
The International Journal of Periodontics & Restorative Dentistry

© 2016 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



Volume 36, Supplement, 2016

s75

 ©2016 by Quintessence Publishing Co Inc.

1 Postgraduate, Department of Periodontics and Oral Medicine, School of Dentistry,  
Faculty of Health Sciences, University of Pretoria, Pretoria, South Africa.

2 Specialist and Consultant, Department of Oral Medicine & Periodontology, University of the 
Witwatersrand, School of Oral Health Sciences, Johannesburg, South Africa.

3 Oral and Maxillofacial Surgeon, Department of Oral & Maxillofacial Surgery,  
Medical University of South Africa, Pretoria, South Africa.

4 Specialist in Periodontics and Oral Medicine, Director of the Implant and Aesthetic 
Academy, Cape Town, South Africa. 
 
Correspondence to: Dr Jonathan Du Toit, Department of Periodontics and  
Oral Medicine, School of Dentistry, Faculty of Health Sciences, University of Pretoria,  
Private bag X20 Hatfield, Pretoria, South Africa 0028.  
Email: drjondu@gmail.com

Choukroun Platelet-Rich Fibrin as an Autogenous  
Graft Biomaterial in Preimplant Surgery:  
Results of a Preliminary Randomized,  
Human Histomorphometric, Split-Mouth Study

This study aimed to test the null hypothesis that platelet-rich fibrin (PRF), 
as an immediate postextraction graft material, produces bone that is 
histomorphometrically no different than bone derived from healing without 
intervention. The authors compared split-mouth human bone biopsy specimens 
derived from PRF with bone that had healed without intervention. Eight human 
bone biopsies were successfully harvested from four patients. The mean ± standard 
deviation (SD) percent of newly formed osteoid was 9.9% ± 5.9% for specimens 
derived from PRF, and 4% ± 2.1% for specimens derived from the control sites 
(P = .089; 95% confidence interval [CI] 4.5–18.1 and 1.6–6.6, respectively). Mean ± 
SD percent of new mineralized bone was 40.8% ± 10.3% for the PRF specimens and 
43.9% ± 16.8% for the control specimens (P = .72, 95% CI, 33.4–55.6 and 19.3–55.5, 
respectively). Newly formed bone to fibrovascular tissue ratios for specimens in 
the PRF and control groups were 51%:49% and 48%:52%, respectively. Within the 
limitations of this study, the null hypothesis could not be rejected. Bone derived 
from PRF histologically did not differ from bone that healed without intervention. 
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The tooth extraction socket remains 
a significant  challenge in restor-
ative implant treatment.1 Marked 
dimensional changes occur during 
the first 8 weeks after tooth extrac-
tion, especially in the buccal or facial 
aspect.2 Without intervention, the 
alveolar ridge will lose bone vol-
ume, and its form will change as the 
bony socket undergoes resorption, 
modeling, and healing.3 Among 
the treatment options for a missing 
tooth or teeth is the surgical place-
ment of a dental implant, which pro-
vides a structural foundation for the 
restorative rehabilitation.4 Success-
ful placement of a dental implant 
requires healthy supporting bone 
of adequate architecture.5 Areas of 
tissue deficit may not allow for the 
ideal prosthodontically planned 
placement of an implant; bone and 
soft-tissue augmentation may first 
be required.6,7 These procedures, 
be they preventive (pretissue loss) 
or corrective (postextraction tissue 
loss), require among many things 
the access to augmentation materi-
als. Conventional autogenous bone 
harvesting sites (eg, mandible, pal-
ate, pelvis) are surgically invasive, 
traumatic, and technique-sensitive.8 
Alternatively, graft material may be 
obtained from outside the host. 
More convenient alternatives are 
costly and require access to com-
mercially prepared animal, synthet-
ic, or human bone products.9 
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The use of platelet concentrates 
in healing and augmentation has 
been reported for more than 40 
years.10,11 Their preparations have 
evolved, yet all methods involve the 
centrifugation of a patient’s own 
blood, with or without additional 
preparation steps or additives, to 
derive an autogenous biomaterial.12 
Their most widespread applications 
are as intraoral graft materials. One 
of the most commonly reported 
platelet concentrates is Choukroun 
PRF—a leukocyte- and platelet-rich 
fibrin. A search of the PubMed da-
tabase using the terms platelet, rich, 

fibrin, and PRF returns 286 publica-
tions. This material is prepared by 
centrifuging a sample of the pa-
tient’s own blood and separating it 
into platelet-poor plasma, a platelet-
rich fibrin clot, and red blood cells 
(Fig 1).13 PRF is autogenous in that 
the blood sample is derived from 
the patient requiring the augmen-
tation then processed externally, 
free of additives, and—as with auto-
grafts—is reimplanted to the surgi-
cal site in the same patient. PRF in 
implant surgery has been reported 
on extensively over the last two de-
cades, although literature report-

ing objective, histologic analyses of 
bone healed from PRF is lacking.14–16 

No gold standard exists regarding 
which platelet concentrate to use as 
an intraoral graft material, providing 
bone and soft tissue more suitable 
at dental implant sites.

The purpose of this study was 
thus to investigate and report on the 
application of Choukroun PRF in pre-
implant surgery, including histologic 
findings of this PRF in healed and 
healing bone. The proposed null hy-
pothesis was that the use of PRF as 
an immediate post–tooth extraction 
graft material produces bone that is 
histomorphometrically no different 
from bone derived from tooth sock-
ets healing without any grafting.

Materials and methods

Study design and 
randomization

The research protocol was exam-
ined and approved by the Human 
Research Ethics Committee (Medi-
cal) at the University of the Witwa-
tersrand in Johannesburg, South 
Africa. This approval was in accor-
dance with the World Medical As-
sociation Declaration of Helsinki 
(ethics senate registration number 
M130462). 

Patients presenting to the pri-
vate practice of the study’s treating 
clinician (AD) for implant therapy 
who met the study’s eligibility cri-
teria (Table 1) were invited to par-
ticipate by informed and signed 
consent. Participants were randomly 
assigned to one of two groups using 
the following randomization system, 

Table 1 Eligibility criteria for the study’s participants

Selection criteria

Inclusion criteria Exclusion criteria

• Having two similar, single-rooted, 
and unsalvageable or hopeless teeth 
that were planned for extraction and 
subsequent dental implant therapy

• Being identified to receive delayed 
placement of dental implants after 
tooth extraction 

• Having two teeth located within the 
maxilla only

• Having two teeth that would leave 
an extraction socket measuring 7 
mm deep by 2 mm in diameter when 
healed, from which core biopsy 
specimens could be harvested as 
part of the osteotomy preparation, in 
the ideal prosthodontic position, and 
as determined by a surgical guide

• Not having any social, dental, or 
medical disadvantages for dental 
implants and exhibiting the 
following:
 - Being motivated toward the 
treatment

 - Being motivated to participate
 - Having good oral hygiene
 - Having no medically compromising 
conditions

• Failing to meet accepted practice 
indications for treatment of missing 
teeth by dental implant–supported 
restorations

• Having active periodontitis
• Having loss of the buccal, lingual, 

or palatal bone plate during tooth 
extraction

• Having mandibular teeth planned 
for extraction

• Having molar teeth planned for 
extraction, with the exception of 
multirooted first premolar teeth, 
if the interseptal bone within the 
socket was not shallower than 7 mm 
(verifiable with the trephine bur at 
the extraction visit)

• Aged 18 years or younger
• Currently smoking
• Not consenting to participate in the 

study
• Being unmotivated and unable to 

comply with the study’s follow-up 
requirements
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which was devised to ensure limited 
bias: Computer randomization or-
dered the word pairing PRF and con-
trol and allocated these words to the 
two teeth per participant in a split-
mouth fashion: first tooth, control, 
and second tooth, PRF. (A detailed 
description of the study’s random-
ization methodology is available at 
www.prfresearch.org). The words 
PRF and control were randomly al-
located to integers 1 and 2. This 
randomization was compiled into a 
chart (Table 2) and concealed indi-
vidually with black adhesive tape. 
Immediately before socket grafting, 
the tape was removed to reveal the 
allocation of PRF and control sites. 
The chart also recorded all clinical 
information. Participants were blind-
ed to tooth allocation with a surgi-
cal drape and with both sites being 
“manipulated” with sutures. This 
blinding was to prevent participants 
from treating the wounds differently.

Extraction

All study participants were treated 
by a single oral surgeon (AD) experi-
enced in graft procedures, the use of 
PRF, and implant surgery. All equip-
ment, instruments, techniques, pro-
cedures, and the PRF protocol were 
standardized throughout this study. 
Patients were identified for partici-
pation in the study if they received a 
diagnosis of two nonmolar hopeless 
teeth requiring extraction (Fig 2a), 
if they desired to have a restoration 
after delayed implant placement, 
and if the additional eligibility crite-
ria were met (Table 1). Teeth were 
removed using a minimally trau-

matic extraction technique. After 
patients received a 4% articaine with 
epinephrine locl anesthetic solu-
tion (1:200,000; Ubistesin Forte, 3M 
ESPE), flapless removal of the teeth 
was performed by severing the at-
tached gingiva circumferentially 
from the tooth crown. No other inci-
sions were made. The tooth crown  
(if present) and roots were sectioned, 
the periodontal ligament severed by 
standard periotome, and the tooth 
fragments delivered carefully by 
elevation to preserve the alveolar 
bone where at all possible. The buc-
cal bone was specifically avoided 

as an elevation purchase. If buccal, 
lingual, or palatal bone plates were 
damaged during the procedure 
or if a dehiscence was present, the 
extraction site was excluded from 
the study. Any signs of infection 
were cleared from the socket after  
extraction.

PRF grafting

The PRF was prepared strictly ac-
cording to the Choukroun proto-
col.13 Its preparation was initiated 
before the extraction of teeth, as 

Fig 1 (a) The platelet-rich fibrin tubes immediately after centrifugation. (b) The platelet-rich 
fibrin clots separated from red blood cells coagulum. Printed with permission for use in this 
research from Dr Cliff Leachman, BC, Canada. 

Table 2 Examples from the randomization chart, concealing 
the allocation of test and control sites, and  
recording treatment and patient information.

Participant Tooth Site
Tooth 

no.
Date/time  

of extraction
Date/time 
of biopsy

Participant 
name

1 1st 
2nd 

PRF
Control

13
21

1/7/15
09:00

7 Apr ‘15
11:00

John Doe

2 1st
2nd

Control
PRF

11
21

2/3/15
07:00

5/3/15
15:00

Jane Doe

3 1st
2nd

Control
PRF

13
21

3/26/15
11:00

6/26/15
14:00

Sam Smith
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approximately 20 minutes elapse 
until the PRF clot is ready for in-
sertion. Two blood samples were 
drawn from each participant using 
venipuncture in 10-mL, anticoagu-
lant-free, Choukroun original PRF 
tubes (Process) and a Choukroun 
centrifuge (EBA 20, Hettich) was 
used in this study. The tubes were 
placed directly opposite each other, 
counterbalancing their weight, and 
then centrifuged for 10 minutes at 
3,000 rpm. After the cycle’s comple-
tion, the tubes were removed and 
three distinct strata were noted: a 
top layer (cloudy, acellular blood 
plasma), a middle layer (the yellow-
opaque PRF clot), and a lower layer 

(red blood cells) (Fig 1a). Sterile tis-
sue forceps removed the solid mass 
that was the PRF clot attached to 
the red blood cells. The mass was 
placed on a sterile working surface, 
and the red blood cells were scraped 
away with a sterile spatula from the 
Choukroun PRF kit (Process) (Fig 1b). 
The PRF clots were then left on this 
sterile surface for an additional 10 
minutes to release any contained se-
rum, as per the Choukroun protocol. 
Once the teeth were removed and 
the randomization chart consulted 
to identify the allocation of the test 
socket, the PRF clots were trans-
ferred to the mouth and placed in 
the tooth socket (Fig 2b).2,3 Simple 

interrupted chromic catgut sutures 
(size 5.0) were placed passively over 
both sockets, which contained either 
the whole blood clot or the PRF clot, 
depending on the group to which 
it was assigned. An impression 
was taken of the upper jaw (Aqua-
sil, Dentsply) for the construction 
of an implant surgical and biopsy 
guide. Any participant with a remov-
able partial denture had the fitting 
surface over the wounds reduced 
and a tissue conditioner (Visco-gel, 
Dentsply) placed to limit mechanical 
impact to the healing sites. Postop-
erative instructions were then given 
to the participants (Table 3), and 
they were dismissed.

Fig 2 (a) Preoperative view of a participant’s teeth. (b) Platelet-rich 
fibrin clots inserted into a test socket (#7) and no intervention to 
the control site (#9). (c, d) Biopsy and implant insertion after 90 
days of healing using the surgical guide. Printed with permission for 
use in this research from Dr Christopher Centeno, CO, USA.

a

b

c d
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Trephined bone core biopsy

Biopsy procedures were performed 
as described by Nevins and col-
leagues.17,18 The procedure was first 
tested by retrieving a single bone 
core after periodontal regeneration 
in a chacma baboon so as to famil-
iarize the lab staff with the method-
ology and preparation of histologic 
sections. A delayed implant place-
ment protocol was followed in all 
participants, and implants were 
placed at the extraction sites after 
90 days of healing (Fig 3). A hol-
low trephine bur (2.8 mm wide and  
7 mm long; ACE EasyRetrieve, ACE 
Surgical) replaced the implant pilot 
drill. After local anesthesia was ap-
plied to the sites as previously de-
scribed, implant osteotomies were 
sequentially prepared by means of 
the surgical and biopsy guide (Figs 
2c and 2d). The trephine bur re-
trieved a bone core (2 mm × 7 mm) 
from each of the PRF and control 
sites (Fig 4). The trephine’s unique 
plunger delivered bone cores un-
damaged directly into a biopsy 
container containing a 70% ethanol 
fixative. These containers were then 
sealed and couriered for laboratory 
preparation.

Histologic preparation

The bone samples were prepared for 
histomorphometric evaluation—the 
criterion standard for obtaining quan-
titative information on bone structure 
and remodeling.19 The fixed, unde-
calcified biopsy specimens were 
dehydrated, infiltrated, and then 
slowly embedded in Technovit 7200  Fig 4 Trephined bone core (2 mm × 7 mm) next to a UNC15 probe for size reference.

Fig 3  Biopsy specimen retrieval and implant insertion after 90 days of healing at the PRF 
site (far left, middle left) and control site (far right, middle right).

Table 3 Postoperative instructions given to participants 
verbally and in writing

1 Do not rinse or drink for the first hour after the procedure.

2 Gently rinse with a saline solution for 3 days after tooth extraction.

3 Adhere to a soft diet and take care not to traumatize the healing sites during 
the first 2 weeks after the procedure, which are critical for soft-tissue healing.

4 Maintain oral hygiene by brushing and flossing, but take meticulous care 
not to brush the tooth surfaces directly adjacent to the extraction sites for 
a minimum of 2 weeks after the procedure. Thereafter, the tooth surfaces 
adjacent to the edentulous spaces may be flossed and brushed gently and 
regularly to remove plaque accumulation.

5 Do not participate in sports or strenuous activity for the first week  
after the procedure.

6 Report for follow-up visits at 2 days and then at 1 week after the 
 procedure to ensure the wounds are free of complication and to  
validate healing progress and oral hygiene maintenance.

7 Report for a follow-up visit after exactly 90 days of healing.  
(This date was written on the participant’s postoperative instructions leaflet.)
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embedding media (EXAKT Technol-
ogies), as described by Nevins et al.20 

The biopsy specimens, each embed-
ded in a resin block, were cut with 

a diamond saw into sections and 
then polished down using a series 
of abrasive papers to roughly 10 µM 
(EXAKT 400 CS, EXAKT Technolo-

gies). The sections were then stained 
with methylene blue-basic fuchsin, as 
described by D’Amico21 (Fig 5).

Histomorphometric analysis

An Olympus BX63 research micro-
scope (Olympus Optical) with a 
mounted Olympus XC10 digital 
imaging system captured high-
resolution digital VSI images of the 
prepared histologic slides (Figs 
5a and 5b). The images were then 
processed using Olympus Stream 
Essentials software (version 1.9, 
Olympus Optical). The stain dis-
tinguished mineralized tissues as 
cerise-purple, osteoid tissue as 
fuchsia-purple, and fibrovascular 
tissue as dark purple (Fig 6). The 
software allowed for manually trac-
ing the outlines of every tissue com-
ponent (Fig 7), totaling a surface 
area (µM2) for each specimen, and 
exporting the collected data to in-
dividual Excel spreadsheets (MS  
Office, Microsoft). 

Biostatistics

This study was powered against the 
Tanaka et al participant human bi-
opsy study.22 A Wilcoxon rank sum 
test determined skewness and kur-
tosis of the prepared and compiled 
data. From these data, the z scores 
for the PRF and control groups were 
calculated to determine the normal-
ity of the distributed results. The 
data were then analyzed using SPSS 
statistical software (version 22.0, 
SPSS Statistics, IBM). A paired t test 
calculated population means with 

Fig 5 Trephined core biopsy specimen of platelet-rich fibrin bone after 90 days of healing. 
Undecalcified section, methylene blue-basic fuchsin stain (×10 magnification).
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standard deviations for both PRF 
and control groups and provided 
information regarding the statistical 
significance of the findings.

Results

The schedules of treatment for each 
participant followed near identically 
the methodology laid out in the re-
search protocol. Four participants 
were included in this study; three 
men aged 38, 43, and 46 years, re-
spectively, and one woman, aged 
31 years (Table 4). Postsurgical heal-
ing was uneventful, and no patients 
were lost to follow-up. PRF and 
control biopsy specimens were suc-
cessfully harvested from each of the 
four participants, for a total of eight 
samples. All biopsy specimens were 
harvested as close as possible to 90 
days (mean, 92 days) after the ex-
traction of teeth.

Histomorphometric evaluation

Histomorphometric evaluation of 
the samples identified the compo-
nents of the healing alveolar bone 
derived from the extraction sockets 
by their orientation and respective 
staining shades and colors. Newly 
formed osteoid stained purple and 
lined the islands of new mineralized 
bone. Surprisingly, the osteoid had 
in some areas diffuse white-purple, 
nonstained, or lesser-stained re-
gions. This osteoid in general was 
observed as a miniscule lining at 
the trabeculae peripheries, broad-
ening in areas into a wider band 
of tissue, and was populated at 

its borders by plump, dark blue- 
purple–staining osteoblasts. 

The new mineralized bone was 
seen as islands of more reddish  

cerise-purple, with fine white flecks, 
and was populated distinctly by 
numerous lacunae. These lacunae 
were observed as pinpoints of white 

Fig 6 New mineralized bone shown as cerise-purple stain (blue arrow), osteoid shown as 
fuchsia-purple stain (green arrow), and fibrovascular tissue shown as dark-purple stain  
(yellow arrow).

Fig 7 Manual tracing of tissue compartments at high magnification completed using 
Stream Essentials software (Olympus). 
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spaces with dark-purple–staining os-
teocytes at their centers. Within or 
between these islands of new min-
eralized bone were darker and more 
densely stained regions of blue-
black-purple fibrovascular connec-
tive tissue. These regions frequently 
contained white, vacuous spaces. 
Such spaces were not areas of inter-
est and were disregarded from the 
software mapping of the total sur-
face areas. 

The specimens also had areas 
identified as residual bone—mature  
mineralized bone that with cer-
tainty could not be from the newly 
healing extraction socket and were 

most likely the biopsy trephine bur 
penetrating part of the original 
socket wall. These areas were also 
excluded from the histomorpho-
metric evaluations and thus did not 
contribute to the total surface areas 
against which the percentages of 
newly formed osteoid, new miner-
alized bone, and fibrovascular tis-
sue quantities were calculated. The 
areas of residual bone were popu-
lated with lacunae and stained light 
cerise-pink with diffuse white-pink 
regions within them. Striate were 
observed within these regions and 
at their peripheries, seen as exam-
ples of creeping substitution. Nine-

ty days after the procedures, PRF 
could not be distinguished.

Statistical analyses

Histomorphometric evaluation of 
the samples mapped the bone sur-
face areas for newly formed oste-
oid in the PRF group at 7%, 18.1%, 
9.8%, and 4.5% for each participant, 
respectively. New mineralized bone 
in the PRF group comprised 34%, 
40.2%, 55.6%, and 33.4% for each 
participant, respectively (Figs 8a 
and 8b). Fibrovascular connective 
tissue in this group was found to be 

Table 4 Amounts of newly formed osteoid, new mineralized bone, and fibrovascular tissue in 
human bone biopsy specimens derived from platelet-rich fibrin and those that received 
no intervention 

Measure

Participant

Test Control

1 2 3 4 1 2 3 4

Newly formed osteoid mm2

%
220

7
434

18.1
275

9.8
141

4.5
84

1.6
223

6.6
140

3.2
124

4.5

Mean value ± standard deviation % 9.9 ± 5.9 4 ± 2.1

Significance (α = .05) P = .089

New mineralized bone mm2

%
1,090

34
963

40.2
1,551

55.6
1,060

33.4
994

19.3
1,572

46.6
2,341

54
1,546

55.5

Mean value ± standard deviation % 40.8 ± 10.3 43.9 ± 16.8

Significance (α = .05) P = .718

Fibrovascular tissue mm2

%
1,892

59
999

41.7
962

34.5
1,970

62.1
4,087

79.1
1,578

46.8
1,851

42.8
113

40

Mean value ± standard deviation % 49.3 ± 13.4 52.1 ± 18.2

Significance (α = .05) P = .77

Total surface area of specimen mm2

%
3,202

100
2,396

100
2,788

100
3,171

100
5,165

100
3,373

100
4,332

100
2,783

100

Total newly formed bone 
(osteoid + new mineralized)

% 41 58.3 65.4 37.9 20.9 53.3 57.2 60

Mean value ± standard deviation % 50.7 ± 13.3 47.9 ± 18.1

Significance (α = .05) P = .774
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Fig 8 Results of comparisons between test and control sites (%) for (a) new mineralized bone and (b) osteoid. Visual quantification of newly 
formed bone to fibrovascular tissue ratios, (c) test and (d) control.

59%, 41.7%, 34.5%, and 62.1% for 
each participant, respectively. The 
data were analyzed to determine 
normality of distribution. The results 
were slightly skewed and kurtotic. 
However, the z score was calculated 
at −0.22 (z = −0.57/2.57), indicating 
that results were approximately nor-
mally distributed in terms of skew-
ness and kurtosis, and a paired t 
test was applied (−1.96 ≤ z ≤ 1.96). 
Paired t tests comparing the means 
of newly formed bone (both osteoid 
and new mineralized bone) indi-
cated near identical amounts in the 
PRF and control groups (mean ± SD, 
50.7% ± 13.3%, and 47.9% ± 18.1%, 

respectively) (Table 4). At a confi-
dence interval of 95%, the results 
were not shown to be statistically 
significant. After 90 days of heal-
ing, amounts of newly formed bone 
(both osteoid and new mineralized 
bone) and fibrovascular tissue were 
comparable between the PRF and 
control groups (Figs 8c and 8d). 

Discussion

This study set out to evaluate the 
use of PRF as an autogenous graft 
material for use in preimplant sur-
gery, specifically its effect on healing 

alveolar bone. Evaluation of biopsy 
specimens retrieved after 90 days 
of healing showed newly formed 
bone derived from PRF that was 
comparable to bone having healed 
without any intervention. Within the 
limitations of this study, PRF had no 
significant effect on the healing of 
alveolar bone. The null hypothesis 
could not be rejected.

The mean quantities of newly 
formed bone and fibrovascular tis-
sue were 51% and 49% for the PRF 
group and 48% and 52% for the 
control group. To correlate these re-
sults with available literature would 
be speculative because the bone 

a Participant 1

Test

Control

Participant 2 Participant 3 Participant 4 b

Osteoid

New mineralized bone

Fibrovascular tissue

d

Osteoid

New mineralized bone

Fibrovascular tissue

c

Test

Control

Participant 1 Participant 2 Participant 3 Participant 4
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quantified in this study was imma-
ture tissue harvested at 12 weeks 
(as per Ripamonti’s protocol)23 and 
the limited human histologic data 
available in the literature are based 
on mineral, matrix, cancellous, and 
cortical compartments derived from 
fully healed sites within the jaws.24 In 
addition, histologic descriptions in 
the literature are not congruent. The 
biopsy specimens harvested in a 
study by Lindhe et al,24 for example, 
were found to have both cortical 
and cancellous bone. The findings 
of this study cannot be compared 
with Lindhe et al’s results because 
a healing alveolus at 12 weeks has 
no cortex. The literature is also re-
plete with studies reporting on the 
relationship between growth factors 
and their stimulus for bone heal-
ing.17,18,20,25 Again, within the limita-
tions of this study, these promising 
effects could not histologically be 
demonstrated. 

The complex methodology in 
this study was developed to con-
form to strict selection criteria to lo-
cate ideal participants, as could be 
expected in any split-mouth study 
involving such implant therapy. If 
the study were to be duplicated, re-
visions to the methodology may or 
may not reject the null hypothesis. 
The initial rationale was to replace 
a pilot implant drill for preparation 
of the osteotomy with a hollow, tre-
phine bur of similar size to retrieve a 
core of the participant’s bone from 
the healed or healing site and evalu-
ate its histologic properties. The 
PRF and control extraction sockets 
were from single-rooted teeth, and 
molar sites were excluded to avoid 
the harvesting of residual bone. The 

surgical guides were manufactured 
from stone models cast from im-
pressions of the extraction sockets. 
Guide rings were positioned over 
the sockets and prosthodontically 
planned acrylic surgical guides were 
constructed. However, a surgical 
guide for restorative positioning of 
implant placement, and a surgical 
guide for a trephined biopsy for this 
study’s purpose, do not coincide. 
Harvesting a biopsy specimen us-
ing a prosthodontically planned sur-
gical guide derived a core of bone 
that included residual bone, and 
the socket wall was penetrated in all 
cases. 

To improve upon the current 
study’s protocol, separate guides 
for each purpose need to be con-
structed. An approximate biopsy 
guide needs to be ready at the time 
of extraction. After the guide is po-
sitioned, the trephine bur should be 
placed within it (similar to an open 
tray impression technique) and then 
into the extraction socket in the in-
tended biopsy position. A prepared 
cold cure acrylic resin should be ap-
plied around the socket and left to 
set. In this manner, the ideal biopsy 
position can be recorded. In most 
cases, it would be inappropriate to 
prepare a pilot osteotomy to derive 
a biopsy core of bone from the cen-
ter of these healing sockets as an 
implant placement strategy. In this 
study, the surgical guides contained 
guide rings that allowed for minor 
correction of angulation. In addi-
tion, the trephine bur was angulated 
more palatally in all cases to prepare 
osteotomies that were not off the 
ridge, facilitating implant placement 
and biopsies. 

In addition, future studies 
should not be limited to anterior ex-
traction sockets. Molar and premo-
lar sites should also be included. As 
described previously, the trephine 
bur’s position (eg, within the palatal 
root socket of a molar tooth) could 
be recorded in cold cure acrylic resin 
within the guide for future accurate 
retrieval of a biopsy specimen com-
prising solely newly formed bone. 

Moreover, finding participants 
satisfying all the selection criteria 
was challenging. Although such 
suitable participants were criti-
cal to the study’s validity, the low 
number of participants was a limi-
tation. However, the present study 
examined an equal number of hu-
man histologic samples as notable 
studies that have substantially 
contributed to the bone regenera-
tion knowledge base.17 To date, no 
blinded and randomized controlled 
trial performed as a split-mouth 
study of PRF from healed bone 
and ruling out interparticipant con-
founding factors (eg, age, healing, 
health, habits, genetics) has been 
reported in the literature. Modify-
ing the current study’s selection cri-
teria to comprise all interparticipant 
single tooth extraction sites for 
comparison may stimulate a statis-
tically powered study. For example, 
Araújo26 and Lindhe,24 two of the 
most prominent researchers on the 
topic of the healing periodontium, 
reported on the grafting of extrac-
tion sockets, comparing single sites 
between participants. Their results, 
however, are subject to confound-
ing factors related to variation in in-
terparticipant healing and thus also 
to critique. 
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It would also be counterpro-
ductive to exclude mandibular ex-
traction sites. The literature reports 
on differences in healing between 
the mandible and the maxilla; 
however, the healing is oriented 
around osseointegration of im-
plants, grafting defects by guided 
bone regeneration, and alveolar 
bone regeneration in the jaws by 
internal fixation—not of extraction 
sockets.26 It is arguable whether 
immature bone and osteoid within 
an extraction socket after 90 days 
of healing would differ significantly 
enough between the jaws to con-
found results. In future studies, 
graft material should be applied in 
a range of patients and in both jaws. 

In this study, bones were har-
vested after 90 days of healing, as 
described by Ripamonti.23 After 90 
days, sufficient amounts of newly 
formed bone should be available 
for examination, without having 
been mineralized to an extent that it 
cannot be distinguished from resid-
ual bone. The biopsy specimens in 
this study were harvested as close 
to 90 days as possible (mean, 92 
days), and active osteoblast fronts 
at the peripheries of new mineral-
ized bone with actively growing 
osteoid surrounded by dense fibro-
vascular tissue could be observed. 
But if after 3 months of healing the 
type of bone is statistically no dif-
ferent when grafted with PRF, the 
cost benefit of such therapy is un-
clear. Grafting with PRF requires 
additional equipment, time, skills, 
and patient compliance, and may or 
may not incur additional cost to the 
patient. The benefit needs to justify 
these costs. Today, a lot of research 

and consensus statements seek to 
investigate and report on earlier 
entry to place dental implants, be it 
immediate or early-immediate.27–29 
If PRF can stimulate more rapid 
healing, seen as increased newly 
formed bone and faster mineraliza-
tion, then it supports the hypothesis 
that grafting defects and extraction 
sockets with PRF promotes earlier 
entry to place implants for faster 
treatment and restoration of eden-
tulous and partially edentulous 
patients. In future studies, the par-
ticipants should be randomized into 
groups that would have implants 
placed and bone biopsies retrieved 
at 30, 60, and 90 days after healing, 
so the bone can be compared at 
different stages. 

Conclusions

The histologic findings from this 
study’s human biopsy specimens 
revealed no statistical difference be-
tween test and control group find-
ings. Therefore, this study, with its 
limitations, could not demonstrate 
that grafting extraction sockets with 
PRF produces alveolar bone histo-
morphometrically any different from 
bone that heals within sockets with-
out grafting. 
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