
Introduction

Dental amalgam has been widely used as restorative
material for over two centuries, especially in premolar and
molar cavities. The years of clinical experience, technical
and biological tests have led to the production of high-sil-
ver and high-copper amalgams, which have better quality
and corrode less than the conventional ones. All amalgam
alloys, however, have to be mixed with mercury in the pro-
portion of 50:50 [1]. The most controversial are side
effects of amalgam application as a dental restorative mate-
rial, associated particularly with mercury leakage. The
amount of mercury escape during everyday amalgam uti-
lization is still under consideration. Some researchers
believe that it is minimal, much less than daily mercury
intake with water, food and air [2], others are convinced
that temperature changes, dental plaque acids, salivary pro-
teins, enzymes, brushing, and chewing cause its significant

increase [3]. Higher levels of mercury have been observed
in saliva, blood, urine, and faeces in patients with amalgam
restorations, being most elevated for a few days after the
restorations have been placed or removed [4]. The pres-
ence of dental amalgam causes discoloration and higher
mercury concentration in restored and neighbouring teeth
[5]. It can also affect oral mucosa and induce such changes
as discoloration, amalgam tattoo, lichen planus and leu-
coplakia [6, 7]. 

Although composite resin materials have a much short-
er history, many disadvantages of using them have been
noticed. Especially their influence on dentin and dental
pulp has been extensively studied [8-10]. Chemical irrita-
tion and various degrees of inflammatory pulp response
have been detected. However, some authors prove that poly-
merization shrinkage and bacterial micro-leakage play the
most important role in inflammatory pulp reaction in teeth
restored with composite materials [11]. Allergic reactions to
composite material components have been observed, of
which the most aggressive is unpolymerized monomer [12].
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The release of resin factors, including Bis-GMA,
TEGDMA, HEMA, and UDMA under the influence of
temperature changes, ethanol, enzymes, acids, and water
has been proved [13]. These elements demonstrate cytotox-
ic, genotoxic, and mutagenic effects on epithelial cells,
fibroblasts, and monocytes [14]. Bis-GMA may be con-
verted into Bis fenol-A, which has estrogenic activity and
can disturb hormonal balance [15]. The liquid environment
of the oral cavity is created by the saliva that contains vari-
ous biologically active substances (enzymes, proteins, and
hormones), epithelial cells, numerous blood formed ele-
ments, and bacteria. The mouth is always moist and is con-
tinuously subjected to fluctuations in temperature and wide
ranges of pH. All of these environmental factors contribute
to the degrading process of dental restorative materials.

Saliva as a diagnostic material is easily available but fre-
quently underestimated. Given the above, the detection of cer-
tain substances in the saliva can be a marker of pathological
changes, not only in the mouth but also in the whole body. 

The aim of the study was to investigate the composition
and the morphological activity of salivary cells in patients
with silver amalgam and composite resin material restora-
tions. 

Material and Methods

The study was performed on smears of non-stimulated
saliva collected from 30 generally healthy patients, aged
16-30, who were divided into three groups.

The control group consisted of 10, neither orthodonti-
cally nor prosthodontically treated students of the Catholic
Secondary School, aged 16-20, having neither amalgam
nor composite resin fillings. 

The Study Groups

Group I: 10 people with amalgam restorations, average
DMF=16 (mean 7 dental amalgam fillings),

Group II: 10 people with composite resin fillings, average
DMF=13. 
The study was approved by the Local Bioethics

Committee for Research on Humans, Medical University
of Białystok, No. R-I-002/90/2007. 

Each patient gave a detailed history of accompanying
systemic diseases, allergies, and other ailments, and med-
ications used. Then, general oral examination was per-
formed, in artificial light, using a mirror and a periodonti-
cally calibrated probe. Patients with any general or local
abnormalities were disqualified. Samples of mixed non-
stimulated saliva were received from the study subjects
each morning between 8-9 am. Saliva smears were done on
cleansed and defatted glass slides. After fixation in 96%
ethanol, staining was performed with H+E, and using the
methods of May-Grűnwald-Giemsa. 

Results 

Oral epithelial cells and inflow leucocytes were investi-
gated. The examination focused on the number, size, shape,

and nucleus-to-cytoplasm ratio of epithelial cells. The pres-
ence and number of inflow cells were also taken into con-
sideration. 

In the control group, the salivary samples contained
several epithelial cells and a few inflow cells, mainly neu-
trophils and single lymphocytes. In most of the samples,
epithelial cells had a relatively homogeneous appearance in
terms of size and shape, and their nucleus-to-cytoplasm
ratio was normal and levelled. These cells were uniform
and larger than inflow cells. They are seen as isolated cells
with lightly stained cytoplasm and rounded or oval nuclei,
usually centrally placed (Fig. 1). 

The salivary smears of study group I (patients with
amalgam restorations) showed significant differences in
comparison to the control. All cell types (epithelial and
inflow) were numerous. Oral epithelial cells demonstrated
various morphological alterations, such as: larger size,
shape irregularity, unequal intensity of cytoplasm staining,
and changes in the nucleus-to-cytoplasm ratio. Cell nuclei
presented a different picture: they were bigger or smaller, of
the pycnotic type. Some cells had slightly stained oedema-
tous eosinophilic cytoplasm, the cytoplasm of others was
dark stained, with a small pycnotic nucleus (Fig. 2A, 2B). 

In study group II (patients with composite resin fill-
ings), the changes were less pronounced than in study
group I. The numbers of epithelial cells and leucocytes,
mainly neutrophils, were similar to those observed in the
control group. The detected epithelial cells were rather
equal in size, with quite regular oval shape. A few salivary
smears presented changes in cytoplasm staining and nucle-
us image (Fig. 3). 

Discussion

The oral cavity is the first part of the digestive and res-
piratory systems. Its environment is complex. Human sali-
va has many functions and its composition is influenced by
various external and internal parameters. The long-lasting
existence of dental restorative materials in extremely tough
conditions of the oral cavity affects their functionality and
biocompatibility. Dental amalgam and composite resin
materials degrade under the influence of saliva and other
elements of the oral environment, and release harmful
agents whose general and local health risks are still under
consideration [3, 13, 14]. In vitro studies can be carried out
in highly controlled conditions, but their results are not
always adequate to the in vivo situation.  

Our study was performed on generally healthy, young
adults to eliminate the other possible causes of saliva smear
changes. The most pronounced alterations were noticed in
patients with amalgam restorations. We observed a distinct-
ly elevated number of all cell types in saliva smears in
patients without general or local complaints or pathological
symptoms. The inflow cell counts, mainly neutrophils and
lymphocytes, were elevated. 

We also noted a higher number of oral epithelial cells
than in the control group. There is abundant evidence indi-
cating a correlation of dental amalgam with lichen planus
and lichenoid reactions on the oral mucosa [7, 16, 17].

1224 Kasacka I., Łapińska J.



Little et al. [17] have noticed that subcytotoxic concentra-
tions of HgCl2 induce a concentration-related increase in
ICAM-1 expression and consequent T-cell binding on oral
keratinocytes. They have also suggested that HgCl2 stimu-
late the release of low levels of tumour necrosis factor-α
and interleukin-8, which is a potent chemokine for neu-
trophils and may have some chemotactic activity for lym-
phocytes. Although the patients examined in the current
study did not show any clinical changes in the oral mucosa,
the higher number of epithelial cells in salivary smear can
be a symptom of hyperkeratosis characteristic of lichenoid
reactions.  

We noted various morphological alterations of epithe-
lial cells in the salivary smears of dental amalgam patients,
including larger size, irregular shape, unequal intensity of
cytoplasm staining and changes in the nucleus-to-cyto-
plasm ratio. It could be caused by altered metabolism of
oral epithelial cells. Similar changes in the picture of oral

epithelial cells, also connected with hyperkeratosis, were
found in relation to chemical, thermal, or physical irritants. 

The changes observed in cell nuclei presented a differ-
ent picture: the nuclei were bigger or smaller, and of the
pycnotic type. The effects of dental materials on the cell
nucleus has been widely investigated in in vitro studies.
Schmid et al. [18], who studied cytotoxicity of mercuric
dichloride (HgCl2) in human salivary glands and lympho-
cytes and noted increasing dose-dependent DNA migration
and genotoxicity, found the effects to be harmful. Also Lin
et al. [19] observed that amalgam alloy induced breakdown
of the cell membrane, which is characteristic of necrosis,
inhibition of DNA synthesis, and caused inflammatory and
stress responses. In the patients with composite resin
restorations, we detected minimal morphological alter-
ations in the picture of salivary cells. The epithelial and
inflow cell counts were similar to those in the control
group. The detected epithelial cells were equal in size and
of rather regular oval shape. Our results are diverse from
the findings reported by Tai et al. [20], who compared cyto-
compatibility of various materials (amalgam, resin, and
glass ionomer) using cultured human periodontal ligament
(PDL). The authors focused on cell viability and prolifera-
tion assays. Both the type of material and exposure time
were found to affect cell viability and proliferation. Resin
exhibited the most cytotoxic effects, followed by glass
ionomer and amalgam, during a 14-day incubation period.
Amalgam and glass ionomer slightly inhibited cell viabili-
ty and growth in the first 24 h, compared with the control.
Toxic effects of composite resin materials have been wide-
ly investigated also by other authors [8-12]. The main inter-
est of research, however, is to find out whether these harm-
ful substances can reach cytotoxic levels in mammalian tis-
sues. Based on our data, we agree that harmful substances
released from dental composite resins hardly ever achieve
toxic concentrations.

We observed only a few salivary smears of patients with
composite resin presenting changes in cytoplasm staining
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Fig. 1. Control salivary smear. Oral epithelial cells are uniform
in size and shape, a few inflow leucocytes are also present. H+E
staining, Mag. 400x.

Fig. 2. Smears of saliva of patients from study group I. A) Oral epithelial cells show morphological alterations, such as: differences in
size and shape, unequal intensity of cytoplasm staining, and changes in the nucleus-to-cytoplasm ratio. H+E staining, Mag. 400x. 
B) High number of all types of cells: oral epithelial cells and inflow leucocytes (mainly neutrophiles and lymphocytes) can be
observed. H+E staining, Mag. 200x.

A.                                                                            B. 



and nucleus image. Many researchers have noticed that
composite resins have genotoxic potential and affect chro-
mosomal integrity, cell-cycle progression and DNA repli-
cation [21, 22]. It has been well-established that the co-
monomer triethylene glycol dimethacrylate (TEGDMA)
causes gene mutations in vitro. As a consequence of DNA
damage, the mammalian cell cycle is delayed in both G1
and G2/M phases, depending on the concentrations of the
monomers. 

Nocca et al. [23] have reported that methacrylic
monomers present in dental composite resins alter the func-
tionality of peripheral blood monocytes (PBMs) and poly-
morphonucleate cells (PMNs), which are involved in the
biological response to materials and the host ability to
respond to bacteria. The authors suggest that methacrylates
induce a relevant decrease in PBM oxidative burst, stabilize
PMNs in resting state and maximize their stimulated activ-
ity. It has been demonstrated that monomers reduce the lev-
els of the natural radical scavenger glutathione (GSH).
Depletion of the intracellular GSH pool may then signifi-
cantly contribute to cytotoxicity, since a related increase in
ROS levels can activate pathways leading to mutagenicity
and apoptosis [24].

No such severe alterations were observed in the current
study, which may be due to substantially higher levels of
the components used in vitro than could ever be reached in
vivo.

Conclusions

The long-lasting existence of dental restorative materi-
als in the oral cavity may affect saliva composition and
cause morphological and functional alterations in its cells.
The most enhanced changes in salivary smears were
observed in patients with dental amalgam fillings. The
modifications of salivary cells in patients with composite
restorations were much slighter. 
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