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Original Article

Effect of platelet‑rich fibrin versus chitosan‑based Axiostat
hemostatic agent following dental extraction in cardiac
patients on antiplatelet therapy: A comparative study
ABSTRACT
Background: Platelet‑rich fibrin (PRF) is a biomaterial that promotes wound healing. It has a fibrinous matrix wherein platelets, pro‑inflammatory
cytokines, and various growth factors along with few cells are entrapped while Chitosan is a naturally occurring cationic biopolymeric material
that is derived from an animal product, chitin. It has demonstrated biological properties which include acceleration in wound healing, hemostasis,
enhancement of immunological response, mucosal adhesion by eliciting biological responses, and anti‑microbial action.
Aim: The aim of this study was to evaluate the effect of PRF and Axiostat (A chitosan‑based product) on hemostasis after tooth extraction
among cardiac patients on antiplatelet medication.
Materials and Methods: This prospective study was carried out on 300 patients undergoing tooth extraction. Participants were divided into
two categories (n = 150, respectively) as Group I (PRF dressing) and Group II (Axiostat dressing). Time to achieve hemostasis was observed
using a stopwatch. Average pain score calculation was performed using visual analog on the 7‑day postoperative period. Descriptive statistics
were done, and data analysis was performed using the Mann–Whitney U‑test. P < 0.5 and < 0.001 were considered statistically significant
and extremely significant, respectively.
Results: Average pain score was 1.86 ± 0.06 in Group I and 1.05 ± 0.87 in Group II. Thus, lower postoperative pain was seen with
Axiostat dressing. Hemostasis was achieved in Group II participants in 1.25 ± 0.06 min and in 1.89 ± 0.54 min in Group I. P < 0.01 was obtained,
although no statistically significant difference in postoperative pain
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INTRODUCTION
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Platelets have an enucleated spherical or oval‑shaped structure
that contains granule. They have a diameter measured between
200 and 500 nm. These α‑granules contain transforming
growth factor‑β (TGF‑β), insulin‑like growth factor‑I, and
platelet‑derived growth factor (PDGF). The secretion of active
proteinaceous components allows granular fusion with the
cellular membrane of the platelets by their subsequent binding
to transmembranous cell membranous receptors.[1]
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Tooth extractions performed in patients with cardiac surgeries
requiring placement of artificially made heart valves are
placed under anti‑coagulant therapy. These patients are
at an increased risk of complications arising because of
hemorrhage occurring postoperatively. Most commonly used
anti‑coagulant drugs include warfarin and acetylsalicylic acid.[2]
Medications targeted against platelets are mainly
aspirin (at a dosage of 75 mg to 300 mg), dipyridamole, and
Clopidogrel. The drug combination of aspirin along with
Clopidogrel results in an additive and synergistic effect due
to their inhibitory effect on complementary pathways of the
platelet pathway.[3]
The international normalized ratio (INR) is commonly
used to assess anti‑coagulant control with a maximum
value of 3.5 (range between 3 and 4). Stopping of
anti‑coagulation therapy and subsequent, replacement
with heparin before a minor surgical procedure can
result in thromboembolism. Various protocols have been
proposed which include (a) combination therapy using
anti‑fibrinolytics and hemostatic agents, (b) no changes
in the regular anti‑coagulant therapy or by administering
tranexamic acid as local anti‑fibrinolytic agent, and (c) use
of fibrin glue.[2] Local hemostatic agents have been classified
into (a) passive, (b) active, (c) fluids, and (d) sealants. Passive
agents have been found to trigger the clotting cascade
through absorption and aggregation while the active agents
are found to contain clot components while it contains
clot components while the remaining two classes include
poly‑ethylene glycol polymer, fibrin‑containing adhesive,
glutaraldehyde, cyanoacrylate, and albumin. They are
also been classified on the basis of their mechanisms
of action into (a) factors responsible for coagulating
plasma, (b) fibrinolytic inhibitors, (c) agents causing
vasoconstriction and which are pro‑aggregation, (d) agents
responsible for the stimulation of cellular aggregation
along with adhesiveness, (e) agents responsible for causing
denaturation of proteins, and (f) mixed pathways.[4] There
have been numerous hemostatic agents that are used for
hemostasis, for example, collagen, oxidized regenerated
cellulose, platelet‑rich fibrin (PRF), etc.[5]
The American College of Chest physicians have suggested that
patients undergoing anti‑coagulant therapy must discontinue
the use of drug 5 days before any surgical intervention and
bridge therapy utilizing the use of heparin should be initiated.
However, in contrast, the American Heart Association has
suggested that the INR should be reduced within a range of
2–2.5 with strict monitoring of INR. Harfoush et al. evaluated
50 patients with an INR value of ≤3.5. Of these, 25 patients
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constituted Group A in which the extraction sockets were
packed with PRF, whereas Group B (n = 25) was treated with
dry gauze packing. Eighty‑percent of patients belonging
to Group A had a moderate amount of bleeding seen in
28% cases, whereas 72% suffered from severe bleeding. Hence,
it was concluded from the study that topical PRF application
following the extraction of teeth in participants on warfarin
therapy helped in achieving adequate hemostasis following
the extraction of teeth.[6]
The use of techniques that make the use of platelet concentrates
is a simple yet optimal method.[1] A first‑generation platelet
concentrate, platelet‑rich plasma (PRP) was introduced by
Marx in 1998. The disadvantage of PRP is that (a) there is
no uniformity in the preparation technique, (b) it requires
activation using bovine‑origin thrombin, and (c) anti‑coagulants
have to be added.[7,8] On the other hand, PRF is prepared by
immediate centrifuging of venous blood. The serum obtained
is termed as “hyper‑acute serum” and has a high proliferative
effect on bone marrow‑derived mesenchymal stem cells,
chondrocytes, and osteoblasts. However, despite the obvious
regeneration causing effects, there are certain drawbacks
which are as follows: (a) the PRF handling should be done in
an open and sterile environment. This is most of the times
impossible to achieve in an oral environment and (b) it does
not have adequate tensile strength, hence, the material
cannot be sutured.[8]
Although due to legal restrictions, a second‑generation
concentrate of platelets was developed by Choukroun et al.
in France in 2001 which is known as “PRF.” This biomaterial
has no requirement of an anti‑coagulant or a bovine origin
thrombin. It is an autologous fibrinous matrix that contains
the large quantities of cytokines derived from the platelets.
It has been routinely used for the healing of hard along with
soft tissues.[2]
Autologous bone graft materials containing high
concentrations of platelets such as the PRP and PRF. The
PRP is an autologous platelet concentration which has been
suspended within plasma and contains a variety of growth
factors such as the PDGF, TGF‑β1 and‑β2, vascular endothelial
growth factor (VEGF) while the PRF is a next‑generation
concentrated platelet product comprised leukocytes,
glycoproteins, cytokines, and a fibrinous matrix. [9] PRF
influences three mechanisms that are involved in the process
of wound healing: (i) angiogenesis (ii) immunological response,
and (iii) proliferation of epithelium. It causes the release of
elevated levels of three growth factors: PDGF‑AB, VEGF,
IL‑1 β, and TNF‑α (last two are pro‑inflammatory cytokines).[10]
PRF is a bioactive wound dressing and has an advantage in
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being of autogenous nature.[11] The main factor responsible
for obtaining a good quality PRF membrane is time elapsed
between blood collection and centrifugation during which
polymerization takes place due to the thrombin component.
A network of fibrin is formed due to the transformation of
soluble form of fibrin to insoluble fibrinous form. However, a
significant disadvantage is the rapid degradation of the PRF
membrane in a short time period when compared to the time
taken for the healing of the bone.[12]
Chitosan is a biopolymeric mucopolysaccharide with a
structural resemblance to glycosamine which is an alkaline
deacetylated chitin product. It is derived from crustacean
exoskeletons.[13] Biochemically, chitosan comprises of a
high‑molecular‑weight polymer along with glucosamine
and acetyl glucosamine when it is subjected to solubility in
diluted acids (organic as well as inorganic). Chitosan has a
number of biological properties due to its biocompatible,
biodegradable, anti‑bacterial, and easy degradation to
glucosamine components.[3] The biodegradable properties of
chitosan result in the production of nontoxic oligosaccharides
of variable lengths which can be processed in the different
pathways of metabolism and can be excreted from the
body. Structurally, chitosan is a nontoxic, bio‑degradable
complex carbohydrate chitin‑derivative poly β (1‑4)‑N‑acetyl
D‑glucosamine. It has lesser than 100% deacetylated content,
which makes it a lesser co‑polymer that contains both
D‑glucosamine and N‑acetyl‑D‑glucosamine monomeric units.
It exhibits mucoadhesive properties in its acidic salt form.[14]
Preparations derived from chitosan have varying amount
of molecular weights. Its properties include antimicrobial
activities, hemostasis, healing, acting as a scaffold for tissue
engineering and as systems for the delivery of drugs. One
such commercially available product is HemCon bandage
which is used for controlling bleeding of wounds. Chitosan
is a positively charged material resembling sponge and bears
a hemostatic property. Its mechanism of activity invokes
attracting red blood cells and platelets (which have surface
negative charge). Thus, using ionic interactions, chitosan
forms a strong seal at the site of a surgical wound. [2]
Malette et al. demonstrated that a solution of chitosan led
to the formation of coagulum when it comes in contact
with blood.[15] The anti‑microbial effects of chitosan may be
explained under the following mechanisms: (a) its binding
with DNA through the protonated amino groups and (b)
interaction with the negatively charged bacterial cell
membrane.[16]
The aim of the study was to compare the efficacies of PRF
with chitosan‑based Axiostat on controlling hemostasis

in the extraction sockets in cardiac patients undergoing
antiplatelet therapy.
MATERIALS AND METHODS
This was a prospective study conducted on 300 participants
who were indicated for the extraction of teeth. All the study
participants had a medical history of cardiac disease and
were on anti‑platelet drug therapy. The inclusion criteria
of the study were as follows: (1) Patients with an age range
of 35–70 years, (2) patients with a INR value between
1 and 3.5, i.e., ≤3.5, and (3) patients were nondiabetic. The
exclusion criteria were as follows: (1) Patients who had to
undergo more than one tooth extraction and (2) patient with
known allergy to sea‑foods.
The study participants were randomly divided into two groups
containing equal numbers of participants, i.e., n = 150, each
in Group I (PRF) and Group II (Axiostat), respectively. All
patients underwent extractions after preventive antibiotic
prophylaxis before extractions. For prophylactic measures,
Amoxicillin in dose of 2 g by oral route was given prior to
the procedure. A single operator performed the extraction
procedure along with the placement of the selected
hemostatic agent within the socket.
In Group I, PRF membrane was placed after preparing it in
clean and sterile glass test tubes using centrifugation at
3000 rpm for 10 min. In Group II, commercially available
Axiostat dressing was placed within an extraction site
followed by the application of digital pressure for a duration
of 30 s. After hemostasis was evident, the material was
removed followed by irrigation with saline. Time to achieve
hemostasis was noted using a stopwatch. All patients were
provided with postextraction instructions and were asked
to report in case of any postsurgical or operative bleeding
was observed. Postextraction healing of soft‑tissue changes
was observed on the 7th postoperative day. The average pain
score was calculated using a Visual Analog Scale from 1 to
10 after seven days of postoperative period.
Descriptive analysis was done after entering all the
collected data in Microsoft Excel sheets and the statistical
tool used for analyzing data was Mann–Whitney U‑test.
P < 0.5 and 0.001 were set as significant and extremely
significant, respectively.
Ethical approval
This study was conducted in compliance with the protocol;
ethical approval was obtained from the Institutional Ethical
Committee (IEC/IC26/2020).
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RESULTS
The average pain score was found to be 1.86 ± 0.06 in Group
I when compared to 1.05 ± 0.87 in Group II; therefore,
with slightly lower postoperative pain in Axiostat treated
group [Graph 1]. Complete hemostasis was achieved in
Group II participants (extraction sockets were packed with
Axiostat) in 1.25 ± 0.06 when compared to Group I (PRF‑treated
extraction site) with a mean ± standard deviation value of
1.89 ± 0.54 [Graph 2]. A statistically significant value of
P < 0.01 was obtained on comparing both the groups.
However, in this study, no statistically significant difference
in postoperative pain (P = 0.8) was observed [Table 1].
DISCUSSION
In the current study, complete hemostasis was seen to be
achieved earlier in chitosan‑based wound dressing compared
to the extraction socket site which was packed with PRF
and a statistically significant P value (<0.01) was obtained
on comparison of both groups. Although no statistically
significant difference in the postoperative pain was observed,
the study findings are corroborated by a study conducted by
Sarkar et al. who compared the efficacy of PRF and Chitosan
hydrogel in 60 patients who were on oral anti‑platelet
medication therapy. The time in which hemostasis was
achieved was noted. It was seen that in extraction sites which
were treated with platelet enriched fibrin, bleeding stopped
Table 1: Parameters studied and their P values
Hemostatic
agent used
Axiostat dressing
PRF
P obtained

Pain
scores
1.05±0.87
1.86±0.06
0.8

Mean±SD
Time taken for
complete hemostasis
1.25±0.06
1.89±0.54
0.001

PRF: Platelet‑rich fibrin, SD: Standard deviation

Graph 1: Graph demonstrating pain score values in both the dressings used
364

in 2.64 min while in the group treated with Axiostat, arrest
of bleeding was seen in 1.182 min. There was a statistically
significant difference in the time of stoppage of bleeding
between both the comparison groups studied (P < 0.0001).
The postoperative pain was found to be lesser in sites treated
with PRF when compared to Axiostat hydrogel.[17]
In the present study, Chitosan was found to be a superior
wound dressing material in achieving hemostasis in
cardiac patients on antiplatelet medication after tooth
extraction and these results were in accordance with the
study conducted by Seethamsetty et al. who evaluated
that surgical sites treated with Chitosan‑based dressings
had better hemostatic effects along with lower pain as
compared to the control group.[18] Supportive findings
have been reported by Malmquist; however, their findings
did not show any statistical significance. An interesting
observation made was that if an extraction socket was
fully packed, there was an increase in pain due to residual
unreactive acetic acid.[19]
Larik et al. compared the effectiveness of PRF with
Transexamic acid in 84 patients. These materials were tested
after placement within extraction sockets. 97.6% efficacy
in patients (41//42) of Group A was seen, whereas
92.86% patients in Group B demonstrated clinical
effectiveness. No statistical significance with a P value of
0.306 was seen.[20]
Bhujbal et al. in a split‑mouth study which was performed on
20 study participants who underwent bilateral mandibular
third molar extractions compared PRF treated sites with
normal controls. Healing of soft tissues was evaluated
immediately, first, third, and 7 days of the postoperative
period, whereas bone density was measured using
radiographic assessment. On the 3 rd ‑ and 6 th ‑month
postoperative follow‑ups, postoperative swelling was
found to be statistically significant in the immediate period,

Graph 2: Graph demonstrating time required for hemostasis
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1st, 3rd, and 7th days (P < 0.15, < 0.58 and < 0.78, respectively)
but no significance was obtained on day 7 (P < 0.00). The
postoperative healing of the soft and hard tissues was seen
in the PRF site.[6]

days after the extraction procedure along with retardation of
the healing process.[2] Similar findings were also reported by
Fradet et al. who observed that grafts treated with chitosan
were impermeable to blood flow.[23]

Sinha et al. evaluated the efficacy of Axiostat on 50 patients
with cardiac medical history disease without any alteration
or stoppage of anti‑platelet drug therapy. The average time
taken hemostasis was 1.5 min in cases with prolonged
bleeding.[3] The self‑adhesive property of Axiostat is mainly
because of electrostatically driven binding of the red blood
cells to the chitosan component of the Axiostat dressing by
the formation of a densely packed viscous material which
by itself acts as a pressure pack within an extraction socket.
The poly‑cationic property of this chitosan‑based dressing
material at an acidic pH helps it in causing disruption of cell
membranes of Gram‑negative bacteria.[3]

De Almeida Barros Mourão et al. in their study reported a
mean time for achieving hemostasis as 10.3 ± 2.5 s.[24] An
interesting observation was made by a comparative study
between collocate (a collagen dressing) and PRF by Sharma
et al. They concluded that both of these materials cause an
acceleration in the wound healing process and a significant
reduction in pain as well.[25]

Sharma et al. examined a total of forty participants who
were on anti‑platelet medication. The split‑mouth study
design was applied with the sites of extractions categorized
into: (a) Group 1: those participants receiving Axiostat dental
dressing (study group) and (b) Group 2: Participants with
the conventional method of wound dressing using a sterile
gauze pack with biting force and suturing was done, if it
was indicated. It was observed that sites of extraction which
were treated with Axiostat attained hemostasis in the lesser
time period (mean period = 1 min 13 s) when compared to
the control (mean = 14 min 1 s). A statistically significant
difference (P < 0.0001) was observed between the time
of hemostasis and postoperative pain along with better
healing (P < 0.0001).[21]
Kale et al. evaluated the efficacy of a HemCon dental
dressing for control of bleeding from pos‑extraction
sockets. It was found that extraction sockets treated with
HemCon achieved hemostatic control in a mean period of
53 s when compared with controls with a mean period of
918 s. This was having a statistical significance of a P value
of 0.001. Roughly, 72.5% of extraction sites treated with this
dressing demonstrated better healing in the postoperative
period with a statistical significance of a P < 0.001. In addition,
it was observed that this material showed better results in sites
with active bleeding.[22]
Eldinbury in his study on 20 patients undergoing tooth
extraction compared PRF dressing (Group A) with HemCom
Dressing (Group B). Complete achievement of hemostasis
was found in both the groups and no delay in bleeding was
observed. Participants belonging to Group A demonstrated
very less pain and an accelerated rate of healing while those
in Group B exhibited moderate‑to‑severe pain in the first few

CONCLUSION
In this study, Axiostat has been demonstrated to have effective
value in lowering bleeding time among postextraction cases
in patients on anti‑platelet therapy. Furthermore, a reduction
in the postoperative pain and comorbid conditions were seen
which has been supported by various investigators. Hence,
it can be concluded that chitosan‑derived wound dressings
have better results in the healing of extraction sockets.
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