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I n t R o D U C t I o n
Successful integration of implants and grafts 

into a tissue environment is the major requirement for 
restorative medicine. Employing cell and tissue tech-
nologies appears reasonable at the stages of biologi-
cal association and functioning not only for the host 
tissues, yet also for the integrated foreign materials. 
Achieving long-term equilibrium in adaptive responses 
between the tissue and the implanted material (of 
synthetic, natural and biological origin) is the most 
important task that tissue engineering is facing. This is-
sue is relevant in medicine, especially in areas like Den-
tistry and Maxillofacial Surgery, due to a great need 
for artificial bone-replacing materials, a need to restore 
not the anatomical features only, yet also the chewing 
function, using dental implants. These technologies are 

a B s t r a C t  — An in vitro comparative analysis was carried out 
focusing on biological compatibility of an uncoated titanium 
dental implant surface, and hydroxyapatite spray-coated 
titanium implant, using osteoblasts cultures and dermal human 
fibroblasts. Cell identification implied morphological and 
biochemical methods as well as flow cytometry. The biological 
compatibility of the samples was studied through a direct 
contact under conditions identical to cell cultivation. The 
obtained outcomes suggest that hydroxyapatite applied through 
plasma spraying has a certain cytotoxic effect; therefore using 
bioceramics-coated implants in surgical dentistry will not 
contribute to osseointegration at the molecular and cellular 
levels.
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expected to increase significantly the effectiveness of 
traditional treatments [1–13].

The aim of osteoplasty, along with dental implant 
installation, is the integration of artificial materials 
with the tissue and long-term functioning of the entire 
set. The basic material used to manufacture dental 
implants is medical titanium, since oxide compounds 
on its surface contribute to the fixation and function-
ing of morphogenetic proteins and blood proteins 
involved in creating and restructuring the bone tissue 
[14–18].

The available published results of studies focusing 
on potential use of cell technologies to improve the 
direct and delayed dental implantation are sporadic 
and of fragmented nature. Experts note that optimiz-
ing osseointegration through dental implantation is 
extremely important for cases concerning facial aes-
thetics restoration and dental function where the front 
set of teeth is lacking, in people belonging to older age 
groups; in case of diabetes mellitus as well as in case of 
other somatic diseases that affect bone regeneration 
and require cell technologies [19–31]. 

Given the current stage of development in this 
new area and the state of the respective legislation, 
working on this issue in dentistry and microbiology 
can be carried out only under laboratory conditions 
and in experiment.

Respective literature offers numerous items by 
implant developers, who propose various ways to in-
crease the materials’ surface porosity aimed to improve 
osseointegration. Of these methods, not all ensure a 
positive effect on reparation, thus implying they will 
take a more detailed research not only from a mechani-
cal or pharmacological point of view, yet also from the 
stance of living tissue response, i.e. biocompatibility. 
This makes finding the optimal option a harder proc-
ess, which hampers introduction of innovation-based 
solution into practical healthcare [32–34, 39–41], 
whereas the ultimate goal of such solutions would 
be obtaining results that could ensure full reparative 
regeneration processes, thus bringing about mechani-
cal integrity of the connection between the implant 
and the bone. At the moment, there is a stable opinion 
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stating that bone development on the implant surface 
implies two types of bone formation processes — con-
tact osseogenesis, which is on the implant surface, and 
distant osseogenesis, i.e. from the maternal bone. These 
mechanisms feature their own specifics, but they share 
common cellular processes including proliferation and 
osseogenic differentiation of their own mesenchymal 
stem cells; the formation of osteoblastic cells that 
shape the bone, which is to undergo rearrangement 
later on.

Some experts believe that the contact and me-
chanical connection of the titanium surface — bone 
interface is of key importance to the morphology of 
the implant surface. Developing a strong connection 
with the bone tissue takes a certain biological activity 
from the implant surface structure, apart from its well-
studied properties. The available scientific literature 
claim there are various options proposed to resolve the 
issues within the implant surface — living cell sys-
tem. Thus study implied investigating the systems for 
implant surface preparing with hydroxyapatite, which 
is used widely in dentistry, yet remains questionable 
concerning its clinical implementation [32–37, 40].

Aim of study: 
to develop and offer an in vitro-proven explanation 
for a technology of safe preparing of implants surface, 
which is to be done through studying the biocompat-
ibility with human tissues, involving cell technologies.

M A t e R I A L s  A n D  M e t H o D s
To test the biological compatibility and tropism 

for various types of cells, we obtained titanium sam-
ples from the Research Company Plasma Povolzhya 
(Saratov, Russia): Sample 1 — with neither coating nor 
sandblasting; Sample 2 — with titanium + hydroxya-
patite (HA) coating. Osteoblast cultures and human 
dermal fibroblasts were used as the test systems. A 
total of 18 million dermal fibroblasts and 18 million 
fibroblast-like osseogenic cells were grown to be used 
in further research. At passage 4, cells were identified 
using morphological, biochemical methods as well as 
flow cytometry. The biological compatibility was stud-
ied through a direct contact in Petri plates under simi-
lar conditions for cell cultivation. The test system used 
cells of passages 4–8. The Petri plates with cultures 
with no samples were used as test systems; those were 
passaged and observed along with the experimental 
ones. At plating, the dosage in all cases was 20 thou-
sand cells/cm² (2 · 104). The interaction between the 
object and the test system remained under observation 
for 7 days. A total of 60 cups were examined. After the 
observation period, histological preparations of cell 
cultures were made. In unfixed monolayer cells, neutral 

fat was detected with sudan IV and hematoxylin. The 
stained preparations were studied and photographed 
using an automatic analytical system including an 
Olympus CX 21 microscope, an Olympus C-4000 
ZOOM digital camera, and a system unit based on an 
Intel Pentium 4 processor. A total of 200 preparations 
were studied.

R e s U L t s  A n D  D I s C U s s I o n
Biocompatibility examination for Sample 1, 

titanium. A day later, both in the control and experi-
mental plates, using an inverted microscope, a uniform 
monolayer was identified, where cells had structural 
features typical of dermal fibroblasts, and a growth 
pattern in close proximity of the sample (Figure 1a). In 
the remote area, no change in the culture growth was 
observed either (Table 1).

After 4 days, the cells, both in the control and 
experimental cups, still failed to reach monolayer 
density (Figure 1b), while the cells still retained their 
morphological and functional features both close to 
the sample and in the remote area.

A complete monolayer developed both in the 
control and in the experiment on Day 7. When stained 
with hematoxylin and sudan IV, the experiment fibrob-
lasts were observed to retain structural features typical 
of healthy cells. The cell cytoplasm was oxyphilic and 
appeared to be homogeneous. The nuclei were of 
correct shape with smooth membranes. Neutral fat in 
fibroblasts was not detected (Figure 2a). Biocompat-
ibility examination for Sample 2, HA coated titanium. 
In this study, the material did not affect the fibroblasts 
adhesive capacity in the culture. Observing the native 
culture through its dynamics revealed that 2 hours 
after transfer most of the cells adhered to the culture 
plastic and spread on it. After one day, the fibroblasts 
were expanded, joined their processes to each other, 
and began to develop a monolayer both close the sam-
ple (Figure 2b) and in the remote area. Fibroblasts, in 
their morpho-functional features, did not differ from 
cells located near the sample (Table 2).

On Day 4, the monolayer density increased 
slightly, both near the sample and in the remote area 
(Figure 3a). Cells were located in different directions. 
On Day 7, the situation was not much different from 
that of Day 4. On Day 7 of the experiment, when 
staining fibroblasts with hematoxylin + sudan IV, 
an increase was observed in the number of processes 
that got intertwined. The cytoplasm of the cells was 
oxyphilic, homogeneous. The cytoplasm of single cells 
contained vacuoles. The nuclei were correct oval shape. 
Neutral fat was not detected (Figure 3b).

Given the above, the study involving the dermal 
fibroblasts culture showed no visible response to the 

s t o M a t o L o G Y
E X P E r i M E N t a L  r E s E a r C h



124 |  a r c h i v  e u r o m e d i c a  |  2 0 1 9  |  v o l .  9  |  n u m .  2  |

samples, which suggests that the samples in question 
are inert for this group of cells.

Observation of the native culture of osseogenic 
fibroblast-like cells (Series 2, Sample 1) revealed that 
2 hours into the transfer, most of the cells stuck to the 
culture plastic, and after 1 day spread on it. The cells 
began to develop a fairly uniform monolayer both 
around the periphery of the cup and in close proximity 
to the sample (Figure 4a). Cells did not differ in struc-
ture and growth nature from the control cultures. 4 
days into the experiment, complete overgrowth of the 
cup bottom was observed both near the sample and 
along the periphery, while in some areas the growth 
pattern of the monolayer changed — the cell layers 
were located in different directions (Figure 4b).

The cells in those layers retained the fibroblast-
like shape and fit together closely (Table 3).

After 7 days, some areas featured certain thin-
ning of the monolayer if compared to the previous 
study periods. This was more obvious in close proxim-
ity to the sample rather than in remote areas (Figure 
5a). The monolayer histological preparations, when 
stained with hematoxylin and sudan IV through these 
stages, showed osseogenic cells near the sample, which 
were located randomly in various directions. The cells 
changed their shape from fusiform to rhomboid. The 
processes thickened with their outlines becoming 
clearly cut. The cytoplasm of the cells was oxyphilic 
and appeared to be homogeneous. The nuclei were of 
different size of correct oval shape, with smooth mem-
branes; chromatin had the shape of fine grain, with 
diffuse location. There were double nucleus cells to be 
observed. No neutral fat was detected in the cytoplasm 
(Figure 5b).

When observing the osseogenic fibroblast-like 
cells culture (Series 2, Sample 2), we could identify 
that 2 hours into the transfer, a small number of cells 
stuck to the culture plastic spreading on it. On Day 
1, osseogenic fibroblast-like cells began to develop 
an uneven monolayer, and got connected to one 
another with their processes (Figure 6a). On Day 4, 
the number of cells over the entire surface increased 
slightly; the cells were interconnected with their proc-
esses. The monolayer was uneven (Figure 6b).

On Day 7, the number of the cells increased 
slightly, both near the sample and in remote areas 
(Table 4).

Cells got interconnected with their shoots. The 
monolayer was uneven; the cells were located in differ-
ent directions (Figure 7a). When stained with sudan 
IV and hematoxylin, the cells in close proximity to 
the sample were of different shape, with 2–5 proc-
esses. The cytoplasm of the cells was oxyphilic and 
appeared homogeneous; certain cells had vacuoles of 

various shape and size. The nuclei were of different size, 
oval- and dumbbell-shaped. Fine-grain chromatin was 
diffusely located in the nuclei. The nucleoli were of var-
ious shape and size, 1 to 4 in the nucleus (Figure 7b).

The outcomes suggest that the experiment with 
the osseogenic fibroblast-like cells culture responded 
to the samples through impeded growth. Cells 
changed their shape from fusiform to rhomboid. 
There were double nucleus cells observed as well as 
nuclei of different size, oval and dumbbell-shaped. 
Some cells had vacuoles of various shape and size. This 
is indicative of a toxic effect that Sample 2 had on this 
group of cells.

C o n C L U s I o n
1. The in vitro outcomes revealed that the 

response manifested by osseogenic fibroblast-like cells 
to titanium samples with hydroxyapatite coating and 
sandblasting, as well as to samples with no bioceramic 
layer was different.

2. Implant surface sandblasting is technologically 
reasonable, evidence to that being the maximum cell 
adhesion and a stimulating effect on cell proliferation.

3. No diagnostically significant functional change 
in the culture of osseogenic fibroblast-like cells was 
observed after studying with different surface struc-
tures of dental implants; while functional cytological 
differences fell within the normal range. Significant 
changes in the morphological features of the osseogen-
ic fibroblast-like cells culture mean that hydroxyapatite 
applied via plasma spraying has a certain cytotoxic ef-
fect, which suggests that using bioceramic implants in 
surgical dentistry would not contribute to osseointe-
gration at the molecular and cellular levels.

4. A comprehensive study of cell behavior and 
their interaction with tissue microenvironment will 
certainly lead to an understanding of regeneration ac-
tivation; comprehensive growth regulation; cell death 
and differentiation, and in case advanced technologies 
become available, it would allow creating easy-to-use 
cell preparations or tissue-engineered structures to 
restore damaged tissues.

5. An objective study of tissue engineering regen-
eration capacity, which would allow restoring bone 
defects in the maxillofacial area, would take consistent 
preclinical and clinical trials controlled through labo-
ratory and morphological research methods, which, in 
turn, might allow evaluating the severity and direction 
of regeneration process in its dynamics.

6. When preparing to introduce cell technologies, 
it is reasonable to establish the viability of the cells to 
be used, since a significant outcome can be achieved 
only with living cells, while using inactivated cells will 
have a weak stimulating effect.
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Table 1.  Morphological features of dermal fibroblasts culture

Fig. 1.  a) Sample number 1. 
Native culture of fibroblasts. 
1 day after sowing. fibrob-
last culture near the placed 
sample, b) — 4 days of the 
experiment. Inverted micro-
scope. Magnification 150

Control group Sample # 1 Sample # 2
Spindle-shaped cells + +
Number of shoots: 2–4 + +
Homogeneous cytoplasm + +
Clear cell boundaries + +
The nuclei are oval in shape, are usually located somewhat eccentric, contain 1–2 nucleoli + +
Good adhesion to plastic culture + +
Absence of vacuoles - +
Lack of neutral fat - -

 Table 2.  Functional features of dermal fibroblasts culture

Fig. 2.  a) Sample number 
1. Culture of fibroblasts 
near the placed sample, 
monolayer. 7 days of the 
experiment. Coloring sudan 
IV and hematoxylin. H. 200; 
b) Sample number 2. Native 
fibroblast culture in the 
sample area. 1 day experi-
ment. Inverted microscope. 
Magnification 100

Control group Sample # 1 Sample # 2
After reseeding, most fibroblasts stick to the bottom of the culture dish and flatten it. + +
Cells form an incomplete uniform monolayer + +
Cells grow uniform monolayer + +
The cells reach a saturation density and enter the stationary phase + +
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Fig. 3.  a) Sample No. 2. Na-
tive fibroblast culture near 
the sample. 4 day experi-
ment. Inverted microscope. 
UV 150; b) Sample No. 2. 7 
day experiment. Coloring 
sudan IV and hematoxylin. 
Magnification 200

Fig. 4.  a) Sample number 1. 
Native culture of osteogenic 
human fibroblast-like cells, 
1 day experiment. Cells near 
the sample. Magnification 
200. Inverted microscope; 
b) Sample No. 1. Native 
culture of osteogenic human 
fibroblast-like cells, 4 day 
experiment. Cells near the 
sample. Inverted micro-
scope. Magnification 100.

Table 3.  Morphological features of osseogenic fibroblast-like cells culture

Control group Sample # 1 Sample # 2

Elongated cells with 2–5 processes + In the vicinity of the sample have a different 
shape

Homogeneous cytoplasm + +
Clear cell boundaries + +
The nuclei are oval, usually located in the central 
zone of the cell bodies, contain 1–2 nucleoli

Change their shape from fusiform to diamond 
shape. There are dual-core cells

Kernels of different sizes oval and dumbbell 
shaped

Absence of vacuoles - Some cells have vacuoles of various shapes 
and sizes

Neutral fat is missing - -

Fig. 5.  a) Sample number 1. 
Native culture of osteogenic 
human fibroblast-like cells, 
7 days of experiment. Cells 
near the sample. Inverted 
microscope. Increase 100; b) 
Culture of osteogenic human 
fibroblast-like cells near 
sample No. 1. Monolayer, 7 
experiment. Stained with 
hematoxylin and sudan IV. 
Magnification 400.

s t o M a t o L o G Y
E X P E r i M E N t a L  r E s E a r C h



127|  a r c h i v  e u r o m e d i c a  |  2 0 1 9  |  v o l .  9  |  n u m .  2  |

Fig. 6.  a) Sample No. 2. 
Native culture of osteo-
genic human fibroblast-like 
cells, 4 passage. 1 day 
experiment. Cells near 
the sample. Inverted 
microscope. An increase of 
200; b) Sample No. 2. Native 
culture of osteogenic human 
fibroblast-like cells, 4 days 
of experiment. Cells near 
the sample. Inverted micro-
scope. Magnification 200.

Table 4.  Functional features of osseogenic fibroblast-like cells culture

Control group Sample # 1 Sample # 2
Most fibroblasts stick to the bottom of the culture dish and spread 
over it + +

Cells form an incomplete uniform monolayer + +
Cells grow uniform monolayer + +

The cells form a complete monolayer, mostly in one direction Some monolayer discharge, more noticeably in the 
immediate vicinity of the sample +

Well pronounced adhesion to culture plastic + +
The cells reach a saturation density and enter the stationary phase + +

Fig. 7.  a) Sample No. 2. 
Native culture of osteogenic 
human fibroblast-like cells, 
7th day of the experiment. 
Cells near the sample. 
Inverted microscope. An 
increase of 200; b) Culture of 
osteogenic human fibroblast 
cells. Cells near sample No. 
2. Monolayer, 7 days of 
the experiment. Coloring 
sudan IV and hematoxylin. 
Magnification 400.
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