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Effects of fibrin sealer and resorbable
gelatin on the repair of osseous defects
in rat tibia

Efeitos de selante de fibrina e de gelatina
absorvivel no reparo de defeitos ésseos em
tibia de rato

Abstract: Gelfoam® — a biologically resorbable gelatin sponge — has the function of re-
stricting hemorrhage, providing platelet rupture, and supporting fibrin threads. Beri-
plast® — a fibrinogen-thrombin compound — is used to adhere tissues, to consolidate su-
tures and in hemostasis. The objective of this study was to perform a histological analysis
of the effects of haemostatic agents on osseous repair. These materials were inserted into
surgical sites in young rat right and left tibiae. After the observation periods of 7, 14, 30
and 45 days, according to the bioethic protocol, the animals were killed, the tibiae were
removed and fixed in 10% formalin and decalcified in equal parts of formic acid and so-
dium citrate solutions. After routine processing, the specimens were embedded in paraffin
for microtomy. Analysis of the results demonstrated that the haemostatic agents are effec-
tive in controlling hemorrhage; they stimulate osteogenesis, featuring a pattern of osseous
tissue formation similar to the control pattern, although the amount of osseous trabeculae
was superior, especially in the Gelfoam group in the periods of 7 and 14 days; 30 days af-
ter surgery, the delay in tissue healing in the control group in relation to the experimental
groups started to decrease, and the control and experimental groups exhibited similar tis-
sue repair after 45 days, when all the groups exhibited secondary osseous tissue.
Descriptors: Fibrin foam; Fibrin tissue adhesive; Osteogenesis; Rats; Tibia.

Resumo: Gelfoam® — uma esponja de gelatina biologicamente reabsorvivel — tem por
funcdo coibir as hemorragias, promover o rompimento de plaquetas e sustentar a rede
de fibrina. Beriplast P® — um composto de fibrinogénio-trombina — é usado na adesio
de tecidos, consolida¢do de suturas e hemostasia. O objetivo deste estudo foi verificar
histologicamente os efeitos de agentes hemostdticos na reparagio Ossea, os quais foram
colocados em lojas cirtrgicas nas tibias direita e esquerda de ratos jovens. Apos os perio-
dos de observacdo de 7, 14, 30 e 45 dias, segundo o protocolo bioético, os animais foram
sacrificados, as tibias foram removidas e fixadas em formalina a 10% e descalcificadas em
partes iguais de solu¢des de dcido férmico e citrato de s6dio, para inclusio em parafina e
microtomia. A analise dos resultados demonstrou que os agentes hemostaticos tém eficd-
cia no controle hemorrigico; eles estimulam a osteogénese, provocando um padrio de for-
magio de tecido 6sseo semelhante ao padrdao do grupo controle, embora a quantidade de
trabéculas dsseas tenha sido superior principalmente no grupo do Gelfoam, nos periodos
de 7 e 14 dias; ap6s os 30 dias da cirurgia, o retardo na reparacao tecidual do grupo con-
trole em relacdo aos grupos experimentais comecou a decrescer, tornando-se a reparacao
tecidual daquele semelhante a destes aos 45 dias, quando todos os grupos apresentaram
tecido 6sseo secunddrio.

Descritores: Espuma de fibrina; Adesivo tecidual de fibrina; Osteogénese; Ratos; Tibia.



Introduction

Fibrin sealers have been used in patients with ei-
ther congenital or acquired blood dyscrasias as ad-
juncts for the control of bleeding that is associated
with invasive surgical procedures.*512:15:22,25-27

The presence of antibodies against coagulation
factors or against platelets (immunothrombocytope-
nia) may impair the possibility to correct the defect
in some patients.'>'® In patients that are prescribed
oral anticoagulants, the correction of the coagula-
tion defect may be hazardous. In some cases, there
are adverse effects associated with the therapy used
for correction of the defect. Frequent and large doses
of prothrombin complex concentrate are an example
of such therapies. The risk of postoperative bleeding
can be diminished and the need for systemic replace-
ment can be reduced or eliminated by enhancement
of hemostasis at the site of the wound.!3:15:1¢

Resorbable haemostatic sealers, when laid onto
the site and immobilized by either sutures or simple
compression, act as a scaffold where the blood clot
will organize. Thus, the need for replacement ther-
apy in patients with coagulation alterations can be
reduced through sutures or even through the use of
a fibrin haemostatic agent.!>!®

Gelfoam, a gelatin-based sponge, is insoluble in
water and biologically resorbable. Its function is to
restrict blood vessel hemorrhage whose homeosta-
sis has not been obtained by means of ligatures and
sutures, provide platelet rupture, and support fibrin
threads.” It can be used solely or associated with
thrombin in oral surgeries.®

A large number of studies have demonstrated
that this material initially provokes an inflamma-
tory response, though with no long-term side effects
on osseous formation if completely removed.”!!:142!

Beriplast — a fibrin sealer compounded by fibrino-
gen, factor XIII and thrombin, all isolated from hu-
man plasma and lyophilized — has an effect based on
the final stage of coagulation.'®?* Its major compo-
nents, human fibrinogen and thrombin, lead to the
formation of a fibrin clot that is stable and insoluble
in the presence of FXIII and calcium.®!$:>* Beriplast
affords tissue healing as it is degraded in the organ-
ism by the action of fibrinolysis and phagocytosis,
leaving no residues and decreasing tissue reactions.
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Advancements in surgery, particularly in micro-
surgery, are influenced by the development of surgi-
cal tissue repairs. Fibrin sealer has brought a new
dimension to tissue adhesion as an effective agent
for the treatment of soft tissue wounds. At times,
the combination of suture and tissue sealers has
demonstrated the best results."

Many studies carried out both in the periapi-
cal region®>2%2%2% and in osseous tissue'*1"1%20 have
demonstrated that if the haemostatic agents are in-
advertently left in the surgical site they can induce an
inflammatory process and affect tissue repair.>3%28

The objective of this study was to assess the ef-
fects of haemostatic agents on osseous repair in rat
tibia, aiming to observe the presence of inflamma-
tory cells and osseous tissue formation.

Material and Methods

Thirty-two rats (Rattus norvegicus albinus,
Holtzman) with body weight around 120 g, kept
in individual cages under climatized environment
were used in this study. The animals were divided
into three groups: control, experimental Beriplast
P®(Aventis Behring Ltda., Sdo Paulo, SP, Brazil), and
experimental Gelfoam® (Pharmacia Brasil Ltda., Sdo
Paulo, SP, Brazil). Assigning S rats to the experimental
groups and 3 to the control group, the animals were
killed 7, 14, 30 and 45 days after surgery. In order to
perform the surgical procedures, all the animals were
anesthetized with an intramuscular injection of 10%
Ketamine and 2% Xilazine Hydrochloride (Vibac do
Brasil, Sao Paulo, SP, Brazil), at a dosage of 0.08 ml
and 0.04 ml per 100 g of body weight, respectively.

After trichotomy and antisepsis of both right
and left limbs with 70% ethanol, the medial surface
of each tibia was exposed and a bone cavity from
cortical to marrow was performed with sterilized
handpiece and #% carbide round bur, 5 mm distal
to the tibial tubercle.

The osseous defect was filled with Beriplast in
the right tibia and with Gelfoam — which was re-
moved after 10 minutes — in the left tibia. The in-
cisions were sutured with Vicryl suture (Poligalac-
tine 910, Johnson & Johnson Produtos Profissionais
Ltda., S3o José dos Campos, SP, Brazil).

In the control group, the animals went through
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the same procedures used for those of the experi-
mental groups, and the osseous defect was irrigated
with saline solution.

In the periods of 7, 14, 30 and 45 days after sur-
gery, the animals were killed with an intraperitoneal
injection of chloral hydrate overdose and the tibiae
were removed and fixed in 10% formalin solution
for 48 hours and decalcified in a solution of sodi-
um citrate and formic acid in equal parts.'” After
decalcification, the specimens were washed during
24 hours and dehydrated, cleared and embedded in
paraffin. In order to carry out analysis under light
microscopy, semi-serial 6 wm-thick sections were
obtained and stained with hematoxylin and eosin.

Results

The presence of inflammatory cells and the for-
mation of connective tissue and osseous tissue in the
rat tibiae were considered in the histological analy-
sis of the specimens of the Control, Beriplast and
Gelfoam groups.

Seven-day postoperative period

The Control group features active osseous for-
mation, and the osseous defect shows connective tis-
sue surrounding small and sparse neoformed osse-
ous trabeculae (Figure 1). In the Beriplast group, the
osseous defect shows immature osseous trabeculae
and the presence of material residues surrounded by

a thin layer of connective tissue containing few in-

orn E i

Figure 1 - Control group (7 days) - The osseous defect
is filled with connective tissue and neoformed osseous tra-
beculae (arrows). H.E. 100 X.
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flammatory cells (Figure 2). In the Gelfoam group,
the defect shows numerous neoformed osseous tra-
beculae, surrounding small residues of remaining
material (Figure 3). The presence of inflammatory
cells and some macrophages is noticed.

Fourteen-day postoperative period

The Control group’s osseous defects feature thicker
immature osseous trabeculae than in the former peri-
od surrounding wide medullar spaces (Figure 4). In the
Beriplast group, the osseous defect is partially filled
with numerous immature osseous trabeculae delineat-
ing wide medullar spaces (Figure 5). In few specimens,

the presence of material residues is also observed. In

Figure 2 - Beriplast group (7 days) - Neoformed osseous

trabeculae. Note the presence of material residues (arrows)
H.E. 100 X.

Figure 3 - Gelfoam group (7 days) - Numerous neoformed

osseous trabeculae are filling the osseous defect (arrows).
H.E. 100 X.
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Figure 4 - Control group (14 days) - Neoformed osseous
trabeculae and large medullar spaces are observed. H.E.
100 X.

Figure 5 - Beriplast group (14 days) - The osseous defect
is filled with numerous immature osseous trabeculae. H.E.

100 X.

the Gelfoam group, the osseous defect no longer pres-
ents material residues, the amount of osseous tissue
formed is larger and the maturation level is more ad-
vanced than in the former period as well as compared
to the Control and Beriplast groups. It is also possible
to observe wide medullar spaces (Figure 6). The aspect
of the osseous repair observed in the specimens sug-
gests that osteogenesis in the Gelfoam group is more
intense in the 7- and 14-day postoperative periods.

Thirty-day postoperative period

The Control, Beriplast (Figure 7) and Gelfoam
groups feature an osseous defect filled by more com-
pact osseous tissue when compared to the former

Figure 6 - Gelfoam group (14 days) - The osseous trabecu-
lae filling the defect are larger and the maturation level is
more advanced in comparison to the Beriplast and Control
groups. H.E. 100 X.

periods, outlined by a formerly formed bone adja-
cent to the bone cortical, delineating small and de-
fined medullar spaces.

Forty-five-day postoperative period

Forty-five days after surgery, the appearance of
the surgical sites was basically similar to that of the
30-day specimens. The osseous defects were com-
pletely repaired with compact bone and the perios-
teum was well developed (Figure 8).

Discussion

The use of haemostatic/antifibrinolytic materials
plays a role in forming fibrin and causing the retrac-
tion of the blood clot, thus affecting the repair pro-
cess.h$12:15,22.2527 This process is divided into 3 phases:
exudative, where fibrin development occurs; prolifera-
tive, which is characterized by the occurrence of fibro-
blastic and capillary proliferation; and reparative, evi-
denced by collagen synthesis and osteogenesis.! Studies
have demonstrated that fibrin exerts at least two func-
tions on a wound repair: homeostasis and stimulus to
the proliferation of perivascular fibroblasts.'®

The assessment of experimental osseous defect re-
pair in rat tibia has demonstrated that distinct osse-
ous reactions happen depending on the haemostatic
agent used and if it was either removed or left in the
surgical site. It has been shown that osteogenesis in
the Gelfoam group occurs faster'! when compared to
that observed in the Control and Beriplast groups.
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Figure 7 - Beriplast group (30 days) - The osseous defect
is filled with compact osseous tissue. Note the presence of
defined medullar spaces. H.E. 100 X.

The results of the present study showed that the
use of Beriplast and Gelfoam in osseous defects fa-
vored blood clot organization as well as osseous re-
pair, mainly in the initial 7- and 14-day postoperative
periods, while in the subsequent periods osteogenesis
was similar in the control and experimental groups.
The sequence of events in rat tibia osseous repair was
similar to that observed by other authors.®10-11:14:21

Seven days after surgery, the control group fea-
tured an osseous defect with connective tissue sur-
rounding small and sparse neoformed osseous trabec-
ulae, and filled with signs of osteogenesis organization
and initiation, which occurred increasingly up to the
45-day postoperative period, when the surgical site
was found filled with compact osseous tissue.

Although the haemostatic agents were temporar-
ily kept in the osseous defects — a situation planned
to create conditions similar to those of patients with
blood dyscrasias — the results for the experimental
groups showed that they did not interfere in the or-
ganization of the clot and in the osteogenesis of the
tibiae when compared to the events that occurred
in the Control group.'?* Thus, small amounts of
residual haemostatic agent material were observed
in some specimens 7 and 14 days after surgery, but
they neither induced an inflammatory response®*'*
nor harmed the osseous repair in the 30- and 45-
day postoperative periods as they were resorbed.

Larger amounts of osseous trabeculae than those
found in the Control group could be observed 7 days
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Figure 8 - Gelfoam group (45 days) - The osseous defect is
completely repaired with compact bone. Note that the peri-
osteum is well developed. H.E. 100 X.

after surgery in the experimental groups, but they were
more evident after 14 days in the Gelfoam group.

In the subsequent observation periods — 30 and
45 days after surgery — this osteogenesis difference
did not occur so evidently. The osseous defects cre-
ated in rat tibiae were found to be completely re-
paired by compact osseous tissue in the final period
of the present study in all groups. These findings
confirm those obtained by other authors.”!!

The results indicate that the haemostatic agents
assessed in this study can be used in oral surgeries;
however, there is a strong recommendation for the
total removal of the material 5 to 10 minutes after
application, because the presence of material resi-
dues can induce an inflammatory response.

Further comparative studies between the haemo-
static agents tested are necessary to clarify whether the
performance of Beriplast and Gelfoam in human osse-
ous defects is similar to that observed in rat tibiae.

Conclusions

The Beriplast and Gelfoam haemostatic agents
were effective in controlling hemorrhage and stimu-
lating osteogenesis in osseous defects in the periods
assessed. Apparently, Gelfoam provided a more
intense stimulation of osseous repair in the initial
periods.

The presence of residual material induced a low
inflammatory response, but it did not harm osteo-
genesis.
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