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Abstract

Purpose: is to evaluate the effect of platelet rich fibrin (PRF) on socket healing following extraction of mandibular molars

Materials and Methods: This study was conducted as a randomized controlled clinical trial, split mouth design. A total of ten pa-
tients, seeking removal of bilateral mandibular molars (20 extraction sockets), were selected to contribute in this study. The selected
sample was randomly allocated into two equal groups. Atraumatic extraction of a lower molar has been performed, after an envelope
flap was reflected, a PRF membrane was packed over the extraction socket (study site S) where on the control site (C), a collagen
membrane was packed to cover the extraction socket of the contralateral side. In both sides, the flap was closed gently by figure of

eight sutures.

Results: Clinically, swelling values were recorded at 1st, 2nd and 7th days postoperatively, the values of the side S are less than the

values of the side C, but these differences were not statistically significant.

Pain values were recorded at the first 5 days postoperatively. Less pain sensation in the side S in comparison with side C, but these
differences were not significant. The pain in the side S was relieved faster than side C.

Radiographic findings showed that the bone density increased in both groups at 1, 3 and 6 months, with no significant difference
between these two groups, even though the bone density increases more in the sockets treated with PRF
Conclusions: Within the limitations of this study, it could be concluded that PRF membrane could be used effectively as a socket

preservation aid, but it has no effect on hard tissue healing and bone density when compared with collagen membrane. PRF prepara-

tion is a technique sensitive, that should be operated carefully, yet it is an easy procedure that have a beneficial clinical and economic

effects.
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Introduction

The healing process is a normal biochemical, mechanical, cel-
lular and molecular response of the body in order to restore the
tissue integrity and is an essential defense response to maintain

the organism vitality and continuity [1].

A cascade of mechanisms that is correlated and controlled by
several factors consist the normal wound healing that could be typ-
ically broken down into three distinct overlapping phases: inflam-

matory, proliferative, and remodeling [2].

The healing of an extraction socket is a specialized example of
healing by secondary intention [3], where blood fills the socket and
both intrinsic and extrinsic pathways of the clotting cascade are ac-
tivated, then a series of body reaction in both bone and epithelium

occur in the organized clot in order to have finally a healed wound

[4].

With time, optimizing wound healing becomes an interest [4],
several methods are used to achieve this goal. But understand-
ing this entire process still incomplete; however, it is known that
platelets play a crucial role not only in homeostasis, but also in the
wound healing process [5]. In modern dentistry, ridge preservation
after tooth extraction becomes an essential matter to study and to
find new techniques to play a role in preservation of bone and soft
tissue, that will be altered after extraction which leads to dimen-
sional changes and loss of important factors for future replacing of

missing tooth and proper ridge contour [6].

Collagen materials have been utilized in medicine and dentistry
because of their proven biocompatibility and capability of promot-
ing wound healing [7], it is beneficial to use collagen membrane

placement which is effective in inhibiting epithelial migration [8].
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On the other hands, platelets isolated from peripheral blood act
as a natural source of growth factors, several uses of platelets and
other blood components has been described in treatment and heal-
ing of bleeding condition. Various materials and techniques have
been developed to facilitate bone healing process and reduce its

healing period.

With time, several platelets concentrates have been used in med-
icine, like PRP (platelet rich plasma) and PRF (platelet rich fibrin).
PRF represents a new revolutionary step in platelet gel therapeutic
concept because of its matrix in addition to its components [9]. Itis
believed that (PRF) or leucocytes and platelet rich plasma (L-PRF)
is a second generation of (PRP) where autologus platelets and leu-
cocytes are present in a complex fibrin matrix [10] to accelerate the

healing of soft and hard tissue.

In recent studies, it is pointed out that, platelet-rich fibrin (PRF)
which is derived autogenously from the own blood of the individu-
als, increase regeneration and accelerate the healing of the wound,

due to the consisting various growing factors [11].

Several use of PRF has been described in medicine and dentistry,
profiting of its vital characteristics. Recently platelet rich fibrin is
employed to accelerate soft and hard tissue healing and to provide
a better-healed recipient site for accelerated, early implant place-
ment which is known as "accelerated-early” implant placement
protocol which is a revolutionary bioengineered protocol benefit-

ing from the biological PRF characteristics [12].

On the light of the above information, this study was conducted
in order to evaluate the use of PRF membrane for socket preserva-
tion. This study hypothesized, that there is no difference in term
of both soft and hard tissue healing of the extraction socket, when

using either PRF or collagen membrane.

Materials and Methods
I-Materials

Study design

This study was carried out as an experimental study, random-
ized controlled clinical trial, (-split mouth design. A total of ten pa-
tients, seeking removal of bilateral mandibular molars (20 extrac-
tion sockets), were selected, fulfilling the following inclusion and

exclusion criteria [13].

Inclusion criteria

Healthy male patients seeking extraction of bilateral molars,
with a stable periodontal condition and without periapical infec-
tion, aged between 18 - 35, with no history of aspirin intake or other

medications that might interfere with coagulation.

Exclusion criteria

Smoker, alcoholic
Diabetic, asthmatic patients suffering from heart or liver
diseases.

3. Undergoing chemotherapy or radiotherapy:.

4. Osteoporotic or suffering from bone abnormalities that
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may interfere with bone healing.

The Ethical Committee (Institutional Review Board, IRB num-
ber: 2017H-0050-D-M-0206) gave the ethical clearance before the
study began, selected patients were informed about the nature of

the study, and informed consent was obtained.

The selected sample was randomly allocated into two equal
groups according to the site of operation; the study site with PRF
membrane (S), and the control site with collagen membrane (C) of
the selected sample enrolled in this study were assigned randomly
through a computed generated randomized table. Because this is a
split mouth study design, each patient underwent two operations

for removal of their bilateral mandibular molars in the same day.

II-Methods

A pilot study was done prior to the work by conducting 4 op-
erations for 2 patients. It included interpretation of radiographs,
to standardize the selected cases, and ping the technical steps of
the grafting of the Collagen membrane and PRF membrane to gain

examiner reliability.

All patients were assessed and evaluated by proper history tak-
ing and thorough clinical and radiographic examination. Digital
panoramic X-ray were done for all patients preoperatively, and a
standardized periapical radiograph by the use of customized Rinn
XCP, that should be used each time when periapical x-ray should

be done.

For both sites, a full thickness flap was made by an incision us-
ing no.15c surgical blade mounted on Bard Parker handle no.3,
the incision was directed anteriorly and posteriorly around the
neck of the neighboring teeth if present, the flap was then gently
reflected with a molt no.9 periosteal elevator, then the periosteal
membrane is dissected horizontally at the depth of the flap to se-
cure a tension free closure of the flap. The flap helped to expose
the buccal aspect of the bone to ensure that no bone deterioration
occurred, and to ensure that it was covered by the membranes, a
little reflection of the flap was performed lingually, to let the mem-
brane edges slide below the flap edges.

Then the atraumatic extraction of both lower molar teeth was
performed in the same session, using curved periotome (Hu Fre-
idy, USA), lower full crown extraction forceps (Zeffiro, Italy), and

curved apexo elevators (Zeffiro, Italy).

For PRF study side (S): preparation of PRF was performed ac-
cording to Dohan,, et al. blood samples were collected from the
patients. For each patient, the blood sample (4 tubes of 10 ml) was
obtained from an antecubital vein [14]. The blood was taken with-

out anticoagulant for PRF production (Figurel).

The blood collection was performed quickly, and the tube were
immediately centrifuged at 3,000 rpm for 10 minutes with a spe-
cific table centrifuge (Champion, USA) at room temperature. After
centrifugation, the PRF clot was removed from the tube using ster-

ile tweezers, separated from the RBC base using scissors (Figure 2
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and 3), and placed in a sterile metal cup (Figure 4).

Figurel: Collected Blood.

Figure 2: PRF clots after centrifugation.

Figure 3: PRF Clot Removal.

Figure 4: PRF clot on the metal cup.
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Each PRF clot started to release its serum (PRF-clot exudate)

and was ready for compression into the membrane.

The four clots were emptied from their serum by compressing
them with a metal spoon forcible exudate extraction in the PRF
Box. All membranes underwent a final compression on sterile
woven gauzes to flush out a maximum of fluids; The dehydration
facilitated fixation and processing for grafting in the extraction
socket (Figure 5).

Figure 5: PRF membrane after compression.

After extraction was performed, cover the extraction socket
was covered by the PRF membrane, applying the edges of the
membrane 2 mm below the edges of the flap (Figure 6), a figure
of eight suture is then performed to close the flap over the graft
(Figure 7).

Figure 6: PRF membrane inserted over the extraction socket.

Figure 7: Figure of Eight Suture.
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For the control site (C): Preparation of collagen membrane (peri-
cardium) (Osteobiol, Italy). The membrane was trimmed to fit the
defect. The membrane was wetted in sterile 0.9% saline solution

until it became soft and flexible.

After extraction was done in the same manner of the study site,
grafting of collagen membrane, and suturing using a 3 - 0 silk suture

material was done (Figure 8 and 9).

Figure 8: Collagen Membrane Inserted Over the Extraction Socket.

Figure 9: Figure of Eight Suture.

A-Clinical evaluation

Postoperative pain

Postoperative pain was assessed using a four-point Category
Rating Scale. Accordingly, pain was recorded as: "0-no pain" (par-
ticipant experiences no discomfort), "1-mild pain" (almost unno-
ticeable pain), "2-moderate pain" (noticeable pain, but participant
can still engage in routine daily activities), "3-severe pain" (very
noticeable pain which disturbs the patient's daily routine). For each
participant, the appropriate score was recorded in the data sheets

on a daily basis for 5 days [15].

Postoperative edema

Measurement of edema (facial width), called tape measuring
technique, was performed by the use of a measuring tape to mea-
sure facial width and swelling in one-dimension only. The reference

points were the tip of tragus of left and right ears, with lip junction.
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Change of swelling was calculated as follows:
facial swelling = postoperative values - preoperative values at

baseline

B-Radiographic evaluation

The radiographic evaluation was performed at the follow-
ing intervals: immediate postoperative (T0), 1 month (T1) and 3
months (T2), 6 months (T3).

The radiographs that were used

Standardized digital periapical x-rays were used for measure-
ment of bone density using XCP film (sensor) holder and Image
] software. A standardized sized square (33 x 33 pixels) was in-
serted in the center of the extracted socket, which is determined
by identification the intersected point between 2 straight lines: a
horizontal line extending from the distal wall of the socket of the
mesial root to the mesial wall of the socket, and a vertical line ex-
tending from the alveolar bone crest to the apex of the socket. The
bone density within this square was measured by selecting Region
of Interest (ROI), from tools and then the given data were analyzed
in terms of pixels. The same square was drawn for all patients the
bone density was measured and the results were subjected to sta-

tistical analysis.

Statistical analysis

The variables included in the study were tested for normality
using Kolmogrov Smirnov test. Descriptive statistics were calcu-
lated as means and standard deviations because they were nor-
mally distributed variables (swelling, pain, bone density) and t-

test was performed.

Significance level was set at 5% level. Statistical analysis was

performed, using SPSS version 21.0.

Results

This study was carried out as a randomized controlled clini-
cal trial, split mouth design. Ten male patients of age between 18
and 35 (mean of age 26.8 * 4.3 years) participated in this study,
all patients were seeking extraction for bilateral lower molars due
to several causes, the most causative factor of extractions was the
failure of previous root canal treatment (Figure 10). The sides of
experiments (Figure 11), extraction and grafting of membranes

were selected randomly.

Postoperative swelling

The comparison of facial swelling between side S and side C
during day1, shows that the side S enlarged more than side C, but
this was not a significant difference as p = 0.5987 (significance: p
<0,05).

The comparison of facial swelling between S and C during day
2, shows that the side S enlarged more than side C, no significant
difference as p = 0.5074.
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Figure 10: Pie chart showing the distribution of

causes of extractions.

Figure 11: Pie chart showing the distribution of
extracted teeth according to the side.

The comparison of facial swelling between S and C during day 7,
shows that the side S enlarged more than side C, yet no significant
difference as P = 0.9406.

These results showed that there is no significant effect of PRF
on facial swelling, in comparison with collagen membrane, even
though the side with PRF has enlarged less than the other side but

this difference is not statistically significant.
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Figure 12: The mean value of facial swelling of side S

and side C during different periods.

il D(a)ly Day 1 Day 2 Day 7
C S C S C S C
Mean 0.436 | 039+ | 0.6+ | 0.375 | 0.065 | 0.02
+0.19 0.12 0.18 | £+0.22 | +£0.06 | +0.03
p* 0.598 0.507 0.940

Table 1: Shows the comparison of change in swelling
between side (S) and side (C) at different follow up periods, at
baseline, day 1, day 2 and day 7.

Pain

The comparison of pain sensation, between S and C in day 1,
shows that the pain is lesser in the side S, but this difference is not
statistically significant as p = 0.95729 (significance p < 0.05).

The comparison of pain sensation, between S and C in day 2,
shows that the pain is lesser in the side S, but this difference is not
statistically significant as p = 0.9109 (significance p < 0.05).

The comparison of pain sensation, between S and C in day 3,
shows that the pain is lesser in the side S, but this difference is not
statistically significant as p = 1 (significance p < 0.05).

The comparison of pain sensation, between S and C in day 4,
shows that the pain is lesser in the side S, but this difference is not
statistically significant as p = 0.6886 (significance p < 0.05).

The comparison of pain sensation, between S and C in day 5,
shows that the pain is lesser in the side S, but this difference is not

statistically significant as p = 0.9841 (significance p < 0.05).

Day Day 1 Day 2 Day 3 Day 4 Day 5
Sides Y
S C S C S C S C S C
mean | 0 0.5+0.52|09+031|08+0.63 |1.2+0.42| 09+0.31 | 1.8+0.42|0.7+0.67 | 0.9+0.31 |0.1+£0.31| 0.7 +0.67
p* 0.9572 0.9109 1 0.688 0.984

Table 2: shows the comparison of pain sensation measured by a four-point Category Rating Scale (CRS)

scores atday 1, 2, 3, 4 and 5.
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Figure 13: Comparison between the means of pain

sensation during 1, 2, 3, 4 and 5 days.

Radiographic evaluation

Table 3 shows the percentage of increase of bone density (BD)
from the baseline period (T0) to each period of the study; after one
month (T1), after three months (T2) and after six months (T3). The

values were calculated using the following formula:

Percentage of increase at T(x) =
Value of BD at T(x) - Value of BD at T (0)
X
Value of BD at T (0)

100

*where x is the number of period related to the needed value

The calculated values showed the percentage of increase bone
density at the extraction socket at a selected period. The compari-

son between the values show the following:

e AtT (1), after one month of the surgery, the BD in the side S
increase by 9.67%, in the side C the BD increase by 10.79%.
The BD in the side C increased more than the side S, but this

difference is not significant statistically as P=0.5757.

e AtT(2), after three months of the surgery, the BD in the side S
increase by 40.04%, in the side C the BD increase by 32.77%.
The BD in the side S increased more than the side C, but this

difference is not significant statistically as P=0.6866.

e AtT (3), after six months of the surgery, the BD in the side S
increase by 58.96 %, in the side C the BD increase by 45.66%.
The BD in the side S increased more than the side C, but this

difference is not significant statistically as P=0.7827.

The present study shows that the PRF enhances and favors a
rapid bone healing, in comparison with the effect of collagen mem-
brane, as the bone density increased in the socket treated with PRF
more than the socket treated with collagen membrane, during the
same period, but this difference is not statistically significant. The
effect of PRF is prolonged in comparison with the collagen mem-
brane as the effect appears after three months, at the beginning the

effect was approximately similar, and continues to six months.
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TO T1 T2 T3
No
S| C| S C S C S C
Mean 9.67 | 10.79 | 40.04 | 32.77 | 5896 | 45.66
% % % % % %
pttst 0.57 0.41 0.28
P 0.5757 0.6866 0.7827

Table 3: The percentage increase of bone density from TO
to each period of T1, T2 and T3.

Figure 14: Chart line showing the mean of percentage increase
of bone density from TO to each of periods T1, T2 and T3.

Discussion

A proper rapid wound healing with the best acceptable soft
and hard tissue results are essential in modern dentistry. This in-
sists us to find new therapies, biomaterials and bioactive surgical
additives in order to improve success and predictability of patient
outcomes in terms of soft and bone tissue healing and regenera-
tion [16].

The healing of extraction wound has been studied extensively
histologically, radiographically [17]and clinically. It is currently
understood that during the first 8 weeks following the extraction
there is marked osteoclastic bone resorption that takes place on
the surface of the residual ridge particularly the coronal part of
the buccal bone wall and there is reduction of buccal crest in both

the vertical and horizontal planes [17].

It is believed that preservation of extraction socket prior to
implant surgery, is essential to maintain the soft and hard tissue
needed for future treatment in both function and esthetic and

minimizes the need for future augmentation procedures [18].

Many different ridge preservation techniques have been pro-
posed and studied, in order to achieve the needed goal of perform-
ing it, which are essential in esthetic regions and regions close to

the anatomic structures and which need the best bone and soft
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tissue quantity and quality to achieve a successful final treatment
[19].

The use of membranes from various materials are one of cur-
rent methods to preserve the extraction socket and prevent ridge
resorption [20]. Benefiting from mechanical and physiologic char-
acteristics, membranes prevent ingress of soft tissue which permits

a maximal bony healing of extraction socket [21].

In this study, two types of membranes have been used, Colla-
gen membrane as a control and PRF as a study group. The clinical
effects (pain and edema) and radiographic effects (bone density)
were compared, in order to have an idea about the effect of the PRF
membrane on the healing socket, using the mechanical effect of the
fibrin inside to be a barrier of soft tissue invasion to the extraction
socket during the healing period, and the matrix characteristics that
maintain concentrated the cytokines and other factors that are es-
sential for wound healing in order to promote a better healing for
both soft and hard tissue.

Platelet Rich Fibrin (PRF), a patient blood-derived and autoge-
nous living biomaterial, is increasingly being investigated and used
worldwide by clinicians as an adjunctive autologous biomaterial to
promote bone and soft tissue healing and regeneration. The gold
standard for in vivo tissue healing and regeneration requires the
mutual interaction between a scaffold (fibrin matrix), platelets,

growth factors, leukocytes, and stem cells [22].

These key elements are all active components of PRF, and when
combined and prepared properly are involved in the key processes
of tissue healing and regeneration, including cell proliferation and
differentiation, extracellular matrix synthesis, chemotaxis and an-

giogenesis (neo-vascularization) [23].

Platelet-rich fibrin was prepared for each patient according
to the protocole determined by Dohan., et al. the collected blood
should be immediately centrifuged and at room temperature, which
is essential and critical, the success of this technique entirely de-
pends on the speed of blood collection and transfer to the centri-
fuge, because the blood samples start to coagulate almost immedi-
ately upon contact with the tube glass [14]. If the duration required
to collect blood and launch centrifugation is overly long, failure will
occur, the collected blood samples in 10-ml tubes was centrifuged
at 3000 rpm for 10 minutes.

At the end of centrifugation, the PRF clots were removed from
the tubes, and inserted in a special device, PRF box, which is essen-
tial because it minimizes the damage of platelets contained in the
PRF membranes and minimizes the lost or degradation of growth

factors in the PRF membranes [24].

A good dehydration of the PRF membranes, was performed to
gain a good adaptation over the extraction socket, that was the re-
sult of atraumatic extraction procedures, that was performed in

both sides at the same visit.
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A full thickness envelope flap was done, the advantage of this
flap is the avoidance of vertical incision and easy reapproximation
to original position, lower chance of dihescence, less traumatic to
the tissue, maintains blood supply, extended from the distal aspect
of the distal tooth if present, to the mesial aspect of the mesial
tooth [25].

The atraumatic extraction was done by the use of curved perio-
tomes, that were used to severe the periodontal ligaments around
the teeth to be extracted in order to decrease the bone damage,
which is essential when socket preservation protocol is applied, as
the cases of this study, the teeth then extracted without forcing the
surrounding bone by the extraction forceps this was performed in

accordance with Sadeghi., et al [26].

According to Holland, the PRF membrane was gently adapted
to cover the socket on the study sides whereas, on the control
sides the collagen membranes were adapted over the extraction
socket, the edges of membranes should overlap the walls of the
socket [27], this was in accordance with Mir-Mari., et al. to ensure
the complete cover of the wound and to decrease the chance of

displacement during suturing [28].

After adaptation of membranes on each side, the flap was
closed by figure of eight sutures which are essential to secure the
grafted membranes in place and aid in hemostasis [29]. This was
in accordance with Raj., et al. but in contrast with Holland, where
interrupted horizontal mattress was performed with resorbable
suture [27], in order to adapt the membranes over the extraction

socket.

According to Wood and Maely, the effect of ridge preservation
technique was evaluated at three and six months, which is similar

to the present study [30].

During performing this study, some limitations were encoun-
tered. The patients selection was done according to the inclusion
and exclusion criteria, so all the patients were males, in order to
decrease the variables that could occur if we select both genders.
This patients selection was in accordance with Chang,, et al. where
it was described that the female gender could be an univariate risk
of failure in addition to tobacco smoking [31]. The age of the pa-
tients was between 18 and 35 years, healthy and non-smoker in
addition to other criteria, all of that led us to find patients hardly
especially in our society. Another limitation was the explanation
for the patients the importance of the PRF and the need of blood
collection, which was a new treatment modality for them, and to
convince them to wait 6 months before starting any treatment to

replace their extracted teeth.

Despite all these limitations, the study was finished, and the
results were collected, and statistics was done in order to compare

the clinical and radiographic effects of PRE.
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The evidence supports the use of PRF as socket preservation
materials, to enhance soft tissue healing, and reduce postopera-
tive complications [32]. However, there is no evidence to date to
support the positive effect of autologous materials in bone regen-
eration [33] and increasing bone density in comparison with other

types of membranes.

In order to evaluate, whether PRF could influence the edema
and pain. The results of the present study showed that the effect of
PRF on soft tissues healing was insignificant, while as comparing
the face enlargement between sides with PRF and sides with col-
lagen membrane. It was noted that side S showed less enlargement
during the day1, 2 and 7, but this was not significant statistically as
p 2 0.05. This was in contrast to Marenzi,, et al. and in contrast to
Kumar, et al [34,35]. This may be related to the different healing in-
dex used for evaluation, smaller sample size, surgical extraction of
teeth included in the present study, and the difficulty in distinguish-
ing between good and very good categories of the healing index of
Landry,, et al [36].

In contrast to Al-Hamed.,, et al. the results of the present study
showed insignificant effect of PRF on pain perception in compari-
son with the effect of collagen membrane. This may be attributed
to the different extraction sites used in the two studies [32], even
though the site of PRF showed less pain index in comparison with
sites with collagen which was not significant statistically, this differ-
ence could be related also to the different scales used in both stud-
ies, in this study we used the four-point CRS of Bamgbose., et al. [14]
instead of the Visual Analogue Scale used by Al-Hamed., et al [32].

Kumar, et al. reported that the usage of PRF, decreased pain and
swelling values significantly on the first control day postsurgery
[35].

Bilginaylar and Uyanik reported that the use of PRF decreased
the pain significantly on the first, third, and seventh days post op-
eratively, in other hand they showed no significant differences in
swelling values [37]. Similar results are reported by Uyanik, et al
[38].

According to Wang and Tsao, PRF release autologous growth
factors gradually and express a strong and a durable effect on pro-
liferation and differentiation of osteoblasts, this was shown histo-
logically in the rats that they used in their study [39]. This was not
significantly showed radiographically in our study, even though the
results of this study show that the effect of the PRF enhance the
bone density with time, and it is prolonged in comparison with the

collagen, but as shown this effect is not statistically significant.

Faot,, et al. found that the PRF did not enhance bone tissue re-
pair of non-critical size defects in rabbit tibia during 4 weeks ex-
periment [40] in contrast to Kim,, et al. that they found that the ad-
dition of PRF, in the bone defect in the rabbit skull, increased the
bone formation at the 6th week [41].
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Early clinical results suggest that the use of PRF is safe and fea-
sible, but that at present there is no clinical evidence of benefit
in either acute or delayed fracture healing [42], this is similar to
our findings, these findings let us to find that it could be used ef-
fectively and with comparable effects in comparison with collagen

membrane as a socket preservation aid, after extraction.

On the other hand, Singh., et al. found that the use of PRF en-
hanced soft tissue healing and increased rate of bone formation
[43].

Conclusion

The use of PRF is beneficial for patients as it could be used as
a socket preservation aid like the collagen membrane, it could en-
hance the soft and hard tissue healing. It is easy to be prepared,

simple and cost effective.
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