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Leukocyte- and platelet-rich fibrin (L-PRF) is a biomaterial commonly used in periodontology and
implant dentistry to improve healing and tissue regeneration, particularly as filling material in
alveolar sockets to regenerate bone for optimal dental implant placement. The objective of this
work was to evaluate the use of L-PRF as a safe filling and hemostatic material after dental
extractions (or avulsions) for the prevention of hemorrhagic complications in heart surgery patients
without modification of the anticoagulant oral therapy. Fifty heart surgery patients under oral
anticoagulant therapy who needed dental extractions were selected for the study. Patients were
treated with L-PRF clots placed into 168 postextraction sockets without modification of
anticoagulant therapy (mean international normalized ratio = 3.16 £ 0.39). Only 2 patients
reported hemorrhagic complications (4%), all of which resolved a few hours after the surgery by
compression and hemostatic topical agents. Ten patients (20%) showed mild bleeding, which
spontaneously resolved or was resolved by minimal compression less than 2 hours after surgery.
No case of delayed bleeding was reported. The remaining 38 patients (76%) showed an adequate
hemostasis after the dental extractions. In all cases, no alveolitis or painful events were reported,
soft tissue healing was quick, and wound closure was always complete at the time of suture
removal one week after surgery. The proposed protocol is a reliable therapeutic option to avoid
significant bleeding after dental extractions without the suspension of the continuous oral
anticoagulant therapy in heart surgery patients. Other applications of the hemostatic and healing
properties of L-PRF should be investigated in oral implantology.
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Prevention of Dental Hemorrhage Using L-PRF

ental extractions in heart sur-

gery patients treated with arti-

ficial mechanical heart valves

under anticoagulant oral ther-

apy (warfarin) can be difficult
as these patients present a significant risk for
postoperative hemorrhagic complications.’
Currently, many authors do not recommend
suspending the anticoagulant therapy and
replacing it with heparin before a minor
surgery to avoid serious thromboembolic
complications.>* To control the hemorrhagic
risk in patients under anticoagulant therapy,
several protocols have been proposed in the
literature. Some authors have recommended a
combination of local antifibrinolytic therapy
and hemostatic agents for the prevention of
postoperative bleeding due to oral surgery.*
Other authors have suggested that many
patients can safely undergo outpatient oral
surgical procedures without changes in their
regular therapeutic anticoagulant regimen and
without additional medical interventions, or by
using the tranexamic acid as an antifibrinolytic
local agent for 2 days after the surgery.””
Other protocols have recommended protect-
ing the alveolar extraction sockets with oxide
cellulose and fibrin glue in association with
tranexamic acid rinses after the surgery.®®
Other authors have proposed the sole use of
fibrin glue to prevent the hemorrhagic com-
plications, but these fibrin products are expen-
sive and raise the question of the potential for
infectious contaminations.'®'"

Recently, the use of platelet-rich plasma
(PRP) gel in postextraction sockets, with no
significant modification of anticoagulant oral
therapy, showed good results for preventing
postoperative bleeding in patients taking
anticoagulants.'? The objectives of the PRP
technologies are to gather the platelets from
an anticoagulated blood harvest and to reinject
these platelet suspensions into a damaged site
to promote healing through the massive
release of platelet growth factors."”>™'® In most
oral applications, the PRP suspension is acti-
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vated with bovine thrombin (or an equivalent
activator) to form a light fibrin gel (which is
easier to use in clinical applications, similar to a
fibrin glue). Many platelet concentrates are
expensive, however, and take quite a long time
to prepare, so their daily use remains difficult.'”
However, many different products have been
developed in this field,'”” and some PRP gel
techniques are efficient and inexpensive.'>'®'?

Platelet-rich fibrin (PRF) belongs to anoth-
er family of platelet concentrates (with a
denser fibrin architecture than the PRP gels
and a different cell/factor/matrix organiza-
tion)'”?° where the objective is to obtain a
dense autologous platelet-fibrin gel without
the use of anticoagulant and activator. The
PRF procedure was developed and perfected
by Choukroun et al?' and Dohan et al** and
is commonly classified as a leukocyte- and
platelet-rich fibrin (L-PRF) biomaterial.'”?° This
technique is simple and inexpensive: blood is
collected in tubes without anticoagulant and
is immediately centrifuged for 12 minutes.
Three layers appear in the tube: a red blood
cell base at the bottom, acellular plasma at the
top, and a strong PRF clot in the middle. The
healing properties of this material are related
to its dense fibrin scaffold®® and its platelet
and leukocyte content.>**® The PRF shows a
strong stimulation of most oral cell lineages in
vitro (osteoblasts, fibroblasts, keratinocytes,
bone mesenchymal stem cells)?”?® and is
currently used to improve soft tissue healing
and bone remodeling in oral**3*° and maxillo-
facial surgery, particularly in oral implantolo-
gy®'** and ear, nose, and throat surgery.>>3’
The PRF seems particularly efficient as osteo-
conductive filling material during the sinus-
lift procedure.®® However, in order to define
relevant clinical applications, PRF has to be
used as a fibrin-based living biomaterial, and
not only as a source of growth factors.>®

PRF is particularly useful in daily practice as
filling material for regenerating alveolar sock-
ets in order to place modern dental implants*
in regenerated bone ridges. This approach is



particularly interesting in more complex
situations, such as in patients with general
pathologies associated with delayed healing
or coagulation. The aim of this research, there-
fore, was to evaluate the use of PRF as an easy
and safe filling and hemostatic biomaterial in
the prevention of hemorrhagic complications
after dental extractions (or avulsions)*' in
heart surgery patients without modification
of the anticoagulant oral therapy.

MATERIALS AND METHODS

From January 2005 to January 2008 at the
Oral Surgery Department of the University of
Naples Federico I, 50 heart surgery patients
(28 women and 22 men) were selected for
the study. All patients were nonsmokers,
aged 47 to 67 years. They had a mechanical
heart valve substitution (21 with mitral valve
substitution and 29 with aortic valve substi-
tution) and followed an anticoagulant oral
therapy with warfarin (all with Coumadin
5 mg, 1 tablet per day in 24 patients and 1.5
tablet per day in 26 patients). Evaluated by
standard laboratory method, the mean inter-
national normalized ratio (INR) value was
3.16 = 0.39. All selected patients were in an
equilibrated cardiac condition and were only
treated by anticoagulant therapy; they were
taking no other cardiac medications.

All patients were informed about the
characteristics and the objectives of the study
and signed an informed consent disclosure
form that had been reviewed and approved
by the Committees for the Protection of
Human Subjects and Scientific Review. This
study and the patient’s informed consent
form were approved by the University of
Naples Federico Il Institutional Review Board.

After a local anesthesia without vasocon-
strictor agents, the patients underwent single
or multiple extractions for a total of 168 teeth.
No patient underwent more than 4 dental
extractions at the same time. None of the
patients suspended the anticoagulant oral
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therapy and none of the patients received
heparin before the surgical procedure. Gentle
luxation and extraction of the teeth were
performed to preserve the integrity of the
buccal and lingual plates (Figures 1 and 2).In a
few cases, the teeth were cut with a diamond
burr in 2 fragments to avoid periodontal bone
trauma during the extraction.

The PRF was prepared through a single
centrifugation of whole blood (PRF production
kits, Process, Nice, France) lasting 18 minutes.
Blood was collected without anticoagulant
from the brachial vein by a nurse 20 minutes
before the extractions, according to the
protocol for anticoagulated patients (ie, with
longer centrifugation time, 18 minutes instead
of 12 minutes). Each 9 mL tube produced one
PRF clot. The volume of harvested blood was
related to the number of dental extractions and
the quantity of PRF clots required to fill the
alveolar sockets (from 18 mL to 54 mL, or 2to 6
PRFs).2? After centrifugation, each PRF clot was
separated from the red blood cell base, con-
densed, modeled on a sterile metal plate
(Figure 1A), placed directly into the postextrac-
tion sockets, and stabilized by 3/0 silk suture
(Figure 2B).*> All extractions were performed
with minimal bone trauma to achieve an
adequate support for the PRF gel (Figures 1B
and 2A). There was always one PRF clot
introduced in each extraction site (Figure 2B).

Each surgical intervention had a maxi-
mum duration of 20 minutes to decrease
the surgical stress for the patient, and the
extraction/curettage part of the surgery
always lasted less than 5 minutes. However,
the patients remained under the care of
the department for several hours after the
surgical procedure. Bleeding assessments
were performed every 15 minutes for 3 hours
after the extractions, and then every hour for
the next 6 hours. This examination reported
the subjective evaluation of blood amount
on sterile gauze and the bleeding duration.

According to the classification by Souto
and colleagues,” we defined mild bleeding
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Ficure 1. (a) Platelet-rich fibrin (PRF) was prepared with a single centrifugation of whole blood. Using
the adequate sterile metal tool (PRF Box, Process, Nice, France), the PRF clot (up) can be modeled into
a strong fibrin membrane (down) or condensed PRF clots (lateral) that are easy to insert in
compression into the postextraction sockets. (b) A postextraction socket in the anterior maxilla just
after extraction in a patient who had undergone open heart surgery and was under anticoagulant
therapy. (c) Soft tissue healing 2 days after extraction and filling with a condensed PRF clot. No delayed
bleeding occurred. (d) At 7 days after surgery, the extraction socket is completely closed.

(e) At 7 days after surgery, after suture removal.

as bleeding that stopped spontaneously or
with minimal local compression, and severe
bleeding or major hemorrhagic complication
was defined as bleeding that did not stop
with previous measures and required con-
tinuous local compression using a gauze
pack soaked in an antifibrinolytic agent until
the bleeding stopped.

Furthermore the postextraction sites
were monitored every day after the surgery
(Figures 1C, 2C, and 2D) until the suture
removal to assess potential late hemorrhagic
complications and to evaluate pain and
tissue healing. The suture was removed
1 week after the surgery (Figures 1D and 1E).

To prevent infectious endocarditis com-
plications, the patients underwent intramus-
cular wide-spectrum antibiotic therapy with
ceftriaxone (1 g, once a day) and Nebcin
(5 mg/kg, twice a day) from 2 days before
until 3 days after the surgical procedures.
The medications were given at the hospital.
All patients followed a soft and liquid diet for
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24 hours after the surgery, without mouth
rinses over the same period. Oral hygiene
(mainly toothbrushing) was suspended for
24 hours after dental extractions.

ResuLTs

The proposed protocol achieved satisfactory
results, as presented in Tables 1 and 2. Each
patient underwent 1 to 4 extractions (mean
= 2.8 *= 1.2), for a total of 168 teeth (75
maxillary and 93 mandibular extractions).
There were only 2 hemorrhagic complica-
tions (4%); these occurred in 2 patients with an
INR of 3.7, a 61-year-old man and a 54-year-old
woman. These complications were solved in a
few hours by compression with sterile gauzes
and the local application of tranexamic acid. In
this study, we treated 14 patients with INR
values >3.5, and no bleeding complications
were reported in the remaining 12 patients.
Only 10 patients (20%) had mild postop-
erative bleeding (as defined by Souto et al®).



FIGURE 2. (a) Four postextraction sockets in the
anterior mandible (33, 32, 42, 43) just after
extraction in a patient who had undergone open
heart surgery and was under anticoagulant
therapy. (b) One PRF membrane was condensed
in each extraction socket and maintained in
position using a nonresorbable suture. (c) Soft
tissue healing 24 hours after extraction and filling
with PRF. The PRF membranes are still visible and
look like a whitish plug on the extraction sockets.
No delayed bleeding occurred. (d) At 72 hours
after surgery, the extraction sockets are covered
by a proliferative gingival tissue.

In these patients the bleeding spontaneously
resolved or was stopped using minimal
compression with gauzes and hemostatic
topical agents. This slight noncontinuous
bleeding always stopped in the 2 hours after
the surgical procedures. No case of delayed
bleeding was reported.

Sammartino et al

The remaining 38 patients (76%) showed
an adequate and complete hemostasis after
dental extractions, that is, they experienced
no hemorrhagic complications on the day of
the extractions and in the following 2 days.

No cases of alveolitis were reported in
the patients, and no patient complained
about notable postsurgical pain. Moreover, a
quick healing of the soft tissue around the
postextraction defects was already noted
2 days after the surgery. All alveolar sockets
were closed by a proliferating gingival tissue
at the time of suture removal 1 week after
surgery. After suture removal, no patients
complained of residual pain or discomfort.

All of the patients were monitored at the
medical and dental school (for dental care
and/or hygiene) for at least 1 year after the
dental extractions. No cases of endocarditis
and no thromboembolic events or other
postsurgical complications were observed in
the experimental group.

Discussion

Compared to other studies, the 4% (n = 2)
rate of hemorrhagic complications and 20%
(n = 10) rate of mild bleeding may seem
like a high prevalence of bleeding episodes.
However, these results are also related to
the thorough follow-up used in this study;
patients were kept in the department for
several hours after surgery. It is probable that
the early 20% mild bleedings would have
stopped alone, without our intervention, but
we did not take any risks with these patients.
Concerning the 4% hemorrhagic complica-
tions, the two patients (with INR of 3.7) in fact
showed an immediate postoperative hemor-
rhage related to inadequate placement of PRF
gel, probably because alveolar residual bone
was minimal and did not offer good retention
for the PRF clot. These events were thus
probably independent from the INR value. Still,
in these patients, the hemorrhagic complica-
tions were resolved in a few hours using simple
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TABLE 1

methods, that is, compression with sterile
gauzes and local application of tranexamic acid.

The intramuscular antibiotic therapy was
preferred to reduce the surgical complica-
tions (eg, pain, swelling, fever) after multiple
dental extractions according to the hospital
cardiologist’s recommendations. But this was
not the consensus procedure, and it was
probably not the simplest choice. The desire
to use a more classical antibiotic prophylaxis
for this kind of patient was recently dis-
cussed with the cardiologists at the hospital.
This situation illustrates the difficulty of
changing habits when different departments
are working together in big hospitals.

The clinical management of the heart
surgery patients under anticoagulant thera-
py during dental extractions requires the
practitioner to balance the risk of hemor-
rhagic complications against the risk of a
more serious thromboembolic event.**™*°
Previous recommendations were to interrupt
oral anticoagulant therapy before dental
extractions to prevent hemorrhage. Howev-
er, a review of the literature did not show
well-documented cases of serious bleeding

Study population

complications from oral surgery in patients
receiving therapeutic levels of continuous
warfarin sodium, whereas there were several

cases of embolic complications in patients
whose anticoagulant therapy was withdrawn
before the dental extractions.'? A recent
survey showed that in more than 950
patients receiving continuous anticoagulant
therapy and undergoing more than 2 400
oral surgical procedures, only 12 (1.3%)
needed more than local treatments to con-
trol the hemorrhage.”® The current consen-
sus recommends avoiding the interruption
of anticoagulant therapy and preventing
hemorrhagic complications by the simple
use of local measures, such as oxidized
cellulose mesh and tranexamic acid,” fibrin
adhesives, tranexamic acid on sterile gauze
associated to mouth rinses for 1 week after
the surgery, or even a PRP gel.'>#>%77>0
The results of this study could validate
the use of PRF during dental extractions for
the prevention of postoperative bleeding in
patients on anticoagulant therapy. However,
numerous other techniques can lead to
similar results; even if PRF is an inexpensive,

TABLE 2

Results of the study, sorted by international normalized ratio (INR) values
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easy, and quick procedure, it requires blood
collection and handling. Oxidized cellulose
mesh and tranexamic acid offer the same
kind of antihemorrhagic results and are
easy to handle. Still, the advantages of PRF
are not only related to its antihemorrhagic
properties; PRF is also a filling healing
biomaterial®'? and accelerates wound clo-
sure. Its immune content may help protect
the extraction sockets against unavoidable
infections, and by enhancing soft tissue
healing, PRF also reduces the duration of
the contamination of the surgical site by oral
bacteria. Indeed, in implant dentistry, many
different biomaterials for bone grafting can
be used in order to fill postextraction sockets
and optimize the quality of the future im-
plant site: autograft,>® xenograft,”* allograft,>**>
synthetic material,>>>° or even bioengineered
composite grafting material.>’°' The literature
is quite confusing and contradictory about the
value of these implantable materials,®* but it is
at least certain that they all become foreign
bodies once contaminated, whereas a PRF clot
always remains a natural filling material, that is,
a natural optimized blood clot. With L-PRF
filling, there are no side effects and no signi-
ficant discomfort and painful events.*

The limitations of the present research are
related to the small number of patients (n =
50) and the lack of a non-PRF control group.
Ethical considerations did not allow us to
evaluate the risk of bleeding without thera-
peutic intervention. However, from the ar-
chives of the department related to treatment
of this kind of patients between 2005 and
2008, we know that the results with an
absorbable oxidized cellulose mesh and tra-
nexamic acid on gauze after sutures were very
good in terms of hemorrhagic control: less
than 5% of patients experienced mild post-
operative bleeding, which was resolved using
compression with gauzes and hemostatic
topical agents. These results are very similar
to the published data and the current
consensus. However, postoperative pain or
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discomfort was often reported by the patients,
and we also noticed some cases of alveolitis.
Foreign materials inserted within fresh extrac-
tion sockets always disturb the healing
process, whereas PRF, because it is a natural
optimized blood clot, is completely tolerated.

Finally, despite the lack of a strictly com-
parable control group, the results of this study
allowed us to validate PRF as filling and anti-
hemorrhagic biomaterial during dental extrac-
tions in patients on anticoagulant therapy. The
natural conclusion is also that compression
with gauze with tranexamic acid may be the
ideal complement to the use of PRF as filling
biomaterial, particularly against early postop-
erative bleeding, even if it is often not necessary.

The production of PRF clots is easy and
inexpensive; many potential applications are
currently being developed and are slowly
being introduced in different fields of human
and animal medicine. These applications
could be very useful, particularly in poor
areas and developing countries. It is, for
example, cheaper and easier to use PRF in
patients on anticoagulant therapy than to
use commercial fibrin glues. However, in the
present application for dental extractions,
many other inexpensive products can lead to
similar results; the main advantage of PRF is
that it is also an autologous healing bioma-
terial, a natural optimized blood clot.

PRF has plastic and soft tissue—adhesive
properties, but this autologous material is
first highly bioactive. A single PRF membrane
slowly releases high amounts of growth
factors (such as transforming growth factor,
platelet-derived growth factor, vascular endo-
thelial growth factor) and matrix proteins such
as thrombospondin-1 (TSP-1) during at least
7 days.?®*%® Though TSP-1 is not properly a
coagulation factor, it plays a significant role in
the coagulation pathways. It functions as a
matricellular protein, that is, it is not a struc-
tural matrix protein but it modulates cell-
matrix interactions. In conjunction with von
Willebrand factor and fibrinogen, TSP-1 con-
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tributes to clot formation and even mediates
an alternative/backup mechanism to von Will-
ebrand factor.** Moreover, TSP-1 binds to von
Willebrand factor and protects it from prote-
olysis,®> thus maintaining the integrity of
platelet aggregates. The slow release of this
key molecule, and certainly many others,
clearly contributes to the antihemorrhagic
properties of the PRF clot. Thus, PRF could
be tested in many other clinical situations in
patients on anticoagulant therapy.

The slow release of molecules such as TSP-
1 certainly explains the immediate antihemor-
rhagic properties of the PRF clot. However, in
this study, no delayed bleeding was reported.
Delayed bleeding is a significant problem with
this kind of patients, and PRF allows this risk to
be controlled. Indeed, the slow release of
growth factors from the PRF membrane?® and
the strong fibrin architecture of the clot
accelerate and improve soft tissue and bone
healing.”>*” As the wound closure is acceler-
ated, delayed bleedings are logically avoided.
Moreover, PRF is rich in leukocytes,'”?” and
these cells may be a significant asset for
protecting the surgical sites against local
infections and associated delayed healing.

It is important to note that quite normal
PRF clots were produced in these patients
under anticoagulant therapy. Thus, these
medications do not seem to interfere signif-
icantly with the PRF natural polymerization
in the blood collection tube. This result
seems to confirm that the PRF production
process is mechanically induced and not
only biochemically driven, as even partially
anticoagulated blood can be processed into
PRF. From our experience, however, we must
recommend increasing the centrifugation
time in patients under anticoagulant therapy
(18 minutes) to guarantee the collection of
strong and reproducible PRF clots.

Finally, these results may open new
treatment opportunities for implant place-
ment after extraction in patients with general
pathologies associated with delayed healing
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or coagulation. Indeed, the use of L-PRF for
the protection of surgical sites in patients with
these complex conditions combines antihem-
orrhagic effects with a significant healing
stimulation of the tissues, and both effects
are necessary for a successful treatment,®**
and for the long-term health status of the
supporting tissues around implants.?® This
therapeutic approach has now to be tested
and validated in various clinical situations.

CONCLUSIONS

The use of PRF as filling and antihemorrhagic
biomaterial during dental extractions seems an
efficient option in heart surgery patients under
anticoagulant therapy. PRF is much cheaper
than fibrin glues and most PRP kits available.
This biomaterial, however, requires expert
handling and is more complicated to prepare
and use than oxidized cellulose gauze. The
main advantage of PRF is its versatility: PRF has
good antihemorrhagic properties and increas-
es tissue healing and wound closure, thus
allowing for a quick recovery without signifi-
cant painful events. Many other applications of
these antihemorrhagic and healing properties
could be tested and evaluated in patients on
anticoagulant therapy, particularly in oral
implantology. Further research is required.

REFERENCES

1. Scully C, Wolff A. Oral surgery in patients on
anticoagulant therapy. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod. 2002;94:57-64.

2. Little JW, Miller CS, Henry RG, Mcintosh BA.
Antithrombotic agents: implications in dentistry. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod. 2002;93:544-551.

3. Wahl MJ. Dental surgery in anticoagulated
patients. Arch Intern Med. 1998;158:1610-1616.

4. Gaspar R, Brenner B, Ardekian L, Peled M, Laufer D.
Use of tranexamic acid mouthwash to prevent postoper-
ative bleeding in oral surgery patients on oral anticoag-
ulant medication. Quintessence Int. 1997;28:375-379.

5. Souto JC, Oliver A, Zuazu-Jausoro |, Vives A,
Fontcuberta J. Oral surgery in anticoagulated patients
without reducing the dose of oral anticoagulant: a
prospective randomized study. J Oral Maxillofac Surg.
1996;54:27-32; discussion 323.

6. Campbell JH, Alvarado F, Murray RA. Anticoag-
ulation and minor oral surgery: should the anticoagu-



lation regimen be altered? J Oral Makxillofac Surg.
2000;58:131-135; discussion 135-136.

7. Beirne OR. Evidence to continue oral anticoag-
ulant therapy for ambulatory oral surgery. J Oral
Maxillofac Surg. 2005;63:540-545.

8. Carter G, Goss A. Tranexamic acid mouthwash—
a prospective randomized study of a 2-day regimen vs
5-day regimen to prevent postoperative bleeding in
anticoagulated patients requiring dental extractions.
Int J Oral Maxillofac Surg. 2003;32:504-507.

9. Carter G, Goss A, Lloyd J, Tocchetti R. Tranexamic
acid mouthwash versus autologous fibrin glue in
patients taking warfarin undergoing dental extractions:
a randomized prospective clinical study. J Oral Max-
illofac Surg. 2003;61:1432-1435.

10. Rakocz M, Mazar A, Varon D, Spierer S, Blinder
D, Martinowitz U. Dental extractions in patients with
bleeding disorders. The use of fibrin glue. Oral Surg Oral
Med Oral Pathol. 1993;75:280-282.

11. Zanon E, Martinelli F, Bacci C, Zerbinati P,
Girolami A. Proposal of a standard approach to dental
extraction in haemophilia patients. A case-control study
with good results. Haemophilia. 2000;6:533-536.

12. Della Valle A, Sammartino G, Marenzi G, et al.
Prevention of postoperative bleeding in anticoagulated
patients undergoing oral surgery: use of platelet-rich
plasma gel. J Oral Maxillofac Surg. 2003;61:1275-1278.

13. Garcia RV, Gabrielli MAC, Hochuli-Vieira E, et al.
Effect of platelet-rich plasma on peri-implant bone repair: a
histologic study in dogs. J Oral Implantol. 2010;36:281-290.

14. Oktay EO, Demiralp B, Senel S, Akman AC,
Eratalay K, Akincibay H. Effects of platelet-rich plasma
and chitosan combination on bone regeneration in
experimental rabbit cranial defects. J Oral Implantol.
2010;36:175-184.

15. Rutkowski JL, Johnson DA, Radio NM, Fennell JW.
Platelet rich plasma to facilitate wound healing following
tooth extraction. J Oral Implantol. 2010;36:11-23.

16. Trindade-Suedam IK, de Morais J, Faeda RS,
et al. Bioglass associated with leukocyte-poor platelet-
rich plasma in the rabbit maxillary sinus: histomorpho-
metric, densitometric, and fractal analysis. J Oral
Implantol. 2010;36:333-344.

17. Dohan Ehrenfest DM, Rasmusson L, Albrektsson
T. Classification of platelet concentrates: from pure
platelet-rich plasma (P-PRP) to leucocyte- and platelet-
rich fibrin (L-PRF). Trends Biotechnol. 2009;27:158-167.

18. Eby BW. Platelet-rich plasma: harvesting with a
single-spin centrifuge. J Oral Implantol. 2002;28:297-301.

19. Rutkowski JL, Thomas JM, Bering CL, et al.
Analysis of a rapid, simple, and inexpensive technique
used to obtain platelet-rich plasma for use in clinical
practice. J Oral Implantol. 2008;34:25-33.

20. Dohan Ehrenfest DM, Del Corso M, Diss A,
Mouhyi J, Charrier JB. Three-dimensional architecture
and cell composition of a Choukroun'’s platelet-rich fibrin
clot and membrane. J Periodontol. 2010;81:546-555.

21. Choukroun J, Adda F, Schoeffler C, Vervelle A.
Une opportunité en paro-implantologie: le PRF. Im-
plantodontie. 2001;42:55-62.

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

23. Clark RA. Fibrin and wound healing. Ann N Y
Acad Sci. 2001;936:355-367.

Sammartino et al

24. Dohan DM, Choukroun J, Diss A, et al. Platelet-
rich fibrin (PRF): a second-generation platelet concentrate.
Part II: platelet-related biologic features. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod. 2006;101:e45-e50.

25. Dohan DM, Choukroun J, Diss A, et al. Platelet-
rich fibrin (PRF): a second-generation platelet concen-
trate. Part Ill: leucocyte activation: a new feature for
platelet concentrates? Oral Surg Oral Med Oral Pathol
Oral Radiol Endod. 2006;101:e51-e55.

26. Dohan Ehrenfest DM, de Peppo GM, Doglioli P,
Sammartino G. Slow release of growth factors and
thrombospondin-1 in Choukroun'’s platelet-rich fibrin
(PRF): a gold standard to achieve for all surgical platelet
concentrates technologies. Growth Factors. 2009;27:
63-69.

27. Dohan Ehrenfest DM, Diss A, Odin G, Doglioli P,
Hippolyte MP, Charrier JB. In vitro effects of Choukroun’s
PRF (platelet-rich fibrin) on human gingival fibroblasts,
dermal prekeratinocytes, preadipocytes and maxillofa-
cial osteoblasts in primary cultures. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod. 2009;108:341-352.

28. Dohan Ehrenfest DM, Doglioli P, de Peppo GM,
Del Corso M, Charrier JB. 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. 2010;55:185-194.

29. Choukroun J, Diss A, Simonpieri A, et al. Platelet-
rich fibrin (PRF): a second-generation platelet concentrate.
Part IV: clinical effects on tissue healing. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod. 2006;101:e56-e60.

30. Choukroun J, Diss A, Simonpieri A, et al. Platelet-
rich fibrin (PRF): a second-generation platelet concen-
trate. Part V: histologic evaluations of PRF effects on
bone allograft maturation in sinus lift. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod. 2006;101:299-303.

31. Diss A, Dohan DM, Mouhyi J, Mahler P. Osteo-
tome sinus floor elevation using Choukroun'’s platelet-rich
fibrin as grafting material: a 1-year prospective pilot study
with microthreaded implants. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 2008;105:572-579.

32. Simonpieri A, Del Corso M, Sammartino G,
Dohan Ehrenfest DM. The relevance of Choukroun’s
platelet-rich fibrin and metronidazole during complex
maxillary rehabilitations using bone allograft. Part I: a
new grafting protocol. Implant Dent. 2009;18:102-111.

33. Simonpieri A, Del Corso M, Sammartino G,
Dohan Ehrenfest DM. The relevance of Choukroun’s
platelet-rich fibrin (PRF) and metronidazole during
complex maxillary rehabilitations using bone allograft.
Part Il: implant surgery, prosthodontics and survival.
Implant Dent. 2009;18:220-229.

34. Simonpieri A, Choukroun J, Del Corso M, Sam-
martino G, Dohan Ehrenfest DM. Simultaneous sinus-lift
and implantation using microthreaded implants and
leukocyte- and platelet-rich fibrin as sole grafting material:
a six-year experience. Implant Dent. 2011;20:2-12.

35. Choukroun J, Braccini F, Diss A, Giordano G,
Doglioli P, Dohan DM. Influence of platelet rich fibrin
(PRF) on proliferation of human preadipocytes and
tympanic keratinocytes: a new opportunity in facial
lipostructure (Coleman’s technique) and tympanoplas-
ty? Rev Laryngol Otol Rhinol (Bord). 2007;128:27-32.

36. Braccini F, Dohan DM. The relevance of Chouk-
roun’s platelet rich fibrin (PRF) during facial aesthetic
lipostructure (Coleman'’s technique): preliminary results.
Rev Laryngol Otol Rhinol (Bord). 2007;128:255-260.

Journal of Oral Implantology 689



Prevention of Dental Hemorrhage Using L-PRF

37. Charrier JB, Monteil JP, Albert S, Collon S, Bobin S,
Dohan Ehrenfest DM. Relevance of Choukroun’s platelet-
rich fibrin (PRF) and SMAS flap in primary reconstruction
after superficial or subtotal parotidectomy in patients
with focal pleiomorphic adenoma: a new technique. Rev
Laryngol Otol Rhinol (Bord). 2008;129:313-318.

38. Mazor Z, Horowitz RA, Del Corso M, Prasad HS,
Rohrer MD, Dohan Ehrenfest DM. Sinus floor augmen-
tation with simultaneous implant placement using
Choukroun’s platelet-rich fibrin as the sole grafting
material: a radiologic and histologic study at 6 months.
J Periodontol. 2009;80:2056-2064.

39. Del Corso M, Sammartino G, Dohan Ehrenfest
DM. Choukroun’s platelet-rich fibrin (PRF) membranes
in periodontal surgery: understanding the biomaterial
or believing into the magic of growth factors? J
Periodontol. 2009;80:1694-1697.

40. Dohan Ehrenfest DM, Coelho PG, Kang BS, Sul
YT, Albrektsson T. Classification of osseointegrated
implant surfaces: materials, chemistry and topography.
Trends Biotechnol. 2010;28:198-206.

41. Dohan Ehrenfest DM, Vazquez L. Pulling out,
extraction or avulsion? Implant Dent. 2008;17:4.

42. Silverstein LH, Kurtzman GM, Shatz PC. Suturing
for optimal soft-tissue management. J Oral Implantol.
2009;35:82-90.

43. Bailey BM, Fordyce AM. Complications of dental
extractions in patients receiving warfarin anticoagulant
therapy. A controlled clinical trial. Br Dent J. 1983;155:
308-310.

44. DeClerck D, Vinckier F, Vermylen J. Influence of
anticoagulation on blood loss following dental extrac-
tions. J Dent Res. 1992;71:387-390.

45, Martinowitz U, Mazar AL, Taicher S, et al. Dental
extraction for patients on oral anticoagulant therapy.
Oral Surg Oral Med Oral Pathol. 1990;70:274-277.

46. Wahl MJ. Myths of dental surgery in patients
receiving anticoagulant therapy. J Am Dent Assoc.
2000;131:77-81.

47. Borea G, Montebugnoli L, Capuzzi P, Magelli C.
Tranexamic acid as a mouthwash in anticoagulant-
treated patients undergoing oral surgery. An alterna-
tive method to discontinuing anticoagulant therapy.
Oral Surg Oral Med Oral Pathol. 1993;75:29-31.

48. Devani P, Lavery KM, Howell CJ. Dental
extractions in patients on warfarin: is alteration of
anticoagulant regime necessary? Br J Oral Maxillofac
Surg. 1998;36:107-111.

49. Ramstrom G, Sindet-Pedersen S, Hall G, Blom-
back M, Alander U. Prevention of postsurgical bleeding
in oral surgery using tranexamic acid without dose
modification of oral anticoagulants. J Oral Makxillofac
Surg. 1993;51:1211-1216.

50. Sindet-Pedersen S, Ramstrom G, Bernvil S,
Blomback M. Hemostatic effect of tranexamic acid
mouthwash in anticoagulant-treated patients undergo-
ing oral surgery. N Engl J Med. 1989;320:840-843.

51. Jang ES, Park JW, Kweon H, et al. Restoration of
peri-implant defects in immediate implant installations
by Choukroun platelet-rich fibrin and silk fibroin
powder combination graft. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 2010;109:831-836.

52. Lee EH, Kim JY, Kweon HY, et al. A combination
graft of low-molecular-weight silk fibroin with Choukroun
platelet-rich fibrin for rabbit calvarial defect. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod. 2010;109:e33-e38.

690 Vol. XXXVII/No. Six/2011

53. Acocella A, Sacco R, Nardi P, Agostini T. Early
implant placement in bilateral sinus floor augmentation
using iliac bone block grafts in severe maxillary
atrophy: a clinical, histological, and radiographic case
report. J Oral Implantol. 2009;35:37-44.

54. Develioglu H, Saraydin SU, Kartal U, Taner L.
Evaluation of the long-term results of rat cranial bone
repair using a particular xenograft. J Oral Implantol.
2010;36:167-174.

55. Podaropoulos L, Veis AA, Papadimitriou S,
Alexandridis C, Kalyvas D. Bone regeneration using
beta-tricalcium phosphate in a calcium sulfate matrix. J
Oral Implantol. 2009;35:28-36.

56. Potijanyakul P, Sattayasansakul W, Pongpanich
S, Leepong N, Kintarak S. Effects of enamel matrix
derivative on bioactive glass in rat calvarium defects.
J Oral Implantol. 2010;36:195-204.

57. Lee CYS, Rohrer MD, Prasad HS, Stover JD,
Suzuki JB. Sinus grafting with a natural fluorohydroxy-
apatite for immediate load: a study with histologic
analysis and histomorphometry. J Oral Implantol.
2009;35:164-175.

58. Mangano C, Piattelli A, Tettamanti L, et al.
Engineered bone by autologous osteoblasts on poly-
meric scaffolds in maxillary sinus augmentation: histo-
logic report. J Oral Implantol. 2010;36:491-496.

59. Marei MK, Saad MM, El-Ashwah AM, El-Backly
RM, Al-Khodary MA. Experimental formation of peri-
odontal structure around titanium implants utilizing
bone marrow mesenchymal stem cells: a pilot study. J
Oral Implantol. 2009;35:106-129.

60. Toscano N, Holtzclaw D, Mazor Z, Rosen P,
Horowitz R, Toffler M. Horizontal ridge augmentation
utilizing a composite graft of demineralized freeze-
dried allograft, mineralized cortical cancellous chips,
and a biologically degradable thermoplastic carrier
combined with a resorbable membrane: a retrospec-
tive evaluation of 73 consecutively treated cases
from private practices. J Oral Implantol. 2010;36:467—
474.

61. Urban |, Caplanis N, Lozada JL. Simultaneous
vertical guided bone regeneration and guided tissue
regeneration in the posterior maxilla using recombi-
nant human platelet-derived growth factor: a case
report. J Oral Implantol. 2009;35:251-256.

62. Winkler S, Morris HF. Dental implant research: a
perspective. J Oral Implantol. 2009;35:3-4.

63. Dohan Ehrenfest DM. How to optimize the
preparation of leukocyte- and platelet-rich fibrin (L-PRF,
Choukroun’s technique) clots and membranes: intro-
ducing the PRF Box. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 2010;110:275-278; author reply 278-280.

64. Jurk K, Clemetson KJ, de Groot PG, et al.
Thrombospondin-1 mediates platelet adhesion at high
shear via glycoprotein Ib (GPIb): an alternative/backup
mechanism to von Willebrand factor. FASEB J. 2003;17:
1490-1492.

65. Bonnefoy A, Daenens K, Feys HB, et al.
Thrombospondin-1 controls vascular platelet recruit-
ment and thrombus adherence in mice by protecting
(sub)endothelial VWF from cleavage by ADAMTS13.
Blood. 2006;107:955-964.

66. Adibrad M, Shahabuei M, Sahabi M. Significance
of the width of keratinized mucosa on the health status
of the supporting tissue around implants supporting
overdentures. J Oral Implantol. 2009;35:232-237.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Settings for the Rampage workflow.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




