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Abstract

Background: Stem cells associated with growth factors have been shown to improve bone healing and the osseo-
integration of dental implants. A Brazilian miniature pig model was used to evaluate the effect of autologous bone
marrow-derived mesenchymal stem cells (BM-MSCs) associated with platelet-rich plasma (PRP) on the osseointe-
gration of immediately placed dental implants.

Material and Methods: A total of four male adult miniature pigs were used in this study. BM-MSCs from each pig
were isolated from the iliac crest and expanded in vitro. The undifferentiated BM-MSCs were mixed with autolo-
gous PRP and implanted in the post-extraction sockets at the experimental sites before implant placement (10 x 106
cells/ socket). The control sites did not receive either BM-MSCs or PRP. Each animal received four implants on the
control side and four on the experimental side, totalizing 32 implants. The specimens were analyzed radiographica-
lly and histomorphometrically to determine the implant loss rate (ILR), the bone-implant contact (BIC), and bone
density within the threads (BDWT).

Results: The ILR, the BIC, and the BDWT for the control and experimental sites were respectively 25.0% and
18.7% (p=0.686); 39.0% and 27.7% (p=0.110); 46.8% and 36.5% (p=0.247).

Conclusions: The use of BM-MSCs associated with PRP in conjunction with immediately placed implants showed
a lower ILR but there was no significant effect on the osseointegration of the dental implants. More preclinical
studies, in large animal models, are needed to establish whether BM-MSCs associated with PRP could be used for
the enhancement of the osseointegration of dental implants.

Key words: Osseointegration, bone marrow-derived mesenchymal stem cells, platelet-rich plasma, dental im-
plants, minipigs.

e8



J Clin Exp Dent. 2021;13(1):e8-13.

Introduction

Dental implant therapy is a well-accepted treatment mo-
dality to replace missing teeth (1). The maintenance of
osseointegration with minimal bone loss over time in-
dicates the success of dental implants (2,3). Insufficient
amounts of bone present during the installation of dental
implants is a common finding, especially in the case of
immediate dental implant placement (4).

It is well known that autogenous bone is gold standard
for bone augmentation since autogenous grafts have
unique characteristics such as osteogenesis, osteoinduc-
tivity, and osteoconductivity (5). However, its clinical
applications are very limited due to extra surgical time,
donor site morbidity, high resorption rate, and in some
cases limited availability (6). Stem cell therapy has
emerged as an alternative to bone grafting since it has
been applied to promote bone regeneration and improve
the conditions of the osseointegration of dental implants
(7).

Numerous pre-clinical studies have shown that stem
cells can promote bone regeneration and aid the integra-
tion of dental implants. However, no solid conclusion
can be drawn from the very limited number of clinical
studies conducted so far (8).

Mesenchymal stem cells (MSC) are non-hematopoietic
progenitor cells that can differentiate into distinct mesen-
chymal cell lineages, including osteoblastic, condroblas-
tic and adipogenic lineages (9). MSCs isolated from bone
marrow (BM-MSCs) have been used in regenerative me-
dicine (10), including bone tissue engineering, offering a
hopeful opportunity to repair peri-implant bone defects
(7). The use of MSC can be an alternative to classic tis-
sue regeneration techniques, offering beneficial effects in
bone healing around dental implants (11).

Platelet-rich plasma (PRP) is a concentrate of platelets
obtained from whole autologous blood following cen-
trifugation. In the dental field, autologous PRP is com-
monly used combined with dental implants and bone
graft, to promote soft and hard tissue healing (12). A
number of experimental studies have shown that the use
of MSCs associated with growth factors such as PRP
improves bone healing and osseointegration (4,7,13-16).
We used an animal model to evaluate the effect of BM-
MSCs associated with autologous PRP (BM-MSCs +
PRP) on the osseointegration of dental implants imme-
diately placed in post-extraction sites in the mandibles
of miniature pigs. We hypothesized that the osteogenic
effect of this association will lead to improved bone for-
mation and apposition on the surface of the implants,
showing a positive effect on osseointegration.

Material and Methods

-Animals and groups

This study included four 18 months old male Brazilian
miniature pigs (BR1; Minipig Pesquisa & Desenvolvi-
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mento LTDA, Sao Paulo, Brazil) weighting 40-50 kg.
This study was approved by the Ethics and Research
Committee of the Positivo University, Curitiba, PR,
Brazil (Protocol# 001/2009) and followed the National
Institute of Health guidelines for the care and use of ex-
perimental animals.

-Isolation, expansion, and culture of BM-MSCs

All animals underwent the same procedures. About 20
mL of fresh heparinized BM was aspirated from the pos-
terior iliac crest using a Jamishidi needle (Raiomedic,
Sdo Jose dos Pinhais, PR, Brazil). Mononuclear cells
were isolated by Ficoll-Hypaque (Sigma-Aldrich Corp,
St. Louis, MO, USA) density gradient centrifugation (d
= 1,077 g/cm3), and MSCs were selected by plastic-ad-
herence (17). At passage four, the immunophenotypic
profile was determined by flow cytometry, and in vitro
differentiation was performed. Cell morphology assess-
ment, surface antigens expression, and cellular differen-
tiation into adipocytes, osteoblasts, and chondroblasts
were performed to confirm the BM-MSCs phenotype as
previously described (18).

-Preparation of PRP

Platelets were obtained from the venous blood of each
animal. Blood was drawn from the auricular vein into
a sterile microtube containing sodium citrate anticoa-
gulant 3.2% (Becton Dickinson, NJ, USA). A total of
30mL of blood was centrifuged twice: first at 130x g for
10min at 22°C to remove red blood cells, and a second
time at 400x g for 10 min at 22°C to obtain PRP contai-
ning 1x106 platelets/ml. Red blood cells precipitate in
the tube bottom and the upper part forms a “fog zone”
composed of a few erythrocytes, monocytes, and plate-
lets higher. The upper part containing poor plasma and
platelet-rich plasma was pipetted along with 1 mL of the
mist zone and replaced in another conical tube and cen-
trifuged again at 400x g for 10 minutes at 22°C. After the
second centrifugation of the plasma, 50% was collected
and packaged in another tube constituting plasma poor
platelet. This was used for the formation of the autolo-
gous thrombin, while the remaining material was resus-
pended constituting PRP. The platelet concentrate was
activated by adding calcium gluconate (100mg/ml) and
autologous thrombin. The PRP was immediately used on
the experimental sites of each animal.

-Surgical Procedure

Pre-medication consisted of intramuscular 10—20 mg/
kg ketamine, followed by an intravenous bolus of 10 mg
midazolam. Continuous sedation was maintained with
intravenous 0.2—1.0 mg/kg/hr midazolam and 0.1-0.2
mcg/kg/hr fentanyl. Intraoral antisepsis was done with
a 0.12% chlorhexidine solution. The third and the four-
th premolars on each side of the mandible were extrac-
ted after longitudinal root sectioning. Each animal was
used either for the test or control sites. On the control
side, four titanium implants with 3.5x11mm (ConeMor-
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se; Neodent, Curitiba, Brazil) were placed in the fresh
extraction sockets. At the experimental side, before the
placement of the implants, BM-MSCs in culture (undi-
fferentiated cells in passage four) were trypsinized, cen-
trifuged, pelleted, and mixed with autologous PRP. The
mixture PRP/BM-MSC was used to fill the socket (10 x
106 cells/socket) before the implant placement. For pro-
tection, a resorbable bovine membrane (GenDerm/ Bau-
mer, Sao Paulo, Brazil) was applied to all sites for both
test and control. The gingival flaps were sutured using
interrupted sutures with Vicryl Rapid 2.0 (Ethicon, Sao
Jose dos Campos, Brazil). A total of 32 implants were
placed equally divided between test and control. The
surgical procedure sequence is illustrated in Figure 1.

The effect of BM-MSCs + PRP on the osseointegration

The postoperative care protocol was intravenous 3.0 mg/
kg morphine and 7.5 mL kinetomax. After each surgery,
the animals were fed only with food powder (Presuntina
Pr6, Purina, Brazil), and no specific oral hygiene proce-
dures were performed. The miniature pigs were eutha-
nized at 90 days after the surgeries. The hemi-mandibu-
lar bone was dissected and removed from each animal.
X-rays of the bone blocks were taken and used for deter-
mining the implant lost rate (ILR) for each side.
-Histological Processing

The bone blocks containing the dental implants were
fixed in 10% buffered formalin for two weeks and then
embedded in acrylic resin. After complete polymeri-
zation, the acrylic blocks were sectioned parallel to

l
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Fig. 1: Surgical procedures sequence: A) Animal under general anesthesia; B) Initial clinical aspect of the premolar teeth; C) Initial
radiographic features; D) Sagittal section; E) Fresh alveolus; F) Post-extraction radiographic features; G) Immediately-placed im-
plants on the control side; G1) BM-MSCs+PRP gel; G2-G3) Implants + BM-MSCs+PRP on the experimental side; H) Placement of
the collagen membrane; F) Suture and J) Final radiographic features.
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the long axis of the implant, using a cutting machine
(EXAKT-Cutting Grinding System 400CP; Kulzer, Nor-
derstedt, Germany).

One side of the cut was then polished with non-ferrous
silicon carbide abrasive files, with different granula-
tions, used in a polishing machine (Politriz Petalografica
DP-10, Panambra / Struers, Cambuci, SP, Brazil), under
constant water irrigation. After polishing, the piece was
dried with absorbent paper and the polished side glued
with cyanoacrylate (Super Bonder, 3M) on a 2 mm thick
colorless and transparent acrylic sheet for handling and
final finishing. The other side of the cut was then poli-
shed in the same sanding sequence, to an average final
thickness of 10 um, measured using a digital caliper (Mi-
tutoyo, Brazil). For histological and histomorphometric
analyses, sections were stained with Toluidine Blue.
-Histological Evaluation

The samples underwent histomorphometric analysis for
the percentage of the bone-implant contact (BIC) and
the bone density within the threads (BDWT) using Ima-
geJ (NIH, USA). The measurements were obtained from
the entire length of the implants on both sides, and then
the average was calculated. The percentage of BIC was
calculated by evaluating the total amount of mineralized
bone in contact with both sides of the surface of the im-
plant, multiplying by 100, and divided by the total linear
measure of the implant. The percentage of the BDWT
was calculated by analyzing the area of the newly for-
med bone within the areas formed inside all threads of
the implant, multiplying by 100 and divided by the total
area.

-Statistical Analysis

Continuous variables are presented as average, median,
maximum, minimum, and standard deviations. Catego-

Table 1: Descriptive statistics of ILR.
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rical variables are presented as frequencies and percen-
tages. The comparison between control and experimen-
tal sides was performed by using the non-parametric
Mann-Whitney U test. Significance was established at
p< 0.05. Analyses were performed with SPSS statistics
software (V.14 IBM Corporation, New York, USA).

Results

Of the total implants installed, four were lost on the con-
trol site and three on the experimental site. The control
side presented a higher ILR but this difference was not
statistically significant (p=0.686). The number of im-
plants lost and the ILR are demonstrated in Table 1.
One sample on the experimental side did not show any
amount of mineralized bone tissue in contact with the
implant surface and was considered fibrointegrated. The
BIC and the BDWT for the control and experimental
sites were respectively 39.0% and 27.7%, 46.8% and
36.5% (p=0.247). There was no significant statistical
difference between the sides in both criteria (p=0.110
and p=0.247 respectively). The BIC and the BDWT in
the control and experimental sides are demonstrated in
Table 2.

Histological features of the control and experimental
side can be found in figure 2.

Discussion

Experimental studies in animals allow the translation of
the results into the clinical practice and the development
of novel strategies for regenerative therapies aiming to
accelerate the process of bone neoformation and osseo-
integration around dental implants. /n vivo studies are
able to evaluate the biocompatibility and the regenerati-
ve capacity of biomaterials (11).

T IL(m) | ILR (%) Median (Min-Max) p*
Control Side 16 4 25 1.0 (0.0 - 2.0)
Experimental Side 16 3 18.7 0.5(0.0-4.0) 0.686

Legend: ILR: the implant lost rate; experimental side (use of BM-MSCs + PRP); T (total number of im-
plants) IL (n): number of implants lost. *Non-parametric Mann-Whitney U test, p <0.05 represents a sig-

nificant statistical difference.

Table 2: Descriptive statistics of BIC and BDWT.

Side n Average Median (Min-Max) SD p*
BIC Control 12 39.0 38.3 (20.1-61.9) 15.2 0.110
Experimental 13 277 25.4 (0-67.2) 19.2
BDWT Control 12 46.8 49.9 (23.6-68.6) 16.3 0.247
Experimental 13 36.5 41.4 (0-78.9) 24.9

Legend: BIC (bone implant-contact); BDWT (bone density within the threads); experimental side (use of BM-MSCs
+ PRP); SD (standard deviation). *Non-parametric Mann-Whitney U test, p <0.05 represents a significant statistical

difference.
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Fig. 2: Histological features of samples of control (A) and experi-
mental (B) sides (Stain: Toluidine Blue; Bar:100pm.

Dental experiments in animal models such as miniature
pig, dogs, and sheep, goats are difficult to perform for
several reasons, such as animal size, the cost, and avai-
lability, difficulty in maintenance, feeding, and postope-
rative care. The early loss of dental implants installed in
mandible or maxilla in animal models is commonly des-
cribed in the literature, since it is not possible to main-
tain the postoperative care necessary for the implant
osseointegration, such as pasty / liquid feeding, avoi-
ding trauma in the operated area, and the use of topical
antimicrobials such as chlorhexidine. For these reasons,
several researchers evaluate the osseointegration of den-
tal implants in other bones such as the tibia or skullcap.
Despite its limitations, the installation of the implants in
the jawbone makes the chosen surgical model the closest
to the clinical reality. When a dental implant is installed
in a bone covered by muscle and skin, the process of
peri-implant bone formation is different from that insta-
lled in the mandible or maxilla, since it does not receive
chewing trauma, and also there is no interaction with
oral bacteria. Also, the choice of model and methods are
related to the question being answered and not necessa-
rily whether it correlates with clinical scenarios.

A number of authors have demonstrated the positive
effect of the association of BM-MSCs+PRP on bone
formation and bone regeneration (13-15,19-21). A re-
cent experimental study in dogs demonstrated that MSC
treatment could be very useful for bone repair and den-
tal implant osseointegration (4). In contrast, our study
demonstrated that there was no statistically significant
difference between experimental and control side, even
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though the number of implants lost was lower on the
experimental side. In the same way, the percentages of
BIC and BDWT were worse on the experimental side in
relation to the control side although not statistically sig-
nificant. This indicated, in contrast with others, that the
use of BM-MSCs+PRP did not show a positive effect in
any of the parameters analyzed (15,21). The presence of
leukocytes in the platelet concentrate interferes directly
with the PRP properties (22). Leukocytes play an essen-
tial role in the early stages of inflammation and are also
responsible for increasing the potential of growth factors
(23), which may lead to an unfavorable repair response
of the tissues such as fibrosis and bone formation inhi-
bition (24). Similar to our study, previous research did
not find a positive effect of PRP on bone regeneration
(7,26,27). The effects of PRP are likely to be limited by
the quick, non-sustained release of growth factors and
lack of BMP-2 (25). Moreover, previous studies repor-
ted that the adjunctive use of PRP failed to increase bone
density and BIC values in peri-implant defects treated
with undifferentiated BM-MSCs (7).

The different growth factors released by platelets present
in PRP have a significant impact on the proliferation, re-
gulation, and differentiation of MSCs, with an increase
in bone formation capacity (15,19,28-30). However, bone
defects treated with PRP showed increased expression
of type III and type I collagen, in addition to a decrease
in bone mineralization, inducing the granulation tissue
and bone marrow, associated with a thrombogenic effect
(26,27). In this sense, new investigations must be carried
out to clarify the relationship and the signaling pathway of
PRP and MSCs on dental implant osseointegration.

Conclusions

The use of BM-MSCs + PRP along immediately placed
implants in fresh post-extraction sockets of miniature
pigs showed a non-significant lower implant loss rate.
Also, there was no significant positive effect on bone
regeneration and osseointegration. More preclinical stu-
dies in large animal models are needed to demonstrate
whether BM-MSCs associated with growth factors such
as PRP can be considered a safe option for aiding bone
regeneration and the osseointegration of dental implants.
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