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PRF matrices for ridge preservation

Abstract

Aim: To evaluate dimensional changes in the alveolar ridge and bone structure after tooth extraction

when L-PRF or A-PRF+ were used in comparison to unassisted socket healing.

Materials and Methods: Twenty patients in need of at least three tooth extractions in the aesthetic
zone were included. L-PRF, A-PRF+ or control were randomly assigned, leaving one empty
socket/edentulous site between conditions. CBCT scans were obtained immediately after tooth
extraction and after 3 months of healing. Horizontal and vertical dimensional changes of the ridge
and socket fill were calculated. Histological and micro-CT analysis of bone biopsies were used to

evaluate post-surgical bone structural healing.

Results: Mean horizontal and vertical changes at 1-mm below the crest (buccal and palatal side)
were similar for the three sites (p>0.05). For the socket fill, L-PRF (85.2%) and A-PRF+ (83.8%)
showed superior values than the control (67.9%). The histological and radiological analysis reported

more newly formed bone for the PRF groups, without any significant differences between both.

Conclusions: PRF matrices failed to reduce the dimensional changes after multiple tooth extractions
in the premaxilla. After 3-months healing, both PRF matrices showed radiographically a significant

superiority for the socket fill. Histologically, they seemed to enhance new bone formation.

Key words: CBCT analysis, histology, multiple tooth extractions, platelet rich fibrin, ridge

preservation.

Clinical Relevance

Scientific rationale for study: Differences in biological characteristics between platelet rich fibrin
(PRF) matrices have been envisaged but their clinical relevance in alveolar ridge preservation (ARP)

still needs to be demonstrated.

Principal findings: PRF matrices used for ARP failed to counteract the ridge resorption that occurs
after multiple extractions in the anterior maxilla. However, after 3 months of healing, both PRF

constructs showed more socket fill and newly formed bone than an unassisted socket.

Practical implications: ARP techniques in multiple tooth extractions when an immediately mucosa-

supported prosthesis is also used might jeopardize the final result.
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Introduction

The alteration of the hard and soft tissue contour after tooth extraction has been extensively
studied (Araujo & Lindhe, 2005; Cardaropoli, Araujo, & Lindhe, 2003; Schropp, Wenzel, Kostopoulos,
& Karring, 2003). According to a systematic review of Tan and colleagues (2012), the mean horizontal
bone resorption after 6 months was 3.8 + 0.2 mm at the crest. The vertical resorption was extended
to 11-22% after 6 months, whereas the horizontal resorption ranged from 29 to 63%. However, the
extension of alveolar bone resorption may vary dependig on tooth type as obseved by Couso-
Queiruga and co-workers (2021) (Couso-Queiruga, Stuhr, Tattan, Chambrone, & Avila-Ortiz, 2021)
with a higher radiological horizontal bone resorption in molar sites vs non-molar sites (3.61 vs 2.54
mm). An additional bone loss of 2.4 mm in width and of 1.1 mm in height has been reported in sites
with compromised buccal bone wall (Garcia-Gonzalez et al., 2020). Interestingly, these numbers only
comprise single tooth extractions, making the additional ridge resorption in cases with multiple
extractions less quantifiyable. Consequently, bone and/or soft tissue augmentation procedures
would be necessary to overcome the bone deficiency.

Different surgical techniques have been described to overcome this resorption process
(Barootchi et al., 2019; Troiano et al., 2018; Vignoletti et al., 2012). Even though different treatments
have been attempted to prevent this, studies failed to show a technique that totally compensates
that event (Chappuis, Araujo, & Buser, 2017). The use of grafting biomaterials into extraction sockets
has been intensively studied (Barone et al., 2017; Botticelli, Berglundh, & Lindhe, 2004; Discepoli et
al., 2015; lorio-Siciliano et al., 2020; Vignoletti & Sanz, 2014). In a recent systematic review with
meta-analysis (Avila-Ortiz, Chambrone, & Vignoletti, 2019), alveolar ridge preservation (ARP)
procedures were found to be effective in limiting physiologic ridge reduction compared to natural
healing. However, a certain degree of bone resorption was detected even if an ARP was used. The
effect of ARP procedures is unpredictable, probably due to the influence of local and systemic
factors, which are not yet fully understood.

Biological additives, for instance platelet concentrates, have also been proposed as
adjunctive for bone regeneration. A second generation of platelet concentrates, leukocyte and
platelet rich fibrin (L-PRF) was introduced to eliminate the drawbacks of the first generation (Dohan
et al., 2006). L-PRF is a 100% autologous fibrin matrix containing platelets and leucocytes obtained
after blood centrifugation without anticoagulants at high spin. The three-dimensional fibrin matrix in
L-PRF serves as a scaffold for the cells entrapped in it but also for the growth factors produced by
these cells, resulting in a slow and gradual releasing rate (Castro et al., 2019; Hachim, Whittaker, Kim,
& Stevens, 2019). Moreover, the absence of bone substitute remnants has been also seen as

advantage for the use for this biomaterial for ARP (Dragonas et al., 2019; Temmerman et al., 2016). It
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has been shown that the use of L-PRF accelerates neoangiogenesis (Ratajczak et al., 2018), stimulates
the local environment for differentiation and proliferation of surrounding cells (Dohan Ehrenfest,
Doglioli, de Peppo, Del Corso, & Charrier, 2010), and continuously releases growth factors over a
period of 7-14 days (Schér, Diaz-Romero, Kohl, Zumstein, & Nesic, 2015).

Recently, new PRF protocols [advanced platelet rich fibrin (A-PRF), and advanced platelet rich
fibrin+ (A-PRF+)] have been proposed reducing the g force and duration of the centrifugation (El
Bagdadi et al., 2017; Ghanaati et al., 2014). By reducing the relative centrifugal force, an increase in
the release of growth factors and in the concentration of leucocytes and platelets was envisaged.
However, the clinical relevance of these differences still needs to be demonstrated.

The aim of this study was to evaluate the dimensional changes in the alveolar ridge after
tooth extraction when L-PRF or A-PRF+ were used in comparison to unassisted socket healing
(control). Primary outcome variables were defined as the changes in horizontal width at crest-1 mm
levels. Secondary outcome variables were established as the changes in horizontal width at crest-3
mm and -5 mm, and vertical resorption at the buccal and palatal side. The socket fill was defined as
tertiary outcome variable. Finally, the % of bone volume/tissue volume (BV/TV) and bone

microstructure were considered as quaternary outcome.
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Material and Methods

The study was approved by the Ethical Committee of the KU Leuven, UZ Leuven University
Hospitals (S-57938, B322201525149) and conducted in accordance with the requirements of the
Helsinki Declaration of 1975 (revised in 2008) and with the CONSORT statements (Moher et al., 2012)
(www.consort-statement.org). The study was registered in Clinicaltrials.gov with the number

NCT03268512.

Study population

From August 2015 to October 2018, patients in the need of at least three tooth extractions in
the aesthetic region (premaxilla, single-rooted teeth) were evaluated for initial study eligibility at the
Department of Periodontology (University Hospitals Leuven, Belgium). Patients fulfilling all criteria
were invited to participate in the study and provided written informed consent prior to inclusion

(Table S1).

L-PRF and A-PRF+ preparation

Eight blood tubes per participant were collected prior to any treatment. Four sterile 9-ml
silica-coated plastic tubes without anticoagulant (BVBCTP-2, Intra-Spin, Intra-Lock, Florida, USA) were
used to prepare L-PRF, and another 4 sterile 10-ml glass tubes without anticoagulant (DUO, Nice,
France) for A-PRF+. These were immediately centrifuged at 2,700 rpm (RCFot: 408 g) for 12 min to
prepare L-PRF (IntraSpin, Intra-Lock, Florida, USA) (Temmerman et al., 2016) and at 1,300 rpm
(RCFeot: 145 g) for 8 min (DUO Process, Nice, France) to prepare A-PRF+ (Fujioka-Kobayashi et al.,
2017). After centrifugation, each L-PRF/A-PRF+ clot was collected from the tube and carefully
separated from the red blood cells with a spatula. All L-PRF/A-PRF+ clots were then transformed into
1-mm thick membranes by gentle compression using especially designed boxes for each protocol

(Xpression box, Intra-Lock, Florida, USA or A-PRF+ box, DUO Process, Nice, France).

Surgical procedure

Tooth extractions were performed under local anaesthesia and sterile conditions with a
flapless approach. After extraction, the sockets were carefully cleaned and randomized as control or
test site by means of a computer program (Research Randomizer, version 4.0). L-PRF, A-PRF+ or
control were randomly assigned, leaving one empty socket/edentulous site between conditions. The
position of the extraction sites is presented in Figure 1S. At the test sites (L-PRF or A-PRF+) 2-3
membranes, depending on the size of the socket, were inserted and compressed with an amalgam
plunger. A 3-4 mm full-thickness envelope was created at the buccal and palatal side to create space

for 1-2 folded membrane placed into this envelope to seal the socket. A crossed horizontal mattress
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suture (Vicryl 4.0, Ethicon™, Johnsson & Johnsson®, New Jersey, USA) was used to stabilize the L-
PRF/A-PRF+ without any attempt for primary wound closure, followed by individual sutures for
better adaptation of the material when needed. At the control site, a cross-suture was applied to
stabilize the coagulum (Figure 1). Patients were unaware of the allocation of each treatment option.
Immediately after tooth extractions, a first cone beam-CT (CBCT) (TO) was taken in order to record
the baseline conditions.

All patients were asked to take an analgesic three times a day (Paracetamol 1 g) for 3 days,
and use of an antiseptic mouth rinse (Perio-Aid™ 0.12%, Dentaid®, Barcelona, Spain). All patients

received an immediate prosthesis and were advised not to remove it the first 24 hours after surgery.

Follow-up

One week after tooth extraction, patients were scheduled for suture removal and the
prosthesis was adapted. After three months of healing, a second CBCT (T1) was taken (Figure 2). This

second CBCT was also used for the planning of the implant surgery when desired.

Sample size calculation

The minimum required sample size was estimated using the results of a previous study
comparing L-PRF and unassisted healing for ARP (Temmerman et al., 2016). The power sample size
was calculated to detect a difference in horizontal bone resorption of 15-20% amongst treatments
and control. A power analysis in G*Power suggested a sample size of 16 participants for a split-
mouth design with three groups (L-PRF, A-PRF+, control) assuming 90% power with an a=0.05. The

sample size was, however, increased to 21 patients due to a potential drop-out during follow-up.

CBCT acquisition

To assess the alterations in the alveolar ridge, CBCT was taken immediately after tooth
extraction (TO) and another after a 3 months’ interval (T1) using a NewTom VGi evo CBCT (Cefla,
Imola, Italy). Clinical scanning protocol was fixed to a 10x10 cm field-of-view, a voxel size of 200 mm,
360°rotation, at 110kVp and using tube current modulation, which adapts emission according to the
patient and thus eliminates any risk of exposure to an unnecessarily high dose (Stratis et al., 2017)

(Stratis, Zhang, Jacobs, Bogaerts, & Bosmans, 2019).

Radiological analysis

Both post-operative CBCT scans were spatially aligned using a rigid computer-assisted
registration (MeVisLab, MeVis Medical Solutions AG, Bremen, Germany) based on selected areas of

the dataset where no anatomical changes had taken place during follow-up (Van Dessel et al., 2016)
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(Van Dessel et al.,, 2017). Data from each patient were encoded and all measurements were

performed blinded without knowing treatment allocation.

2D- Analysis
The matched post-operative CBCT scans were imported into Fiji software (Schindelin et al.,
2012) and measurements were performed using the same reference points and lines according to
Temmerman and co-workers (Temmerman et al.,, 2016). The following distances were measured
from the centre of the socket according to Jung and co-workers (Jung et al., 2013) and Temmerman
and co-workers (Temmerman et al., 2016) (Figure 3):
- the thickness of the buccal bone at baseline (T0) at 1, 3, and 5 mm below the crest
- the horizontal ridge width at crest-1mm (HW-1mm), crest-3mm (HW-3mm), and crest-5mm
(HW-5mm) at the buccal/palatal side, in millimeters and later transformed to percentages
- the vertical resorption on both buccal and palatal side, in millimeters
- the socket fill defined as the highest point of viewable mineralized bone at the middle of the
socket; absolute values (in mm) and percentages were calculated by comparing the initial

depth of the socket and the depth after three months of healing

Biopsy collection

When patients wanted replacement of the missing teeth, implant surgery was planned.
During implant surgery, a bone core biopsy was collected from each preserved socket with a 2.0 mm
trephine bur (3 samples per patient, 1 bone core per preserved socket). In the case of an edentulous
ridge, a customized stent was prepared from a dental cast before extractions as reference to
determine the centre of the initial socket. After collection, the biopsies were immediately frozen in

liquid nitrogen and kept at -80°C.

Micro-CT scanning

Micro-CT scanning of bone biopsies was performed on a SkyScan 1172 high-resolution
desktop system (Bruker, Kontich, Belgium). The 3D bone (micro)structure was evaluated in terms of
ratio between bone volume (newly formed bone) and total tissue volume (%BV/TV), trabecular
thickness, trabecular number, and trabecular separation. Data from each patient was encoded and

all measurements were performed blinded for the treatment allocation.

Histological processing and morphometric analysis

After the micro-CT scanning, bone biopsies were fixed in 4% paraformaldehyde and
decalcified in 0.5M EDTA (pH 7.4)/phosphate buffered-saline at 4°C for 14 days, followed by

dehydration and embedding in paraffin. Three serial sections (4-um) were made starting from the
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central region of the sample and perpendicular towards the long axis, and stained with haematoxylin
and eosin for general morphological analysis.

Histological sections were captured by an automated slice scanner (Axioscan, Carl Zeiss,
Oberkochen, Gemany), matched with the corresponding 2D micro-CT slices, and further processed in
CTAn (Bruker). Newly formed bone was automatically determined within the same region of interest
for micro-CT and histological coupes and bone volume fraction (%BV/TV) was calculated. Data from
each patient was encoded and all measurements were performed blinded for the treatment

allocation.

Statistical analysis

Treatments were compared by creating a linear mixed model with patient as random factor
and treatment as fixed factor was applied. Differences between treatments were corrected for
simultaneous hypothesis testing according to Tukey. Descriptive analyses expressed data as mean
values with standard deviations. All data were tested for normality using the Shapiro-Wilk test. A
second mixed-model was constructed for histological and micro-CT analysis. Non-parametric
comparisons between groups (Kruskal-Wallis, pairwise with automatic Bonferroni correction) were

used to explore significant interaction effects. Significant differences were noted a p <0.05.

Results

Demographic data

Twenty-one patients were included in this study (15 women, 6 men) (Table S1). Three
patients were smokers of <10 cig/day. One patient did not return for the second CBCT after 3 months
of healing, so he was excluded from the study (drop-out= 1). All sockets healed uneventfully. A total
of 60 teeth in the premaxilla were included for analysis (central incisors: 25, lateral incisors: 16,
canines: 19). The CONSORT flow chart is shown in Figure S1. Five out of the 20 included patients
asked for teeth replacement with dental implants. Those patients underwent implant surgery and
bone samples could be collected from the preserved sites (Table S2). No additional bone
augmentation during implant surgery was needed at any locations. The rest of the participants were

provided with a definitive and well-adapted full denture.

Radiological analysis

Thickness buccal bone

The mean thickness of the buccal plate at baseline at 1 mm below the crest was 1.1 + 0.3

mm, 0.9 £ 0.3 mm, and 1.1 £ 0.4 mm for L-PRF, A-PRF+, and control sites, respectively. Overall, no
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statistically significant differences could be found at any level below the crest amongst groups

(p>0.05). Data is shown in Table S3.
Horizontal resorption

The mean ridge width differences between baseline (immediately after extraction) and three
months of healing were measured at three levels below the crest (HW-1mm, HW-3mm, and HW-

5mm) on both the buccal and palatal sides (Table 1).

Buccally:
No statistically significant differences at any of the levels below the crest (HW-1mm, HW-
3mm, and HW-5mm) were observed amongst groups (p>0.05). For the L-PRF, A-PRF+, and unassisted

sites, the values 1 mm below the crest were -1.6 £ 0.8 mm, -1.6 £ 0.7 mm, -1.7 + 1.0, respectively.

Palatally:

At the palatal side, a similar horizontal bone resorption was observed for all groups (L-PRF: -
0.6 £ 0.7 mm, A-PRF+: -0.6 £ 0.8 mm, control: 0.5 + 0.7 mm). No statistically significant differences at
any of the levels below the crest (HW-1mm, HW-3mm, and HW-5mm) were seen amongst groups (p

> 0.05).
Changes in the total ridge (width)

The overall mean changes in the width at crest-1 mm were -28.1% + 13.5, -28.1% + 11.8, and
-26.4% * 12.3 for L-PRF, A-PRF+, and control, respectively. No statistical significant differences were
reached amongst groups (p>0.05) at any level below the crest (Table 2). Bone resorption was less
pronounced in all groups towards the apical part (crest-1mm > crest-3mm > crest-5mm).

The fact that one socket had an unassisted socket at one or both sides or an edentulous ridge
or a remnant tooth did not influence the alveolar bone resorption. No statistically significant

differences could be found between positions (p>0.05).
Vertical resorption

The mean vertical height changes at the buccal side were 0.2 + 1.2 mm, 0.2 £ 1.1 mm, and -
0.2 £ 0.8 mm for L-PRF, A-PRF+, and control, respectively (Table 1). Differences amongst groups were
however not statistically significant (L-PRF vs A-PRF+ p=0.9, tests vs control p=0.3). The mean vertical
height changes at the palatal aspect were -1.1 + 0.9 mm, -1.0 £ 0.8 mm, and -1.0 + 0.9 mm, for L-PRF
sites, A-PRF+ sites, and control sites, respectively. Also here, no statistical differences were reached

(p=0.8).
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Socket Fill

Statistically significant differences were found for the percentage of socket fill between L-PRF
(85.2% * 22.9) vs. control (67.9% + 19.2) (p=0.005), and A-PRF+ (83.8% + 18.4) vs. control (67.9% +
19.2) (p=0.01) (Table 3).

Morphometrical bone analysis

Histological evaluation

L-PRF and A-PRF+ presented a mean %BV/TV of 47.7 + 7.9% and 54.5 + 5.6%, respectively
(Figure 4). No statistical significant differences could be found between test groups (p>0.05). Both
test groups showed statistically significant more %BV/TV than the control group (34.7 + 6.9%)
(p<0.05).

Micro-CT: 2D and 3D analysis

For the 2D and 3D analysis of %BV/TV, no statistical significant differences could be found
between test groups (p=0.18 and p=0.71, respectively). When compared to the control group, A-
PRF+ showed statistical significant higher newly formed bone in both 2D and 3D analysis (p<0.001
and p=0.04, respectively), whereas the differences between L-PRF and control did not reach the

significance (p=0.09 and p=0.64) (Figure 4 and S2).
Discussion

The present split-mouth randomized clinical trial analysed the effect of two different platelet
concentrates derivatives (L-PRF and A-PRF+) on ridge preservation after tooth extraction in
comparison to unassisted socket healing (blood clot). In the CBCT analysis, no statistically significant
differences in the horizontal and vertical dimension could be observed amongst the 3 groups after 3
months of healing. However, both PRF matrices showed radiographically on the CBCT measurements
a significant superiority for the socket fill. Histologically, PRF matrices seemed to promote higher
percentage of newly formed bone in comparison to the control, after a 3-months healing period.

Over the last 20 years, the global burden of complete edentulism has diminished on average.
However, in contrast to high-income countries where the prevalence of edentulism is decreasing, an
opposite trend is observed in low- and middle-income countries, mainly as the result of increments in
periodontal diseases and caries (Kassebaum et al., 2014; Tyrovolas et al., 2016). Campbell and co-
workers (Campbell, 1960) reported that edentulous patients wearing dentures had, on average,

smaller residual ridges than those not wearing dentures. Increased ridge resorption was attributed to
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the pressure form the prostheses. Similar conclusions had been stated in the literature (Ozan et al.,
2013; Wyatt, 1998).

The fact that in this study the resorption of both the buccal and palatal side barely differed
amongst groups, and that the vertical bone resorption at the palatal side was more extensive than at
the buccal side led us to hypothesize that the use of the full prostheses may have act as a co-
founding factor, masking the effect of the platelet rich fibrin (PRF) matrices. Recently it has been
hypothesized that L-PRF membranes might have the capacity to supress the catabolic events that are
caused by osteoclastic bone resorption, but that they cannot reverse the process once
osteoclastogenesis has started (Kargarpour et al., 2020; Strauss, Nasirzade, Kargarpoor, Stahli, &
Gruber, 2020). After tooth extraction, osteoclasts start to resorb the bundle bone (Araujo & Lindhe,
2005; Trombelli et al., 2008). Osteoclastic activity can be intensified by different factors such as
mechanical pressure. In the present study, all patients enrolled were provided with a full immediate
removable prosthesis. Mechanical pressure transmitted continuously and/or intermittently through
the prosthesis has been considered one of the causative factors for bone resorption in denture-
supporting tissues (Lytle, 1959; Sato, Hara, Mori, Shirai, & Minagi, 1998). Moreover, Alrajhi and co-
workers (Alrajhi, Askar, Habib, & Elsyad, 2020) concluded that anterior maxillary areas had higher
bone loss compared to posterior areas. One needs to keep in mind that this is a common protocol in
daily practice after multiple tooth extractions. Consequently, ARP techniques in multiple tooth
extractions when a mucosa-supported prosthesis is also used might not have the same results as in
single tooth extractions. However, the evidence around the bone resorption pattern after multiple
tooth extraction is scarce, what makes the comparison of our results with others, at this moment,
not possible.

In single tooth extraction studies where no provisional mucosa-supported prostheses were
provided, the use of PRF matrices showed promising results in the preservation of the alveolar ridge
(Castro et al., 2017; Strauss, Stahli, & Gruber, 2018). Temmerman and co-workers (Temmerman et
al., 2016) reported a mean change in horizontal dimension at 1 mm below the crest of 1.4 mm (23%)
and 5.0 mm (51%) for L-PRF group and control group, respectively. A recent study (Canellas et al.,
2020) showed a mean change in width at 1 mm below the crest of 0.9 mm and 2.2 mm for L-PRF
group and control group, respectively. Similar benefits have been reported in the literature
(Alzahrani, Murriky, & Shafik, 2017; Anwandter et al., 2016; Hauser et al., 2013; Zhang et al., 2018).
However, the outcome seems to be very technique-sensitive (Areewong, Chantaramungkorn, &
Khongkhunthian, 2019; Suttapreyasri & Leepong, 2013).

Another hypothesis that might contribute to explain the findings of this article is related to
the resistance of the L-PRF membranes to external forces and their stability under certain conditions.

Angiogenesis is a delicate process driven by surrounding tissue’s need for oxygen and nutrients,

11
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which incites production of vascular endothelial growth factor (VEGF), fibroblast growth factors
(FGFs), and other pro-angiogenic stimuli (Eelen et al., 2018). Recently, Ratajczak and co-workers
(Ratajczak et al., 2018) described the angiogenic potential of L-PRF in an in-vitro study by inducing
key steps of the angiogenic process such as endothelial proliferation, migration, and tube formation.
They also demonstrated that L-PRF was able to induce blood vessel formation in vivo with a
chorioallantoic membrane assay. However, all this processes require wound stability to allow vessel
sprouting to occur (Ghiasi, Chen, Vaziri, Rodriguez, & Nazarian, 2017). In the present study, the use of
an immediate prosthesis may have also jeopardized the angiogenic capacity of the L-PRF and A-PRF+
by decreasing their stability inside the socket.

Hard and soft tissue alterations after tooth extraction have been well documented by
Cardaropoli and co-workers (Cardaropoli et al.,, 2003). Healing of an extraction socket was
characterized by a sequence of histological events, where the buccal bone was more extensively
resorbed than the palatal/lingual plate (Araujo & Lindhe, 2005). This can be explained by the fact that
the vestibular bone plates are generally thinner (Aradjo, Silva, Misawa, & Sukekava, 2015). In the
present study, there were no differences in width of the buccal bony plates amongst test and control
groups and they were in average around 1 mm thick for all groups. Given the mean values reported
in literature for the aesthetic zone (0.8 + 0.4 mm) (Huynh-Ba et al., 2010), we can consider that the
buccal bone plates in our study were rather thick.

Socket fill was found to statistically differ between both PRF matrices and the control group
in this present study (L-PRF: 85%, A-PRF+: 83%, control: 67%). These results are similar from those
already reported in the literature for single tooth extractions (Alzahrani et al., 2017; Temmerman et
al., 2016). So despite the limited effect on the horizontal dimension, the use of both L-PRF and A-
PRF+ seemed to partially counteract bone resorption in the vertical dimension (mean bone gain of
0.2 mm) and showed radiographically significant greater socket fill in comparison to the control. Both
parameters are crucial when considering the replacement of the missing tooth by an oral implant.

The biological characteristics of L-PRF and A-PRF+ have been extensively evaluated in vitro
studies (Dohan Ehrenfest et al.,, 2018; Fujioka-Kobayashi et al., 2017; Pitzurra, Jansen, de Vries,
Hoogenkamp, & Loos, 2020). The A-PRF+ protocol reduced the g force and the duration of the
centrifugation. Some studies have reported an increase in growth factors release from A-PRF+ clots
as well as a more homogenous cellular distribution throughout the membranes (El Bagdadi et al.,
2017, Ghanaati et al., 2014). However, no differences could be found in the present study between L-
PRF and A-PRF+ groups. It is of utmost importance to understand the properties of the biomaterials
that are currently used in the clinical setting. However, it should be stressed that anatomical,
functional and host factors may have a strong influence in bone resorption/regeneration patterns.

Therefore, care should be taken when extrapolating in vitro results to the clinical practice.

12



PRF matrices for ridge preservation

In bone structural analysis, the present study showed more newly formed bone for both L-
PRF and A-PRF+ (around 50%) compared to the control group. However, these results need to be
interpreted with caution given the limited sample size (n=5). Limited evidence is reported in the
literature on the qualitative/quantitative histological and radiological analysis after the use of these
biomaterials in ARP techniques. For instance, Canellas and co-workers published higher values of
%BV/TV for L-PRF compared to a control (L-PRF: 55.9 * 11.9%, control: 36.7 + 11.1%) in a
histomorphometrical analysis (Canellas et al., 2020). They reported similar percentages in terms of
newly formed bone as the ones presented in the current study. On a radiological analysis with micro-
CT, Hauser and co-workers (2013) (Hauser et al., 2013) also observed a tendency for higher value
%BV/TV in the L-PRF group (+12.9%) compared to the control. Analysis of the trabecular morphology
also revealed the superiority of L-PRF versus the control group, although in that study trabecular
thickness did not reach statistical significance.

Clinicians should be aware of the limitations in the present study when using PRF matrices in
multiple tooth extractions with an immediate denture. However, up to now there is no evidence
about the use of PRF matrices in multiple extractions without the mechanical influence of a dental
prosthesis. Moreover, one does not have to forget the trauma and post-operative pain after multiple
tooth extractions. The use of L-PRF may reduce patient’s discomfort and fasten soft tissue healing (de

Almeida Barros Mourdo, de Mello-Machado, Javid, & Moraschini, 2020; Dragonas et al., 2019).

Conclusions

Within the limitations of this study, it can be concluded that PRF matrices used for ARP failed
to counteract ridge resorption that occurs after multiple extractions in the anterior maxilla after 3
months of healing. However, both PRF matrices showed radiographically a significant superiority for
the socket fill compared to an unassisted socket. Histologically, they seemed to enhance new bone
formation. ARP techniques in multiple tooth extractions with the use of immediately mucosa-

supported prosthesis might jeopardize the final result.

13



PRF matrices for ridge preservation

References

Alrajhi, M. S., Askar, O., Habib, A. A., & Elsyad, M. A. (2020). Maxillary Bone Resorption with
Conventional Dentures and Four-Implant-Supported Fixed Prosthesis Opposed by Distal-
Extension Partial Dentures: A Preliminary 5-year Retrospective Study. Int J Oral Maxillofac
Implants, 35(4), 816-823. d0i:10.11607/jomi.8075

Alzahrani, A. A., Murriky, A., & Shafik, S. (2017). Influence of platelet rich fibrin on post-extraction
socket healing: A clinical and radiographic study. Saudi Dent J, 29(4), 149-155.
doi:10.1016/j.sdentj.2017.07.003

Anwandter, A., Bohmann, S., Nally, M., Castro, A. B., Quirynen, M., & Pinto, N. (2016). Dimensional
changes of the post extraction alveolar ridge, preserved with Leukocyte- and Platelet Rich
Fibrin: A clinical pilot study. J Dent, 52, 23-29. doi:10.1016/j.jdent.2016.06.005

Araujo, M. G., & Lindhe, J. (2005). Dimensional ridge alterations following tooth extraction. An
experimental study in the dog. J Clin Periodontol, 32(2), 212-218. do0i:10.1111/j.1600-
051X.2005.00642.x

Araujo, M. G,, Silva, C. O., Misawa, M., & Sukekava, F. (2015). Alveolar socket healing: what can we
learn? Periodontol 2000, 68(1), 122-134. doi:10.1111/prd.12082

Areewong, K., Chantaramungkorn, M., & Khongkhunthian, P. (2019). Platelet-rich fibrin to preserve
alveolar bone sockets following tooth extraction: A randomized controlled trial. Clin Implant
Dent Relat Res, 21(6), 1156-1163. doi:10.1111/cid.12846

Avila-Ortiz, G., Chambrone, L., & Vignoletti, F. (2019). Effect of alveolar ridge preservation
interventions following tooth extraction: A systematic review and meta-analysis. J Clin
Periodontol, 46 Suppl 21, 195-223. doi:10.1111/jcpe.13057

Barone, A., Toti, P., Quaranta, A., Alfonsi, F., Cucchi, A., Negri, B., . . . Nannmark, U. (2017). Clinical
and Histological changes after ridge preservation with two xenografts: preliminary results
from a multicentre randomized controlled clinical trial. J Clin Periodontol, 44(2), 204-214.
doi:10.1111/jcpe.12655

Barootchi, S., Wang, H. L., Ravida, A., Ben Amor, F., Riccitiello, F., Rengo, C., . . . Sammartino, G.
(2019). Ridge preservation techniques to avoid invasive bone reconstruction: A systematic
review and meta-analysis: Naples Consensus Report Working Group C. Int J Oral Implantol
(Berl), 12(4), 399-416.

Botticelli, D., Berglundh, T., & Lindhe, J. (2004). Hard-tissue alterations following immediate implant
placement in extraction sites. J Clin Periodontol, 31(10), 820-828. doi:10.1111/j.1600-
051X.2004.00565.x

Campbell, R. L. (1960). A comparative study of the resorption of the alveolar ridges in denture-
wearers and non-denture-wearers. J Am Dent Assoc, 60, 143-153.
doi:10.14219/jada.archive.1960.0031

Canellas, J., da Costa, R. C., Breves, R. C., de Oliveira, G. P., Figueredo, C., Fischer, R. G,, . .. Ritto, F. G.
(2020). Tomographic and histomorphometric evaluation of socket healing after tooth
extraction using leukocyte- and platelet-rich fibrin: A randomized, single-blind, controlled
clinical trial. J Craniomaxillofac Surg, 48(1), 24-32. d0i:10.1016/j.jcms.2019.11.006

Cardaropoli, G., Araujo, M., & Lindhe, J. (2003). Dynamics of bone tissue formation in tooth
extraction sites. An experimental study in dogs. J Clin Periodontol, 30(9), 809-818.
doi:10.1034/j.1600-051x.2003.00366.x

Castro, A. B., Cortellini, S., Temmerman, A., Li, X., Pinto, N., Teughels, W., & Quirynen, M. (2019).
Characterization of the Leukocyte- and Platelet-Rich Fibrin Block: Release of Growth Factors,
Cellular Content, and Structure. Int J Oral Maxillofac Implants, 34(4), 855-864.
doi:10.11607/jomi.7275

Castro, A. B., Meschi, N., Temmerman, A., Pinto, N., Lambrechts, P., Teughels, W., & Quirynen, M.
(2017). Regenerative potential of leucocyte- and platelet-rich fibrin. Part B: sinus floor
elevation, alveolar ridge preservation and implant therapy. A systematic review. J Clin
Periodontol, 44(2), 225-234. do0i:10.1111/jcpe.12658

14



PRF matrices for ridge preservation

Chappuis, V., Araujo, M. G., & Buser, D. (2017). Clinical relevance of dimensional bone and soft tissue
alterations post-extraction in esthetic sites. Periodontol 2000, 73(1), 73-83.
doi:10.1111/prd.12167

Couso-Queiruga, E., Stuhr, S., Tattan, M., Chambrone, L., & Avila-Ortiz, G. (2021). Post-extraction
dimensional changes: A systematic review and meta-analysis. J Clin Periodontol, 48(1), 126-
144. doi:10.1111/jcpe.13390

de Almeida Barros Mourdo, C. F., de Mello-Machado, R. C., Javid, K., & Moraschini, V. (2020). The use
of leukocyte- and platelet-rich fibrin in the management of soft tissue healing and pain in
post-extraction sockets: A randomized clinical trial. J Craniomaxillofac Surg, 48(4), 452-457.
doi:10.1016/j.jcms.2020.02.020

Discepoli, N., Vignoletti, F., Laino, L., de Sanctis, M., Munoz, F., & Sanz, M. (2015). Fresh extraction
socket: spontaneous healing vs. immediate implant placement. Clin Oral Implants Res,
26(11), 1250-1255. doi:10.1111/clr.12447

Dohan, D. M., Choukroun, J., Diss, A., Dohan, S. L., Dohan, A. J., Mouhyi, J., & Gogly, B. (2006).
Platelet-rich fibrin (PRF): a second-generation platelet concentrate. Part |: technological
concepts and evolution. Oral Surg Oral Med Oral Pathol Oral Radiol Endod, 101(3), e37-44.
doi:10.1016/j.tripleo.2005.07.008

Dohan Ehrenfest, D. M., Doglioli, P., de Peppo, G. M., Del Corso, M., & Charrier, J. B. (2010).
Choukroun's platelet-rich fibrin (PRF) stimulates in vitro proliferation and differentiation of
human oral bone mesenchymal stem cell in a dose-dependent way. Arch Oral Biol, 55(3),
185-194. doi:10.1016/j.archoralbio.2010.01.004

Dohan Ehrenfest, D. M., Pinto, N. R., Pereda, A., Jimenez, P., Corso, M. D., Kang, B. S., . .. Quirynen,
M. (2018). The impact of the centrifuge characteristics and centrifugation protocols on the
cells, growth factors, and fibrin architecture of a leukocyte- and platelet-rich fibrin (L-PRF)
clot and membrane. Platelets, 29(2), 171-184. doi:10.1080/09537104.2017.1293812

Dragonas, P., Katsaros, T., Avila-Ortiz, G., Chambrone, L., Schiavo, J. H., & Palaiologou, A. (2019).
Effects of leukocyte-platelet-rich fibrin (L-PRF) in different intraoral bone grafting
procedures: a systematic review. Int J Oral Maxillofac Surg, 48(2), 250-262.
doi:10.1016/j.ijom.2018.06.003

Eelen, G., de Zeeuw, P., Treps, L., Harjes, U., Wong, B. W., & Carmeliet, P. (2018). Endothelial Cell
Metabolism. Physiol Rev, 98(1), 3-58. doi:10.1152/physrev.00001.2017

El Bagdadi, K., Kubesch, A., Yu, X., Al-Maawi, S., Orlowska, A., Dias, A., . . . Ghanaati, S. (2017).
Reduction of relative centrifugal forces increases growth factor release within solid platelet-
rich-fibrin (PRF)-based matrices: a proof of concept of LSCC (low speed centrifugation
concept). Eur J Trauma Emerg Surg. doi:10.1007/s00068-017-0785-7

Fujioka-Kobayashi, M., Miron, R. J., Hernandez, M., Kandalam, U., Zhang, Y., & Choukroun, J. (2017).
Optimized Platelet-Rich Fibrin With the Low-Speed Concept: Growth Factor Release,
Biocompatibility, and  Cellular  Response. J  Periodontol,  88(1), 112-121.
do0i:10.1902/jop.2016.160443

Garcia-Gonzalez, A., Galve-Huertas, A., Aboul-Hosn Centenero, S., Mareque-Bueno, S., Satorres-
Nieto, M., & Hernandez-Alfaro, F. (2020). Volumetric changes in alveolar ridge preservation
with a compromised buccal wall: a systematic review and meta-analysis. Med Oral Patol Oral
Cir Bucal, 25(5), e565-e575. doi:10.4317/medoral.23451

Ghanaati, S., Booms, P., Orlowska, A., Kubesch, A., Lorenz, J., Rutkowski, J., . . . Choukroun, J. (2014).
Advanced platelet-rich fibrin: a new concept for cell-based tissue engineering by means of
inflammatory cells. J Oral Implantol, 40(6), 679-689. doi:10.1563/aaid-joi-D-14-00138

Ghiasi, M. S., Chen, J., Vaziri, A., Rodriguez, E. K., & Nazarian, A. (2017). Bone fracture healing in
mechanobiological modeling: A review of principles and methods. Bone Rep, 6, 87-100.
doi:10.1016/j.bonr.2017.03.002

Hachim, D., Whittaker, T. E., Kim, H., & Stevens, M. M. (2019). Glycosaminoglycan-based biomaterials
for growth factor and cytokine delivery: Making the right choices. J Control Release, 313,
131-147. doi:10.1016/j.jconrel.2019.10.018

15



PRF matrices for ridge preservation

Hauser, F., Gaydarov, N., Badoud, I., Vazquez, L., Bernard, J. P., & Ammann, P. (2013). Clinical and
histological evaluation of postextraction platelet-rich fibrin socket filling: a prospective
randomized controlled study. Implant Dent, 22(3), 295-303.
doi:10.1097/1D.0b013e3182906€eh3

Huynh-Ba, G., Pjetursson, B. E., Sanz, M., Cecchinato, D., Ferrus, J., Lindhe, J., & Lang, N. P. (2010).
Analysis of the socket bone wall dimensions in the upper maxilla in relation to immediate
implant placement. Clin Oral Implants Res, 21(1), 37-42. doi:10.1111/j.1600-
0501.2009.01870.x

lorio-Siciliano, V., Ramaglia, L., Blasi, A., Bucci, P., Nuzzolo, P., Riccitiello, F., & Nicolo, M. (2020).
Dimensional changes following alveolar ridge preservation in the posterior area using bovine-
derived xenografts and collagen membrane compared to spontaneous healing: a 6-month
randomized controlled clinical trial. Clin Oral Investig, 24(2), 1013-1023. doi:10.1007/s00784-
019-02979-w

Jung, R. E., Philipp, A., Annen, B. M., Signorelli, L., Thoma, D. S., Hammerle, C. H., . . . Schmidlin, P.
(2013). Radiographic evaluation of different techniques for ridge preservation after tooth
extraction: a randomized controlled clinical trial. J Clin Periodontol, 40(1), 90-98.
doi:10.1111/jcpe.12027

Kargarpour, Z., Nasirzade, J., Strauss, F. J., Di Summa, F., Hasannia, S., Miller, H. D., & Gruber, R.
(2020). Platelet-rich fibrin suppresses in vitro osteoclastogenesis. J Periodontol, 91(3), 413-
421. doi:10.1002/jper.19-0109

Kassebaum, N. J., Bernabé, E., Dahiya, M., Bhandari, B., Murray, C. J., & Marcenes, W. (2014). Global
Burden of Severe Tooth Loss: A Systematic Review and Meta-analysis. J Dent Res, 93(7
Suppl), 20s-28s. d0i:10.1177/0022034514537828

Lytle, R. B. (1959). Complete denture construction based on a study of the deformation of the
underlying soft tissues. . J Prosthet Dent, 9(4), 539-551. doi:doi.org/10.1016/0022-
3913(59)90121-0

Mobher, D., Hopewell, S., Schulz, K. F., Montori, V., Gotzsche, P. C., Devereaux, P. J., . .. Altman, D. G.
(2012). CONSORT 2010 explanation and elaboration: updated guidelines for reporting
parallel group randomised trials. Int J Surg, 10(1), 28-55. doi:10.1016/j.ijsu.2011.10.001

Ozan, 0., Orhan, K., Aksoy, S., Icen, M., Bilecenoglu, B., & Sakul, B. U. (2013). The effect of removable
partial dentures on alveolar bone resorption: a retrospective study with cone-beam
computed tomography. J Prosthodont, 22(1), 42-48. doi:10.1111/j.1532-849X.2012.00877 .x

Pitzurra, L., Jansen, I. D. C., de Vries, T. J., Hoogenkamp, M. A., & Loos, B. G. (2020). Effects of L-PRF
and A-PRF+ on periodontal fibroblasts in in vitro wound healing experiments. J Periodontal
Res, 55(2), 287-295. doi:10.1111/jre.12714

Ratajczak, J., Vangansewinkel, T., Gervois, P., Merckx, G., Hilkens, P., Quirynen, M., . . . Bronckaers, A.
(2018). Angiogenic Properties of 'Leukocyte- and Platelet-Rich Fibrin'. Sci Rep, 8(1), 14632.
do0i:10.1038/s41598-018-32936-8

Sato, T., Hara, T., Mori, S., Shirai, H., & Minagi, S. (1998). Threshold for bone resorption induced by
continuous and intermittent pressure in the rat hard palate. J Dent Res, 77(2), 387-392.
doi:10.1177/00220345980770020701

Schar, M. 0., Diaz-Romero, J., Kohl, S., Zumstein, M. A., & Nesic, D. (2015). Platelet-rich concentrates
differentially release growth factors and induce cell migration in vitro. Clin Orthop Relat Res,
473(5), 1635-1643. doi:10.1007/s11999-015-4192-2

Schindelin, J., Arganda-Carreras, |., Frise, E., Kaynig, V., Longair, M., Pietzsch, T., . . . Cardona, A.
(2012). Fiji: an open-source platform for biological-image analysis. Nat Methods, 9(7), 676-
682. doi:10.1038/nmeth.2019

Schropp, L., Wenzel, A., Kostopoulos, L., & Karring, T. (2003). Bone healing and soft tissue contour
changes following single-tooth extraction: a clinical and radiographic 12-month prospective
study. Int J Periodontics Restorative Dent, 23(4), 313-323.

16



PRF matrices for ridge preservation

Stratis, A., Zhang, G., Jacobs, R., Bogaerts, R., & Bosmans, H. (2019). The growing concern of radiation
dose in paediatric dental and maxillofacial CBCT: an easy guide for daily practice. Eur Radiol,
29(12), 7009-7018. doi:10.1007/s00330-019-06287-5

Stratis, A., Zhang, G., Lopez-Rendon, X., Politis, C., Hermans, R., Jacobs, R., . . . Bosmans, H. (2017).
Two examples of indication specific radiation dose calculations in dental CBCT and
Multidetector CT scanners. Phys Med, 41, 71-77. doi:10.1016/j.ejmp.2017.03.027

Strauss, F. J., Nasirzade, J., Kargarpoor, Z., Stahli, A., & Gruber, R. (2020). Effect of platelet-rich fibrin
on cell proliferation, migration, differentiation, inflammation, and osteoclastogenesis: a
systematic review of in vitro studies. Clin Oral Investig, 24(2), 569-584. doi:10.1007/s00784-
019-03156-9

Strauss, F. J., Stahli, A., & Gruber, R. (2018). The use of platelet-rich fibrin to enhance the outcomes
of implant therapy: A systematic review. Clin Oral Implants Res, 29 Supp! 18(Suppl Suppl 18),
6-19. d0i:10.1111/clr.13275

Suttapreyasri, S., & Leepong, N. (2013). Influence of platelet-rich fibrin on alveolar ridge
preservation. J Craniofac Surg, 24(4), 1088-1094. doi:10.1097/5CS.0b013e31828b6dc3

Temmerman, A., Vandessel, J., Castro, A., Jacobs, R., Teughels, W., Pinto, N., & Quirynen, M. (2016).
The use of leucocyte and platelet-rich fibrin in socket management and ridge preservation: a
split-mouth, randomized, controlled clinical trial. J Clin Periodontol, 43(11), 990-999.
doi:10.1111/jcpe.12612

Troiano, G., Zhurakivska, K., Lo Muzio, L., Laino, L., Cicciu, M., & Lo Russo, L. (2018). Combination of
bone graft and resorbable membrane for alveolar ridge preservation: A systematic review,
meta-analysis, and trial sequential analysis. J Periodontol, 89(1), 46-57.
doi:10.1902/jop.2017.170241

Trombelli, L., Farina, R., Marzola, A., Bozzi, L., Liljenberg, B., & Lindhe, J. (2008). Modeling and
remodeling of human extraction sockets. J Clin Periodontol, 35(7), 630-639.
doi:10.1111/j.1600-051X.2008.01246.x

Tyrovolas, S., Koyanagi, A., Panagiotakos, D. B., Haro, J. M., Kassebaum, N. J., Chrepa, V., & Kotsakis,
G. A. (2016). Population prevalence of edentulism and its association with depression and
self-rated health. Sci Rep, 6, 37083. d0i:10.1038/srep37083

Van Dessel, J., Nicolielo, L. F., Huang, Y., Coudyzer, W., Salmon, B., Lambrichts, I., & Jacobs, R. (2017).
Accuracy and reliability of different cone beam computed tomography (CBCT) devices for
structural analysis of alveolar bone in comparison with multislice CT and micro-CT. Eur J Oral
Implantol, 10(1), 95-105.

Van Dessel, J., Nicolielo, L. F., Huang, Y., Slagmolen, P., Politis, C., Lambrichts, I., & Jacobs, R. (2016).
Quantification of bone quality using different cone beam computed tomography devices:
Accuracy assessment for edentulous human mandibles. Eur J Oral Implantol, 9(4), 411-424.

Vignoletti, F., Matesanz, P., Rodrigo, D., Figuero, E., Martin, C., & Sanz, M. (2012). Surgical protocols
for ridge preservation after tooth extraction. A systematic review. Clin Oral Implants Res, 23
Suppl 5, 22-38. d0i:10.1111/j.1600-0501.2011.02331.x

Vignoletti, F., & Sanz, M. (2014). Immediate implants at fresh extraction sockets: from myth to
reality. Periodontol 2000, 66(1), 132-152. doi:10.1111/prd.12044

Wyatt, C. C. (1998). The effect of prosthodontic treatment on alveolar bone loss: a review of the
literature. J Prosthet Dent, 80(3), 362-366. doi:10.1016/s0022-3913(98)70138-6

Zhang, Y., Ruan, Z., Shen, M., Tan, L., Huang, W., Wang, L., & Huang, Y. (2018). Clinical effect of
platelet-rich fibrin on the preservation of the alveolar ridge following tooth extraction. Exp
Ther Med, 15(3), 2277-2286. doi:10.3892/etm.2018.5696

17



PRF matrices for ridge preservation

Acknowledgments

We would like to acknowledge Mrs. Evelyne Van Kerckhove and Dr. Tim Vangansewinkel (Hasselt
University, Belgium) for their help during the histological progressing and analysis. In addition, we

would like to thank Dr. Wim Coucke for his help in the statistical analysis.

18



Tables
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Table 1. Dimensional changes at the buccal and palatal site after three months of healing for L-PRF

group, A-PRF+ group, and control group. Horizontal width reduction measured at 1 mm (HW-1 mm),

3 mm (HW-3 mm), and 5 mm (HW-5 mm) below the crest. Vertical changes measured in the middle

of the extraction socket both buccally and palatally. sd: standard deviation. Values are shown in

millimetres.
L-PRF A-PRF+ Control

Buccal
mean | median | sd mean | median | sd | mean | median | sd
HW-1 mm -1.6 -1.5 0.8 -1.6 -1.5 0.7 -1.7 -1.6 1.0
HW-3 mm -1.5 -1.4 0.8 -1.2 -1.1 0.6 -1.4 -1.5 0.8
HW-5 mm -1.0 -1.0 0.7 -0.9 -0.8 0.6 -1.0 -1.0 0.6
Vertical 0.2 0.3 1.2 0.2 0.1 1.1 -0.2 -0.2 0.8

Palatal
mean | median | sd mean | median | sd | mean | median | sd
HW-1 mm -0.6 -0.5 0.7 -0.6 -0.3 0.8 -0.5 -0.3 0.7
HW-3 mm -0.4 -04 0.4 -0.4 -0.2 0.7 -0.3 -0.2 0.4
HW-5 mm -0.2 0.0 0.4 -0.3 0.0 0.6 -04 -0.1 0.6
Vertical -1.1 -0.9 0.9 -1.0 -1.0 0.8 -1.0 -0.9 0.9
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Table 2. Total horizontal width (HW) reduction for L-PRF group, A-PRF+ group, and control group.

Measurements performed at 1 mm, 3 mm, and 5 mm below the crest. Values are shown in

millimetres (mm) and in percentages (%). HW-1mm: horizontal width reduction at 1 mm below the
crest; HW-3mm: horizontal width reduction at 3 mm below the crest; HW-5mm: horizontal width

reduction at 5 mm below the crest; sd: standard deviation.

L-PRF | A-PRF+ | CONTROL

Millimeters (mm)

mean sd mean sd mean sd

HW-1 mm -2.2 1.0 -2.2 0.9 -2.2 1.1
HW-3 mm -1.8 -1.7 -1.6 0.9 -1.7 0.8
HW-5 mm -1.2 0.8 -1.2 0.8 -1.4 0.8

Percentage %

mean sd mean sd mean sd
HW-1 mm -28.1 135 | -281 | 11.8| -264 @ 123
HW-3 mm -22.2 9.7 -19.4  10.1 | -20.8 9.0
HW-5 mm -14.4 10.1 | -14.6 9.6 -16.3 8.1
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Table 3. Socket fill measurements in L-PRF group, A-PRF+ group, and control group. Values are shown

in millimetres (mm) and in percentages (%). *: statistically significant; sd: standard deviation.

L-PRF A-PRF+ Control p-values
et || e » mean | median <d mean  median sd L-PRF vs. L-PRF vs. A-PRF+ vs.
A-PRF+ control control
Socket | oo | 865 | 229 | 838 889 184 | 679 | 718  192| 09 <0.005 0.01
fill (%)
Socket | o 67 30| 70 66 27| 54 51 | 23| o9 <0.05 <0.05
fill (mm)
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Figures

Figure 1. Surgical procedure for ridge preservation. Occlusal view of the upper jaw after tooth
extraction (A) L-PRF clots (B1) and A-PRF+ clots (B2) before compression into membranes. Envelope
preparation for socket sealing by insertion of the L-PRF (C1) and A-PRF+ (C2) membranes. Placement
of the L-PRF membranes (D1) and A-PRF membranes (D2) into the sockets. Modified horizontal
mattress suture to keep the L-PRF (E1) and A-PRF+ (E2) membranes in place without intention of

primary closure.

Figure 2. Representative cone-beam computed tomography of one patient at baseline (immediately
after tooth extraction, TO) and after 3 months of healing (T1). (A1): CBCT TO L-PRF group, (A2): CBCT
T1 L-PRF group, (B1): CBCT TO A-PRF+ group, (B2): CBCT T1 A-PRF+ group, (C1): CBCT TO control

group, (C2): CBCT T1 control group.

Figure 3. Linear measurements of the sockets. (A) The middle of the socket was determined at the
axial view of the CBCT (T0) based on the width of each socket. A 90° line was drawn in the middle of
the socket defining the cross sectional slide where the rest of the measurements were executed. (B)
Cross-sectional view of a socket after tooth extraction. The apex of the extraction socket at TO was
marked, and a vertical reference line passing the apex in the centre of the socket was also drawn.
Perpendicular to the vertical reference, a horizontal reference line was defined at the level of the
crest, buccal and palatal HW-1 mm, HW-3 mm, HW-5 mm are representing the measurements
performed at three levels below the bone crest. The depth of the socket was measured as the
deepest point of the socket to the bone crest. (C1) Measurement of the initial socket depth at the
middle of the socket (vertical yellow line), perpendicular to the crest. (C2) Final socket depth by
measuring the distance between the bone crest and the highest bone level at the middle of the
socket (blue dotted line). Socket fill is calculated by comparing the initial depth of the socket and the

depth after three months of healing.

Figure 4. Histological and micro-CT 2D analysis of the bone samples. (A) L-PRF group; (B) A-PRF+
group; (C) control group, and (D) summary of results. (1) haematoxylin and eosin staining overview,
(2) segmentation of bone (green) vs. soft tissue (blue), (3) micro-CT reconstruction. sd: standard

deviation.
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Supplementary information

Table S1. Inclusion and exclusion criteria. ASA-score: American Society of Anesthesiologist (ASA)-

score. Cl: central incisor, LI: lateral incisor, C: canine. Extracted teeth in () after drop-out.

Table S2. Distribution of implant placement and biopsy collection. The locations where an implant
was placed in the same position of a preserved socket are marked in bold. Pat: patient, GBR: guided

bone regeneration.

Table S3. Baseline radiographic measurements of the thickness of the buccal bone plate. sd: standard

deviation. No statistically significant differences were computed amongst groups (p>0.05).

Figure S1. CONSORT flow diagram of the progress of the study (randomized controlled clinical trial).

n= number of patients.

Figure S2. Micro-CT 3-D analysis of the bone samples. (A) L-PRF group; (B) A-PRF+ group; (C) control
group (unassisted healing), and (D) summary of results. In the 3D reconstructions from the micro-CT,
soft tissue is colored in blue, and bone in green. Th.Th: Trabecular thickness, Tb.N: trabecular

number, and Th.Sp: trabecular separation.
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