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Abstract: The aim of the study was to evaluate wound healing repair of dental sockets after
topical application of 5% epsilon-aminocaproic acid (EACA) and the use of fibrin adhesive
implant in rats under anticoagulant therapy with warfarin. Sixty Albinus wistar rats were
used, divided into three groups of 20. In Group I, the animals were given 0.1 mL/100 mg of
0.9% saline solution per day, beginning 6 days before dental extraction and continuing
throughout the experimental period. In Group II, the animals received 0.03 mL of sodium
warfarin daily, beginning 6 days before the surgery and continuing until the day of sacrifice;
after tooth extractions, the sockets were filled with fibrin adhesive material. In Group III the
animals were treated as in Group II, and after extractions, the sockets were irrigated with 5
mL of 5% EACA and filled with the same fibrin adhesive material. All groups presented
biological phases of wound healing repair, the differences being evident only in the chronol-
ogy. The results obtained in Group III were very similar to those of Group I in the last period
of wound repair, whereas Group II presented a late chronology compared to the other groups.
© 2005 Wiley Periodicals, Inc. J Biomed Mater Res Part B: Appl Biomater 73B: 209–213, 2005
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INTRODUCTION

Immediately after tooth extraction, the mechanisms of hemo-
stasis and fibrinolysis compete with each other to assure an
organized wound healing repair. This process can be mor-
phologically divided into three phases: (a) exudative, (b)
proliferative, and (c) reparative.1

Disturbances can be found during wound healing repair in
all of these phases, especially in the exudative one, when
changes from local or systemic origin compromise the quality
and the quantity of fibrin initially formed. The necessity of
adequate fibrin for connective tissue development and epi-
thelial tissue formation is largely known.1–3

Frequently, oral surgeons have to assist patients who are
under anticoagulant medication, an important condition that has

to be considered before any surgical procedure, even apparently
simple ones such as tooth extractions.4,5 The interruption of the
anticoagulant therapy has to be carefully studied, as it can
increase the risk of a thromboembolism.6,7 On the other hand, if
treatment with these anticoagulants is not suspended, prolonged
bleeding can occur This can usually be controlled by hemostatic
drugs,8 which may change the healing process.

In the 1970s, new materials presenting high concentrations
of fibrinogen became available, among them the fibrin adhe-
sive system Tissucol™ (Venice, Austria), with the primary
objective of controlling postoperative bleeding. The system is
composed of fibrinogen, aprotinin, XIII factor, and thrombin,
and has been used in several fields of medical surgery as an
efficient adjuvant in hard and soft tissue hemostasis, and also
in the oral cavity, in different clinical situations where a
disturbance of the hemostatic system exists.

The adhesivity of this material is due to the covalent cross
linkage between adhesive fibrin and tissue collagen, and it
seems to be intensified when associated with aminocaproic
acid (EACA).9 This synthetic monoaminocarboxylic mono-
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aminoacid has been shown, in both in vitro and in vivo
studies, to be effective in inhibiting the conversion of plas-
minogen into plasmin, in therapeutic doses. In high doses it
presents an antiplasminic effect.10 Fibrin adhesives have been
widely recommended for the treatment of hemorrhage caused
by increased fibrinolysis activation.

Based on these data, and considering the high frequency of
patients under anticoagulant therapy requiring oral surgery,
the present study aims to evaluate the morphological pattern
of dental socket repair of rats treated with sodium warfarin,
with 5% EACA and a fibrin adhesive system.

MATERIALS AND METHODS

Sixty male rats (Rattus norvergicus Albinus-Wistar) weighing
between 250 and 300 g were used in this study. The animals
were fed daily with solid food containing protein (20%), carbo-
hydrate (60%), and fat (8%), and water ad libitum, except 24 h
after the surgery, when solid food was suspended.

The animals were randomly divided into three groups:
Group I (control)—administration of 0.1 mL/100 mg 0.9%
saline, beginning 6 days before tooth extraction, and continu-
ing throughout the experimental period; Group II [sodium
warfarin and fibrin adhesive (Tissucol™)]—daily adminis-
tration of 0.03 mL of sodium warfarin, maintained until the
end of the experimental period; after the extractions the
sockets were filled with the fibrin adhesive; Group III [so-
dium warfarin and fibrin adhesive/epsilon-aminocaproic acid
(Ipsilon, Nikho, Rio de Janeiro, Brazil)]—the animals were
treated as in Group II, and after the surgery their sockets were
irrigated with 5 mL of 5% epsilon-aminocaproic acid and also
filled with the fibrin adhesive.

Before beginning the administration of sodium warfarin,
prothrombin and Quick tests were performed. After 6 days of
the drug administration in Groups II and III, new coagulation
tests were done. After this initial period, the 60 animals were
anesthetized with thiopental sodium (50 mg/kg) permitting
the extraction of the right upper incisor, with careful move-
ments in order to prevent dental or alveolar fractures. Special
forceps were developed for this purpose.11

After 3, 7, 15, 21, and 30 days after the surgical proce-
dures, the animals were sacrificed with an overdose of thio-
pental sodium so that the right dental socket could be ex-
tracted. The specimens were fixed in buffered 10% formalin,
and after decalcification in formic acid–sodium citrate solu-
tion the specimens underwent routine histological examina-
tion. Longitudinal slices of the dental socket were obtained
and stained with hematoxylin and eosin.

The results of the prothrombin test were analyzed by
ANOVA and the histological analysis registered the morpho-
logical aspects, focusing the wound healing process in the
cervical, medium, and apical areas.

RESULTS

During tooth extraction, intense bleeding was noted in the
animals of Groups II and III, and lengthy local compression
was necessary to control it. Prothrombin tests showed com-
patible results with bleeding that occurred during dental ex-
tractions in Groups II and III (Tables I and II).

ANOVA tests were used for comparison among the
groups, independent of the materials; and among the materi-
als, independent of the periods, and for a comparison among
the groups individually (material and period interaction) as
well. A statistically significant difference was confirmed only
in the comparison among the periods (p � 0.05), as shown in
Table III.

Histological Analysis

The dental socket was divided into three areas: cervical,
medium, and apical, considered to extend from the gingival

TABLE I. Prothrombin Values (s) Obtained from the Animals
Before Warfarin Administration (n � 10)

Group I
Group II

Fibrin Adhesive

Group III
Fibrin Adhesive � Epsilon

Aminocaproic Acid

1–13.2 1–14.3 1.–12.2
2–11.7 2–13.8 2.–13.1
3–10.9 3–13.7 3.–14.2
4–12.3 4–13.9 4.–11.7
5–13.8 5–14.3 5.–17.0
6–14.7 6–12.8 6.–13.1
7–11.6 7–13.5 7.–10.6
8–12.3 8–10.9 8.–11.1
9–13.8 9–14.6 9.–13.9

10–13.1 10–11.8 10–15.8

TABLE II. Prothrombin Values (s) Obtained from the Animals on
the Sixth Day of Warfarin Administration (n � 10)

Group I
Group II

(Fibrin Adhesive)

Group III
(Fibrin Adhesive � Epsilon

Aminocaproic Acid)

1–14.6 1–23.5 1–19.4
2–12.7 2–18.9 2–24.1
3–12.9 3–21.6 3–20.3
4–10.8 4–20.1 4–25.0
5–12.2 5–19.7 5–19.0
6–12.4 6–26.1 6–22.7
7–11.0 7–24.3 7–24.9
8–10.2 8–24.6 8–19.7
9–13.7 9–20.7 9–23.9

10–12.1 10–19.3 10–22.8

TABLE III. Mean � Standard Deviation of Prothrombin Values
for Different Groups and Periods

Groups Prothrombin Values (s)

Fibrin adhesive—immediate 13.36 � 1.18901
Fibrin adhesive (6 days) 21.88 � 2.552018
Fibrin adhesive � EACA 13.27 � 2.029808
Fibrin adhesive � EACA (6 days) 22.18 � 2.361185
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margin toward the bottom of the sockets, for the description
and the comparison of the results. Three days after the dental
extractions, no significant differences were noted among the
groups, and all the sockets were filled by blood clot.

Group I (Control). On the seventh day, most of the sock-
ets were filled with newly formed connective tissue, present-
ing fibroblasts and mononuclear leucocytes [Figure 1(a)].
Medium and apical regions showed a few new bone trabec-

ulae surrounded by numerous osteoblasts, especially next to
the socket walls. After 15 days, thin and irregular trabeculae
are seen in the cervical area [Figure 1(b)]; in apical and
medium areas the trabeculae are more organized and defined.
Newly formed connective tissue and eventual regions of
blood clot are still noted. After 21 days, apical and medium
areas show organized and thick trabeculae, but in the cervical
areas some fibrous connective tissue can be found [Figure
1(c)].

Figure 1. Group I. (a) Day 7: The cervical area of the socket is filled
by newly formed connective tissue with a high number of fibroblasts.
(b) Day 15: Irregular and thin bone trabeculae can be seen. (c) Day 21:
Some areas are occupied by nondifferentiated connective tissue (HE,
original magnification 63�).

Figure 2. Group II. (a) Day 7: Nonorganized connective tissue rich in
fibroblasts, macrophages, and lymphocytes is noted. (b) Day 15:
Some bone trabeculae are seen, surrounded by osteoblasts. (c) Day
21: A large area with connective tissue is still evident (HE, original
magnification 63�).
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Group II (Fibrin Adhesive). After 7 days, remaining blood
clots can be found all over the sockets. The cervical area
presents connective tissue with numerous fibroblasts and
mononuclear leucocytes [Figure 2(a)]. Small, newly formed
bone trabeculae are found in medium and apical areas. By
Day 15, the cervical areas area are partially filled with high
cellular trabeculae [Figure 2(b)]. Medium and apical areas
show more regular bone tissue, but with large intratrabecular
regions occupied by fibrous connective tissue. In the last
period, the cervical areas of some specimens are filled with
regular trabeculae; however, other specimens show thin and
spaced trabeculae, with a great quantity of fibrous connective
tissue with no bone differentiation [Figure 2(c)].

Group III (Fibrin Adhesive/EACA). Cervical areas exhibit
newly formed connective tissue rich in fibroblasts. Intense
osteogenesis can already be seen next to the walls of the
socket [Figure 3(a)] 7 days after dental extraction. More
expressive bone formation is present in medium and apical
areas. By Day 15, thick trabeculae can be found filling the
entire socket. In cervical areas, regions with fibrous connec-
tive tissue with no bone differentiation can still be seen
[Figure 3(b)]. In the last analyzed period, the entire socket is
occupied by thick and organized bone tissue [Figure 3(c)].
The alveolar crest is remodeled.

DISCUSSION

The administration of anticoagulant prevents thromboembo-
lism6 and the formation of systemic embolus in patients with
valvular diseases and cardiac prostheses.12 Fairfax, Lambert,
and Leatham13 also stressed the indication of this therapeutic
for changes in sino-atrial stimulation.

The continuous administration of this kind of drug makes
hemostasis procedures difficult due to the increased pro-
thrombin time in this population. In this way, patients under
anticoagulant therapy who need dental extractions must be
submitted to a judicious evaluation. In many situations, the
interruption of the drug administration is suggested, but
sometimes, it can cause irreversible damage to the patient.
However, disturbances caused by this medication in blood
clot can promote changes in wound healing repair.1 The use
of sodium warfarin 6 days before the surgical procedure in
animals of Groups II and III significantly raised their pro-
thrombin time, confirmed by the exam and also by the clinical
evidence during dental extractions.2,14

The fibrin adhesive used in this study is of biological
origin and is a system formed by two main components taken
from human plasma. One of them contains high fibrinogen
concentrate, XIII factor, plasma fibronectin, plasminogen res-
idue, and plasma proteins, such as albumin. This component
is mixed with atropine. The second component contains fibrin
and calcium chloride.15 After combination, thrombin con-
verts fibrinogen into fibrin in the presence of calcium and the
XIII factor converts fibrin monomer into polymer, forming a
real strand of fibrin and increasing the adhesivity of the sealer
to the wound.16 As a result, there is a blood clot that firmly

attaches to the tissue, similar to the final phase of coagulation
cascade. The time required to complete blood clot formation
decreases as the thrombin concentration increases.17 In a
blood clot the plasminogen is entrapped and converted to
plasmin in response to tissue and plasma activators. This
substance acts like an enzyme to the fibrin, originating sev-
eral peptides as degrading products which are removed or
phagocyted by macrophages so repair can occur. Some syn-
thetic compounds, such as EACA, present plasminogen acti-
vation inhibitor properties.10,18,19

Figure 3. Group III. (a) Day 7: The socket is filled with newly formed
connective tissue. (b) Day 15: A large area filled with nondifferentiated
connective tissue is evident. (c) Day 21: Regular newly formed bone
trabeculae can be seen (HE, original magnification 63�).
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Indications for the use of the epsilon aminocaproic acid in
dentistry have already been described by Berry,20 where the
acid was used in a topical way as a mouth rinse after tooth
extractions in patients with hemorrhage history, and also to
control hemorrhage in hemophilic patients who underwent
the same surgical procedure.

In this study it was possible to observe, from the histolog-
ical analysis, an advanced healing repair when socket irriga-
tion with EACA was performed before implantation of the
fibrin adhesive. Such advanced repair became evident from
the seventh day, when thin bone trabeculae could be seen in
medium and apical areas of the socket. Besides, at this time,
gingival mucosa epithelium totally covered the dental socket.
Previous irrigation of the socket with EACA was made to
block fibrinolitic activity of streptokinasis found in high local
concentrations during surgical procedures, in an attempt to
preserve adhesive properties of the sealer as much as possi-
ble, as indicated by Staindl.21 This association proved very
important, especially in tissue adherence and in clot resis-
tance during the initial periods of wound healing.18

In the same period of 7 days, no bone formation was seen
in the cervical areas of the sockets of Group I, presenting
connective tissue with any bone differentiation. In Group II,
wound repair was slightly delayed, presenting characteristics
of initial phases of healing, with the sockets filled by blood
clot and granulation tissue, with a discreet new bone forma-
tion seen in the apical areas. Different results were obtained
by Okamoto et al.,3 when they compared rat tibia repair with
and without fibrin adhesive, and observed similar bone repair
in both groups.

Wound healing in each group followed the pattern of the
initial periods, more advanced in Group III followed by
Groups I and II. These results are in agreement with Duckert
and Nyman,9 who suggested that the adhesivity of the fibrin
adhesive increases in the presence of EACA, favoring bone
repair.

Besides the differences seen in the histological analysis,
there is no contra-indication in the use of the fibrin adhesive,
which shows a good clinical compatibility with the alveolar
structures, also confirmed by Wepner, Fries, and Platz.22 The
association of the fibrin adhesive with EACA seems to be
adequate for sealing the socket after dental extractions in
patients presenting coagulation disturbances. Although it
seems reasonable to note that the results observed in the
present work were obtained from an experimental study in
rats, wound healing events may occur very similarly in hu-
man being.

CONCLUSIONS

A normal sequence of biological events in socket repair was
observed in all groups, with the difference noted in their
chronology. After dental extractions, the use of the fibrin
adhesive in combination with EACA promoted a very similar
healing behavior to the control group, especially in the final
periods of repair, whereas a slight delay could be seen when
only the fibrin adhesive was used.
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dos com warfarina sódica e vitamina K1: estudo histológico
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