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After Brånemark introduced the concept of osseoin-
tegration, dental implants became popular for the 

treatment of edentulous patients.1 Osseointegration 
is characterized by the structural and functional con-
nection between the implant surface and the bone.2 A 
series of biologic events, such as angiogenesis, extra-
cellular matrix formation, and the invasion of bone cells 
following fibrin polymerization, occur in the early stage 
of osseointegration.3,4

Platelet concentrates have been used widely as re-
generative biomaterials in periodontal surgery.5 Pro-
moting the migration and proliferation of osteogenic 
cells, platelets accelerate bone regeneration by increas-
ing the formation of blood vessels and inflammatory 

reactions.6,7 Experimental studies have revealed that 
growth factors released from platelets could enhance 
osteoblastic differentiation on the implant surface, 
thus improving bone-to-implant contact.8,9 The plate-
let concentrate platelet-rich fibrin (PRF) was introduced 
by Choukroun et al in 2001, and it contains a significant 
amount of cytokines, such as platelet-derived growth 
factor (PDGF), transforming growth factor (TGF), and 
vascular endothelial growth factor (VEGF).10,11 Con-
centrated growth factor (CGF) is another platelet de-
rivative that differs from PRF in that it contains many 
growth factors trapped in a more rigid fibrin structure. 
It has been reported that CGF, obtained via performing 
a centrifugation process at variable speeds, accelerates 
the proliferation and differentiation of bone cells.12,13 In 
addition to platelet-derived growth factors, the fibrin 
network contains blood and tissue cells such as leuko-
cytes, endothelial cells, and fibroblasts, thus fostering 
tissue remodeling. Because they accelerate soft and 
hard tissue healing without inciting patient immune 
system reactions, CGF products are used widely in im-
plant surgery.12 It has been shown that the application 
of CGF membranes to implants could enhance osseoin-
tegration in the early period.14 Özveri Koyuncu et al,15 

however, reported that the use of CGF membranes dur-
ing dental implant surgery had a neutral effect on im-
plant stability. In a study performed by wetting implant 
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surfaces with CGF fluid, it was revealed that VEGF was 
released slowly from the cellular network onto the tita-
nium surface, thus enhancing bone regeneration and 
healing following angiogenesis.16 

Bone remodeling is a process in which osteoblasts, 
osteocytes, and osteoclasts play harmonious roles in 
bone resorption and formation. The stimulated osteo-
blasts and osteocytes initiate the remodeling process 
by producing macrophage colony–stimulating factor 
and receptor activator of nuclear factor kappa-B ligand 
(RANKL).17 The pro-inflammatory cytokines, such as in-
terleukin-1 beta (IL-1β) and tumor necrosis factor alpha 
(TNF-α), are released by RANKL and numerous poly-
morphonuclear leukocytes around the wound. These 
inflammatory cytokines expressed from B and T lym-
phocytes are also components of the adaptive immune 
response.18 TNF-α and RANKL initiate bone resorption 
by triggering osteoclastogenesis. As a cytokine of the 
TNF-α family, RANKL can be induced by TNF-α and stim-
ulate bone resorption. Previous studies have reported 
that TNF-α initiated bone resorption independently of 
RANKL.17,19 Osteoprotegerin (OPG) is a soluble cyto-
kine receptor of the TNF family and is expressed by os-
teoblasts, fibroblasts, and a number of host cells. OPG 
binds to RANKL and prevents RANKL-RANK interaction, 
thus inhibiting osteoclastic activity. The RANKL:OPG ra-
tio is used as an indicator for estimating bone remodel-
ing, osteoclastic activity, and osteogenesis.20–22

The interactions between cytokines, growth factors, 
chemokines, and chemical mediators during blood clot 
formation result in a complex signaling process. High 
concentrations of cytokines and growth factors pro-
mote the migration of macrophages, neutrophils, and 
lymphocytes into the wound area. It has also been re-
ported that cytokines released from the fibrin matrix 
may affect signaling pathways.23 In this study, we hy-
pothesized that the application of CGF liquid to dental 
implant procedures would contribute to inflammation, 
proliferation, and the remodeling process throughout 
healing. Therefore, the aim of this study was to investi-
gate the clinical and biochemical effects of CGF liquid 
on the osseointegration of dental implants.

MATERIALS AND METHODS

This study was conducted at Hatay Mustafa Kemal Uni-
versity School of Dentistry, Department of Periodon-
tology. The study protocol was approved by the Hatay 
Mustafa Kemal University Human Ethics Committee 
(approval no. 2019/119) on condition that Declaration 
of Helsinki ethical guidelines were observed. The pa-
tients who met the inclusion criteria and who volun-
teered to participate in the study were given detailed 

information about the study and provided informed 
consent before the procedure.

Patient Selection
Systemically healthy, nonsmoking individuals meeting 
the following inclusion criteria were included in the 
study:

•	 Above 18 years of age 
•	 Symmetrical edentulous areas in the mandible
•	 Sufficient bone width and height for correct implant 

placement, as evaluated via dental volumetric 
tomography 

•	 Sufficient soft tissue and no abnormal tissue 
condition (such as frenulum, narrow vestibule, etc) 
at the implant site

The following patients were excluded from the 
study:

•	 Those taking antibiotics, anti-inflammatory 
agents, corticosteroids, immunosuppressants, 
anticoagulants, or hormonal contraceptives for 
any reason within 3 months before the procedure 
and those taking bisphosphonates at that time or 
previously

•	 Individuals receiving soft or hard tissue 
augmentation procedures and those with any 
pathology or defect at the implant site

•	 Individuals with severe periodontal disease and 
poor oral hygiene

•	 Patients with severe caries or endodontic lesions in 
teeth adjacent to the implant site

•	 Pregnant and lactating women

Randomization and Blinding
Test and control sites were determined by randomly 
drawing a closed envelope between the drilling pro-
cedure and dental implant placement. The clinical and 
radiologic records of the study were obtained by an ex-
perienced periodontist (M.A.) who was unaware of the 
allocation. 

Surgical Procedure 
Infiltrative anesthesia was provided with an anesthetic 
solution containing 1:100,000 epinephrine. A mid-
crestal incision was made with a no. 15C scalpel, and 
a full-thickness flap was elevated. The drilling proce-
dure (600 rpm, 25 Ncm) was performed according to 
the implant diameter and the prosthesis need for the 
edentulous area. A countersink drill was used for all 
implants to minimize marginal bone stress. In the pres-
ence of a natural tooth adjacent to the implant site, 
a distance of at least 1.5 mm between the tooth and 
the implant cavity was maintained, along with at least 
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1-mm-thick bone plates on the buccal and lingual as-
pects of the implant. Two CGF matrices obtained from 
centrifuged blood were placed on a perforated cover in 
a Surgident PRF Box (Fig 1a). Thus, a liquid leaking from 
the fibrin network was allowed to flow into the box (Fig 
1b). For Group L, the liquid was collected with a syringe 
and applied over the implant surface until it was com-
pletely wet (Figs 1c and 1d). In addition, the implant 
site was filled with CGF liquid (Fig 2a). Then, the implant 

(T6, NucleOSS) was placed at bone level at a speed of  
40 rpm with an insertion torque of 25 Ncm (Fig 2b), and 
a healing abutment was fitted on top of the implant. Im-
plant placement without the CGF liquid was performed 
for Group C. Implant stability was determined using res-
onance frequency analysis (RFA) after placement. The 
flaps were sutured around the healing abutments with 
5-0 silk sutures. The patients were prescribed an appro-
priate analgesic and mouth rinse to use when needed. 

a b

c d

Fig 1    Preparation of CGF. (a) Place-
ment of CGF matrices on the perfo-
rated plate. (b) Obtaining the CGF 
liquid. (c) Drawing the liquid into the 
syringe. (d) Wetting the implant sur-
face with the liquid until there is no 
dry area.

a

b

Fig 2    (a) Filling the implant socket with CGF liquid. (b) Placement of the implant. 
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The sutures were removed 10 days after surgery. All sur-
geries were performed by a dentist with at least 5 years 
of experience (O.F.A.). 

Preparation of the CGF Liquid
Before starting surgery, about 9 mL of blood for each of 
two non-anticoagulant tubes was drawn from the cu-
bital vein of the patient’s forearm, and then the blood 
samples were centrifuged. CGF was obtained using an 
automatically adjusted centrifuge device (Medifuge 
CGF, Silfradent), fired at alternating and controlled 
speeds (2 minutes at 2,700 rpm, 4 minutes at 2,400 rpm, 
4 minutes at 2,700 rpm, and 3 minutes at 3,000 rpm). 
Centrifugation resulted in three layers in the tube: a 
red blood cell layer at the bottom, a platelet-poor se-
rum layer at the top, and a fibrin gel layer containing 
growth factors and platelets in the middle. The serum 
in the upper layer was removed with a sterile syringe, 
and the fibrin layer was removed from the tube using 
a clamp. The red blood cells in the lower layer were re-
moved from the fibrin structure with scissors. The fibrin 
matrices were placed into a Surgident box for obtaining 
the liquid. 

Clinical Measurements and RFA
Four surfaces (mesial, distal, buccal, and lingual) of each 
healing abutment were evaluated for plaque index 
(PI),24 gingival index (GI),24 pocket depth (PD), and gin-
gival bleeding index (GBI).25 All clinical measurements 
were repeated 2, 4, and 12 weeks after the procedure. 
RFA was performed intraoperatively and postoperative-
ly at weeks 4 and 12 with a Penguin RFA implant stabil-
ity monitor to determine the implant stability quotient 
(ISQ).

Measurement of Marginal Bone Loss
To assess the marginal bone loss (MBL) around im-
plants, the technique recommended by Haas et al26 was 
modified and used in the present study. The calibrated 
digital panoramic radiographs were taken with Plan-
meca technology immediately after implantation and  
12 weeks later (Fig 3). The implant platform at the level of 
the alveolar crest was considered the threshold for mea-
suring the change in marginal bone level. The threads 
not surrounded by bone in the mesial and distal parts 
of the implant were determined for measuring MBL. An 
average value for total bone loss was obtained.27 When 
mean MBL around the implant exceeded 1 mm,28 the 
patient was excluded from the study. All radiologic 
measurements were performed by two blinded exam-
iners (M.A.), and the measurements were evaluated to 
assess agreement between the examiners. 

Determination of Peri-implant Bone Density 
CBCTs of each patient were obtained with PaX-i3D (Vat-
ech) for assessing the implant locations before surgery. 
Bone density was calculated in a rectangular area with 
a perimeter of 20 to 25 mm (area: 30 or 40 mm2) in sub-
sequent sagittal slices at the implant location using a 
software program (Ez3D2009, version 1.0, Vatech). Thus, 
the average pixel values obtained were stated as gray 
values (GVs).

Collection of Peri-implant Crevicular Fluid 
First, the implant site was isolated from saliva and dried 
with air. An absorbent filter paper strip (PerioPaper, 
Oraflow) was placed 1 mm into the pocket in the me-
sial and distal surfaces of the healing abutment and 
was left there for 30 seconds to allow absorption of a 
sufficient amount of peri-implant crevicular fluid (Fig 4). 

Fig 3    Sections from panoramic views of an implant in the study 
group. (a) Immediately after implantation. (b) The area 12 weeks after 
implantation. Note the change in the marginal bone level around the 
implant at the end of the 12th week.

a b

Fig 4    Obtaining peri-implant crevicular fluid with a PerioPaper 
(Oraflow).
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The volume of the fluid was measured with a calibrated 
electronic device (Periotron 8010, Oraflow). Paper strips 
contaminated with blood or plaque were excluded from 
the study. The paper strips were transferred into an Ep-
pendorf tube covered with paraffin wax and stored at 
–80°C until analysis.

Biochemical Analysis
Initially, fresh phosphate-buffered saline ([PBS] pH: 
7.00, 137 mM sodium chloride, 10 mM disodium phos-
phate, and 2.7 mM potassium chloride, PBS of 300 µL) 
was added to each Eppendorf tube, left at 25°C for  
30 minutes, and then centrifuged at 12,000 × g at 4°C 
for 15 minutes. Following centrifugation, the strips in 
the Eppendorf tube were removed, and the superna-
tant obtained was used for enzyme-linked immuno-
assay (ELISA). TNF-α (Boster Biological Technology), 
soluble RANKL (Elabscience), and OPG (Boster Biologi-
cal Technology) levels were measured by ELISA at 450 
nm wavelength using commercial kits and the Thermo 
Fisher Scientific Multiskan GO ELISA reader. All analy-
ses were performed in accordance with manufacturer 
instructions. 

Statistical Analysis 
The data were analyzed at 95% confidence using IBM 
SPSS 21 software. Continuous variables were expressed 
as mean, standard deviation, median, minimum, and 

maximum. Categorical variables were expressed as 
frequencies and percentages. The normality of the dis-
tribution of the data was analyzed using Shapiro-Wilk 
test, and Mann-Whitney U and Student t tests were 
used to compare independent groups. Wilcoxon signed 
rank test and Friedman test were used to compare de-
pendent variables. P was .05 for all analyses.	

The power analysis of the study was performed on 
the levels of cytokine measured at three different times. 
In this analysis, the partial eta squared was calculated 
as 0.258, and the effect size was calculated as 0.589. 
Considering the smallest of the correlations between 
each time measurement, it was determined at the level 
of 0.453. Because Mauchly sphericity test could not 
provide sphericity, the epsilon value was determined 
as 0.656, taking into account the Greenhouse-Geisser 
epsilon value. With all these arguments and with 95% 
power, the number of patients required to be taken at 
each measurement time was found to be 13. However, 
because nonparametric test analysis would be per-
formed, it was accepted that the minimum number of 
individuals to be included in the study should be 15, 
with an increase of 15%. Considering that there may be 
data missing for this study, 20 individuals were included 
in each study group for a stronger analysis.

RESULTS

A group of 23 individuals was included in this study. 
However, three patients were excluded from the study 
due to MBL > 1 mm around the implant (n = 1) and in-
correct implant positioning (n = 2). Thus, 40 implants 
in 20 patients were evaluated for the statistical analy-
sis (Fig 5). Among the participants were 9 men and  
11 women. The mean age of the participants was  
54.25 ± 14.13 years (range: 25–79 years). 

In the comparison of the PI, GI, PD, and GBI scores 
relating to the implants, no significant differences were 
found between Group L and Group C (P > .05; Table 1). 

The characteristics of the placed implants and the 
bone density in the implant locations are shown in 
Tables 2 and 3, respectively. The distribution of the 
implants in terms of diameter and length was simi-
lar across groups (P = .939 and P = .562, respectively). 
Also, the bone density in the implant locations did not 
show any difference between the groups (P = .841). 
The mean ISQ value obtained intraoperatively was 
74.90 ± 5.23 for Group L. The ISQ value at week 12 was 
increased to 79.80 ± 1.76. It was found that the reso-
nance frequency value at postoperative week 12 was 
significantly higher than the intraoperative and week  
4 values (P = .001). Similarly, the resonance frequency of 
the implants in Group C significantly increased at week 
12 (P = .005). The ISQ value at week 12 in Group L was 

Eligibility

Randomization

Follow-up

Statistical Analysis

Analyzed (20 patients  
and 40 implants)

Number of patient excluded (n = 3)
• �Incorrect implant positioning 

(n = 2)
• �Abnormal marginal bone loss 

around dental implant (n = 1)

Liquid group (Group L)
(23 patients, 23 implants)

Control group (Group C)
(23 patients, 23 implants)

Number of patients included 
(n = 23)

Number of patients  
excluded from  
examination to  

procedure day (n = 0)

Number of patients
(n = 23)

Fig 5    Flowchart of the study.
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in Group L than in Group C at week 4 (P = .033); how-
ever, this difference was not significant at other time 
points (P > .05). On the other hand, neither Group L nor 
Group C showed any significant difference between 
the RANKL:OPG ratio at any time point (P > .05). The re-
duction in TNF-α levels and the RANKL:OPG ratio were 
statistically significant in Group L over time (P < .05). 
The levels of RANKL at weeks 2, 4, and 12 were 4.56 ± 
4.26 pg/dl, 6.13 ± 6.89 pg/dl, and 2.17 ± 2.64 pg/dl in 
Group L, respectively. A significant reduction in peri-
implant crevicular fluid RANKL levels was observed in 
Group L (P = .024). The levels of all cytokines did not 
present a statistically significant change for Group C  
(P > .05; Table 6). 

Table 1  �Intragroup Comparison of Clinical 
Parameters 

Parameters
Time 

(weeks) Group L Group C P β

PI 2 0.90 ± 0.79 0.95 ± 0.69 .665

4 1.00 ± 0.56 1.20 ± 0.89 .305

12 0.70 ± 0.66 1.05 ± 0.76 .083

P α .250 .641

GI 2 0.80 ± 0.83 0.85 ± 0.59 .782

4 0.65 ± 0.67 0.95 ± 0.69 .132

12 0.65 ± 0.59 0.50 ± 0.51 .257

P α .695 .054

PD
(mm)

2 2.55 ± 1.15 2.45 ± 1.36 .480

4 2.00 ± 0.56 2.05 ± 0.51 .739

12 1.80 ± 0.62 1.65 ± 0.59 .180

P α .030 .016*

GBI
(%)

2 0.35 ± 0.49 0.45 ± 0.51 .157

4 0.35 ± 0.49 0.50 ± 0.51 .083

12 0.15 ± 0.37 0.20 ± 0.41 .564

P α .102 .063

P α = Friedman test; Pβ = Mann-Whitney U test; *P values < .05 are 
statistically significant. 

Table 2  Comparison of Implant Characteristics

Implant properties
Group L

 n (%)
Group C

n (%) P

Diameter (mm) 3.5 10 (27.8) 9 (25)
.939

4.1 10 (22.8) 11 (25)

Length (mm) 8 1 (50) –
.562

10 19 (24.4) 20 (25.6)

n, number of implants, Chi-square test, significance level; P values < 0.05 
are statistically significant.

Table 3  Peri-implant Bone Density

Group L Group C P

Gray value 801.90 ± 33.07 802.38 ± 30.10 .841

Min – max 565.30 – 1075.30 611.30 – 1,078.60

Mann-Whitney U test, P values < .05 are statistically significant.

statistically significantly higher than that of Group C  
(P = .005; Table 4). 

The MBL around the 80 implants in the test and 
control groups was evaluated by two blinded exam-
iners specialized in their fields (M.A.). In the study in 
which 160 sites (80 mesial and 80 distal surfaces) were 
included for the statistical analysis, the correlation be-
tween the examiners was 84% (r = 0.840, P = .000). The 
MBL around dental implants in Group L and Group C 
are shown in Table 3. Accordingly, the difference in the 
reduction in marginal bone levels during the study pe-
riod was not statistically significant between groups  
(P = 1.000; Table 5).
The mean TNF-α and RANKL levels measured in the 
peri-implant crevicular fluid of Group L were significant-
ly higher at weeks 2 and 4 when compared to Group 
C (P < .05). The OPG levels were significantly higher 

Table 4  �Intra- and Intergroup Comparison of 
Resonance Frequency Values (ISQ)

Interval

Group L Group C

P β mean ± SD min – max mean ± SD min – max

Baseline 74.90 ± 
5.23

63.00 – 
82.00

75.80 ± 
3.48

66.00 – 
81.00 .685

Week 4 75.60 ± 
3.71

66.00 – 
80.00

76.00 ± 
2.22

72.00 – 
79.00 .788

Week 12 79.80 ± 
1.76

77.00 – 
84.00

78.50 ± 
2.30

73.00 – 
81.00 .005*

P α .001* .005*

P α, Friedman test; P β, Mann-Whitney U test; *P values < .05 are statistically 
significant.

Table 5  �Marginal Bone Loss Around Dental 
Implants

Group L Group C P

Mean ± SD 0.12 ± 0.04 0.17 ± 0.06

1.000Min – max 0 – 0.65 0 – 0.90

Median 0 0

Independent Sample t test and Mann-Whitney U test; P values < .05 are 
statistically significant.
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DISCUSSION

Microbial dental plaque results in inflammatory reac-
tions in periodontal soft and hard tissues because it 
harbors a large number of pathogenic microorgan-
isms.29 Various studies have reported that TNF-α, 
RANKL, and the RANKL:OPG ratio increased while OPG 
decreased in the gingival crevicular fluid, particularly in 
cases with dental plaque–induced periodontitis.30,31 In 
this study, microbial dental plaque around the dental 
implants was evaluated, and no difference could be 
found between the groups in terms of mean plaque 
scores. There were also no differences in GI, PD, or GBI 
scores. Therefore, primary outcomes of this study, in-
cluding implant stability, MBL, and cytokine levels, are 
discussed irrespective of the presence of dental plaque 
and the gingival condition. 

Fibrin formation and various proteins in the blood 
clot are of great importance in the integration of titani-
um surfaces with bone. Several studies have shown that 
the fibrin network formed within the first 4 hours after 
the development of a wound facilitates the adhesion of 
inflammatory cells and cells involved in tissue repair to 
the implant surface, thus accelerating the osseointegra-
tion process.32,33 Angiogenesis and clot stabilization oc-
curring in the first 3 to 4 days lead to the formation of 
immature bone between the existing bone and the im-
plant on fourteenth day.34 Primary stability is important 

for implants during the first week after implantation 
and reaches its lowest level within 2 weeks. 

The osseointegration process, also known as second-
ary stability, starts in the second week and peaks in the 
eighth week.35 Han et al36 emphasized that implant sta-
bility should not be measured before the third week. 
RFA is frequently used to determine the stability of an 
implant. An implant stability value in the range of 0 to 
100 is obtained via RFA.37 ISQ values between 40 and 
80 have been considered ideal for clinically stable im-
plants.38 Primary stability values were obtained for all 
implants included in this study. There was no difference 
between Groups L and C in terms of insertion torque. 
However, a higher stability value was observed at week 
12 in Group L compared to Group C. 

Pirpir et al14 reported that the application of CGF 
products improved implant stability. In the present 
study, ISQ values increased in both groups at the end of 
12 weeks. This increase in secondary stability for Group 
C is expected as result of the natural process of osseoin-
tegration. Studies have stated that bone density has an 
impact on implant stability.39,40 However, the bone den-
sities (GVs) obtained from the CBCT images in this study 
did not show any difference between the groups. The 
increase in the ISQ values of Group L at week 12 may 
be related to the growth factor effect, as in the afore-
mentioned study. On the one hand, other factors, such 
as the surgical technique, implant length, and implant 
diameter, may influence the primary stability of the im-
plant.41,42 In a study by Bischof et al,43 however, it was 
reported that implant characteristics such as length 
and diameter have no effect on primary stability. In this 
study, the dental implants placed in Groups L and C 
shared a similar distribution of implant characteristics.

Marginal bone stability around dental implants has 
been considered one of the main criteria for long-term 
implant success and esthetics.44 A number of factors, 
including smoking, periodontal disease or poor oral hy-
giene, insufficient crestal bone width, surgery with or 
without flaps, implant malpositioning, excessive heat-
ing of the bone, the absence of platform switching, ex-
cessive pressure and compression of the cortical bone, 
and soft tissue factors have been associated with the 
loss of marginal bone in the early period.45–47 Because 
of this, patients with abnormal bone loss around the 
implant (> 1 mm, circumferential, bone dehiscence, etc) 
were excluded from the study to prevent them from af-
fecting the study results. Several imaging techniques 
may be used to assess MBL around dental implants. 
Although the use of periapical radiographs has been 
noted most often,48,49 panoramic radiographs may also 
be used to measure MBL.50,51 In addition, Ivanauskaite 
et al52 concluded that panoramic radiographs were su-
perior to bitewing radiographs for assessing marginal 
bone changes in mandible. In this study performed 

Table 6  Comparison of Cytokine Levels 

Biomarkers
(pg/mL)

Time
(weeks) Group L Group C P

TNF-α 2 1.69 ± 1.80 0.46 ± 0.24 .001*

4 0.96 ± 0.94 0.39 ± 0.26 .011*

12 0.64 ± 0.71 0.42 ± 0.24 .334

P .001* .675

RANKL 2 4.56 ± 4.26 2.03 ± 1.66 .001*

4 6.13 ± 6.89 2.65 ± 1.74 .006*

12 2.17 ± 2.64 1.37 ± 0.87 .455

P .024* .086

OPG 2 5.62 ± 6.01 3.57 ± 2.86 .053

4 7.67 ± 6.48 4.62 ± 4.53 .033*

12 6.80 ± 4.76 4.51 ± 3.83 .126

P .165 .819

RANKL:OPG 2 1.38 ± 1.46 0.66 ± 0.62 .060

4 0.97 ± 0.94 0.68 ± 0.44 .580

12 0.42 ± 0.49 0.44 ± 0.33 .501

P .001* 0.308

Wilcoxon signed rank test; *P values < .05 are statistically significant.
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in mandible, the measurements on panoramic radio-
graphs taken immediately after the surgery and during 
week 12 of the healing process showed no difference 
between the groups in terms of MBL. 

Implant osseointegration is a bone remodeling pro-
cess in which a series of inflammatory events occur. The 
inflammatory events are directed by various cytokines 
such as IL-1, IL-6, and TNF-α. TNF-α in the tissue induces 
the expression of RANKL from osteoblasts.53 High levels 
of TNF-α and RANKL and low OPG levels initiate osteo-
clastic bone resorption. In addition, a high RANKL:OPG 
ratio is associated with loss of bone mass.21 The factors 
that induce the release of RANKL also regulate OPG 
expression from osteoblasts.54 Animal studies have 
shown that the physiologic expression of TNF-α by in-
flammatory cells such as neutrophils and monocytes 
without any pathologic process supports bone regen-
eration and could be the first step of the remodeling 
process.55 It has also been reported that growth factors 
in various platelet concentrates induce neutrophil-, 
macrophage-, and lymphocyte-related inflammatory 
reactions in the healing area.23 Within the first month 
of the early healing period in the present study, higher 
levels of peri-implant crevicular fluid TNF-α, RANKL, and 
OPG were observed for implants treated with CGF liq-
uid compared to implants in the control group. While 
the OPG levels were highest at week 4 in Group L,  
the RANKL:OPG ratio remained consistent in Group C  
throughout the course of the study. These findings 
may indicate an active remodeling process in the early 
phase of implant osseointegration in Group L. In addi-
tion, it has been suggested that the high growth factor 
concentration in the CGF liquid when it is applied into 
the socket could contribute to implant stability by in-
creasing the bone density between the implant and the 
adjacent bone.56 

CONCLUSIONS

The limitations of this study include the lack of a sur-
gical guide during implant placement and the lack 
of measurements in the second month after surgery. 
Within the limitations of this study, it was observed that 
CGF liquid showed positive effects on the healing of 
peri-implant tissues by fostering biochemical events in 
a controlled manner. In this study, CGF liquid was ap-
plied to the surface of the implant and the socket for a 
minute or two. We conjecture that long-term applica-
tion of CGF liquid to implant surfaces in a sterile tube 
could further accelerate implant osseointegration. Fur-
ther studies are needed. 

ACKNOWLEDGMENTS

The authors declare no conflict of interest. Thanks are expressed to 
Dr Emre Dirican for his help with the statistical analysis of the data 
in the study. Moreover, we would like to thank Dr Bünyamin Güzel, 
a specialist in the field of periodontology, for his contributions as a 
blinded examiner. This study was supported by the Coordinatorship 
of Scientific Research Projects from Hatay Mustafa Kemal University 
(project no. 20.U.002).

REFERENCES
1.	 Brånemark PI, Adell R, Breine U, Hansson BO, Lindström J, Ohlsson A. 

Intra-osseous anchorage of dental prostheses. I. Experimental stud-
ies. Scand J Plast Reconstr Surg 1969;3:81–100.

2.	 Smeets R, Stadlinger B, Schwarz F, et al. Impact of dental im-
plant surface modifications on osseointegration. Biomed Res Int 
2016;2016:6285620.

3.	 Junker R, Dimakis A, Thoneick M, Jansen JA. Effects of implant 
surface coatings and composition on bone integration: A systematic 
review. Clin Oral Implants Res 2009;20 (suppl 4):185–206.

4.	 Chen J, Cai M, Yang J, Aldhohrah T, Wang Y. Immediate versus early 
or conventional loading dental implants with fixed prostheses: A 
systematic review and meta-analysis of randomized controlled clini-
cal trials. J Prosthet Dent 2019;122:516–536.

5.	 Mohan SP, Jaishangar N, Devy S, Narayanan A, Cherian D, Madhavan 
SS. Platelet-rich plasma and platelet-rich fibrin in periodontal regen-
eration: A review. J Pharm Bioallied Sci 2019;11 (suppl 2):S126–S130.

6.	 Klinger MH, Jelkmann W. Role of blood platelets in infection and 
inflammation. J Interferon Cytokine Res 2002;22:913–922.

7.	 Rhee JS, Black M, Schubert U, et al. The functional role of blood plate-
let components in angiogenesis. Thromb Haemost 2004;92:394–402.

8.	 Lieberman JR, Daluiski A, Einhorn TA. The role of growth factors in 
the repair of bone. Biology and clinical applications. J Bone Joint 
Surg Am 2002;84:1032–1044.

9.	 Stanford CM. Surface modification of biomedical and dental im-
plants and the processes of inflammation, wound healing and bone 
formation. Int J Mol Sci 2010;11:354–369.

10.	 Choukroun J, Adda F, Schoeffler C, Vervelle A. An opportunity in 
paroimplantology: PRF [In French]. Implantodontie 2001;42:55–62.

11.	 Dohan DM, Choukroun J, Diss A, et al. Platelet-rich fibrin (PRF): 
A second-generation platelet concentrate. Part I: Technological 
concepts and evolution. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod 2006;101:e37–e44.

12.	 Takeda Y, Katsutoshi K, Matsuzaka K, Inoue T. The effect of con-
centrated growth factor on rat bone marrow cells in vitro and 
on calvarial bone healing in vivo. Int J Oral Maxillofac Implants 
2015;30:1187-1196.

13.	 Caruana A, Savina D, Macedo JP, Soares SC. From platelet-rich plasma 
to advanced platelet-rich fibrin: Biological achievements and clinical 
advances in modern surgery. Eur J Dent 2019;13:280–286.

14.	 Pirpir C, Yilmaz O, Candirli C, Balaban E. Evaluation of effectiveness of 
concentrated growth factor on osseointegration. Int J Implant Dent 
2017;3:7.

15.	 Özveri Koyuncu B, İçpınar Çelik K, Özden Yüce M, Günbay T, 
Çömlekoğlu ME. The role of concentrated growth factor on implant 
stability: A preliminary study. J Stomatol Oral Maxillofac Surg 
2020;121:363–367.

16.	 Palermo A, Ferrante F, Stanca E, et al. Release of VEGF from dental im-
plant surface (IML Implant) coated with concentrated growth factors 
(CGF) and the liquid phase of CGF (LPCGF): In vitro results and future 
expectations. Applied Sciences 2019;9:2114.

17.	 Xiao W, Wang Y, Pacios S, Li S, Graves DT. Cellular and molecular 
aspects of bone remodeling. Front Oral Biol 2016;18:9–16.

18.	 Graves DT, Oates T, Garlet GP. Review of osteoimmunology and the 
host response in endodontic and periodontal lesions. J Oral Micro-
biol 2011;3:5304.

19.	 Karmakar S, Kay J, Gravallese EM. Bone damage in rheumatoid arthri-
tis: Mechanistic insights and approaches to prevention. Rheum Dis 
Clin North Am 2010;36:385–404.

© 2023 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 

Tony Hsieh
文字注釋
進化；演化


Tony Hsieh
螢光標示

User
螢光標示



1190  Volume 38, Number 6, 2023

Atilgan et al

20.	 Belibasakis GN, Bostanci N. The RANKL-OPG system in clinical peri-
odontology. J Clin Periodontol 2012;39:239–248.

21.	 Boyce BF, Xing L. Biology of RANK, RANKL, and osteoprotegerin. 
Arthritis Res Ther 2007;9 (suppl 1):S1.

22.	 Deng S, Hu Y, Zhou J, et al. TLR4 mediates alveolar bone resorption 
in experimental peri-implantitis through regulation of CD45(+) cell 
infiltration, RANKL/OPG ratio, and inflammatory cytokine produc-
tion. J Periodontol 2020;91:671–682.

23.	 Jasmine S, Thangavelu A, Krishnamoorthy R, Alshuniaber MA, 
Alshatwi AA. Cytokine expression pattern and protein-protein 
interaction network analysis of leucocyte rich platelet rich fibrin 
and injectable form of platelet rich fibrin. Oral Maxillofac Surg 
2020;25:223–229.

24.	 Löe H. The gingival index, the plaque index and the retention index 
systems. J Periodontol 1967;38 (suppl):610–616.

25.	 Ainamo J, Bay I. Problems and proposals for recording gingivitis and 
plaque. Int Dent J 1975;25:229–235.

26.	 Haas R, Mensdorff-Pouilly N, Mailath G, Watzek G. Survival of 1,920 
IMZ implants followed for up to 100 months. Int J Oral Maxillofac 
Implants 1996;11:581–588.

27.	 Levin L, Hertzberg R, Har-Nes S, Schwartz-Arad D. Long-term mar-
ginal bone loss around single dental implants affected by current 
and past smoking habits. Implant Dent 2008;17:422–429.

28.	 Albrektsson T, Zarb G, Worthington P, Eriksson AR. The long-term 
efficacy of currently used dental implants: A review and proposed 
criteria of success. Int J Oral Maxillofac Implants 1986;1:11–25.

29.	 Sanz M, Lau L, Herrera D, Morillo JM, Silva A. Methods of detection 
of Actinobacillus actinomycetemcomitans, Porphyromonas gingivalis 
and Tannerella forsythensis in periodontal microbiology, with special 
emphasis on advanced molecular techniques: A review. J Clin Peri-
odontol 2004;31:1034–1047.

30.	 López Roldán A, García Giménez JL, Alpiste Illueca F. Impact of peri-
odontal treatment on the RANKL/OPG ratio in crevicular fluid. PloS 
One 2020;15:e0227757.

31.	 Taylor JJ. Cytokine regulation of immune responses to Porphyromo-
nas gingivalis. Periodontol 2000 2010;54:160–194.

32.	 Pellegrini G, Francetti L, Barbaro B, Del Fabbro M. Novel surfaces 
and osseointegration in implant dentistry. J Investig Clin Dent 
2018;9:e12349.

33.	 Wilson CJ, Clegg RE, Leavesley DI, Pearcy MJ. Mediation of  
biomaterial-cell interactions by adsorbed proteins: A review. Tissue 
Eng 2005;11:1–18.

34.	 Abrahamsson I, Berglundh T, Linder E, Lang NP, Lindhe J. Early 
bone formation adjacent to rough and turned endosseous implant 
surfaces. An experimental study in the dog. Clin Oral Implants Res 
2004;15:381–392.

35.	 Raghavendra S, Wood MC, Taylor TD. Early wound healing around 
endosseous implants: A review of the literature. Int J Oral Maxillofac 
Implants 2005;20:425–431.

36.	 Han J, Lulic M, Lang NP. Factors influencing resonance frequency 
analysis assessed by osstell mentor during implant tissue integra-
tion: II. Implant surface modifications and implant diameter. Clin Oral 
Implants Res 2010;21:605–611.

37.	 Lozano-Carrascal N, Salomó-Coll O, Gilabert-Cerdà M, Farré-Pagés N, 
Gargallo-Albiol J, Hernández-Alfaro F. Effect of implant macro-design 
on primary stability: A prospective clinical study. Med Oral Patol Oral 
Cir Bucal 2016;21:e214–e221.

38.	 Aparicio C, Lang NP, Rangert B. Validity and clinical significance of 
biomechanical testing of implant/bone interface. Clin Oral Implants 
Res 2006;17 (suppl 2):2–7.

39.	 Fuster-Torres M, Peñarrocha-Diago M, Peñarrocha-Oltra D,  
Peñarrocha-Diago M. Relationships between bone density values 
from cone beam computed tomography, maximum insertion torque, 
and resonance frequency analysis at implant placement: A pilot 
study. Int J Oral Maxillofac Implants 2011;26:1051–1056.

40.	 Oh JS, Kim SG. Clinical study of the relationship between implant 
stability measurements using Periotest and Osstell mentor and 
bone quality assessment. Oral Surg Oral Med Oral Pathol Oral Radiol 
2012;113:e35–e40.

41.	 Bilhan H, Geçkili O, Mumcu E, Bozdag E, Sünbüloğlu E, Kutay O. 
Influence of surgical technique, implant shape and diameter on the 
primary stability in cancellous bone. J Oral Rehabil 2010;37:900–907.

42.	 Alghamdi H, Anand PS, Anil S. Undersized implant site preparation to 
enhance primary implant stability in poor bone density: A prospec-
tive clinical study. J Oral Maxillofac Surg 2011;69:e506–e512.

43.	 Bischof M, Nedir R, Szmukler‐Moncler S, Bernard JP, Samson J. 
Implant stability measurement of delayed and immediately loaded 
implants during healing. A clinical resonance‐frequency analysis 
study with sandblasted‐and‐etched ITI implants. Clin Oral Implants 
Res 2004;15:529–539.

44.	 Adam S, Elarab A, Rahman A, Rahim DA. Evaluation of implant stabil-
ity and marginal bone loss in immediate implant using “nano bone” 
versus “autogenous bone” for the treatment of patients with unre-
storable single tooth: A randomized controlled trial. J Osseointegra-
tion 2020;12:8–17.

45.	 Qian J, Wennerberg A, Albrektsson T. Reasons for marginal bone loss 
around oral implants. Clin Implant Dent Relat Res 2012;14:792–807.

46.	 Suárez-López del Amo F, Lin GH, Monje A, Galindo-Moreno P, Wang 
HL. Influence of soft tissue thickness on peri-implant marginal 
bone loss: A systematic review and meta-analysis. J Periodontol 
2016;87:690–699.

47.	 Benson B, Shetty V. Dental implants. In: Pharoah MJ, White SC (eds). 
Oral Radiology: Principles and Interpretation, ed 6. St Louis: Mosby, 
2009. 

48.	 Dias DR, Leles CR, Lindh C, Ribeiro-Rotta RF. Marginal bone level 
changes and implant stability after loading are not influenced by 
baseline microstructural bone characteristics: 1-year follow-up. Clin 
Oral Implants Res 2016;27:1212–1220.

49.	 Serino G, Turri A, Lang NP. Probing at implants with peri-implantitis 
and its relation to clinical peri-implant bone loss. Clin Oral Implants 
Res 2013;24:91–95.

50.	 Tercanli Alkis H, Turker N. Retrospective evaluation of marginal bone 
loss around implants in a mandibular locator-retained denture using 
panoramic radiographic images and finite element analysis: A pilot 
study. Clin Implant Dent Relat Res 2019;21:1199–1205.

51.	 Kullman L, Al-Asfour A, Zetterqvist L, Andersson L. Comparison of 
radiographic bone height assessments in panoramic and intraoral 
radiographs of implant patients. Int J Oral Maxillofac Implants 
2007;22:96–100.

52.	 Ivanauskaite D, Lindh C, Rohlin M. Observer performance based on 
marginal bone tissue visibility in Scanora panoramic radiography 
and posterior bitewing radiography. Stomatologija 2008;10:36–43.

53.	 Gravallese EM, Manning C, Tsay A, et al. Synovial tissue in rheuma-
toid arthritis is a source of osteoclast differentiation factor. Arthritis 
Rheum 2000;43:250–258.

54.	 Insua A, Monje A, Wang HL, Miron RJ. Basis of bone metabolism 
around dental implants during osseointegration and peri-implant 
bone loss. J Biomed Mater Res A 2017;105:2075–2089.

55.	 Chan JK, Glass GE, Ersek A, et al. Low-dose TNF augments fracture 
healing in normal and osteoporotic bone by up-regulating the in-
nate immune response. EMBO Mol Med 2015;7:547–561.

56.	 Kim TH, Kim SH, Sándor GK, Kim YD. Comparison of platelet-rich plas-
ma (PRP), platelet-rich fibrin (PRF), and concentrated growth factor 
(CGF) in rabbit-skull defect healing. Arch Oral Biol 2014;59:550–558.

© 2023 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 




