±m)
(n=26)

Clinically intact teeth
( X ±m)
(n=29)

P

C 26.59±2.67 23.05±3.12 0.001*

O 39.12±4.81 36.75±3.26 0.580

Na 0.42±0.14 1.01±0.41 <0.001*

Mg 0.29±0.13 0.34±0.20 0.540

Al 0.03±0.03 0.02±0.03 0.540

P 11.86±1.53 12.27±0.45 0.310

S 0.10±0.06 0.08±0.06 0.180

Cl 0.12±0.06 0.23±0.12 <0.001*

K 0.03±0.04 0.01±0.01 0.030*

Ca 21.39±3.96 25.27±1.33 <0.001*

Zn 0.09±0.11 0.10±0,10 0.620
Note: P – the statistical significance of differences; n  number of dentine areas; *  the difference between the groups is statistically significant, p≤0.05.

Table VI. Correlation between the content of the chemical elements of the cervical dentin, r

Chemical 
element

Teeth with wedge-shaped defects
(n=26)

Clinically intact teeth
(n=29)

Ca Р О Р С Na Ca

Ca 0.905
р<0.001

-0.917
р<0.001

-0.757
р=0.001

P 0.905
р<0.001

-0.875
р<0.001

0.810
р<0.001

O -0.889
р<0.001

-0.804
р<0.001

0.674
р=0.004

-0.893
р<0.001

-0.846
р<0.001

0.931
р<0.001

Cl -0.867
р<0.001

0.812
р<0.001

0.736
р=0.001

-0.803
р=0.001

Note: р – the statistical significance of differences; r – Pearson correlation coefficient
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in dentin of the teeth with NCCL, an indirect correlation 
between phosphorus and carbon, phosphorus and zinc, 
zinc and oxygen, p <0.001. Dentin of clinically intact teeth 

had a direct correlation between calcium and phosphorus 
content (r =0.704), р=0.002. The differences in the amount 
of carbon, sodium, chlorine, potassium and calcium were 

Fig. 1. Examined parts of dentine in the area of the incisal region (tubercle)

Fig. 2. Examined parts of dentin in the area of the equator

Fig. 3. Examined parts of dentin in the cervical area
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determined in the cervical region: the content of carbon 
and potassium was significantly higher (26.59 ± 2.67 nor-
mal mass % and 0.03±0.04 normal mass %, respectively) 
in the group of samples with NCCL, p≤0.05 (table V). The 
content of sodium, chlorine, and calcium was higher in 
dentin of clinically intact teeth (p <0.001).

Examined parts of dentin in the cervical area are pre-
sented in figure 3.

The results of the revealed correlation between the 
сhemical elements of high strength in the cervical area are 
shown in Table VI.

A direct correlation between the content of phospho-
rus and calcium (r=0.905) has been revealed, an indirect 
correlation between oxygen and phosphorus (r=-0.804), 
oxygen and calcium (r =-0.889) in the samples with 
NCCL, p<0.001. There was a direct correlation between 
the amount of oxygen and calcium in dentin of intact teeth 
(r=0.931), carbon and chlorine (r=0.812), phosphorus 
and calcium (r=0.810), chlorine and sodium (r=0.736); 
there was determined an indirect correlation between 
the content of carbon and oxygen (r=-0.893), carbon and 
phosphorus (r=-0.875), sodium and calcium (r=-0.757), 
sodium and oxygen (r=-0.846), chlorine and calcium  
(r=-0.803), calcium and carbon (r=-0.917), p≤ 0.001.

Thus, significant differences have been defined in the 
content of carbon, magnesium, phosphorus, chlorine, 
potassium, calcium in dentin chemical composition of 
clinically intact teeth; in the teeth with wedge-shaped 
defect carbon, sodium, magnesium, phosphorus and 
calcium depending on the examined area (p≤0.05). Using 
the comparative analysis of obtained findings distributed 
in the groups the differences have been identified: in the 
amount of oxygen, sodium, sulfur, chlorine and calcium 
in the area of the incisal region (tubercle); sodium, magne-
sium, phosphorus and zinc at the equator, carbon, sodium, 
chlorine, potassium and calcium (p≤0.05) in the cervical 
region. More mineral components were contained in the 
dentin of clinically intact samples with the exception of 
sulfur and oxygen — in the incisal region (tubercle), phos-
phorus and zinc — at the equator, carbon and potassium 
— in the cervical region (p≤0.05). It should be noted that 
the amount of sodium was significantly less in all areas of 
examined teeth with wedge-shaped defects (by 2.1 times 
– in the incisal region (tubercle), by 2.4 times – in the 
cervical area (p≤0.05).

A strong indirect correlation between the content of car-
bon and calcium was determined in the areas of the incisal 
region (tubercle) and the equator in both groups, and an 
indirect one between carbon and oxygen was defined in the 
equator region. Correlation was detected between calcium 
and oxygen in dentin of the equator and the cervical region: 
a direct correlation at the equator of all samples and in the 
cervical region of clinically intact samples, an indirect one 
in the cervical region of the samples with a wedge-shaped 
defect. A direct correlation of high strength was identified 
between phosphorus and calcium in the cervical area of the 
teeth of both study groups, in the area of the incisal region 
(tubercle) of teeth with NCCL, at the equator of intact teeth.

DISCUSSION
The heterogeneity of the distribution of chemical elements 
in the enamel and dentin of permanent teeth determined 
as a result of carried out studies [14, 15] is probably due to 
their role in ensuring hardness and resistance to external 
factors [13].

We have hypothesized that the level of chemical elements 
in dental hard tissues affects the onset and progression of 
NCCL. Demineralization of dentin that was observed in 
69% of NCCL cases [10] contributes to their formation 
at an early stage, and occlusive stress contributes to the 
progression of pathology [6]. During demineralization 
the release of calcium precedes the release of phosphate 
from enamel, dentin and cement [16]. This fact explains 
significantly higher phosphorus content in the dentin of the 
equator of teeth with wedge-shaped defects compared with 
clinically intact ones. Obtained findings on the amount 
of magnesium and calcium in the dentin of the incisal 
region (tubercle), namely, a higher content of magnesium 
and a lower content of calcium at the level of 5% in the 
samples with wedge-shaped teeth agree with the results of 
the previous studies [17] in the teeth with occlusal wear 
facets that cause occlusal stress in the etiology of NCCL. A 
greater amount of magnesium in the dentin of teeth with 
wear facets can be a protective reaction to external influ-
ences [17]. Significant decrease in the amount of calcium 
in the incisal region (tubercle) and the cervical region in 
the dentin of teeth with wedge-shaped defects is explained 
by its role in the development of pathology of dental hard 
tissues [12, 13].

In the areas of the incisal region (tubercle) and equator of 
the samples of intact teeth and teeth with NCCL, in the cer-
vical area of intact teeth there was determined an indirect 
correlation between carbon and calcium content in dentin 
which was also observed in the teeth with increased wear 
[12]. Significant differences in the amount of carbon were 
detected in the cervical region, p<0.001. Other research-
ers identified a strong correlation between carbon and 
magnesium levels in dental dentin with a carious process 
[12]. According to our results such relationship has not 
been found in any of dentin areas of the samples of both 
groups that is probably due to the difference in the chemical 
composition depending on the state of hard tissues.

Revealed identical differences in dentin mineral compo-
sition of the incisal region (tubercle) and cervical region in 
the content of sodium, chlorine, and calcium indicate the 
possible role of these chemical elements in resisting occlu-
sal stress. Obtained results agree with other researchers’ 
findings [10] that the loss of dentin mineral components 
and occlusal injury may be etiological factors in the devel-
opment and further progression of NCCL.

CONCLUSIONS
There has been confirmed the assumption of differences 
in dentin chemical composition of intact teeth and teeth 
with wedge-shaped defects in the incisal region (tubercle), 
equator, cervical area (p≤0.05). The heterogeneity of dentin 
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chemical composition of the studied areas of clinically in-
tact teeth and teeth with wedge-shaped defects is probably 
due to the loading of various sites and their morphological 
characteristics. The presence of correlation between dentin 
chemical elements of intact teeth and teeth with wedge-
shaped defects confirms the possible role of macro- and 
microelements in the pathogenesis of NCCL (p<0.0001).

The perspective is in the studying of chemical elements 
in the content of which significant differences have been 
determined in the oral fluid and patients’ blood serum with 
predisposing factors (including enamel microcracks) and 
appeared wedge-shaped defects and it will provide an indi-
vidual approach to the prevention and treatment of NCCL.
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