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AbstrAct

The inorganic part of bone tissue is mainly composed of Ca. In adult people, the resorption pro-
cesses lead to the removal of minerals from calcified tissues. Women’s bodies are particularly 
vulnerable to a decrease in the concentration of Ca because the osteolysis processes that occur 
with age are compounded by hormonal changes during the menopause. The aim of the study 
was to determine the age-dependent concentration of Ca in the bones and teeth of adult women. 
The object of the research was calcified tissues bones and teeth (n=323). Samples were taken 
from women aged 26 - 85 years (mean: 55.7 years), living in Poland, in the Silesian Province. 
Samples were submitted to wet microwave mineralization (spectrally pure nitric acid).  
The Ca concentration in teeth and bones was determined with the AAS method. The concentra-
tion of Ca in the tested samples of calcified tissues from women aged 26 - 85 years  
was 10.1-32.0%, and the average concentration was 16.7±3.5% in bones and 22.2±4.7% in teeth. 
The calcified tissues, from both bones and teeth, show a progressive decrease in the Ca concen-
tration that occurs as women age. The decreasing level of Ca in bone and teeth was statistically 
significant (p<0.05). There was a difference in what age calcium is released from bones and 
teeth. The research showed that a decrease in the Ca concentration in bone tissue occurs earlier 
than it happens in teeth (about 10 years). The decrease in the Ca concentration in calcified  
tissues of teeth was slight greater than in bones, indicating slightly greater mobilization  
of Ca from the tissues of teeth.

Keywords: calcium, bones, teeth, AAS.

dr n. med. Agnieszka Fischer, Department of Toxicology and Bioanalysis, Faculty of Pharma-
ceutical Sciences, 30 Ostrogorska Str., 41-200 Sosnowiec, Poland, +48 323641633, e-mail:  
afischer@sum.edu.pl 
* This work was financed by the Medical University of Silesia (contract No. KNW-1-163/N/9/0).



1320

INTRODUCTION

The inorganic part of bone tissue is mainly composed of hydroxyapatite 
(Ca10(OH)2(PO4)6), whose structure is 99% formed by the systemic amount  
of Ca (Bonjour 2011). Bone tissue is a dynamic system, in which processes  
of creation and resorption occur simultaneously (reynard, Balter 2014).  
In adults, the resorption processes are intensified, thus minerals including 
Ca are removed from bone tissue (Hill 1998). An intensive decrease in the 
concentration of Ca in bone tissue can result in osteoporosis (Cosman et al. 
2014). Women’s bodies are particularly vulnerable to a decrease in the con-
centration of Ca because the osteolysis processes that occur with age are 
compounded by hormonal changes during the menopause (makker et al. 
2012, Pavel et al. 2016).

The menopause is caused by hormonal changes which occur physiologi-
cally in women’s bodies. This process is defined as a naturally inhibited  
activity of female gonads and the loss of the ovarian follicular function.  
The disappearing endocrine function of the gonads has an effect on the func-
tioning of the entire organism and can lead to dysfunction and disorders 
(Freeman et al. 2014, jeHan et al. 2015, karim et al. 2015, salerni et al. 2015, 
GoH, Hart 2016, loHana, samir 2016). Hormonal changes can contribute  
to disorders in the elemental balance of the body (ProkoPowiCz et al. 2014, 
ansar et al. 2015, sCHmidt 2017). One of its effects is the decreasing amount 
of calcium in women’s bodies during the post-menopausal period 
(Woźniak-Holecka, Sobczyk 2014). 

A variety of physiological and behavioural factors can influence the onset 
and course of the menopause (Poluzzi et al. 2014, sCHmidt 2017). Geographi-
cal and cultural diversity is indicated as well (sHoBeiri, nazari 2014, sCHmidt 
2017). Hispanic and Afro-American women reach the menopause earlier, 
while Chinese and Japanese women enter into the menopause later than  
the average Caucasian women, who experience the menopause at about  
51.5 years of age (sHoBeiri, nazari 2014). In the United States, 52.54 years  
is the median age for natural menopause (Gold et al. 2013, sCHmidt 2017). 
However, the average age at which the menopause is diagnosed in women  
in Europe is 51.25 years (25th percentile 49, 10th percentile 43, 75th percentile 
54, 90th percentile 56 years) (Parazzini 2007, Bjelland et al. 2018). Based  
on the probability of the occurrence of the menopause as defined by the  
10th and 90th percentile, it can be assumed that the menopause occurs  
between 43-56 years of age (Bjelland et al. 2018).

In the research, the Ca concentration in mineralized tissues of teeth and 
bones of adult women of all ages was determined. We also studied changes 
in the concentration of Ca in calcified tissues during the perimenopausal 
period. The common inorganic structure of both bones and calcified tissues  
of teeth, based on the hydroxyapatite structure, prompted us to investigate 
both types of tissues in the research.
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The literature shows a difference in the possibility of restructuring hy-
droxyapatite between bone tissue and tooth tissue. In terms of human bones, 
hydroxyapatite crystals as a bioactive ceramic cover 65 up to 70% of the bone 
by weight. Furthermore, the architecture of the bone comprises type-I colla-
gen as an organic component and hydroxyapatite as an inorganic component. 
With regard to the dental role of a hydroxyapatite crystal, it makes up 70 up 
to 80% of dentin and enamel by weight (HaBiBaH, salisBury 2018). Within  
the human body, enamel is the hardest substance, consisting of relatively 
large hydroxyapatite crystals (Mate-SancHeS de val et al. 2016). Contrary  
to bone, enamel does not contain collagen. Amelogenins and enamelins  
replace the function of collagen by providing a framework for mineralization 
(HaBiBaH, salisBury 2018). The mineral structure of teeth is considered more 
stable, subject to processes of elemental accumulation (leventouri et al. 
2009, seHrawat, sinGH 2019).

In the light of the above information, the inclusion of both teeth and 
bones in the research aimed at demonstrating whether these calcified tissues 
show differences in changes of the Ca concentration taking place in women’s 
bodies with age.

MATERIAL AND METHODS

The material for the research consisted of samples of permanent teeth 
and bone (femoral head) taken from women residing in Poland, in the Silesian 
Province (cities: Katowice DMS: 50°15′53.611″ N 19°1′25.613″ E, Sosnowiec  
DMS: 50°17′10.55″ N 19°6′14.685″ E, Mysłowice DMS: 50°12′28.968″ N 
19°9′57.785″ E, Bytom DMS: 50°20′54.174″ N 18°54′56.583″ E, Chorzów 
DMS: 50°17′50.958″ N 18°57′16.462″ E, Zabrze DMS: 50°19′29.74″ 
N 18°47′8.587″ E).

The study group was composed of 323 women aged 26-85 years (Table 1). 
The average age of women from whom teeth were taken was 45.2 years.  
For bone samples, the average age of women was 64.8 years. The differences 
in the age of women from whom bone and tooth samples were taken for the 
research arose from the specificity of medical indications for medical proce-
dures during which samples were collected for research.

Teeth and bone sampling
Teeth were taken in a dentist’s office during an extraction surgery car-

ried out for medical indications. Teeth taken for the research were consid-
ered postsurgical debris. Indications for tooth extraction were caries and its 
complications, as well as prosthetic recommendations. The research did not 
include teeth with dental fillings and teeth that had undergone a root canal 
treatment.
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Samples of the femoral head taken for the research were obtained intra-
operatively during a hip replacement procedure performed in treatment  
of degenerative and deforming changes of the hip joint. Before the research, 
the samples were stored at a temp. of -20ºC. The research was approved  
by the Bioethics Committee (SUM No. NN 6501-109/06).

The data on the condition of the women’s health were collected through 
questionnaires. The research did not include samples of bones and teeth 
from women undergoing a hormone replacement therapy during the meno-
pause or from women who took dietary supplements containing minerals.

Sample preparation
After preliminary cleaning of soft tissue, samples of teeth and bones 

were rinsed with running water followed by rinsing with distilled water,  
after which they were dried at a temperature of 60-80ºC to constant weight 
and ground in a porcelain mortar. From each crushed sample, an average 
weighted portion of approx. 0.3 g was taken for analysis. Samples were sub-
ject to microwave wet mineralization (spectrally pure nitric acid).

Determination of calcium concentration
The calcium concentration in samples was determined using the AAS 

method. The accuracy of measurement in bone and teeth was tested with 
certified reference material NIST SRM 1486 (Bone Meal). The results were 

Table 1 
Characteristics of the study group

Specification Age group N
Years

min.-max. mean

Teeth

All 223 26 - 75 45.2
1 59 26 - 35 30.9
2 62 36 - 45 40.5
3 57 46 - 55 50.1
4 30 56 - 65 59.7
5 15 66 - 75 71.2

Bones

All 100 26 - 85 64.8
1 6 26 - 35 30.5
2 10 36 - 45 40.0
3 8 46 - 55 50.5
4 21 56 - 65 60.4
5 37 66 - 75 69.9
6 18 76 - 85 79.0
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as follows: certified concentration – Ca 26.58%, marked concentration – 
27.80%, recover – 104.60%.

The statistical analysis 
Statistical processing of data was supported by statistical software.  

To determine the statistical significance, the Kruskal-Wallis ANOVA 
non-parametric tests by ranks were carried out. The level of significance  
of p<0.05 was considered significant statistically.

RESULTS AND DISCUSSION

The marked range of Ca concentrations in the tested samples of teeth 
and bones from women aged 26-85 years was 10.1-32.0%. The average  
Ca concentration in bones was 16.7±3.5%, and in teeth 22.2±4.7%. Figure 1 
illustrates changes in Ca concentrations occurring in the tested tissues along 
with the age of women. 

There is a gradual decrease in the Ca concentration in both teeth and 
bones as people age. Changes in Ca concentrations that progress with age 

Fig. 1. Change in the concentration of Ca in bones and teeth of women dependent 
on age (years)
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were statistically significant in both types of the studied tissues (p<0.05). 
Based on the determined regression equations, it was estimated that  
an annual decrease in the Ca concentration in these tissues was approxi-
mately 0.1% per year. 

The analysis of changes in the Ca concentration in bones and teeth  
obtained from the distinguished age groups (Figure 2) indicated that the 
average concentration of this element was the highest in the youngest group 
(26-35 years), both in bones and teeth (the median values were 20.1% and 
25.1%, respectively). The concentration of Ca in the subsequent age groups 
decreased, falling the lowest in tissues taken from the oldest women.  
The lowest average Ca concentration in teeth was found in samples taken 
from women over the age of 56 years, while in bones it was the lowest  
in women over 76 years of age (6th distinguished age group) – Figure 2. 

The average concentration of Ca decreased in both teeth and bones  
of women within the determined age groups in a statistically significant way 
(p=0.00 for teeth, p=0.01 for bones). The greatest reduction in the average  
Ca concentration occurred in teeth of women aged 46-55 years (between  
the second and the fourth distinguished age group). For the tested bones,  
a decrease in the Ca concentration was most notable in women aged  
36-45 years (between the first and the second distinguished age group) –  
Figure 2. Figure 3 shows the change in the Ca concentration in the exami- 
ned women’s tissues, taking into account the age at which the menopause  
is most often diagnosed. 

Fig. 2. Average concentration of Ca in bones and teeth of women in the distinguished  
age groups (1st: 26-35, 2th: 36-45, 3th: 46-55, 4th: 56-65, 5th: 66-75 6th: 76-85 years)
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Assuming that the menopause in the majority of women occurs between 
43 and 56 years of age, changes in the concentrations of Ca in that period  
of life of women as well as before and after the menopause were presented. 
The concentration of this element in teeth and bones of younger women,  
i.e. 26-42 years, served as an indicator of changes in the concentration  
of Ca in bone tissue in response to changes during the menopause. Due to 
the specific nature of the bone sampling for research (intraoperative sam-
pling), and consequently the limited amount of material, tooth tissues were 
the main indicator of the level of Ca in women’s bodies in the pre-menopaus-
al period. The results showed that a significant decrease in the concentration 
of Ca in mineralized tissues of both teeth and bones is observed during  
the menopause (43-56 years).

In response to the changing conditions of life, elemental balance disor-
ders within the body may occur. As a result of the exposure to external fac-
tors, chemical elements are introduced into the hydroxyapatite structure. 
Mineral substances that form the structure of hard tissues may also be sub-
ject to processes of release (reynard, Balter 2014, seHrawat, sinGH 2019). 

A variety of factors can cause the dynamic restructuring of tissues. 
There are many more factors which affect the mineral level of teeth than 

Fig. 3. Change in the concentration of Ca in bones and teeth of women  
in aged <42, 43-56 and >56 (years)
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that of bones. These effects manifest as the overall mineral content of enamel 
(rizel at al. 2010, rytHén et al. 2010). Diseases, for example diabetes, have 
an effect on the formation of enamel and dentine (aBBasy et al. 2015).  
In teeth, enamel mineralization is also affected by factors such as poor  
oral hygiene, alcohol consumption, high intake of dietary carbohydrates.  
For example, lower mineralization scores for the cervical region may be asso-
ciated with the hygiene index. Dental plaque can easily deactivate the enamel 
buffering capacity. This is a process when enamel releases calcium  
to normalize the saliva pH again, decreasing its mineral content (akkus  
et al. 2016).

During the growth of an organism, bone formation processes dominate, 
which over time are replaced to a certain degree by osteolysis. Bone tissue  
of women is especially vulnerable to a decrease in the Ca concentration due 
to age-dependent hormonal changes (GoH, Hart 2016). This research focused 
on changes in the Ca concentration in mineralized tissues of teeth and bones 
of adult women of different ages. It has been found that the average Ca con-
centration was the highest in the examined tissues taken from the youngest 
women. Then, with the increasing age of women, there was a gradual  
decrease in the Ca concentration in samples of both bones and teeth.  
The research results confirm literature reports on the declining concentration 
of Ca in the body with time, evidenced for example by increased urinary  
excretion of this element in the elderly (GallaGHer, smitH 2014). The decrease 
in the Ca concentration advancing with age in the samples of calcified  
tissues was statistically significant (p<0.05). The regression equation can  
be estimated at about 0.1% per year. 

Literature reports (leventouri et al. 2007) show that calcified tooth tis-
sue is considered to be more stable in terms of its elemental construction 
than bone tissue. This research showed that the decrease in the Ca concen-
tration in calcified tissues of teeth was slightly greater than in bones, indi-
cating slightly higher mobilization of Ca from the tissues of teeth (Figure 1). 
It has been shown that the average Ca concentration decreased in teeth  
of the examined women from 25.1% (1st study group: 26-35 years) to 18.5% 
(5th study group: 66-75 years) and corresponded to 6% of the Ca concentra-
tion. In a similar period of life of women (26-75 years), the decrease in the 
average Ca concentration in bones was smaller and amounted to approxi-
mately 3% of the Ca concentration. It has been found that the decrease  
in the Ca concentration in bone tissue occurs earlier than in teeth. The big-
gest decrease in Ca in bones occurred between the first and the second dis-
tinguished age group, i.e. at the age of 36-45 years (Figure 2). The analysis 
of changes in Ca concentrations in calcified tissue of teeth indicated that  
the decrease in the concentration of this element takes place at a similar 
rate in women aged 46-65 years. Above 65 years of age, the Ca concentration 
remains constant, at the lowest level determined. In women older than  
75 years, there was another decrease in the Ca concentration in bone tissue. 
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Observations of changes in the concentration of Ca in women over the age  
of 76 years concerned bone tissue only, and this was caused by a lack of teeth 
taken for research from women in this age group.

The average age at which the hormonal activity of female gonads is inhi- 
bited (51 years) (Woźniak-Holecka, Sobczyk 2014, Bjelland et al. 2018)  
reflects the research results obtained for women from the third age group 
(46-55 years). An approximate 15% concentration of Ca was found in bones 
taken from women in this age group. The concentration of this element  
in the analysed bone samples was comparable to the lowest Ca concentration 
recorded among the oldest women. An illustration of the changing concentra-
tion of Ca during the menopause, defined by the value of the 10th and 90th 
percentiles for the range 43-56 years (kaCzmarek 2007), showed an evident 
decrease in the Ca concentration in both bones and teeth of women in this 
age group (Figure 3). According to the regression equations, the average  
annual decrease in Ca from calcified tissues of teeth in postmenopausal 
women was determined to be approx. 0.3% per year. It is three-fold higher 
than the average decrease in Ca from the examined tooth tissue throughout 
the whole studied life of women. Conversely, the Ca concentration in post-
menopausal women, i.e. above 56 years of age, changes at the same level  
of intensity and is independent of the type of the examined material (compa-
rable decrease in calcium concentrations in bones and teeth).

In the light of the results presented above, the most interesting finding 
is the fact that tooth tissue is considered more stable and demonstrates  
increased mobilization of Ca in its structure compared to bone tissue. Unlike 
bones, mineralized tissue which forms teeth is in contact with the external 
environment. Therefore, a partial effect of exogenous factors on the main-
tained stability of the hydroxyapatite structure is possible. 

One of the factors that may affect the mineral concentration in tooth 
tissue is oral hygiene agents. It has been shown that fluoride present in tooth- 
pastes, which has an anti-carries action, interacts with the hydroxyapatite 
structure. As a result, hydroxyapatite is converted into fluoroapatite (RoSin- 
-GRaGet et al. 2013, souza et al. 2015, CoCeska et al. 2016). The production  
of flouroapatite leads to greater stability of the structure of hard tissues  
in an acidic environment (sHellis, wilson 2004). On the other hand, litera-
ture research suggests that using toothpastes containing the fluoride com-
pound may result in an increase in the Ca concentration in saliva (sHellis, 
wilson 2004). Thus, substances that act by contacting the surface of teeth 
can change the concentration of mineral components in tooth tissues. In this 
research, it has been observed that the Ca concentration in calcified tissues 
of teeth is higher in the youngest female subjects (below 43 years of age). 
The increase in the Ca concentration in teeth of younger women (up to 42 years 
of age) points to the cumulative properties of tooth tissues and may indicate 
the greater stability of their structure. The decrease in the concentration  
of Ca in tooth samples is observed in women over the age of 45, mainly aged 
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43-56 years (Figure 3), which means that hormonal changes of the meno-
pausal period may affect the Ca concentration in teeth. Furthermore,  
the higher percentage decrease of Ca in teeth compared to bones can sub-
stantiate the conclusion that the modified hydroxyapatite structure in the 
former tissues seems to be more unstable in its response to physiological 
changes. In the light of the results, the inhibition of endocrine hormone  
activity during menopause is manifested by greater mobilization of Ca from 
the structure of calcified tooth tissues compared to bone tissue.

SUMMARY

Mineral substances may be released form the structure of hard tissues. 
Tissues of women are especially vulnerable to a decrease in the Ca concen-
tration due to age-dependent hormonal changes (the menopausal period). 
The calcified tissues analysed, both from bones and teeth, show a progres-
sive, statistically significant decrease in the Ca concentration which occurs 
as women age. The decrease in the concentration of Ca was particularly  
intensive in the bones and teeth of women aged 43-56 years old. There was 
a difference in what age the calcium is released from bones and teeth.  
Calcium reduction occurs in the bones of younger women than in the case  
of teeth. The decrease in the concentration of Ca occurs in bones of women 
older than 35 years, and it takes place earlier than in teeth. In younger 
women, the calcified structure in teeth has greater elemental stability than 
in bones, and a decrease in the Ca concentration appears in those tissues 
only after 45 years of age.

CONCLUSIONS

1. Changes in the Ca concentration that progress with women’s age were 
statistically significant (p<0.05) in bones and teeth.

2. The decrease in the Ca concentration in bones was observed mainly  
in women aged 36-45 years.

3. The greatest reduction in the average Ca concentration occurred in teeth 
of women aged 46-55 years.

4. It would be advisable for women to supplement calcium according 
to the recommended doses.
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