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Odontogenic cysts such as the odon-
togenic keratocyst are benign 
lesions that have the potential for 

aggressive infiltrative behavior and unde-
sirable comorbidities.  Treatment of these 
lesions with conservative techniques such 

as marsupialization and decompression have 
proven and lasting benefits.  The following 
series presents two cases in which conser-
vative treatment of odontogenic keratocysts 
resulted in lesion elimination, spontaneous 
bone fill, and stability lasting at least 5 years.

Odontogenic Keratocyst Treatment  
with Marsupialization and Decompression:  

A Case Series

Juan Gonzalez, DMD, OMFS1 • David Malave, DMD, OMFS1  

Dan Holtzclaw, DDS, MS2

1. DIA Dental Implant Center, San Antonio, Texas, USA

2. DIA Dental Implant Center, Austin, Texas, USA

Abstract

KEY WORDS: Odontogenic keratocyst, oral pathology, marsupialization, decompression
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BACKGROUND
Odontogenic keratocyst tumors are benign devel-
opmental odontogenic lesions that originate from 
the basal layer of oral epithelium or remnants 
of the dental lamina.1 The lesion was originally 
described in 1956 by Philipsen as keratocyst 
odontogenic tumor (KCOT),2  but is commonly 
referred to as odontogenic keratocyst in contem-
porary literature.3,4 The World Health Organiza-
tion (WHO) designates odontogenic keratocysts 
as benign unicystic, intra-osseous tumors of 
odontogenic origins, with a characteristic lining 
of parakeratinized epithelium, potential for infil-
trative aggressive behavior, and a possible high 
recurrence rate.5  Odontogenic keratocysts are 
often initially recognized upon radiographic eval-
uation with presentation as unilocular or multi-
locular well-circumscribed radiolucent lesions 
surrounded by sclerotic borders.6  These lesions 
are most commonly seen in the posterior man-
dible and/or ascending ramus in patients rang-
ing in age from late teens to forties.7  Signs and 

symptoms of odontogenic keratocysts include, 
but are not limited to, the following: pain, edema, 
cellulitis, purulent discharge, trismus, altered neu-
ral sensation, and trigeminal neuralgia.8,9  Odon-
togenic keratocysts account for up to 14% of 
all odontogenic cysts of the jaw and have recur-
rence rates varying from 5-62%.7,10,11 The follow-
ing article documents two cases in which patients 
who were ultimately diagnosed with odonto-
genic keratocysts were successfully treated 
and have had no lesion recurrence to date.

MATERIALS AND METHODS
This article documents the treatment of two 
patients that were referred to our Oral and Maxil-
lofacial Surgery Clinic for evaluation of suspicious 
radiolucent lesions in the posterior mandible.  
Patient A was a 54 year old female with an unre-
markable medical history.  Panoramic radiograph 
revealed full-bony impacted tooth #17 with a well-
circumscribed radiolucent lesion encompassing 
the distal half of the tooth and extending into the 

Figure 1:  Panoramic radiograph from Patient 1 displaying 
well-circumscribed radiolucent lesion encompassing the distal 
half of the tooth and extending into the ascending ramus.

Figure 2:   Decompression stent secured to Patient 1 during 
marsupialization and decompression treatment.
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ascending ramus (Figure 1).  The patient reported 
occasional pain and pressure in the area.  Upon 
clinical and radiographic examination, the patient 
was presented with a differential diagnosis of 
odontogenic keratocyst, dentigerous cyst, and/
or ameloblastoma and treatment recommenda-
tions of removal and biopsy.  The patient accepted 
the treatment plan and following a standard his-
tory and physical examination, the patient was 
consented for surgery.  Upon the establishment 
of intravenous sedation and local anesthesia, the 
lesion at site #17 was treated with decompres-
sion, marsupialization, and tooth extraction.  A 
decompression stent was sutured into the lesion 
to allow for the reduction of intramural pressure 
and to stimulate bone formation within the lesion 
(Figure 2).  The patient experienced no post-sur-
gical complications and the stent was removed 
during a subsequent follow-up visit.  Histological 
analysis of the lesion resulted in a diagnosis of 
odontogenic keratocyst.  The patient was informed 
of the findings and that periodic follow-up assess-

ment should be maintained to monitor for recur-
rence of the lesion.  To date, the patient has 
remained symptom free and radiographic evalua-
tion demonstrates that the cystic lesion has com-
pletely resolved and has filled with a radiopaque 
consistency commonly seen with bone (Figure 
3).  A trephine core biopsy would be required to 
confirm this finding, but has been forgone at this 
point due to the invasive nature of the procedure. 

The second patient in this Case Series is a 14 
year old male that was referred to our Oral and 
Maxillofacial clinic for “extraction of wisdom teeth.”  
The patient presented with an unremarkable medi-
cal history and reports of occasional pain in the 
left posterior mandible.  Radiographic examination 
revealed developing impacted teeth 1, 16, 17, and 
32.  An incidental finding of a very large, well cir-
cumscribed radiolucent lesion in the left posterior 
mandible was noted.  The lesion began at the distal 
of tooth #18, nearly fully encapsulated tooth #17, 
and extended into the ascending ramus beyond 
the maxillary occlusal plane (Figure 4).  Upon clini-

Figure 3:  Spontaneous bone fill noted at site of treated 
odontogenic keratocyst in Patient 1.

Figure 4:  Panoramic radiograph from Patient 2 displaying 
a very large, well circumscribed radiolucent lesion in the 
left posterior mandible.

Gonzales et al 
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cal and radiographic examination, the patient and 
his parents were presented with a differential 
diagnosis of odontogenic keratocyst, dentiger-
ous cyst, and/or ameloblastoma and treatment 
recommendations of removal and biopsy.  The 
patient and his parents accepted the treatment 
plan and following a standard history and physi-
cal examination, the patient was consented for 
surgery.  Upon the establishment of intravenous 
sedation and local anesthesia, the lesion at site 
#17 was treated with decompression, marsupi-
alization, and tooth extraction.  The patient expe-
rienced no post-surgical complications and the 
stent was removed during a subsequent follow-up 
visit.  Histological analysis of the lesion resulted 
in a diagnosis of odontogenic keratocyst.  The 
patient was informed of the findings and that peri-
odic follow-up assessment should be maintained 
to monitor for recurrence of the lesion.  To date, 
the patient has remained symptom free and radio-
graphic evaluation demonstrates that the cystic 
lesion has completely resolved and has filled with 

a radiopaque consistency commonly seen with 
bone (Figure 5).  As in Case 1 of this series, a 
trephine core biopsy would be required to con-
firm this finding, but has been forgone at this 
point due to the invasive nature of the procedure.

DISCUSSION 
Cystic lesions in the jaw may result in dental 
displacement, facial asymmetry, neural anoma-
lies, and pathologic fracture.6,8  Removal of the 
cysts are necessary, but have the risk of compli-
cations including infection, fracture of the jaw, 
and nerve injury.12  Treatment of cystic lesions 
such as odontogenic keratocyst typically include 
marsupialization, decompression, enucleation, 
and curettage.6,12,13  As is the case with all sur-
gery, treatment with minimal patient morbidity 
is desirable.  Accordingly, decompression with 
marsupialization has become a recommended 
conservative treatment for large odontogenic 
cysts.12  Marsupialization in an established tech-
nique, described by Partsch as far back as the 
late 1800’s.14  The technique involves the cre-
ation of a window into the cyst and everting the 
cyst lining to a point where it can be sutured to 
adjacent mucosa forming a cavity that remains 
open to the oral environment.6,12,13  Marsupializa-
tion results in a decrease in internal pressure at 
the site of the lesion and promotes bone forma-
tion.14-17  Marsupialization and decompression is 
widely considered as a first-line treatment form 
odontogenic keratocyst as they: 1) preserve oral 
tissue; 2) avoid damage to anatomical structures 
such as the inferior alveolar nerve; 3) reduce the 
need for extraction of adjacent teeth; 4) reduce 
the potential for mandibular fracture; 5) have a low 
risk of lesion recurrence; 6) reduce patient mor-
bidity.18  Following marsupialization and decom-

Figure 5:  Spontaneous bone fill noted at site of treated 
odontogenic keratocyst in Patient 2.

Gonzalez et al 
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pression, debate exists whether or not to graft the 
resultant intrabony defect with bone augmenta-
tion.  Various studies have demonstrated sponta-
neous bone regeneration following the removal of 
large cystic lesions in the absence of bone aug-
mentation.  A study by Chiapasco et al. in the 
year 2000 noted 48% bony defect healing at 12 
months and 91% healing at 24 months via spon-
taneous bone regeneration after removal of large 
mandibular cysts.19  A 2015 study by Chacko et 
al. examined 44 patients treated with removal of 
large jaw cysts and found a reduction in cyst size 
via spontaneous bone regeneration by 28.85% 
at 6 months, 57.13% at 9 months, 81.03% at 12 
months, and 100% at 24 months.20  In the current 
Case Series, we noted complete and spontane-
ous bone fill in the sites of the treated odonto-
genic keratocysts at follow-up visits over 5 years.  
Recurrence rates following the removal of odon-
togenic keratocysts vary greatly from 5-62% and 
are more common in the first 5-7 years after treat-
ment.7,10,11  Accordingly, annual follow-up is recom-
mended with radiographic evaluation to monitor 
for recurrence.  To date, the patients in our Case 
Series have displayed no symptoms of lesion 
recurrence after time periods of up to 3 years.    

CONCLUSION
Odontogenic keratocysts are benign developmen-
tal odontogenic lesions that have the potential to 
create significant co-morbidities if left untreated.  
Conservative treatment with marsupialization and 
decompression offers a way to manage these 
lesions with minimal trauma to the patient. l  

Correspondence:
Dr. Juan Gonzalez
jgonzalez@diadentalimplants.com

Disclosure
The authors report no conflicts of interest with anything mentioned in this article.
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Background: Three-dimensional bio printing of 
tissues and biological structures has been pro-
posed to enable precise manufacture of various 
biomaterials with complex 3D architectures, while 
being compatible with multiple cell sources and 
being customizable to patient-specific needs. 
As the fabrication of scaffolds upon which cells 
attach, migrate, and proliferate is already in use, 
printing of a bone scaffold that matches the 
mechanical properties of bone is still in its early 
stages. The binding agent or bioink binds the par-
ticles as an adhesive and determines the physi-
cal properties of a construct. Although different 

bioinks have been introduced , the combination 
of cellulose nanofibers and alginate has not been 
tested yet with beta tricalcium phosphate (TCP). 

Methods: This test will evaluate a 
printed bone scaffolds using beta tri cal-
cium phosphate and cellulose nanofi-
bers in addition to alginate as a bioink. 

Results and Conclusion: The construct 
developed presented with mechanical stiff-
ness that can be transported to an intra-oral 
bone defect and secured to the recipient site.

3-D Printing of a Customized Bone Scaffold  
using Beta- Tricalcium-Phosphate, Alginate,  

and Cellulose Nanofibers: A Novel Test

Mohamed Maksoud DMD1 • Kevin Guze DMD1

1. Harvard University School of Dental Medicine, Oral Medicine Infection and Immunity, Boston, Massachusetts, USA.

Abstract

KEY WORDS: 3-D bioprinting, alveolar defects, beta-tricalcium-phosphate
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INTRODUCTION
Through the ages, biological materials have been 
used to treat surgical bone defects of the maxilla 
and the mandible.1-5  These range from autog-
enous, xenografts to allografts and other non-
resorbable materials that can demonstrate wound 
closure. However, this closure typically occurs in a 
slow manner which eventually results in exposure 
of the bone graft mass and graft loss or infection.6

MATERIALS AND METHODS
Computer Tomography CT scan of the maxilla and 
mandible of a patient seeking dental implant treat-
ment examined for selection of ridge atrophy areas 
and pneumatized maxillary sinus planned for dental 

implants placement. A simulation of bone grafting 
on the scan using reconstruction software (Figs 
1,2) formed and the reconstructed file transferred 
to a printer in a Stereolithography STL file format 
(Fig 3) and then to a 3d bio printer (Cellink, Cam-
bridge, Massachusetts, USA) (Fig 4). Printing car-
tilages prepared with TCP granules size of 0.5mm 
to 0.7mm in addition to alginate and cellulose 
nanofibers as the binder or bioink. The percent-
age was 20% of the TCP and 80% of the bioink. 

RESULTS
The TCP extra-small granules passed through the 
nozzle of the cartilage with no clogging. The resulted 
print was air dried and evaluated (Fig 5), it showed 
a reasonable mechanical stiffness when handled.

Figure 1:  Computed Tomography scan of reconstructed pneumatized right maxillary sinus.
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DISCUSSION
Three-dimensional (3D) bioprinting is an emerg-
ing technology expected to revolutionize the 
field of tissue engineering and regenerative medi-
cine. Although bioprinting have shown promising 
results in soft tissue constructs few attempts were 
made in printing bone scaffolds.7 he challenge in 
printing hard tissue structure lies in the fact that 
handling and composition are two integral fac-
tors that are needed for stability after implantation. 
Several studies analyzed 3D printed scaffolds and 
it was determined that the challenges are lack of 
mechanical strength and in turn will make them 
less ideal for clinical application.8  The choice of 
bioinks or the binding factor to the particles deter-
mine the physical characteristics of the final prod-

uct.9  Alginate have been pointed out as attractive 
materials for bioinks because they in general are 
biocompatible, show low cytotoxicity, and their 
high-water content gives them a structural similar-
ity to extracellular matrix.10

  Cellulose nanofibers are 
attractive for biomedical applications due to their 
good mechanical properties and biocompatibility.11

In this test, the combination of alginate and 
nanofibers bioink was successful in preserv-
ing the integrity of the printed scaffold. The per-
centage of the fibers to the gel can be altered to 
change the porosity as needed to produce dense 
construct. In clinical situation, other biocompat-
ible agents could be considered to enhance the 
composition and for cell attraction as well. Inves-
tigators are encouraged to research the mechani-

Figure 2:  Computed Tomography scan of reconstructed atrophic mandible.
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Figure 3:  STL file sent to the bio printer.

Figure 4:  TCP powder prior to and during printing.

Figure 5:  The print construct.

cal properties and load transfer of bioprinted 
scaffolds to determine the proper density neces-
sary to maintain the integrity in the implanted site.

CONCLUSION
This technique of customized bone graft can be 
printed in several materials and mixed with this bio-
ink can serve as a promising future modeling of cus-
tom intra-oral grafts. This can stimulate progress 
on the development of strategies that will promote 
the translation of craniofacial tissue engineer-
ing from the laboratory bench to the chair side. l
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Aim: To observe role of antibiot-
ics in the success of 860 implant cases
.
Materials and Methods: Single tooth replace-
ment implants were placed following two-staged 
implant placement protocol under aseptic condi-
tions. In the test group, 430 patients were ran-
domly prescribed with an antibiotic, whereas in 
the control group 430 patients were randomly pre-
scribed with a non-steroidal anti-inflammatory drug 
after implant procedure. Patients were scheduled 
for a regular check-up every 6 months.  At the 
end of three years, 8 implants were lost from test 
group and 11 implants from the control group.

Results: Both the test and control 
groups showed the same results dur-
ing healing and implant success.
 
Conclusion: Prescribing antibiotics 
does not affect or assure implant success
Clinical Significance: The use of antibiotics has 
been largely mishandled by dental professionals, 
creating resistant strains and complicating the 
situation, which can be checked upon, as every 
procedure does not require an antibiotic dosage.

The Role of Antimicrobials in the  
Success Rate of Dental Implants
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INTRODUCTION
Successful implant therapy constitutes all the 
aspects of a surgical procedure defining the 
process of osseointegration which implies 
“cell-friendly” materials to provide long last-
ing esthetic and functional reliability.1 However, 
due to various reasons, implants fail and infec-
tion is one of the main reasons causing peri-
implantitis and ultimately failure of the implant. 
According to the consensus report of the sixth 
European workshop on periodontology there 
is limited data providing prevalence on Peri-
implantitis.2 The authors stated that there are 
only three cross-sectional reports available, 
presenting information on only one implant 
system including six hundred and sixty-two 
subjects (3,413 implants) in one publication 
and 216 (987 implants) in another one. In two 
reports on the basis of bleeding upon probing 
and bone loss (after 1 year in function) repre-
senting only one implant system, peri-implan-
titis was identified in between 28% - 56% of 
subjects and in 12% to 43% of implant sites.2

In general, to prevent any infection, antibiot-
icsare prescribed to the patient following dental 
implant surgery. Selman Waksman first used the 
word antibiotics as a noun in 1941 to describe 
any small molecule made by a microbe that 
antagonizes the growth of other microbes.3  But 
in the oral cavity with more than 700 microbes,4 
will any antibiotic, if not specific will work in 
preventing any infection? When these should 
be prescribed? Usually peri-implantitis sets in 
after 1 year of implant placement but the pro-
cess of destruction starts much earlier than the 
actual clinical presentation. The proper dose of 
a drug is the amount that produces the maxi-
mum benefit with the least attendant harm.5,6  

The correct dose should be sufficient enough 
in eliminating the infecting pathogens with mini-
mal adverse effects. Blood concentration of the 
antibiotic should exceedthe minimal inhibitory 
concentration by a factor of 2-8 times to off-
set tissue barriers that restrict the accessof the 
drug to the infected site.7 Currently, antimicro-
bial therapy is given by a vigorous dosage for 
a short time till the clinical situation permits.5 
Such a regimen is desirable since a major fac-
tor in the success of most antimicrobial agents 
isthe height of the serum concentration of 
the drug and, by inference, the concentra-
tion in the infectedtissue,8 reducing the patient 
risk for antibiotic-induced toxicity, allergy 
and selection of resistant microorganisms.

But will placing an implant in aseptic con-
ditions will create infection? Important thing 
to understand here is that when an implant is 
placed in the alveolar bone, the body recog-
nizes it as a foreign body and inflammation is 
initiated as a protective response, characterized 
by vascular dilatation, enhanced permeability 
of capillaries and leukocyte recruitment.9 In the 
late 19th century, Robert Koch and Louis Pas-
teur proposed the germ theory, which identified 
microorganisms as major inducers of the acute 
inflammatory response.9  Even a small oral activ-
ity such as tooth brushing/flossing/chewing is 
capable of inducing transient bacteremia so a 
wound and implant placement stands a stron-
ger chance of causing it.10  More recently, acute 
inflammation has been accepted being as a 
physiological response that occurs in vascular-
ized tissues to defend the host and to maintain 
homeostasis.9 It is only when this inflammatory 
mechanism fails to remove noxious materials, 
chronic disease and fibrosis develops.11 Recent 
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advances show that this defense mechanism 
is an active and highly regulated biochemi-
cal process that comprises a genus of endog-
enous molecules, including resolvins, lipoxins, 
protectins and maresins, which actively drive 
the termination of inflammation.9 However the 
question still remains unanswered, that is if the 
body is capable enough of fighting an infection 
then do antibiotics play a role or no role at all in 
implant dentistry.  For the same reason authors 
conducted a study with a sample size of 860 
patients, where 430 patients were included in 
test group and 430 patients in control group.

SETTINGS AND DESIGN
This was a multi-centre study and the patients 
chosen were healthy without any signs and 
symptoms of systemic condition and/or under-
going bone grafting and other ancillary pro-
cedures. 860 patients were enrolled for the 
study where 430 were randomly prescribed 
with an antibiotic after the implant therapy and 
considered as test group whereas in control 
group 430 patients were randomly prescribed 
with a non-steroidal anti-inflammatory drug.

METHOD AND MATERIALS
Surgical therapy of the patients was started 
after complete prophylaxis. Drugs used were 
Cap. Amoxicillin 500 mg TDS for 5 days after 
meals, patients who were allergic to Cap. Amox-
icillin was prescribed one Tab. Ciprofloxicin 500 
mg BD, after meals for 5 days and for pain con-
trol Tab. Ibuprofen 400 mg TDS was prescribed.

Single tooth replacements Implants were 
placed following two-staged implant place-
ment protocol under aseptic conditions. 
Patients were scheduled for a regular check-
up in every 6 months. At the end of three 
years 8 implants were lost from test group 
and 11 implants from the control group. 

STATISTICAL ANALYSIS 
Patients were randomly assigned for the statis-
tical analysis. Pearson Chi-square value Statisti-
cal analysis was done for the implants placed.

Table 1:   Non-significant difference (p-value >0.05) between failed and  
successful implants at the end of three years.

 

    Pearson   
    Chi-square   
  Failed Success Value p-value

 Test Group 8 422  

 Control Group 11 419  
4.84 0.486

Mahesh et al 
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RESULTS
Implant patients to whom antibiotics were 
prescribed and the patients to whom non-
steroidal anti-inflammatory drugs were 
prescribed showed the same results dur-
ing healing (Figures 1 and 2). Peri-implant 
mucosa and implant success were the nearly 
same in both the test and control groups 
(Table 1, Chart 1). P-value >0.05 shows 
non-significant difference in success rate of 
implants in test and control groups (Table 1).

 DISCUSSION
The use of antibiotics may be an integral part 
of implant therapy and is usually prescribed to 
counter the infection caused by unprofessional 
dental assistants/drawbacks remaining dur-
ing sterilization or the operatory. Even though 
dental surgeons often prescribe antibiotics 
routinely following gingivectomy,12 osseous 
respective,13 regenerative,14 and implant-related 
surgery,15 the validity of such tradition remains 
unsubstantiated.16 Our study is inconsistence 
with the above statement and shows that when 
any implant procedure is carried out under 
strict aseptic conditions, the use of antibiot-

Chart 1:  Non-significant difference between the test and control groups.

Mahesh et al 
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ics gets eliminated reducing the burden on 
the patient of developing antibiotic-resistance. 

Aforementioned Figures (1 and 2) show 
that there was no difference between heal-
ing of implants placed in test and control 
group. Statistical analysis gives a p-value of 
>0.05 which is non-significant in success of 
implants placed under antibiotic coverage.

The use of antibiotics has been largely mis-
handled by dental professionals. Forty percent 
of dentists prescribe antibiotics to patients with 

no relevant medical history as a contingency 
for infection.17 Some surgeons also prescribe 
pre-operative antibiotic prophylaxis, however 
many reports have shown that antibiotic pro-
phylaxis offers no advantage in preventing post-
operative infections or affecting the outcomes 
of periodontal surgery whether its gingivec-
tomy or placement of endosseous implants.18-20 
In fact rate of infections was shown to be less 
than 1% when no antibiotics were used fol-
lowing periodontal surgery to 4.4% for routine 

Figure 1:   Implant radiograph with antibiotic prescription. Figure 2:   Implant radiograph without antibiotic 
prescription.

Mahesh et al 
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periodontal surgery and 4.5% when endos-
seous implants were placed.18-20 Side-effects 
of antibiotics include severe anaphylaxis and 
development of drug resistant bacteria. Initially 
drug resistance was observed only in hospitals 
where antibiotics were used in large quantity, 
however, drug resistance is no more a local-
ized entity and has extended beyond the con-
fines of the hospital which can be traced from 
community to hospital and vice-versa.21 Resis-
tant strains double the duration of hospital stay, 
double mortality and morbidity rates and also 
affect the cost of the treatment.21 Drug resis-
tance genes can spread from one bacterium 
to another and is continuously evolving into 
new virulence toxin posing a threat on patient’s 
health.21 Due to these reasons it should not 
be considered as a choice of drug for signs 
of inflammation specially pain and edema.

Canadian Dental Association states that, 
“All dental procedures where significant oral 
bleeding and/or exposure to potentiallycon-
taminated tissue occurs typically (will) require 
antibiotic prophylaxis.”22 The American Dental 
Association(ADA) also suggests similar guide-
lines.23 Also, the American College of Surgeons 
and the AmericanHeart Association (AHA) 
guidelines24 suggests that complex oral sur-
geries like implant placement will benefit from 
prophylactic antibiotic coverage; however, as 
of 2007, these associations currently suggest 
that only high and some moderate risk category 
patients should receive antibiotics.25 As afore-
mentioned oral cavity inhabitants more than 700 
species of bacteria, but out of these only few 
known cause infection and most of them have 
still not been isolated and cultured. Thus keep-
ing side-effects of antimicrobials into account, 

some leniency should be considered as one-
stage, full mouth disinfection should be car-
ried according to Quirynen et al.’s26 protocols. 
To further reduce the chance of infection, peri-
oral structures should be disinfected with beta-
dine solution. However Abu-Ta’a et al.27 stated 
that there is no correlation between peri-oral 
microbiology and post-operative infections. 
Uses of two independent suction tips decrease 
the chances of wound contamination through 
saliva.28 During surgery a meshed nose guard 
can be used which prevents contact with the 
highly contaminated nares, however it was dem-
onstrated that the surrounding air of the oper-
ating room contains more bacteria than the 
expired air.28 These methods including regular 
check-ups will prevent chances of peri-implan-
titis and enhance success rate of implants. 

CONCLUSION
This study shows that antibiotics do not have 
any role in the implant success.  Also stud-
ies by various authors have shown that giv-
ing prophylactic antimicrobial treatment 
or perioral disinfection does not play any 
role in post-operative treatment success. 
Thus the practice of prescribing unneces-
sary antibiotics should be checked and 
other treatment options considered. l
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Periodontitis is an infectious disease 
of the dental attachment apparatus. 
Untreated periodontitis leads to bone 

loss and attachment loss. Though several peri-
odontal treatments are available, only some of 
them are regarded as true regeneration. Regen-
eration is reconstitution of both hard and soft 
tissues in both structure and function. Various 

modalities such as bone grafts and substitutes, 
guided tissue regeneration (GTR) membranes 
and polypeptide growth factors (PGFs) are 
used for periodontal regeneration. Platelet con-
centrates are the richest source for polypeptide 
growth factors. This review highlights various 
platelet concentrates, and their clinical applica-
tions in the treatment of periodontal diseases. 

Periodontal Perspectives of  
Autologous Blood Preparations
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INTRODUCTION
Periodontitis is an infectious disease causing 
destruction to periodontal tissues.1  The goal of 
periodontal therapy is the reconstitution of the 
periodontium in structure and function.  Peri-
odontal regeneration requires a series of bio-
logic events including migration, proliferation and 
differentiation of cells in the process of wound 
healing.2 Platelets play a crucial role in hemosta-
sis and wound healing. The Alpha granules of 
platelets release platelet-derived growth factor 
(PDGF), transforming growth factor (TGF-β),and 
insulin-like growth factor (IGF-I).  During activa-
tion, Alpha granules fuse with platelet cell mem-
branes causing the release of growth factors. 
These growth factors bind to transmembrane 
receptors of target cells (Osteoblasts, fibroblasts, 
endothelial cells, and epithelial cells) leading to 
the expression of various genes, cell proliferation, 
collagen synthesis and osteoid formation.2 The 
combination of these actions results in the forma-
tion of  soft and hard tissues of periodontium.2

Platelet rich plasma (PRP)
Marx first reported on the use of platelet rich 
plasma (PRP) in mandibular reconstruction 
defects.3  PRP is a first generation platelet con-
centrate by-product of blood that is rich in plate-
lets.4  It contains platelets, coagulation factors 
and plasma proteins (Fig. 1).  Human blood clots 
contain 95% red blood cells (RBCs), 5% plate-
lets, less than 1% white blood cells (WBCs), 
whereas a PRP blood clot contains 4% RBCs, 
95% platelets, and 1% WBCs.4  PRP con-
tains the maximum amount of platelets that can 
release desired growth factors (platelet derived 
growth factor (PDGF), transforming growth 
factors-β1 and -β2 (TGF-β1 and -β2) and insulin-
like growth factor-1.5,6  The increased amount 
of growth factors enhance soft and hard tissue 
healing processes.5  The maturation rate dur-
ing bone regenerative procedure is increased up 
to 2.16-times by PRP.6  PRP production requires 
blood collection with anticoagulant, 2 steps of 
centrifugation, and use of calcium chloride and 
bovine thrombin for polymerization (Fig. 2).7

Platelet Rich Fibrin (PRF) 
PRF is a second generation platelet concentrate 

developed by Choukroun. 26  It is devoid of bovine 
thrombin which is seen in PRP preparation.26,27  

The interaction between leukocytic cytokines and 
fibrin complex play a vital role in the regeneration.  
A physiological enriched fibrin complex matrix 
(PRF) releases growth factors in a controlled man-
ner for longtime when compared to fibrin glue 
enriched with cytokines.  The preparation of PRF 
is simple.  A blood sample is taken in 10 ml tube 
without anticoagulant and centrifuged at 3,000 
rpm for 10 mins. The coagulation process is natu-
ral in a test tube as it is devoid of thrombin.27 It 
consists of 3 layers, upper layer-platelet poor 

Figure 1:  Platelet rich plasma.
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Figure 2:  PRP protocol.

Figure 3:   Clinical implications, advantages, limitations and contraindications of PRP.
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plasma, middle layer- Fibrin clot with platelet, bot-
tom layer-RBC (Figs. 5a, 5b).  PRF contains cyto-
kines such as IL-1, -4, -6, and growth factors such 
as Transforming Growth Factor beta 1 (TGF-β1), 
Platelet Derived Growth Factor (PDGF), and Vas-
cular Endothelial Growth Factor (VEGF).28,29  PRF 
acts as a powerful scaffold with an integrated 
reservoir of growth factors for tissue regenera-
tion. The fibrin matrix in PRF acts as natural guide 
for angiogenesis, natural support to immunity 
and guides the coverage of wounds (Fig. 5b). 27

Titanium-Prepared Platelet-Rich Fibrin 
(T-PRF)
Some authors are worried about glass-evacuated 
blood collection tubes with silica particles as 
these particles may cause health hazards.53  Only 
a small fraction of these silica particles are sedi-
mented with red blood cells. A majority of silica 

particles suspend in a buffy coat so that these 
particles reach may the patient when these prod-
ucts are used for treatment.54 Although this is not 
practically concluded (the architecture of L-PRF 
change with type of material used for its prepara-
tion), some authors have used more biocompat-
ible material titanium for PRF preparation (Fig. 
9). 55. Although basic histological structure simi-
lar between T-PRF and L-PRF, there is some dif-
ference in fibrin structure in T-PRF. The fibrin of 
T-PRF is more woven and thicker when compare 
with L-PRF. The difference may be due to the bio-
compatibility and hemocompatibility of titanium, 
which led to the formation of a more polymerized 
fibrin (Figs. 10a, 10b, 11a, 11b).55 More research 
is required on T-PRF in terms of absorption 
time in body and clinical advantage over L-PRF.

 

Figure 4:  Studies regard PRP application in different periodontal and implant surgical procedures.
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Advanced Platelet rich fibrin (A-PRF)  
and A-PRF+

A-PRF is a third generation platelet concentrate.  
The centrifugation protocol for advanced platelet 
rich fibrin (A-PRF) is 1500 rpm 14 mins.  Later 
it was modified to 1300 rpm 14 mins. With the 
slower centrifugation protocol, it proved that 
presence of macrophages in Advanced plate-
let rich fibrin. PRF clots formed with A-PRF cen-
trifugation protocol showed a loose structure 
with more interfibrous space, and more cells in 
distal part of fibrin clot (Figs. 12a, 12b).  More 
research is needed to find the effect of APRF 
on Periodontal Regeneration.56  Another varia-
tion of A-PRF is called A-PRF+ which has a cen-
trifugation protocol of 1300 rpm for 8 mins. Like 
A-PRF, it is also based on lower centrifugation 
protocol. More research is needed to find the 
effect of APRF+ on periodontal regeneration.57

Figure 5a:  Platelet rich fibrin in test tube. Figure 5b:  Platelet rich fibrin.

Figure 5c:  Platelet rich fibrin mixed with bone graft.
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Figure 6:  Clinical implications, advantages, limitations and contraindications of platelet rich fibrin. 
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Figure 7:  Difference between first and second generation platelet concentrate.

Injectable Platelet Rich Fibrin (I-PRF)
The centrifugation protocol for I-PRF is 700 rpm 
3 mins. I-PRF mixes with bone grafts which is 
used for augmentation procedures.  I-PRF pro-
vides longer release of growth factors for up 
to 10 days.57 I-PRF demonstrated the ability to 
release higher concentrations of various growth 
factors and induced higher fibroblast migra-
tion and expression of PDGF, TGF-β, and col-
lagen-1 molecules which helps in regeneration.57

Concentrated Growth Factors (CGF)  
PRF uses constant centrifugation (2700 rpm 12 
mins) speed, while Concentrated Growth Factors 
(CGF) utilize altered centrifugation speed (2400-
2700 rpm 12 mins) which leads to production 
of much larger, denser and richer fibrin matrices 
containing higher amount of growth factors.58
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Figure 8:  Studies regard PRF application in different periodontal and implant surgical procedures.

Figure 9:  Titanium test tubes for T-PRF preparation.
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Figure 10a:  Histological photo of L-PRF. Figure 10b:  Histological photo of T-PRF.

Figure 11a:  SEM analysis of L-PRF. Figure 11b:  SEM analysis of T-PRF.
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Figure 12a:  SEM analysis of L-PRF. Figure 12b:  SEM analysis of A-PRF.

Sticky Bone
The centrifugation protocol of Autologous 
Fibrin Glue (AFG) is 2400-2700 rpm 2 mins. 
Less centrifugation time leads to availabil-
ity of more growth factors. Sohn et al.58 fabri-
cated growth factor enriched bone graft matrix 
and called it “Sticky Bone”.  Uncoated tube 
are used for preparation of AFG sticky bone.58

CONCLUSION
 The preparation of platelet concentrates 
and clinical usage is simple and cost effec-
tive when compared to other regenerative 
materials.  Most studies are show that plate-
let concentrates are beneficial for regen-
eration procedures but additional studies 
confirming their benefits are warranted. l
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