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Abstract

Osseointegration is defined as the direct deposition of bone onto biomaterial de-
vices, most commonly composed from titanium, for the purpose of anchoring dental
prostheses. The use of autologous platelet concentrates (APC) has the potential to
enhance this process by modifying the interface between the host and the surface of
the titanium implant. The rationale is to modify the implant surface and implant-bone
interface via “biomimicry,” a process whereby the deposition of the host's own pro-
teins and extracellular matrix enhances the biocompatibility of the implant and hence
accelerates the osteogenic healing process. This review of the available evidence re-
porting on the effect of APC on osseointegration explores in vitro laboratory studies
of the interaction of APC with different implant surfaces, as well as the in vivo and
clinical effects of APC on osseointegration in animal and human studies. The inherent
variability associated with using autologous products, namely the unique composi-
tion of each individual's blood plasma, as well as the great variety in APC protocols,
combination of biomaterials, and clinical/therapeutic application, makes it is difficult
to make any firm conclusions about the in vivo and clinical effects of APC on os-
seointegration. The available evidence suggests that the clinical benefits of adding
PRP and the liquid form of L-PRF (liquid fibrinogen) to any implant surface appear to
be limited. The application of L-PRF membranes in the osteotomy site, however, may
produce positive clinical effects at the early stage of healing (up to 6 weeks), by pro-
moting early implant stability and reducing marginal bone loss, although no positive
longer term effects were observed. Careful interpretation and cautious conclusions
should be drawn from these findings as there were various limitations in methodol-
ogy. Future studies should focus on better understanding of the influence of APCs on
the biomaterial surface and designing controlled preclinical and clinical studies using

standardized APC preparation and application protocols.
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1 | INTRODUCTION

Osseointegration is a complex process that involves a cascade of
events occurring at the tissue-implant interface following the in-
sertion of a biocompatible medical device, most commonly made
of titanium, into the human body.! These events involve clot for-
mation and the initial adsorption of serum components immediately
following implant placement, an immune-inflammatory response to
implant insertion, the migration and attachment of undifferentiated
mesenchymal cells onto the implant surface, their proliferation and
differentiation, the formation of extracellular matrix, and finally its
mineralization and maturation.> These biological mechanisms have
been described in various longitudinal studies in animals and hu-
mans, with a broad understanding that a rapid transition from an
early inflammatory response to a reparative pro-osteogenic environ-
ment is essential for successful osseointegration.?™

It is widely recognized that the characteristics of the implant sur-
face are critical to the nature of the subsequent bone healing post-
implantation. Surface topography in particular has been shown to be
highly influential, with microrough surfaces being able to promote
“contact” osteogenesis, whereby bone formation occurs directly on
the implant surface, as distinct from “distance” osteogenesis that is
associated with minimally rough (turned/machined) implant surfaces,
whereby the bone formation occurs from the surface of the surgically
created osteotomy bone margin toward the implant.® Contact osteo-
genesis is considered to be a desirable bone healing feature following
implant insertion as the consequent early formation of direct bone-
impact contact promotes the rapid establishment of “secondary” bone
stability that is able to withstand functional forces, thus allowing for
safe and predictable functional loading. Aside from surface topogra-
phy, various other surface modifications, including chemical and bio-
logical approaches, have been utilized to enhance osseointegration.®

Irrespective of the nature of the implant surface, it is widely rec-
ognized that the initial interactions of blood proteins with the implant
surface immediately following implantation are critically important
in determining the subsequent wound healing biological events. In
this context, the use of platelet concentrates has the potential to
modify the implant surfaces during the early stages of osseointe-
gration and hence influence these downstream healing events.” It
can be postulated that this surface modification utilizing autologous
blood products, namely autologous platelet concentrates (APC),
may act as a “biomimetic” coating on the biomaterial surface that
enhances the biocompatibility of the dental implant (which is essen-
tially a foreign body) by imparting extracellular matrix proteins and
growth factors native to the recipient, thereby enhancing the rate
and extent of bone formation during the osseointegration process.

The use of blood products in clinical practice for tissue heal-
ing improvement has been reported for more than six decades.®
Different protocols use various blood plasma fractionation ap-
proaches through centrifugation to obtain three main components:
plasma, buffy coat, and red blood cells. The anabolic properties of
hemoderivatives depend on the secretion of cytokines and chemo-
kines from the platelet-a-granules and from the fibrin network

interaction. Due to their autologous origins, hemoderivatives have
generated considerable interest in both the clinical setting and more
recently in osseointegration.10 Furthermore, growth factors such
as bone morphogenetic protein 2 (BMP-2), platelet-derived growth
factor beta-beta (PDGF-BB), and vascular endothelial growth factor
(VEGF), as well as fibrin matrix proteins are found in blood products
at a superior dose to that of blood and are hypothesized to directly
contribute to enhanced osteogenesis.'!

The general content at the blood protein-biomaterial interface
has been investigated and it is mainly composed of blood plasma
proteins, such as albumin, coagulation factors, complement system,
immunoglobulins, lipoproteins, other plasma components, and tissue
leakage proteins.}? The characteristics of the substrate, such as to-
pography and surface energy, may directly influence the mechanism
of protein adsorption, ranging from weak bonds (i.e., Van der Waals
interactions) to stronger electrostatic interactions.!® The inherent
complexity in the biomaterial-protein interface makes it difficult to
elucidate the precise interplay of protein adsorption and its subse-
quent effect on cells. Although controlling protein adsorption in vivo
is difficult, a recent study has highlighted the importance of tailoring
the protein adsorption on implantable devices. By controlling the
chemistry, morphology and topography of the biomaterial surface, a
shift in the protein adsorption from opsonins (accelerate phagocyto-
sis) to dysopsonins (retard phagocytosis) can be achieved which may
result in the attenuation of the immune response at the biomaterial
interface.}* As blood rapidly encounters biomaterial devices, it is im-
portant to understand how blood proteins interact with biomaterial
surfaces leading to superior osseointegration.

This review explores the nature of platelet concentrate-implant
interaction and how the interaction between different implant
surfaces and various platelet concentrate formulations can sub-
sequently influence osseointegration. The available evidence for
the influence of APC in osseointegration is outlined by reviewing
in vitro, preclinical and clinical studies that investigate the effect of
APC on osseointegration.

2 | LABORATORY TESTS ON
BIOFUNCTIONALIZATION OF IMPLANT
SURFACES WITH APCs

Several in vitro studies were identified which explored the in-
teraction of APC with implant surfaces, utilizing a range of APC
preparations and experimental assays (Table 1). Generally, it was
demonstrated that APC are able to positively enhance the bioac-

tivity of implant surfaces. Sanchez-llarduya et al.'®

investigated the
kinetics of growth factor release at pure grade IV titanium discs
functionalized with PRGF (nonactivated, activated with Ca, or with
Ca/thrombin), and correlated the results with the morphology of the
resulting interfaces. The main finding was that plasma rich in growth
factors (PRGF) activation and clot formation favors longer retention
times of the growth factors at the implant interfaces, likely due to

their retention in the adsorbed fibrin matrix.
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It is evident that not all implant surfaces react in a similar fashion
to the application of an APC. Lollobrigida et al.'” coated six commercial
pure titanium discs (three with a micro/nanorough Ossean® and three
minimally rough surfaces) via three different protocols: (a) 10min im-
mersion in liquid fibrinogen, (b) 5min immersion in L-PRF exudate, and
(c) 2min immersion in L-PRF exudate followed by 8 min in liquid fibrin-
ogen. Scanning electron microscopy revealed that coating with liquid
fibrinogen resulted in a dense fibrin network in direct contact with the
implant surface trapping a number of WBC and some RBC (Figure 1). In
contrast, coating with L-PRF exudate did not lead to a fibrin network,
and only a small number of WBC and RBC adhered to the titanium
surface, while coating with both L-PRF exudate and liquid fibrinogen
resulted in an apparent increase in the thickness of the fibrin layer.
The micro/nanorough surface showed an increased retention of fibrin,
leading to a thicker coating compared to the minimally rough surface.

Andrade et al.?° explored the first steps in the formation of
a fibrin network on different commercial implants with typical
surface characteristics (Astra Tech Osseospeed, Nobel Biocare
TiUnite, Straumann SLActive, Intra-Lock Ossean, and Plenum 3-D

printed surface). Each implant was soaked in liquid fibrinogen for

60min, fixed in 2% glutaraldehyde, and prepared for scan electron
microscopy (SEM) (Figure 2). SEM identified significant differ-
ences between the implant surfaces. The quality of the fibrin ma-
trix was clearly implant surface dependent. While some implants
(Osseospeed, TiUnite, and SLActive surface) were only partially
covered with a fibrin layer, the Ossean and Plenum surfaces were
fully packed in a dense fibrin network. The latter surfaces also
showed a denser and more uniform layer of fibrin that under higher
magnification seemed to follow the threats closely. Furthermore,
the thickness of the fibrin fibers and density of the fibrin mesh
also seemed higher on the Ossean and Plenum surfaces. The fi-
brin fibers on the Osseospeed, TiUnite, and SLActive surface
were mostly running parallel to the implant surface, whereas for
the Ossean and Plenum surface several fibrin fibers tended to run
perpendicularly to the surface. In addition to this perpendicular
attachment, the Plenum surface also showed a strong connection
between fibrin fibers and the surface irregularities, something that
was not seen on the other surfaces.

APC were also shown to have specific interactions with na-

noscale surface modifications that could be sensitive to the surface

FIGURE 1 Protocol for the evaluation of fibrin network formation when dipping an implant in liquid fibrinogen. (A) Implant soaked in
liquid fibrinogen for 60 min, (B) after careful removal of the implant, part of the liquid fibrinogen adhered to the implant, (C) SEM picture of
the implant. Note the tight contact between the implant surface and the coating. (D, E) Under high magnification the fibrin matrix becomes
more visible, with fibrin fibers running to/adhering to the implant surface.
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(Nobel Biocare™)

SLActive®
(ITI Straumann)

Ossean®
(Intra-Lock®)

Plenum
(Plenum Bioengenharia)
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FIGURE 2 Fibrin matrix on different dental implants (identified in far left column), examined via SEM at increasing magnification from left

to right (from Andrade et al.?°).

preparation methods. The crystalline phases of titania (TiO,) nano-
tube (TNT) coatings, achieved through anodization and subsequent
annealing at 350°C, 450°C, and 550°C, were exposed to PRP with
the aim of improving platelet adhesion and activation for enhanced
osseointegration.18 PRP was prepared by centrifugation of citrated
human blood at 200g for 10min. The top supernatant layer was re-
trieved and centrifugation was repeated using the same parameters,
and subsequently incubated for 30 and 60min to assess the num-
ber, viability, distribution, and morphology of the adhered platelets.
Platelet P-selectin (CD62P) and PDGF expression were used to indi-
cate platelet activation. The results revealed that the annealed group
at 450°C (4719 + 86) produced the highest release of PDGF (pg/mL)
followed by 350°C (4488 +74), 550°C (4400+82), and unannealed
(4241 +74). Furthermore, the platelets on the 350°C and 450°C an-
nealed TNT coating groups expressed the strongest CD62P fluores-
cence, followed by the 550°C annealed group and the unannealed
group. Thus, it was shown that changes in the crystalline phase of
TNT coatings on pure Ti surfaces have a positive impact on platelet
adhesion and activation behavior.

It has also been shown that the application of APC on titanium sur-
faces can enhance osteogenic cell activity. The direct application of
PRP on Ti6Al4V (rough, grit-blasted) was explored as a pretreatment

step to enhance osteoblast attachment, proliferation, and extracel-
lular matrix production.16 PRP was obtained from supernatants of
blood centrifuged at 150g for 10 min following leukocytes removal
(mean platelet count: 800/nL to 1100/nL). A fourfold increase in
platelet adhesion was reported on Ti surfaces when compared to tis-
sue culture plates (control) and threefold capacity on Ti surface when
PRP was added. Additionally, the number of cells was significantly
higher (twofold increase - *p <0.01), on the PRP-supplemented tita-
nium surfaces, as was ALP (fourfold) and calcium content (threefold).
It was proposed that the complex fibrin network tightly connected
with the cells may provide a natural three-dimensional niche in which
adhesion, migration, and proliferation are facilitated. The interaction
between the fibrin network and osteoblasts defines their fate and
osteogenic capacity, especially in response to the growth factors
PDGF-AA and transforming growth factor beta (TGF-p) that are
commonly found in PRP. It was nevertheless acknowledging that the
microenvironment included in this study does not recreate in vivo
conditions and take into consideration the complex inflammatory re-
sponse after biomaterial implantation.

1Y evaluated the osteogenic potential on either

Irastorza et a
machined or surface-modified Ti6Al4V surfaces supplemented with

plasma rich in growth factors (PRGF-liquid) or platelet-rich fibrin
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(PRF-gel) using human dental pulp stem cells (hDPSCs). PRGF was
produced by centrifugation of citrated human blood at 580g for 8 min
at room temperature, activated by adding 10% calcium chloride and
re-centrifuged at 3000g for 15min/4°C. PRF was obtained by centrif-
ugation at 580g for 8 min at room temperature. Fibrin clot membranes
were used to supplement hDPSCs culture at 20% vol/vol, similar to
previous reports. Both PRGF and PRF promoted hDPSCs osteogenic
commitment, as measured by alkaline phosphate assay and alizarin red
staining, especially on the modified surfaces. Gene expression of the
bone markers Runt-related transcription factor 2 (RUNX2) (immature
osteoblast) and secreted protein acidic and rich in cysteine (SPARC)
(intermediate secretory osteoblast) was increased in the presence of
PRGF and PRF, while the mature osteoblast marker transcription fac-
tor Sp7 (OSTERIX/SP7) was only enhanced in the presence of PRF.
It was concluded that the treatment of modified Ti6Al4V alloy sur-
faces with PRF induced osteogenic lineage commitment of hDPSCs.
Interestingly, a negative effect on osteoblast differentiation was ob-
served when PRGF was used, which may be due to the presence of
higher concentration of growth factors from soluble PRGF compared
to insoluble PRF. This differential influence of platelet concentrates on
cell function, including detrimental effects of high concentrations has
also been reported in other studies.??2

Taken together, the in vitro studies show that implant surface
coating with APC generally results in positive outcomes in terms of
surface modification and cell function, including enhanced osteo-
genic cell proliferation and differentiation.'®’ Furthermore, the na-
ture of the titanium implant surface can significantly impact on the
fibrin network and platelet adhesion and activation upon exposure
to APC. However, given the heterogeneity of the in vitro studies,
in terms of different APC preparation protocol, implant surfaces,
cell types, and experimental design, it is difficult to make specific
conclusions on the ideal surface-APC combinations for enhanced
osseointegration. Further exploration of the interaction of implant
surfaces and APC is required using standardized protocols, espe-
cially in terms of fibrin matrix structure and surface protein deposi-
tion. In terms of influence on cell function, rather than solely focus
on osteoblasts, it would be interesting to explore cells that are in-
volved in the earlier stages of wound healing, such as macrophages,
endothelial cells, and mesenchymal stem cells.

Notwithstanding the importance of in vitro studies to elucidate bi-
ological mechanisms, in vivo data are ultimately required to evaluate
the clinically relevant influence of APC on osseointegration, and the

next section explores the evidence from preclinical animal studies.

3 | PRECLINICAL ANIMAL STUDIES ON
BENEFITS OF AN IMPLANT COATING WITH
APCs

To answer the question whether APC influence titanium surfaces
and bone formation in preclinical (animal) experiments, a literature
review was performed in PubMed, Scopus, and Cochrane Library
using the following MESH term parameters:

((((“Platelet-Rich Fibrin"[Mesh]) OR “Platelet-Rich Plasma”[Mesh])
AND “Osseointegration”[Mesh]) AND “Dental Implants”[Mesh])

From 2654 hits (excluding duplicates), a total of 12 studies
(Table 2) were identified which reported on the effect of APC and in-
cluded a control group with unassisted supplement (no APC). The ref-
erences of the identified papers were screened for additional studies.
Generally the studies exhibited significant heterogeneity, with a great
variety of preclinical animal models, type of bone defects, and APC

protocols, making it difficult to draw robust conclusions.

3.1 | Animal model and time frame used in studies

The literature search identifies 12 animal studies (Table 2) that inves-
tigated the effect of APC on osseointegration. Nine papers explored
the use of PRP and three utilized L-PRF. Overall, the studies used a
canine model (4/12), rat (4/12), rabbit (2/12), minipig (1/12), or goat
(1/12). Mandibular alveolar bone defects, arguably the most applica-
ble model to human translation, represented only 3/12 of the studies
included.?42°3* The other 9/12 of studies used extraoral long bone
such as femur, tibia, and radius. Experimental follow up was predomi-
nantly conducted at one time point (9/12), with a minority of studies
(3/12) having more than one. Half of the studies included 12weeks
follow up, with the shortest time point being 2 weeks.*®

3.2 | Studies utilizing PRP

Early studies utilizing PRP showed mixed outcomes on in vivo os-

seointegration. Weibrich et al.?*

inserted self-tapping Branemark
TiUnite implants bilaterally in distal femurs of 20 male New Zealand
white rabbits, applying PRP in one of the 2 osteotomies. It was not
possible to identify any statistically significant differences in bone-
implant contact between the test and control groups. From studying
the bone mineralization pattern using fluorochrome staining, it was
noted that the impact of PRP might appear to be platelet concentra-
tion dependent, with a positive effect on bone regeneration seem-
ingly achieved from a very limited range of approximately 1x 10/
ul. Similarly, the application of platelet-rich plasma (PRP) to trigger
regeneration around implants (machined surface) in a dog jaw model
did not show any benefits.?® By using citrated blood, PRP was ob-
tained by centrifugation at 1510 g for 10min and subsequent acti-
vated by adding 10% calcium chloride (mean 1.5x 10° platelets/pL).
After 3months, bone-to-implant contact (BIC) and bone area (BA)
did not reveal any statistically significant differences for any of the
parameters between PRP and the natural clot groups.

.25 used a Wistar rats tibia

On the other hand, Fontana et a
model to compare the bone formation between titanium laminar im-
plants with or without PRP, and observed significantly more newly
formed bone in the PRP group than the control group. Similar re-

sults were also observed by Zechner et al.®

when MK Il Replace
and MK Il TiUnite implants were placed in mandibles of minipigs

previously coated with PRP produced by double centrifugation of
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citrated blood (28903 for 6 min and 153g for 12min). During the
early healing phase (6weeks), superior performance was observed
with the PRP group (control=24.2% vs. PRP=44.21%; *p=0.013).
No statistically significant differences were observed after 12 weeks
postimplantation (control=51.3% vs. PRP=44.2%; p=0.251). Based
also on previous reports,® the authors speculated that PRP contains
physiological doses of naturally occurring TGF and PDGF growth
factors that enhance angiogenesis and mitogenesis of mesenchymal
stem cells (MSCs) precursors, which subsequently differentiate into
osteoblasts during the early stages of healing.

The majority of more recent studies have failed to demonstrate
a positive influence of PRP on osseointegration. Streckbein et al.??
examined the benefits of combining PRP with different implant sur-
faces (Bradnemark MK IIl, Osseotite, Xive, and Compress) inserted
in each hemimandible of 12 female beagle dogs. No statistically
significant differences were seen between the PRP and non-PRP
group with respect to peri-implant bone remodeling and the re-
sulting bone-implant contact rates, either after 6 or 12weeks.
Similar results were observed by Kim et al.,*2 where platelet-rich
plasma alone was unable to trigger contact osteogenesis (osse-
ointegration) on sand-blasted and acid-etched (SLA) surfaces.
Implants were inserted in rabbit tibiae within “titanium tubes” and
were supplemented with either PRP or recombinant human bone
morphogenetic protein-2 (rhBMP-2). The titanium tubes served a
dual purpose aimed at specifically evaluating contact osteogene-
sis. First, they precluded the involvement of the resident bone in
the bone healing process, thus impeding distance osteogenesis,
and allowing for the study of contact osteogenesis only (Figure 3).
Second, they constrained the blood perfusion flowing to the im-
plant surface by permitting circulation solely from the peripheral
margins of the prepared osteotomy (openings of the tubes at the
base of the cortical bone). Samples were retrieved after 4 weeks
and analyzed by histomorphometry, including bone-to-implant
contact (BIC) and bone area (BA). The use of rhBMP-2 was shown
to induce statistically significant enhancement of contact osteo-
genesis on the implant surface compared to the PRP group (mean
BIC: 66.53+14.06% vs. 16.34+15.98%, *p=0.004). Thus, this in-
teresting model designed to evaluate the formation of contact os-
teogenesis failed to demonstrate a positive effect of PRP.

PRP effectiveness may be affected by implant surface charac-
teristics. PRP was tested for its influence on the early bone heal-
ing around Ti implants, with and without calcium phosphate (CaP)
coating installed, in goat femurs.?”?® PRP fractions of either gel or
liquid were applied onto sand-blasted/acid-etched Ti surfaces. Half
of the samples were additionally treated with a thin Ca-P coating.
The PRP protocol was described as “longer centrifugation time and
lower gravitational force” leading to a mean platelet yield recovery
of 1000x10%/mL. PRP gelation was triggered by adding 10% cal-
cium chloride solution and 3001U of bovine thrombin before implant
placement. Six weeks post implantation, the groups including PRP
failed to provide a beneficial influence on bone formation around
implants, as measured by BIC, BA, and endosteal bone formations
length (EBFL), when compared to the control. However, the authors

reported that the liquid version of PRP seemed to be slightly benefi-
cial when applied to roughened titanium implants (implants without
Ca-P coating) during the early postimplantation healing phase.

The use of PRP has been explored in compromised conditions. In
this context, cryoprecipitate PRP has demonstrated synergy with dif-
ferent titanium surfaces (anodized, nanoporous, and plain TiO,) and
enhances the implant stability in osteoporotic bone of rat femurs.°
Twelve weeks postimplantation, the combination of nanoporous
TiO, with PRP treatment demonstrated statistically significantly su-
perior performance, as measured by histomorphometry, p-CT scan,
and biomechanical evaluation. These results were subsequently val-
idated by gene expression analysis showing increased expression of
osteoprotegerin (OPG) and decreased levels of receptor activator of
NF-kB ligand (RANKL) for the nanoporous surface-PRP combina-
tion. Downregulation of osteoclastogenesis through the RANKL-OPG
pathway was therefore proposed as the biological mechanism for the
improved osseointegration, alongside increased expression of the
osteogenesis associated genes RUNX-2 and collagen type | alpha 1
(COL1A1). Similarly, the same osteoporosis model was used by Sun and
co-workers (2020)%! to test the ability of Ca-P coating supplemented
with cryoprecipitate PRP on Ti implants to enhance osseointegration
in tibias of rats. Twelve weeks postimplantation, statistically significant
superiority was observed for the Ca-P+ PRP group after pCT analysis,
biomechanical testing, and histomorphometric evaluation. The authors
concluded that the combination of Ca-P and PRP had an osteoinduc-
tive effect under osteoporotic conditions. It was therefore suggested
that this approach enhanced the connection between the bone and
the implant interface and hence may hold promise as a beneficial clini-
cal method in patients with osteoporosis.

3.3 | Studies utilizing L-PRF

The three animal studies utilizing L-PRF all reported a positive out-
come on osseointegration outcomes, such as bone-implant contact,
especially at early time points. A histological study in rabbit tibias®®
illustrated that when the implant surface was prewetted with L-PRF
exudate and an L-PRF membrane was inserted into the osteotomy
prior to implant placement, significantly more new bone formation
(32% vs. 12% at week 3, and 40% vs. 26% at week 4) could be ob-
tained, when compared to unassisted healing. Also, the bone-to-
implant contact was significantly higher in the L-PRF group (53% vs.
36% at week 3 and 55% vs. 39% at week 4).

Neiva et al.3

inserted implants in dogs, immediately after ex-
traction of their first mandibular molars. The entire gap between im-
plant and surrounding bony socket wall (>2mm in width) was either
filled with L-PRF membranes, or with blood only. After 6 weeks of
submerged healing, specimen were obtained for histological evalua-
tion. The absence of L-PRF around implants often resulted in partial
apical migration of the soft tissue into the gap (implant-bony walls),
while this was not observed in the presence of L-PRF. The presence
of L-PRF also resulted in a higher bone-to-implant contact area, and

often the entire gap was filled with well-vascularized healthy bone.
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FIGURE 3 H&E staining of bone formation in the experiment to evaluate the influence of substances from blood and bone. (A) In the
implant-only group, normal bone formation was observed around the SLA Tiimplants. (B) In the Ti tube +implant group, there were many
areas between the implant threads with no bone formation. (C) In the Ti tube +implant+ PRP group, no bone formation was observed
between many of the implant threads despite the PRP injection. (D) In the Ti tube +implant +rhBMP-2 group, bone formation (white

arrowheads) was clearly observed. Scale bars=500pm (from Kim et a

Benalcazar et al.®®

investigated the benefits of using L-PRF to
enhance osseointegration around dental implants by using both con-
ventional and wide osteotomies in a canine model (radius bone). L-
PRF membranes were produced by centrifugation at 2700rpm (408g
force) for 12min. After 3, 6, and 12weeks, bone-to-implant contact

(BIC) and bone area fraction occupancy (BAFO) were determined

1.32),

by histomorphometric analysis. BIC and BAFO demonstrated supe-
rior values for both variables at 3weeks between wide osteotomies
treated with L-PRF (~38% and ~56% for BIC and BAFO, respectively)
and regular osteotomy without L-PRF supplement (~20% for both BIC
and BAFO) (*p<00.03). L-PRF-coated implants demonstrated supe-
rior bone formation compared to wide osteotomies after 3weeks.
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3.4 | Summary of animal studies

As a result of the great variety in protocols, combination of biomate-
rials, and clinical/therapeutic applications, comparison between the
performances of different APC is challenging. This is mainly due to
the empirical origins of the APC (predominantly PRP) and the numer-
ous subsequent modifications to the method of preparation, mainly
in centrifugation speed and rotor distance, type of equipment, and
duration of centrifugation. Beyond these parameters, there is a great
variety of critical factors to be considered such as type of blood col-
lection tube, the use of anticoagulant reagents or activators, and the
recipient site. Future research approaches need to evaluate the type
of protein or groups of proteins in direct contact with the Ti surface
that will establish the first line of reaction between biomaterials and
inflammatory reaction once biomedical devices are implanted. This
may provide a more comprehensive understanding of the blood
plasma components - beyond the platelet and fibrin mesh role - and
their interaction with different Ti surfaces.

In the context of a Ti osseointegration supplemented with APC, the
formation of the unique interphase at the implant surface is also likely
to significantly influence the healing capacity. Interestingly, the APC
protocol not only modify the protein content and its resulting adsorp-
tion on the biomaterial surface, but also the characteristics of the fibrin
network that will eventually determine how cells attach and produce
extracellular matrix onto the Ti surface. The distinct APC-dependent
protein interphase formed on the Ti surface before implantation opens
new opportunities for controlling the early osteogenic events and
subsequent osseointegration. This biomaterial surface modification
can be considered to constitute a form of “clot tissue engineering,”%’
whereby the APC is utilized as a point-of-care approach to control the
interphase between the surface of an implantable device (i.e., Ti dental
implants) and the recipient for enhanced integration.

The development of these hemoderivatives has been mostly based
on empirical methods whereby clinical handling and ease of implanta-
tion were the essential parameters, while their biological composition
was largely overlooked. As a result, many contradictory results have
been reported, which may be attributed to the lack of manufacturing
standardization and the inherent patient-to-patient variation of the
commencing material (autologous blood).%® Therefore, while the pos-
sible benefits of APC in promoting the regeneration and reconstruc-
tion of orofacial tissues through biomaterial modification should be
acknowledged,”® the role of APC in osseointegration remains to be
elucidated. The next section explores the evidence of the use of APC

to promote osseointegration in clinical trials.

4 | CLINICAL STUDIES ON BENEFITS OF
AN IMPLANT COATING WITH APCs

To answer the question whether APC can improve implant stabil-
ity and reduce marginal bone loss, a literature review was per-
formed with the following search terms: platelet concentrates/PRP/
PRGF/PRF and osseointegration, platelet concentrates/PRP/PRGF/

PRF and biomimetics, platelet concentrates/PRP/PRGF/PRF and im-
plant stability, and platelet concentrates/PRP/PRGF/PRF and 1SQ.
Moreover, the references of the identified papers were screened
for additional studies.

Only clinical studies RCTs or CCTs were considered and a con-
trol group with unassisted healing was a requirement. A total of 16
studies (Table 3) met the inclusion criteria. The majority of studies
applied L-PRF (solid/liquid, n=13), some PRP (n=3), and none PRGF.

A large variety of applications (implant dipping in liquid, mem-
brane over surgical site before wound closure, APC matrix in osteot-
omy) as well as indications (immediate [filling the jumping gap], early/
late implant placement, immediate/early/late implant loading) have
been used, besides a large diversity of implant brands, which makes

the establishment of final evidence-based statements difficult.

4.1 | Implant stability

Thirteen studies reported on the effect/benefit of APC on the early

implant stability (compared to unassisted healing).

411 | PRP

A short-term pilot study was conducted to investigate the effect of
PRP on the implant stability by using ISQ values following one-stage
implant placement in the anterior edentulous mandible. The au-
thors reported no statistical difference was found in the 1ISQ values
between the control and test groups after 4 days of implant place-

t.3? Another clinical trial aimed to study the effect of PRP on the

men
outcome of early loaded implants in the posterior maxilla. No addi-
tional benefit in the mean 1SQ values between the control and test
groups was found over 36 months of observation periods.40 There
were several limitations of the study such as relatively small sample
size and variation in the observational periods. In summary, within
the limits of the clinical trials, those studies demonstrated that the
application of PRP at the time of implant placement do not offer ad-

ditional clinical benefits for implant stability and osseointegration.

41.2 | L-PRF

Clinical effects of L-PRF in osseointegration were investigated in
immediate implant placement protocol.*>*’ Oncii et al.*’ demon-
strated a statistically significant difference in the means of 1SQ val-
ues between the control and test groups at weeks 1 and 4 healing
periods, however the difference was no longer found after 3months
of healing. The authors concluded that L-PRF application could pro-
mote implant stability at the early healing periods. On the contrary,
in another clinical trial, an L-PRF membrane was directly applied to
the peri-implant region (large distance) following immediate implant
placement in the maxilla, showing no significant effect on implant
stability (1ISQ) values between the groups throughout the healing
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periods.*’ It is noteworthy that those results from the two clini-
cal trials cannot be directly compared due to several variations in
methodology: different locations of implant placement (posterior
vs. anterior dentition), L-PRF production protocol and application
approaches (socket coating vs. direct application), implant surface
characteristics and designs.

The remaining nine clinical studies investigated the effects
of L-PRF on implant placement at healed sites. Different L-PRF

products according to various L-PRF production protocols were

ISQatins (C: 25+3, T: 25+ 1),
>ISQat 1w (C: 47 + 6, T: 50+ 5),
>ISQat1m (C: 57 +4,T: 60+5),

ISQat 3m (C: 70+4, T: 68+ 6)

Ad(dition of L-PRF gave:

Conclusion

tested on implant stability. In two clinical trials, a liquid form of L-

PRF products was directly applied to implant surfaces before the

test

placement, demonstrating no significant difference between the

bone gain, - is bone loss); PPD, probing pocket

coated and noncoated groups.’™>2 Other clinical trials used differ-

ent L-PRF application protocols to ascertain any additional clinical

benefits. An L-PRF membrane was inserted into the prepared os-
42,46,48,50

control (n) T

teotomy site prior to implant placement in several studies,

or a combination approach of membrane insertion and direct appli-
cation of L-PRF exudates onto the implant surface was used in the
other studies.*>**%753 Regardless of the different L-PRF membrane

application approaches, some of the studies demonstrated initial

Outcome C

C: blood clot (30)

T: L-PRF exudate 4P
+1L-PRF membr ™ (30)

(n)

1SQ

positive effects of L-PRF on osseointegration by showing higher ISQ

inserted in osteotomy before implant insertion, ™=injected in osteotomy before

implant insertion, Clip=dipping implant into liquid, irr=irrigating/humidification implant surface. Different outcome variables, MBL, marginal bone level (+

depth; ISQ, implant stability quotient (Ostell); RAF, resonance frequency analysis (with transducer).

values at the early healing periods.*34%47>3 However, at week 12

or later, this initial improvement of implant stability dissipated, and
no clinical significance was noted at the long-term observation. On

Centrifuge RPM/
minutes
IntraSpin
3000rpm, 10 min

the contrary, the other studies failed to show any difference in the
mean 1SQ values between the L-PRF and control groups even at the
early time point.48'50 Therefore, it can be summarized that there is
no clear additional benefit of L-PRF use in immediate and delayed
implant placement protocol. It is important to note that there were
several limitations in the aforementioned studies such as small study
power, lack of standardization of the peri-implant region dimensions,
different implant systems, and L-PRF preparation protocols (rpm and
time), thus it is difficult to compare the results directly and draw a

robust conclusion from the studies.

Implant site info loading approach
implant brand implant surface

Healed sites
Nobel Replace

NR

4.2 | Marginal bone level

Six studies reported on the effect of platelet concentrates on the

peri-implant bone changes (again compared to unassisted healing).

21
UJ&LJ
=10/g=11
Age: 23-70years

421 | PRP

Subjects (n) treated
area gender age

Q

Khan et al.*? investigated the effects of local injection of PRP on

marginal bone loss and bone density around immediate implant

Study type
split-mouth

placement over 6 months of observational period, demonstrat-

RCT

ing no statistically significant differences in the crestal bone level

and bone density changes between the control and test groups.

(Continued)

There were a number of limitations with the study, including small
sample size (six cases per group), lack of each edentulous site in-

formation, short follow-up period, and no standardized depth of

Kapoor et al.>®
Abbreviations: ant, anterior; CGF, concentrated growth factor; Imm. plac, immediate implant placement; i-PRF, injectable PRF; JG, jumping gap; LJ, lower jaw; L-PRF, leucocyte- and platelet-rich fibrin; min,

minutes; post., posterior; PRGF, plasma-rich in growth factors; PRP, platelet-rich plasma; RCF, relative centrifugal force; rpm, revolutions per minute; UJ, upper jaw.

Note: Data in bold reached statistical significance. Different applications, ©'¢"”°"®=covering bone around implant, ™

@Patients: mix split-mouth/parallel concept.
PDifferent arms, unclear data comparison.

TABLE 3
Article

implant placement protocol. Within the limitations of the study,
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the authors concluded that local application of liquid form of PRP
following immediate implant placement did not result in any de-

crease in marginal bone loss.

422 | L-PRF

Three clinical trials*+*>%?

applied L-PRF membranes in the peri-
implant regions (jumping gaps) directly following immediate im-
plant placement. Although all three studies showed a tendency
of minor marginal bone-level changes in the L-PRF groups com-
pared to the control groups, only in one study this difference
reached a statistical significance.*” The mean marginal bone re-
sorption was higher at 12months in the control group (control
group 1.3+0.6mm vs. L-PRF group 0.7 +0.5mm), which reached
a statistically significant difference. However, it is interesting to
note that this difference was not translated into the mean gingival
recession values at 12 months (control group 0.51 mm vs. L-PRF
group 0.49 mm).*’

In another clinical trial, Boora et al.*? reported a reduction in the
marginal bone height changes in the L-PRF group at 3months and
it was statistically significant. However, a cautious interpretation of
the findings is required as the mean difference was less than 0.5mm
between the groups from the radiological analysis, and no detailed
information on the standardization of radiological technique was
reported. In addition, insufficient information on the implant dimen-
sions and edentulous sites profile was provided.

More recently, in a double blinded split-mouth RCT, de Oliveira

Fernandes et al.>?

investigated the effect of liquid PRF-coated im-
plant surface on osseointegration, survival rate, and marginal bone
loss up after 1year. No statistically significant difference was found
in any parameters between the control and PRF-coated groups.

Arakeeb et al.>* examined the benefits of placing small pieces of
L-PRF clots in the osteotomy by evaluating CBCT-assisted relative
bone density (RBD) at 6 and 12weeks. The authors demonstrated
that the application of L-PRF resulted in an increase in the relative
bone density compared to the control group at both time points.
However, it is important to realize that this new measuring tech-
nique has not been validated due to numerous technical difficulties
associated with CBCT images such as beam hardenings around im-
plant fixtures.

4.3 | Peri-implant soft tissues

Platelet concentrates have also been assessed for their ability to
promote peri-implant soft tissue healing. A split mouth RCT involv-
ing 20 fully edentulous patients found no statistically significant dif-
ferences in probing depths around PRP-treated and control implants
up to 12months follow up.>® Similarly, several other studies have
also reported no statistically significant changes in probing depths
following the application of L-PRF.%24445 However, a pilot clinical
trial showed that the application of an L-PRF membrane can increase

the width of keratinized mucosa around implants.56 Furthermore, a
recent RCT showed that L-PRF membranes enhance peri-implant
tissue wound healing, with gains in soft tissue width and thickness
around nonsubmerged implants.>” Therefore, the potential of L-PRF
membranes to enhance peri-implant soft tissue healing warrants
further investigation.

4.4 | Summary of clinical studies

Clinical benefits of PRP and liquid form of L-PRF application to any
implant surface seem limited to none in terms of implant stabil-
ity and marginal bone loss. The application of L-PRF membranes
in the osteotomy site, however, may produce positive clinical ef-
fects at the early stage of healing (up to 4-6weeks) by promot-
ing early implant stability and reducing marginal bone loss. These
conclusions are in accordance with recent systematic reviews. %8
However, such effects were short lived in those clinical trials and
careful interpretation and cautious conclusion should be drawn as
there were various limitations in methodology of the studies dis-
cussed earlier. One of the main concerns was that there was no
single standard preparation protocol for L-PRF products, making it
difficult to compare the results due to variations in the concentra-
tion of leukocytes and other immune cells in the different L-PRF

products.

5 | CONCLUSIONS AND FUTURE
DIRECTIONS

There is a sound rationale for the use of APC to modify the implant
surface to make it more biocompatible with the host and hence en-
hance the wound healing process leading to improved osseointegra-
tion. Indeed, in vitro laboratory studies consistently demonstrate that
APC are able to enhance the osteogenic functions of osteoblasts and
their precursors. However, based on the preclinical animal studies and
clinical trials, there is limited evidence for a clinically relevant effect,
especially for the use of PRP preparations. L-PRF appears to have some
potential to enhance the early stages of wound healing, but this needs
to be further explored. The available literature has significant limita-
tions not only due to the inherent difficulties of utilizing autologous
products, but also due to a lack of standardization of APC preparation
methodologies as well as the protocols for clinical application of the
products. It is also possible that the utilization of APC does not provide
any further biological benefit beyond the natural healing response or
any effect of APC is highly transient during the very early healing pro-
cess and hence does not influence the bone formation progress.
Future studies should focus on better understanding the influ-
ence of APC preparation and application protocols on the interac-
tion between proteins and implant surfaces and explore the in vitro
effects on not only bone forming cells, but also other cell types that
are critical during the early wound healing process, especially those
associated with inflammation and angiogenesis. Standardization of
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APC preparation and clinical application protocols is also important
to support wider clinical implementation. Finally, in order to circum-
vent the variability that arises from autologous products, the use of
“off-the-shelf” preparations could also be explored to assess the vi-
ability of the “biomimetics” approach for surface modification aimed
at enhancing osseointegration.
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