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Abstract

Objectives: Peri-implantitis is a frequent and serious clinical problem affecting between | and 47% of
implants. Bacterial contamination of the roughened implant surface plays a major role in the etiology and
progression of the disease. Successful treatment of peri-implantitis requires disinfection of the rough implant
surface. There is no generally accepted protocol for implant disinfection. Autologous leukocyte and platelet-
rich fibrin (L-PRF) membranes can be produced from autologous human blood via a one-step centrifugation
procedure. It was hypothesized that the antimicrobial defense system of L-PRF may decontaminate the
SLA® implant surface. The objective of this study was to test the efficacy of L-PRF for SLA® implant surface
disinfection.

Methods: Collagen-coated SLA® (sand blasted, large grit acid etched) titanium discs were inoculated with
dispersed dental plaque with a minimum bacterial cell concentration of 3.2 x 107 CFU/ml. After 21| days of
anaerobic incubation at 37°C, discs were rinsed with 12 ml 0.9% NaCl to remove unattached biofilm, and
exposed for 48 hours to Leukocyte-Platelet Rich Fibrin (L-PRF) in DMEM. Disks with or without rinsing with
12 ml of 0.9 % NaCl were fixed for SEM. Bacterial counts and perforations in bacteria were quantified from
standardized scanning electron micrographs of the implant surface. The rinsing solution was collected and
Western blot analysis was performed. L-PRF disks were compared with the control group (rinse).

Results: Difference in presence of bacteria displaying perforation of the cell wall between cell-rich L-PRF
treated samples and rinsed control group was statistically significant (p < 0.0001, Fisher's Exact Test).
Western blot analysis of the rinse fluid demonstrated presence of Platelet Factor-4. Activated platelets in
intimate contact with bacteria were detected on SEM images. SEM analysis demonstrated a statistically
significant reduction of residual bacteria in the lacunae of the rough SLA® surface after L-PRF treatment. (p<
0.05, Kruskal-Wallis).

Conclusions: Autologous L-PRF may have potential as a biological means to decontaminate rough implant

surfaces, possibly by exploiting the antimicrobial effects of platelets.



Lay Summary

Millions of dental implants are being placed annually to replace missing teeth. Peri-implantitis is a
frequent problem affecting dental implants. It can lead to loss of the implant due to damage to the
supporting bone. There has been limited success with current treatment modalities. One of the factors that
complicate treatment is the rough implant surface which cannot be easily disinfected. Lower infection rates
have been reported when blood concentrates are used during oral surgery. This study found that Leukocyte-
Platelet Rich Fibrin (L-PRF), a blood concentrate, can reduce bacteria when applied to a contaminated rough
implant surface. Platelets may be involved in the effect of the L-PRF. Further research in needed to

determine if this can impact the success of peri-implantitis therapy if applied clinically.
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Chapter I: Introduction

Dental implants have become the standard of care in modern dentistry for the replacement of
missing teeth with success rates around 95% commonly reported in several studies.! Implants have been
placed in increasing numbers worldwide for the last 30 years and have reached an estimated 1,260,000
dental implant procedures performed in 2013 in the United States alone. The number of implants placed
annually is expected to double in 7 years reaching 2,540,000 implants in the United States.2 In spite of
reported high success rates and similarities between peri-implant and periodontal diseases, implants have
been found to be more susceptible to peri-implant disease than teeth are to periodontal disease. Frequency
of peri-implantitis has been reported to be between 6.47% up to 56% depending of definition criteria and

study protocols.3

Peri-implant disease, if left untreated, can lead to continued bone loss and ultimately implant failure.
The associated bone loss can make replacement of the affected implant non-plausible, unpredictable or only
possible after extensive bone grafting. Considering the large number of potentially affected dental implants

and the effects that failure can have on a patient’s oral health, improved treatment modalities are needed.

The rough implant surface has been considered a breakthrough innovation in Implant Dent
significantly increasing implant success rates* shortening healing times> and in consequence, allowing the
development of novel treatment modalities. Unfortunately, when this surface becomes exposed to the oral
cavity it facilitates bacterial adhesioné and acts as a niche for bacteria. Management of this bacterial
contamination is considered to be an important part of the treatment of peri-implant diseases.”® Currently

disinfection techniques are mechanical or chemical in nature and are ineffective in removing the biofilm.82.10

Platelets are the first responders to vessel wall breaches. Their primary function is to patrol the
vasculature and seal any breaches to the vessel walls to limit blood loss.!! Also, platelets and the growth

factors they release have an essential role in the regulation of the cellular events that follow tissue damage.



They have the capability to adhere, aggregate and form a fibrin mesh. During their function, they release a
large variety of substances including cytokines, growth factors, catecholamines, serotonin, osteonectin, von

Willebrand factor and proaccelerin.!2

Platelet concentrates can be prepared from whole blood quickly using simple methodology. They
can be used to potentiate healing and tissue regeneration. More recently an additional advantage to their use
has been proposed. Blood concentrates have been found to provide antimicrobial properties.!2!3 Although
these properties are not yet fully understood, antimicrobial peptides, essential elements of the innate
immune system, such as defensins may be involved. The potential applications of these concentrates in the

management and prevention of infections have not been fully explored.



Chapter 2: Review of the Dental Literature

2.1 Peri-implant Diseases

Dental implants were introduced in the 1980 ‘s by P.I. Branemark,'4 as a highly researched technique
with a strict treatment protocol. At that time, clinicians were in awe of the concept of osseointegration.
Currently, due to modern biomaterials, rougher implant surfaces and improved clinical procedures achieving
osseointegration is no longer the only key issue in oral implantology.!> The focus has shifted to improving the

long-term predictability of implant therapy, particularly to achieving peri-implant bone stability.!>

It was initially thought that implants were lost due to occlusal overload or poor surgical technique.'®
Over the last three and a half decades many modifications have been made to the original treatment
protocol. The technique is now used for single implants, bridges and full mouth restorations. Restorations
over implants can be fixed or removable. Multiple surgical protocols are also in place including immediate,
early and delayed placement. Along with these advances in implant protocols, problems have also been
detected. Possibly, most alarming are the highly prevalent peri-implant diseases. These can negatively impact

dental implants causing failure of the dental implant itself and its overlying prosthesis.

The definition of success versus survival complicates the determination of treatment outcomes.
Many papers report on implant survival, which is frequently considered as the continued presence of the
implant in the mouth regardless of its condition. Surviving implants may not be successful'é as the criteria for
success are stricter including lack of infection, minimal to no bone loss, no signs of inflammation and the

implant must be restorable. Again, these criteria vary widely from study to study.!

Implant success rates have been reported to be as high as 99% in the mandible to 93% in the

maxilla after 5 years.!”” The Albrektsson criteria for success,!”'8 used to determine the aforementioned



success rates, and referenced in many studies since, include: absence of implant mobility; no evidence of
peri-implant radiolucency; vertical bone loss less than 0.2 mm annually following the implant's first year of
service; and absence of signs and symptoms such as pain, infections, neuropathies, paresthesia or violation of
the mandibular canal. These criteria do not take into account esthetic results or presence of peri-implant
disease, although minimal progressive bone loss independent of the cause is considered. Smith and Zarb!?
suggested the addition of several conditions to implants being evaluated including that the implant be under

functional load at the time of evaluation.

In an estimation made by Tarnow,'¢ at least 10% of all implants placed can be expected to present
peri-implant disease after 10 years. He calculates that if over | million implants were placed worldwide in

2015, 100,000 of these implants would require treatment for peri-implant diseases.

2.1.1 Definition and Diagnosis

At the Ist European Workshop on Periodontology in 1993, it was agreed that peri-implantitis
should be used specifically to describe destructive inflammatory processes around osseointegrated implants
in function that lead to peri-implant pocket formation and loss of supporting bone.20 Peri-implant mucositis
has been defined as inflammation of the soft tissues surrounding the dental implant with no signs of loss of
supporting bone and peri-implantitis as inflammation affecting the supporting bone.2!-23 Implant bone loss is

associated with exposure of the rough surface of the implant to the oral cavity.

Putting these definitions into practice has become a controversial matter. When studying
prevalence, incidence and risk factors of a disease, a precise definition of any pathological condition is
required. Sound cut-off points defining presence and absence of the disorder, definitions of disease severity
and an appropriate research methodology are of the utmost importance.2* The same applies in a clinical

setting. A clear cut-off point for diagnosis allows for the selection of appropriate treatment modalities. The



definition criteria for peri-implant diseases are less than clear.2> Criteria used to define peri-implantitis vary
widely from study to study,2¢ including different measurements for bone loss. Consideration may or may not

be given for initial bone remodeling. Some authors include suppuration among the definition criteria.2427

Clinical parameters similar to those used for the monitoring of periodontal health have been
suggested. Probing should be considered an important diagnostic parameter in the monitoring of peri-
implant tissues.28 Progressive probing depths (PD)and bleeding on probing (BoP) are commonly used criteria

for the diagnosis of peri-implant conditions.

Animal studies have shown that progressively increased PD are associated with attachment loss and
bone l0ss.2730 BoP around dental implants indicates the presence of inflammation2? but can also be a sign of
disease progression at site when BoP is present at more than half of the recall visits over a 2-year period.3! It
is safe and necessary to probe around dental implants and their associated restorations.322233 as the healing
of the epithelial attachment is complete at 5 days after probing.3* Suppuration has been associated with

bone loss around implants resulting in exposure of 3 or more threads.3>

In clinical practice, diagnosis of peri-implantitis can be just as complex as in the research setting.
Radiographic evaluation of crestal bone levels over time seems to be the most reliable tool to identify those
implants undergoing continuous bone loss.36 Based on longitudinal studies and in agreement with the
Consensus for the é6th European Workshop on Periodontology, time of prosthesis installation has been
suggested to establish a baseline for bone level.28 There are limitations to attempting to establish a baseline
in this manner. Radiographs at time of restoration are not always available as a baseline, and quality of these
radiographs including vertical angulations can significantly alter their efficacy as diagnostic aids. In the absence
of an adequate baseline radiograph the use of a threshold vertical distance of 2 mm from the expected
marginal bone level following re-modeling post-implant placement has been suggested.37.38 Bone loss on the
buccal or lingual aspects of the implant cannot be observed radiographically limiting their sensitivity.38 Certain

protocols, such as with immediate loading, may require more time for an adequate baseline to be made.2®



Clinical signs indicating the presence of peri-implant mucositis include BoP and/or suppuration,
usually associated with PD less than or equal to 4 mm and no evidence of radiographic loss of bone beyond
bone remodeling23 A critical parameter in the diagnosis of peri-implant mucositis is BoP.28  Gentle probing
with pressures of <0.25 N383% to 0.15 N4 have been suggested. The absence of BoP is an indicator for
stable peri-implant conditions. 4! Etter et al33 evaluated the healing following standardized peri-implant

probing using a force of 0.25N and observed complete reformation of the mucosal seal after 5 days.

In counterpoint, Coli et al’, in their 2017 review, state that periodontal indices, such as PD and BoP,
are not sensitive for identification of peri-implant disease and future risk of peri-implant crestal bone loss
when used as standard diagnostic measures. PD of healthy peri-implant mucosa can be far deeper than 4
mm. The use of probing pocket depth and BoP assessments alone can lead to over-diagnosis and
overtreatment of assumed peri-implantitis lesions. Patient’s symptoms (discomfort, pain, etc.), presence of
swelling, redness and pus and significant crestal bone loss over time, as verified with radiography should be

considered prior to making the diagnosis of peri-implant disease and performing treatment.

Albrektsson, T.,17 author of the previously mentioned implant success criteria, along with multiple
other highly respected authors of implant literature, came together in 2013 in a meeting sponsored by
multiple implant companies.2” The group brought to light several limitations of current definitions for peri-
implant disease stating that crestal bone loss presents for reasons other than infection. In consequence, peri-
implantitis is an inadequate term for all crestal bone loss and a limited amount of crestal/marginal bone loss
may be part of a biologic response to implant placement. It is also stated that many factors can contribute to
crestal bone loss including implant-, clinician- and patient related factors, such as: material, surface properties,
surgical and prosthodontic experience and skills of the clinician, patients oral and systemic health, behavior
(eg. smoking, oral hygiene and maintenance) and site related factors. These authors also go as far as to
suggest the following alternate definition for peri-implantitis: infection with suppuration associated with

clinically significant progressing crestal bone loss after the adaptive phase of implant placement.



In response, Froum et al#2 state that although peri-implantitis is an unsuitable term to describe all
crestal bone loss, to define peri-implantitis as an infection with suppuration and to determine that
therapeutic intervention is only necessary when combined with crestal bone loss, is contrary to much
published data. Peri-implantitis, which has been defined as inflammation of the peri-implant mucosa
accompanied by bone loss does not require suppuration to be present. Similarly, active bone loss around a
tooth with periodontitis is often seen without suppuration. Many experienced clinicians believe that BoP and
increasing PD along with crestal bone loss beyond physiologic normal adaptive changes are diagnostic for

peri-implantitis.

According to Albrektsson et al2? states that marginal bone loss around implants is usually associated
with immune-osteolytic reactions’43 opposing the widely accepted concept of peri-implant infection resulting
from a disturbance of the balance between the microbiologic challenge and host response;?? and again

displaying the lack of consensus in the definition and diagnosis criteria for peri-implant diseases.

2.1.2 Epidemiology

Many studies have been conducted to investigate the prevalence of peri-implant diseases. Limited
information is available with regard to the incidence, prevalence and risk factors of peri-implant
diseases.22428 Unfortunately, as described previously, there is not yet clear consensus with respect to the
definition of peri-implantitis; and the criteria used in studies also vary, impacting the results of the research.
Tarmow!é provided the example of a study by Koldsland*4, in which altering the definition criteria from 0.4

mm bone loss to 3 mm the prevalence changes from 47% to | 1%.

A similar example is mentioned by Coli et al*¢ regarding the work of Jemt et al*> and Fransson et

al*. Although the authors described the same group of patients the follow-up findings make it clear that



current definitions for disease are not useful in predicting further breakdown. Fransson et al* defined peri-
implantitis as any implant that presented BoP and bone loss at any time between | year and the 23 vyears
follow-up and determined a prevalence of 28% (182 patients). Fransson# also found that at implant level,
the presence of pus, soft tissue recession and PD of 6 mm or more were more common around implants
with radiographically evidence of progressive bone loss than around implants without bone loss. When 145
of these peri-implantitis patients were evaluated by Jemt et al*> 9 vyears later, 65 of the patients had been
referred to an oral hygienist and 80 had not. Bone loss for these patients were 0.5 mm (SD 0.80) and O.!
mm (SD 0.62) respectively. 39 patients had received surgical treatment for peri-implantitis and of these 5
had implant failures. Among the 106 patient’s that did not receive surgical therapy I | had implant failures. 97
patients presented little to no problems, indicating that a large number of patients in the “peri-implantitis
group” had no further bone loss. It was also concluded that patients treated by oral hygienists and/or had
experienced peri-implantitis surgery did not show any more favorable progression of bone loss as compared

with non-treated patients.

Roos-Jansaker et al*’ reported on 294 patients after 9 to 14 years of function and described
prevalence at 76.6% and 16% for peri-implant mucositis and peri-implantitis at the patient level, and at the
implant level at 48% and 6.6%, respectively. Definitions used in this study were: peri-implant mucositis, 24
mm and BoP; and peri-implantitis, bone loss >1.8 mm compared with |-year data, combined with BoP or
suppuration. The same group of authors found that smoking was associated with mucositis and peri-

implantitis, and that peri-implantitis was related to a previous history of periodontitis.3>

Mombelli et al*® reviewed epidemiology of peri-implant disease and determined a prevalence of
peri-implantitis of 10% implants and 20% patients during 5 —10 years after implant placement. It was also
mentioned that the individual reported figures are rather variable, not easily comparable and not suitable for
meta-analysis. The factors that may have affected the prevalence are the disease definition, the differential
diagnosis, the chosen thresholds for PD and bone loss, differences in treatment methods and aftercare of

patients, and dissimilarities in the composition of study populations.



A 2013 meta-analysis3 estimates a prevalence of peri-implant mucositis as 30.7% of implants, while
those presenting peri-implantitis was estimated at 9.6% of implants. In this study peri-implant mucositis was

defined as inflamed mucosa presenting a bleeding index of 2 2 and or suppuration; and peri-implantitis was
defined as presence of inflamed mucosa with a positive BoP, PD of > 5 mm, cumulative bone loss of > 2
mm and/or > 3 threads of the implant. A greater frequency of occurrence of peri-implant diseases was

recorded for smokers with an estimate of 36.3%. Higher prevalence numbers over 40% have been reported

in individual studies, depending on threshold used for disease classification.2!

Another meta-analysis conducted in 2016 at the Xl European Workshop on Periodontology,2¢
addressing prevalence extent and severity of peri-implant diseases, recognized the need for consistent
definition criteria and that the variations of these criteria in research further illustrate the current lack of
consensus. The findings, based on || included studies (15 articles), indicated prevalence ranging from |9-
65% for peri-implant mucositis and | - 47% for peri-implantitis. Extent and severity of the disease are rarely

reported.

Among the risk factors identified for peri-implant mucositis, in addition to smoking, are history of
periodontal disease, 42 lack of professional maintenance, poor oral hygiene, diabetes, radiation therapy,
limited keratinized tissue.*0 There is evidence that the lack of annual supportive therapy in patients diagnosed

with peri-implant mucositis is associated with increased risk for conversion of mucositis to peri-implantitis.>!>2

Other factors that may also be responsible for the reported variations of peri-implantitis prevalence
are implant type (including the differences in implant surface), clinician experience and systemic health of the

implant patients.>3



A positive relationship has also been identified between excess cement and peri-implant disease.
Wilson>* found that excess dental cement was associated with signs of peri-implant disease in 81% of the
cases included in this study. After removal of the excess cement, signs of peri-implant disease were no
longer detected clinically in 74% of the treated implants. Linkevicius®> found that not all patients respond
equally to the presence of excess cement. Patients with a history of periodontitis are more likely to present
peri-implantitis at implants with cement remnants than their non-periodontitis counterparts. Other studies
have shown that there is no difference between peri-implantitis prevalence in patients with cemented or

screw-retained restorations.

2.1.3 Pathogenesis

Although it has been suggested that initiation of peri-implant disease is the result of a multifactorial
process, in which iatrogenic, mechanical, anatomic, immunologic, environmental, genetic and microbiologic
factors play a role%, strong evidence indicates that bacteria are the key etiological factor in peri-implant
mucositis and peri-implantitis development.2>28 While peri-implant diseases may clinically resemble gingivitis
and periodontitis, there are large differences between these diseases.>” Periodontitis and its counterpart
around implants, peri-implantitis, have many features in common as well as critical histopathological
differences between them.>8 For peri-implant disease the misbalance in the host—parasite interaction is key in
the pathogenesis of the tissue destruction.>? Peri-implantitis is characterized by more extensive inflammatory

infiltrate and innate immune response, increased severity of tissue destruction and more rapid progression.é0

As with gingivitis, a cause and effect relationship between biofilm formation on implants and peri-
implant mucositis was demonstrated when using the experimental gingivitis model®'®* developed by Lée et
al.t4 Mucosa around implants and gingiva around teeth have a similar response to early plaque formation.s®
These differences and similarities are further described in a review by Berglundh et al:58 For both teeth and

implants, in animals, placement of ligatures in a submarginal position with plaque formation results in loss of
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supporting tissues and the establishment of large inflammatory cell infiltrate. This is where the similarities end.
Following ligature removal, a “self-limiting” process occurred around teeth resulting in the formation of a
protective connective tissue capsule that separated the inflammatory cell infittrate from bone at | month
after ligature removal. This protective process did not take place in peri-implant tissues. Experimental peri-
implantitis sites, exhibit signs of acute inflammation and large amounts of osteoclasts lining the surface of the
bone crest at varying periods after ligature removal. Also, experimental peri-implantitis models demonstrated
that the lesions produced from ligature-induced breakdown and plaque formation also progressed with
additional bone loss after the removal of ligatures. Similar effects have not been demonstrated for

periodontitis.>8

Other findings, describing some level of similarity and as well and pronounced differences, are
described in humans by Salvi.é! After 3 weeks of undisturbed plaque formation in |5 partially dentate
patients with dental implants an inflammatory response could be detected both around teeth and dental
implants, with the response in peri-implant soft tissues being more pronounced. After 3 weeks of resumed
plague control tissues presented improved clinical characteristics but longer healing periods are needed for

both gingival and peri-implant tissues to fully recover.

Similarly to the established lesion of periodontal diseaseté, the presence of biofilm on implants
during 6 months provoked an inflammatory lesion in the connective tissue of the peri-implant mucosa that
was dominated by plasma cells and lymphocytes.é’” Both periodontitis and peri-implantitis lesions are
characterized by an infiltrate of large inflammatory cells adjacent to the pocket epithelium, although peri-
implantitis lesions contain a greater proportion of neutrophils and macrophages. A more pronounced apical
extension going beyond the pocket epithelium is present in peri-implantitis.é858 Peri-implantitis associated

bone loss, like periodontitis, is of non-linear progression but with the rate of loss increasing over time. 6

Granulation tissue from peri-implantitis sites exhibits higher mMRNA expression of pro-inflammatory

cytokines Interleukin IL-6, IL-8 and (TNF)-o. compared to matched tissue from periodontitis sites. 60



Factors other than plaque have been implicated in peri-implant inflammation. It is possible that some
of these factors can heighten the inflammatory response in the peri-implant tissues leading to greater
breakdown in the presence of peri-implant disease. Wilson et al’0 describe the presence of radiopaque
foreign bodies in 34 of 36 biopsies taken of peri-implant soft tissue of implants clinically determined to have
peri-implantitis. Peri-implantitis was defined as: clinical signs of inflammation, including BoP, suppuration,

increased PD, abscess, pain, erythema, edema and radiographic signs of severe progressive bone loss.

2.1.4 Microbiology

Peri-implantitis is considered an infectious disease?, characterized by BoP and progressive marginal
bone loss.222> The composition of the subgingival microbiota in experimental periodontitis and peri-
implantitis is similar, namely an anaerobic proteolytic flora.’!7273 Both diseases are associated with
polymicrobial, anaerobic and primarily Gram-negative infections.”47> Some studies suggest that peri-

implantitis microbiota displays less variability than that of its periodontal counterpart.

The sequence of microbial colonization on dental implants is similar to that of teeth.67! Shortly after
installation an implant sub-mucosal microbiota is established.>? Early colonizers have been found to be oral
bacteria such as P. intermedia, P. micros and F. nucleatum.’e. A complex microbiota including species from the

red and orange complexes can be detected in the peri-implant sulcus as early as 2 weeks.””

The microbiological pattern of experimental peri-implantitis closely resembles that of periodontitis as
revealed by Leonhardt et al’! in an experimental microbiological study. It was also found that the succession
of events from aerobic to anaerobic flora around implants was strongly linked to the presence of pathology.

Mombelli and Lang’® conclude that there is a clear microbiological distinction between stable implants and



implants with peri-implant pathology; and that gram-negative anaerobic bacteria, such as spirochetes, are
involved in pathological developments around dental implants. The presence of Parvimonas micra in the peri-

implant pocket has been found to be a highly accurate predictor of peri-implantitis. 7

Shilbi et al® found that the bacteria associated with periodontitis are commonly found in peri-
implantitis including Bacteroides, Campylobacter, Eubacterium, Fusobacterium, and Treponema species and that
the microbiota associated with peri-implantitis was comprised of periodontal pathogenic bacterial species
including Porphyromonas gingivalis, Treponema denticola and Tannerella forsythia. Da Silva et al8! found that
biofilm associated with peri-implantitis harbored more bacterial species from the orange complex8? such as
Fusobacterium nucleatum, Parvimonas micra, Prevotella intermedia, and Campylobacter gracilis and significantly
higher percentages of strains of Desulfobulbus species, Dialister  species, Filifactor — species,
Fusobacterium species, Mitsuokella species and Porphyromona species in comparison to healthy implants.
Persson and Renvert8 found nineteen bacterial species at higher counts on implants with peri-implantitis
including: Aggregatibacter actinomycetemcomitans, Campylobacter gracilis, Campylobacter rectus, Campylobacter
showae, Helicobacter pylori, Haemophilus influenzae, Porphyromonas gingivalis, Staphylococcus aureus,
Staphylococcus anaerobius, Streptococcus intermedius, Streptococcus mitis, Tannerella forsythia, Treponema

denticola, and Treponema socranskii.

Filifactor alocis has recently been proposed as a potential periodontopathogen.84 This gram + rod

has been detected in the sulcus of implants presenting peri-implantitis.8>

Peri-implant bone loss has been found to be associated with the submucosal presence of the
putative periodontopathogens Tannerella forsythia, Campyllobacter species, and Peptostreptococcus micros

while pain was associated with P. micros, Fusobacterium species, and Eubacterium species.’4



2.1.5 Dental Implant Surfaces

Dental implant surfaces have been modified over the years with the objective of facilitating bone
ingrowth into minor surface irregularities and increasing surface area, in consequence, improving bone-to-
implant contact and osseointegration.> Multiple methods of increasing the roughness of the surface have
been developed including additive (titanium-plasma spray) and subtractive (sandblasting and acid etching)
techniques. Roughness can be expressed as surface area roughness(5a). Sa values are between 1.0 and 2.0
pum for the TiOblast™, SLA® and TiUnite® implants, while it values between 0.5 and 1.0 um are present on
the machined or turmed type of implants. Moderately rough surface implants (Sa between 1.0 and 2.0 um)
have shown a stronger bone response than other surfaces, improving the survival rates# The surface
irregularities, while on the one hand improve implant-to-bone contact, have also been proposed as a
potential niche for bacteria if exposed, for example, due to marginal bone loss or poor surgical technique.
Rougher implant surfaces facilitate bacterial adhesion.é Literature is inconclusive as to the effect of implant
surface roughness on long-term success and peri-implant bone loss.!586 There is insufficient evidence linking
implant surface characteristics to the initiation or peri-implantitis and there is limited evidence suggesting that
these features may have an effect on the progression of established peri-implant disease.8” Quirynen et al8
suggests that implants with increased surface roughness are more prone to peri-implant bone loss and
subsequently late implant failure. In counterpoint, Chappuis et al® found that rough surface implants
(Titanium plasma-sprayed, TPS) can be successful (success rate was 89.5%), presenting minimal peri-implant
bone loss after 20 years. In this study, the bone level was stable in 92% of the surviving implants (78/85,
displaying less than | mm peri-implant bone loss over the 20-year observation period). Becker describes
similar a success rate for 388 TPS surface implants followed for 12-23 vyears. 9.7% of the surviving implants

were diagnosed with peri-implantitis.?®

Berglundh et al®' explores the differences in the response of moderately rough (SLA®, large grit

sandblasted and acid etched) and polished implant surfaces to ligature induced peri-implantitis in animals.



Findings included stabilization of radiographic bone loss and soft tissue parameters after removal of the
ligature in machined implants. In the case of the moderately rough implant surface, progressive bone loss

continued, thus reinforcing the concept that the rough surface can act as a niche if exposed.

Implant surface may also impact the result of peri-implantitis therapy.”2

2.1.6 Current Treatment Modalities

As with any disease, treatment should include the identification of etiological and risk factors and the
management or elimination of these. Elimination of plaque, smoking cessation, management of underlying
disease, such as poorly controlled diabetes, are critical components of peri-implantitis prevention and
treatment. Successful treatment requires commitment to meticulous home care and compliance with the

professional hygiene maintenance program.

Several protocols have been suggested for the management of peri-implant diseases, including the
CIST Protocol,”? the Decision Tree for Management of Peri-implant Diseases?* and the decision tree for
ailing and failing implants. %> Although they all suggest conservative treatment for peri-implant mucositis and
surgical procedures for peri-implantitis, the details regarding how these treatments are to be performed are

not mentioned.

Although current evidence does not allow for firm recommendations for non-surgical or surgical
therapies for the treatment of peri-implant disease,?¢ certain elements seem to provide some benefit. Oral
hygiene instruction, smoking cessation, assessment of the prosthesis to allow access for plaque control (and
possibly removal or adjustment of the prosthesis), non-surgical debridement with the use or not of local
antimicrobials may be beneficial. If these non-surgical therapies do not provide resolution of the signs and

symptoms of the disease surgical procedures may be indicated including open flap debridement and
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resective or regenerative therapies. Maintenance care is an important part of peri-implantitis prevention and

therapy. %7

Five considerations have been suggested in the therapy of peri-Implantitis: |. Disturbance or removal
of biofilm from the pocket; 2. Decontamination of the implant surface; 3. Correction or reduction of sites
that cannot be easily maintained; 4. Establishment of an adequate maintenance regimen; 5. Regeneration of

bone and re-osseointegration. %8 97

Non-surgical therapies:

Multiple technologies have been proposed for the mechanical debridement of dental implants
including the use of curettes (carbon fiber, titanium, stainless steel),”100.101'02 abrasives (air-polishing with

glycine powder with or without tricalcium phosphate),!03.104105106 yltrasonic devices, 00 59 lasers!07.102 and

photodynamic therapy.!08.109

The ability of these technologies to successfully debride the implant surface is limited by access,
surface characteristics, implant design and the clinician’s skill.'9% Success rates of nonsurgical therapies in the
treatment of peri-implantitis are limited and a surgical approach will frequently be required.!'® In addition to
mechanical methods, chemical methods have been suggested, including, the use of antiseptics and antibiotics
have been proposed to complement mechanical debridement in an attempt to further reduce the bacterial

load. These include the use of doxycyline, minocycline, chlorhexidine.!!!8

Implantoplasty is a technique which consists in flattening exposed threads and smoothing the

contaminated implant surface with the use of rotary instruments.



Surgical therapies

Flap surgery may be required to facilitate access to the implant surface and bone defect. The aims of
these procedures include: improved decontamination of the implant surface and performing resective or

regenerative therapy to correct the bone defect.

Resective surgery includes of bone recontouring and modification of the implant surface (removal of
implant threads and smoothening of the rough implant surface), while regenerative therapy attempts to
recreate the lost hard tissue structure along with the bone to implant contact. In the case of an infrabony

defect regenerative techniques may be considered, especially in the esthetic zone.

2.1.7 Disinfection Techniques

Biofilm plays a significant role in the initiation and progression of peri-implant diseases. A
contaminated implant surface presenting bacterial by-products is believed to leads fibrous encapsulation as

opposed to re-osseointegration.!12,!13

Current disinfection techniques, including mechanical and chemical treatments, are ineffective in
removing the biofilm from the rough implant surface8109 a step considered to be of great importance in the
management of these diseases and required for effective wound healing including reattachment of the soft
tissues and regeneration of bone. Clinicians have used different chemotherapeutic agents, such as
chlorhexidine (CHX), tetracycline paste and/or phosphoric and citric acid gels as well as locally administered
antibiotics (minocycline and doxycycline) as adjuncts to mechanical debridement to decrease the
microorganisms to a level compatible with health. 210114115116 | aser therapy,''9 photodynamic therapy,!08-110
pumice,''2 implantoplasty!'2 and air abrasives (glycine powder) 04106117 have also been utilized in an attempt

to remove biofilm from the rough implant surface. Saline has been suggested in combination with other
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agents.!'2 There is a lack of evidence supporting any single approach for surface decontamination.!!8.19.120
Overall, these treatments have been found to be ineffective in removing the biofilm from the contaminated

rough implant surface.®

Rubbing the contaminated titanium surface with a cotton pellet soaked in sterile saline for | minute
has been reported to reduce lipopolysaccharide levels significantly. 112121 Although saline solution has been
proposed as part of many disinfectant protocols, few studies have assessed the effectiveness of saline
solution alone. It is more frequently studied in combination with other agents. Dostie et al, describes the
effectiveness of saline solution applied with a syringe to the contaminated rough implant surface in vitro.
Saline significantly reduced the bacterial load and none of the chemotherapeutic agents studied further

reduced the bacterial contamination.!0.9

Schwartz et al was unable to demonstrate a significant impact of the method of surface disinfection
of the clinical outcome following surgical therapy for the treatment of peri-implantitis when comparing
disinfection with curettes and saline versus ErYAG laser.!'” The lack of impact in disinfection method is
supported as well by Schou et al.'?2 In this animal study, no differences were detected among the application
of air-powder abrasive, citric acid, saline, or chlorhexidine in different combinations when performing

regenerative surgery in the treatment of peri-implantitis lesions.

Air polishing has been introduced as an alternative for the management of biofilm supra and sub-
gingivally on natural dentition and dental implants. Air polishing with glycine has been found to be of
advantageous in the prevention and management of peri-implant mucositis and peri-implantitis. 19 In vitro
studies have found that it can reduce the biofilm without causing pronounced changes to the implant

surface.!06



Due to the adverse effect of chlorhexidine on the titanium implant surface, rendering it no longer
biocompatible, it has been suggested that its use is no longer recommended for implant surface

decontamination. Saline solution, citric acid and EDTA are suggested.!23

2.1.8 Success Rates

Froum et al'?4 reports elevated survival rates from 2-10 years (98.9%), bone gain, reduction in PD
and BOP. The protocol includes open flap, debridement, disinfection with minocycline and chlorhexidine,
saline spray, application of enamel matrix derivative (EMD) (Emdogain) or PDGF (GEM21), and guided bone
regeneration (GBR = allograft and membrane). The need for 2 -3 retreatments for management of
inflammation, suppuration or to halt progression of bone loss has been reported. In a 2014 systematic

review, success rates for treatment of peri-implant mucositis and peri-implantitis vary from 0% to |00%.%¢

2.2 Autologous Platelet-Rich Preparations

The ability to heal is one of the most important processes that an organism can perform and is
essential to survival. Wound healing presents several stages: i. hemostasis; ii. inflammation; iii. proliferation;
and iv. maturation. After injury, hemostasis, the first step in the healing process, is triggered. Epinephrine is
released to minimize bleeding and platelets are deployed forming a plug. Fibrin, another major factor in

coagulation and healing process, forms a clot.

In the 1970's, the development of blood concentrates began with the creation of a surgical adjuvant
rich in this component denominated fibrin glue.!25 Fibrin glue (also called fibrin sealant or fibrin adhesive) is a
protein-based product developed for tissue hemostasis and sealing.!26 Currently, fibrin glue is prepared from

platelet-poor plasma and there are several protocols for its preparation with variations in the composition of
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the end product.!26.125

Multiple blood concentrates rich in platelets have since been developed with one common goal: to
reinforce the natural process of healing by enhancing every stage wound healing. Additional advantages of
platelet concentrates are simple collection, easy bedside preparation, and clinical application without the risks

associated with allogenic products due to their autologous nature.!?’

Due to the import role of platelets in the healing process (as described in section 2.2.4), platelet-rich
preparations have been developed for various applications. Platelet concentrates are blood extracts obtained
after processing of a whole blood sample, mostly through centrifugation.!?6 These extracts are used as
surgical adjuvants or regenerative medicine preparations in several medical fields, particularly sports medicine
and orthopedic surgery!2? and more recently in aesthetic plastic surgery. The objective of the processing is to
separate the blood components in order to discard elements considered not to be beneficial in the healing
process (mostly the red blood cells, which can be easily separated) and to collect and concentrate the
elements that may be of use for therapeutic applications aimed at better healing outcomes (platelets,
leukocytes and other forms of circulating cells; fibrinogen/fibrin, growth factors).!30 Platelets contain high
quantities of wound healing-related growth factors, such as PDGF-AB (platelet-derived growth factor AB),

TGFB-1 (transforming growth factor B-1) and VEGF (vascular endothelial growth factor), that are able to

stimulate cell proliferation, matrix remodeling and angiogenesis.!25.131.132

There is great variability in the processing, definitions and classification of these preparations. The
literature available highlights the lack of consensus in protocols, preparations and definitions and resulting in
confusing and often contradictory data. Therefore, it is difficult for the clinician to determine which particular

product offers greater clinical advantage in the area of oral surgery.127.133,
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2.2.1 Classification

The current consensus is based on a simple classification system proposed in 2009 dividing the many
products into four main families, based on their fibrin architecture and cell content (mostly presence of
leukocytes): Pure Platelet-Rich Plasma (P-PRP); Leukocyte- and Platelet-Rich Plasma (LPRP); Pure Platelet-
Rich Fibrin (P-PRF); Leukocyte- and Platelet-Rich Fibrin (L-PRF).!34135 These four families of products present
different biological signatures and mechanisms, and differences in clinical application.!3*  Among these

products, the L-PRF is the newest invention.!30.135

Pure Platelet-Rich Plasma (P-PRP)

In all PRP techniques blood is collected with anticoagulant just before or during surgery and is
immediately processed by centrifugation. A first centrifugation step is designed to separate the blood into
three layers: |. Red blood cells (RBCs) found at the bottom; 2. Acellular plasma (PPP, platelet-poor plasma)
at the top; 3. '‘Buffy Coat' layer, rich in platelets, appears in the middle. The next steps vary among the
numerous protocols but all attempt to discard the RBCs and the PPP, collecting only the ‘buffy coat’. Finally,
the concentrate is applied to the surgical site with a syringe, together with thrombin and/or calcium chloride
(or similar factors) to trigger platelet activation and fibrin polymerization.!3> These products are, hence,
without leukocytes and with a low-density fibrin network and can be liquid solutions or can be in an
activated gel form.!3* Two examples of PRP are the a manual method known under the commercial name
PRGF [Plasma Rich in Growth Factors or Preparations Rich in Growth Factors or EndoRet, Biotechnology
Institute BTl (dental implant company), Vitoria, Spain] and an automated method: Vivostat PRF (Platelet-Rich

Fibrin, Vivostat A/S, Alleroed, Denmark).!35

Leukocyte- and Platelet-Rich Plasma (L-PRP)

The products are preparations with leukocytes and with a low-density fibrin network after
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activation.!3* The initial objective of developing alternative easy-to-handle methods was to make it possible
to use platelet concentrates in daily practice without having the support of a transfusion laboratory. Without
a cell separator, elimination of leucocytes becomes more difficult, and the resulting platelet concentrates

therefore, contain a high quantity of leucocytes.!3> There are two general protocols for this technique:

Manual protocols:

This method consists of a first centrifugation step, which separates the blood components into three
layers of RBCs, ‘buffy coat’' and PPP. The PPP and buffy coat layers are then carefully collected, avoiding RBC
contamination, and transferred to another tube, where they are subjected to a second centrifugation step at
high speed separating the sample again.'?> After the second centrifugation step, most of the PPP layer is
discarded manually. The PRP concentrate obtained with this method is composed of a high quantity of

platelets, leucocytes and circulating fibrinogen and residual RBCs. 34

Curasan, Friadent-Schitze, Regen and Plateltex systems correspond to this protocol.!36

Automated protocols:

These protocols have been developed as PCCS (Platelet Concentrate Collection System) by 3l
(Palm Beach Gardens, USA) and SmartPReP by Harvest Corp (Plymouth, USA). The automated techniques
are similar to the manual protocol but involve less manipulation by the clinician. In PCCS, the separation of
components after the first and second centrifugation is performed automatically using air pressure to move
the desired components from one chamber to another. The SmartPreP system separates based on

variations in weight and centrifugation speed.

Two other systems that are included in this classification are the Magellan APS (Autologous Platelet

Separator) by Medtronic (Minneapolis, USA) and the GPS (Gravitational Platelet Separation System) by
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Biomet Biologic (Warsaw, USA).!3¢ PRGF developed by Anitua et al, is a minor variation of the L-PRP

protocol consisting of a one-step centrifugation process.'2>

Pure Platelet-Rich Fibrin (P-PRF)

The Fibrinet PRFM (Platelet Rich Fibrin Matrix) kit by Cascade Medical (New Jersey, USA), contains
two tubes, one for blood collection and another for PRFM clotting, together with a transfer device. This
protocol is similar to PRP protocols, with the main difference being the very low amounts of leucocytes
collected due to the specific separator gel used. The fibrin matrix in Fibrinet PRFM is denser and more stable

than that in PRPs.

2.2.2 Leukocyte- and Platelet-Rich Fibrin (L-PRF)

L-PRF preparations contain platelets, leukocytes within a high-density fibrin network and only exist in
the form of dense, crosslinked membranes.!32137 These membranes are durable and strong and offer,
therefore, a slow release of many growth factors for longer periods. The first of these techniques is
Choukroun’s A-PRF protocol (classified as an L-PRF preparation), a simple technique developed in France.!30
It is considered a second-generation platelet concentrate, different from previous protocols in that it is
produced without any anticoagulants or gelifying agents. In this technique, three layers are produced by
centrifugation, namely the red blood cell base layer, acellular plasma top layer and a PRF clot in the middle.
The L-PRF clot forms a strong fibrin matrix in a complex three-dimensional architecture, in which most of
the platelets and leucocytes from the harvested blood are retained and concentrated. Platelets and

leukocytes are collected with high efficiency in this method.!34135

A-PRF by Choukroun,!30 and CGF by Medifuge!2>138 are examples of this kind of preparation.
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In comparison to L-PRP, L-PRF has a greater release of TGF-f§ |, a long-term release of growth

factors, and stronger induction of cell migration.'2”

2.2.3 Biologic Functions

Various aspects of L-PRF membranes have been studied in an attempt to better understand the
biological functions of these concentrates, including the role of platelets'3? and leukocytes (particularly
monocytes) !4, the 3-dimensional architecture of the fibrin network!32, growth factors (concentration, activity

and release)'4!, and promotion of angiogenesis!42.

Platelets

About 75 to 200 x 1010 platelets are circulating in the blood stream of a healthy individual at any
given time.!143 They are discoidal, anuclear cell fragments formed in bone marrow from megakaryocytes. In
spite of the multitude of functions attributed to platelets beyond the traditional processes of thrombosis and
hemostasis,! 43144145 the recognition of these as cells is controversial due to their lack of a nucleus.'#¢ Their
life span is 8 to 10 days.!3? Although neutrophils, basophils and eosinophils are considered to be the essential
human granulocytes, platelets contain three types of granules!43!47 that can be liberated intra- or

extracellularly qualifying them as “granulocytes” as well.!48

Dense d-granules: contain mediators of vascular tone such as nucleotides (such as ADP and GTP), bioactive

amines (such as histamine and serotonin) and bioactive ions (such as Caz* and POs3").

Alpha a-granules: contain adhesion molecules, platelet microbicidal proteins (PmPs), kinocidins, mitogenic

factors, coagulation factors and protease inhibitors.
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Lysosomal A-granules: contain enzymes including proteases and glycosidases.

The primary function of platelets is to patrol the vasculature and seal any breaches to the vessel
walls to limit blood loss.!" In the early stages of wound healing, platelets are activated by the coagulation
cascade. Activation results in the release of the contents of platelet cytoplasmic granules which contain at
least 300 proteins!4>147 including B-thromboglobulin, fibronectin, thrombospondin, fibrinogen, other factors
of coagulation, growth factors, and immunoglobulins, all which contribute to the wound healing process.
Cytokines with the capacity to stimulate cell migration and proliferation, events that are important in the first

stages of healing, are also released.

Among the growth factors released by platelets are:

a. Transforming growth factor-B (TGF- B): TGF- B is a superfamily of more than 30 proteins. Of these,

the most produced form in platelet concentrate is TGFB-1. In vitro, this growth factor has been
found to have varying effects depending on the cell type and environment, for example, being able
to stimulate or inhibit osteoblast proliferation. It exerts strong anti-inflammatory actions, 3?42 serves
as a chemoattractant for many cell types (such as monocytes and macrophages)!4* and promotes

matrix synthesis in osteoblasts and fibroblasts.!3?.142

b. Platelet-derived growth factors: These are regulators of migration, proliferation and survival of

mesenchymal cell lineages (such as osteoblasts and fibroblasts).!0 These polypeptide growth factors
are released from activated platelets during blood clotting and are powerful cytokines considered to
play important roles in wound healing. PDGR-BB has been proposed to enhance blood vessel
formation and mesenchymal stem cell/pericyte recruitment stimulating bone formation. PDGF-
based products have been developed for clinical applications with some positive outcomes.

Currently in clinical use are Regranex gel (Systagenix Wound Management Inc.) that has been
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approved as an adjunct therapy for the treatment of diabetic neuropathic ulcers!4? and GEM21S gel
(Osteohealth) that has been approved for periodontal regeneration. GEM21S contains 1000 times

as much platelet derived growth factor (PDGF) as platelet rich plasma.!*0

¢. Insulin-like growth factor-I (IGF-1): This growth factor is released from platelet alpha granules upon

activation. It stimulates keratinocyte, fibroblast and osteoblast proliferation and matrix production.!'3?

In L-PRF, platelets have been found to accumulate in the lower part of the fibrin clot, mainly at the

junction between the red clot and the L-PRF itself.!32

Leukocytes

The L-PRF clot contains more than 50% of the leukocytes from the initial blood harvest.'42 The
presence of leukocytes has a substantial impact on the biology of these products due to their immune and
antibacterial properties. PMN leucocytes are crucial cells during early healing to prevent infection and initiate
the pro-solving stage of wound healing.!2? Also they are considered turntables of the wound healing process
and the local factor regulation.!3! Supporters state that the effect on inflammation is beneficial, while
opponents notice negative effects.!33 Leukocytes have effects on the reduction/prevention of infection, on
wound healing and on multiple tissues such as bone and fibroblasts. Some of these effects are achieved

through signaling molecules such as interleukins and cytokines.

Inflammatory cytokines

a. Interleukin-1B (IL-1B): is a key mediator in inflammatory control. Stimulates T-helper lymphocytes.

Has effects on bone metabolism in combination with TNF-a, IL-1.140.142

b. Interleukin 6 (IL-6): has multiple functions including B cell differentiation factor which induces the
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final maturation of B cells into antibody-producing cells, stimulating the secretion of antibodies by

[20-400 times.!40.142 Also, IL-6 is essential for T-cell activation and proliferation.!42

¢ Tumor necrosis factor o (TNF-&): stimulates tumor necrosis and regression. Bacterial endotoxin

stimulates its release. TNF-& activates monocytes, stimulates remodeling capacities of fibroblasts,
increases phagocytosis, neutrophil cytotoxicity and modulates the expression of key mediators
such as IL-| and IL-6.140.142

Healing cytokines

a) Interleukin 4 (IL-4): induces differentiation of naive helper T cells into T2 cells, supports

proliferation and differentiation of the activated B cells and is a potent inducer of Interleukin-|
receptor antagonist (IL-Ra), which contributes to its anti-inflammatory actions by neutralizing the

biological effects of IL-1.142

b) Vascular endothelial growth factor (VEGF): is considered as a master regulatory molecule for
angiogenesis-related processes. It is produced by multiple cells, including leukocytes, macrophages
and platelets. Factors like IGF-I and IL-1b regulate angiogenesis by upregulating expression of

VEGF.142
Another potential property of L-PRF related to leukocytes is their antibacterial function. Neutrophils,
the most common form of leukocytes, have strong phagocytic properties and are considered the first line of

defense. The cytoplasm of the neutrophil granulocytes contains numerous granules:

a) primary (azurophil) granules: connected to bacterial destruction, containing multiple bactericidal

factors including defensins, cathelicidins, serprocidins, bactericidal/permeability-increasing protein
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(BPI) of gram-negative bacteria, myeloperoxidase and cytoplasmic calprotectin.

b) secondary granules: are also rich in antibacterial proteins such as lysozyme, collagenase, gelatinase,

lactoferrin, phospholipase A2, transcobalamin-1 and membrane proteins.!33

Fibrin Network

Fibrin is formed from fibrinogen during blood clotting. Fibrinogen is present in plasma and platelet
granules. Fibrinogen is transformed into fibrin and cross-linked to fibronectin by thrombin and factor XIlI, in
the presence of calcium ions and is the final product of the coagulation reaction. Fibrin-fibronectin

copolymer constitutes the first wound matrix of the injured site and supports cell adhesion.!32

In Choukroun's A-PRF (classified as L-PRF)!30.136, the platelets come into contact with negatively-
charged glass tube walls and this activates the coagulation cascades. Fibrinogen initially is concentrated in the
high part of the tube before it is transformed into fibrin. The fibrin clot descends to the middle of the tube

between the red cells in the bottom and the acellular plasma at the top.!32

Fibrin is considered the natural guide of angiogenesis, support to immunity and guide for wound

coverage. It also serves as a net to stem cells.

a) Angiogenesis: Several properties of L-PRF, including the fibrin structure, promote angiogenesis.
Angiogenesis, cells and scaffold are major factors in tissue regeneration.!?> In an animal study, using a
modification of Choukroun’s technique, a PRF membrane was produced to study angiogenic ability on
microvasculature both in vivo and in vitro. PRP and PRF were found to induce angiogenesis in this
model.!>! Several properties of L-PRF can potentially be involved in the promotion of angiogenesis.
Properties proposed include the characteristics of the fibrin network,'30.137 and high levels of growth

factors such as VEGF.'2? Promotion of angiogenesis in early wound healing will increase the arrival, via
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blood flow, of multiple cells including stem cells and defense cells, further promoting wound healing and

infection reduction.

b) Immunity: Fibrin and fibrinogen degradation products (FDP) stimulate the migration of neutrophils and
increase expression of CDIlc/CD |8 receptor. This allows adhesion of the neutrophil to endothelium
and fibrinogen, as well as transmigration of neutrophils. Phagocytosis of neutrophils and enzymatic

degradation are also modulated by FDP.

¢) Wound coverage: The fibrin matrix guides the coverage of injured tissues, affecting the metabolism of

epithelial cells and fibroblasts. Epithelial cells at the wound margin lose their polarity and produce basal
and lateral extensions toward the wound. Fibrin, fibronectin, PDGF and TGF-B are essential for

modulation of integrin expression, fibroblast proliferation and cell migration.!30

2.2.4 Platelets in Microbial Defense

Under normal conditions platelets circulate in the bloodstream without interacting with endothelium
or other blood cells such as leukocytes in spite of the diverse array of highly responsive membrane
receptors. Upon tissue injury platelets are activated. At this point, their function in maintaining hemostasis
and their contribution in wound healing become of the upmost importance. The antimicrobial functions of
platelets and their role in antimicrobial defense have been greatly underappreciated in the past.'>2 Platelets
are the first responders to vessel wall breaches placing them at the front line of antimicrobial host defense
and in a key position to orchestrate immune responses.'! Following tissue damage platelets are activated.
Due to this activation they can adhere, aggregate, form a fibrin mesh and release a wide array of
substances.!3  Platelets release granules rich in a plethora of proteins including growth factors, cytokines,
inflammatory mediators and antimicrobial proteins.!.13152 Also, platelets express receptors on their surface

that are involved in platelet-bacteria interactions.!!
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The primary function of platelets is to patrol the vasculature and seal any breaches to the vessel
walls to limit blood loss.!'" An association between platelets and bacterial infection has been suspected as
early as 1887, as reported in Yeaman's review.!52 At that time Fodor described the bactericidal effect of
heated sera. The molecule responsible for this effect was identified and named B-lysine. It was determined to
be of platelet origin due to its presence in coagulated plasma and its absence in the other blood cells. In
901, platelets again were described to have interaction with bacteria, due to the formation of aggregates

by platelets when in contact with Vibrio cholerae.!!

More recently, it has been found that platelets are involved in the earliest detection of microbial
pathogens, as well as, in the activation and recruitment of complementary host defenses, such as neutrophils.
Platelets are capable of binding, aggregating and internalizing microorganisms.!48.147.152153  The binding of
platelets to microorganisms may take place directly through the platelet Fc receptor or indirectly through
plasma protein bridges.'¥” Platelets possess cytotoxicity functions allowing them to participate in the
destruction of protozoal pathogens.!52 Platelets have direct antimicrobial functions that are mediated by the
secretion of antimicrobial effector molecules, including platelet microbiocidal proteins (PmPs) and
kinocidins.'¥® Among PmPs are Platelet Factor 4 (PF-4) and fibrinopeptide B.'47 Also released are

chemotactic agents such as PDGF, |2-hydroxyeicosatetaenoic acid and platelet-derived histamine releasing

factor, TGF-B; and antimicrobial peptides such as beta-lysin, neutrophil activating peptide and RANTES. 43144

Antimicrobial peptides (AMP) are essential elements of the innate immune system. Human
defensins are a subfamily of AMP and kill microbes by destroying their cell membrane without the need of
the adaptive immune system. These 4-5 kDa, open-ended, cysteine-rich peptides, classified as a- and -
defensins, were originally isolated from human skin. The expression of these antimicrobial peptides can be
induced by different tissues under appropriate stimulation. Platelets have been found to release [-defensin

.13

30



Other antimicrobial properties of platelets include generation of oxygen metabolites, initiation and
amplification of complement fixation in the presence of microorganisms and synergism with leukocytes in
vitro.153154 The ability of platelets to express a wide variety of potential bacterial receptors including
complement receptor, FcyRIl and Toll-like receptors which provide them with the capacity to participate
directly and indirectly in microbial defense. Additional evidence supporting the importance of platelets in

host defense includes the increase in susceptibility to and severity of infections in thrombocytopenia.!s3

The presence of platelets in the setting of infections had historically been interpreted to suggest that
platelets facilitate infection. Due to current and compelling evidence, platelets are presently believed to have
an important role in antimicrobial host defense.!44145.147.152153.155 |n fact, they may also participate in diverse
diseases such as atherosclerosis, autoimmune disorders, inflammatory lung and bow! disease, host-defense

responses, sepsis'4 and periodontal disease.!%6157

As a result of these antimicrobial properties, new clinical applications of PRP and other blood

concentrates have been proposed.!3

2.2.5 Current Applications of L-PRF

Rational for the use of blood concentrates is the release of growth factors and other bioactive
molecules released by platelets upon activation. Autologous platelet concentrates may possess anti-
inflammatory and antimicrobial properties as beneficial effects on postoperative pain and infection have been
reported.!>* Although blood concentrates have been shown to have antimicrobial properties in vitro!2.13.154.158

the mechanisms of this antibacterial activity is still poorly understood.!>8

There is a lack of consensus regarding the role of leukocytes in platelet concentrates. Some authors
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mention they can increase the antimicrobial potential's?, regulate the inflammatory response and improve
the scaffold, while others recommend removing the leukocytes due to concermn regarding the secretion of

hydrolases and pro-inflammatory proteases.!>

In dentistry, multiple applications have been suggested including the application of PRP to
periodontal surgical sites due to its regenerative potential and its antibacterial effects;!¢0 in extraction
sockets;'é1.162 in periodontal!63.164159 and peri-implant'é> defects; in sinus lift procedures, in conjunction with

soft tissue grafting procedures;63166167 and in endodontic procedures.'é8

Anwandter et al,'é! report benefits of L-PRF in socket preservation. In this human study, several L-
PRF clots were placed in a fresh extraction socket and were covered by an L-PRF membrane. Volumetric

bone changes were found to be comparable to those reported in other studies for xenografts and allografts.

In a systematic review, Castro et al,'®3 report enhanced wound healing with increased pocket
reduction, radiographic bone fill and clinical attachment level gain when compared to open flap debridement.
In the context of furcation defects significant reductions in PD and increased clinical attachment gain and
radiographic bone fill were also detected. When compared to connective tissue grafting procedure,
comparable results in root coverage, clinical attachment gain and keratinized tissue width are reported. The
results of a systematic review by Miron et al are consistent with these findings, although the lack of

randomized trials and the existence of conflicting studies is highlighted.!¢

You et al'”2 report improved re-osseointegration with PRP, when combined with autogenous bone,

in the treatment of peri-implantitis in a dog model.
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Chapter 3: Aims & Hypothesis

3.1 Aims

Although widely in clinical use with reported favorable clinical results, little is known about the effect
of L-PRF on the treatment of peri-implantitis. This in vitro study on a peri-implantitis model will allow the
evaluation of an important aspect of peri-implantitis treatment: disinfection of the contaminated rough

implant surface by L-PRF.

The goal is to contribute knowledge that may lead to the establishment of evidence-based

guidelines for the clinical application of L-PRF Medifuge (Silfradent, USA) preparations in the treatment of

peri-implantitis.

3.2 Hypothesis

|. Application of L-PRF membrane will significantly reduce or eliminate bacteria when applied to a

rinsed rough implant surface contaminated with multispecies biofilm.

The null hypothesis is that the application of L-PRF membrane will not further reduce the bacteria

on the rinsed rough SLA® implant surface contaminated with multispecies biofilm.
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Chapter 4: Materials & Methods

4.1 Implant Surface Biofilm Model

Biofilm model was performed as described in Dostie 2015.109 Sterile SLA® implant disks (5 mm
diameter, Imm thick) (Straumann®, Basel, Switzerland) were rinsed in Phosphate Buffered Saline (PBS) and
then coated with bovine dermal collagen type | (10 pg/mL collagen in 0.012 N HCI in water) (Cohesion,
Palo Alto, CA). The coating process consisted of overnight incubation at 4°C in the wells of a 24-well tissue
culture plate containing 2 ml of the collagen solution. After incubation, the discs were rinsed with 2 ml of
sterile phosphate-buffered saline (Sigma-Aldrich, Saint Louis, MO). The implant discs were placed in the
wells of a 24-well tissue culture plate containing 2 ml Brain-heart infusion medium (BHI). Each well was
inoculated with dispersed dental plaque, collected from subgingival sites of healthy volunteers, containing a
minimum bacterial cells concentration of 3.2 x 107 CFU/ml. The discs were incubated under anaerobic

conditions (AnaeroGen; Oxiod, UK) at 37°C for 21 days changing medium once a week.

4.2 Treatment Protocol

A set of disks with mature biofilm was fixed (Baseline)(n=. Implant SLA disks with established
mature biofilms were subjected to a saline rinse (0.9% NaCl, 12 ml) to remove loose microorganisms. A set
of rinsed disks was fixed for SEM (see below) prior to any additional treatment (Control Group A). L-PRF
membranes were prepared from volunteers' peripheral venous blood donations, as described by
manufacturer of Medifuge MF200 (Silfradent, Italy). Approval was obtained from the University of British
Columbia Clinical Research Ethics Board (CREB). All volunteers signed informed consent in accordance with

the Declaration of Helsinki. The blood donation was obtained by venipuncture with 21G x 3/4x 12" butterfly
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blood collection set (Vaculet, Exel International, USA) and collected into Serum Plus Blood collection [0 ml
tubes (BD Vacutainer, USA). Blood donor inclusion criteria were: healthy, non-smokers, no medications.
Donors who did not meet these criteria were excluded. || donors (5 males, 6 females) were included.
Mean age was 33.81 year (SD£6.81, max=43 min=26). Multiple donors participated more than once. Donor
information can be viewed in Appendices A and B. 3 tubes per donor were placed into the Medifuge MF200
until the completion of the automated CGF cycle (Table I).1¢° The content of each tube was placed into the
L-PRF preparation box and red corpuscule portion was separated. (Figs, |, 2 and 3) The preparation box lid
was placed over the L-PRF clot for 5 minutes, after which the flattened clots were divided into two portions:
the cell-rich portion (buffy coat), closer to the red corpuscule base; and the cell-poor portion. (Fig. 4)
Separation of L-PRF sections was performed preserving approximately | mm of the red blood cell base layer
and then dividing the L-PRF portion in half. For test groups the cell-rich portion was applied to the surface of
the SLA disk for 48 hours at 37°C under aerobic conditions in 2 ml DMEM (Dulbecco's Modified Eagle
Medium). As 3 tubes were obtained at each time of donation, test samples were done in triplicate. A group

of disks was placed in DMEM for 48 hours without application of the L-PRF membrane (Control group B).

Table 1. Medifuge MF200 (Silfradent, Italy), CGF centrifugation
protocol
Time Process

30 seconds Acceleration

2 minutes 2,700 rpm/735 g

4 minutes 2,400 rpm/580 g

4 minutes 2,700 rpm/735 g

3 minutes 3,300 rpm/905 g

33 seconds Deceleration and stop

Experiment |: disks were treated with L-PRF for 48 hours, L-PRF membrane was removed and the disks
were immediately fixed for SEM without rinsing.
Experiment 2: disks were treated with L-PRF for 48 hours, L-PRF membrane was removed, disks were

rinsed with 12 ml saline solution and were fixed for SEM. (lllustration 1)
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Figure |. Tubes of volunteer blood after
the centrifugation cycle in Medifuge
MF200  (Silfradent, ltaly)  containing
acellular plasma, fibrin clot (L-PRF), and
red corpuscule base.

Figure 2. Content of tube placed into L-
PRF preparation box. Fibrin clot (L-PRF)
and red corpuscule base are present.

Figure 3. Red corpuscule base separated
from fibrin clot (L-PRF).
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Figure 4. L-PRF membranes in
preparation box. Separation of cell-rich
and cell poor portions.

—
92 SLA disks were coated with bovine
dermal collagen and inoculated with > Biofilm
dental plaque. Incubated for 3 weeks

¥ e

Rinsed with 12 ml of _ Control A
saline solution
—
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hrs at 37°Cin ) —
DMEM \
Rinse Control B2
$ —————

__ Norinse — Test1

———
k

Test 2

BHI and cell-rich
portion of L-PRF

S [llustration |. Flow chart of experimental
procedures.
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4.3 Sample Preparation for SEM

The disks were submerged into wells containing | ml of 0.1M piperazine-N,N'-bis(2-ethanesulfonic
acid) PIPES (pH 7.4) (Sigma-Aldrich, Saint Louis, MO) for 2 minutes, PIPES was removed and followed by |
ml of 2.5 % glutaraldehyde in 0.IM PIPES (pH 7.4) for 30 minutes for protein fixation. The disks were again
submerged in | ml of 0.IM PIPES (pH 7.4) for 5 minutes. Lipid fixation was performed with | ml of 1%
osmium tetroxide in 0.IM PIPES (pH 6.8) for 60 minutes. For removal of the osmium solution disks were
submerged into 2 ml of double distilled water 3 times for 5 minutes. Dehydration was performed by placing
disks into wells in successive increasing concentrations of ethanol (EtOH; Electron Microscopy Sciences,
Hatfield, PA) for 5 minutes each at 50%, 60%, 70%, 80%, 90% and 3 times 5 minutes at 100%. Once
dehydrated, the samples were dried by the critical point drier (Tousimis Samdri®-795 Critical Point Dryer,

Rockville MA, USA).

To facilitate coating, the disks were attached to metallic stubs using electrical conducting double-
sided adhesive. In order to improve electrical conductivity, the contour of each disk and stud was painted
with colloidal silver and was allowed to air dry. (Fig. 5) Samples were coated with 8 nm of iridium using the

Leica EM MEDO020 Coating System (Leica Microsystems, Wetzlar, Germany).

4.4 Scanning Electron Microscopy (SEM)

Each sample was examined using scanning electron microscopy (Hitachi SU3500 Scanning Electron

Microscope (SEM), Etobicoke ON, Canada). Images of the center of each disk were taken at a voltage of |
kV at 2 magnifications providing an overview image with an 80 um X 65.25 um field of view representing a

surface area of 4500 um?, and a detailed image with a 23.97 pm X 16.85 um field of view representing a
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surface area of 403.89 um2 These fields of view correspond magnifications of 1500 and 5000 times
respectively. Additional select images were obtained with Helios NanolLab 650 Focused lon Beam SEM,
Oregon, USA. Assessment of the images was performed with Image) |.47vsoftware (National Institute of

Health, Bethesda, MD).

4.5 Western Blotting

The rinsing solution from experiment 2 was collected and analyzed by Western Blot with anti-
Platelet Factor-4 (PF-4). Saline solution served as negative control. Whole platelet lysate, known to contain
PF-4, served as positive control. Predicted molecular weight is || kDa. The secondary antibody was

conjugated with IRdye (1:10,000; LI-COR Biosciences).

4.6 Statistical Analyses

For experiment |, for analysis of the presence of perforations of bacterial cell wall on test samples
versus control Bl Fisher's exact test was performed. Distribution of the number of residual bacterial per disk
in Experiment 2 was assessed by Kolmogorov-Smirnov Goodness-of-Fit Test. As distribution was not
normal, data was analyzed by Kruskal-Wallis test. Significance level was set at 0.05 and confidence interval at
95%. Pairwise analysis was performed. (IBM SPSS Statistics for Mac, Version 24.0; Armonk, NY) Effect size

was measured by Cohen'’s D.
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Chapter 5: Results

A total of 92 disks were examined under SEM. Groups are as follows:

Table 2. Experimental groups
- Number of
Group Characteristics
Samples
Biofilm No rinse, 3 weeks biofilm incubation 9
Control A Rinsed 12 ml 8
Control Bl Rinsed 12 ml, DMEM 48 hours 4
- Test | Rinsed 12 ml, 48 hours in DMEM with cell-rich portion of L-PRF 8
C
0]
S
5 Control B2 Rinsed 12 ml, DMEM 48 hours, 12 ml rinse 12
a
X
- Rinsed 12 ml, 48 hours in DMEM with cell-rich portion of L-PRF, 12 ml
Test 2 finse 12

In group Test 2, one disk in one set of triplicates was excluded. The disks present either a

depression or a laser etched marking on the non-treatment side. The sample was detected to be upside

down during L-PRF treatment.

Samples in Biofilm groups A (Fig. 6) exhibited biofilm consisting of coccoid and filamentous bacteria
over a rough implant surface and served as a baseline. Control Groups A (Fig. 7), Bl and B2 exhibited a

rough implant surface with primarily coccoid bacteria present in the pits of the rough implant surface.
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Figure 5. SEM of baseline biofim at 3
weeks  consisting  of coccoid and
filamentous microorganisms on  SLA
implant surface. (Hitachi SU3500)

Figure 6. SEM of Control A. Residual
Mg v coccoid microorganisms on SLA surface
SOV after |2 ml saline rinse. (Hitachi SU3500)

Figure 7. SEM of Control A. Residual
coccoid microorganisms on SLA surface
after 12 ml saline rinse. Higher resolution
of center of disk in Figure 7. (Hitachi
SU3500)
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5.1 Test |

A total of 24 L-PRF treated disks (without rinsing after 48-hour L-PRF treatment) were examined
under SEM (Hitachi SU3500 Scanning Electron Microscope (SEM), Etobicoke ON, Canada). The purpose of
test | was to determine whether any cells originating from the L-PRF were present at the implant surface
after the 48-hour treatment and to evaluate the effect of L-PRF on the bacteria. Images of the center of the
disks were obtained at 1500x and 5000x magnification. The images displayed cells measuring 4-7 um
presenting >20 finger-like extensions. Helios SEM images of these samples at high magnification (5000x-
20,000x) displayed close contact between these cells and coccoid microorganisms. The microorganisms
appeared larger than in control groups (>1 um in test group | vs. <.5 um in control) and present multiple

perforations of the cell wall. Vesicles appeared to be released from the extensions of the larger cells. (Figures

8-10).

The presence of bacteria with perforations on biofilm, test | and control samples A and B was
assessed. Bacteria detected to be displaying one or more perforations were counted as bacteria with
perforations. While the SEM images of the samples in Biofilm group, group A and B presented bacteria, none
of these samples presented bacteria with perforations. Biofilm group presented a total of 7785 bacteria, no
perforations were detected. Control group A presented 1595 bacteria and no perforations were detected.
Control group B presented 733 bacteria. No bacteria with perforations were detected in this group. Of the
24 samples in test group |, 7 did not present bacteria. In consequence, these 7 samples could not be
assessed for perforations. On the |7 remaining samples a total of 405 bacteria were present (168 presented

perforations; 237 did not present perforations). (Fig. | 1) (Table 3) (lllustration 2).

Table 3. Experiment |. Bacteria displaying perforations of cell wall

Total Bacteria without ~ Bactenia with % with Note: Although there were 24 samples in

EIEYE ] bactena erforations erforations erforations :
P P P Test group | bacteria was not detected on 7
Biofilm 9 7785 7785 0 0 images. These were excluded. The |7
Conrol A 8 1595 1595 0 0 samplesl on which bacteria was dgtected
were included. Total bacteria in the
Control Bl 4 733 733 0 0 summation of all disks in the corresponding

Test | 17 387 219 168 4341 group.
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Figure 8. Experiment |. SEM of Test
sample of control A. Coccoid bacteria

without perforations are present. (Hitachi
SU3500)

Figure 9. Experiment |. SEM of sample of
Test. Coccoid bacteria with perforations
are present. (Hitachi SU3500)

SU3500CHTP 1.50kV 5.5mm

Figure 10. Experiment |. SEM image of
sample in Test group displaying multiple
4-7 um “cells” with extensions. Coccoid
microorganisms  with perforations.
(Helios SU3500)

mode 10 pm

3‘&7 mag EH HV curr det
" | 5000x | 1.00kV | 50 pA | TLD | SE

29.8 pm
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B | 15 00x | 100
0x | 1.00 kV | 50 pA

SU3500CHTP 1.50kV 8.3mm x5.00k SE

Figure ||. Experiment |. SEM image of
sample in Test group displaying cells with
extensions in close contact with
perforated  coccoid  microorganisms.

(Helios SU3500)

Figure |2. Experiment |. SEM image of
sample of Test group displaying cells with

perforations  (yellow) and
perforations (orange). (Hitachi SU3500)

Figure |3. Experiment |. SEM of sample

of Test group. Assessment of cells with
without
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200+ lllustration 2. Experiment |: Bacteria on
disks were assessed for presence of cell
0 T wall perforations. Test | = cell-rich L-
v Perforations PRF in 48 hours DMEM, Control Bl =
48 hours DMEM

Fisher's exact test was performed for Test group | and Control B resulting in p<0.0001.
(lllustration 3). The result was statistically significant. (IBM SPSS Statistics for Mac, Version 24.0; Armonk,

NY) (Appendix C)

group
cont test Total
perforations no 733 219 952
yes 0 168 168 lllustration 3. Contingency table for
| Fisher's exact test. (IBM SPSS Statistics
Tota 733 387 1120 for Mac, Version 24.0; Armonk, NY)

52 Test2

Next, the biofilm contaminated disks were treated with the L-PRF membraned and rinsed after the
48-hour treatment to quantify the residual bacteria on the disks. The images of 35 L-PRF treated disks were
used for bacterial counts. Counting was performed on Image). The mean number of residual bacteria was

12,65 (SD 17.21) in the test group. In this group|3 disks displayed no residual bacteria. (lllustration 4) The
baseline biofilm disks presented a mean of 865.00 bacteria (SD+455.71). Control group A presented a mean
of 169.00 (SD150.71) and for control group B2, the mean was 151.25 (SDx 81.51). (lllustration 5) (Fig, |5-

20)
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Table 4. Experiment 2: Residual bacteria
Group N Treatment Mean
Test2 12 [2 ml saline rinse, Cell-rich L-PRF 48 hours 12.65(SDx17.21)
Biofilm 9 Biofilm 865.00 (SD+455.71)
Control A 6 [2 ml saline rinse 169.00 (SD£150.71)
Control B2 12 12 ml saline rinse, 48 hours DMEM 15125 (SD£ 81.51)

2510300
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111to150 |
75110 |
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I
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16t030
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. \ " N . | Mustration 4. Experiment 2. Chart of
Number of samples Residual bacteria on samples in Test and
mControl B2 mTest2 Control B.

o
~
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5
B e

Figure 14. Experiment 2. SEM of sample

of baseline Biofilm. (Helios SU3500)
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Figure |8. Experiment 2. SEM of sample
~ g of test group. Cell-rich L-PRF. Cell count
QUL performed with Image]. (Hitachi SU3500)

Figure 19. Experiment 2. SEM of sample
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count performed with ImageJ. (Hitachi
SU3500)
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The data was determined to be not normally distributed by Kolmogorov-Smirnov Goodness-of-Fit
Test (IBM SPSS Statistics for Mac, Version 24.0; Armonk, NY). (Appendix 4). Statistically significant
differences were found between Baseline (Biofilm) and Control A when analyzed by Mann-Whitney U
(p<0.001). The initial 12 ml rinse significantly reduced the bacterial load as compared to baseline. Data for
test and control groups was analyzed by Kruskal-Wallis and the difference was found to be statistically
significant (p<0.001) (lllustration 6). Pairwise analysis determined that there were no statistically significant
differences between Control groups A and B. Values were adjusted by Bonferroni correction for multiple
factors. Control groups A and B presented statistically significant differences with Test group (lllustration 7).
There was no statistically significant reduction in bacterial load due to the placement of samples in DMEM
for 48hrs. Cohen'’s D was performed using mean and standard deviation of Control group B and Test. Effect

size was determined to be high (d=2.3528).

Hypothesis Test Summary

Asymptotic significances are displayed. The significance level is .05.

Test - Std. = Std. Test= . = :ein &
Samplel-Sample2  gotictic™ Error -~ Statistic .~ 19- — AdjSig.©
Test-Control A 13.583 4.401 3.086 .002 .006
Test-Control B 15.083 3.594 4.197 000 .000
Control A-Control B -1.500 4.401 -.341 733 1.000

Each row tests the null hypothesis that the Sample 1 and Sample 2
distributions are the same.

,IAsyrInptotic significances (2-sided tests) are displayed. The significance
evel is .05.

Null Hypothesis Test Sig. Decision

T o Independent- :
The distribut| f bact Reject th . .
| ohe dsbution of ecierals  Samples o0 RO | lisration 6. Experiment 2 Kruskal
group. Test o hypothesis. | \n/3llis Test, significance. (IBM  SPSS

Statistics for Mac, Version 24.0; Armonk,
NY)

lllustration 7. Experiment 2. Kruskal-
Wallis  Test, pairwise comparisons.
Significance values have been adjusted by
the Bonferroni correction for multiple
factors (IBM SPSS Statistics for Mac,
Version 24.0; Armonk, NY)

The size of the cells detected on the implant surface (in direct contact with the bacteria) was

consistent with the known size of platelets. The saline solution used for rinsing Test group 2 was collected

and analyzed by Western blot for anti-platelet marker antibody (PF-4) to confirm that platelets were present
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on the disks. Western blot analysis of the rinse fluid showed presence of anti-PF-4 (Figure 21) which is

consistent with the presence of platelets.

Figure. 20. Western blotting with anti-
Platelet Factor 4 antibody (PF-4
antibody) for rinse fluid from L-PRF
treatment of SLA disks, positive control
and negative control.
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Chapter 6: Discussion

The use of implants to support dental prosthesis with the objective of restoring oral function and
esthetics after tooth loss has become a common treatment modality with significant scientific evidence.
Despite high success rates, these treatments are susceptible to mechanical and biological complications.
These complications can impact the longevity of the prosthesis and of the implants themselves. Peri-implant
mucositis and peri-implantitis are examples of biologic complications. Reported prevalence of these diseases
varies greatly between studies due to a lack of consensus on definition criteria. None the less, prevalence
and incidence are considered to be alarmingly high. Consensus does exist, however, on the important
impact peri-implant disease can have. If left untreated, the bone loss that accompanies peri-implantitis can
lead to failure of the dental implant and of the overlying prosthesis. Unfortunately, current treatment
modalities have had limited success in halting the progression of bone loss. It has been hypothesized that

one of the causes of poor success rates is the rough implant surface.

The introduction of the rough implant surface increased survival rates of dental implants
dramatically. Modern implant surfaces allow for shorter healing times, increased bone to implant contact and
the incorporation of treatment modalities that differ considerably from the original Branemark protocol, such
as the immediately provisionalized single implant. The rough implant surface is designed to be submerged
within the bone. When the rough surface becomes exposed to the oral cavity it can act as a niche for
complex biofilm capable of causing inflammation and further bone loss in the susceptible patient. There are
many causes that can lead to exposure of the rough implant surface. Among these causes are iatrogenic
factors such as poor implant placement, poor surgical technique, poor prosthetic design and presence of
residual cement; environmental factors such as smoking; and host factors which can be genetic or acquired.
Poor oral hygiene is an important risk factor. Irrespective of the cause for the initial exposure of the implant
to the oral cavity, the rough implant surface becomes a niche for dental plaque. Management of this bacterial

contamination is considered to be an important part of the treatment of peri-implant diseases.
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Another factor to consider when selecting a treatment for implant surface disinfection is the effect
this treatment will have on the implant surface.!23 The ideal outcome after peri-implantitis treatment is re-
osseointegration consisting of new bone to implant contact in the area of bone loss.?2170 There is limited
information regarding the effect of chemical and mechanical treatments on the titanium implant surface and

the effect of these treatments on re-osseointegration.

L-PRF has been reported to reduce postoperative infection rates.!3315% The two main cellular
components of L-PRF, leukocytes and platelets, have important roles in host defense. The premise of this
study was based on the biologic plausibility that these components or their products, applied to the
contaminated implant surface could have the potential to reduce the bacterial count without causing

significant damage to the implant surface.

For these reasons, this biologic implant surface disinfection protocol has been proposed. No other
studies in which the cell-rich portion of the L-PRF membrane was applied to a contaminated implant surface
were identified. Only one study was identified in which an autologous blood product, PRP (described as an
autologous platelet-rich fibrin glue) was utilized in the treatment of experimental peri-implantitis. The use of
PRP was proposed due to the platelet release of growth factors and the dense fibrin clot which facilitates
management of the bone particulate. Improved re-osseointegration was detected in this animal study
compared to the non-PRP test groups as determined histologically 6 months after regenerative implant
treatment.!”! The new evidence from this L-PRF in vitro study suggests that the favorable results obtained in
the animal model may not only be due to the positive effects on wound healing of PRP. The favorable

results may be produced by the bacteriolytic effects of the autologous platelet concentrate as well.

The biofilm model used for this study was developed and previously studied by Dostie et al, 2017.2
Incubation was performed at 37°C in anaerobic conditions mimicking the microenvironment present in the
peri-implant crevice. Although the in vivo oral cavity is more complex, this bioflm model is an improved

representation of the contaminated implant surface compared to the planktonic or immature biofilm used in
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other implant decontamination studies. Mouhyi et al, developed a technique in which failed explanted
implants were used to test decontamination techniques.!”2 This could potentially offer a more complex initial

biofilm.

SEM microscopy of the mature biofilm at 3 weeks demonstrated a complex biofilm composed of a
combination of coccoid and filamentous bacteria, as well as spirochetes. Disruption of this biofilm with saline
solution (0.9% NaCl) reduced the biofilm to a primarily coccoid bacteria present in the lacunae of the rough
surface. Similar results are described by Dostie et al, 2017,% which also demonstrated that chemical agents
cannot remove these residual bacteria. Other in vitro studies have also confirmed limited efficacy of

chemotherapeutic agents in removal of biofilm.!15.12!

Two experiments were conducted to examine the effects of the cell-rich portion of the L-PRF
membrane on the residual bacteria on the rinsed rough implant surface. The first experiment was geared
toward examining the effect of the membrane on the bacteria themselves; and the second allowed for

evaluation of the reduction in residual bacteria after the L-PRF treatment.

Of note for experiment | are the presence of cells with extensions; and secondly, the presence of
enlarged bacteria with multiple perforations. In several images, the release of vesicles from the extensions
was also detected. Additional cells known to be present in L-PRF, such as leukocytes, which were not
detected in the images may have been present during the treatment with L-PRF. It possible that some
elements were washed away by the rinsing procedures and submergence of the disks in multiple preparation

and fixation solutions.

Due to the size, shape, and the positive Western blot analysis, it was concluded that the cells with
extensions are activated platelets. It is not known what could cause this level of activation of the platelets. It
is possible that it is consequence of the L-PRF preparation itself, contact with the implant surface, contact

with the bacteria or a combination of these. It had been proposed that the ability of L-PRF to reduce
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infection (up to 9.5 fold in extraction sites!’3) is due to the increase in white blood cells and macrophages
capable of fighting infection; and that the use of L-PRF offers some antibacterial defense against incoming
pathogens.!é” The evidence presented in this study does not exclude a beneficial role of the leukocytes
present in the cell-rich portion of the L-PRF membrane, but rather highlights that platelets themselves may

be taking the mainstage in the lysis of residual bacteria on the implant surface.

Consideration should be given to the fact that Western blot is a highly specific and sensitive test.
When an antibody with high specificity is used, it will only attach to the protein in question. The positive
Western blot analysis indicates that platelets were present in the rinsing solution but it does not indicate
directly that the cells detected on the SEM images are platelets nor does it rule out the presence of other
cell types. Other cells could have been involved in activation of the platelets or the bacteriolytic effect

detected on the samples.

With regard to the presence of enlarged bacteria presenting multiple perforations, direct contact
between the platelets and some of these perforations was detected in the SEM images. Platelets have been
found to participate in host defense in many ways including direct contact,'!!>3 release of antimicrobial
proteins!3.!143.144 and reactive oxygen derivatives, 53154 internalizing pathogens, activation of other cells such as
neutrophils'4143 and initiation of complement.!>2 This study was performed in vitro and in consequence, the
bacteriolytic response is limited to the components of L-PRF. Other factors from the host that would

participate in an in vivo defense process are not available in this setting.

One of the primary functions of the bacterial cell wall is to maintain the necessary levels of
electrolytes. Damage to the cell wall, whatever the cause, leads to lysis due to the osmotic influx of water.
The influx of water through the damaged bacterial wall leads to enlargement, as detected on the SEM

images.
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PmP| and PmP2 (platelet microbicidal proteins | and 2) are examples of two platelet proteins
capable of damaging the bacterial cell wall with the potential to lead to bacterial lysis. These are released
under the induction of thrombin or bacteria. Once cleaved by thrombin, the two sub-units act
autonomously but complementing each other and lead to alteration of the permeability of the bacterial
wall.152 This is only one of the many mechanisms that may be at play in the cell-rich L-PRF samples involved
in achieving the destruction of the bacterial wall. Other thrombin-releasable antimicrobial peptides from
human platelets, which could potentially be involved in the antimicrobial effect of cell-rich L-PRF, include: PF-
4, RANTES, connective tissue activating peptide 3 (CTAP-3), platelet basic protein, thymosin-4 (T-4),

fibrinopeptide B (FP-B), and fibrinopeptide A (FP-A).174

Host tissue toxicity has been described to be a side effect of the release of neutrophil defensins,
while PmPs, on the other hand, have been hypothesized to have minimal host tissue toxicity due to their
structural features.!”> Unfortunately, platelets additionally can release B-defensin 2.'47 This study does not
provide evidence regarding the exact innate immune factors involved in the bacteriolytic effect or their side

effects on host tissues.

An initial reduction in bacteria was achieved with the |2 ml saline rinse. The efficacy of this
treatment was explored by Dostie et al. Due to the favorable effect achieved with saline as compared to

other chemotherapeutic agents studied this step was incorporated into the present study.

In Experiment |, platelets and bacteria with perforated cell walls were detected, in addition to the
residual bacteria. For this reason, a 2ml rinse was incorporated into the protocol with the objective of
removing loose debris including platelets and dead bacteria. In the clinical setting, this step of the protocol
would not be recommended especially in the case of open flap procedures. A second surgery to access the
area for a second time at 48 hours would not be reasonable. Fortunately, in vivo there is an important
difference with this in vitro study: the host. The host defenses, including macrophages and neutrophils would

be available to participate in the immune response and can potentially be called to the site through
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chemotaxis. In lieu of the rinse, debris of cells that have undergone lysis could be removed from the implant

surface in vivo through phagocytosis.

L-PRF is an autologous blood product, and as such, can vary from subject to subject eliciting varying
responses. Substantial variation in the growth factor content of platelet concentrates, such as platelet-rich
plasma, has been reported and the factors influencing this are unknown.!76 Age and platelet count have been
found to affect the growth factor levels of platelet concentrates.!”¢ Gender, race and diet, are among the
factors found to affect platelet functions in healthy subjects.!'”” Foods such as caffeine, alcohol and those rich
in flavonoids such as chocolate, red wine and tea have been described to have an effect of platelet
functions.!78.179 Patients presenting peri-implantitis may have underlying diseases such as diabetes, or may be
exposing themselves to environmental factors such as smoking. Poorly controlled diabetes, uncontrolled
diabetes and smoking are considered risk factors for peri-implant diseases.22 Systemic disease, environmental
factors, such as smoking, and medications may have an effect on platelet function. A classic example of a
common medication that has effect on platelets is aspirin. Aspirin in known to cause platelet inhibition.'80
The effects of aspirin, or any other medication, on L-PRF membranes and on the immune response of
platelets is unknown. In this study only healthy non-smoking blood donors, taking no medications were
included. The effect all these host factors have on L-PRF membranes is not understood, nor is the effect on
platelets and their ability to participate in the innate immune response. There may be significant inter- and
intra-individual variation on the characteristics of L-PRF membranes and platelet function; and the effect of
this variation on the efficacy of cell-rich L-PRF membranes to disinfect contaminated implant surfaces is not

known.

Our findings are consistent with the reported beneficial effect of platelet concentrates with regard
to infection. Platelet concentrates been reported to have antimicrobial properties, and it has been proposed
that they may represent a useful natural alternative for controlling or preventing postoperative infections at
surgical sites.!> In vitro studies have also brought to light the antimicrobial properties of platelet-rich

concentrates.!?
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Experiments | and 2, were both conducted on the SLA implant surface. This is only one of the
many commercially available implant surfaces on the market. It is feasible that the biofilm formation, platelet

activation and subsequent disinfection present distinct features on other implant surfaces.
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Chapter 7: Conclusions & Future Directions

7.1 Conclusions

Application of the cell-rich portion of the L-PRF to the contaminated SLA surface leads to platelet

activation and to damage to the cell wall of residual bacteria.

Application of the cell-rich portion of the L-PRF membrane to the contaminated SLA implant
surface further reduced the bacterial count as compared to 12 ml saline rinse in this in vitro model.
Autologous L-PRF has potential as a biological means to decontaminate rough implant surfaces, possibly by

exploiting the antimicrobial effects of platelets.

7.2 Future Directions

This in vitro study, as such, has limitations. Further in vivo studies are required to determine if this
effect can be replicated in the clinical setting. If reduction in the bacterial load can be achieved in vivo further
research would be required to determine if the improved disinfection of the implant surface has an impact
on the success of peri-implantitis treatment and if this disinfection protocol can lead to re-osseointegration.
The potential negative side effects of the immune response, such as tissue toxicity should also be

investigated.

Further investigations would be required to determine the exact mechanism of the bacteriolytic
process detected. If this process is, in fact, due to platelets it is possible that a specific platelet product or
group of products is responsible. If so, it may be feasible for the substrates involved to be synthesized or
extracted from platelets for use in implant disinfection or other settings involving bacterial contamination or

infection.
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Research would be required to determine if the immune response at play in the destruction of

bacteria has, as well, potentially adverse effects on the host tissues such as toxicity.

Other benefits of L-PRF membrane have been described in the literature, especially in with regards
to wound healing. Reduced postoperative discomfort and improved wound healing have been associated
with the use of L-PRF membranes. The favorable effects of L-PRF on wound healing could potentially have a
positive impact on peri-implantitis therapy. Studies to assess the benefits of L-PRF membrane on wound

healing after peri-implantitis therapy are needed.

It is also possible that the bacteriolytic effect of L-PRF is not limited to this blood concentrate. The
evidence obtained in this study suggests that this effect is a result of the innate immune functions of platelets.
Platelets are found in high concentrations in P-PRP, L-PRP and P-PRF, as well as other commercially
developed L-PRF products. Further studied are required to determine if other products can produce similar

results or may even have enhanced effects on implant disinfection and wound healing.

L-PRF in an autologous blood product. Inter-individual variation can be expected. The effect of inter-
individual variation in the disinfectant potential of cell-rich L-PRF and platelets is unknown. Further studies are

needed to determine the effect of individual variation.

Other implant disinfection protocols used in the treatment of peri-implantitis have been suggested,

such as air abrasives (glycine powder), photodynamic therapy and laser. These disinfections protocols should

be examined and compared to the proposed biologic disinfection protocol.

In this study, the SLA implant surface was used as a substrate. Further research is required to

determine if a comparable response presents on other implant surfaces.

59



Bibliography

Moraschini V, Poubel LA, Ferreira VF, Barboza Edos S. Evaluation of survival and success rates of
dental implants reported in longitudinal studies with a follow-up period of at least 10 years: a
systematic review. Int | Oral Maxillofac Surg. 2015;44(3):377-388.

DiMatteo AL, K. Guide to Implant Dent. Inside Dentistry. 2014;10(4).

Atieh MA, Alsabeeha NH, Faggion CM, Jr, Duncan W/|. The frequency of peri-implant diseases: a
systematic review and meta-analysis. | Periodontol. 2013;84(1 1):1586-1598.

Albrektsson T, Wennerberg A. Oral implant surfaces: Part |--review focusing on topographic and
chemical properties of different surfaces and in vivo responses to them. Int | Prosthodont.
2004;17(5):536-543.

Shalabi MM, Gortemaker A, Van't Hof MA, Jansen JA, Creugers NH. Implant surface roughness and
bone healing: a systematic review. | Dent Res. 2006;85(6):496-500.

Subramani K, Jung RE, Molenberg A, Hammerle CH. Biofilm on dental implants: a review of the
literature. Int | Oral Maxillofac Implants. 2009;24(4):616-626.

Renvert S, Roos-Jansaker AM, Claffey N. Non-surgical treatment of peri-implant mucositis and peri-
implantitis: a literature review. | Clin Periodontol. 2008;35(8 Suppl):305-315.

Renvert S, Lessem J, Dahlen G, Renvert H, Lindahl C. Mechanical and repeated antimicrobial therapy
using a local drug delivery system in the treatment of peri-implantitis: a randomized clinical trial. |
Periodontol. 2008;79(5):836-844.

Dostie S, Alkadi LT, Owen G, et al. Chemotherapeutic decontamination of dental implants
colonized by mature multispecies oral biofilm. | Clin Periodontol. 2017;44(4):403-409.

Dostie S. Chemotherapeutic decontamination of dental implants colonized by multispecies oral
biofilm (Thesis). University of British Columbia. 2015.

Deppermann C, Kubes P. Platelets and infection. Semin Immunol. 2016;28(6):536-545.

60



20.

21.

22.

23.

Bielecki TM, Gazdzik TS, Arendt ], Szczepanski T, Krol W, Wielkoszynski T. Antibacterial effect of
autologous platelet gel enriched with growth factors and other active substances: an in vitro study. |
Bone Joint Surg Br. 2007;89(3):417-420.

Tohidnezhad M, Varoga D, Wruck CJ, et al. Platelets display potent antimicrobial activity and release
human beta-defensin 2. Platelets. 2012;23(3):217-223.

Adell R, Lekholm U, Rockler B, Branemark Pl. A |5-year study of osseointegrated implants in the
treatment of the edentulous jaw. Int | Oral Surg. 1981;10(6):387-416.

Doornewaard R, Christiaens V, De Bruyn H, et al. Long-Term Effect of Surface Roughness and
Patients' Factors on Crestal Bone Loss at Dental Implants. A Systematic Review and Meta-Analysis.
Clin Implant Dent Relat Res. 2017;19(2):372-399.

Tarmow DP. Increasing Prevalence of Peri-implantitiss How Will We Manage?! | Dent Res.
2016;95(1):7-8.

Albrektsson T, Dahl E, Enbom L, et al. Osseointegrated oral implants. A Swedish multicenter study
of 8139 consecutively inserted Nobelpharma implants. | Periodontol. 1988;59(5):287-296.
Albrektsson T, Zarb G, Worthington P, Eriksson AR. The long-term efficacy of currently used dental
implants: a review and proposed criteria of success. Int | Oral Maxillofac Implants. 1986;1(1):11-25.
Smith DE, Zarb GA. Criteria for success of osseointegrated endosseous implants. | Prosthet Dent.
1989;62(5):567-572.

Albrektsson Tl, F. Consensus report of session IV. In: Lang, N.P. & Karring, T., eds. Proceedings of the
First European Workshop on Periodontology, pp. 365—369. London: Quintessence. 1994.

Zitzmann NU, Berglundh T. Definition and prevalence of peri-implant diseases. | Clin Periodontol.
2008;35(8 Suppl):286-291.

Lindhe J, Meyle ], Group DoEWOoP. Peri-implant diseases: Consensus Report of the Sixth European
Workshop on Periodontology. | Clin Periodontol. 2008;35(8 Suppl):282-285.

Rosen P, Clem D, Cochran D, et al. Peri-implant mucositis and peri-implantitis: a current

understanding of their diagnoses and clinical implications. | Periodontol. 2013;84(4):436-443.

6



24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Tomasi C, Derks J. Clinical research of peri-implant diseases--quality of reporting, case definitions
and methods to study incidence, prevalence and risk factors of peri-implant diseases. | Clin
Periodontol. 2012;39 Suppl 12:207-223.

Lang NP, Berglundh T, Working Group 4 of Seventh European Workshop on P. Periimplant
diseases: where are we now?!--Consensus of the Seventh European Workshop on Periodontology. |
Clin Periodontol. 201 1;38 Suppl | 1:178-181.

Derks J, Tomasi C. Peri-implant health and disease. A systematic review of current epidemiology. |
Clin Periodontol. 2015;42 Suppl 16:S158-171.

Albrektsson T, Buser D, Sennerby L. On crestal/marginal bone loss around dental implants. Int |
Periodontics Restorative Dent. 2013;33(1):9-11.

Heitz-Mayfield LJ. Peri-implant diseases: diagnosis and risk indicators. | Clin Periodontol. 2008;35(8
Suppl):292-304.

Lang NP, Bragger U, Walther D, Beamer B, Kornman KS. Ligature-induced peri-implant infection in
cynomolgus monkeys. . Clinical and radiographic findings. Clin Oral Implants Res. 1993;4(1):2-11.
Schou S, Berglundh T, Lang NP. Surgical treatment of peri-implantitis. Int | Oral Maxillofac Implants.
2004;19 Suppl:140-149.

Luterbacher S, Mayfield L, Bragger U, Lang NP. Diagnostic characteristics of clinical and
microbiological tests for monitoring periodontal and peri-implant mucosal tissue conditions during
supportive periodontal therapy (SPT). Clin Oral Implants Res. 2000; 1 1 (6):521-529.

Todescan S, Lavigne S, Kelekis-Cholakis A. Guidance for the maintenance care of dental implants:
clinical review. | Can Dent Assoc. 2012;78:c107.

Etter TH, Hakanson |, Lang NP, Trejo PM, Caffesse RG. Healing after standardized clinical probing of
the perlimplant soft tissue seal: a histomorphometric study in dogs. Clin Oral Implants Res.
2002;13(6):571-580.

Esposito M, Grusovin MG, Worthington HV. Interventions for replacing missing teeth: treatment of

peri-implantitis. Cochrane Database Syst Rev. 2012;1:CD004970.

62



35.

36.

37.

38.

39.

40.

41,

42.

43.

44,

45.

46.

Roos-Jansaker AM, Renvert H, Lindahl C, Renvert S. Nine- to fourteen-year follow-up of implant
treatment. Part lIl: factors associated with peri-implant lesions. | Clin Periodontol. 2006;33(4):296-301.
Coli P, Christiaens V, Sennerby L, Bruyn H. Reliability of periodontal diagnostic tools for monitoring
peri-implant health and disease. Periodontol 2000. 2017;73(1):203-217.

Sanz M, Chapple IL, Working Group 4 of the VEWOoP. Clinical research on peri-implant diseases:
consensus report of Working Group 4. | Clin Periodontol. 2012;39 Suppl 12:202-206.

Peri-implant mucositis and peri-implantitis: a current understanding of their diagnoses and clinical
implications. | Periodontol. 2013;84(4):436-443.

Lang NP, Wetzel AC, Stich H, Caffesse RG. Histologic probe penetration in healthy and inflamed
peri-implant tissues. Clin Oral Implants Res. 1994;5(4):191-201.

Gerber JA, Tan WC, Balmer TE, Salvi GE, Lang NP. Bleeding on probing and pocket probing depth
in relation to probing pressure and mucosal healfth around oral implants. Clin Oral Implants Res.
2009;20(1):75-78.

Jepsen S, Ruhling A, Jepsen K, Ohlenbusch B, Albers HK. Progressive peri-implantitis. Incidence and
prediction of peri-implant attachment loss. Clin Oral Implants Res. 1996;7(2):133-142.

Froum SJ, Rosen PS, Clem DS, 3rd. Response to "On crestal/marginal bone loss around dental
implants". Int | Periodontics Restorative Dent. 201 3;33(4):407-409.

Albrektsson T, Canullo L, Cochran D, De Bruym H. "Peri-Implantitis": A Complication of a Foreign
Body or a Man-Made "Disease". Facts and Fiction. Clin Implant Dent Relat Res. 2016.

Koldsland OC, Scheie AA, Aass AM. Prevalence of peri-implantitis related to severity of the disease
with different degrees of bone loss. | Periodontol. 2010;81(2):231-238.

Jemt T, Sunden Pikner S, Grondahl K. Changes of Marginal Bone Level in Patients with "Progressive
Bone Loss" at Branemark System(R) Implants: A Radiographic Follow-Up Study over an Average of
9 Years. Clin Implant Dent Relat Res. 2015;17(4):619-628.

Fransson C, Lekholm U, Jemt T, Berglundh T. Prevalence of subjects with progressive bone loss at

implants. Clin Oral Implants Res. 2005;16(4):440-446.

63



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Roos-Jansaker AM, Lindahl C, Renvert H, Renvert S. Nine- to fourteen-year follow-up of implant
treatment. Part II: presence of peri-implant lesions. | Clin Periodontol. 2006;33(4):290-295.

Mombelli A, Muller N, Cionca N. The epidemiology of peri-implantitis. Clin Oral Implants Res.
2012;23 Suppl 6:67-76.

Rinke S, Ohl' S, Ziebolz D, Lange K, Eickholz P. Prevalence of periimplant disease in partially
edentulous patients: a practice-based cross-sectional study. Clin Oral Implants Res. 201 1;22(8):826-
833.

Renvert S, Polyzois I. Risk indicators for peri-implant mucositis: a systematic literature review. | Clin
Periodontol. 2015;42 Suppl 16:5172-186.

Costa FO, Takenaka-Martinez S, Cota LO, Ferreira SD, Silva GL, Costa JE. Peri-implant disease in
subjects with and without preventive maintenance: a 5-year follow-up. | Clin Periodontol.
2012;39(2):173-181.

Jepsen S, Berglundh T, Genco R, et al. Primary prevention of peri-implantitis: managing peri-implant
mucositis. | Clinical Periodontol. 2015;42 Suppl 16:5152-157.

Albrektsson T, Buser D, Sennerby L. Crestal bone loss and oral implants. Clin Implant Dent Relat Res.
2012;14(6):783-791.

Wilson TG, Jr. The positive relationship between excess cement and peri-implant disease: a
prospective clinical endoscopic study. | Periodontol. 2009;80(9):1388-1392.

Linkevicius T, Puisys A, Vindasiute E, Linkeviciene L, Apse P. Does residual cement around implant-
supported restorations cause peri-implant disease! A retrospective case analysis. Clin Oral Implants
Res. 2013;24(11):1179-1184.

de Waal YC, Eijsbouts HV, Winkel EG, van Winkelhoff AJ. Microbial Characteristics of Peri-
Implantitis: A Case-Control Study. | Periodontol. 2017;88(2):209-217.

Carcuac O, Abrahamsson |, Albouy JP, Linder E, Larsson L, Berglundh T. Experimental periodontitis
and peri-implantitis in dogs. Clin Oral Implants Res. 2013;24(4):363-371.

Berglundh T, Zitzmann NU, Donati M. Are peri-implantitis lesions different from periodontitis

lesions? | Clin Periodontol. 201 1;38 Suppl! | 1:188-202.

64



59.

60.

6l.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Figuero E, Graziani F, Sanz |, Herrera D, Sanz M. Management of peri-implant mucositis and peri-
implantitis. Periodontol 2000. 2014;66(1):255-273.

Belibasakis GN. Microbiological and immuno-pathological aspects of peri-implant diseases. Arch Oral
Biol. 2014;59(1):66-72.

Salvi GE, Aglietta M, Eick S, Sculean A, Lang NP, Ramseier CA. Reversibility of experimental peri-
implant mucositis compared with experimental gingivitis in humans. Clin Oral Implants Res.
2012;23(2):182-190.

Pontoriero R, Tonelli MP, Carnevale G, Mombelli A, Nyman SR, Lang NP. Experimentally induced
peri-implant mucositis. A clinical study in humans. Clin Oral Implants Res. 1994;5(4):254-259.
Zitzmann NU, Berglundh T, Marinello CP, Lindhe J. Experimental peri-implant mucositis in man. |
Clin Periodontol. 2001;28(6):517-523.

Loe H, Theilade E, Jensen SB. Experimental Gingivitis in Man. | Periodontol 1965;36:177-187.
Berglundh T, Lindhe ], Marinello C, Ericsson |, Liljenberg B. Soft tissue reaction to de novo plaque
formation on implants and teeth. An experimental study in the dog. Clin Oral Implants Res.
1992;3(1):1-8.

Page RC, Schroeder HE. Pathogenesis of inflammatory periodontal disease. A summary of current
work. Lab Invest. 1976;34(3):235-249.

Zitzmann NU, Abrahamsson |, Berglundh T, Lindhe J. Soft tissue reactions to plaque formation at
implant abutments with different surface topography. An experimental study in dogs. | Clin
Periodontol. 2002;29(5):456-461.

Berglundh T, Gislason O, Lekholm U, Sennerby L, Lindhe ). Histopathological observations of human
periimplantitis lesions. | Clin Periodontol. 2004;31(5):341-347.

Fransson C, Tomasi C, Pikner SS, et al. Severity and pattern of peri-implantitis-associated bone loss. |
Clin Periodontol. 2010;37(5):442-448.

Wilson TG, Jr, Valderrama P, Burbano M, et al. Foreign bodies associated with peri-implantitis

human biopsies. | Periodontol. 2015;86(1):9-15.

65



71,

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Leonhardt A, Berglundh T, Ericsson |, Dahlen G. Putative periodontal pathogens on titanium
implants and teeth in experimental gingivitis and periodontitis in beagle dogs. Clin Oral Implants Res.
1992;3(3):112-119.

Eke PI, Braswell LD, Fritz ME. Microbiota associated with experimental peri-implantitis and
periodontitis in adult Macaca mulatta monkeys. | Periodontol 1998;69(2):190-194.

Charalampakis G, Abrahamsson |, Carcuac O, Dahlen G, Berglundh T. Microbiota in experimental
periodontitis and peri-implantitis in dogs. Clin Oral Implants Res. 2014;25(9):1094-1098.

Tabanella G, Nowzari H, Slots J. Clinical and microbiological determinants of ailing dental implants.
Clin Implant Dent Relat Res. 2009;1 1 (1):24-36.

Charalampakis G, Leonhardt A, Rabe P, Dahlen G. Clinical and microbiological characteristics of
peri-implantitis cases: a retrospective multicentre study. Clin Oral Implants Res. 2012;23(9):1045-
1054.

van Winkelhoff A}, Goene R|], Benschop C, Folmer T. Early colonization of dental implants by
putative periodontal pathogens in partially edentulous patients. Clin Oral Implants Res. 2000;
[1(6):511-520.

Quirynen M, Vogels R, Peeters W, van Steenberghe D, Naert |, Haffajee A. Dynamics of initial
subgingival colonization of 'pristine’ peri-implant pockets. Clin Oral Implants Res. 2006;17(1):25-37.
Mombelli A, Lang NP. Microbial aspects of Implant Dent. Periodontol 2000. 1994;4:74-80.

Canullo L, Radovanovic S, Delibasic B, Blaya A, Penarrocha D, Rakic M. The predictive value of
microbiological findings on teeth, internal and external implant portions in clinical decision making.
Clin Oral Implants Res. 2017;28(5):512-519.

Shibli JA, Melo L, Ferrari DS, Figueiredo LC, Faveri M, Feres M. Composition of supra- and
subgingival biofim of subjects with healthy and diseased implants. Clin Oral Implants Res.
2008;19(10):975-982.

da Silva ES, Feres M, Figueiredo LC, Shibli JA, Ramiro FS, Faveri M. Microbiological diversity of peri-

implantitis biofilm by Sanger sequencing. Clin Oral Implants Res. 2014;25(10):1 192-1199.

66



82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Socransky SS, Haffajee AD, Cugini MA, Smith C, Kent RL, Jr. Microbial complexes in subgingival
plaque. | Clin Periodontol. 1998;25(2):134-144.

Persson GR, Renvert S. Cluster of bacteria associated with peri-implantitis. Clin Implant Dent Relat
Res. 2014;16(6):783-793.

Aruni W, Chioma O, Fletcher HM. Filifactor alocis: The Newly Discovered Kid on the Block with
Special Talents. | Dent Res. 2014;93(8):725-732.

Tamura N, Ochi M, Miyakawa H, Nakazawa F. Analysis of bacterial flora associated with peri-
implantitis using obligate anaerobic culture technique and 16S rDNA gene sequence. Int | Oral
Maxillofac Implants. 2013;28(6):1521-1529.

De Bruyn H, Christiaens V, Doornewaard R, et al. Implant surface roughness and patient factors on
long-term peri-implant bone loss. Periodontol 2000. 2017;73(1):218-227.

Renvert S, Polyzois |, Claffey N. How do implant surface characteristics influence peri-implant
disease? | Clin Periodontol. 201 1;38 Suppl | 1:214-222.

Quirynen M, Abarca M, Van Assche N, Nevins M, van Steenberghe D. Impact of supportive
periodontal therapy and implant surface roughness on implant outcome in patients with a history of
periodontitis. | Clin Periodontol. 2007;34(9):805-815.

Chappuis V, Buser R, Bragger U, Bornstein MM, Salvi GE, Buser D. Long-term outcomes of dental
implants with a titanium plasma-sprayed surface: a 20-year prospective case series study in partially
edentulous patients. Clin Implant Dent Relat Res. 2013;15(6):780-790.

Becker ST, Beck-Broichsitter BE, Rossmann CM, Behrens E, Jochens A, Wiltfang . Long-term Survival
of Straumann Dental Implants with TPS Surfaces: A Retrospective Study with a Follow-up of 12 to
23 Years. Clin Implant Dent Relat Res. 2016;18(3):480-488.

Berglundh T, Gotfredsen K, Zitzmann NU, Lang NP, Lindhe J. Spontaneous progression of ligature
induced peri-implantitis at implants with different surface roughness: an experimental study in dogs.

Clin Oral Implants Res. 2007;18(5):655-66 1.

67



92.

93.

94.

95.

96.

97.

98.

99.

1 00.

101.

102.

Albouy JP, Abrahamsson |, Persson LG, Berglundh T. Implant surface characteristics influence the
outcome of treatment of peri-implantitis: an experimental study in dogs. | Clin Periodontol.
201 1;38(1):58-64.

Lang NP, Berglundh T, Heitz-Mayfield L, Pjetursson BE, Salvi GE, Sanz M. Consensus statements and
recommended clinical procedures regarding implant survival and complications. Int | Oral Maxillofac
Implants. 2004;19 Suppl:150-154.

Okayasu K, Wang HL. Decision tree for the management of periimplant diseases. Implant Dent.
201 1;20(4):256-261.

Sakka S, Idrees M, Alissa R, Kujan O. Ailling and failing oral implants: initial therapy and surgical
management. | Investig Clin Dent. 2013;4(4):207-210.

Heitz-Mayfield LJ, Mombelli A. The therapy of peri-implantitis: a systematic review. Int | Oral
Maxillofac Implants. 2014;29 Suppl:325-345.

Heitz-Mayfield LJ, Salvi GE, Mombelli A, et al. Supportive peri-implant therapy following anti-infective
surgical peri-implantitis treatment: 5-year survival and success. Clin Oral Implants Res. 2016.
Mombelli A. Microbiology and antimicrobial therapy of peri-implantitis. Periodontol 2000.
2002;28:177-189.

Subramani K, Wismeijer D. Decontamination of titanium implant surface and re-osseointegration to
treat peri-implantitis: a literature review. Int | Oral Maxillofac Implants. 2012;27(5):1043-1054.
Renvert S, Samuelsson E, Lindahl C, Persson GR. Mechanical non-surgical treatment of peri-
implantitis: a double-blind randomized longitudinal clinical study. I: clinical results. | Clin Periodontol.
2009;36(7):604-609.

Muthukuru M, Zainvi A, Esplugues EO, Flemmig TF. Non-surgical therapy for the management of
peri-implantitis: a systematic review. Clin Oral Implants Res. 2012;23 Suppl 6:77-83.

Mettraux GR, Sculean A, Burgin WB, Salvi GE. Two-year clinical outcomes following non-surgical
mechanical therapy of peri-implantitis with adjunctive diode laser application. Clin Oral Implants Res.

2016;27(7):845-849.

68



103.

104.

| 05.

1 06.

107.

108.

109.

I'10.

2.

Tastepe CS, van Waas R, Liu Y, Wismeijer D. Air powder abrasive treatment as an implant surface
cleaning method: a literature review. Int | Oral Maxillofac Implants. 2012;27(6):1461-1473.

Schwarz F, Becker K, Renvert S. Efficacy of air polishing for the non-surgical treatment of peri-
implant diseases: a systematic review. | Clin Periodontol. 2015;42(10):951-959.

John G, Becker |}, Schwarz F. Effectivity of air-abrasive powder based on glycine and tricalcium
phosphate in removal of initial biofilm on titanium and zirconium oxide surfaces in an ex vivo model.
Clin Oral Investig. 2016;20(4):711-719.

Schwarz F, Becker K, Bastendorf KD, et al. Recommendations on the clinical application of air
polishing for the management of peri-implant mucositis and peri-implantitis. Quintessence Int.
2016;47(4):293-296.

Persson LG, Mouhyi J, Berglundh T, Sennerby L, Lindhe . Carbon dioxide laser and hydrogen
peroxide conditioning in the treatment of periimplantitis: an experimental study in the dog. Clin
Implant Dent Relat Res. 2004;6(4):230-238.

Romeo U, Nardi GM, Libotte F, Sabatini S, Palaia G, Grassi FR. The Antimicrobial Photodynamic
Therapy in the Treatment of Peri-Implantitis. Int | Dent. 2016;2016:7692387.

Ghanem A, Pasumarthy S, Ranna V, et al. Is mechanical curettage with adjunct photodynamic
therapy more effective in the treatment of peri-implantitis than mechanical curettage alone?
Photodiagnosis Photodyn Ther. 2016.

Mellado-Valero A, Buitrago-Vera P, Sola-Ruiz MF, Ferrer-Garcia JC. Decontamination of dental
implant surface in peri-implantitis treatment: a literature review. Med Oral Patol Oral Cir Bucdl.
2013;18(6):e869-876.

Renvert S, Lessem |, Dahlen G, Lindahl C, Svensson M. Topical minocycline microspheres versus
topical chlorhexidine gel as an adjunct to mechanical debridement of incipient peri-implant
infections: a randomized clinical trial. | Clin Periodontol. 2006;33(5):362-369.

Suarez F, Monje A, Galindo-Moreno P, Wang HL. Implant surface detoxification: a comprehensive

review. Implant Dent. 2013;22(5):465-473.

69



I'13.

|14

I'15.

I'16.

7.

I'18.

I'19.

120.

121.

122.

Persson LG, Ericsson |, Berglundh T, Lindhe J. Osseintegration following treatment of peri-implantitis
and replacement of implant components. An experimental study in the dog. | Clin Periodontol.
2001;28(3):258-263.

Strooker H, Rohn S, Van Winkelhoff AJ. Clinical and microbiologic effects of chemical versus
mechanical cleansing in professional supportive implant therapy. Int | Oral Maxillofac Implants.
1998;13(6):845-850.

Wiltfang |, Zernial O, Behrens E, Schlegel A, Warnke PH, Becker ST. Regenerative treatment of peri-
implantitis bone defects with a combination of autologous bone and a demineralized xenogenic
bone graft: a series of 36 defects. Clin Implant Dent Relat Res. 2012;14(3):421-427.

Aljateeli M, Fu JH, Wang HL. Managing peri-implant bone loss: current understanding. Clin Implant
Dent Relat Res. 2012;14 Suppl 1:e109-118.

Toma S, Lasserre JF, Taieb ], Brecx MC. Evaluation of an air-abrasive device with amino acid glycine-
powder during surgical treatment of peri-implantitis. Quintessence Int. 2014;45(3):209-219.

Claffey N, Clarke E, Polyzois |, Renvert S. Surgical treatment of peri-implantitis. | Clin Periodontol.
2008;35(8 Suppl):316-332.

Schwarz F, Sahm N, Iglhaut G, Becker . Impact of the method of surface debridement and
decontamination on the clinical outcome following combined surgical therapy of peri-implantitis: a
randomized controlled clinical study. | Clin Periodontol. 201 1;38(3):276-284.

Renvert S, Polyzois I, Maguire R. Re-osseointegration on previously contaminated surfaces: a
systematic review. Clin Oral Implants Res. 2009;20 Suppl 4:216-227.

Zablotsky MH, Diedrich DL, Meffert RM. Detoxification of endotoxin-contaminated titanium and
hydroxyapatite-coated surfaces utilizing various chemotherapeutic and mechanical modalities.
Implant Dent. 1992;1(2):154-158.

Schou S, Holmstrup P, Jorgensen T, et al. Implant surface preparation in the surgical treatment of
experimental peri-implantitis with autogenous bone graft and ePTFE membrane in cynomolgus

monkeys. Clin Oral Implants Res. 2003;14(4):412-422.

70



123.

124.

125.

126.

127.

128.

129.

130.

131

Kotsakis GA, Lan C, Barbosa J, et al. Antimicrobial Agents Used in the Treatment of Peri-Implantitis
Alter the Physicochemistry and Cytocompatibility of Titanium Surfaces. | Periodontol 2016;87(7):809-
819.

Froum S, Froum SH, Rosen PS. A Regenerative Approach to the Successful Treatment of Peri-
implantitis: A Consecutive Series of 170 Implants in |00 Patients with 2- to 10-Year Follow-up. The
Int | Periodontics Restorative Dent. 2015;35(6):857-863.

Kawase T. Platelet-rich plasma and its derivatives as promising bioactive materials for regenerative
medicine: basic principles and concepts underlying recent advances. Odontology. 2015;103(2):126-
I35.

Burnouf T, Goubran HA, Chen TM, Ou KL, El-Ekiaby M, Radosevic M. Blood-derived biomaterials
and platelet growth factors in regenerative medicine. Blood Rev. 2013;27(2):77-89.

Schar MO, Diaz-Romero |, Kohl S, Zumstein MA, Nesic D. Platelet-rich concentrates differentially
release growth factors and induce cell migration in vitro. Clin Orthop Relat Res. 2015;473(5):1635-
| 643.

Bielecki T, Dohan Ehrenfest DM. Platelet-rich plasma (PRP) and Platelet-Rich Fibrin (PRF): surgical
adjuvants, preparations for in situ regenerative medicine and tools for tissue engineering. Curr Pharm
Biotechnol. 2012;13(7):1121-1130.

Dohan Ehrenfest DM, Bielecki T, Jimbo R, et al. Do the fibrin architecture and leukocyte content
influence the growth factor release of platelet concentrates? An evidence-based answer comparing a
pure platelet-rich plasma (P-PRP) gel and a leukocyte- and platelet-rich fibrin (L-PRF). Curr Pharm
Biotechnol. 2012;13(7):1 145-1152.

Choukroun |, Diss A, Simonpieri A, et al. Platelet-rich fibrin (PRF): a second-generation platelet
concentrate. Part IV: clinical effects on tissue healing. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2006;101(3):e56-60.

Bielecki T, Dohan Ehrenfest DM, Everts PA, Wiczkowski A. The role of leukocytes from L-PRP/L-
PRF in wound healing and immune defense: new perspectives. Curr Pharm Biotechnol.

2012;13(7):1153-1162,

71



132.

133.

| 34.

| 35.

| 36.

137.

|38.

139.

140.

Dohan DM, Choukroun |, Diss A, et al. Platelet-rich fibrin (PRF): a second-generation platelet
concentrate. Part |: technological concepts and evolution. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2006;101(3):e37-44.

Cieslik-Bielecka A, Dohan Ehrenfest DM, Lubkowska A, Bielecki T. Microbicidal properties of
Leukocyte- and Platelet-Rich Plasma/Fibrin (L-PRP/L-PRF): new perspectives. | Biol Regul Homeost
Agents. 2012;26(2 Suppl 1):435-52S.

Dohan Ehrenfest DM, Andia |, Zumstein MA, Zhang CQ, Pinto NR, Bielecki T. Classification of
platelet concentrates (Platelet-Rich Plasma-PRP, Platelet-Rich Fibrin-PRF) for topical and infiltrative
use in orthopedic and sports medicine: current consensus, clinical implications and perspectives.
Muscles Ligaments Tendons |. 2014;4(1):3-9.

Dohan Ehrenfest DM, Rasmusson L, Albrektsson T. Classification of platelet concentrates: from pure
platelet-rich plasma (P-PRP) to leucocyte- and platelet-rich fibrin (L-PRF). Trends Biotechnol.
2009;27(3):158-167.

Dohan Ehrenfest DM, Bielecki T, Mishra A, et al. In search of a consensus terminology in the field of
platelet concentrates for surgical use: platelet-rich plasma (PRP), platelet-rich fibrin (PRF), fibrin gel
polymerization and leukocytes. Curr Pharm Biotechnol. 2012;13(7):1 131-1137.

Dohan Ehrenfest DM, Del Corso M, Diss A, Mouhyi ], Charrier |B. Three-dimensional architecture
and cell composition of a Choukroun's platelet-rich fibrin clot and membrane. | Periodontol
2010;81(4):546-555.

http://wwwi silfradent.co.uk/ - Imedifuge---cgf/cjg9 . Accessed May 17, 2017.

Dohan DM, Choukroun |, Diss A, et al. Platelet-rich fibrin (PRF): a second-generation platelet
concentrate. Part Il: platelet-related biologic features. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2006;101(3):e45-50.

Dohan DM, Choukroun |, Diss A, et al. Platelet-rich fibrin (PRF): a second-generation platelet
concentrate. Part lll: leucocyte activation: a new feature for platelet concentrates? Oral Surg Oral Med

Oral Pathol Oral Radiol Endod. 2006;101(3):e51-55.

72



141,

142.

143.

| 44.

145.

| 46.

147.

148.

149.

I 50.

I51.

152.

I53.

| 54.

Simonpieri A, Del Corso M, Vervelle A, et al. Current knowledge and perspectives for the use of
platelet-rich plasma (PRP) and platelet-rich fibrin (PRF) in oral and maxillofacial surgery part 2: Bone
graft, implant and reconstructive surgery. Curr Pharm Biotechnol. 2012;13(7):1231-1256.

Kumar RV, Shubhashini N. Platelet rich fibrin: a new paradigm in periodontal regeneration. Cell Tissue
Bank. 2013;14(3):453-463.

McFadyen D, Kaplan ZS. Platelets are not just for clots. Transfus Med Rev. 2015;29(2):1 10-119.
Kerrigan SW, Poole A. Focusing on the role of platelets in immune defence against invading
pathogens. Platelets. 2015;26(4):285.

Cox D, Kerrigan SW, Watson SP. Platelets and the innate immune system: mechanisms of bacterial-
induced platelet activation. | Thromb Haemost. 201 1;9(6):1097-1107.

Hamzeh-Cognasse H, Damien P, Chabert A, Pozzetto B, Cognasse F, Garraud O. Platelets and
infections - complex interactions with bacteria. Ffront Immunol. 2015;6:82.

Li Z, Yang F, Dunn S, Gross AK, Smyth SS. Platelets as immune mediators: their role in host defense
responses and sepsis. Thromb Res. 201 1;127(3):184-188.

Yeaman MR Platelets: at the nexus of antimicrobial defence. Nature Rev Microbiol. 2014;12(6):426-
437.

Piascik P. Use of Regranex gel for diabetic foot ulcers. | Am Pharm Assoc. 1998;38(5):628-630.
Murakami S. Periodontal tissue regeneration by signaling molecule(s): what role does basic fibroblast
growth factor (FGF-2) have in periodontal therapy? Periodontol 2000. 201 1;56(1):188-208.
Mammoto T, Jiang A, Jiang E, Mammoto A. Platelet rich plasma extract promotes angiogenesis
through the angiopoietin I-Tie2 pathway. Microvasc Res. 201 3;89:15-24.

Yeaman MR The role of platelets in antimicrobial host defense. Clin Infect Dis. 1997;25(5):951-968;
quiz 969-970.

Yeaman MR, Bayer AS. Antimicrobial peptides from platelets. Drug Resist Updat. 1999;2(2):116-126.
Fabbro MD, Bortolin M, Taschieri S, Ceci C, Weinstein RL. Antimicrobial properties of platelet-rich

preparations. A systematic review of the current pre-clinical evidence. Platelets. 2016;27(4):276-285.

73



I55.

I56.

I57.

I58.

159.

1 60.

l6l.

162.

163.

| 64.

| 65.

Zhan Y, Lu R, Meng H, Wang X, Hou |. Platelet activation and platelet-leukocyte interaction in
generalized aggressive periodontitis. | Leukoc Biol. 2016;100(5):1 155-1166.

Brousseau-Nault M, Kizhakkedathu JN, Kim H. Chronic periodontitis is associated with platelet factor
4 (PF4) secretion: a pilot study. | Clin Periodontol. 2017.

Javaid M, Bi |, Biddle C, Tsai CM, Hakkinen L, Kim H. Platelet factor 4 upregulates matrix
metalloproteinase- | production in gingival fibroblasts. | Periodontal Res. 2017;52(4):787-792.

Drago L, Bortolin M, Vassena C, Romano CL, Taschieri S, Del Fabbro M. Plasma components and
platelet activation are essential for the antimicrobial properties of autologous platelet-rich plasma: an
in vitro study. PloS one. 2014;9(9):e 10781 3.

Miron RJ, Zucchelli G, Pikos MA, et al. Use of platelet-rich fibrin in regenerative dentistry: a
systematic review. Clin Oral Investig. 2017.

Yang LC, Hu SW, Yan M, Yang J}, Tsou SH, Lin YY. Antimicrobial activity of platelet-rich plasma and
other plasma preparations against periodontal pathogens. | Periodontol. 2015;86(2):310-318.
Anwandter A, Bohmann S, Nally M, Castro AB, Quirynen M, Pinto N. Dimensional changes of the
post extraction alveolar ridge, preserved with Leukocyte- and Platelet Rich Fibrin: A clinical pilot
study. | Dentistry. 2016.

Marenzi G, Riccitiello F, Tia M, di Lauro A, Sammartino G. Influence of Leukocyte- and Platelet-Rich
Fibrin (L-PRF) in the Healing of Simple Postextraction Sockets: A Split-Mouth Study. BioMed Res Int.
2015;2015:369273.

Castro AB, Meschi N, Temmerman A, et al. Regenerative potential of leucocyte- and platelet-rich
fibrin. Part A: intra-bony defects, furcation defects and periodontal plastic surgery. A systematic
review and meta-analysis. | Clin Periodontol. 2017;44(1):67-82.

Miron RJ, Fujioka-Kobayashi M, Hernandez ™, et al. Injectable platelet rich fibrin (i-PRF):
opportunities in regenerative dentistry? Clin Oral Investig. 2017.

Jang ES, Park JW, Kweon H, et al. Restoration of peri-implant defects in immediate implant
installations by Choukroun platelet-rich fibrin and silk fibroin powder combination graft. Oral Surg

Oral Med Oral Pathol Oral Radiol Endod. 2010;109(6):83 -836.

74



| 66.

167.

| 68.

169.

1'70.

171

|72.

|73.

| 74.

|'75.

|'76.

|77.

Tunaliota M, Ozdemir H, Arabaciota T, Gurbuzer B, Pikdoken L, Firatli E. Clinical evaluation of
autologous platelet-rich fibrin in the treatment of multiple adjacent gingival recession defects: a |2-
month study. Int | Periodontics Restorative Dent 2015;35(1):105-114.

Miron R|, Fujioka-Kobayashi M, Bishara M, Zhang Y, Hernandez M, Choukroun J. Platelet-Rich Fibrin
and Soft Tissue Wound Healing: A Systematic Review. Tissue Eng Part B Rev. 2017;23(1):83-99.
Lolato A, Bucchi C, Taschieri S, Kabbaney AE, Fabbro MD. Platelet concentrates for revitalization of
immature necrotic teeth: a systematic review of the clinical studies. Platelets. 2016;27(5):383-392.

http://www.htd-consulting.it/files/2015_Inews-Infodent Asia.pdf. Accesssed July10, 2017

Wetzel AC, Vlassis |, Caffesse RG, Hammerle CH, Lang NP. Attempts to obtain re-osseointegration
following experimental peri-implantitis in dogs. Clin Oral Implants Res. 1999;10(2):111-119.

You TM, Choi BH, Zhu S), et al. Treatment of experimental peri-implantitis using autogenous bone
grafts and platelet-enriched fibrin glue in dogs. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2007;103(1):34-37.

Mouhyi J, Sennerby L, Pireaux |, Dourov N, Nammour S, Van Reck J. An XPS and SEM evaluation of
six chemical and physical techniques for cleaning of contaminated titanium implants. Clin Oral
Implants Res. 1998;9(3):185-194.

Hoaglin DR, Lines GK. Prevention of localized osteitis in mandibular third-molar sites using platelet-
rich fibrin. Int | Dent. 2013;2013:875380.

Tang YQ, Yeaman MR, Selsted ME. Antimicrobial peptides from human platelets. Infect Immun.
2002;70(12):6524-6533.

Yeaman MR, Bayer AS, Koo SP, Foss W, Sullam PM. Platelet microbicidal proteins and neutrophil
defensin disrupt the Staphylococcus aureus cytoplasmic membrane by distinct mechanisms of action.
J Clin Invest. 1998;101(1):178-187.

Weibrich G, Kleis WK, Hafner G, Hitzler WE. Growth factor levels in platelet-rich plasma and
correlations with donor age, sex, and platelet count. | Craniomaxillofac Surg. 2002;30(2):97-102.
Miller CH, Rice AS, Garrett K, Stein SF. Gender, race and diet affect platelet function tests in normal

subjects, contributing to a high rate of abnormal results. Br | Haematol. 2014;165(6):842-853.

75



|'78.

179.

1 80.

Holt RR, Actis-Goretta L, Momma TY, Keen CL. Dietary flavanols and platelet reactivity. | Cardiovasc
Pharmacol. 2006;47 Suppl 2:5187-196; discussion S206-189.

Pearson DA, Holt RR, Rein D, Paglieroni T, Schmitz HH, Keen CL. Flavanols and platelet reactivity.
Clin Dev Immunol. 2005;12(1):1-9.

Gurbel PA, Bliden KP, DiChiara |, et al. Evaluation of dose-related effects of aspirin on platelet
function: results from the Aspirin-Induced Platelet Effect (ASPECT) study. Circulation.

2007;115(25):3156-3164.

76



Appendices

Appendix A: Experiment |. Donor and Test Sample Data

Perforations and Donor Information per Samples

>ample Bacteria with perforations/total bacteria Mean Gender Age Donor
number
I 29/32 0/0 0/0 29/32 F 28 |
2 18/20 19720 16/20 17.66/20 F 27 2
3 14716 17720 8/9 13/15 F 37 3
4 /19 0/18 12 0.67/13 F 32 4
5 0/0 15/20 14/25 14.5/22.5 M 32 5
6 0/0 3/42 0/0 3/42 F 26 6
7 8/86 0/28 5120 4.44/44.66 F 36 7
All
8 0/0 0/0 0/0 samples M 32 5
excluded

* Multiple donors participated more than once and can be identified by repeated donor number. Samples
presenting no bacteria could not be assessed for perforations. These were excluded.
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Appendix B: Experiment 2. Donor and Test Sample Data

Residual bacteria and Donor Information per Sample
nsuathiis Residual Bacteria per sample Mean Gender Age Donor*
| 6 0 0 2 M 40 8
2 0 0 9 3 F 32 4
3 27 2 0 9.66 F 26 6
4 0 0 0 0 F 28 9
5 0 0 0 0 F 36 7
6 8 6 0 4.66 M 40 8
7 I 3 12 8.66 F 26 6
8 | 0 | 0.66 F 33 4
9 82 3 2 29 M 33 10
10 99 I 5 35 M 43 Il
[ ] 109 46 6 53.66 F 27 2
12 Excluded 3 8 55 F 37 3

*Multiple donors participated more than once and can be identified by repeated donor numbers. Donor
number are continued from Appendix A. Donor 4 appears with age 32 and age 33 due to birthday between
donations. Donor’s age at time of first donation was used for donor descriptives (mean, standard deviation).
Excluded sample was found to be upside down during treatment.
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Appendix C: Statistical Analysis Experiment |

Case Processing Summary

Cases
Valid Missing Total
N Percent N Percent N Percent
perforations * group 1120 100.0% 0 0.0% 1120 100.0%
perforations * group Crosstabulation
Count
group
cont test Total

perforations no 733 219 952

yes 0 168 168
Total 733 387 1120

Chi-Square Tests
Asymptotic
Significance Exact Sig. Exact Sig.
Value df (2-sided) (2-sided) (1-sided)

Pearson Chi-Square 374.355° .000 .000 .000
Continuity Correction® 370.958 .000
Likelihood Ratio 417.113 .000 .000 .000
Fisher's Exact Test .000 .000
N of Valid Cases 1120

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 58.05.

b. Computed only for a 2x2 table
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Appendix D: Statistical Analysis Experiment 2

Cases
Valid Missing Total
Group N Percent N Percent N Percent
Bacteria  Biofilm 100.0% 0 0.0% 100.0%
Control A 6 100.0% 0 0.0% 6 100.0%
Control B 12 100.0% 0 0.0% 12 100.0%
Test 12 100.0% 0 0.0% 12 100.0%
Descriptives
Group Statistic Std. Error
Bacteria  Biofilm Mean 865.0000 151.90458
95% Confidence Interval  Lower Bound 514.7074
for Mean Upper Bound  1215.2926
5% Trimmed Mean 842.5556
Median 630.0000
Variance 207675.000
Std. Deviation 455.71373
Minimum 437.00
Maximum 1697.00
Range 1260.00
Interquartile Range 787.50
Skewness .982 717
Kurtosis -.643 1.400
Control A Mean 169.0000 61.52723
95% Confidence Interval  Lower Bound 10.8392
for Mean Upper Bound 327.1608
5% Trimmed Mean 161.2778
Median 137.5000
Variance 22713.600
Std. Deviation 150.71032
Minimum 38.00
Maximum 439.00
Range 401.00
Interquartile Range 221.75
Skewness 1.336 .845
Kurtosis 1.705 1.741
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Control B Mean 151.2500 23.53145

95% Confidence Interval  Lower Bound 99.4576

for Mean Upper Bound 203.0424

5% Trimmed Mean 149.7222

Median 155.0000

Variance 6644.750

Std. Deviation 81.51534

Minimum 42.00

Maximum 288.00

Range 246.00

Interquartile Range 140.00

Skewness .153 .637

Kurtosis -1.478 1.232
Test Mean 12.6528 4.96886

95% Confidence Interval  Lower Bound 1.7164

for Mean Upper Bound 23.5892

5% Trimmed Mean 11.0772

Median 5.0833

Variance 296.275

Std. Deviation 17.21264

Minimum .00

Maximum 53.67

Range 53.67

Interquartile Range 23.17

Skewness 1.619 .637

Kurtosis 1.802 1.232
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Tests of Normality

Kolmogorov-Smirnov® Shapiro-Wilk
Group Statistic df Sig. Statistic df Sig.
Bacteria  Biofilm .294 9 .024 .820 9 .034
Control A 221 6 200 .860 6 .190
Control B .204 12 .179 912 12 .226
Test 319 12 .001 .750 12 .003

*. This is a lower bound of the true significance.

a. Lilliefors Significance Correction



