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PRP in Oral and Maxillofacial Surgery 8
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Introduction

Oral and Maxillofacial surgery (OMS) covers a wide variety of procedures, from den-
toalveolar surgeries such as extractions and dental implants, to soft tissue reconstruc-
tion, to orthognathic jaw surgery. The American Association of Oral and Maxillofacial
Surgeons tries to explain the scope to dental students by dividing into six categories,
dentoalveolar surgery, infections, pathology, trauma, orthognathic surgery, cleft/cra-
niofacial reconstruction, TMJ, and facial cosmetics. The field, thus, has long searched
for methods to aid in post-surgical healing, remodeling, and regeneration.

When teeth are extracted, bone remodeling is essential to the recovery process.
Third molar extraction is a common procedure in Oral and Maxillofacial surgery.
Approximately ten million wisdom teeth are extracted from five million patients
every year in the United States [1]. Similarly, dental implants are a part of daily
practice and often the ideal treatment for replacing missing teeth. Branemark et al.
first described the use of the modern-day implant in North America in 1982 [2].
With technological advancements, such as cone beam computed tomography
(CBCT) and intra-oral scanning, practitioners can plan the treatment of more
advance cases and have improved clinical outcomes. More complex cases often
require technically demanding hard and/or soft tissue augmentation. As the need for
bone augmentation increases, the dental literature has become flooded with numer-
ous techniques and materials. One, of recent excitement, is the use of platelet-rich
plasma and platelet-rich fibrin. Marx first described the use of platelet-rich plasma
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(PRP) and platelet-rich fibrin (PRF) in the dental field in 1998 where he reported
positive healing of the alveolar bone with its use [3]. Platelet-rich plasma/fibrin has
since gained substantial popularity in the dental and medical community.

PRP is a concentration of platelet and plasma proteins derived from whole blood
that is placed in a centrifuge to remove the red blood cells. PRP production involves
the use of anticoagulants. PRF, however, is made without the use of anticoagulants,
and the blood is immediately placed into the centrifuge after phlebotomy. This
allows the coagulation cascade to occur causing a PRF matrix to be formed in the
test tube that traps cytokines and other growth factors (see Chap. 3, PRP Preparation).
PRP is believed to work via the degranulation of the alpha granules in platelets
which contain several growth factors [4]. PRP contains a variety of growth factors/
cytokines such as transforming growth factor beta (TGF-beta), platelet-derived
growth factor (PDGF), insulin-like growth factor (IGF), and epidermal growth fac-
tor (EGF). While both PRP and PRF contain many of the same growth factors,
much research is being invested into the quantity. Given the matrix formed in PRF,
it is believed that the growth factors are released slowly over time as compared to
PRP, but some of the amount of these cytokines may be lost in the process. A study
preformed observed the growth factors released from PRP and PRF over a period.
The highest produced growth factors were PDGF-AA, PDGF-BB, TGFB1, VEGF,
and PDGF-AB. PRP was demonstrated to provide the highest growth factor in the
short term. Over a 10-day period, however, they noted that PRF released the highest
amounts of total growth factor [5].

It is well known that PDGF/IGF-1, when added to bone defects and implants,
promotes osteoblasts and osteointegration [6]. Although numerous studies have
demonstrated statistical significance from a biological basis, none to our knowledge
have formulated a concrete clinical difference [7, 8]. A systematic review was con-
ducted to determine the efficacy of PRP for non-transfusion use in the fields of
dentistry, orthopedics, and wound care. The authors retrieved a total of 1240 refer-
ences and found statistically significant results regarding the use of PRP in treat-
ment of intra-bony defects as well as bone augmentation for implant placement.
However, the authors in this study noted a high risk of bias in the individual studies
due to lack of randomization and blinding [9].

Platelet-rich products are being utilized and studied in each of the disciplines of
OMS. This chapter will explore its use in dentoalveolar (specifically extractions,
ridge augmentation, and dental implants), in reconstruction (cleft/craniofacial, bone
and soft tissue defects), as well as in pathology (medication-related osteonecrosis of
the jaw) and TMJ disorders. Its use in facial cosmetics will be explored in other
chapters of this book (see Chap. 5, Hair Restoration, and Chap. 6, Facial Rejuvenation).

Dentoalveolar
Extraction Sockets

PRP and PRF have been hypothesized to aid in bone healing after extraction sockets.
Since extraction of third molars is so common, they are useful models for


https://doi.org/10.1007/978-3-030-94269-4_3
https://doi.org/10.1007/978-3-030-94269-4_5
https://doi.org/10.1007/978-3-030-94269-4_6

8 PRPin Oral and Maxillofacial Surgery and Dental Implants 83

investigating this theory. Mandibular third molar extractions specifically are generally
more painful and have more postoperative complications than maxillary third molars.
PRF has long thought to provide benefit in regard to reducing the incidents of alveolar
osteitis, pain, trismus, and swelling following extraction of third molars. The reason
for this is due to the enhanced healing by the growth factors. In 2017 a study was
published in the Journal of Oral and Maxillofacial Surgery in which they conducted a
systematic review and meta-analysis to determine the efficacy of platelet-rich fibrin
after third molar extractions [10]. They concluded that limited evidence exists and
there is a need for standardized randomized controlled trials to truly determine the
efficacy of PRF. The meta-analysis only found six papers published in this topic with
all of them from outside of the United States. There has been a huge push for the use
of platelet-rich fibrin in all aspects of medicine with dentistry included.

A Cochrane review was published in 2020 that included 62 trials and 4643 par-
ticipants to explore surgical techniques of mandibular third molar extractions. The
authors found “lacing platelet-rich plasma (PRP) or platelet-rich fibrin (PRF) in
sockets may reduce the incidence of alveolar osteitis (OR 0.39, 95% CI 0.22-0.67;
2 studies) [11].” Zhu et al. published a meta-analysis in 2021 that included 42 stud-
ies, stating that PRF significantly reduced the incidence of both alveolar osteitis and
postoperative pain [12]. Malhotra et al. preformed a study exploring bone regenera-
tion in extraction sockets of third molars and found that faster bone formation in the
PRF sockets compared to the control [13]. The data is still imperfect in regard to
clear benefit; it appears biologically plausible that platelet-rich products are benefi-
cial in the wound healing process of third molar extractions.

Implant Osteointegration

A systematic review conducted in 2014 determined the 10-year survival rate of
dental implants is approximately 94.6% [14]. As clinicians, it is hard to ask for bet-
ter odds, yet as dentistry advances, patients are expecting a guarantee. Current
research is looking at how to shorten the integration time and time to prosthesis.
PRP and PRF can possibly serve a role in this purpose.

A split mouth randomized clinical trial was conducted involving PRF and
implants in the posterior maxilla. Implant stability was determined using resonance
frequency analysis at 2, 4, and 6 weeks after placement. The authors found statisti-
cally significant increased ISQ at the 6-week period with implants placed using PRF
[15]. The study is limited in that it only includes 20 patients. While the statistically
significant result does not necessarily correlate to meaning clinically significant, it
does demonstrate that biologically, PRF is having some sort of measurable effect.
Another study performed using 72 dental implants in 9 beagles attempted to analyze
the bone remodeling using PRP and PRF. After 3-month follow-up, the authors
concluded that there was no increase in primary or secondary implant stability, but
they did see a biological improvement in the peri-implant bone volume and struc-
tural integration [16].

In a randomized, single-blinded, controlled clinical trial, involving placing 41
immediate implants, half received PRF at the peri-implant region and half did not; the
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authors found no increased implant stability when using radiofrequency analysis [17].
Although clinical effects have yet to be established, a biological effect is being consis-
tently observed. In one in vitro study in which roughened titanium dental implants
were treated with PRP, the authors found that the number of cells observed around the
implant at day 5 was double that of the non-PRP coated [18]. In another study where
titanium implants were placed in the femurs of rats using PRF, the authors found that
the PRF caused an osseoinductive response as compared to the control [19].

Keratinized Soft Tissue

The utilization of PRF has been associated with better epithelialization and improved
soft tissue healing. The growth factors that constitute PRP and PRF promote fibro-
blasts and other healing mechanisms. With this information it is logical that PRP
and PRF cause a better soft tissue response after surgical procedure. Many studies
have demonstrated both a faster remodeling and an increased thickness in keratin-
ized mucosa when using PRP or PRF. A randomized, split-mouth design was con-
ducted for eight patients who needed bilateral widening of keratinized mucosa
around dental implants in the mandible. On one side of the mouth, a free gingival
graft was placed, while on the other, a PRF membrane was placed. The mean amount
of keratinized mucosa at the implant at the PRF-only site was 3.3 mm = 0.9 and
3.8 mm = 1.0 at the free gingival graft site [20]. The use of PRF membranes may
provide an alternative to restoring the keratinized gingiva around implants. PRF
membranes are a great alternative, being less invasive, do not require a donor site,
and have less postoperative pain.

On a study involving 126 immediately placed dental implants and the use of PRP,
the authors found a statistically significant soft tissue healing score as compared to
the control at 3 and 7 days. The study does note no difference found at 5-year fol-
low-up, however [21]. In the exploration of soft tissue healing, many studies also
found decrease pain and swelling associated with PRP and PRF at the surgical pro-
cedure. While both of these tend to be difficult to measure and are relatively subjec-
tive, any benefit could be an added bonus for the patient. As experienced providers
know, keratinized gingiva is very important at dental implant sites and difficult to
get back if lost. Maintaining as much keratinized gingiva as possible is very valu-
able when placing dental implants.

Sinus Lifts

The maxillary bone tends to resorb in the apical and palatal direction. In the poste-
rior maxilla, the lack of vertical bone height may prevent implant placement. When
minimal vertical bone height exists between the crest of the edentulous ridge and
the maxillary sinus, the provider may need to perform a sinus lift [22].
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Internal sinus lifts can be performed when there is already at least 5 mm of bone
between the ridge and the maxillary sinus. There must be adequate bone height
below the sinus for the implant to be stable when it is inserted in the alveolar bone.
This approach is executed by making the osteotomy just short of the sinus floor.
Hand osteotomes can then be used to “up-fracture” the remaining cortical bone at
the sinus floor, and graft material can be packed at the osteotomy site [23, 24].
Minimizing the extent of the elevation decreases the risk of creating a hole in the
sinus floor and perforating the sinus membrane. Some proponents have argued just
packing a PRF pellet at osteotomy site and pushing it to the base of the sinus mem-
brane before putting in the implant [25]. The PRF pellet might potentially be a good
alternative to packing bone particulate graft material or conjunction.

An external sinus lift is performed using a window that is created in the lateral
sinus wall after reflecting an extensive mucoperiosteal flap often involving releasing
incisions. After flap elevation, the sinus may be visible through the lateral wall
showing a transparent/blue appearance. A rectangular- or oval-shaped window is
created with a large round diamond bur or now more commonly with an ultrasonic
piezotome using great care to prevent perforating the underlying sinus membrane
[26]. Utilization of a Dentium Advanced Sinus Kit or other sinus membrane kits can
also aid in forming the osteo-window without sinus communication. Bone graft
material is placed into the new space created between the apical aspect of the eden-
tulous ridge and the sinus. The provider should wait 5-6 months after sinus aug-
mentation and then 3 months after implant placement prior to prosthetic treatment.
If the sinus elevation is not extensive, and enough bone height already exists to
achieve primary stability, the implant can be placed at the time of the sinus augmen-
tation. Some have advocated the use of PRF membranes either along the sinus
membrane or along the osteotomy window defect (Fig. 8.1).

A recent study looked at the use of Unilab Surgibone with and without PRP on
bone healing of the sinus floor. They measured histologic and residency frequency
analysis for implant stability. Bone biopsies were conducted at time of implant
placement on average 7 months following the sinus augmentation. Out of the ten

Fig.8.1 PRF membranes
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patients, they found no statistically significant effect in either measure [27]. A
Cochrane systematic review in 2010 found no statistical efficacy for its use in dental
implant sinus lifts but did note limited data existed [28].

Ridge Augmentation

Bone quality is an important factor in successful osteointegration. Lekohlm and
Zarb classify bone quality into four categories depending on the ratio of compact
bone and spongy bone as well as the subjective bone resistance when drilling [29]
(Table 8.1).

Bone grafting procedures are utilized to augment the region generally when insuf-
ficient bone exists at a potential implant site. Sometimes bone grafting is used when
there is sufficient bone to stabilize an implant but not enough to cover all the implants
surfaces [30, 31]. Guided bone regeneration (GBR) generally consists of utilizing
bone particulate substances. Bone augmentation can be done months prior to implant
placement to facilitate future implant placement. The primary purpose of these pro-
cedures is to provide a scaffold and maintain volume for new bone formation.

Allografts are biomaterials generally composed of cadaver bone. An important
difference from autogenous bone is the loss of endogenous cells and growth factors
resulting from processing and sterilizing the allograft, thereby reducing or eliminat-
ing osteoinductive capacity. Consequently, the allograft will serve as an effective
osteoconductive scaffold for new bone regeneration [32]. PRP is believed to act as
a reservoir for stem cells and therefore provide that osteoinductive capacity that is
found in autologous grafts (see Fig. 8.2). A xenograft is a graft that is obtained from

Table 8.1 Lekohlm and Zarb bone quality classification system

Type 1 bone Very hard and dense and has a less prominent blood supply

Type 2 bone Thick layer of compact one with a core of dense trabecular bone
Type 3 bone A thin layer of compact bone surrounding a core of trabecular bone
Type 4 bone The spongiest with a thin layer of cortical bone around a core of low

density trabecular bone

Fig. 8.2 Platelet-rich
plasma mixed with bone
particulate
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another species. The xenografts used in alveolar bone regeneration are osteocon-
ductive bone graft substitute made of inorganic components but derived from non-
human sources. The use of bone graft substitutes eliminates the need for harvesting
of autogenous bone or harvesting a smaller volume of autogenous bone while pro-
viding structure and slow resorption characteristics that stabilize and “protect” the
autogenous component of the bone graft. In addition, the use of bone graft substi-
tutes eliminates donor site morbidity. To take best advantage of these characteris-
tics, clinicians often mix and/or layer autogenous bone and biomaterial bone graft
substitute components [33]. It is expected that implants can be placed into previ-
ously placed block or particulate bone grafts 5-6 months post graft placement; how-
ever, there is older data that shows implant stability may be more predictable when
placed 6-9 months following bone grafting [34-37]. When particulate grafting
occurs simultaneous with implant placement, the implant will often begin prosthetic
treatment approximately 3—4 months after implant placement [38].

It has been demonstrated that PRF gradually releases autologous growth factors
and is more effective for the proliferation of differentiation of osteoblasts than PRP
in vivo [39]. PRF can act as a resorbable membrane for guided bone regeneration in
that it prevents the emigration of non-desirable cells into the bone defect as well as
provide a source of healing by promoting cytokines [40]. Therefore, the use of PRF
can be used as a membrane itself or in conjunction with other membranes. An addi-
tional use of PRF with bone particulate is the fabrication of “sticky bone” which is
PRF and allograft. The fibrin acts as a glue to hold the particulate together and can
be molded into the desired morphology (see Fig. 8.3). The protocol for preparation
of sticky bone is described in Chap. 8, PRP Cases.

Reconstruction
Clefts

In a similar fashion to ridge augmentation, PRP is being investigated for benefit in
alveolar cleft bone grafting. Sakio et al. reported on a study 29 patients with unilat-
eral alveolar clefts, with 6 in the control, and 23 in the PRP group. All patients
underwent iliac cancellous bone grafts. The authors [41] found no significant differ-
ence in mean resorption of the bone on follow-up imaging, suggesting that PRP
does not decrease bone resorption following the procedure. A similar study was
preformed 3 years later by Chen and colleges. They aimed to analyze the newly
formed bone volume 6 months after secondary alveoloplasty using iliac cancellous
bone graft, with and without platelet-rich plasma in 40 patients, this time with 20
patients in each group. The authors found no statistical difference in bone formation
on postoperative bone volume [42]. The current literature, therefore, does not show
benefit with PRP in terms of bone volume. It would be helpful if other studies
explored any soft tissue benefit when using PRP or if the alveolar cleft that was
grafted with PRP has increased dental implant survival long term.
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Fig. 8.3 Creation of
sticky bone using PRF and
bony particulate.
Venipuncture is preformed
to obtain 10 ccs of blood
and placed in the
centrifuge at 2500 rpms for
3.5 min. The top plasma/
fibrin layer is removed
with an empty syringe
which is approximately

1 cc. Generally, you can
expect to obtain 1 cc of
autologous fibrin glue for
each 10 cc test tube of
venous blood. Mix the
autologous fibrin glue
immediately with bone
particles on a metal dish.
Mold the bone into the
desired thickness with a
periosteal elevator. Leave
the coated bone
undisturbed on the metal
dish for 5-10 min. The
bone particulate will form
“sticky bone”

(PRF + allograft)

Large Bone Defects

In addition to being used in small maxillary and mandibular ridge augmentations,
PRP is being used in large bone defects in conjunction with other reconstruction
techniques. Custom cribs of titanium mesh are being fabricated to help facilitate
bone growth in maxillary and mandibular reconstruction. Marx et al. have described
this in detail using both bone particular (CCFDAB) and bone harvested from ante-
rior iliac crests along with thBMP-2 to stimulate bone formation [43]. In addition to
the rhBMP-2, Marx et al. incorporate PRP. Marx and colleagues define the “tissue
engineering triangle” as a source of cells, a signal, and a matrix. The recombinant
human bone morphogenic protein-2 (thBMP-2) is a chemoattractant providing the
stem cells, crushed cancellous freeze-dried allogenic bone (CCFDAB) provides the
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osteoconductive matrix, and the PRP provides the signal through its growth factors
[43]. PRF membranes have also been used to lay over the titanium mesh to aid in
soft tissue closure. PRF can also be used after the mesh is removed, laying over the
newly formed bone.

Pathology

The growth factors of PRP have thought to be beneficial in cases of osteonecrosis of
the jaws (ONJ). Osteoradionecrosis of the jaws (ORNJ) and medication-related
osteonecrosis of the jaws (MRONJ) are a growing problem. In 2016 a paper was
published that reviewed the current literature regarding PRP and both preventing
and treating ONJ. The study found several papers that used PRP as a prevention
strategy, placing PRP in dental extraction sockets of high-risk patients and, as treat-
ment, placing PRP after debridement of established osteonecrosis cases. The study
stated there was inconclusive evidence to show benefit and randomized controlled
trials were needed [44]. Some clinicals have reported PRP use after laser therapy in
treating patients with MRONJ [45]. In 2018, a study was performed in rats which
showed local application of autologous PRP was a viable therapy in preventing the
occurrence of MRONIJ following tooth extractions [46]. A systematic review in
2019 showed PRP as an adjuvant to surgical debridement can produce significant
benefit in treatment of MRONIJ, with one study finding 80.2% of patients com-
pletely healed [47].

™)

The use of PRP in temporomandibular joint disorders that are associated with
chronic pain is gaining popularity as a treatment modality, especially as treating
TMD can often be difficult [48]. A randomized controlled trial found injection of
PRP in comparison to hyaluronic acid demonstrated more pain reduction [49]. A
study was performed to determine the effects of PRP injections in cases of TMJ
arthritis in domestic pigs. The authors found a “A significant reduction in signs of
histological inflammation, such as hyperplasia of the synovial membrane, leucocyte
infiltration, cartilage surface alterations, and an increase in cartilage-specific gly-
cosaminoglycan content, was observed [50].”

Conclusion

Oral and Maxillofacial surgery covers a wide plethora of procedures, but dentoal-
veolar surgery is the most numerous in daily practice and therefore is likely why
most available data on PRP and PRF pertains to extractions and dental implants.
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PRP/PREF has potential to help with postoperative healing after extractions as well
as improve bone and soft tissue formation for future dental implant site develop-
ment. Investigations are starting to be done for use in TMJ disorders and bone
reconstruction. PRP/PRF may also prove beneficial for some of the other proce-
dures in the field, including soft tissue defects and flap reconstruction. As the reader
can appreciate, the literature on this topic is lacking and therefore unable to provide
definitive guidelines for its use. The safety and low cost of PRP/PRF along with the
biological plausibility make it still a valuable treatment modality for practitioners.
Over the next decade, the authors of this chapter expect to see a robust wave of lit-
erature of randomized controlled trials that will hopefully help develop meaningful
clinical indications.

For now, the PRP/PREF literature appears centered around dental implant surgery.
Dental implant osteointegration is already arbitrarily very successful. Implant suc-
cess rate is estimated around 95% [14]. Most dental implant research focuses on
how to improve success in less than ideal situations (i.e., inadequate bone height,
uncontrolled diabetics). PRP and PRF may just be an additional tool in the dentists’
arsenal to aid in these circumstances. While concrete evidence of actual osteointe-
gration improvement with PRP/PRF is lacking, evidence does exist in terms of soft
tissue healing and is likely to be a big area of future research. Soft tissue involving
implants has been a long-studied area given the belief that it is directly related to the
longevity of the implant’s success. While the PRP/PRF may have clinical effects to
primary or secondary stability, its use in promoting soft tissue healing cannot be
ignored. PRP/PRF are minimally invasive, have essentially no risk to the patient,
and can be inexpensive to produce. While some still believe there used to be use a
better word here, the risk/benefit analysis with the current data supports its use in
specific instances. Like much of dental research, without large-scale clinical trials,
the data to fully support its use in everyday practice is limited.
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