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Abstract (J Korean Assoc Oral Maxillofac Surg 2018;44:93-102)

Angiogenesis is one of the essential processes that occur during wound healing. It is responsible for providing immunity as well as the regenerative
cells, nutrition, and oxygen needed for the healing of the alveolar socket following tooth extraction. The inappropriate removal of formed blood clots
causes the undesirable phenomenon of alveolar osteitis (AO) or dry socket. In this review, we aimed to investigate whether enhanced angiogenesis
contributes to a more effective prevention of AO. The potential pro- or anti-angiogenic activity of different materials used for the treatment of AO were
evaluated. An electronic search was performed in the PubMed, MEDLINE, and EMBASE databases via OVID from January 2000 to September 2016
using the keywords mentioned in the PubMed and MeSH (Medical Subject Headings) terms regarding the role of angiogenesis in the prevention of
AO. Our initial search identified 408 articles using the keywords indicated above, with 38 of them meeting the inclusion criteria set for this review.
Due to the undeniable role of angiogenesis in the socket healing process, it is beneficial if strategies for preventing AO are directed toward more proan-

giogenic materials and modalities.
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l. Introduction

Alveolar osteitis (AO) or “dry socket” is a phenomenon
that occurs following tooth extraction due to the disintegra-
tion of initial blood clots formed inside the alveolar socket
and the failure of socket healing process"”. The condition is
also referred to as alveolalgia, localized osteitis, fibrinolytic
alveolitis, alveolitis sicca dolorosa, and necrotic or septic
socket’. The incidence of AO ranges from 1% to 4% follow-
ing tooth extraction. In the case of mandibular third molar
extraction, AO may occur in up to 45% of cases™*. It is most
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commonly seen in patients aged between 40 years and 45
years™®. The signs and symptoms of AO start with onset at
two days to four days after tooth extraction, which includes
severe and intense pain that mainly radiates to the ear and
neck. The surrounding mucosa becomes erythematous, the
alveolar socket is covered with a yellow-gray necrotic tissue
layer, and halitosis or a putrid odor is also evident’.

The exact etiology of AO still remains largely unknown,
but the most widely accepted theory is that it is the result of
a partial or complete disintegration of formed blood clots by
fibrinolysis’. Several contributing and risk factors have been
identified that increase the incidence of AO. These include
general factors such as sex™’; smoking'’; the use of oral
contraceptives''; and local factors such as the site of extrac-

9,12 . . .13 .
, the presence of preoperative infection °, traumatic

tion
extraction', a low level of operator experience'’, inadequate
postoperative irrigation'®, and/or the use of local anesthetics
with vasoconstrictors'’. The management of AO includes pre-
ventive methods such as using clot-supporting agents’, antibi-
otics'®"”, antifibrinolytic agents™, antiseptic mouth rinses*'" >,
steroids™, and curative methods such as intra-alveolar dress-

: : 2526
ings and medicaments™".
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The healing process of alveolar socket after tooth extraction
is divided into three overlapping stages, specifically the in-
flammatory, proliferative, and remodeling stages. During the
inflammatory stage, first, the blood clot is formed from the
hemorrhage that occurs due to tooth extraction. At two days
to three days, numerous inflammatory cells migrate to the
socket to clean the area. A granulation tissue is then formed
by sprouting angiogenesis and the migration of immature fi-
broblasts. Subsequently, in the proliferative stage, the granu-
lation tissue becomes rich in collagen fibers and cells, which
provide a connective tissue matrix for rapid tissue formation.
In this stage, several vessels and osteogenic cells are present
and woven bone formation is initiated. Woven bone is a tem-
porary type of bone with no load-bearing potential that can
be present at up to two weeks after the extraction. In addition,
in the proliferative stage, the oral epithelial cell migration
begins from the marginal gingiva to form the epithelial cov-
erage. During the bone remodeling stage, the architecture and
shape of the woven bone changes and is replaced with lamel-
lar bone and bone marrow, a process that may take several
months to years”’. Choukroun et al.” indicated that the most
important and crucial aspects of healing include angiogen-
esis, immunity, the recruitment of circulating stem cells, and
the assurance of wound protection by epithelial coverage.

Angiogenesis is defined as the formation of new blood
vessels from preexisting capillaries through endothelial cell

: 29-3
sprouting™”'

. During the socket healing process, the fibrin
matrix inside the blood clot provides a provisional matrix
that supports the migration of sprouting endothelial cells™.
Angiogenesis is one of the essential events that occurs dur-
ing the socket healing process and provides the inflammatory
cells, growth factors, and progenitor cells that are required in
the inflammatory and proliferative stages of socket healing.
In addition, the regeneration and wound healing of alveolar
bone is directly dependent on the angiogenesis process. In
the present review, we provide an overview of the angiogenic
potential of materials commonly used for the treatment and
prevention of AO. Our intentions were to evaluate whether
the angiogenic characteristics of these materials are advanta-
geous.

Il. Materials and Methods

1. The review purpose

The present review was performed to evaluate whether

angiogenesis is associated with favorable prevention of AO.
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The role of pro- or anti-angiogenic materials used for the pre-
vention of AO was considered. The main focus of this review
was the beneficial proangiogenic potential of materials and/or
methods used for the prevention of AO.

2. Inclusion and exclusion criteria

The inclusion criteria were (1) studies published in the
English language; (2) studies accepted and published between
January 2000 and September 2016; (3) scientific in vitro or in
vivo articles, reviews, systematic reviews, case reports with
controlled study design; and (4) studies that presented new
methods and materials for the prevention of AO. The exclu-
sion criteria were (1) studies that were published prior to Jan-
uary 2000 or after September 2016; (2) studies that evaluated
the etiology or risk factors that contribute to AO; (3) studies
that used different materials or methods for the management
and related mechanisms of AO after occurrence; and (4) stud-
ies that investigated socket preservation methods for dental
implant insertion.

3. Search methodology

As part of this study, electronic searches were performed in
the PubMed, MEDLINE, and EMBASE databases via OVID
using keywords mentioned in relevant PubMed and MeSH
(Medical Subject Headings) terms, including the names of
materials used for the prevention of AO.

4, Search strategy

In the electronic search of scientific papers in the PubMed,
MEDLINE, and EMBASE databases in this study, the fol-
lowing keywords were used: “angiogenesis and alveolar

EEINT3 EEINT3

osteitis,” “alveolar osteitis prevention,” “chlorhexidine glu-

EENT3

conate and angiogenesis,” “tetracycline and angiogenesis,”

EEINT3

“metronidazole and angiogenesis,” “azithromycin and an-

EEINT3

giogenesis,” “penicillin and angiogenesis,” “lincomycin and
angiogenesis,” “amoxicillin and angiogenesis,” “eugenol and
angiogenesis,” “platelet-rich fibrin and angiogenesis,” and

“platelet-rich plasma and angiogenesis.” It should be noted
that the search results obtained using the keywords “dry
socket” and “alveolar osteitis” were similar, while the search
results acquired using “alveolar osteitis” showed more re-
sults. Hence, we used “alveolar osteitis” as the main keyword
in the electronic searches in the indicated databases. Relevant

full-text articles and the reference lists of related articles were



also evaluated to supplement the search. The assessment of
the eligibility and the finding of related data were indepen-
dently performed by two reviewers. There was no inconsis-
tency with the two reviewers.

lll. Results

The initial search of the keywords indicated above resulted
in 408 articles, with a final 38 of them meeting the inclusion
criteria set for this review. The selected studies were directly
related to the materials used for the prevention of AO.(Table 1)

IV. Discussion

In this section, we aim to discuss the proangiogenic poten-
tial of different materials used for the prevention of AO.

1. Antiseptics

The most commonly used and tested antiseptic for the pre-
vention of AO is chlorhexidine gluconate (CHX). CHX is an
antiseptic agent with a broad spectrum of activity, no associ-
ated development of resistance, good tolerability, substantiv-
ity, and slow release”. CHX has been previously used at two
concentrations of 0.2% and 0.12%, respectively, as a mouth

rinse solution or in gel form.

1) Chlorhexidine gluconate solution

Shepherd™ performed a review study of 32 publications
from 12 countries and concluded that, done preoperatively
and at seven days postoperatively, rinsing the mouth with
0.12% CHX had a significant preventive effect on AO in-
cidence. Sridhar et al.”” worked on 50 patients and reported
similar results using 0.2% CHX solution twice daily at one
day before and for seven days after surgical extraction.

Metin et al.*, in a prospective randomized clinical trial
of 99 subjects, showed that a one-week-long postoperative
mouth rinse with 0.2% CHX solution regimen was adequate
and that there was no need to use CHX for a week before ex-
traction. Caso et al.”’, through their review of seven random-
ized prospective clinical trials, concluded that mouth rinsing
with CHX solution post-extraction for several days reduced
the incidence of AO. Delilbasi et al.”, in their study, worked
on 177 subjects and showed that the effectiveness of 0.2%
CHX solution was enhanced when used in combination with
amoxicillin and clavulanic acid.(Table 1, Fig. 1)
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2) Chlorhexidine gluconate gel

Torres-Lagares et al.””, in a pilot study of 30 patients, con-
cluded that 0.2% CHX gel was a good prophylactic agent
and that it can be applied only once in the intra-alveolar site
after impacted third molar removal to reduce edema and AO
incidence. Hita-Iglesias et al." compared the effectiveness of
0.2% CHX gel versus 0.12% CHX solution in the prevention
of AO in 73 patients. They concluded that bioadhesive 0.2%
CHX gel has more advantages and capabilities than does the
CHX solution in reducing the incidence of AO. Abu-Mostafa
et al.*, using 201 patients who underwent 301 extractions,
also indicated that 0.2% CHX gel was more effective than
0.12% CHX solution. Minguez-Serra et al.”* reviewed 12
clinical trials and reported similar results, and concluded that
0.2% CHX gel applied twice daily for seven days after tooth
extraction was more effective than the use of 0.12% CHX
mouth rinse. Torres-Lagares et al.”, in another study, showed
that bioadhesive 0.2% CHX gel reduced the incidence of AO
by up to 57.15% in patients with bleeding complications. Ro-
driguez-Pérez et al.* reported that there were no differences
between using 1% CHX and using 0.2% CHX gel twice daily
for seven days with respect to reducing the incidence of AO
in 88 subjects.

Barbar et al.”

, in a randomized control trial study of 100
patients, showed a significant reduction in the incidence of
AO using a single application of CHX gel following man-
dibular third molar surgery. Haraji and Rakhshan® reported
similar results regarding the effectiveness of a single-dose
of intra-alveolar placement of 0.2% CHX gel in 45 patients.
Jesudasan et al.”” worked with 270 patients and concluded
that, although 0.2% CHX gel could reduce the incidence of
AO, postoperative placement of a eugenol-based paste could
eliminate AO completely. Yengopal and Mickenautsch®, in a
systematic review, compared six regimens of using CHX for
the prevention of AO and concluded that a single application
0f 0.2% CHX gel placed inside the alveolar socket following
tooth extraction and participating in mouth rinsing with 0.12%
CHX solution twice a day for seven days after operation are
the most effective regimens for the prevention of AO. Dod-
son”, in a review study of 21 trials with 2,570 participants,
showed similar results for these two regimens. Dodson*’ also
recommended that all members of the dental team be aware
of the potential adverse side effects of CHX. Requena-Calla
and Funes-Rumiche™ worked with 40 patients and applied
0.12% CHX gel, and reported no relationship between CHX
gel and the reduction of AO incidence. However, Freudenthal
et al.”, as part of their double-blinded randomized study with
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Table 1. Studies considered with respect to their discussion of the prevention of AO

Study

Main aspect

Conclusion

Shepherd™
Sridhar et al.”
Metin et al.*
Caso et al.”
Delilbasi et al.™

39
Torres-Lagares et al.

Hita-Iglesias et al.*
Abu-Mostafa et al.*!

Minguez-Serra et al.

Torres-Lagares et al.”

Rodriguez-Pérez et al.*

Barbar et al.’

Haraji and Rakhshan™
Jesudasan et al.”’
Yengopal

and Mickenautsch*

Dodson®

Requena-Calla and
Funes-Rumiche™
Freudenthal et al.”

Hedstrom and Sjogren™

Bosco et al.™

Sanchis et al.”’

Bergdahl and
Hedstrém™

Reekie et al.”

The effects of CHX solution in the
prevention of AO

The effects of CHX solution in the
prevention of AO

The effects of CHX solution in the
prevention of AO

The effects of CHX solution in the
prevention of AO

The effects of CHX solution in the
prevention of AO

The effects of CHX gel in the prevention
of AO

The effects of CHX gel in the prevention
of AO

The effects of CHX gel in the prevention
of AO

The effects of CHX gel in the prevention
of AO

The effects of CHX gel in the prevention
of AO

The effects of CHX gel in the prevention
of AO

The effects of CHX gel in the prevention
of AO

The effects of CHX gel in the prevention
of AO

The effects of CHX gel in the prevention
of AO

The effects of CHX gel in the prevention
of AO

The effects of CHX gel in the prevention
of AO

The effects of CHX gel in the prevention
of AO

The effects of CHX gel in the prevention
of AO

The effects of antibiotic agents in the
prevention of AO

The effects of antibiotic agents in the
prevention of AO

The effects of antibiotic agents in the
prevention of AO

The effects of antibiotic agents in the
prevention of AO

The effects of antibiotic agents in the
prevention of AO

Used preoperatively and seven days postoperatively, mouth rinse with 0.12%
CHX had a significant preventive effect on AO incidence

Use of 0.2% CHX solution twice daily, for one day before and seven days
after surgical extraction, can be beneficial for the prevention of AO

A one-week postoperative mouth rinse with 0.2% CHX solution regimen was
adequate and there was no need to use CHX for one week before extraction

Rinsing of the mouth with CHX solution after the extraction for several days
reduced the incidence of AO

The effectiveness of 0.2% CHX solution was enhanced when used in
combination with amoxicillin and clavulanic acid

0.2% CHX gel was a good prophylactic agent and can be applied only once
in the intra-alveolar site after impacted third molar extraction to reduce the
edema and AO incidence

Bioadhesive 0.2% CHX gel has a larger advantage and capability in reducing
the incidence of AO than the solution

0.2% CHX gel was more effective than 0.12% CHX solution in reducing the
incidence of AO

0.2% CHX gel applied twice daily for seven days after tooth extraction was
more effective than 0.12% CHX mouth rinse in reducing the incidence of
AO

Bioadhesive 0.2% CHX gel reduced the incidence of AO by up to 57.15% in
patients with bleeding complications

There were no differences seen with using 1% CHX or 0.2% CHX gel twice
daily for seven days in terms of reducing the incidence of AO

A significant reduction in incidence of AO by a single application of CHX
gel following mandibular third molar surgery was seen

A single-dose of intra-alveolar placement of 0.2% CHX gel can reduce the
incidence of AO

The use of 0.2% CHX gel could reduce incidence of AO, but postoperative
placement of eugenol-based paste could eliminate AO completely

A single application of 0.2% CHX gel placed inside the alveolar socket
following tooth extraction and rinsing the mouth with 0.12% CHX solution
twice a day for seven days after surgery are the most effective regimens for
the prevention of AO

The single application of 0.2% CHX gel placed inside the alveolar socket
and mouth rinsing with 0.12% CHX solution twice a day for seven days
after surgery are the most effective regimens for the prevention of AO

There is no relationship between 0.12% CHX gel application and the
reduction of AO incidence

There is doubt regarding the application of CHX gel for the prevention of
AO and patients’ postoperative analgesic consumption reproduced the
development of AO

Local treatment of the extraction site with tetracycline showed a great
reduction of risk of AO

Tetracycline could reduce the occurrence of AO and cause significant
changes in the microbiota of the extraction site by decreasing the number
of anaerobes while increasing the amount of tetracycline-resistant and
multi-resistant microorganisms

Intra-alveolar placement of tetracycline compound did not affect the
incidence of AO

The use of 1,600 mg of metronidazole did not significantly reduce the
incidence of AO

The use of topical metronidazole did not significantly reduce the incidence
of AO

100 extraction cases, did not verify the same observation and
casted doubt upon the application of CHX gel for the preven-
tion of AO. These authors claimed that patients’ postopera-
tive analgesic consumption reproduced the development of

AO.(Table 1, Fig. 1)
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3) The proangiogenic effects of chlorhexidine gluconate

The proangiogenic effects of CHX have not been previous-
ly evaluated. Saghiri et al.”” reported that 2% CHX may ex-
hibit cytotoxic effects on dental pulp stem cells. Considering
the levels of CHX and povidone iodine used routinely in the



Table 1. Continued
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Study

Main aspect

Conclusion

Neugebauer et al.*

Ishihama et al.”!

Bascones-Martinez
etal.”

Halpern and Dodson®”

Ren and Malmstrom®

Wisniewska et al.®’

Olusanya et al.*®

67
Marcussen et al.

Arteagoitia et al.”

Bloomer”"

Poor et al.”?

Rutkowski et al.”

Barona-Dorado et al.

73

The effects of antibiotic agents
prevention of AO

The effects of antibiotic agents
prevention of AO

The effects of antibiotic agents
prevention of AO

The effects of antibiotic agents
prevention of AO

The effects of antibiotic agents
prevention of AO

The effects of antibiotic agents
prevention of AO

The effects of antibiotic agents
prevention of AO

The effects of antibiotic agents
prevention of AO

The effects of antibiotic agents
prevention of AO

The effects of different agents
prevention of AO

The effects of different agents
prevention of AO

The effects of different agents
prevention of AO

The effects of different agents
prevention of AO

in the

in the

in the

in the

in the

in the

in the

in the

in the

in the

in the

in the

in the

Tek et al.” The effects of antibiotic agents in the
prevention of AO
Eshghpour et al.” The effects of antibiotic agents in the

prevention of AO

Antimicrobial photodynamic therapy can be used for the prevention of AO

Azithromycin as a prophylactic agent for the prevention of AO did not
significantly reduce the rate of AO

Azithromycin was a significantly superior post-extraction treatment as
compared with saline for the prevention of AO

The use of systemic antibiotics (e.g., penicillin or clindamycin for penicillin-
allergic subjects) in intravenous form could significantly reduce the
incidence of AO and surgical site infection

Systemic antibiotics used before surgery could effectively reduce the
frequency of AO

Lincomycin could significantly prevent the incidence of AO

Five-day postoperative consumption of oral 500 mg amoxicillin capsules
three times daily and 400 mg metronidazole tablets three times daily is
advisable for reducing the risk of AO

A single oral dose of 2 g of amoxicillin can effectively reduce the risk of
surgical site infection and a single dose of 0.8 g of phenoxymethylpenicillin
can significantly reduce the risk of AO

Prophylactic use of amoxicillin for reducing the risk of AO was only
effective when it was used in combination with clavulanic acid

The immediate packing of the extraction site with filament gauze containing
9% eugenol, 36% balsam of Peru, and 55% petroleum jelly could reduce
the risk of AO

SaliCept patches containing Acemannan hydrogel (Carrington Laboratories)
placed after extraction could significantly reduce the incidence of AO in
comparison with the use of clindamycin-soaked Gelfoam (Pharmacia and
Upjohn)

The application of PRP at the extraction site can be used as a cost-effective
technique for the prevention of AO

There should be more clinical trials conducted before the recommendation of
PRP for the treatment of extraction site after operation can be made

The application of Ankaferd BloodStopper (Ankaferd Health Products) as a
hemostatic agent did not significantly decrease the risk of AO

PRF could significantly decrease the incidence of AO

(AO: alveolar osteitis, CHX: chlorhexidine gluconate, PRP: platelet-rich plasma, PRF: platelet-rich fibrin)
Mohammad Ali Saghiri et al: Angiogenesis and the prevention of alveolar osteitis: a review study. J Korean Assoc Oral Maxillofac Surg 2018

oral cavity, these results suggest that CHX has a higher cyto-
toxicity profile than povidone iodine. This observation might
have some clinical relevance regarding the potential utility of
povidone iodine in the prevention of AO”. CHX complica-
tions such as bad taste, alterations in taste, numbness in the
tongue, and staining of dentures and oral cavity tissues have

d36,38

been reporte . In addition, anaphylactic reaction to CHX

has been recently observed™.
2. Antibiotics

1) Tetracycline

Hedstrom and Sjogren™, in a systematic review of 32 ran-
domized controlled trials, showed that local treatment of the
extraction site with tetracycline prompted a great reduction in
risk for AO. Bosco et al.* used local tetracycline for the pre-

vention of AO in rats and concluded that tetracycline could
reduce the occurrence of AO. This treatment also caused
significant changes in the microbiota of the extraction site
by decreasing the number of anaerobes while increasing the
amount of tetracycline-resistant and multi-resistant micro-

1.”, in a postoperative study of 200

organisms. Sanchis et a
impacted mandibular third molar extractions, concluded that
intra-alveolar placement of tetracycline compound did not af-

fect the incidence of AO.

2) Metronidazole

Bergdahl and Hedstrém™, in a randomized controlled trial
of 119 patients, showed that the administration of 1,600 mg
of metronidazole did not significantly reduce the incidence
of AO. Reekie et al.”, in a randomized study of 302 patients
seen in three general dental practices by general dental prac-
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Fig. 1. A schematic presentation of the mechanisms of action of chlorhexidine gluconate (CHX) gel and local antibiotic agents for the pre-

vention of alveolar osteitis (AO).
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titioners working in England during the time period of 2000
to 2003, concluded that topical metronidazole did not signifi-
cantly reduce the incidence of AO. Neugebauer et al.”’, in an
intra-individual study on 100 patients, showed that antimicro-
bial photodynamic therapy can be used for the prevention of
AO.

3) Azithromycin

Ishihama et al.”, in a retrospective single-center review of
45 patients, concluded that the usage of azithromycin as a
prophylactic agent for the prevention of AO did not signifi-
cantly reduce the rate of AO. Bascones-Martinez et al.”, in a
clinical trial of 400 women using tobacco and oral contracep-
tives, showed that azithromycin was significantly superior for
post-extraction treatment versus saline for the prevention of
AO.

4) Systemic antibiotics

Halpern and Dodson®, in their study of 118 subjects who
used systemic antibiotics (e.g., penicillin or clindamycin
for penicillin-allergic subjects) in an intravenous form, con-
cluded a significant reduction in AO or surgical site infection
occurred with drug administration. Ren and Malmstrom®, in
a meta-analysis of 16 randomized controlled clinical trials
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including 2,932 patients, reported that systemic antibiotics
used prior to surgery could effectively reduce the frequency
of AO.

5) Lincomycin
Wisniewska et al.”, in a study of 80 patients, showed that
lincomycin could significantly prevent the incidence of AO.

6) Amoxicillin

Olusanya et al.”, in a randomized experiment including 42
patients, employed a five-day regimen of oral 500 mg amoxi-
cillin capsules and 400 mg metronidazole tablets three times
daily. These authors concluded that, while a single bolus an-
tibiotic prophylaxis may be effective in the reduction of pain,
swelling, and trismus, in case of reducing the risk of AO,
five-day postoperative consumption is advisable. Marcussen
et al.”, in a systematic review of randomized controlled tri-
als, reported that the consumption of a single oral dose of 2
g of amoxicillin could effectively reduce the risk of surgical
site infection, while a single dose of 0.8 g of phenoxymethyl-
penicillin did significantly reduce the risk of AO. Arteagoitia
et al.”, in a systematic review and meta-analysis of 10 pa-
pers, including extractions performed in 1997, showed that
the prophylactic use of amoxicillin for reducing the risk of



AO was only effective when it was used in combination with
clavulanic acid.(Table 1, Fig. 1)

7) The proangiogenic effects of antibiotics

There are few studies available to date that have investi-
gated the proangiogenic effects of antibiotics used for the
prevention of AO. Mathe et al.” showed that tetracycline can
increase the expression of vascular endothelial growth fac-
tor and prompt better revascularization of the treated tissues.
Rawal and Rawal”’ evaluated the nonantimicrobial properties
of tetracycline and reported that it can regulate the angiogen-
esis processes, stimulate osteoblastic bone formation, and
inhibit osteoclast function.

3. Other materials

Bloomer”', in his study of 100 patients, indicated that the
immediate packing of the extraction site with filament gauze
containing 9% eugenol, 36% balsam of Peru, and 55% pe-
troleum jelly could reduce the risk of AO. Poor et al.”, in
a retrospective investigation, showed that SaliCept patches
containing Acemannan hydrogel (Carrington Laboratories,
Irving, TX, USA) placed after extraction could significantly

Angiogenesis and the prevention of alveolar osteitis

reduce the incidence of AO as compared with the placement
of clindamycin-soaked Gelfoam (Pharmacia and Upjohn,
Kalamazoo, MI, USA). Rutkowski et al.”, in their analysis
of 904 extraction cases, suggested that the application of
platelet-rich plasma (PRP) at the extraction site could be used
as a cost-effective technique for the prevention of AO.(Fig.
2) However, Barona-Dorado et al.”, after performing a sys-
tematic review including 101 articles, concluded that more
clinical trials must be conducted before the recommendation
of PRP for the treatment of the extraction site after opera-
tion can be taken seriously. Tek et al.”, in their study of
100 extraction cases, found that the application of Ankaferd
BloodStopper (Ankaferd Health Products, Istanbul, Turkey)
as a hemostatic agent did not significantly decrease the risk
of AO. Eshghpour et al.”, in a randomized clinical trial of 78
patients, showed that platelet-rich fibrin (PRF) could signifi-
cantly decrease the incidence of AO.(Table 1, Fig. 2)

1) The proangiogenic effects of these other materials

Manikandan et al.”® showed that eugenol is a phytochemi-
cal agent with remarkable abilities to alter the equilibrium
between pro- and anti-angiogenic proteins and to disturb the
balance between the stimulators and inhibitors of angiogen-
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Fig. 2. A schematic presentation of the mechanisms of action of hemostatic agents placed inside the alveolar socket for the prevention of
AO.(PRP: platelet-rich plasma, PRF: platelet-rich fibrin, VEGF: vascular endothelial growth factor, FGF: fibroblast growth factor, AO: alveo-

lar osteitis)
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esis at the application site. Kobayashi et al.”

reported that
PRP and PRF can act both as scaffolding and reservoirs for
angiogenic factors during the wound-healing period. One of
the limitations of the present study is its exclusive attention
paid to the biomaterials used for AO treatment without the
consideration of the quality or nature of the studies (i.e., in

VIVO, In VItro, case report, review).

V. Conclusion

In this review, the proangiogenic impacts of materials used
for the prevention of AO were discussed. According to the
reviewed studies, the following conclusions can be drawn:

* The proangiogenic properties of CHX have not been eval-
uated thus far. However, CHX has several cytotoxic effects.

* Among antibiotics used for the prevention of AO, only the
proangiogenic effects of tetracycline were investigated, with
promising effects identified. However, there is still a lack of
information about the proangiogenic properties of other anti-
biotics.

* PRP and PRF are other beneficial and proangiogenic ma-
terials used for the prevention of AO.

* Generally speaking, angiogenesis is of great importance
during the socket-healing period occurring after extraction,
and it is beneficial if preventive strategies of AO are directed

toward more proangiogenic materials and modalities.
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