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Abstract

Aim: To investigate self-reported short-term morbidity after the application of advanced platelet 
rich fibrin (A-PRF+) in combination with periodontal regenerative microsurgery in molar furcations 
and compare this the use of enamel matrix derivative application (EMD) or open flap debridement 
(OFD, control). 

Materials and Methods: A prospective randomized controlled trial was designed to study effects 
of A-PRF+, EMD or control for pocket closure of molar furcations grade II. Patients were randomly 
allocated in one of three treatment groups: OFD with application of A-PRF+, OFD with application 
of EMD and OFD alone. In all patients, venous blood was drawn from the antecubital fossa. A min-
imally invasive microsurgical approach was performed in all groups. Morbidity and patient-report-
ed outcomes (PROs) were assessed by questionnaires up to 6 weeks postoperatively. 

Results: 15 patients (n=5 per treatment allocation) completed the six-week follow-up. No differ-
ences in pain medications and PROs were observed between the groups, except that patients in 
EMD group scored statistically significant higher for postoperative morbidity compared to OFD 
group during the first week. All the patients except one reported to undergo the treatment again. 

Conclusion: The use of A-PRF+ was not associated with a different post-operative pain and discom-
fort compared to EMD or OFD. 

Keywords: Periodontal healing. Platelet rich fibrin. Patient-reported 
outcome. Emdogain. PROs.

Introduction
Periodontitis is a common inflammatory disease that, 
if left untreated, leads to progressive breakdown of 
the supporting tissues of the teeth, namely connec-
tive tissue attachment and alveolar bone (Pihlstrom 
et al., 2005). The goal of the periodontal treatment is 
to arrest the progression of attachment and bone loss 
and, if possible, regain the lost tissues. This could be 

achieved by means of periodontal regenerative sur-
gical procedures, and many different materials have 
been proposed to facilitate this (Cortellini et al., 
2015). The materials studied fall into two categories, 
namely autologous materials (obtained from the pa-
tient self ) and heterologous materials (from animals, 
other humans or of synthetic origin). 

Currently, platelet rich fibrin (PRF) is considered to 
be a promising autologous material in terms of clini-
cal outcomes in periodontal surgery, and as such PRF, 
Leukocyte rich-PRF (L-PRF) and Advanced-PRF+ 
(A-PRF+) can be proposed (Agrawal, 2017). The most 
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recently introduced protocols have the objective of in-
crementing the number of platelets and leukocytes in 
the fibrin clot. This can be achieved by reducing the 
Relative Centrifugation Force (RCF), following the 
“Low-speed centrifugation concept” theory. As result, 
the generated A-PRF + fibrin matrix shows a more 
porous structure, in which platelets and leucocytes re-
main trapped during the centrifugation phase. Due to 
the higher number of trapped cells, a higher and more 
sustained release of growth factors has been reported, 
compared with other PRF centrifugation protocols 
(El Bagdadi et al., 2017; Masuki et al., 2016; Fujioka-
Kobayashi et al., 2017).  Therefore, among PRF ma-
terials, it is verisimilar that A-PRF+ has the highest 
potential in promoting wound healing (Sousa et al., 
2020; Fujioka-Kobayashi et al., 2017; Miron et al., 
2020). These characteristics seem to be favourable espe-
cially in the early phase of the wound healing process. 
Numerous clinical trials showing promising results are 
available about the use of different types of PRF in re-
generative periodontal surgery (Castro et al., 2017). For 
example, compared to open flap debridement (OFD), 
Leucocyte-PRF (L-PRF), can significantly improve 
both vertical and horizontal clinical attachment levels 
(CAL) (Kanoriya et al., 2017; Bajaj et al., 2013; Sharma 
et al., 2011; Castro et al., 2017). The application of 
L-PRF in some oral surgical procedures such as third 
molar extractions and mucogingival surgery is reported 
to be associated with better patient-reported outcomes 
(PROs) than controls  (Femminella et al., 2016; He et 
al., 2017). For the various PRF preparations, the clini-
cian needs to draw venous blood (approximately 4 to 
6 tubes of 10 ml) immediately before the periodontal 
regenerative procedure. To date, patient’s levels of ac-
ceptance of the procedure in regenerative periodontal 
surgery have not investigated.

From the family of heterologous materials, enam-
el matrix derivative (EMD) has been proposed as 
one of the gold standards as regenerative material 
(Miron et al., 2016). Due to its ready to use pack-
aging, EMD does not require a blood drawing pro-
cedure. The principal component of EMD is amelo-
genin of porcine origin. In humans, amelogenins 
have been shown to be expressed in teeth during root 
development and serves as precursor to acellular ce-
mentum deposition (Hammarstrom, 1997). There is 
evidence that EMD can be beneficial in wound heal-
ing favouring soft tissue regeneration and angiogenic 
activity. Additionally, it is shown that EMD has also 
an effect on a plethora of cell types that are involved 
in (i) hard tissue healing, (ii) alter the expression of 
pro-inflammatory markers and (iii) antibacterial ac-
tion (Miron et al., 2015). Many randomized clinical 
trials also showed a superiority of the clinical use of 
EMD compared to other regenerative techniques as 

guided tissue regeneration (GTR) and OFD with 
primary closure or coronally advanced flap, in peri-
odontal regenerative surgery of furcation defects 
( Jepsen et al., 2004; Peres et al., 2013). Moreover, 
EMD is shown to have a positive effect in terms of 
reducing post-operative pain in some clinical trials 
(Zucchelli et al., 2002; Wennstrom et al., 2002). 
However, in terms of patient acceptance, there is still 
limited evidence about the superiority of EMD over 
any other material. Furthermore, not all patients 
consent to receive heterologous material derived in 
particular from pig , and in current times some pa-
tients are concerned about animal welfare. 

Few clinical studies related to periodontal regen-
eration procedures investigated PROs and self-per-
ception. Askar (2019) reports that there is a low 
percentage of patients that after periodontal surgical 
procedures such as GTR, OFD and osseous surgery 
experience post-operative discomfort that can impair 
patients’ daily routine (Askar et al., 2019). Factors 
such as smoking and diabetes mellitus may be related 
to an increased rate of post-operative complications 
of healing and discomfort (Larrazabal et al., 2010). 
The methodological addition of assessing PROs to 
solely clinical outcomes, is expected to provide crit-
ical information to better understand the acceptance 
of periodontal surgical therapies (Avila-Ortiz et al., 
2015). In general, data related to morbidity of the mi-
crosurgical approach for regenerative procedures are 
scarce. To date, no study has compared directly PROs 
after either PRF, EMD and OFD. 

The current pilot study aimed to investigate short-
term morbidity after the application of A-PRF+ in 
combination with periodontal regenerative microsur-
gery in molar furcations in comparison to EMD appli-
cation or OFD.

Materials and methods
Trial design
The present manuscript has been written according to 
the CONSORT statement for improving the quality 
of reports of parallel-group randomized trials (http://
consort-statement.org/). This pilot study is part of a 
randomized controlled trial (RCT) (Platelet rich fi-
brin in periodontal surgery: a double blind, random-
ized controlled trial) conducted at Academic Centre 
for Dentistry Amsterdam (ACTA), Department of 
Periodontology. The study was approved by the med-
ical ethical committee of the VU Medical Center, 
Vrije Universiteit Amsterdam (study protocol num-
ber: 6265602917). This RCT has been terminated 
prematurely (March 2020) due to the corona crisis; 
the initial lockdown and the subsequent partial capac-
ity of the clinic limited patients recruitment, surgeries 
and follow-ups. 
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Participants and inclusion and exclusion 
criteria
Screening for eligibility was carried out on patients 
who completed active non-surgical periodontal ther-
apy. The stage of periodontitis was defined according 
to the classification of 2017 (Papapanou et al., 2018). 
Patients who met the inclusion criteria were asked for 
participation in this research. Patients received an in-
formation sheet with the content and the aim of the 
research. A 2-week time period was given to contem-
plate about participation in the study. After agreement, 
patients were asked to sign an informed consent. 

To be included, the patients should be aged be-
tween 18 and 80 years old, have at least one molar 
with furcation involvement grade II (Hamp et al., 
1975) with horizontal CAL >3 mm and a residual 
pocket depth after non-surgical therapy ≥5 mm, full 
mouth plaque score (FMPS) <20% and full mouth 
bleeding score (FMBS) <30%. During recruitment 
the following exclusion criteria were applied: uncon-
trolled diabetes, HIV (human immunodeficiency 
virus) positive patients, leukopenia, or any systemic 
diseases related to reduced wound healing potential, 
allergy to any medication or material related with 
the study protocol, pregnancy or lactation, daily use 
of any medication suppressive for the immune sys-
tem like corticosteroid or other immunosuppressant 
and antibiotic use at least 3 months before the study 
enrollment. Exclusion criteria on a site level were 
the following: third molars, lingual furcation sites 
of mandibular molars, bone loss extending up to the 
apex, endodontically and non-endodontically treated 
teeth with periapical radiolucency, teeth with vertical 
fractures or cracks, mobility more than 1 and furca-
tion involvement grade I or III (Hamp et al., 1975). 

In order to score morbidity and acceptance of the 
therapy, the questionnaires were given to the patient 
before the surgery. The patient was informed by an oral 
explanation about the content of the questionnaires 
and he/she was advised to complete each of them be-
tween 20:00 and 21:00 h.

Blood collection before PRF preparation
In order to maintain patient blindness, blood was 
collected from all the participants by a periodontist. 
The blood drawing procedure was performed by veni-
puncture of the antecubital fossa immediately before 
the surgery in order to prepare the A-PRF+. In  total 
4 tubes of blood (40 ml) were taken from each pa-
tient. Two of them were used for the preparation of 
the A-PRF+ (sterile plain glass-based vacuum tubes). 
Two other tubes (with EDTA), not to be used for the 
preparation of the A-PRF+, were used for the analysis 
of peripheral blood markers (results not shown in this 
paper). The A-PRF+ was prepared according to the 

spinning protocol, requiring 208 g of relative centrif-
ugation force (RCF max) for 8 minutes (Miron et al., 
2020; Fujioka-Kobayashi et al., 2017). After centrifu-
gation, the fibrin clot (A-PRF+) was gently taken from 
the tube and separated from the red element phase at 
the base of the tube with the use of pliers. The A-PRF+ 
clot was then adapted in the proper PRF box (APRF, 
Nice, France), that provided a constant compression 
due to the lid (cover of the PRF box) on top of the clot. 
The compression lasted 5 minutes, after which it was 
possible to retrieve A-PRF+ membranes, equal in size 
and thickness. The whole procedure was performed in 
the surgical room, with sterile instruments in a sterile 
setting (Figure 1), and in presence of the patient sitting 
on the dental chair.

Surgical procedure and postoperative 
instructions and protocol
The surgical procedure was performed by an experi-
enced periodontist (SB). All surgeries were performed 
with a microsurgical approach with a modified or sim-
plified papilla preservation technique depending on the 
width of the inter-dental space (Cortellini et al., 1999; 
Cortellini et al., 1996). If deep pockets were present at 
the distal site (retromolar area) the access was performed 
with a trap technique, leaving as much tissue as possible 
in the middle of the ridge. This allowed a better cover-
age and stabilization of the flap. The flap was elevated 
in the most atraumatic way possible, leaving interdental 
tissues intact. In addition, the flaps were extended api-
cally to the defects and furcation entrances. If necessary, 
releasing incisions were performed on the mid- buccal or 
mid-lingual side of the most mesial tooth involved in the 
flap. Degranulation was thoroughly performed with cu-
rettes, including removal of granulation tissue from the 
furcation involved areas. After having access to the bone 
anatomy, ultrasonic debridement of roots was performed 
with saline cooling, together with hand instruments. At 
this point, the person in charge for the randomization 
had to open an envelope containing the treatment allo-
cation and the surgeon was informed about which of the 
three approaches was to be used (A-PRF+ or EMD or 
OFD). If the patient was allocated to OFD group, the 
area was rinsed with saline (NaCl 0.9 %), followed by a 
pause of 1 minute, after which the rinsing was repeated 
with the same solution. The latter was performed in or-
der to resemble the application of regenerative materials. 
In case of A-PRF+ allocation, sterile prepared A-PRF+ 
membranes were minced by sterile scissors and com-
pressed, as much as possible, into the furcation II defect 
of the molars involved in the surgery. In order to guar-
antee clot stabilization, an additional A-PRF+ mem-
brane was applied covering the graft material and pro-
tecting the furcation entrance around the tooth profile. 
A-PRF+ was intended to be applied in less than 1 hour 
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Figure 1. CONSORT flow chart of the study.
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Allocated to OFD group 
(n=6)

Received allocated 
intervention (n=6)

Did not receive 
allocated intervention 

(n=0)

Lost to follow-up (n=0)
Excluded from 

further participation 
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complication (n=1)

Allocated to EMD group 
(n=5)

Received allocated 
intervention (n=5)

Did not receive 
allocated intervention 

(n=0)

Lost to follow-up (n=0)
(1 week post-op 

examination missing 
(n=1))

Analyzed (n=5) Analyzed (n=5) Analyzed (n=5)
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group (n=5)

Received allocated 
intervention (n=5)

Did not receive 
allocated intervention 

(n=0)

Lost to follow-up 
(n=0)

Randomized (n=16)
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from the beginning of the surgery. In case of EMD, roots 
were dried and EMD (Emdogain®, Institut Straumann 
AG, Basel, Switzerland) was applied for 2 minutes. 
Subsequently, the flap was sutured. The papilla was re-
positioned in the original buccal position. Propylene 
sutures 5-0 were used with the intention to achieve a 
primary, tension free closure. The suture technique was 
horizontal mattress with a Laurel loop. Additional single 
sutures were applied if necessary. 

After the surgery, every patient was asked to avoid 
any form of brushing in the operated area and to rinse 
firstly with hydrogen peroxide for 2 mins and later 
with chlorhexidine 0.12 % (PerioAid 0.12%, Dentaid, 
Barcelona, Spain) for 1 min twice per day. These in-
structions were continued for 4 weeks. Analgesics use 
(Paracetamol, also known as acetaminophen, 500 mg, 
maximum intake of 6 grams per day) was advised but 
not prescribed. The patient was requested to report the 
consumption of the medication in the provided ques-
tionnaires. Sutures were removed after 14 days. A pro-
phylaxis protocol via gentle polishing with rubber cups 
and brushes was performed on day 7, week 2 and week 
6 after surgery. Each patient was instructed to perform 
oral hygiene with interdental brushes and an electric 
toothbrush from 4 weeks post-operatively onward, at 
which point the chemical plaque control was ceased.  

Assessment of post-operative morbidity
Post-operative morbidity was assessed with the com-
pletion of a validated questionnaire for post-operative 
discomfort (Gobbato et al., 2016). The patients were 
asked to complete the questionnaires on a standardized 
time (between 20:00 and 21:00 h) on the day of the 
surgery, every day during the first week, at 2 week and 
at week 6 post-operatively. The questionnaires were de-
signed to evaluate pain experience allowing the patient 
to rate the pain experience from ‘no pain’ to ‘worst 
possible pain’ using a visual analogue scale (VAS) of 10 
cm. The patient was asked to draw a vertical line with 
a pen on the VAS under each question. The distance 
between the left edge of the VAS and the vertical line 
that was drawn by the patient was measured with a rul-
er by the examiner. This value (mm) ranged from 0 to 
100. All  the questionnaires that were referring to the 
post-operative period were given to the patients the 
day of the surgery. The patient was asked to bring the 
questionnaires at the follow-up appointments. Each 
questionnaire included ten questions (Appendix  1). 
Two questions were not included in the questionnaire 
of the day of the surgery (questions 4 and 6) since 
these questions aimed at the pain in the morning and 
throughout the day, therefore not applicable at the 
same day of the intervention. Besides pain in response 
to various stimuli, other parameters were investigated 
in a dichotomous fashion (yes or no): these parameters 

were experienced post-operative bleeding, consump-
tion of analgesic medication and whether the patient 
would undergo a similar procedure in the future if rec-
ommended by the dentist. The patient was also asked to 
indicate the type of analgesic medication that he used 
and the quantity.

Randomization, blinding and treatment 
allocation
A randomization scheme was made on the basis of the 
number of patients needed for the main study (Platelet 
rich fibrin in periodontal surgery: a double blind, 
randomized controlled trial), and was calculated by a 
sample size calculation. The current study is the first 
analysis of the parent study focusing on the first weeks 
and it is considered as pilot because no specific sample 
size was calculated for the PROs. Smokers were also in-
cluded in the study cohort and their distribution was 
stratified. Closed numbered envelopes were prepared 
with the description of the material that was going to 
be used (A-PRF+, EMD, OFD) and stored in a locked 
drawer. Care was taken not to reveal to the patient the 
content of the envelope. The surgeon was blinded for 
the technique until the intra-surgical moment of mate-
rial application. The examiner of this study that evalu-
ated the short-term PROs was blinded about treatment 
allocation throughout the study.

Data analysis
The Statistical Package for the Social Sciences (IBM 
SPSS Statistics Data Editor, Chicago, Illinois, US) and 
GraphPad software (GraphPad Prism Version 8.4.1, San 
Diego, California, US) were used for data analyses. For 
age, which was the only normally distributed (Shapiro-
Wilk test), differences between groups were analyzed 
by One-Way Analysis of Variance (ANOVA) was used. 
For all other variables, differences between groups 
were explored by non-parametric tests (Kruskal-Wallis 
test). Differences in frequencies of smoking and sex per 
group were tested with Chi squared test. For all other 
variables, the Kruskal Wallis test was used to compare 
differences across the three groups. Bonferroni correc-
tion was done at the pairwise sub-analysis. The level of 
statistical significance was set at p<0.05.

Results
Participants and baseline data
Recruitment of patients started in June 2018. From 
October 2018 to March 2020, 16 patients participated 
in the study and received surgery, and were seen for fol-
low-up for minimally 6 weeks.  One patient, at 5 weeks 
post-operatively, was excluded from further participa-
tion in the study due to endodontic complications at the 
tooth that was investigated. Thus, 15 patients were an-
alysed for this pilot study (see CONSORT flow-chart, 
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Figure 2). Table 1 shows the patient and periodontal 
characteristics at baseline. The mean age was 64.4 (SD 
6.0), 56.0 (SD 15.0) and 50 (SD 12.3) for the A-PRF+, 
EMD and OFD groups respectively (not statistically 
significant different across the groups). Fourteen pa-
tients were classified as stage III periodontitis, one as 
stage IV. Table 2 presents the tooth characteristics as 
recorded on the day of the surgery. Based on random-
ization, in total 11 upper (5 in A-PRF+, 3 in EMD and 

3 in OFD group) and 4 lower molars (2 in EMD and 2 
in OFD group) were included in our analysis. Five pa-
tients had buccal (3 allocated in EMD and 2 in OFD 
group) and 10 interproximal furcations (5 in A-PRF+ 
group, 3 in EMD and 2 in OFD) included. Regarding 
the furcation depth at baseline, none of the patients in 
A-PRF+, 3 patients in EMD and 3 patients in OFD 
group had furcations with a horizontal attachment loss 
≥6 mm (Table 2). 

Day of 
intervention

Completion of 
questionnaires

Postoperative 
prophylaxis

Postoperative 
follow-up

Re-introduction 
oral hygiene 

measures

Day 1 Day 7 Week 2

X X X X X X X X X X

XXXX

X X X

X

Week 4 Week 6

Figure 2. Flowchart and timeline of the study.

A-PRF+ EMD OFD All groups 

(n=5) (n=5) (n=5) (n=15)

Age 64.4 (6.0) 56 (15.0) 50 (12.3) 56.8 (12.4)

Sex

Male 2 (40) 3 (60) 2 (40) 7 (46.6)

Female 3 (60) 2 (40) 3 (60) 8 (53.3)

Smoking status

Current smokers 2 (60) 3 (60) 2 (40) 7 (47)

Smoking > 10   
cigarettes per day

1 (20) 0 1 (20) 2 (13)

Non-smokers 3 (60) 2 (40) 3 (60) 8 (53)

Former smokers 2 (40) 1 (20) 2 (40) 5 (33)

Never smoked 1 (20) 1 (20) 1 (20) 3 (20)

No. of teetha 27.2 (3.6) 23.4 (3.2) 26.4 (3.0) 25.7 (3.5)

No. of molarsa 7.8 (2.9) 7.4 (1.8) 6.6 (3.0) 7.3 (2.5)

No. of pockets > 5 mma    6.2 (6.0) 3.6 (1.5) 6.2 (6.0) 2.2 (0.8)

Periodontitis stageb

Stage III 5 (100) 4 (80) 5 (100) 14 (93)

Stage IV 0 1 (20) 0 1 (7)

Table 1. Patient and periodontal characteristics.

Notes. Values represent mean (SD) or numbers (%) of patients. a) At inclusion of the study, after non-surgical therapy. 
b) Papapanou et al. (2018).
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Surgical procedures
No adverse events during the surgeries were reported by 
the surgeon. In all patients, primary intention healing 
was achieved. In one patient (APR02) a releasing in-
cision at the palatum was needed. The handling of the 
PRF membranes and EMD was uneventful. Time  of 
the surgery was recorded for 12 out of 15 subjects and it 
ranged from 23 to 72 minutes. Healing was uneventful 
for all participants of the study. One patient (APR07, 
EMD group) did not attend the 1-week follow-up ex-
amination because of reported illness, not related to 
post-operative complications. 

Morbidity
Figure 3 shows the mean values of each group per ques-
tion based on the VAS scale during the post-operative 
follow-up period. In the EMD group, patients scored 
significantly higher on the question “Pain experienced 
in the mouth as a whole” on days 5 and 6 compared to 
OFD group. In the EMD group, patients scored sig-
nificantly higher for the question “Pain experienced 
throughout the day” on days 3, 4, 5 and 6 compared to 
OFD. The EMD group scored higher on days 3, 4 and 
6 for the question “Pain experienced in the morning”, a 
significant difference was again only between OFD and 
EMD. In the EMD group, the VAS score was higher 
on day 6 for the question “Pain experienced at night” 
compared to OFD group and patients from EMD 
group experienced more swelling on day 4 compared to 

OFD group. No statistically significant differences in 
the morbidity questions were observed between EMD 
and A-PRF+ groups or OFD and A-PRF+ groups for 
any of the follow-up time points. Tables S1, S2, S3, S4, 
S5, S6 and S7 for each question are provided as supple-
mentary material.

Table 3 shows the number and proportion of pa-
tients who were willing to undergo the surgery again 
if recommended by their dentist, who experienced 
bleeding during the post-operative follow-up period 
and who used painkillers as well as the type and the 
mean consumption per group. All patients were will-
ing to undergo the surgery again if recommended by 
their dentist. Only one patient (APR14) from OFD 
group, at the 6-week follow-up, responded negatively 
for this question. One patient (APR04) from the OFD 
group on day 1, 2 patients from EMD group (APR02, 
APR08) on day 0 and one patient (APR11) from 
A-PRF+ group at 2 weeks reported bleeding. The mean 
amount (in mg) of consumption of painkillers during 
the post-operative period was 2120 mg (SD 1890) in 
OFD group, 4200 mg (SD 8289) in EMD group and 
400 mg (SD 548) in A-PRF+ group. No statistical sig-
nificant differences were found between groups per 
post-operative day. Only one patient (APR13), used 
ibuprofen instead of paracetamol as analgesic of choice. 
We compared also the daily consumption of painkillers 
per follow-up day across groups and no statistical sig-
nificant differences found (Table 3).

Table 2. Tooth characteristics at baseline (day of the surgery). All teeth had furcation grade IIa.

a) Hamp et al. (1975). b) Furcation grade II defects were categorized as having 3-5 mm or ≥6 mm horizontal depth. Reference was 
the orifice of the furcation. 

Group Patient research code Tooth no. Site Furcation horizontal 
depth (mm)d

OFD

APR04 47 buccal ≥6

APR10 16 distal ≥6

APR12 16 mesial 3-5

APR13 46 buccal 3-5

APR14 17 buccal ≥6

EMD

APR02 26 mesial 3-5

APR07 36 buccal ≥6

APR08 16 mesial ≥6

APR09 16 mesial ≥6

APR16 37 buccal 3-5

A-PRF+

APR01 16 mesial 3-5

APR05 17 distal 3-5

APR06 16 distal 3-5

APR11 17 distal 3-5

APR15 26 distal 3-5
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Compliance
Two patients (APR13 and APR16) sent a photograph 
of the questionnaires electronically to the examiner, 
as the scheduled appointments were cancelled due to 
restrictions of the COVID-19 pandemic. Therefore, 
the analogue of the VAS score of the photographs was 
taken. The compliance of the patients regarding the 
time of filling in the questions was checked during the 
clinical appointments. One patient (APR15) filled the 
6-week questionnaire one week earlier than the sched-
uled date, indicating 0 VAS score to all of the questions 
and no use of medications. 

Discussion
Within the limitation of the low numbers of par-
ticipants (5 per group) in this study, we observed 
that A-PRF+ use was related to low levels of pain or 

discomfort and a high level of patient acceptance. 
Although this study has to be considered a pilot, to the 
best of our knowledge this is the first study that investi-
gates patient acceptance and post-operative morbidity 
after the use of A-PRF+ in periodontal micro-surgery 
in furcation involved teeth, and also compares the re-
sults with a widely used material in periodontal regen-
eration (EMD).

Patients that received A-PRF+ experienced mild 
post-operative pain and discomfort, scoring low num-
bers at all the VAS questions. Post-operative bleeding 
was a rare event and the painkiller consumption among 
all subjects was limited to acetaminophen. The overall 
mean consumption of painkillers was less (as a trend) 
in A-PRF+ group compared to the other groups and 
the paracetamol consumption was limited to 1 gram 
only at the day of the surgery. In general, the additional 

Table 3. Dichotomous questions of the questionnaire and pain-killer consumption during the follow-up 
period. 

Notes. Values represent numbers (%) or mean (SD). a) Participants responded ‘yes’ at all the questionnaires at all time points 
(days 1 to 7, week 2, week 6). b) Participant APR14 responded ‘no’ for this question at the 6-week questionnaire. c) Participant 
APR04 on day 1. d) Participants APR02 and APR08 on day 0. e) Participant APR11 at 2 weeks. f) Values represent numbers (%) of the 
participants that took painkillers. g) Mean cumulative amount of painkillers (mg) per group consumed during the whole post-
operative period.

A-PRF+ 
(n=5)

EMD
(n=5)

OFD
(n=5)

All groups
(n=5)

Would you be willing to undergo this surgery again if recommended by your dentist?

Yes 5 (100)a 5 (100)a 4 (80)a 14 (93)

No 0 (0) 0 (0) 1 (20)b 1 (7)

Did you experience bleeding (e. g. blood in saliva?)

Yes 1 (20)e 2 (40)d 1 (20)c 4 (27)

   No 4 (80) 3 (60) 4 (80) 11 (73)

Did you take any pain medication? 

Yes 2 (40) 3 (60) 4 (80) 9 (60)

No 3 (60) 2 (40) 1 (20) 6 (40)

If yes, what kind of pain killers did you get?

Paracetamol 2 (100)f 2 (100)f 3 (80)f 7 (47)

Ibuprofen 0 (0)f 0 (0)f 1 (20)f 1 (7)

Other

Cumulative amount of pain-killers 
consumption in mg

4200 (8289)g 4200 (8289)g 2120 (1890)g 2240 (4829)g

Cumulative amount of paracetamol 
consumption in mg

400 (548) 4200 (8289) 2000 (2160) 2214 (5010)

Amount of paracetamol consumption in mg per follow-up time point

D0 400 (548) 600 (548) 875 (854) 607 (626)

D1 0 (0) 400 (894) 875 (1436) 393 (934)

D2 0 (0) 400 (894) 250 (500) 214 (679)

D3 0 (0) 600 (1342) 0 (0) 214 (802)

D4 0 (0) 600 (1342) 0 (0) 214 (802)

D5 0(0) 400 (894) 0 (0) 143 (535)

D6 0 (0) 400 (894) 0 (0) 143 (535)

D7 0 (0) 400 (894) 0 (0) 143 (535)

W2 0 (0) 400 (894) 0 (0) 143 (535)

 W6 0 (0) 0 (0) 0 (0) 0 (0)
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Figure 3. Mean scores of visual analogue scale (VAS) of each group per question during the post-operative 
follow-up. Patient APR01, after the first week, was excluded from the analysis of the first VAS question 
“Pain experienced within the mouth as a whole” because another periodontal surgery was performed at day 
7. Statistical significant differences across groups are depicted with an asterisk (*). VAS is 0-100. Statistical 
significance level is set at p <0.05.
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procedure of drawing blood for PRF preparation, did 
not affect the overall perception of the procedure of 
the patient. All the patients of the study were willing to 
undergo the same procedure again if necessary. This re-
port suggests that the pre-surgical blood sampling for 
the preparation of any blood-derived material is a pro-
cedure accepted by patients and does not represent a 
limit in terms of invasiveness or discomfort. In accor-
dance with our findings, there are few studies that sug-
gest that PRF (L-PRF) in oral surgery might be related 
to less post-operative pain (He et al., 2017; Femminella 
et al., 2016). According to Femminella (2016) PRF sig-
nificantly reduced the patient discomfort after its use 
in the healing of palatal wounds compared to controls 
that received a gelatine sponge. Moreover, it seems that 
PRF is beneficial during the early wound healing after 
lower third molar extractions in terms of patients’ pain 
relief (He et al., 2017). 

These clinical results are related to the biological 
properties of PRF, where the interaction between the 
fibrin network and the cytokines and chemokines re-
leased by leukocytes and platelets are promoting es-
sential early tissue healing events (Miron et al., 2017). 
These events would happen anyhow during the healing 
process, but research shows a faster progression in tis-
sues treated with PRF derivatives. Angiogenic proper-
ties have been reported, explained by the slow and si-
multaneous release of PDGF, TGF-β1, IGF, and VEGF 
(Schar et al., 2015; Kobayashi et al., 2016). The same 
mediators are able to recruit pericytes and stem cells, 
promoting the tissue repair. The fibrin matrix is fur-
thermore able to express integrins of various nature, 
promoting cells adhesion via fibrin, fibronectin and 
vitronectin (Masuki et al., 2016; Cabaro et al., 2017). 
Moreover, fibrin degradation products are able to pro-
mote migration of neutrophils in the wound and facili-
tate their transmigration into the vascular endothelium 
(Strauss et al., 2020). The proteases release facilitates 
the permeability of extracellular matrix for the forma-
tion of newly formed blood vessels. Furthermore, the 
degradation of the fibrin clot releases neutrophils and 
macrophages trapped in the fibrin itself, contributing to 
the production of oxygen radicals and enzymes able to 
fight bacterial contamination of the wound (Nasirzade 
et al., 2020). All these events may contribute to a lower 
pain perception from patients. 

Patients in EMD group scored significantly higher 
compared to OFD group at the questions that referred 
to the pain during the first week. This was somewhat 
to our surprise, as EMD has been reported as a patient 
friendly material that may show an advantage in terms 
of patient acceptance compared to more complicated 
techniques such as GTR ( Jepsen et al., 2004). In that 
respect, our findings are more similar to the findings 
of the study of Tonetti et al. (2004), where EMD was 

used for the treatment of infrabony defects compared 
to OFD: patients in EMD group experienced higher 
levels of sensitivity with a peak at 3 weeks (Tonetti et 
al., 2004). However, both studies did not use question-
naires to specify the type of stimulus that elicited the 
sensitivity. Although in our study we did not perform 
root preconditioning with EDTA, post-operative sensi-
tivity remains a problem in this patient group. Another 
interesting finding is that when EMD was used under 
flaps in periodontal surgery, patients experienced high-
er levels of swelling compared to controls (Hagenaars 
et al., 2004). Similarly, the present EMD group scored 
significantly higher for the question referring to per-
ceived swelling on day 4 post-operatively. 

Despite some high scores for the EMD group, we 
found that all three procedures were related to low lev-
els of post-operative pain. The events of post-operative 
bleeding were rare and 14 out of 15 patients were will-
ing to undergo the procedure again if recommended 
by the dentist. Again, we like to stress that apparent-
ly blood drawing was not an objection. Therefore, our 
study indicates that periodontal regenerative surgery 
appears to be a well-tolerated procedure. This is in ac-
cordance with previous studies that investigated the 
morbidity after periodontal surgery (Mei et al., 2016; 
Askar et al., 2019; Curtis et al., 1985). 

Another point to be considered is the impact of 
smoking during the healing phase. In smokers the heal-
ing can be less favourable, and this may result in high-
er post-operative pain perception (Guo et al., 2010). 
In  our cohort, almost half of the patients were smok-
ers, very few (3 in total, 1 per group, never smoked). 
This may have made the results in our cohort compa-
rable between patients. Furthermore, we didn’t find 
differences in pain response in the subgroup of patients 
that were smoking. 

The strengths of this study include the setting, the 
design and the intense follow-up. Double blinding was 
achieved throughout the study (for both patients and 
examiner) and the strict recall program allowed us to 
ensure the compliance of the patients with the proto-
col. The daily monitoring of patient-centred data with 
the questionnaires helped us to detect differences at the 
first post-operative days that could have been missed 
in case that the questionnaires were given only on a 
weekly basis. There are also limitations to the present 
study. A sample size calculation was not possible be-
cause of the lack of the studies that investigated simi-
lar outcomes in the literature. The number of patients 
that are included in our study is low and therefore the 
interpretation of our findings should be done with cau-
tion. Maxillary and mandibular sites may as well have a 
different post-operative perception, and due to the low 
number, we had to group the operated sites. While we 
used a post-operative questionnaire already used in a 
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publication regarding post-operative discomfort af-
ter regenerative periodontal surgery (Gobbato et al., 
2016), it does not clarify whether the quality of life of 
the patient was affected. For this aim, another validated 
questionnaire like the OHIP-14 may have been indi-
cated. Nevertheless, due to the broader range of appli-
cations of the OHIP-14, it seems less precise to define 
some of the parameters we aimed to investigate in our 
study. Another limitation may be the compliance of 
the patients in answering the questions at the suggested 
time and day. It was not possible to be precisely assessed 
and we were dependent on patient’s cooperation and 
honesty. As such, digital surveys would give better in-
sights in compliance. 

Patient related factors, such as age and sex, are stated 
in the literature as factors that could affect the percep-
tion of pain after surgery (Tighe et al., 2015). Namely, 
female sex and young age scored higher pain in postop-
erative values in the aforementioned study. In our study 
the PRF group had the highest mean age, although not 
significantly different from the other two groups. 

Conclusions
In conclusion, we observed that the application of a 
PRF preparation (A-PRF+) was related to low levels of 
pain and discomfort and a high level of patient accep-
tance during and after the surgical regenerative treat-
ment of molars furcations. The use of A-PRF+ was not 
related to increased morbidity compared to the two 
other treatment modalities. In fact, EMD was related 
to increased levels of pain and swelling during the first 
week compared to the other treatments, but the pain 
levels could be considered mild as they were scored at 
the lower part of the VAS. Because of the pilot nature of 
the study, the results cannot be generalized and should 
be considered as observations. Further RCTs are need-
ed to draw a definitive conclusion regarding the effects 
of A-PRF+ on PROs when applied in periodontal re-
generation procedures.
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1. Indicate how much pain you experienced within the mouth as a whole:
No pain Worst possible pain

2. Indicate how much pain you experienced while drinking warm beverages:
No pain Worst possible pain

3. Indicate how much pain you experienced while drinking cold beverages:
No pain Worst possible pain

4. Indicate how much pain experienced in the morning: 
No pain Worst possible pain

5. Indicate how much pain you experienced throughout the day: 
No pain Worst possible pain

6. Indicate how much pain you experienced at night: 
No pain Worst possible pain

7. Indicate how much swelling you experienced at the treated site: 
No swelling Worst possible swelling

8. Would you be willing to go through this surgery again if recommended by your dentist?
Yes No

9. Did you experience bleeding (e.g. blood in saliva?)                  	
Yes No

10. Did you take pain killers?                                 	
a. Yes No  b.	 you have finished the questionnaire 

b. If yes, what kind of pain killers did you take?

 Paracetamol 500mg       
 Ibuprofen 600mg                
 Ibuprofen 400mg      
 Other:       

c. How many tablets of the painkiller did you take?

Paracetamol 500mg Number: 
Ibuprofen 600mg Number:
Ibuprofen 400mg Number:
Other Number:

Appendix 1. The questions that were provided to the participants. Questions 4 and 6 were excluded from 
the questionnaire that was referring to the day of the surgery. 

Figure 1S. Steps in A-PRF+ preparation: a) Collection of blood; (b) Centrifugation; (c) Tube containing three 
layers (from bottom to the top): red blood cells and plasma, A-PRF+ and serum; (d) Separation of A-PRF+ 
from the other layers; (e) A-PRF+ on the expression box; (f) A-PRF+ membranes after compression; (g) A-PRF+ 
membrane ready for use.
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