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ABSTRACT

Background: Tissue engineering principles can be exploited to enhance alveolar and peri-implant 
bone reconstruction by applying such biological factors as platelet-derived growth factors. The 
objective of the present study is to investigate the effect of autologous plasma-rich in growth 
factors (on the healing of peri-implant bone in canine mandible).
Materials and Methods: In this prospective experimental animal study, two healthy canines of 
the Iranian mix breed were selected. Three months after removing their premolar teeth on both 
sides of the mandible, 12 implants of the Osteo Implant Corporationsystem, 5 mm in diameter 
and 10 mm in length, were selected to be implanted. Plasma rich in growth factors (PRGF) were 
applied on six implants while the other six were used as plain implants without the plasma. The 
implants were installed in osteotomy sites on both sides of the mandible to be removed after 4 
weeks with the surrounding bones using a trephine bur. Mesio-distal sections and implant blocks, 
50 µ in diameter containing the peri-implant bone, were prepared By basic fuchin toluidine-bluefor 
histological and histomorphometric evaluation by optical microscope. The data were analyzed using 
Mann-Whitney Test (P<0.05).
Results: The bone trabeculae and the type of bone generation in PRGF and control groups had 
no statistically significant differences (P=0.261, P=0.2) although the parameters showed higher 
measured values in the PRGF group. However, compared to the control, application of PRGF had 
significantly increased bone-to-implant contact (P=0.028)
Conclusion: Based on the results, it may be concluded that application of PRGF on the surface 
of implant may enhance bone-to-implant contact. 

Key Words: Bone-to-implant contact, histological, histomorphometric, platelet-rich plasma 
growth factor

INTRODUCTION

Regenerative therapies such as guided tissue 
regeneration (GTR) and guided bone regeneration 
(GBR) are universally accepted as surgical treatments 
not only for the repair and reconstruction of degraded 

periodontal tissues but also for quantitative and 
qualitative enhancement of host bones in localized 
defects of the alveolar bone.[1] Going beyond the 
conventional GTR or GBR methods, researchers are 
nowadays investing their efforts in employing tissue 
engineering principles to achieve better alveolar bone 
reconstruction or periodontal attachment by inducing 
the capability for reconstruction in these tissues 
assisted by such effective biological regulators as 
enamel matrix derivates (EMD), bone morphogenic 
proteins (BPs), or other similar growth factors.[2] 
Among the biological factors under investigation, 
growth factors are of special importance in  
modern research.
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One of the best sources of growth factors in the body 
is blood platelets. Growth factors such as platelet-
derived growth factor (PDGF) and transforming 
growth factor-β (TGF-β), contained in the α-granules 
of platelets and released at sites of injury, have 
been shown to be important in the normal healing 
of bone, gingiva, and skin.[3] Ever since Marx et al. 
first introduced in 1998 the technique of platelet 
concentration to create the first autologous platelet-
rich plasma (PRP) for use in dental surgery.[4] it has 
proved to be an effective osteopromoter in several 
standard bone regeneration[5,6] and osseointergration 
techniques.[7] In addition to a wound-healing enhancer 
in numerous soft tissue applications[8] PRP and PRGF 
have also found wider applications across more 
specialties of medicine and dentistry than any other 
source of growth factors.[9]

The growing application of dental implants to replace 
lost teeth coupled with the demand by patients 
to shorten the healing period following implant 
installation have also led to vast efforts by researchers 
to improve the quality of biomaterials and to develop 
dental implant surfaces with improved macroscopic 
and microscopic structures that allow enhanced 
osseointegration.[10] Moreover, some researchers 
have tried to enhance osteogeneration rate in the 
peri-implant bones by employing biological factors, 
especially PDGFs which are typically delivered as 
PRP or plasma rich in growth factor (PRGF).[11-13]

In contrast to the studies mentioned above, there 
are those that have challenged the efficiency 
and effectiveness of PDGFs used for improved 
osseointegration. A number of researchers have 
claimed that such growth factors are practically of no 
significant effect and have questioned their application 
for enhanced bone reconstruction.[14-18] The present 
study aims to investigate the effect of one of the most 
known autologous growth factors, i.e., PRGF, on peri-
implant bone reconstruction in canine mandibles.

MATERIALS AND METHODS

In this prospective experimental animal study, two 
male canines of the Iranian mix breed (mean 2-year 
old) were selected for investigation. The selection, 
management, preparation, and surgical protocols were 
accomplished as described in Wikesjo et al.[19] and in 
accordance with instructions by the Medical Ethics 
and Institutional Animal Care Committee of Isfahan 
University of Medical Sciences.

Surgical procedure
Three months after premolars on both sides of the 
mandible had been removed in the canines, each 
was weighed. As the anthesthetic, a mixture of 10% 
Ketamin (40 mg/kg) and 2% Xylazine (5 mg/kg) 
(Alfoson Worden-Holland) was administered by deep 
muscular injection. The incubation tube including a 
combination of oxygen and 15% halothane was used 
to maintain the anesthetic effect. Immediately after 
the anesthetic took effect, blood samples were taken 
from the first canine from the tibia and transferred 
to the centrifuge unit. While the blood sample was 
under preparation, the surgeon took crestal incisions 
from the edentulous area on each side of the mandible 
and used reflection and flap to create three osteotomy 
sites of 5 mm across and 10-mm long. Using the 
submerged method, the surgeon would then place 
three of the OIC (Osteo Implant Corporation, USA 
fixtures) fixtures inside the osteotomy sites on the 
right mandible thus created. The flap edges would 
then be sutured using the interrupted method. For the 
opposite (left) side of the mandible, all the fixtures 
would be installed inside the osteotomy sites after 
PRGF application on the surface of implants.

The same procedure was repeated for the second 
canine except that this time the PRGF applied on 
the surface of implants were installed on the right 
side of the mandible. During the first 2 weeks 
after the surgery, the canines’ mouths were washed 
(cholorhexidine 02%) and the animals were fed with 
soft feeds rich in supplementary vitamins.

PRGF preparation
From the Safenous vein in the tibia, 20cc of blood 
sample was taken to be transferred to the PRGF 
system (BTI Biotechnology, San Antonio, Spain). The 
system used a low-speed (460G), one-stage centrifuge 
technique over a period of 15-20 minutes at ambient 
temperature. Sterile tubes containing sodium citrate 
38% were used to prevent blood coagulation. For 
activation and aggregation of platelets, 50 ml of 
calcium chloride 10% was used for each 1cc of 
PRGF. After the blood sample had been centrifuged 
and plasma had been separated from red and white 
globules, the plasma in each tube was fractionated 
into three distinct fractions. PRGF is the designation 
for fraction 3 which immediately lies on a layer of 
white blood cells and contains a considerable amount 
of platelet GFs.

Histological preparations
In the second surgery performed 4 weeks after the 
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installation of implants, biopsy blocks containing the 
implants and the peri-implant bone, were removed 
using the Trephine bur No. 8 (Meisinger, Neuss, 
Germany). Each specimen was placed in a coded 
package containing formalin 10% and dehydrated 
by alcohol. Samples transferred to acid formic 
20% for decalcification, they remained in 72 hours. 
Then, they transferred to lithium carbonate 20% 
for naturalization in 5 minutes. After 10 days, each 
specimen was transferred into a transparent acrylic 
resin [Figure 1]. The ground histological sections 
were prepared to obtain mesio-distal sections 
50-µ thick and further prepared by Donath[20] for 
histological and histomorphometric evaluationby 
optical microscope Using basic fuchin-toluidine 
blue staining. The sections were finally examined 
by an oral pathologist under the Olympus-BX51 
optical microscope (Olympus Co., Tokyo, Japan). 
The following parameters were recorded for each 
section examined: 1) inflammation rate; 2) type of 
osteogeneration; 3) thickness of bone trabeculae; 
and (4) bone-to-implant contact (BIC) percentage. 
BIC is a histological concept traditionally evaluated 
by calculating the amount of the implant surface 
directly attached to mineralized bone without the 
interposition of soft connective tissue.[21] The data 
were ultimately subjected to statistical analysis 
using the Mann-Whitney Test and SPSS, Ver.11.5 
(P<0.05).

Research findings
In this experiment, healing proceeded with no 
difficulty such that no infection or implant and bone 
exposure was observed in any of the implant sites.

Comparisons between the inflammation rates in the 
two PRGF and control groups revealed no statistically 
significant difference (P=0.57) [Table 1].

Bone maturity exhibited a higher value in the PRGF 
group than that in the control; however, the difference 
was not statistically significant (P=0.2) [Table 2 and 
Figures 2 and 3].

The thicknesses of the bone trabeculae were compared 
between the two experimental and control groups 
to observe no statistically significant differences 
(P=0.261) [Table 3].

Comparisons were also made between the two 
experimental and control groups in terms of BIC 
percent. BIC percent had a higher value in the PRGF 
group [Figure 4], so statistically significant differences 
were observed (P=0.028) [Figure 1].

DISCUSSION 

In the present study, the effect of PRGF application 
on the healing process of the peri-implant bones 
in dental implants inside osteotomy sites of canine 
mandible was investigated. The parameters evaluated 
consisted of inflammation, bone trabecular thickness, 
type of oseteogeneration, and BIC percent. The 
inflammation rate in the PRGF group exceeded that of 
the control within the first 4 weeks of surgery but the 
difference was not statistically significant (P=0.57). 
The severity of the inflammation created in most 
cases was evaluated as Grade I (mid). This finding is 
in agreement with the findings of most similar studies 
reported in the literature.[12,22-24]

Based on the results obtained from this experiment, 
the types of regenerated bones and thicknesses of 
the bone trabeculae surrounding the implants were 
different in the two experimental and control groups. 
The maturity of the neo-oseteogeneration in the 
two groups was also investigated after 4 weeks but 
no significant differences were observed [Figures 2 
and 3]. The quantities of Grade I (lamellar) and 
Grade II (lamellar+woven) bones were far higher in 
the PRGF group while the control exhibited more of 
Grade III (woven) bone. These differences, however, 
were not found statistically significant (P=0.2). This 
finding though showed the higher maturity of bones 

Table 1: Frequency of inflammation rate in the study 
groups
Inflammation rate study group 0 I II
PRFG 2 (33.3) 4 (66.6) 0
Control 3 (50) 3 (50) 0

Grade 0: No inflammation, Grade I: Few and sporadic inflamed cells, 
Grade II: Inflamed cells as many as 5-10 focal numbers, PRFG: Plasma rich 
in growth factors

Table 2: Frequency of type of regenerated bone in 
the study groups
Type of bone study group I II III
PRFG 1 (16.6) 5 (83.3) 0
Control 0 4 (66.6) 2 (33.3)

Grade I: Lamellar bone, Grade II: Lamellar and woven bone, Grade II: Woven 
bone, PRFG: Plasma rich in growth factors

Table 3: Frequency of bone trabeculae regenerated 
in the study groups
Thickness of trabeculae study group I II III
PRFG 2 (33.3) 3 (50) 1 (16.6)
Control 1 (16.6) 2 (33.3) 3 (50)

Grade I: Higher than 60 µ (thick), Grade II: 20-60 µ (medium), Grade II: Less 
than 20 µ (thin), PRFG: Plasma rich in growth factors
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Figure 1: PRGF sample (right) and control sample (left) with 
in the cold resin (40× magnification)
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Figure 2: Mean of BIC Percent in the study groups

Figure 3: It is possible to see new bone formation in the PRGF sample after 4 weeks, a (40×) and b (100×), (basic 
fuchsin-toluidine bleu staining); Lam. B=Lamellar bone; Wov. B: Woven bone; BM: Bone marrow; BIC: Bone-to-Implant  
contact

a b

Figure 4: Control group after 4 weeks. a (40×) and b (100×). (Basic fuchin-toluidine blue staining); Lam. B: Lamellar bone; 
Wov.B: Woven bone; BM: Bone marrow; BIC: Bone-to-Implant contact

ba
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in the PRGF group compared to that in the control.

The regenerated bone trabeculae exhibited higher 
thicknesses in the PRGF group than those in the 
control although the difference was not statistically 
significant (P=0.261). It seems, however, that 
application of PRGF had been capable of greatly 
enhancing the maturity of thick bone trabeculae 
(Grades I and II) at the implant surface. These 
findings agree well with those reported by Wojtowics 
et al.[25] and Fuerst et al.[6] But contrary to our results, 
Butterfield et al.[26] Schlegel et al.[27] and Russy 
et al. [22] have reported different results.

As revealed in Figures 4, application of PRGF on 
the implant surface not only enhances the healing 
process of the peri-implant bone compared to 
the control, but also enhances BIC percent in the 
PRGF group (42.2±3.8) which is a statistically 
significant difference (P=0.028) from that of the 
control (24±2.7). This finding agrees well with those 
reported in most previous studies including Fontana 
et al.[12] Kim et al.[13] and Furest et al.[6] The latter 
researchers installed implants on the two sides of a 
Minipig’s mandible. In their study, PDGFs had been 
applied to one of the implants while the other was 
installed without the growth factors. They measured 
BIC after a period of 4 to 8 weeks and reported a 
BIC value of 55.3% for the implant rinsed in the 
growth factor and a BIC value of 38.91% for the 
control. They reported that implant anchorage could 
be strengthened in the mandible bone by applying 
PDGFs. Their finding is in agreement with the 
finding of the present study. However, other studies 
using PDGFs for bone grafts or bone substitutes did 
not report any considerable achievements in terms 
of osteogeneration in bone defects or on implant 
surfaces.[14-18] Arpornmaeklong et al.[28] compared the 
effects of in vitro PRP and BMP-2. They reported 
that high concentrations of PRP controlled the 
activity of alkaline phosphatase, thus having no 
induction effects on the osteogeneration process. 
They claimed this as the ineffectiveness of PRP in 
bone reconstruction. They further claimed that the 
useful clinical effects observed in applications of 
PRP may have been due to one of the following two 
causes:
1. Formation of an autologous fibrin gel which 

may have given rise to the stabilization of the 
graft material and the blood coagulate due to its 
adhesive strength.

2. PRP is a strong mitogen for soft tissue cells 

which improves reconstruction treatments due to 
the associated faster repair process and reduced 
likelihood of wound dehiscence. 

Schmitz and Hollinger[29] have also raised doubts as to 
the effectiveness of PRP and maintain that the PDGF 
present in PRP inhibits regeneration by osteoblasts 
when steadily in contact with these cells, leading to 
bone loss. They also claimed the formation of a fibrin 
gel leading to the stabilization of the graft material as 
the likely cause for the useful effect of PRP.

Despite the agreement found between the results 
obtained in the present study and those of many 
previous ones pointing to PRP-PRGF effectiveness 
in bone healing, the following may be claimed as 
possible reasons for the controversial results reported 
elsewhere:
1. Improper application of anticoagulants, differences 

in the results obtained from one-stage and two-
stage centrifuge units, and failure to accurately 
observe centrifugal time and rates. Additionally, as 
platelets present in PRP-PRGF secrete their growth 
factors only after clotting, it is, therefore, essential 
to apply PRP-PRGF during their clotting process; 
otherwise, they will not contribute to the wound or 
graft healing process.[30]

2. Based on the studies carried out so far, 
reduplication and differentiation of mesential stem 
cells or bone marrow cells seem to be directly 
proportional to the concentration of platelets. There 
is a very narrow range of platelet concentration in 
PRP-PRGF (around one million in 1 µl) that leads 
to positive results so that any values below or 
above this may lead to inhibitory effects.[15,24]

3. Most evidence on PRP-PRGF clinical potentials 
are only reported in case series or case reports 
whose results are not definitive. It is, therefore, 
necessary to conduct well-controlled randomized 
clinical studies to obtain reliable results.[31]

CONCLUSIONS

It may be concluded from the results obtained in this 
study that application of PRGF on the implant surface 
may enhance bone healing process as well as bone-
implant contact.
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