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Abstract 

Background:  Autologous platelet concentrate has been widely used to encourage the regeneration of hard and 
soft tissues. Up to now, there are three generations of autologous platelet concentrates. Many studies have shown 
that the three autologous concentrates have different effects, but the specific diversities have not been studied. The 
purpose of this study was to explore and compare the effects of platelet-rich fibrin, concentrated growth factor and 
platelet-poor plasma on the healing of tooth extraction sockets in New Zealand rabbits.

Methods:  A total of 24 healthy male New Zealand white rabbits aged 8–12 weeks were selected. The experimental 
animals were randomly divided into four groups: three experimental groups were respectively implanted with PPP, 
CGF and PRF gel after bilateral mandibular anterior teeth were extracted, and the control group did not implant 
any material. The alveolar bone of the mandibular anterior region was taken at 2, 4 and 8 weeks after operation. The 
height and width of the extraction wound were detected by CBCT, the growth of the new bone was observed by HE 
and Masson staining, and the expression of osteogenic genes was detected by real-time PCR. Data were analyzed 
using IBM SPSS statistical package 22.0.

Results:  The radiological results showed that alveolar bone resorption in all groups gradually increased over time. 
However, the experimental groups showed lower amounts of bone resorption. The histological results showed that 
new bone formation was observed in all groups. Over time, the new bone trabeculae of the CGF group became 
closely aligned while those in the PPP and PRF groups remained scattered. PCR results showed that the expression of 
BMP-2 and ALP was higher in the experimental groups than the control group.

Conclusion:  In conclusion, the application of PRF, CGF and PPP in tooth extraction sockets effectively promoted 
bone regeneration. CGF showed more effective bone induction and tissue regeneration ability in the long term.
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Background
Alveolar bone after tooth extraction undergoes bone 
resorption due to lack of dental support and functional 
stimulation, while bone reconstruction is accompanied 
by osteoclast resorption and fibrous bone filling [1]. 
70–80% of the bone loss occurs in the first 3 months after 
tooth extraction [2].
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The resorption and atrophy of alveolar bone will have 
an adverse effect on subsequent restoration treatment, 
especially implant placement. They increase the difficulty 
of implant operation and are not conducive to the stabil-
ity of implants. Therefore, methods of alveolar sockets 
preservation are worthy of further exploration, so as to 
reduce the resorption of the alveolar ridge at the tooth 
extraction site, and provide more adequate bone volume 
and a favorable alveolar ridge shape for subsequent treat-
ment. Numerous studies have been dedicated to evalu-
ating the efficacy of different socket-filling biomaterials. 
Autogenous and allogeneic bone grafts have been rec-
ognized as frequently-used methods for decades, how-
ever, several limitations, such as extra site of surgery and 
prolonged surgery, an uncertain infection rate and lim-
ited autologous bone alternatives, have restricted their 
widespread development [3]. The use of synthetic bioma-
terials as alternative products has continued to develop 
subsequently, especially prior to implantation [4, 5]. But 
most exogenous biomaterials still have some uncertain-
ties in bone mineral binding ability, biodegradability and 
effective antibacterial ability [6].

In recent years, autologous platelet concentrates, such 
as platelet-rich fibrin (PRF), concentrated growth fac-
tor (CGF) and platelet-poor plasma (PPP) have attracted 
the attention of researchers due to their ability to pro-
mote new bone formation [7] and tissue regeneration 
[8]. PRF is a second-generation platelet concentrate 
product which is easy to produce without any biologi-
cal agents. Many studies have suggested that the use of 
PRF can stimulate wound healing and promote regenera-
tion of hard and soft tissues through the release of a large 
amount of leukocyte cytokines and platelets, which inter-
act with the fibrin clot to form a haemostatic plug and to 
slowly release growth factors, but some scholars are still 
skeptical about its regenerative effect on bone tissues 
[9–12]. Moreover, others have shown that there is a lack 
of standardization in its production and application, and 
that small differences may lead to variable clinical effects 
[13]. CGF was introduced by Sacco in 2006 [14]. Unlike 
PRF, it is centrifuged using special centrifuges, and dif-
ferent centrifugation speeds result in a larger, denser, and 
more abundant growth factor fibrin matrix [15]. A large 
number of studies have confirmed the advantages of CGF 
in bone defect repair [16, 17].

PPP is the supernatant of plasma after centrifugation 
that contains few platelets. Studies showed that PPP 
seems to have the ability to facilitate wound healing-asso-
ciated cell function [18]. In recent years, some in  vitro 
studies have compared the similar effects of PPP and 
PRP in innervation and muscle repair [19, 20], but there 
are few studies evaluating the role of PPP in bone tissue, 
and the results are divergent. Hamdan et  al. [21] at the 

cellular level have shown that the difference of concentra-
tion due to the vitro test will lead to a great difference in 
the results, which is also an important factor limiting the 
development of PPP.

Alveolar bone is the most active bone tissue in the 
body. Compared with other parts of bone defects, there 
will be significant resorption in the tooth extraction with-
out intervention, which puts forward high requirements 
for the effect of bone induction materials used for tooth 
extraction. At present, some studies on the application of 
autologous plasma products in the tooth extraction have 
no consistent or robust results, and most of their studies 
are limited with the combined application of other osteo-
genic induction materials, and there are few independent 
studies on the effect of plasma products without addi-
tives. Further carefully designed and long-term observa-
tion cycles and multiple observation levels are needed to 
explore their respective strengths. Therefore, the aim of 
this study is to compare the effects of PRF, CGF and PPP 
on the healing of tooth extraction sockets in rabbits and 
to compare their long-term effects and influence char-
acteristics of different stages from 2 weeks, 4 weeks and 
8 weeks continuous observation. And in order to prelimi-
nary explore the mechanism of concrete, we also com-
pare their influence on osteogenesis related genes, aims 
to provide guidance for clinical choice medicine.

Materials and methods
Sample size calculation
The sample size was calculated using PASS 15.0 soft-
ware (NCSS, LLC, Utah, USA). The statistical design was 
based on comparing the resorption rates of alveolar bone 
width at the same time after PRF, PPP, CGF were applied 
to the tooth extraction sockets. The analysis module 
One-Way-Analysis of Variance F-Tests in the Means was 
used. According to the results of the preliminary experi-
ment, the mean resorption rates of alveolar bone width 
in the PPP, CGF, PRF and control groups was 14%, 13%, 
16% and 39% respectively. The standard deviation was set 
as 12%. Statistical significance was set as α = 0.05, with 
four groups, statistical power of 0.9, and a group alloca-
tion ratio of 1: 1: 1. With these parameters, the sample 
size needed for the current study was six in each group 
(n represents the number of tooth extraction sockets) 
(Table 1).

Animals and study design
All of the research protocols used in study were approved 
by the ethical committee of Southwest Medical Uni-
versity, Luzhou, China (Certificate number 201906-
1). A randomized controlled study was conducted in 
accordance with the ARRIVE guidelines and the Direc-
tive 2010/63/EU in Europe [22, 23]. Healthy male New 
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Zealand White rabbits weighing 2.0–2.5  kg (average 
2.2 kg) and aged 8–12 weeks each were used in this study. 
All animals were purchased from the Department of Ani-
mal Science Central of Southwest Medical University and 
were taken good care of by professional laboratory tech-
nicians. They were housed in a temperature (22 ± 2  °C) 
and humidity (55 ± 5%) controlled room under a 12/12 h 
light/dark cycle and kept in separate cages, with free 
access to food and water. After 2  weeks of observation, 
the experimental treatment was carried out.

Preparation of autologous PPP, CGF, and PRF
Nine milliliter venous blood from the ear veins of each 
rabbit were drawn and collected into sterile vacuum 
tubes without additive (Greiner BioOne, Kremsmün-
ster). The samples were immediately put into a Medifuge 
MF200 (Silfradent srl, Forlì, Italy), and centrifugation was 
carried out according to a preset procedure: acceleration 
for 30 s, then 2 min at 500RCF, 4 min at 400RCF, 4 min 
at 500RCF, 3  min at 600RCF, deceleration for 36  s, and 
stop [15]. This process separated the samples into three 
layers: a red blood cell (RBC) layer that covered the lower 
part of the tube, a CGF layer that covered the middle part 
and a PPP layer that covered the upper part (Fig. 1). The 
PPP (1 ml) was activated for experimental use with 10% 

calcium chloride (0.05  ml). The CGF and activated PPP 
gel were thus collected for experimental use.

Based on a previously described protocol [24], 9  ml 
venous blood was collected into a conical centrifugal 
tube (KIRGEN, Shanghai, China) without any anticoag-
ulant. The samples were immediately put into a TD-5Z 
table centrifuge (Sichuan, China). After centrifuging 
immediately for 10  min at approximately 1674RCF, the 
whole blood separated into two layers, the lower layer 
being the RBC layer, and the upper layer being the PRF 
layer (Fig. 1).

Surgical procedure
The animals were randomly and evenly divided into 
four groups by computer-generated random numbers 
and kept in sequentially numbered, opaque and closed 
envelopes. Three groups received PPP, CGF and PRF gel 
respectively, while the remaining control group did not 
receive any implant material. They all received an intra-
muscular injection of penicillin (800,000 units three 
times daily) for 3 days postoperatively. Intravenous injec-
tion of 30 mg/kg sodium pentobarbital (Sigma, St. Louis, 
MO, USA) through the ear margin was used for general 
anesthesia. After the anesthetic had taken effect, the gin-
giva was separated with a periosteal  elevator, then the 

Table 1  One-way analysis of variance F-tests numeric results means: 16 13 14 39

Average Total SD of means SD Effect

Power n G N K δm δ Size Alpha

0.9581 5.00 4 20 1.00 10.74 10.00 1.0735 0.0500

0.9298 6.00 4 24 1.00 10.74 12.00 0.8946 0.0500

0.9367 7.00 4 28 1.00 10.74 13.00 0.8258 0.0500

0.9013 8.00 4 32 1.00 10.74 15.00 0.7157 0.0500

Fig. 1  A After setting the CGF preparation program, the test tube was divided into three layers. B Separate the three layers. C Store the CGF gel in 
sterile saline solution for later use
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teeth were loosened with the elevator, and after that the 
bilateral mandibular anterior teeth were extracted. All 
the above procedures were performed by the same oral 
and maxillofacial surgeon. Subsequently, the materials 
were severally implanted into the tooth extraction sock-
ets in the experimental groups (Fig. 2). After that, all the 
extraction sockets were closed using interrupted sutures 
of 3/0 absorbable suture (Weihai, Shandong, China). 
Additionally, all the animals were closely observed for 
avoiding infection. Thereafter, at 2, 4 and 8  weeks after 
tooth extraction, three rabbits were randomly selected 
from each group and euthanized with an overdose of 
pentobarbital sodium. The bilateral mandible was taken 
as the specimen for subsequent analysis.

Radiographic analysis
All animals were scanned twice by cone beam com-
puted tomography (CBCT I and CBCT II). CBCT I was 
obtained after tooth extraction while the animal was still 
under anesthesia. The anesthetized rabbit was secured 
to the CBCT chair by a professional radiologist and then 
adjusted to the appropriate height to complete the CBCT 
examination. By 2nd, 4th and 8th week, the animal was 
euthanasia, and CBCT II was obtained after the alveolar 
bone around the mandibular anterior teeth was imme-
diately removed for scanning. All sectional images were 
obtained by the same radiologist using a CBCT scanner 
(i-CAT 17–19, KaVo Group, Shanghai, China), with the 
following settings: exposure at 5.0  mA and 120  kV for 
9.6  s and axial slice thickness 0.2  mm. The results were 
processed and analyzed by the same radiologist (who 
was blinded to the group allocation) using image analy-
sis software (CS Imaging Version 7.0.23.0.d, Carestream 
Health, Rochester, NY, USA). Changes in alveolar bone 
width (ABW) and alveolar bone height (ABH) were 
observed. Three sections were selected for each CBCT 
to measure the height and width respectively, and each 
section was randomly measured three times. ABW was 

measured using the method of Chen et al. [25]. Measure-
ments were performed on cross-sectional slices in the 
apical, median, and coronal third of the socket. ABH was 
measured using a method described previously by Liu 
et al. [26] (Fig. 3). Measurement was carried out on three 
sagittal planes, namely the buccal plane of the extrac-
tion socket, the lingual plane, and the middle plane of 
the first two planes. The changes in ABW and ABH were 
expressed by the measured value of CBCT before tooth 
extraction (CBCT I) minus the measured value of CBCT 
after euthanasia (CBCT II).

Histological and histomorphometric analysis
After fixing in 10% paraformaldehyde solution for 48  h, 
the samples were demineralized in 10% EDTA solution 
(North Tianyi Chemical Reagent Co. Ltd., Tianjin, China) 
for 5 weeks, washed, dehydrated, and paraffin embedded 
(Paraplast;  Kendall  Healthcare,  Mansfield,  MA,  USA), 
parallel to the long axis of the tooth, comprising a con-
tinuous section in the buccal and lingual direction with 
a section thickness of 5 µm, and then stained with hema-
toxylin and eosin (H&E). For quantitative analysis, it was 
performed using the Image J 150e software (National 
Institutes of Health, Maryland, MD, USA), with a 200× 
magnification. the percentage of the new bone was cal-
culated with the new bone area/tissue area × 100% (BA/
TA). Masson’s trichrome stain was carried out in the 
same way. The above processes were performed by a his-
tological technician who was blinded to the experimental 
protocols. An optical microscope (Olympus BX43, Olym-
pus Corporation, Tokyo, Japan) with a magnification 
of ×200 was used for observation, and a digital camera 
installed on the microscope was used to obtain images.

Real‑time quantitative polymerase chain reaction 
(RT‑qPCR)
Real-time quantitative polymerase chain reaction (RT-
qPCR) was used to detect the expression of two markers 

Fig. 2  A Loosen the lower front teeth with appropriate force. B Use the extractor to hold the tooth, shake and pull out. C After the extraction of 
both lower anterior teeth, the extraction wounds were stitched
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of osteogenic genes: a differentiation marker of early 
osteoblasts—alkaline phosphatase (ALP), and a differen-
tiation marker of late osteoblasts—bone morphogenetic 
protein-2 (BMP-2). After sacrificing the rabbits, bone tis-
sue was obtained from the tooth extraction sockets and 
immediately stored in liquid nitrogen and ground in a 
mortar. A chloroform-free RNA extraction kit (BioTeke, 
Beijing, China) was used to extract total RNA from the 
samples. Then, according to the manufacturer’s instruc-
tions, 1 µg of RNA was reverse transcribed into cDNA, 
using ReverTra Ace qPCR RT Master Mix (TOYOBO, 
Japan), and stored at − 20 °C before use. The cDNA was 
used as the template for real-time quantitative polymer-
ase chain reaction (RT-qPCR). The total volume of the 
amplification reaction system was 20  µl, including 6  µl 
primers, 10  µl of SYBR Green PCR Master Mix (TOY-
OBO, Japan), 1.5 µl cDNA and 2.5 µl ddH2O. The prim-
ers were purchased from Sangon Biotech Co. (Shanghai, 
China). The sequences were: 5′-TCC​CAC​TTT​GTC​TGG​
AAC​CG-3′ and 5′-TCC​TGT​TCA​GCT​CGT​ACT​GC-3′ 
for ALP, 5′-AGG​AAG​CTT​TGG​GAG​ACG​AC-3′ and 
5′-AAG​TGG​GTC​ACT​TCC​ACC​AC-3′ for BMP, and 
5′-GTG​GCA​TCC​TGA​CGC​TCA​AGTAC-3′ and 5′-AAG​
CTC​GTT​GTA​GAA​GGT​GTG​GTG​-3′ for β-actin.

Statistical analysis
Data were analyzed using IBM SPSS statistical package 
22.0 (IBM Co., Chicago, USA). Categorical variables are 
presented as the mean ± standard deviation (SD). One-
way  analysis  of  variance  (ANOVA) with the Student–
Newman–Keuls (SNK) comparison test was employed to 
detect differences among different groups. A significance 
level of 0.05 was chosen.

Results
Clinical results
No accidental deaths occurred. All animals were in good 
physical condition and had a good diet. No infection or 
other complications occurred in any of the tooth extrac-
tion sockets after surgery. On the 5th day after operation, 
the tooth extraction wound surfaces of all animals were 
completely covered by epithelial tissue.

Radiological analysis
The ABW and ABH gradually increased in all groups 
over time. However, the experimental groups showed 
lower amounts of bone resorption.

Two weeks after surgery, the ABW and ABH in each 
group revealed different degrees of resorption (Table 2). 
Both ABW and ABH indicated a significantly lower rate 
of resorption in the PPP group than in the other three 
groups (P < 0.05). The ABW and ABH at 4 and 8  weeks 
postoperatively are shown in Tables 3 and 4. In short, the 
CGF group showed the lowest resorption, followed by 
the PPP and PRF groups, with the highest resorption in 
the control group. There were no significant differences 
in ABW between the PRF group and the control group at 
4 weeks (P > 0.05), or in ABH between the PPP group and 
CGF group at 8 weeks (P > 0.05).

Histological and histomorphometric analysis
Two weeks after surgery, new bone formation was 
observed in the tooth extraction sockets in the PPP 
group, with the new bone extending from the lateral 
wall to the center. There were abundant osteoblasts and 
active proliferation. Osteoblasts were arranged in rows 
around the bone matrix, and some bone trabeculae and 

Fig. 3  Schematic of the Cone-Beam Computed Tomography (CBCT). A Schematic of the measurement of ABH. B Schematic of the measurement 
of ABW
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mature fibrous tissue could be seen. The new bone tra-
beculae were thinner in the CGF group and PRF group 
than in the PPP group, and the arrangement was irreg-
ular, with blood vessels growing into the extraction 
sockets in the PRF group. A large number of inflamma-
tory cells and a small number of fibroblasts were found 
in the sockets in the control group, and there were few 
new bones and bone trabeculae.

By the 4th week, each of the experimental groups 
had formed a larger amount of new bone than the con-
trol group. In the CGF group, the new bone further 
increased and continued to extend towards the center 
of the sockets, the osteoblasts proliferated actively, the 
bone trabeculae were more abundant the new bones 

were connected with each other, and the fibrous con-
nective tissue and inflammatory cells had decreased. 
New bone formation in the sockets of the PPP group 
also increased significantly, but there were slightly 
fewer osteoblasts than in the CGF group, and the bone 
trabeculae were thinner. The growth of new bone in 
the PRF group was weaker than that in the PPP group, 
but there was more neovascularization. In the con-
trol group, the small amount of new bone tissue was 
scattered.

By the 8th week, new bone had formed in the extrac-
tion alveolus in the CGF group, the new bone trabec-
ulae were closely connected and arranged similarly to 
the normal state, and the trabeculae were thick and 
calcified, but there was still a small amount of fibrous 
connective tissue. The new bone in the extraction sock-
ets was thinner in the PPP group followed by the PFR 
group than that in the CGF group, but the bone tis-
sue of the medial wall of the tooth extraction fossa was 
more mature and partially fused with the surrounding 
bone tissue. New bone formation could be seen in the 
control group, but it was significantly less extensive 
than in the experimental group, and osteoblasts and 
blood vessel density were relatively rare (Figs. 4 and 5).

The quantitative study of histology was shown in 
Fig.  6 and also validated the results. By the 2nd week, 
it can be observed significant differences in all exper-
imental groups when compared to control group 
(P < 0.05), the BA/TA of PPP groups within the four 
groups was the highest. But over time, the BA/TA of 
CGF groups was the highest (P < 0.05), followed by PPP 
groups and PRF groups by the 4th and 8th week.

Table 2  Resorption of alveolar bone height and width at week 2 
according to groups (n = 6)

Data represent mean ± SD

ABW Alveolar bone width, ABH alveolar bone height, PPP platelet-poor plasma, 
CGF concentrated growth factor, PRF platelet-rich fibrin
a Statistically significant difference compared to the control group (P < 0.05)
b Statistically significant difference compared to the PPP group (P < 0.05)
c Statistically significant difference compared to the CGF group (P < 0.05)
d Statistically significant difference compared to the PRF group (P < 0.05)

Group Resorption of ABW (mm) Resorption 
of ABH 
(mm)

Control 0.21 ± 0.03 0.63 ± 0.06

PPP 0.13 ± 0.02a,d 0.44 ± 0.03a,d

CGF 0.18 ± 0.04 0.51 ± 0.03a

PRF 0.20 ± 0.03b 0.56 ± 0.08b

F 4.000 13.544

P-value < 0.05 < 0.05

Table 3  Resorption of alveolar bone height and width at week 4 
according to groups (n = 6)

Data represent mean ± SD

ABW Alveolar bone width, ABH alveolar bone height, PPP platelet-poor plasma, 
CGF concentrated growth factor, PRF platelet-rich fibrin
a Statistically significant difference compared to the control group (P < 0.05)
b Statistically significant difference compared to the PPP group (P < 0.05)
c Statistically significant difference compared to the CGF group (P < 0.05)
d Statistically significant difference compared to the PRF group (P < 0.05)

Group Resorption of ABW 
(mm)

Resorption of ABH (mm)

Control 0.72 ± 0.08 1.21 ± 0.06

PPP 0.55 ± 0.06a 0.91 ± 0.08a,c,d

CGF 0.48 ± 0.03a,d 0.76 ± 0.08a,b,d

PRF 0.63 ± 0.05c 1.10 ± 0.05b,c

F 9.582 26.600

P-value < 0.05 < 0.05

Table 4  Resorption of alveolar bone height and width at week 8 
according to groups (n = 6)

Data represent mean ± SD

ABW Alveolar bone width, ABH alveolar bone height, PPP platelet-poor plasma, 
CGF concentrated growth factor, PRF platelet-rich fibrin
a Statistically significant difference compared to the control group (P < 0.05)
b Statistically significant difference compared to the PPP group (P < 0.05)
c Statistically significant difference compared to the CGF group (P < 0.05)
d Statistically significant difference compared to the PRF group (P < 0.05)

Group Resorption of ABW (mm) Resorption of ABH (mm)

Control 1.53 ± 0.05 1.93 ± 0.04

PPP 0.79 ± 0.05a,c,d 1.42 ± 0.04a,d

CGF 0.66 ± 0.05a,b,d 1.37 ± 0.04a,d

PRF 0.98 ± 0.07a,b,c 1.68 ± 0.05a,b,c

F 142.129 101.570

P-value < 0.05 < 0.05
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RT‑qPCR analysis
Expression of alkaline phosphatase (ALP): The expres-
sion of ALP in the PPP group was the highest at 2 weeks 
after surgery (P < 0.05). At 4 weeks, ALP expression was 
significantly higher in the CGF group than in the other 
three groups. By the 8th week, there was no significant 
difference in ALP activity among the four groups.

Expression of bone morphogenetic protein-2 (BMP-
2): BMP expression was significantly higher in the PRF 
group than in the other groups at 2  weeks. The PRF 
group still had the highest expression at 4 weeks, and at 
the same time, the expression of BMP in the PPP group 
and CGF group was gradually increasing. By the 8th 
week, with the development of bone remodeling, BMP 
expression was the highest in the CGF group, followed by 
the PRF group and PPP group, which all showed higher 
expression than the control group (P < 0.05) (Fig. 7).

Discussion
A series of events occur during the healing of tooth 
extraction sockets, including (1) blood clot forma-
tion, (2) fibroblast infiltration and vascular endothelial 
cell proliferation, (3) connective tissue hyperplasia, (4) 
fibrous bone formation, and (5) mature bone tissue 
establishment. The natural healing process of the entire 
extraction sockets will be affected by systemic biologi-
cal factors such as age, gender, and hormone levels, 
especially sex hormones [27]. At the same time, local 
microvascular formation also plays a very important 
and critical role in the growth and development of the 
woven bone. In addition, the healing process involves 
interactions between various cells and growth fac-
tors [28]. Therefore, improving the microenvironment 
of extracted sockets by providing the growth factors 

Fig. 4  H&E staining of the Tooth extraction at 2, 4 and 8 weeks. n = 6. A–L Scar bar = 100 µm. a–l Scar bar = 2000 µm
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required for healing can improve the healing condi-
tions and promote the healing of extracted sockets and 
induce bone tissue regeneration.

PRF and CGF are platelet concentrates containing a 
large number of growth factors [29], including transform-
ing growth factor (TGF-β), platelet-derived growth factor 
(PDGF), vascular endothelial growth factor (VEGF), and 
basic fibroblast growth factor (BFGF). These growth fac-
tors participate in events such as osteoblastic movement, 
proliferation and differentiation [30], so as to regulate the 
activity of osteoblasts and promote bone regeneration.

PPP  is the upper component of autologous plasma 
products. Compared with PRF and CGF, it contains fewer 
platelets, but is rich in plasma growth factor and fibrino-
gen. Chen et al. [31] showed that fibrinogen may have a 

more significant effect on bone regeneration, suggesting 
that PPP has the potential to promote bone regeneration 
in  the early stages of healing. Here, the questions arose. 
Can three autologous blood products be used for pres-
ervation of alveolar bone after tooth extraction? How 
should they be selected in clinical practice? For this pur-
pose, in this study, PPP, CGF and PRF were applied to 
rabbit extraction sockets to observe and compare their 
effects on wound healing and alveolar bone resorption 
in order to identify more appropriate options for filling 
extraction sockets and to develop new clinical treatment 
methods.

The radiographic results showed that the resorp-
tion of ABW and ABH in the experimental groups 
were lower than the control group at all observation 

Fig. 5  Masson staining of the Tooth extraction at 2, 4 and 8 weeks. n = 6. A–L Scar bar = 100 µm. a–l Scar bar = 2000 µm
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points, suggesting that autologous plasma products 
can effectively promote tooth extraction wound heal-
ing. And the study of Srinivas et  al. supported the 
results [32]. The histological and histomorphometric 
analyses revealed large areas of new alveolar bone in 
all three experimental groups at all time points, except 
for the control group, where only a small amount of 
new alveolar bone was generated, similar to the find-
ings of other scholars. For example, Hatakeyama et al. 
[33] found that in their vivo study of rat calvarial bone 
defects,  the bone defects were almost filled with bone 
tissue 8  weeks after surgery and treatment with CGF 
and PPP gel, while a few control (untreated) defects 
were still apparent at 8 weeks. Similarly, Kim et al. [8] 
observed that in their comparative study  on rabbit-
skull defect healing, the PRP, PRF and CGF groups 
had all formed a higher amount of new bone than the 
control group by the 6th week after surgery. In addi-
tion, the three autologous concentrates could not be 
histologically observed at 2  weeks after surgery, so it 
was speculated that they might be completely degraded 
within 2  weeks after being put into the tooth sockets. 
The study of Isobe et al. [34] and Wang [35] supported 
the observation.

During the growth of osteoblasts, the expression of 
specific genes varies at different stages [36]. The peak 
expression of genes reflects the developmental sequence 
of osteocyte differentiation, which can be divided into 
three main stages: proliferation, extracellular matrix 
maturation and mineralization. Some scholars have pro-
posed that the regulation of genes in this developmen-
tal sequence depends on the maturation of osteoblasts 
[37]. ALP activity is closely related to bone growth and 
remodeling, and its expression can reflect the early dif-
ferentiation of osteoblasts and the maturity of bone tis-
sue [38]. BMP-2 promotes the maturation and function 
of osteoblasts and bone remodeling by inducing the dif-
ferentiation of mesenchymal bone progenitor cells [39]. 
It is a representative osteogenic product in the late stage 
of osteogenic differentiation. Our results showed that the 
expression peak of BMP lagged behind that of ALP dur-
ing alveolar bone healing in all groups, which was similar 
to the results of other scholars, Lu et al. And these stud-
ies showed that the expression of ALP was biphasic: ALP 
was expressed at a high level in the early stage of osteo-
genesis, but with the development of bone maturation 
and matrix mineralization, it reduced gradually, and the 
late marker of osteoblast differentiation increased [40]. In 

Fig. 6  A Percentage of new bone by histological study at 2 weeks. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001. n = 6. B Percentage of new bone 
by histological study at 4 weeks. *P < 0.05; ***P < 0.001; ****P < 0.0001. n = 6. C Percentage of new bone by histological study at 8 weeks. **P < 0.01; 
****P < 0.0001. n = 6

(See figure on next page.)
Fig. 7  A Relative mRNA expression levels of different marker genes (ALP) in bone tissue after tooth extraction filling with PPP, PRF, CGF and control 
group healed for 2 weeks. ** refers to P < 0.01. n = 6. B Relative mRNA expression levels of different marker genes (BMP-2) in bone tissue after tooth 
extraction filling with PPP, PRF, CGF and control group healed for 2 weeks. *** refers to P < 0.001. n = 6. C Relative mRNA expression levels of different 
marker genes (ALP) in bone tissue after tooth extraction filling with PPP, PRF, CGF and control group healed for 4 weeks. **** refers to P < 0.0001. 
n = 6. D Relative mRNA expression levels of different marker genes (BMP-2) in bone tissue after tooth extraction filling with PPP, PRF, CGF and 
control group healed for 4 weeks. **** refers to P < 0.0001. n = 6. E Relative mRNA expression levels of different marker genes (ALP) in bone tissue 
after tooth extraction filling with PPP, PRF, CGF and control group healed for 8 weeks. n = 6. F Relative mRNA expression levels of different marker 
genes (BMP-2) in bone tissue after tooth extraction filling with PPP, PRF, CGF and control group healed for 8 weeks. **** refers to P < 0.0001. n = 6
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Fig. 7  (See legend on previous page.)
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addition, the qRT-PCR results of this study also showed 
that the expression of ALP was the highest in PPP group 
at 2 weeks, while in CGF group at 4 weeks. This indicated 
that the effect of PPP was more obvious in the early stage 
of bone healing, while the effect of CGF was slower, but 
CGF was more effective than the other two in the whole 
observation period. The reasons for this phenomenon 
may be credit to their different biological structures. The 
structure of CGF fiber is denser, and its growth factor has 
the characteristic of slow release [41]. At the 8th week, 
with the gradual maturation of the bone in all groups, the 
expression of ALP in each group was gradually down-
regulated and kept at a relatively stable level, and there 
was no significant difference in the expression level of 
ALP among the four groups. However, according to Isobe 
et  al., the three autologous plasma products released 
a large number of growth factors as they gradually 
degraded [34], and this may be the reason why we could 
still observe that the experimental groups showed better 
healing effect than the control group at a later stage. Fur-
thermore, the osteogenic signaling pathways might be 
activated in different degrees in the three experimental 
groups, resulting in differences in the progress of bone 
healing in each experimental group on the whole. The 
experimental group accelerated the healing process to 
an overall extent and the expression of BMP showed that 
all experimental groups entered the bone mineralization 
phase earlier than the control group and showed higher 
mineralization levels and better healing effect. This was 
consistent with the results of histological analysis in this 
experiment: the PPP group showed more active bone 
growth at the 2nd week, while the new bone growth and 
differentiation level of the CGF group was better than 
that of the other three groups after the 4th and 8th week.

Overall, CGF and PPP were slightly more effective than 
PRF at promoting extraction socket healing during the 
time points observed in our study. The reason for this 
may be that the rich fibrin fibers and fibrinogen in CGF 
and PPP play an important role in promoting the heal-
ing of tooth extraction sockets. Moreover, Hatakeyama 
et al. [33] showed that significantly more fibrinogen was 
contained within PPP than in PRF, and Isobe et  al. [34] 
found that CGF gels contained thicker fibrin fibers than 
PRF gels based on scanning electron microscopic exami-
nation. Both findings support our results and conjecture.

In addition, it is found that the effect of PPP was slightly 
superior to PRF and CGF in early healing. This may be 
because CGF and PRF, which contain a large number of 
platelets, are not only reservoirs of growth factors but also 
immune nodes containing a large number of inflamma-
tory mediators. Inflammatory factors such as α -granules 
released after their activation may limit the differentiation 
of osteoblast-related cells during early healing process [42, 

43]. Moreover, CGF significantly outperformed PPP and 
PRF in promoting osteogenesis at later stage. The reason 
for this may be that the fibrin network of insoluble fibrin 
provides a scaffold for the cells and serves as a substrate 
for the continuous release of growth factors, and the cells 
are  exposed  to  fibrin  molecules  exhibiting  three-dimen-
sional  cell–cell interactions [44], allowing the growth 
factors to continuously act on the extraction sockets, 
promoting osteoblast proliferation and differentiation as 
well as reducing the resorption of the alveolar bone. Com-
pared with PRF, CGF not only has a higher fibrinogen, 
but also has a more stable fibrinogen network, which can 
prevent plasma mediated degradation [45], which may be 
due to the special centrifugal process of CGF. CGF special 
centrifuges are equipped with an oxygenation mechanism 
that prevents temperature increases and helps maintain 
the growth of cells contained in the fibrin matrix. In addi-
tion, the fibrin network in CGF provides a three-dimen-
sional cell–cell interaction that allows growth factors to 
continue to act on tooth extraction. In addition, studies 
have shown that osteoblast differentiation is regulated by 
soluble GF such as TGF-β1, PDGF-AB and IGF-1. CGF 
contains a variety of GF and proteins, while PPP only con-
tains IGF-1 in serum, which may be the reason why CGF 
is superior to PPP in osteogenic induction [46]. There-
fore, since PPP was more advantageous in promoting 
early osteogenesis after extraction, in clinical situations 
where immediate or early implantation after extraction is 
required, we can choose PPP. And in cases where delayed 
implantation is required, CGF might be chosen for filling 
the extraction sockets.

One limitation of the study is that it failed to further 
explore the molecular biological mechanisms underlying 
the effect of PRF, CGF and PPP on the healing of tooth 
extraction sockets. However, real time PCR were prelimi-
narily used to observed the expression level of osteogenic 
genes in different groups. In addition, platelet concentrates 
could be used in combination with other material to opti-
mize their effects. Further clinical study would be con-
ducted to verify and supplement the results of this study.

Conclusions
PPP, PRF and CGF can promote the healing of tooth 
extraction sockets, promote new bone formation, reduce 
bone resorption, and improve the expression of osteo-
genesis-related genes. Yet considering their long-term 
effects, CGF shows greater benefits in osteogenesis, 
resulting in efficient bone induction and tissue regenera-
tion. Since the components of PPP, CGF and PRF are all 
derived from autologous blood without immunogenicity, 
their preparation is simple. Furthermore, they have good 
biocompatibility and appropriate biodegradability when 
they are implanted into the tooth extraction sockets.
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