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Abstract
Objective To assess augmentation success after guided bone regeneration (GBR) carried out simultaneously with implant
placement using bovine-derived xenograft alone and in combination with liquid platelet-rich fibrin (liquid-PRF).
Methods This randomized controlled clinical trial was conducted on patients with horizontal bone deficiency in the posterior
regions of the mandible. After implant placement, GBR procedures were randomly performed using liquid-PRF-enriched
bovine-derived xenograft (for the test group) and with bovine-derived xenograft alone (for the control group). To assess the
change in augmentation thickness, the primary outcome of the study, cone beam computed tomography was carried out at the
implant sites on completion and 6 months after surgery. The secondary outcomes were marginal bone level and implant survival
rate at prosthetic delivery and at 6 months, 1 year, and 2 years follow-up after loading. The significance level was set at p<0.05 for
all analysis.
Results Twenty patients with 50 implants were analyzed for the test group and 20 patients with 48 implants for the control group.
At 6 months postoperatively, the mean values of augmentation thickness were 1.63 ± 0.21 mm, 2.59 ± 0.34 mm, and 3.11 ±
0.36 mm for the test group and 1.34 ± 0.14 mm, 2.49 ± 0.24 mm, and 2.97 ± 0.24 mm for the control group at 2 mm, 4 mm, and
6 mm below to the implant shoulder (p < 0.001, p = 0.007, and p = 0.036, respectively). The mean marginal bone loss was found
to be less than 1 mm for both study groups during the 2 years of follow-up after prosthetic loading. Implant survival rate was
100% for both study groups.
Conclusion Bovine-derived xenograft alone and in combination with liquid-PRF are both successful in achieving bone augmen-
tation around the implants and produce a small change in marginal bone level and a high implant survival rate after loading.
Clinical relevance There is a lack of evidence in the literature regarding the augmentation success of liquid-PRF used in
combination with bone graft substitutes. This study indicates that liquid-PRF could be used as a supportive material with
bovine-derived xenograft in GBR procedures carried out simultaneously with implant placement.
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Introduction

Implant-supported restoration is an established treatment for
several different indications, with reliable long-term results [1,

2]. However, tooth loss leads to a marked change in alveolar
bone through the combined effect of surface resorption and
loss of bundle bone and results in a predictable reduction in
horizontal and in vertical dimensions [3, 4]. Under these con-
ditions, the use of bone augmentation techniques becomes a
requirement for implant treatment [5, 6].

Guided bone regeneration (GBR) is a well-documented
technique for the rehabilitation of horizontal bone deficiencies
[1, 7–9]. This technique provides a space maintained by either
resorbable or non-resorbable barrier membranes to be filled
with bone, thereby permitting the regeneration of bone tissue
[10, 11]. Over the last 10 years, clinical studies have shown
this technique to be useful with a variety of bone graft
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substitutes for treatment of alveolar bone defects around the
implants in deficient regions [12–15].

Bone graft substitutes can originate from human, animal, or
synthetic sources and are placed to induce osteoblastic activity
of the bone and periosteal tissue or to provide an
osteoconductive scaffold that indirectly accelerates bone aug-
mentation [16, 17]. Recently, biomaterials derived from the
centrifugation of patients’ own blood have been used with
bone graft substitutes as a supportive material to enhance their
performance in bone augmentation [18–21]. These biomate-
rials contain platelets, growth factors, and inflammatory cells
which play an important role in the process of tissue repair and
regeneration [18–21]. Although these biomaterials have
proved successful in satisfying the clinical demands of alveo-
lar bone augmentation, the application of the relatively high
centrifugal forces which are needed to obtain platelet-rich fi-
brin (PRF) and platelet-rich plasma (PRP) has been reported
to cause a decrease in the number of platelets and leukocytes,
as well as the release of growth factors [22, 23].

The concept of low-speed centrifugation was introduced with
the aim of increasing cell concentration and advanced growth
factor release [22, 23]. This method creates liquid fibrin matrices
of PRF which have been shown to enhance cellular responses
such as proliferation, migration, and differentiation. It also ap-
pears to be beneficial for tissue regeneration [24, 25]. Liquid-
PRF is more suitable for mixing with bone graft substitutes
[26], thereby providing graft integration and sufficient bone gain
[27]. However, there is a lack of evidence to support its treatment
success in bone augmentation when compared with the use of
bone graft substitutes alone.

Therefore, the purpose of this study was to assess the aug-
mentation success after GBR carried out simultaneously with
implant placement using bovine-derived xenograft with and
without liquid-PRF. The study was based on the hypothesis
that the use of liquid-PRFwith bovine-derived xenograft leads
to a lower resorption rate at the augmented site.

Materials and methods

Study design

This randomized controlled clinical trial was conducted in accor-
dance with the principles stated in the Declaration of Helsinki,
and after approval was obtained from a local ethical committee
(No: 17-12.1/34). The study was prepared according to the
Consolidated Standards of Reporting Trials (CONSORT) state-
ment and registered with ClinicalTrials.gov (NCT04709523).

Patient selection

To calculate the sample size, power analysis was performed
using G*power 3.1.9.2 software, with the repeated measures

ANOVA. A sample size of 34 patients (17 per group) was
estimated based on a significance level 0.05, and a power of
80% was used to detect a 0.5-mm difference in augmentation
thickness between the groups [14]. Estimating a possible 30%
drop-out rate, 44 patients were recruited for the study at the
Oral Surgery Department of the university over the period
from January 2017 until March 2018.

The inclusion criteria were as follows: (1) partial edentulism
with two or more adjacent missing teeth in the posterior mandi-
ble; (2) residual alveolar bone width > 4 mm and ≤ 5 mm [28];
(3) an indication for a fixed implant-retained prosthesis; (4) pres-
ence of a buccal bony dehiscence around at least one implant
after placement; (5) absence of, or previous treatment for, peri-
odontal disease; (6) American Society of Anesthesiologists
(ASA) score of I or II; (7) > 18 years of age; (8) blood tests
showing platelet counts of at least 150.000 mm3; and (9) ability
to understand and consent to the requirements of the study.

The exclusion criteria were as follows: (1) any disorders or
infection at the implantation site or adjacent tissue; (2) tooth loss
or extraction in the planned implant site within the previous 6
months; (3) parafunctional oral behaviors (bruxism, clenching,
etc.); (4) poor oral hygiene; (5) medical conditions that compro-
mised tissue healing (e.g., uncontrolled diabetes, etc.); (6) treat-
ments with interfering medications (bisphosphonates, steroid
therapy, etc.); (7) radiotherapy or chemotherapy within the pre-
vious 5 years; (8) abuse of alcohol or drugs; (9) a smoking habit;
(10) pregnancy or nursing; and (11) wish not to comply.

To establish the deficiency of alveolar bone width, a ridge
mapping technique was used with a custom-made resin stent
which was prepared for each patient before the augmentation
surgery [29]. Following placement of the stent, measurements
were taken using a bone caliper on its buccal and lingual holes
which were pre-set at 2 mm apical from the alveolar ridge in
the planned implant sites (Fig. 1). These measurements were
verified using the same mapping technique, perioperatively.

All patients were fully informed of the treatment protocol
of the study and also the risks and benefits associated with
participation. Each patient provided written informed consent
prior to enrollment.

Randomization

Randomization and allocation concealment were carried out by
an examiner (G.I). The allocation sequence was determined by
computer generation and concealed by means of sequentially
numbered sealed envelopes. If the buccal bony dehiscence was
available after placement of the implant, the envelope was
opened by the same examiner, and the patient was randomly
assigned to one of the study groups, as follows:

& The test group, comprising 22 patients treated with GBR
using liquid-PRF-enriched bovine-derived xenograft + re-
sorbable membrane
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& The control group, comprising 22 patients treated with
GBR using only bovine-derived xenograft + resorbable
membrane

The examiners (N.K.T and M.Ö.Y) who carried out the
radiological and clinical assessments were blinded to the study
groups.

Surgical procedures

All patients underwent a two-stage surgical protocol per-
formed by the same experienced surgeon (T.G.) under local
anesthesia (lidocaine 4% with epinephrine 1:100.000). On the
day of the implant and augmentation surgery, the flap was
designed as recommended by Urban et al. [30]. A mid-
crestal incision was made through the keratinized gingiva.
To preserve the lingual nerve, the incision was inclined in
the buccal direction and extended distally to the retromolar
pad. The mid-crestal incision was extended mesially on the
gingival sulcus of two adjacent teeth, and the mental nerve
was isolated. Finally, two vertical releasing incisions were
made on the buccal and lingual sides. Following these inci-
sions, a full-thickness flap was elevated with care taken to
avoid laceration or perforation.

Implant site preparation was carried out in line with the
manufacturer’s guidelines. Each patient received a type of
tapered implant, with triangle thread and a hydrophilic micro-
porous surface (Bio3 Implants®, Pforzheim, Germany). The
implants were placed in the corresponding sites at a 2-mm
distance from the inferior alveolar nerve. If the buccal bony
dehiscence around the implant was available in accordance
with the inclusion criteria, the surgeon (T.G.) was informed
as to which group the particular patient was assigned for the
GBR procedure. In the test group, two blood samples were
collected by a surgical nurse in 10-mL, non-coated, sterile
plastic tubes, and the samples were immediately centrifuged

at 700 rpm for 3 min (RCF-max ~ 44 g) in a fixed-angled
centrifuge device (33° rotor angulation, 50-mm radius at the
clot and 80 mm at the maximum; EBA20-centrifuge,
Hettich®, Tuttlingen, Germany). Liquid-PRF was collected
from the upper layer of the tube using a 10-mL dental injector
by an examiner (G.I). The collected liquid-PRF was added to
the bovine-derived xenograft (deproteinized bovine cancel-
lous bone matrix; Bio-OSS™, Geistlich®, Switzerland) in a
sterile container, and polymerization was achieved in approx-
imately 3 min (Fig. 2). Liquid-PRF preparation was carried
out and specified in accordance with the previous studies
[31–33].

Before the augmentation of the implant sites, the cortical
bone was perforated to increase the blood supply of the graft
material in the study groups and to promote cell migration
[34]. Liquid-PRF-enriched bovine-derived xenograft for the
test group and bovine-derived xenograft alone for the control
group were carefully applied with light compression to fill
dehiscence around the implant. Finally, the resorbable mem-
brane (Bio-Gide™, Geistlich®, Switzerland) was put in place,
covering the augmented area. A horizontal mattress and
interrupted sutures were used to ensure primary closure of
the surgical sites.

Each patient was informed of the required routine for post-
operative care, which comprised an antibiotic (625 mg of
amoxicillin and clavulanic acid or 600 mg of clindamycin
for penicillin-allergic patients), an analgesic (600 mg of ibu-
profen), and antiseptic mouth rinse (0.2% chlorhexidine) to be
used twice daily for 2 weeks. Basic oral hygiene protocols and
a soft diet were also recommended. After 2 weeks, the sutures
were removed.

The second stage of surgery was performed at postopera-
tive 6 months (Figs. 3 and 4). Following minimal flap eleva-
tion, cover screws were removed, and healing caps were con-
nected to the implants. The flaps were sutured with single
interrupted sutures. After 2 weeks of soft tissue healing, the
sutures were removed, and patients underwent prosthetic
treatment. The implant-supported fixed prostheses were com-
pleted in approximately 1 to 2 months.

Study outcome variables

The predictor outcome variable of the study was application of
liquid-PRF. The primary outcome variable of the study was
the change in augmentation thickness at 6 months after sur-
gery. Secondary outcome variables included were marginal
bone level and implant survival rate at prosthetic delivery
and at 6 months, 1 year, and 2 years follow-up after loading.

Radiological assessment

Postoperative repetitive radiographs were taken by cone beam
computed tomography (CBCT; CS 9000 3D, Kodak Dental

Fig. 1 Ridge mapping technique: measurement of alveolar ridge width
with a custom-made resin stent using a bone caliper
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System, Carestream Health, Rochester, NY, USA). The field
of view for the images was fixed at 8 × 8 cm, with a voxel size
75 μm, at 90 kVp and 5 mA, and a 10-s scanning time. The
images were generated as a DICOM data set.

Augmentation thickness

To assess the resorption in the augmentation material, postop-
erative images (immediately after surgery (V1) and postoper-
atively at 6 months (V2)) were matched on the basis of areas
identified as having similar anatomical landmarks and

implants as reference points. These reference points were
screened at the regions of interest in the augmented sites.
The matched postoperative images (V1 and V2) were trans-
ferred to the software (3D Images Software, Kodak Dental
System, Carestream Health, Rochester, NY, USA), and then
measurements were taken using the reference lines specified
in previous studies [14, 15]. The reference lines on the imme-
diate postoperative image (V1) were subsequently drawn in
the form of a cross-sectional slice in the vertical and horizontal
lines (Fig. 5). The vertical line was generated along the axis
from the center of the implant. The horizontal lines were

Fig. 2 Liquid platelet-rich fibrin (liquid-PRF) procedure: addition of liquid-PRF to bovine-derived xenograft (a); liquid-PRF mixed bovine-derived
xenograft after ± 3 min (b)

Fig. 3 Stages in the procedure for
the test group: elevation of a full-
thickness flap (a); placement of
implants (b); augmentation of
buccal bony dehiscence around
the implants with liquid-PRF-
enriched bovine-derived xeno-
graft (c); healing at 6 months
postoperatively (d)
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generated perpendicular to the vertical line, at 2-mm fixed
length intervals with regard to the implant shoulder (2 mm
below for the coronal line; 4 mm below for the medial line;
and 6 mm below for the apical line). These reference lines
were then transferred to the postoperative image taken at 6
months (V2) and were used to assess the change in augmen-
tation thickness. The changes over the different time points
were calculated in millimeters.

Marginal bone level

Marginal bone level was analyzed as described in previous stud-
ies [15, 35, 36]. Standardized periapical radiographs were taken
at four time points (immediately, at the 6th month, and at the 1st
and 2nd years) to evaluate marginal bone level around the im-
plants after prosthetic loading. All radiographs were transferred
to the software program (ImageJ®, NIH, Bethesda, MD, USA).

Fig. 4 Stages in the procedure for
the control group: elevation of a
full-thickness flap (a); placement
of implants (b); augmentation of
buccal bony dehiscence around
the implant with bovine-derived
xenograft alone (c); healing at 6
months postoperatively (d)

Fig. 5 Postoperative cone beam
computed tomography (CBCT)
images: vertical and horizontal
reference lines used to assess
augmentation thickness in test
group (a) and in control group (b)
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Marginal bone level was measured at the mesial and distal
sides of the implant and, measurements were taken from the
implant shoulder to the first visible bone-to-implant contact
(Fig. 6). The changes over different time points were calculat-
ed in millimeters.

Clinical assessment

Implant survival

Implant survival was assessed at prosthetic delivery and at 6
months, 1 year, and 2 years follow-up after loading with the
following criteria [37]: (1) infection characterized by swelling,
redness, pain, fever, or purulent exudate; (2) sensory distur-
bance or paresthesia; (3) peri-implant radiolucency; (4) im-
plant mobility; or (5) implant failure.

Statistical analysis

Statistical analysis was performed using the IBM SPSS
Statistics 25.0 program (IBM SPSS Statistics for Windows,
Version 25.0. Armonk, NY: IBM Corp.). Categorical vari-
ables were described using frequency and percentage, and
numerical variables were summarized by their means and
standard deviations. The significance level was set at p <
0.05 for all analysis.

The Shapiro-Wilk test was conducted to assess normality
for quantitative variables. The age and gender distributions of
the groups were compared using an independent samples T-
test and the Pearson chi-square test, respectively. The implant
site distributions of the groups were compared using the
Pearson chi-square test.

Changes in augmentation thickness and marginal bone lev-
el were analyzed using a linear mixed model (LMM; PROC

MIXED procedure, SAS software, Version 9.3; SAS Institute,
Cary, NC, USA), in which participants were taken as random
effect and groups, time, and their interactions as fixed effect.
The time-dependent change between the groups was analyzed
using the parametric tests available in the procedure state-
ments, by use of least squares means when there was signifi-
cant interaction. Additionally, the Tukey-Kramer method was
performed in pairwise comparisons of marginal bone level.

Results

The study initially enrolled 44 patients. Four were subsequent-
ly excluded: two of them for presenting with an artifact in the
peri-implant site which affected the radiological assessment:
one for not attending the follow-up sessions and one who did
not return for the prosthetic rehabilitation. Therefore, the study
was completed with a total of 40 patients. Of the 40 patients,
20 were assigned to the test group (12 females, 8 males; age
35 to 63; mean age 49.05 ± 7.76 years) and 20 to the control
group (10 females, 10 males; age 39 to 63; mean age 50.85 ±
7.71years). There were no significant differences in age or
gender distribution between the study groups (p = 0.464 and
p = 0.525, respectively).

The mean values of residual bone width were 4.25 ±
0.26 mm for the test group and 4.33 ± 0.28 mm for the control
group, and there was no significant difference between the
study groups (p = 0.512). No adverse perioperative or postop-
erative events were observed in the healing process in conse-
quence of the treatment.

A total of 50 implants for the test group and 48 for the
control were placed simultaneously with the GBR procedure
in the study groups. Of the 98 implants, 35 were 10 mm long
and 3.8 mm in diameter; 43 were 11.5 mm long and 3.8 mm in

Fig. 6 Periapical radiograph after
prosthetic loading: marginal bone
level measurements at the mesial
and distal sides of the implant
from implant shoulder to the first
visible bone-to-implant contact (a
and b)
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diameter; and 20 were 10 mm long and 4.2 mm in diameter.
No signs of inflammation or of any failure associated with the
implants were observed, and all implants were osseointegrated
at the end of 6 months. There was no significant difference in
implant site distributions between the study groups (p = 0.992;
Table 1).

Assessment of augmentation thickness

The mean values for augmentation thickness measured
coronally were 2.28 ± 0.23 mm for the test group and 2.30 ±
0.27mm for the control group, immediately after surgery. At 6
months postoperatively, significant changes were found for
both study groups (1.63 ± 0.21 mm for the test group and
1.34 ± 0.14 mm for the control group) (p < 0.001).
Furthermore, the mean loss for the test group was less than
for the control group, and the difference between the groups
was statistically significant (p < 0.001).

The mean values of augmentation thickness measured me-
dially were 3.21 ± 0.42 mm for the test group and 3.27 ±
0.24 mm for the control group, immediately after surgery.
At 6 months postoperatively, both study groups showed sig-
nificant changes in augmentation thickness (2.59 ± 0.34 mm
for the test group and 2.49 ± 0.24 mm for the control group).
The differences were statistically significant for each group
and between the study groups (p<0.001 and p=0.007,
respectively).

The mean values of augmentation thickness measured api-
cally were 3.86 ± 0.50 mm for the test group and 3.71 ±
0.25 mm for the control group, immediately after surgery.
At 6 months postoperatively, both study groups showed sig-
nificant changes in augmentation thickness (3.11 ± 0.36 mm
for the test group and 2.97 ± 0.24 mm for the control group).
The differences were statistically significant for each group

and also between the study groups (p < 0.001 and p = 0.036,
respectively).

The results of the assessed augmentation thickness changes
are presented in Table 2 and Fig. 7.

Assessment of marginal bone level

No significant differences were found between the mesial and
distal marginal bone levels for the test and control groups at
prosthetic delivery (p = 0.453 and p = 0.347, respectively) and
at 6 months of prosthetic loading (p = 0.641 and p = 0.605,
respectively). Although the mean marginal bone loss was
found to be less than 1 mm for both study groups, there was
a higher loss in marginal bone level for the control group at the
1st year and 2nd year of prosthetic loading, compared with the
test group. The differences were statistically significant for
each group and between the study groups (Table 3; Fig. 8).

Assessment of implant survival

The survival rate of the implants was 100% for both study
groups at prosthetic delivery, at the 6th month, and 1st and
2nd years follow-up after loading.

Discussion

This study assessed augmentation success after GBR carried
out simultaneously with implant placement using bovine-
derived xenograft alone and in combination with liquid-
PRF. Considering at least a 1-mm bone thickness around the
implants is essential to ensure their longevity [14, 38–40], our
study results revealed that bovine-derived xenograft with and
without liquid-PRF is successful in achieving sufficient bone
augmentation at the implant sites. There was also a further
minor but statistically significant finding: the sites where
liquid-PRF with bovine-derived xenograft was used showed
a lower resorption rate than the sites augmented with bovine-
derived xenograft only. Therefore, the hypothesis of the study
was accepted.

In cases of deficient mandibular alveolar ridge, bone aug-
mentation techniques previously have been focused on bio-
material integration due to its prominent role in the long-term
outcome of implant treatment [9, 17, 41]. Also, a prior condi-
tion for a successful outcome with bone augmentation tech-
niques is the presence of biological factors which affect the
ability to heal during bone repair and which lead to resorption
of grafted bone or even bone graft loss [42]. Research has
been conducted more recently into the use of platelet concen-
trates with different bone graft substitutes. This is due to their
content of cytokines and growth factors which act as signaling
molecules in the healing process [43, 44] A systematic review
by Castro et al. [45] reported that bovine-derived xenograft in

Table 1 Distribution of the implant sites for each group

Imp-S Test group Control group

n % n %

34† 7 14 7 14.6 *p = 0.992
35† 5 10 5 10.4

36† 7 14 6 12.5

37† 6 12 7 14.6

44† 7 14 5 10.4

45† 6 12 4 8.3

46† 6 12 8 16.7

47† 6 12 6 12.5

*Between-group comparisons using Pearson chi-square test
† presented as FDI classification

Imp-S implant site; n implant number; % percentage
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combination with platelet concentrates seemed to reduce
healing time and to accelerate bone formation in augmented
sites compared to bovine-derived xenograft alone. On the oth-
er hand, the preparation methods for platelet concentrates
might lead to a significant difference in treatment outcomes
[46]. Strauss et al. [21] and Miron et al. [47] reported that the
results for bone augmentation using the combination of plate-
let concentrates and bone graft substitutes may be explained
by differences in g-forces or centrifugation time between the
protocols. Similarly, Choukroun et al. [22] reported that the
application of relatively high centrifugal forces might result in

a significant reduction in the density of leukocyte and platelet
numbers, as well as the release of growth factors. For this
reason, this study was focused on the use of liquid-PRF to
promote bone augmentation.

By using a low-speed centrifugation protocol [22, 23], the
liquid-PRF has a highly enriched concentration of platelets,
leukocytes, and growth factors compared to other platelet con-
centrates obtained by high centrifugal forces [43]. Moreover,
liquid-PRF as a fibrin matrix provides for a more efficient
incorporation and handling of bone graft material following
its polymerization [26]. In the light of these advantages, it is

Table 2 Comparison of
augmentation thickness for each
group and between study groups,
immediately after surgery and at 6
months postoperatively

AUG-T C/AUG-T (mean ± SD) M/AUG-T (mean ± SD) A/AUG-T (mean ± SD)

Test
group

Control
group

Test
group

Control
group

Test
group

Control
group

Baseline 2.28 ± 0.23 2.30 ± 0.27 3.21 ± 0.42 3.27 ± 0.24 3.86 ± 0.50 3.71 ± 0.25

6th month 1.63 ± 0.21 1.34 ± 0.14 2.59 ± 0.34 2.49 ± 0.24 3.11 ± 0.36 2.97 ± 0.24

Group p = 0.032 p = 0.820 p = 0.369

Time p < 0.001 p < 0.001 p < 0.001

Interaction p < 0.001 p < 0.001 p < 0.001

p values p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001

Baseline* p = 0.776 p = 0.561 p = 0.210

Baseline–6th
month*

p < 0.001 p = 0.007 p = 0.036

Within-group comparisons using a linear mixed model (LMM)
*Between-group comparisons using a T-test

AUG-T augmentation thickness; C/AUG-T augmentation thickness (coronal; 2 mm below to the implant shoul-
der); M/AUG-T augmentation thickness (medial; 4 mm below to the implant shoulder); A/AUG-T augmentation
thickness (apical; 6 mm below to the implant shoulder); SD standard deviation

Fig. 7 Boxplot shows augmentation thickness changes for each group
(immediately after surgery and postoperatively at 6 months). Each
boxplot indicates the bottom and top of the box correspond to the first
and third quartiles (the 25th and 75th percentiles), and the band inside the
box shows the second quartile (50th percentile or the median). The lower
and upper whisker extends from the box with 1.5*IQR (IQR= third

quartile-first quartile). Any data not included between these whiskers is
plotted as an outlier with a dot. The black diamond-shaped dots indicate
the mean values. See Fig. 5 for reference (coronal, 2 mm below to the
implant shoulder; medial, 4 mm below to the implant shoulder; apical,
6 mm below to the implant shoulder)
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suggested that this liquid platelet concentrate could offer sig-
nificant benefits for the bone augmentation process [26, 27,
43]. To our knowledge, this is the first study which compares
the change in augmentation thickness resulting from liquid-
PRF-enriched bovine-derived xenograft against that from use
of bovine-derived xenograft only. From our findings, aug-
mentation thickness at the 6th month postoperatively was
slightly higher in the sites treated with liquid-PRF-enriched
bovine-derived xenograft than in those treated with bovine-
derived xenograft only. Although this difference is negligible,
it is considered that liquid-PRF could be used as a supportive
material with bovine-derived xenograft. Furthermore, as an
alternative to fixed-angle centrifugation, as used in our study,
the horizontal centrifugation method has been described in the
literature [48–50]. Horizontal centrifugation allows better sep-
aration of various cell types between the layers without the
friction produced on the tube walls, when compared to fixed-
angle centrifugation [48, 49]. Thus, this method results in high
concentrations and numbers of leukocytes and platelets in
liquid-PRF [49]. These findings suggest that liquid-PRF prep-
aration with horizontal centrifugation might be preferred in
future studies as a means of improving our results on bone
augmentation.

In previous studies on the treatment of alveolar bone defects,
bovine-derived xenograft has been presented as a successful ap-
plication for bone augmentationwith implant surgery [13, 30, 36,
51]. Jung et al. [13] reported that sites augmented with bovine-

derived xenograft showed less bone loss and a stable bone level
compared to the sites left to heal naturally. Basler et al. [36]
reported a minimal decrease in bone thickness after GBR proce-
dure with bovine-derived xenograft over 3 years follow-up. A
systematic review by Elnayef et al. [52] reported that the use of
bovine-derived xenograft in GBR procedures was less successful
in maintaining the thickness of the initial augmented site. These
results identify some important prerequisites in order to maintain
long-term augmentation thickness and incorporation around the
implant. Bovine bone particles do not directly activate bone for-
mation by themselves [53], and the use of biological materials
such as platelet concentrates may enhance the bone regeneration
process and thereby positively affect the resorption pattern of the
graft material [44]. Our study results showed that graft resorption
was slightly less in sites treated with liquid-PRF-enriched
bovine-derived xenograft when compared to sites treated with
bovine-derived xenograft only. However, significant augmenta-
tion thickness around the implants has been achieved both in
sites treated using bovine-derived xenograft with liquid-PRF
and those without. This finding was consistent with the previous
studies carried out by Jung et al. [13] and Basler et al. [36].

A study by Temmermann et al. [15] assessed augmentation
thickness at the implant sites using bovine-derived xenograft
with or without autogenous bone. The authors reported that
the mean values of augmentation thickness at the 4th month
postoperatively were 1.11 ± 0.96 to 2.01 ± 1.20 mm in the
bovine-derived xenograft plus autogenous bone group and

Table 3 Comparison of marginal
bone levels for each group and
between study groups,
immediately and at 6th month, 1st
year, and 2nd year after prosthetic
loading

MBL M-MBL (mean ± SD) D-MBL (mean ± SD)

Test group Control group Test group Control group

Baseline 0.11 ± 0.01 0.14 ± 0.01 0.12 ± 0.01 0.15 ± 0.02

6th month 0.32 ± 0.03 0.36 ± 0.02 0.34 ± 0.03 0.37 ± 0.03

12th month 0.43 ± 0.05 0.61 ± 0.06 0.45 ± 0.06 0.64 ± 0.06

24th month 0.74 ± 0.03 0.90 ± 0.04 0.78 ± 0.03 0.92 ± 0.04

Group p < 0.001 p < 0.001

Time p < 0.001 p < 0.001

Interaction p < 0.001 p < 0.001

p values p < 0.001 p < 0.001 p < 0.001 p < 0.001

Baseline* p = 0.453 p = 0.347

Baseline–6th month* p = 0.641 p = 0.605

Baseline–12th month* p < 0.001 p < 0.001

Baseline–24th month* p < 0.001 p < 0.001

6th–12th month* p < 0.001 p < 0.001

6th–24th month* p < 0.001 p < 0.001

12th–24th month* p = 0.004 p < 0.001

Within-group comparisons using a linear mixed model (LMM)
*Between-group comparisons using Tukey-Kramer method

MBLmarginal bone level;M-MBLmarginal bone level (mesial);D-MBLmarginal bone level (distal); SD standard
deviation
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0.84 ± 1.05 to 1.66 ± 1.10 in the bovine-derived xenograft
alone group, at the implant shoulder and at different heights
below the implant shoulder. Consistent with this finding, our
study results showed that the augmentation thickness mea-
sured coronally with regard to the implant shoulder was lower
than the augmentation thickness measured apically for both
groups. However, the thickness at the augmented sites was
higher in our study when compared to the Temmermann
et al. study [15]. Given that the change in augmentation thick-
ness during the postoperative period was similar in both stud-
ies, this difference can be attributed to the augmentation sites
and the amount of graft material used.

Many clinical studies have demonstrated a small change in
marginal bone level and a high survival rate after GBR pro-
cedures carried out simultaneously with implant placement
[13, 15, 36]. Meloni et al. [35] reported that loss of marginal
bone level at the implant sites augmented with bovine-derived
xenograft was 0.60 mm over 30 months after loading. In a
similar study, Basler et al. [36] reported 0.26 mm loss in mar-
ginal bone level at 3 years follow-up. However, a study by
ArRejaie et al. [14] reported 1.50 mm loss of marginal bone
level in augmented sites with bovine-derived xenograft only,
while this loss was less in sites augmented with PRP-enriched
bovine-derived xenograft and was reported as 0.80 mm at 12
months follow-up. Our study results showed that the mean
marginal bone loss over 2 years of follow-up after prosthetic
loading was observed to be less than 1 mm in sites augmented
using bovine-derived xenograft with or without liquid-PRF.
Moreover, implant survival rates were 100% for both study
groups. These findings were consistent with the studies by
Meloni et al. [35] and Basler et al. [36].

Scarano et al. [54] reported that liquid platelet concentrate
leads to the formation of a composite scaffold capable of

increasing the compressive resistance and elastic modulus when
compared to the bovine bone particles mixing with blood or
saline solution. From this, the authors suggested that the use of
the liquid form of platelet concentrate might result in increased
biocompatibility with the recipient site, making the bone graft
materials more mechanically stable under the physiological con-
ditions. Consistent with this finding, our study results showed
that marginal bone loss in sites augmented with liquid-PRF was
lower than that in the sites without liquid-PRF, at the first and
second years of prosthetic loading. However the difference be-
tween the groups was less than 0.2 mm.

The limitations of this study require to be highlighted. The
liquid form of the platelet concentrate may have a beneficial
effect in providing new bone regeneration in the augmented site
[25]. However, in this study, we were not able to confirm this
effect due to a lack of histological outcomes. Another limitation
is that clinical parameters such as probing depth, plaque, and
bleeding index were not evaluated in this study. These parame-
ters are considered of interest to correlate with the change in
marginal bone level [55]. We were unable to assess whether
the differences in these parameters might have influenced our
study results. Further, randomized studies are required to evalu-
ate the effect of liquid-PRF on bone regeneration and the health
of peri-implant tissue.

Within the limitations of the study, the results revealed that
both bovine-derived xenograft alone and in combination with
liquid-PRF are successful in achieving bone augmentation
around the implants and produce a small change in marginal
bone level and a high implant survival rate after loading.
Moreover, a significant, but clinically irrelevant, higher aug-
mentation thickness and lower marginal bone loss were ob-
served in the liquid-PRF-enriched bovine-derived xenograft
group than in the case of the bovine-derived xenograft only

Fig. 8 Boxplot shows marginal bone level changes for each group
(immediately after surgery and postoperatively at 6 months). Each
boxplot indicates as follows: the bottom and top of the box correspond
to the first and third quartiles (the 25th and 75th percentiles), and the band
inside the box shows the second quartile (50th percentile or the median).

The lower and upper whisker extends from the box with 1.5*IQR (IQR=
third quartile-first quartile). Any data not included between these whis-
kers is plotted as an outlier with a dot. The black diamond-shaped dots
indicate the mean values. See Fig. 6 for reference
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group. Therefore, further randomized studies with different
graft materials will be necessary to better understand the re-
generative potential of liquid-PRF.
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