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Abstract
This study evaluated the effectiveness of the use of an autologous membrane of �brin rich in platelets
and leukocytes (LPRF) and blood clot, in bone repair after periapical surgery, in teeth with apical lesions.
Methodology: Randomized clinical study of 64 teeth with periapical lesions submitted to apicectomy and
retrograde �lling with mineral trioxide aggregate (MTA). The teeth were divided into 2 groups according to
the �lling of the bone pocket: LPRF (n = 34) and only with blood clot (n = 30). The areas were measured
twice, T0 after periapical surgery and T1 after 90 days, using cone beam computed tomography (CBCT)
to assess bone pocket repair in cubic millimeters using the ITK-SNAP program. Results: Statistical
analyses revealed signi�cant reductions in the volume of bone stores in the LPRF group, with a 48.47%
reduction compared to 29.25% for the blood clot group (p < 0.01), with the power of test at 99.86%.
Conclusion: The use of LPRF membrane can be recommended as a bone site �ller after periapical surgery
compared to blood clot.

Introduction
Proper disinfection of the root canal system is essential for the success of any endodontic therapy.
However, due to the complexity of the pulp space, conventional endodontic treatment may not cure the
apical infectious process.1 Thus, sites of bacterial colonization and potential foci of infections may be
created leading to the failure of the endodontic therapy. Under these conditions, periapical surgeries may
be indicated as a complementary alternative when endodontic treatment has not ful�lled its function due
to the di�culties of the root canal system.2

After removal of the infectious agent, bone repair of periapical lesions starts with clot formation and
in�ammation, either through endodontic retreatment or periapical surgery with or without retrograde
�lling. This procedure is followed by a proliferative phase, which comprises epithelialization,
angiogenesis, formation of granulation tissue, collagen deposition, and �nally, maturation with collagen
contraction.3 In comparison, tissue repair occurs through regeneration, generating alveolar bone and
periodontal ligament in the bone defect or through healing the site of the formation of �brous connective
tissue. For regeneration to occur, the use of membranes in periapical surgeries is used to prevent the
migration of epithelial cells and connective tissue. This process allows for the migration of mesenchymal
cells, forming new bone and periodontal ligament, thus improving the surgical prognosis.4

Tissue repair is a constant challenge in the area of regenerative dentistry, where several biomaterials have
been studied to optimize and accelerate the healing process.7,8 For example, Blatt et al.9 concluded that
L‐PRF membranes associated with several alternative biosynthetic materials can improve osteogenesis
and increase its indications for use.

In the search for more affordable biomaterials, a membrane of autologous origin derived from platelet-
rich plasma (PRP), but enriched with �brin and leukocytes, called platelet-rich �brin with leukocytes
(L‐PRF), has been used.5 Such membranes were developed in 2000 based on research with platelet rich
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plasma (PRP) to enhance the blood �ow of open and chronic limb wounds with indications for
amputations in diabetic patients. These membranes belong to a second generation of platelet aggregates
of autologous origin, having a simpli�ed process without biochemical manipulation of the blood or the
addition of anticoagulants, as occurs in the process of PRP 5 

Choukroun et al.5 emphasize that the L‐PRF collection and processing technique is simple and the
membrane obtained has a high potential for hard tissue regeneration, especially in relation to soft tissue,
through the accumulation of platelets and release of cytokines in a �brin clot. L‐PRF membranes have
essential characteristics that must be considered during wound healing: inclusion of host cells, three-
dimensional �brin matrix, and the accumulation of growth factors. These factors have synergistic effects
that include improved soft tissue and bone-store �lling as well as a marked improvement in the wound-
healing process that serves as a natural guide to angiogenesis and enhancing local immunity. Future
strategies to improve L‐PRF formulations and techniques are being investigated to further enhance
clinical outcomes after regenerative procedures using this technology.6 The e�ciency of L‐PRF in soft
tissue repair is indisputable; however, the real e�ciency of this membrane in bone repair is unclear.

The aim of this study was to evaluate the effectiveness of using L‐PRF membrane and blood clot in bone
repair after surgical intervention in teeth with periapical lesions. The null hypothesis is that there will be
no difference between L‐PRF membrane and blood clot, between the times regarding the evaluated
criteria.

Materials And Methods
All patients signed an informed consent form to participate in the research, preserving their
con�dentiality. The PUC-PR Ethics Committee approved this undertaking under Number: 2,732,307
though Plataforma Brazil. In addition, this study was approved in International Clinical Trial Registry
Platform through the Brazilian Clinical Trial Registry Platform under the code RBR-7wc8dnw, approved in
08/03/ 2022. This study is an experimental, interventional, double-blind, randomized clinical trial and all
methods were performed in accordance with the ethical and clinical trial guidelines and regulations.

For this study, 64 periapical surgeries were performed on 31 patients that were divided into 2 groups: 34
teeth with L‐PRF membrane and 30 teeth �lled only with clot. Patients with indication for periapical
surgery were selected at the Dental Clinic (PUCPR). The random sequence of choice of �ller from the
bone pocket after periapical surgery was randomly performed for each patient in a blind manner. For
participants who had two or more teeth selected for the research, the L‐PRF membrane and blood clot
were drawn, from left to right. 

The allocation secrecy corresponded to the drawing of the material to be applied using the following
methodology: the #Random—Number Generator (Microsoft) program was used, which provides an
interface for generating random numbers. The allocation sequence was generated according to the
patients’ order of arrival. The surgical procedures were performed by a single operator. 
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The selection criteria included:

Aged between 18 and 60,

Presented an apical lesion in an anterosuperior tooth,

No access to conventional treatment, 

Presence of an intracanal nucleus whose removal could cause risks of root fracture and consequent
loss of the tooth; 

or 

Patients who returned with an active infectious process after endodontic retreatment, and

Presented radiographic imagery of a satisfactory �lling of the root canal.

Patients with systemic diseases such as diabetes mellitus, blood dyscrasias, kidney diseases, liver
cirrhosis, malnutrition, patients using immunosuppressive medications and with thrombocytopenia
(below 150,000/mm³) did not take part in this study.

Surgical Procedure 

For oral antisepsis in the preoperative period, 0.12% chlorhexidine gluconate (Riohex—Rioquímica) was
used with mouthwash every 8 h for 30 s, and the same product at 0.2% was applied with a smear in the
perioral regio. As a prophylactic measure 1 h before, 2 tablets of 500 mg of Amoxicillin were administered
via oral if the patient did not present an allergy to the medication. If there was an allergy, a medication
would be administered following the international protocol of the American Heart Association.10 For
in�ltrative anesthesia, one to two 1.8-ml tubes (Mepiadre 2% with DFL® Epinephrine) were used,
complemented with the infra-orbital and nasopalatine technique. The incision was made with the aid of a
number 15 scalpel blade.

In the anatomopathological examination, periapical lesions were collected using a dentin curette number
17/18 and placed in 10% formalin. Samples were sent for anatomopathological analysis at the
Experimental Pathology Laboratory at PUCPR.

For access and 45° cuts at the root apexes, a straight handpiece turbine with spherical drill Number 5
were used (Dentsplay Maillefer—Switzerland) in a low-speed multiplier adapted to receive high-speed
drills with sterile saline irrigation.11 The cavity for the apex sealing was prepared with surgical ultrasound
of the CVDentus brand with the R1B tip at a depth of 3 mm, irrigated with sterile serum.12 The retro-
obturation of the cavity in the apical region was sealed with MTA (Angelus®).12-15

In this study, MTA was used as a retrograde �lling, which is a bioceramic endodontic cement composed
of mineral oxides containing calcium, silica, and bismuth in the form of �ne hydrophilic particles. This
material is effective for blocking contact with possible infection remaining inside the �lled canal. Due to
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MTA’s effective sealing and less bacterial in�ltration, it suffers little in�uence from blood and moisture in
its composition.13,15,23

In the L‐PRF group, the bone pocket was �lled with an L‐PRF membrane obtained by collecting blood
from the median cubital vein (venipuncture), before starting the surgery. Processing was executed by
means of blood centrifugation at (1800xG) rpm for 10 min (Monserrat Centrifuge) with 2 to 4 nine
milliliter dry glass tubes (BD Vacutainer®), and then placed in the centrifuge to prepare the PRF
membranes. The control group (CS) had clot formation without the use of the L‐PRF membrane. For �ap
closure, Bioline® 4.0 resorbable suture threads were used.

Tomographic Evaluation 

To assess bone repair, CT scans were performed in a SCANORA 3D cone beam computed tomography
device (Soredex, Tuusula, Finland) from the Dental Clinic of the Ponti�cal Catholic University of Paraná. It
was set at 60 × 60 mm (small FOV), 8mAs at 90 Kvp, 0.133-mm voxel size and 18–34 sec exposure time.
The images were analyzed using OnDemand3D software. 16,17 

The degree of vestibulo-lingual, mesio-distal, and apical-coronary bone repair of the bone pocket was
compared in both groups, considering two examiners calibrated by the intraclass correlation coe�cient
(ICC), through the measurements of the tomographic slices obtained by the CBCT. This quantitative
analysis was performed using the ITK-SNAP, 18-22 processing software for monitoring CBCT of bone
pocket repair. Three-dimensional virtual models with volumetric measurements in cubic millimeters were
performed with the ITK-SNAP v 3.8.0 software, allowing the volumetric measurement of the reduction of
bone stores in various regions measured in postoperative CBCT tomography at T0 (immediately after the
surgery) and T1 90 d after surgery. 

Image evaluation was performed by �lling in the areas of bone stores in Sagittal mode, with the
delineation of lesions in Polygon or by �lling in the area with image hypodensity using frames or layers in
each millimeter interval. Afterward, the frames of the teeth are �lled from mesial to distal, where the
program allows for interpolation and calculates the volume in cubic millimeters (mm³), thus obtaining the
measurements of bone stores in the CBCT at two times: T0 and T1. The assessments made with the ITK-
SNAP program prioritized sagittal images. The calibration is conducted in shades of gray, as the program
allows for the standard adjustment. 

Statistical analysis 

The calculation of the ICC aimed to assess the agreement between the two evaluators for the variables
initial volume, �nal volume, reduction volume, and percentage of volume reduction, was above 0.91,
which is considered high when values fall between 0.75 and 1.0. A student’s t-test for paired samples was
used to assess systematic error. The parametric student t-test for independent samples was used to
compare whether there was a statistically signi�cant difference in the percentage of volume reduction
between the two groups. 
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An analysis of variance (ANOVA) test with repeated measurements was used to assess differences
between groups, moments, and interactions between the group and moment, involving 2 groups and 2
moments (4 treatments). Levene’s homogeneity of variance test was used to indicate whether there were
homogeneous variances for the dependent variable volume between group and moment, involving the 4
treatments. After the ANOVA test indicated differences between group and moment, the Games–Howell
parametric test of multiple comparisons (2 to 2) was used for heterogeneous variances to indicate a
statistically signi�cant difference between groups and moments involving the 4 treatments.

Results

Tomographic results
Analysis of tomographic images before and 90 d after the surgical procedure revealed a signi�cant
reduction in the volume of bone pockets treated with L‐PRF when compared to blood clot (p < 0.01)
(Figure 1) 

STATISTICAL RESULTS

Regarding the difference in the percentage of volume reduction (mm³) in relation to the group, the
student’s t-test for independent samples considering homogeneous variances between the group was
equal to 5.03, which was statistically signi�cant, p < 0.01. The test power was 99.86%, indicating a
difference between the volume reduction percentage (mm³) in relation to the group. 

The results of this study showed a statistically signi�cant difference in bone pocket repair when the
L‐PRF membrane was used in relation to the blood clot. A signi�cant difference was evident regarding the
decrease in bone-store volume after 90 d, both for the L‐PRF membrane and for the blood clot. The group
that used the L‐PRF was more effective in bone repair, reducing the size of the bone store in volume, than
the group that used the blood clot, after 90 d. The decrease was 48.47% for the L‐PRF and 29.25% for the
blood clot, and this percentage was also statistically signi�cant (Table 1).

Figure 2 shows a graph with the con�dence intervals (95%) for the mean values of the percentage of
volume reduction (mm³) in relation to the group, where no signi�cant reduction in volume is seen in the
L‐PRF group.

The results of the anatomopathological exams of the lesions collected during the surgeries resulted in
benign lesions: periapical granulomas (57.8%), apical periodontal cysts (28.1%), and lesions not found
(14.1%) between ages, as well as between groups at a signi�cance level of 5%. No loss of the sample
occurred during the study. 

Discussion
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This double-blind, randomized clinical trial compared the e�cacy of two bone pocket �llers for bone
repair, L‐PRF membrane and blood clot, after periapical surgery and periapical lesion removal. Both the
L‐PRF membrane and the blood clot showed a decrease in bone-store volume after 90 d, however the
L‐PRF membrane showed better results after 90 d, with a decrease of 48.47% in volume and 29.25% for
the blood clot. The null hypothesis was rejected between the two �llers at the con�dence level (95%) with
p < 0.01 and the test power being 99.86%, indicating a difference between the Volume Reduction
Percentage (mm³) with respect to the two evaluated �llers.

In this study, MTA was used as retrograde �lling, which is a bioceramic endodontic cement composed of
mineral oxides containing calcium, silica, and bismuth in the form of �ne hydrophilic particles. This
material is effective for blocking contact with possible infection remaining inside the �lled canal. MTA is
effective as a sealant as it reduces bacterial in�ltration and suffers little in�uence from blood and
moisture in its composition.13,15,23 Regarding the better e�cacy of the L‐PRF membrane, this may be
justi�ed because the clots left in the bone stores where the surgical procedure was performed have few
growth-factor properties, which are slowly released during the angiogenesis process, differing from how
this process occurs in the membranes of L‐PRF.24

According to some authors, the use of L‐PRF membranes is a simple, less costly, and effective technique,
as the �brin membranes are acquired from the patient’s blood through collection in a plastic tube and
processed in a calibrated centrifuge with a G-force and speed programmed for this purpose. L‐PRF
membranes have a high potential for tissue regeneration. The accumulation of platelets and enrichment
with �brins and leukocytes releases more growth factors, which are essential to promote
angiogenesis.5,25,26

Angiogenesis is essential in repair processes dependent on growth factors arising from platelet
degranulation, releasing more cytokines.27 The main characteristic of platelets is the release of growth
factors, highlighting the transforming growth factor beta (TGF-B), growth factor and its synergistic
effects derived from platelets (PDGF), insulin-like growth factors (IGF).28 Epithelial or epidermal growth
factor (EGF),29 and vascular endothelial growth factor (VEGF).30

The preparation of membranes does not require anticoagulant in the container or the addition of gelling
agent (bovine thrombin) as occurs in the process of PRP preparation.28 After collecting blood in the
tubes, it must be placed in the centrifuge to start the process within 3 min. After the centrifugation period,
the membranes are removed from the tubes and placed in a metal box with a lid. After 2 min, the
membranes are �at, with approximate sizes of 6 × 15 mm, ready to be used to �ll the bone store, and are
viable for up to 3 h.

Karan et al.24 compared 40 teeth that underwent periapical surgery, separated into 4 groups (n = 10
each): (1). retrograde �lling with MTA only, (2). retrograde �lling with MTA and �lling the lesion with
L‐PRF, (3). �lling only of the lesion with L‐PRF and (4). control group without any material. The groups
that presented the best result regarding bone repair after 12 months were groups 1 and 2. These results
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were evaluated using CBCT, showing that MTA was the determining factor due to the blocking of contact
with possible remaining infection from the interior of the treated channel.

Studies with similar methodologies, such as Singh et al.,31 Angerame et al.,32 and Kulkarni et al.33

showed that bone repair of the surgical pocket using L‐PRF membranes was effective. However, the
evaluation methods in the literature differ from this work; namely, digital periapical radiographs were
used.

In contrast, this study used CBCT, which is more accurate than digital periapical exams. Moreover, the
sample size in this study was larger than the others. CBCT is able to detect imaging of periapical lesions
before they are apparent on conventional radiography.33-35 Clinical studies have shown that periapical
lesion imaging was detected in 20% of cases and 48% in CBCT.36 In vivo studies where simulations of
bone stores of periapical lesions were performed showed similar results.23,37 Other studies have also
demonstrated the effectiveness of CBCT38-40 when analyzed with the ITK-SNAP program,21 which is a
software application used to segment structures in 3D medical images.

Since their introduction, few clinical studies have focused on L‐PRF membranes. Research has mainly
concentrated on the time to evaluate the repair and �lling of bone pockets after periapical surgeries,
comparing the effectiveness of the L‐PRF material over a 3-month evaluation time41,42 or 4 months.43

Further research is recommended with changes in strength and speed to increase the amount of growth
factors, as well as an increase in leukocytes and mesenchymal progenitor cells, which were also detected
using lower centrifugation speeds, reducing from 2,700 to 1,300 rpm and 12 to 8 min, thus prioritizing
bone repair power.6,44 

Thus, the use of L‐PRF membrane in �lling bone pockets after periapical surgeries is justi�ed. In addition
to having low cost, it does not present rejection because it is autologous, easy to acquire, and effective
for the experiments conducted in this study. The limitations of the study were the di�culty in �nding
patients with indications for inclusion.

Conclusion
The use of L‐PRF membrane was more effective in bone repair after surgical intervention in teeth with
periapical lesions when compared to blood clot after 90 d.
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Tables
Table 1. Descriptive statistics of the percentage of volume reduction variable (mm³) with respect to the
group

Group  N Mean SD Standard Error Con�dence Interval (95%)

LI LS

Control (blood coat) 30 −29.25 (a) 12.61 2.30 −33.96 −24.54

Sample (L‐PRF) 34 −48.47 (b) 17.24 2.95 −54.49 −42.46
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Note: Different letters indicate a statistically signi�cant difference between the mean values of the
percentage of volume reduction (mm³), with respect to the group. Student’s t-test for independent
samples (p < 0.01).

Figures

Figure 1

Tomographic plate A.B. Immediate postsurgical tooth 12 with L‐PRF, C.D. Immediate postsurgical tooth
11 with L‐PRF, E.F. Tooth 12, 90 days post-surgery with L‐PRF G.H. Tooth 11, 90 days post-surgery with
L‐PRF. I.J. Immediate post-surgical tooth 21 without L‐PRF, K.L. Immediate postsurgical tooth 22 without
L‐PRF, M.N. Tooth 21, 90 days post-surgery without L‐PRF; O.P. Tooth 22, 90 days post-surgery without
L‐PRF. Q. Left-side region 12 and 11 with L‐PRF and region 21 and 22 without L‐PRF in immediate post-
surgical coronal view; R. Region of teeth 12 and 11 with L‐PRF and 21, 22 without L‐PRF after 90 days.
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Figure 2

Con�dence Interval (95%) of the average volume reduction percentage (mm³) by group


