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Background. Platelet-rich plasma, or PRP, has become a valuable . ABSTRACT

adjunct in wound healing in dentistry. Postsurgically, blood clots
initiate the healing and regeneration of hard and soft tissues.

v GROWTH FACTORS
v PLATELET-RICH PLASMA
v CONCLUSION

Clinicians and scientists are investigating the use of PRP in dentistry v REFERENCES
as a way to enhance the body’s natural wound-healing mechanisms.

Types of Articles Reviewed. The authors reviewed scientific articles that discuss the basic
knowledge of wound healing mechanisms and that directly studied the growth factors shown to be
concentrated in PRP. They also reviewed articles written by clinicians and researchers in dentistry
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fields, including oral and maxillofacial surgery and periodontics to determine applications of PRP in
the field of dentistry.

Results. All of the reviewed articles expressed promise in PRP use and in the growth factors
expressed by the platelets concentrated in PRP—namely platelet-derived growth factor, or PDGF,
and transforming growth factor-3, or TGF-R—as an adjunct to postsurgical wound healing. Both
PDGF and TGF-[3 have been shown in vivo to accelerate wound healing through different
mechanisms. The development of an autologous PRP has been shown to be relatively easy, to be
effective as a surgical adjunct, to retain high levels of the desired growth factors after preparation

and to be clinically effective in accelerating postsurgical healing in both periodontal and oral
surgery applications.

Clinical Implications. PRP has proven to be effective at improving surgical results in a variety of
procedures in the field of oral and maxillofacial surgery. PRP also shows promise in periodontal
regenerative therapy and should continue to be studied by scientists and clinicians alike.

Postsurgically, blood clots initiate the healing and regeneration of hard and soft tissues. Using
platelet-rich plasma, or PRP, is a way to accelerate and enhance the body’s natural wound-healing
mechanisms. A natural blood clot contains mainly red blood cells, approximately 5 percent platelets
and less than 1 percent white blood cells.1 Platelets primarily are involved in wound healing
through clot formation and the release of growth factors that initiate and support wound healing.

Using platelet-rich plasma is a way to accelerate and enhance the body’s natural
wound-healing mechanisms.

Using PRP involves taking a sample of a patient’s blood preoperatively, concentrating autologous
platelets and applying the resultant gel to the surgical site. This technique produces a blood clot
that has nearly a reverse ratio of red blood cells and platelets compared with a natural clot.
Surgical sites enhanced with PRP have been shown to heal at rates two to three times that of
normal surgical sites.2 Thus, PRP can be a great adjunct to many periodontal and oral surgical
procedures such as bone grafts, implants and maxillofacial reconstructions.

4 GROWTH FACTORS
- TOP

Wound healing is a complex and growing science. Many cell types, « ABSTRACT
growth factors and other proteins interact with one another to bring - GROWTH FACTORS

, - : : v PLATELET-RICH PLASMA
about timely and efficient repair of wounds. Researchers continue to + CONCLUSION
study various growth factors to determine the actual role and v REFERENCES
mechanism of each growth factor in healing. On vessel injury and
exposure of subendothelial tissue to blood (either due to accident or surgical manipulation),
platelets begin to stick to exposed collagen proteins. Once platelets stick to collagen, they release
granules containing adenosine diphosphate, serotonin and thromboxane, all of which contribute to

the hemostatic mechanism and the clotting cascade. Additional platelets are drawn to the area and
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contribute to the formation of a platelet plug. The resultant plug is strengthened by an insoluble
protein fiber meshwork known as fibrin that is formed as a result of the clotting cascade.2

This platelet plug and the initiation of the clotting cascade once were thought to be the extent of a
platelet’s role in wound healing. It now is known that platelets also actively extrude several growth
factors involved in initiating and sustaining wound repair. The two most important of these growth
factors are platelet-derived growth factor, or PDGF, and transforming growth factor-B3, or TGF-R.

PDGF is chemotactic for polymorphonucleocytes, macrophages, fibroblasts and smooth muscle
cells. PDGF also stimulates cell replication of important stem cells for fibroblasts and endothelial
cells (increasing budding of new capillaries), stimulates production of fibronectin—a cell adhesion
molecule used in cellular proliferation and migration during healing, including osteoconduction—
and hyaluronic acid and helps bring about wound contraction and remodeling. TGF-3 stimulates
fibroblast chemotaxis and the production of collagen and fibronectin by cells, while inhibiting
collagen degradation by decreasing proteases and increasing protease inhibitors, all of which favor

fibrogenesis. 42

Each growth factor has the capability to induce a unique response in the enhancement
of healing.

It has been shown that the topical application of these growth factors to healing sites can
accelerate repair and wound maturation. One such study by Pierce and colleagues® examined the
composition, quantity and rate of extracellular matrix deposition within growth factor—treated rabbit
ear excisional wounds. Full-thickness, excisional punch biopsies were performed on a rabbit ear to
bare cartilage. Individual growth factors were applied to wounds a single time, were followed and
then were compared with control wounds that had no growth factor added to them. Researchers
found that PDGF accelerated wound closure primarily through augmenting connective-tissue
matrix deposition at the leading edge of new granulation tissue. New collagen accumulation did not
occur until later in the healing process. Thus, this study indicated that PDGF accelerates early
wound closure primarily via enhanced glycosaminoglycan, hyaluronic acid and fibronectin
deposition. TGF-3, on the other hand, stimulated new collagen deposition and maturation into large
bundles at the leading edge of the wound, creating a mature fibroblastic wound directly and likely
bypassing some of the acute inflammatory phase of wound repair.&

It also has been demonstrated that PDGF and TGF-[3 specifically stimulated significant new
granulation tissue in vivo, thus suggesting their importance in the healing of full-thickness dermal
wounds.Z Again, it was noted that each growth factor has the capability to induce a unique

response in the enhancement of healing, especially having inductive effects on cells entering the
wound.

» PLATELET-RICH PLASMA
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The study of these growth factors combined with the discovery of their|| a ABSTRACT

extrusion by platelets has led to the development of an autologous ‘ gff.}'g:{‘;fgﬁ';&sm A
platelet gel—PRP—to be used in various surgical fields such as v CONCLUSION
otolaryngology, head and neck surgery, neurosurgery, general v REFERENCES

surgery, oral and maxillofacial surgery, and periodontics. Whitman and

colleagues® have called PRP an "autologous alternative to fibrin glue." Fibrin glue obtained through
blood bank donations has been used for years as a hemostatic agent and surgical adhesive. The
important difference in composition between PRP and fibrin glue is the presence of a high
concentration of platelets and native concentration of fibrinogen in PRP. The platelets in PRP, once
activated by the addition of thrombin, begin to release the growth factors PDGF and TGF-B, as
well as many others that serve to accelerate the wound-healing process. Thus, PRP can serve

both in hemostasis and adhesion of graft material, as well as contribute physiologically to more
rapid healing of the surgical site.

Numerous techniques have been put forth for the immediately preoperative development of
autologous PRP.8-11 Most are quite similar and only variations on a theme. In a technique
described by Whitman and colleagues, one unit of whole blood (approximately 450 milliliters) is
drawn into a standard collection bag containing a citrate-phosphate-dextrose anticoagulant. The
blood first is centrifuged at 5,600 rotations per minute, or rpm, to separate the platelet-poor plasma
from the erythrocytes, platelets and leukocytes. The centrifuge speed then is slowed to 2,400 rpm
to allow for further separation of the platelets and leukocytes from the red blood cell pack. Removal
of this red blood cell pack yields 30 mL of plasma with the concentrated platelets. Platelet counts in

this PRP often range from 500,000 to 1 million.

The resultant PRP is stored at room temperature until the surgical team is ready to use it. Once the
team is ready, the clinician prepares a mixture of 10,000 units of bovine thrombin in powder form
and 10 mL of 10 percent calcium chloride. Next, 7 mL of PRP and 2 mL of air are drawn into a 10-
mL syringe. One mL of the thrombin/calcium-chloride mixture then is aspirated into the syringe and
gently rocked to allow the air bubble to mix the components. Within five to 30 seconds, a gel is
formed as the citrate is neutralized and the thrombin activates polymerization of the fibrin and
degranulation of the platelets. The gel then is injected into the surgical field as required.

Marx and colleaguesZ used a similar technique to prepare PRP and discussed its use in the

enhancement of bone-graft procedures. The purpose of their study was threefold. The first purpose
was to document that PRP does increase platelet concentration when placed into grafts, that PRP
contributes to the presence of PDGF and TGF-R, and that cancellous bone marrow grafts do have
receptors for these growth factors. The second purpose was to determine the ability of PRP to
increase the rate of bone formation in a graft and to enhance the density of the bone as measured
at six months. Finally, the authors wanted to present a model of bone regeneration with grafting
that illustrated the mechanism by which PRP enhances the rate and amount of healing.

The exact mechanisms of action of the various players in components of wound healing
are not fully understood yet.
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The researchers selected from among human subjects 88 mandibular continuity defects of greater
than 5 centimeters that arose from tumor extirpations without radiotherapy that were to be treated
with cancellous cellular bone marrow grafts. The defects were randomly assigned to one of two
groups; one group received PRP-enhanced grafts, and the other group received bone grafts
without PRP. Samples of PRP and venous blood were submitted at the time of surgery for study.
The bone grafts were evaluated radiographically at two, four and six months after surgery. At six
months, endosseous implants were placed using a technique that allowed for the removal of a 4-
mm core bone specimen for evaluation.

Monoclonal antibody studies revealed the presence and retention of both PDGF and TGF-R in the
PRP preparation. A similar study of the bone harvested at the time of the implant placement
confirmed the presence of receptors to PDGF and TGF-R, especially around blood vessels in a
perivascular sheet. Platelet counts of PRP and control blood measured 338 percent more platelets
in the PRP than in the control blood. In the radiographic assessment, grafts with the PRP were
assessed consistently at or up to twice their actual maturity. A histomorphometric study of the bone
samples taken at six months showed increased trabecular bone density for PRP grafts compared
with control grafts. All of these results together strongly suggest that adding PRP to bone grafts
accelerates the rate of bone formation and the degree of bone formation in bone grafts at least
during the first six months.2

Whitman and colleagues§ mentioned several oral surgery procedures in which PRP has been a
valuable adjunct; they include ablative surgical procedures, mandibular reconstruction and surgical
repair of alveolar cleft and associated oroantral or oronasal fistulas, as well as in procedures
relating to the placement of osseointegrated implants. In these procedures, the adhesive nature of
PRP enables easier handling of graft material, more predictable flap adaptation and hemostasis,
and a more predictable seal than with primary closure alone. Also present is the resultant release
of the previously mentioned growth factors. Kassolis and colleaguesl2 reported that the successful

use of PRP-augmented demineralized freeze-dried bone allografts for alveolar augmentation or
sinus lift procedures before implant placement.

In the field of periodontics, researchers are studying PDGF for its use as an adjunct to regenerative
therapy. Cho and coIIeaguesﬁ first attempted to identify the cell type and source that were most
active in regenerative therapy so they could select the most appropriate and functional growth
factors to use for stimulating periodontal regeneration. The early recruitment and rapid repopulation
of progenitor cells from the periodontal ligament were regarded as critical events for successful
regeneration. Next, Cho and colleagues studied the effects of PDGF, TGF-[3 and other growth
factors in vitro and in vivo. They found that PDGF was the only growth factor that effectively
stimulated periodontal ligament fibroblast migration and proliferation without the added risk of the
patient experiencing ankylosis of the teeth. When used in clinical trials on beagles, PDGF-

modulated guided tissue regeneration, or GTR, therapy was shown to effectively aid in the
regeneration of periodontal furcation defects.
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Park and colleagues!# conducted similar studies on beagles, comparing treatment of Class lI
furcation defects with PDGF and GTR vs. with GTR alone. The study indicated a statistically
greater amount of bone and periodontal ligament in sites treated with PDGF and GTR together
than in sites treated with GTR alone. The newly formed bone filled 80 percent of the lesion at eight
weeks and 87 percent of the lesion at 11 weeks in the sites treated with PDGF and GTR,
compared with 14 percent of the lesion at eight weeks and 60 percent at 11 weeks in sites treated
with GTR alone. Additionally, the sites treated with PDGF and GTR seemed to have increased

ratios of wanted to unwanted tissue types filling the wounds as compared with sites treated with
GTR alone.

» CONCLUSION

a TOP
The field of transfusion medicine, as it applies to wound healing and a ABSTRACT
. i . ~ GROWTH FACTORS
the fc.)rmat.lon of an aL.Jtogenc.)us platelet gel, still is a young scientific + PLATELET-RICH PLASMA
field in which many discoveries are yet to be made. The exact « CONCLUSION

v REFERENCES

mechanisms of action of the various players in components of wound
healing are not fully understood yet. Ideal ratios of the components of
PRP preparations still are being investigated, and more clinical research with long-term results is
needed. In 2000, commercially available PRP-processing systems cost approximately $9,000 and
the disposable kit cost $230 per patient. With the current competitive market, the same PRP
processing system can now be purchased for $5,900. With the reduction in cost, further clinical
research and clinical use should become more cost beneficial (Tim Dugan, CoMedical, specialty
representative, personal communication, May 2002).15

» FOOTNOTES

Dr. Carlson is a 12-month advanced general dentistry resident, U.S. Army Dental Corps, Fort Lewis, Wash.

When this article was written, Dr. Roach was staff, Oral and Maxillofacial Surgery, resident mentor, Madigan Army
Medical Center, U.S. Army Dental Corps, Fort Lewis, Wash. He now is assistant chief, Oral and Maxillofacial Surgery
Residency, Brooke Army Medical Center, San Antonio. Address reprint requests to Dr. Roach at 1715 Palmer View, San
Antonio, Texas 78258, e-mail "Robert.Roach@CEN.AMEDD.ARMY.MIL".

Any opinions expressed in this article are those of the authors and do not constitute the official opinions of the U.S.
Army, U.S. Department of Defense or the U.S. government.

» REFERENCES

- TOP
- ABSTRACT
a2 GROWTH FACTNRS

1. University of Miami School of Medicine, Division of Oral and Maxillofacial


http://jada.ada.org/cgi/content/full/133/10/1383#top
http://jada.ada.org/cgi/content/full/133/10/1383#ABS
http://jada.ada.org/cgi/content/full/133/10/1383#SEC1
http://jada.ada.org/cgi/content/full/133/10/1383#SEC2
http://jada.ada.org/cgi/content/full/133/10/1383#BIBL
http://jada.ada.org/cgi/content/full/133/10/1383#top
http://jada.ada.org/cgi/content/full/133/10/1383#ABS
http://jada.ada.org/cgi/content/full/133/10/1383#SEC1
http://jada.ada.org/cgi/content/full/133/10/1383#R14
mailto:Robert.Roach@CEN.AMEDD.ARMY.MIL

s~ ww s 7 A B s v

Surgery. PRP Central. Available at: "www.plateletrich.net". Accessed Aug. 27, || . PLATELET-RICH PLASMA
2002. a CONCLUSION

. . - REFERENCES
2. Marx RE, Carlson ER, Eichstaedt RM, Schimmele SR, Strauss JE, Georgeff
KR. Platelet-rich plasma: growth factor enhancement for bone grafts. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 1998;85:638—-46.[Medline]

3. Fox Sl, ed. Human physiology. 5th ed. Dubuque, lowa: Brown; 1996:351-3.

4. Townsend CM, Beauchamp RD, Evers BM, Mattox KL, eds. Sabiston textbook of surgery: The biological basis of
modern surgical practice. 16th ed. Philadelphia: Saunders; 2001:1375.

5. Robbins SL, Cotran RS, Kumar V, eds. Robbins pathologic basis of disease. 5th ed. Philadelphia: Saunders;
1994:40-1.

6. Pierce GF, Tarpley JE, Yanagihara D, Mustoe TA, Fox GM, Thomason A. Platelet-derived growth factor (BB
homodimer), transforming growth factor-beta 1, and basic fibroblast growth factor in dermal wound healing:
neovessel and matrix formation and cessation of repair. Am J Pathol 1992;140:1375-88.[Abstract]

7. Mustoe TA, Pierce GF, Morishima C, Deuel TF. Growth factor-induced acceleration of tissue repair through direct
and inductive activities in a rabbit dermal ulcer model. J Clin Invest 1991;87:694—703.[Medline]

8. Whitman DH, Berry RL, Green DM. Platelet gel: an autologous alternative to fibrin glue with applications in oral
and maxillofacial surgery. J Oral Maxillofac Surg 1997;55:1294-9.[Medline]

9. Sonnleitner D, Huemer P, Sullivan DY. A simplified technique for producing platelet rich plasma and platelet
concentrate for intraoral bone grafting techniques: a technical note. J Oral Maxillofac Implants 2000;15:879-82.

10. Whitman DH, Berry RL. A technique for improving the handling of particulate cancellous bone and marrow grafts
using platelet gel. J Oral Maxillofac Surg 1998;56:1217-8.[Medline]

11. Oz MC, Jeevanandam V, Smith CR, et al. Autologous fibrin glue from intraoperatively collected platelet-rich
plasma. Ann Thorac Surg 1992;53:530-1.[Abstract]

12. Kassolis JD, Rosen PS, Reynolds MA. Alveolar ridge and sinus augmentation utilizing platelet-rich plasma in
combination with freeze-dried bone allograft: case series. J Periodontol 2000;71:1654—61.[Medline

13. Cho MI, Lin WL, Genco RJ. Platelet-derived growth factor-modulated guided tissue regenerative therapy. J
Periodontol 1995;66:522—-30.[Medline]

14. Park JB, Matsuura M, Han KY, et al. Periodontal regeneration in class lll furcation defects of beagle dogs using
guided tissue regenerative therapy with platelet-derived growth factor. J Periodontol 1995;66:462—77.[Medline]

This article has been cited by other articles:

el The Veterinary Record » HOME

D. Arguelles, J. U. Carmona, F. Climent, E. Munoz, and M. Prades
Autologous platelet concentrates as a treatment for
musculoskeletal lesions in five horses

Vet Rec., February 16, 2008; 162(7): 208 - 211.

[Abstract] [Full Text] [PDF]



http://jada.ada.org/cgi/content/full/133/10/1383#SEC1
http://jada.ada.org/cgi/content/full/133/10/1383#SEC2
http://jada.ada.org/cgi/content/full/133/10/1383#SEC3
http://www.plateletrich.net/
http://jada.ada.org/cgi/external_ref?access_num=9638695&link_type=MED
http://jada.ada.org/cgi/ijlink?linkType=ABST&journalCode=amjpathol&resid=140/6/1375
http://jada.ada.org/cgi/external_ref?access_num=1991853&link_type=MED
http://jada.ada.org/cgi/external_ref?access_num=9371122&link_type=MED
http://jada.ada.org/cgi/external_ref?access_num=9766553&link_type=MED
http://jada.ada.org/cgi/ijlink?linkType=ABST&journalCode=annts&resid=53/3/530
http://jada.ada.org/cgi/external_ref?access_num=11063400&link_type=MED
http://jada.ada.org/cgi/external_ref?access_num=7562342&link_type=MED
http://jada.ada.org/cgi/external_ref?access_num=7562336&link_type=MED
http://veterinaryrecord.bvapublications.com/
http://veterinaryrecord.bvapublications.com/
http://veterinaryrecord.bvapublications.com/cgi/content/abstract/162/7/208
http://veterinaryrecord.bvapublications.com/cgi/content/full/162/7/208
http://veterinaryrecord.bvapublications.com/cgi/reprint/162/7/208

ARCHIVES

| ARCHIVES OF FACIAL PLASTIC SURGERY |»HOME

1SS

R. K. Chandra, C. Handorf, M. West, E. A. Kruger, and S. Jackson
Histologic Effects of Autologous Platelet Gel in Skin Flap Healing
Arch Facial Plast Surg, July 1, 2007; 9(4): 260 - 263.

[Abstract] [Full Text] [PDF]

) Abstract FREE

} Full Text (PDF)

) Alert me when this article is cited

) Alert me if a correction is posted

) Similar articles in this journal

) Similar articles in PubMed

) Alert me to new issues of the journal

) Download to citation manager
[} ©) Get Permissions

) Citing Articles via HighWire

) Citing Articles via Google Scholar

) Articles by CARLSON, N. E.
) Articles by ROACH, R. B.
) Search for Related Content

) PubMed Citation
) Articles by CARLSON, N. E.
) Articles by ROACH, R. B., JR.

) Periodontics



http://jada.ada.org/cgi/content/abstract/133/10/1383
http://jada.ada.org/cgi/reprint/133/10/1383
http://jada.ada.org/cgi/alerts/ctalert?alertType=citedby&addAlert=cited_by&saveAlert=no&cited_by_criteria_resid=jada;133/10/1383&return_type=article&return_url=http%3A%2F%2Fjada.ada.org%2Fcgi%2Fcontent%2Ffull%2F133%2F10%2F1383
http://jada.ada.org/cgi/alerts/ctalert?alertType=correction&addAlert=correction&saveAlert=no&correction_criteria_value=133/10/1383&return_type=article&return_url=http%3A%2F%2Fjada.ada.org%2Fcgi%2Fcontent%2Ffull%2F133%2F10%2F1383
http://jada.ada.org/cgi/search?qbe=jada;133/10/1383&journalcode=jada&minscore=5000
http://jada.ada.org/cgi/external_ref?access_num=12403541&link_type=MED_NBRS
http://jada.ada.org/cgi/alerts/etoc
http://jada.ada.org/cgi/citmgr?gca=jada;133/10/1383
http://jada.ada.org/cgi/external_ref?&link_type=PERMISSIONDIRECT
http://jada.ada.org/cgi/content/full/133/10/1383#otherarticles
http://jada.ada.org/cgi/external_ref?access_num=http://jada.ada.org/cgi/content/abstract/133/10/1383&link_type=GOOGLESCHOLAR
http://scholar.google.com/scholar?q=%22author%3AN.%20E.+author%3ACARLSON%22
http://scholar.google.com/scholar?q=%22author%3AR.%20B.+author%3AROACH%22
http://jada.ada.org/cgi/external_ref?access_num=http://jada.ada.org/cgi/content/abstract/133/10/1383&link_type=GOOGLESCHOLARRELATED
http://jada.ada.org/cgi/external_ref?access_num=12403541&link_type=PUBMED
http://jada.ada.org/cgi/external_ref?access_num=CARLSON+NE&link_type=AUTHORSEARCH
http://jada.ada.org/cgi/external_ref?access_num=ROACH+RB&link_type=AUTHORSEARCH
http://jada.ada.org/cgi/collection/periodontics
http://archfaci.ama-assn.org/
http://archfaci.ama-assn.org/
http://archfaci.ama-assn.org/cgi/content/abstract/9/4/260
http://archfaci.ama-assn.org/cgi/content/full/9/4/260
http://archfaci.ama-assn.org/cgi/reprint/9/4/260
http://jada.ada.org/
http://jada.ada.org/help/
http://jada.ada.org/cgi/feedback
http://jada.ada.org/subscriptions/
http://jada.ada.org/archive/
http://jada.ada.org/search.dtl
http://jada.ada.org/content/vol133/issue10/index.dtl

