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ABSTRACT 

 
Since the metals deposited in the teeth during formation and mineralization 

processes are to a large extent retained, human teeth receive a considerable 
attention as indicators of heavy metal exposure. The objective of the present work 
was to assess the relationship between the concentration of lead from the hard 
dental tissues of schoolchildren's deciduous teeth and the prevalence of dental 
caries. In 2008, a cross-sectional study was conducted on 157 children: 90 children 
from an industrial urban area (44 boys and 46 girls), mean age 7.66±0.6 years and 
67 children from a reference area (31 boys and 36 girls), mean age 7.75±0.6 years. 
For dental status evaluation there were determined mean values and standard 
deviation for the following parameters: the number of caries free children, the 
prevalence index (Ip), the decayed, missing, filled teeth/surfaces (dmft/s index) and 
the Significant Caries index (SiC30 and SiC10). A correlation was made between 
these indices and the heavy metals concentrations from the temporary teeth 
collected from the two areas, the data being obtained from Politechnica University, 
Bucharest, our partner in a CNMP project. Statistical analyses were performed 
using the SPSS program.  
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1. Introduction 

 
The subject of this paper – the consequences of 

the action of heavy metals on human teeth – brings to 
attention a topic that is probably not very commonly 
known within the technical world, but which could 
well be an interesting subject for interdisciplinary 
research.  

It is common knowledge that disturbing actions 
of environmental factors during tooth formation 
(odontogenesis) may induce anomalies of dental hard 
tissues, known as tooth development anomalies [1-4]. 
These anomalies are evident at the moment of tooth 
eruption or become noticeable shortly afterwards and 
show that the subject was submitted to the negative 
influences of environmental factors during tooth 
formation [5,6].  

It seems out of all environmental factors, heavy 
metals (lead-Pb, cadmium-Cd, magnesium-Mg, zinc-
Zn and cooper-Cu) have a great impact on tooth 
formation and mineralisation, taking into account 

their capacity of accumulation in time in heavy dental 
tissues [7-10].  

Like in a bone, calcium can be partially 
substituted by a small amount of heavy metals [11-
15]. This process is well known and may also take 
place in a tooth structure [15]. This is rather a 
complex process that is affected by various factors 
including the chemical form of the metal and its 
binding sites, age, gender, genetic inheritance and 
environmental quality [16,17]. Thus, the levels of the 
metals in teeth can be used to estimate especially the 
long-term environmental exposure [18]. 

During the last years, the dynamic behavior of 
dental structures from areas with heavy metal risk 
became the subject of some papers mainly for 
evaluating environmental effects on vulnerable 
groups of children, as their exposure and 
susceptibility are greater than those of adults. Studies 
conducted in Bahrein upon 280 primary teeth found 
toxic concentration of lead in 35% of the teeth of the 
studied children.  
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The level of lead in the teeth was not influenced 
by the child’s sex, nationality, area of residence or 
socio-economic status [19]. Studies conducted in 
Germany reported higher levels of lead in children 
living in urban areas, compared to those from 
suburban/rural areas. The highest concentrations were 
found in children living in the smelter area and in 
those whose parents are lead-workers. The same 
studies reveal that lead level depends on the period of 
time the subject spent in the lead-smelter area as well 
as on the degree of local environmental pollution, in 
essence on the lead content of the atmospheric dust 
fall-out around children’s home [20, 21]. 

Various studies on the consequences of high 
levels of lead in the teeth reported possible 
connections with a higher level of caries [3, 22]. 
However, there is no convergence of opinions on the 
matter. Because of the divergences in the literature 
and scarcity of data on this subject among Romanian 
communities, an epidemiological investigation was 
made in order to determine the relationship between 
the concentration of lead present in the enamel of 
Romanian schoolchildren's deciduous teeth and the 
prevalence of dental caries. The two target groups 
were selected from an industrial area, an urban area  
with high pollution, and from a reference area, a rural 
area from the mountain region of Romania.  

 
2. Material and methods 

 
An epidemiological, cross-sectional study was 

conducted upon first and second grade schoolchildren 
attending random schools from those towns. Sample 
1 consisted of 90 children from Bucharest (44 boys 
and 46 girls), mean age 7.66±0.6 and median age 7.75 
years. Sample 2 consisted of 67 children from 
Pătârlagele (31 boys and 36 girls), mean age 7.75±0.6 
and median age 7.75 years (Figures 1, 2 and Table 1). 
The 6-7 years old is one of the ages recommended by 
WHO for children oral health evaluation because at 
this age primary dentition is in total functionality. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1. Sample 1- Age and sex distribution 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Sample 2- Age and sex distribution 
 
Written consent was obtained from the local 

public health authorities of the cities included in the 
study, from the local administration authorities and 
from the school authorities. The school authorities 
obtained the written informed consent from the 
parents of the recruited children. 

The clinical examination was carried out in the 
school classes, using plain mouth mirrors, ball-ended 
dental probes under natural optimal light. Standard 
infection-control protocols were followed [23]. 

The World Health Organization (WHO) criteria 
were used for the caries diagnosis and registration [6]. 
Dental caries was diagnosed at the caries into dentine, 
using a visual method without radiography, fibre-
optic transillumination, or compressed air. Enamel 
and precavitated lesions were excluded. The data 
were registered on individual charts: the presence and 
distribution of caries, fillings and missing teeth due to 
caries.  

For caries experience evaluation there were 
determined: 

- the number of caries-free children;  
- the prevalence index (Ip); 
- the dmft/dmfs indices – the sum of the number 

of teeth/surfaces decayed, missing/extracted or filled 
because of decay.   

After the data were gathered and centralised, we 
analised if there are any differences regarding the 
heavy metals concentration in the primary teeth 
belonging to the children born and raised in the two 
urban areas (Bucharest and Patarlagele). The primary 
teeth, extracted due to their exfoliation, were 
collected by the dentists from the local school dental 
clinic, in the same year whith the examination. The 
heavy metals concentration were determined by the 
Politechnica University, Faculty of Applied 
Chemistry and Materials Science, our partner in a 
CNMP (National Centre of Management Programs) 
project. In this project, the "Carol Davila" University 
of Medicine and Pharmacy Bucharest, represented by 
the Paediatric Dentistry Department, provided the 
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primary teeth that were analysed, those teeth being 
collected during the exfoliation period.  

The primary teeth belonged to all morphological 
types (incisors, canines and molars), were sound teeth 
and also decayed teeth.  

Data were analyzed by using the statistical 
package SPSS v. 16.0. Associations of variables were 
tested by means of ANOVA unifactorial tests and 
Independent sample t-test at the 5% level of 
significance. 

For heavy metal level determination an ELAN 
DRC-e induced plasma coupled spectrophotometer 
was used (ICP-MS). This method is a type of mass 
spectrometry that is highly sensitive and capable of 
the determination of a range of metals and several 

non-metals at concentrations below one part in 
1012 (part per trillion) [24-26].  

 
3. Results 

 
3.1. Caries experience 

The prevalence index, Ip, had very high values  
for both samples, in the urban area being 80%. The 
dmft index was 4.21±3.43, and the dmfs index 
8.83±8.31 (Table 1). 

For the second sample, the Ip was 82.5% the 
dmft index was 7.09±4.15, and the dmfs index was 
16.31±11.9 (Table 1).  
The differences between the data were statistically 
significant (p<0.05).  

 
Table 1. Caries experience indices for both samples  

 
 
 

 
    

 
 
 
 
 

 
 
 
 

3.2. Heavy metals concentration  
in primary teeth 

Our results were compared with those reported 
by the Department of Bioengineering and 
Biotechnology. The amount of heavy metals was 
determined for the extracted primary teeth, for each 
sex and for enamel and dentine. The tables below 
present the mean values obtained by our partner, 
because they calculated the concentrations for each 
kind of teeth (molars, canines and incisors).  

 

The heavy metal concentrations were generally 
higher in Bucharest than at Patarlagele.  

Regarding the heavy metal concentration for 
both sexes, the values were higher for the boys than 
for the girls.  

Taking into consideration the concentration of 
the two layers, enamel and dentine, the amount of 
heavy metals from the enamel was higher than the 
dentine, although those metals are normally deposited 
mostly in the dentine [26]. 

Table 2. Heavy metal concentration in enamel-boys [26] 
  

 
 
 
 

Table 3. Heavy metal concentration in enamel-girls [26] 

 

Index Sample 1 Sample 2  

Ip 
(%) 80 82.5 SS 

Caries free 
(%) 20 17.5 SS 

dmft 4.21±3.43 7.09±4.15 SS 

dmfs 8.83±8.31 16.31±11.9 SS 

Mn Cu Zn Cd Pb Hg Area [ppm] 
Urban 30.5 44.03 36.13 57.21 38.32 29.6 
Rural 24.04 45.5 25.7 37.16 15.6 10.74 

Mn Cu Zn Cd Pb Hg Area [ppm] 
Urban 42.5 56.16 51.06 38.14 38.56 28.16 
Rural 11.05 53 5.95 46.5 5.2 9.35 
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Table 4. Heavy metal concentration in dentin-boys [26] 
 

 
Table 5. Heavy metal concentration in dentin – girls[26]

 
In order to see if there is an association between 

the caries experience and the heavy metal 
concentration, the ANOVA test was used.  

No statistical association was found between 
caries experience and the amount of heavy metals in 
these teeth (Table 6, p>0.05).  

 
Table 6. ANOVA test results 

 

 
 
 
 
 
 
 

4. Discussion 
  
There are few studies in Romania regarding the 

impact of heavy metals on hard dental tissues. In this 
respect, the purpose of our study was to analyze if 
there is any correlation between the heavy metal 
content in the enamel and dentine of primary teeth 
and caries prevalence from a polluted area and a 
reference area.   

Based on human and animal studies, a number 
of 6 types of elements have been proposed in the 
literature, depending on their cariogenicity. This 
proposal which summarized the cariogenic effect of 
many of the minerals included in the cariostatic group 
some elements like F and P, and placed various heavy 
metals, such as Mn, Sn and Zn, in the range of middle 
cariostatic [27-29].  Other elements like Al, Ni and Fe 
are treated as caries inert, while some other 
aggressive heavy metals, like Cd and Pb are defined 
as caries promoting. 

No defined reference values exist in the 
literature for the concentrations in dental enamel that 
would reflect a condition of lead poisoning or, 
furthermore, would relate to enamel defects and 
caries.  

The studies in the Brazilian literature have 
established reference values only for blood and have 
reported the importance of verifying lead levels as a 

routine examination. However, blood measurements 
indicate acute lead contamination, thus differing from 
dental enamel, which indicates past contamination 
[30].  

The heavy metal content in the deciduous teeth 
was higher in children's primary teeth from the 
polluted town than the reference area.  

The heavy metal content was bigger in enamel 
than in dentine.   

Nonetheless, no relationship was found between 
any of the lead concentrations analyzed in the present 
study and caries experience in the deciduous teeth, 
but there is a correlation between these concentrations 
and local pollution.  

It is needed to point out that there are many 
factors, including nutrition and socio-economic 
problems which may affect the caries experience and 
oral health in general and therefore a correlation is 
very difficult to be established. 

Our results are in agreement with previous 
studies made in Piracicaba, Sao Paulo, on preschool 
children, which also found no correlation between the 
heavy metal content in high polluted areas and caries 
experience or enamel hypomineralisation [29]. 

Also in Poland no data was found that would 
give evidence of a relationship between the Cd, Cr, 
Cu, Fe, Mg, Zn, K, Ca and Mg concentrations in the 
decayed tooth roots and the sound teeth [29]. 

Mn Cu Zn Cd Pb Hg Area [ppm] 
Urban 26.46 33.48 26.17 39.55 16.5 12.45 
Rural 10.07 34.72 10.05 22.1 2.1 5.42 

Mn Cu Zn Cd Pb Hg 
Area [ppm] 
Urban 35.7 45.84 41.7 28.24 16.64 17.2 
Rural 9.7 45.05 5.2 39.15 4.95 8.25 

Correlated parameters ANOVA-p 
Mn 0.56 
Cu 0.72 
Zn 0.85 
Cd 0.76 
Pb 0.32 
Hg 0.25 
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5. Conclusions 
 
Many studies on this topic are needed, with 

focus on children from the same social category or 
other polluted areas in order to see if there is a 
correlation between caries experience and heavy 
metals. 
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