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ABSTRACT 

Background: The success of dental implants has been a major milestone in clinical dentistry. 

However, a few issues with infections around the implants remain. The purpose of this research is 

to evaluate a molecular rationale for the use of low power laser treatments, termed 

Photobiomodulation Therapy, in management of Peri-Implantitis. 

Material and Methods: A randomized, single-blinded, interventional human clinical study in 22 

subjects was proposed to the University at Buffalo Institutional Review Board and protocol 

#STUDY00000470 was approved. PBM therapy using a near-infrared (810 nm) diode laser at 

irradiance of 10 mW/cm2
, 300 seconds for a total fluence (dose) 3 J/cm2

• Both groups were subjected 

to routine, standard-of-care management including curettage, disinfection and bone-graft as 

necessary. Tissue samples were collected during curettage from both groups and processed for 

HBD-2 expression. Normal human oral fibroblast (HOF) were seeded in culture dishes and treated 

with LPS derived from Porphyromonas gingivalis (P Gingivalis) and PBM therapy was performed 

at varying doses. mRNA was collected after 24 hours and qRT-PCR for HBD-2 and GAPDH 

expression were performed and analyzed using the ddCT method. 

Results: The clinical study demonstrated an increased expression of HBD-2 expression in PBM 

treatment group compared to controls. In lab study, PBM treatments induced HBD-2 in infection 

mimicking scenario at an optimum dose of 50mW/cm2 for 120sec for total dose of 6 J/cm2
• 

Conclusions: This study demonstrated the utility of assessing HBD-2 expression as a potential 

biomarker to optimize PBM treatment parameters in peri-implant disease management. 
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INTRODUCTION 

The increasing popularity of dental implant therapy has led to being the predominant successful 

method of replacing missing teeth. However, up to date dental implants are still at risk for peri

implant diseases that affect their long-term prognosis causing major concerns to both dental 

clinicians and patients. Introduction of the term Peri-implantitis in 1980s was later modified in 1990 

to describe this inflammatory disease around the implant supporting tissues has led to differentiate 

it (Mombelli et al., 1987). Peri-implant mucositis which is only an inflammation in the mucosa 

around the implant and is not accompanied by bone loss (Lindhe and Meyle, 2008). Peri-implantitis 

which includes inflammation in the mucosa, bleeding and exudate, pocket formation and bone loss 

(Figure 1 and 2) (Lindhe and Meyle, 2008). Clinicians are yet to find the most effective clinical 

treatment guideline for Peri-Implantitis (Bidra, 2012). If peri-implantitis persists with the 

progression ofbone loss, it can ultimately lead to implant failure. 

Risk Factors for Peri-implant Diseases 

Both complication result from polymicrobial infection of the implant interface and the host 

inflammatory response of the peri-implant tissue (Lindhe and Meyle, 2008; Mombelli and Lang, 

1998). History of periodontitis, smoking diabetes and poor plaque control or lack of good oral 

hygiene maintenance are potential risk factors with substantial evidence that could increase the 

incidence ofperi-implant disease (Quirynen et al., 2007; Schwarz et al., 2018; Strietzel et al., 2007). 

However other risk indicators include presence of keratinized mucosa, genetic factors, excess 

cement, systemic conditions, iatrogenic factors and occlusal overload also have associated with 

biological complication of implants and titanium particles require additional research to be 

conducted in aim to validate them as risk factors (2013; Heitz-Mayfield, 2008; Schwarz et al., 2018). 



Figure 1. Clinical photograph and radiograph of maxillary central incisor with signs of 
peri-implant mucositis. Images taken from Dr. Scott Froum J website: 
https://dimensionsofdentalhygiene.com/article/treatment-of-peri-implant-mucositis/ 

Figure 2. Clinical photograph and radiograph of maxillary lateral incisor with signs of 
peri-implantitis. hnage from Stuart J. Froum Int J Periodontics Restorative Dent 2012 
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Diagnosis ofPeri-implant Disease 

Diagnoses of peri-implant health and disease is currently based on several associated clinical 

findings around the dental implant, including bleeding on probing (BoP). An experimental study 

showed healthy peri-implant sites had absence of BOP while there was increased BOP at mucositis 

(67%) and peri-implantitis (91 %) sites (Lang et al., 1994). Suppuration is another good diagnostic 

criteria ofperi-implant disease however its absence or presence does not differentiate between peri

implant mucositis and peri-implantitis but it was observant that there is higher chance of suppuration 

presenting with peri-implantits (Fransson et al., 2005; Fransson et al., 2008). Probing depth (PD) as 

analyzed by Schwarz et al. concluded that PD is higher in implant diseased sites compared with 

healthy peri-implant mucosa and there was no significant difference between peri-implant mucositis 

and peri-implantitis (Schwarz et al., 2017). 

Radiographic evidence ofbone loss where several clinical studies reported the configuration of the 

peri-implant bone defects and the majority of implants investigated exhibited a uniform implant bone 

loss with (55%) of implants (Schwarz et al., 2007; Serino et al., 2013). Mobility is also used in 

diagnosis of peri-implant disease but it is not a very good aid since any mobility in an implant is a 

failure and should be removed (Schwarz et al., 2007). Secondary diagnostic tools such as bacterial 

culturing in which higher bacterial count is associated with peri-implant disease, especially species 

such as Porphyromonas gingivalis and Tannerella forsythia compared with healthy implant site 

(Persson and Renvert, 2014). Inflammatory markers such as IL-1~ and TNF-a from the peri

implant crevicular fluid have been proposed as non-invasive diagnostic biomarkers to assess 

peri-implant health status (Duarte et al., 2016; Faot et al., 2015). 
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Prevalence ofPeri-implant Diseases 

The prevalence of peri-implant disease is controversial topic and accurate estimates remain unclear 

(Schwarz et al., 2007). According to the Third European Academy of Osseointegration Consensus 

Conference, the prevalence of peri-implantitis over a period of 5-10 years following implant 

placement seems to be about 10% of all implants and 20% of patients (Hammerle et al., 2012; 

Mombelli et al., 2012). The Consensus Report of the Sixth European Workshop on Periodontology 

noted that peri-implant mucositis occurs in about 80% of subjects and 50% of sites restored with 

implants) while peri-implantitis affects between 28 to 56% of subjects and 12 to 40% of implant 

sites (Lindhe and Meyle, 2008). Several studies were done on the prevalence of peri-implant 

mucositis and peri-implantitis, where the reported prevalence ranged from 6.61 % up to 47% 

over different periods ofyears from 8 years to 14 years (Koldsland et al., 2010; Marrone et al., 2013; 

Roos-Jansaker et al., 2006). These differences could be attributed to different thresholds like 

characteristics of the study population, radiographic bone loss and inflammatory parameters such as 

BoP and PD, that could explain the variance in reporting prevalence of peri-implant diseases 

(Mombelli et al., 2012). 

Management ofPeri-implant Diseases 

The treatment of peri-implant infection includes non-surgical and surgical approach. Based on the 

severity of the peri-implant disease (mucositis, moderate or severe peri-implantitis) a non-surgical 

approach alone might be sufficient followed by surgical treatment as necessary. The appropriate 

treatment strategy has been demonstrated in patient studies leading to the development of Lang et 

al classification included treatment part in its classification (Table 1) (Lang et al., 2004). 
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Stage Results 

A 

B 

Pocket depth {PD)< 3 mm, 
no plaque or bleeding 

PD< 3 mm, plaque and/ or 
bleeding on probing 

PD 4-5 mm, radiologically no 
bone loss 

C 
PD> 5 mm, radiologically 
bone loss<2mm 

D 
PD> 5 mm, radiologically 
bone loss> 2 mm 

Therapy 

No therapy 

Mechanically cleaning, polishing, oral hygienic 
instructions 
Mechanically cleaning, polishing, oral hygienic 
instructions plus local anti-infective therapy {e.g. 
CHX) 
Mechanically cleaning, polishing, microbiological test, 
local and systemic anti-infective therapy 

Resective or regenerative surgery 

Table 1: Classification of Peri-implant diseases by Lang et al 2004. 
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Non-surgical mechanical treatments: The main purpose of peri-implant treatment is to detoxify 

and to decontaminate implant surface. In case of peri-implant mucositis, non-surgical methods are 

recommended and sufficient for resolution. These include mechanical implant cleaning with 

titanium or plastic-curettes, ultrasonics and air polishing. However, these non-surgical mechanical 

debridement alone has limited efficacy in the management of peri-implantitis (Klinge et al., 2012). 

Therefore, adjunctive chemical agents such as antiseptic rinses, systemic or locally delivered 

antibiotics may enhance the healing following non-surgical mechanical debridement (Klinge et al., 

2012; Porras et al., 2002). Application of chlorhexidine resulted in the reduction of pocket depths, 

improved osseointegration and general reduction of inflammation as measured by the level of the 

inflammatory cytokines (de Waal et al., 2013; Machtei et al., 2012). In a review by Javed Fetal. 

nine studies were summarized on systemic and local antibiotic applications ( e.g. tetracycline, 

doxycycline, amoxicillin, metronidazole, minocycline) that were noted to significantly reduce 

pocket depths (Javed et al., 2013). Comparative non-surgical studies were also done between 

chemical agenst after mechanical debridement. Renvert et al. examined the effects of mechanical 

debridement with chlorohexidine gel versus minocycline (Arestin) and reported significant 

reduction of probing depth in the minocycline group with similar reduction in bacterial species 

(Renvert et al., 2006). 

Laser Curettage and Disinfection for Peri-Implant disease: Various surgical lasers such as 

Diodes, Er:Y AG, Er,Cr:YSGG and CO2 are being used in the treatment of peri-implant diseases 

with increasing popularity. Treatments of peri-implantitis with lasers has noted significantly 

improved healing around the implant and reduced BOP results compared to mechanical methods 

alone at early time points, but no significant difference were noted at 12 month post treatments (Ley, 

2007; Natto et al., 2015; Schwarz et al., 2005). Persson et al. examined the effectiveness ofEr:YAG 
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lasers compared to an air polishing system in a randomized clinical trial and reported antimicrobial 

effects on specific bacterial strains at one month e.g. Fusobacterium nucleatum while there were no 

long term effects noted after 6 months (Persson et al., 2011). In a study done by Schwartz et al, 

Er:YAG laser or plastic curettes were used for debridement and combined with regenerative 

approach using xenograft and collagen membrane (Schwarz et al., 2012). Clinical outcome did not 

differ significantly in various surface debridement methods. 

Photodynamic therapy: The use of an exogenous chromophore with light illumination is termed 

antimicrobial photodynamic therapy (aPDT). aPDT is considered an adjunctive new non-surgical 

approach, further evaluations and prospective clinical trials are needed (Table 2) (Smeets et al., 

2014). Illumination of a photosensitizer with light in the presence of oxygen leads to generation of 

reactive oxygen species that has potent bactericidal effects against aerobic and anaerobic bacteria 

such as Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, Prevotella 

intermedia, Treponema Forsythia and Treponema denticola (Birang et al., 2017). Basseti et al did a 

prospective randomized clinical trial and reported a significant decrease in pathogenic bacteria and 

IL-1~ (Bassetti et al., 2014). 

Photobiomodulation Therapy: Another non-surgical adjunctive approach is the use oflow dose of 

light termed Photobiomodulation, also known as low-level laser therapy (LLLT) that has been 

recognized for almost 50 years ( de Freitas and Hamblin, 2016). PBM is the application of light with 

the purpose of promoting tissue repair, reducing inflammation and producing analgesia. The light 

parameters and the doses applied are fundamental in PBM and it refers to the use of light in red or 

near-infrared (NIR) region, with wavelengths usually in the range of400 to 1100 nm (de Freitas and 

Hamblin, 2016). It has not gained widespread acceptance, mainly due to skepticism about its clinical 

reproducibility. This has been largely attributed to the lack of molecular and cellular mechanism of 
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Laser type Applications 

Pocket decontamination, peri-implantitis, implant uncovering, incisions, pigmented 
Diode pathogens, implant surface decontamination 

Er:YAG, Pocket decontamination, peri-implantitis, implant uncovering, incisions, osseous surgery, 

Er,Cr:YSGG implant surface decontamination 

CO2 Pocket decontamination, peri-implantitis, implant uncovering, incisions, vaporizing the 

intracellular water of pathogens, soft tissue resections, implant surface decontamination 

Table 2. Applications of dental lasers in peri-implant disease management. Modified from 
Bains et al. 20IO, 4, 35. 
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PBM action. In recent years there has been significant progress in this area and there are now three 

discrete molecular PBM mechanisms that are well understood. Cytochrome C oxidase, a terminal 

enzyme of the electron transport chain which act as photoreceptor and inducer. Second mechanism 

includes light sensitive ion channels such as rhodopsins. A third mechanism is direct light-mediated 

effects on molecules especially TGF-~ family of growth factors (Chatrchyan et al., 2011). 

Clinical application of PBM Therapy 

Analgesia: Numerous clinical studies have demonstrated the efficacy of PBM-induced analgesia. 

These analgesic effects are attributed to a conduction block of central and peripheral nerve fibers 

and to release of various pain-relieving factors such as endorphins, vasodilation, cortisol levels and 

increased intracellular calcium concentration (Chow and Armati, 2016). PBM could suppress 

afferent fiber signaling as well as modulate synaptic transmission to dorsal horn neurons, including 

inhibition of substance P, and this can promote long-term pain depression (Yan et al., 2011 ). 

Anti-inflammatory: Lim et al. reported that PBM can lead to an anti-inflammatory effect by 

inhibiting prostaglandin E2 (PGE2) production and cyclooxygenase 1 and 2 (COX-I and COX-2) 

mRNA expression (Lim et al., 2015). Another study showed reduced expression oflL-6, IL-8 and 

IL-1~ (Choi et al., 2012; Nomura et al., 2001). Many inflammatory mediators and cytokines are 

noted to be affected by PBM therapy that have either pro- or anti- inflammatory action such as 

TNFa, various interleukins, histamine, TGF-~, prostaglandins and eicosanoids among others 

(Hamblin, 2017). It appears that when inflammation is present, PBM exerts an anti-inflammatory 

action. But in the absence of inflammation, PBM provide pro-inflammatory mediators that could 

assist in tissue remodeling and to mediate cell function (de Freitas and Hamblin, 2016). Clinical 

application of its anti-inflammation PBM responses are utilized to treat cases of tendinopathy, 
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thyroiditis, myalgia, Psoriasis, arthritis and Alopecia area ta ( male pattern baldness) (Hamblin, 2017). 

Healing regeneration: The healing process consists of successive phases from hemostasis, 

inflammation, cell migration, matrix synthesis, and remodeling. Fujmura et al. in 2014 outlined the 

effect ofPBM therapy on promoting roles ofkeratinocytes, fibroblasts, endothelial cells, neutrophils, 

macrophages, and mast cells in wound healing (Fujimura et al., 2014). These roles include 

modulation of proliferation, maturation, collagen synthesis, wound contractions, improved 

angiogenesis, protein synthesis and cell migration (de Freitas and Hamblin, 2016; Fekrazad et al., 

2015). Regarding bones, PBM stimulates proliferation and differentiation of osteoblasts in vivo and 

in vitro leading to an increase in bone formation as noted by increased alkaline phosphatase (ALP) 

activity and in Osteocalcin expression (Fujimoto et al., 2010). This indicates that PBM therapy can 

stimulate bone formation that appears to correlate with increased expression of insulin-like growth 

factor (IGF) and Bone Morphogenetic Protein (BMPs) may be involved (Fujimoto et al., 2010). 

Surgical treatment of peri-implantitis: Surgical treatment is usually done after non-surgical 

approach have been attempted and do not provide optimal or adequate clinical responses. Surgical 

treatment comprises of resective approach and regenerative approaches. The resective approach 

follows treatment principles similar to treating periodontitis where the basic premise is to eliminate 

the peri-implant osseous defect using ostectomy, osteoplasty, implantoplasty as well as bacterial 

decontamination (Serino and Turri, 2011). It has shown to be effective in reduction of BOP and 

pocket depth and reducing bone loss (Serino and Turri, 2011). Nevertheless, due to the increased 

postoperative recessions, this procedure is not suitable for every situation, especially in highly 

esthetic-sensitive areas. The regenerative approach is aimed at restoring function, esthetics, long

term survival through full regeneration and reestablishing osseointegration. Various studies have 

been done with grafting materials and resorpable or non-resorpable membranes following the 
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principles of guided bone regeneration. The results of studies combining bone grafts and membrane 

shows higher success compared to using bone graft or membrane alone (Smeets et al., 2014). 

However, there is high variability in amount of bone gain and osseointigration due different 

investigation protocols and assessment methods (Claffey et al., 2008; MAN et al., 2000). Bone 

regeneration approaches have been described with various success rates. Nevertheless, due to lack 

of prospective randomized clinical studies, there is little data supporting the use of surgical lasers 

for long-term stability for regenerative success. 

Antimicrobial peptides 

The antimicrobial peptides (AMPs) were first recognized in late nineteenth century and shown to be 

effective against Gram-negative Gram-positive bacteria (Skames and Watson, 1957). AMPs are a 

diverse group ofmolecules, also called host defense peptides that play a key role in innate immunity 

in vertebrates, invertebrates, plants and bacteria. Over 40 AMPs have been identified among which 

several have been isolated in the oral cavity specifically. These AMPs are organized into six 

categories base on reported antimicrobial activities which include cationic peptides, bacterial 

agglutination, metal ion chelators, peroxidase activity, cell wall activity and proteolytic inhibitors 

(Gorr and Abdolhosseini, 2011). However, in vivo functions of each AMP is not entirely clear and 

may play multiple roles in immune modulation (Bechinger and Gorr, 2017). 

Models for AMP Activity: Antimicrobial peptides work by two main mechanisms namely a 

primary membrane pore-forming action and a secondary intra-cellular killing mechanism. The 

former mechanism is typically associated with cationic AMPs and three models have been proposed 

for its action: barrel-stave, carpet, or toroidal-pore. Although the specifics ofeach mechanism differ, 

all propose that the peptide-induced membrane rupture results in cytoplasmic leakage that eventually 
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leads to microbial cell lysis or death (Figure 3) (Bechinger and Gorr, 2017; Brogden, 2005). Two 

main factors have a huge role in this model. First, the surface charge with more positive or cationic 

charge of the AMP and the negative charge of the microbial result in increased AMP interactions. 

Second, the lipid concentration of target microbial membrane where lower the lipid concentration 

the higher the resistant to AMPs and vice versa (Bechinger and Gorr, 2017). Another model ofAMP 

antimicrobial mechanism is intercellular killing which includes flocculation of intracellular contents, 

alteration of cytoplasmic membrane (septum formation), inhibition of cell-wall synthesis, binding 

with nucleic acids, inhibition ofnucleic-acid synthesis, inhibition ofprotein synthesis and inhibition 

of enzymatic activity (Brogden, 2005). Individual antimicrobial peptide ability to interact with 

multiple targets or multiple AMPs to a single target may limit the ability of microbe to develop 

resistance making them extremely potent and better than targeted pharmaceuticals ( drug) approaches 

(Bechinger and Gorr, 2017). Nonetheless, several potential microbial responses have been noted 

capable of enabling bacteria to coexist and overcome host defenses (Table 3) (Bechinger and Gorr, 

2017). These are areas of intense investigations in various labs globally. 

Human Defensins 

Defensins were first described in 1966 by Zeya and Sitznagel as cationic antimicrobial peptides 

(Lehrer, 2007). Defensins can be subdivided in two families, a- and ~-defensins (Selsted et al., 

1985). a-defensin are shorter consisting of 29-35 amino acids and ~-defensin are longer consisting 

of 38-42 amino acids. While both families are similar, they have several minor differences that are 

responsible for markedly different antimicrobial activities (Raj and Dentino, 2002). 

Regulative pathways: Microbial recognition by Toll-like receptors (TLRs) are known to induce 

activation of nuclear factor-kappa B (NFKB) transcription factor which, in tum, stimulates the 
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Figure 3. Schematic representation of some action mechanisms of membrane
active AMPs. (A) Barrel-Stave model. AMP molecules insert themselves into the 
membrane perpendicularly. (B) Carpet model. Small areas of the membrane are 
coated with AMP molecules with hydrophobic sides facing inward leaving pores 
behind in the membrane. (C) Toroidal pore model, This model resembles the 
Barrel-stave model, but AMPs are always in contact with phospholipid head 
groups of the membrane. Image from Ali AB 2013 Pharmaceuticals. 

Defense mechanism 

Proteolytic Processing 

Surface Charge 
Modification 

Active Efflux 

Entrapment by Surface 
Proteins and 
Polysaccharides 

Cross-resistance with 
Host-Defense Peptides 

Course of action 

Many proteases secreted by bacteria for proteolytic processing of 
AMPs for example gingipain released by P.gingivalis. 
As mentioned that cationic AMPs are attracted to negatively 
charged membrane of bacteria, but these bacteria can reduce 
surface charge and reduce peptide adhesion. 
AMPs are susceptible to active efflux which similarly used against 
conventional antibiotics. 
This polymer matrix which is mainly a surface protein or 
polysaccharide surrounds bacteria in form of biofilm and limits 
access of AMPs or cause electrostatic repulsion by trapping 
peptides preventing their reach to embedded bacteria. 

possible cross- resistance of bacteria to host-defense 

peptides, this could make bacteria resistant to human host 

defenses after exposure to unrelated therapeutic AMPs. 

Table 3. Modes of bacterial defense and resistance. Information summarized from Bechinger 
et al. JDR2017, 96,257. 
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production of pro-inflammatory proteins including defensins (Li and Verma, 2002). The alternative 

pathways up regulated by commensal bacteria (Streptococcus gordonii and Fusobacterium 

nucleatum) and pathogenic bacteria (Porphyromonas gingivalis and Aggregatibacter 

actinomycetemcomitans) has been shown to be associated with both MAPK and NFKB (Chung and 

Dale, 2008). Cytosolic pathways such as nucleotide-binding oligomerization domain (NOD) 

molecules, which are cytoplasmic surveillance proteins may play an important role in the up

regulation of HBD-2 in oral epithelial cells (Uehara et al., 2007). 

Biological roles: Most defensins have been reported to have potent antimicrobial activity against 

several bacteria, mycobacteria and fungi (Ayabe et al., 2000). a-defensins up-regulate IL-8 

expression, which is known to induce neutrophil recruitment to effector sites (Van Wetering et al., 

1997). ~-defensins have been shown to induce histamine and prostaglandin D2 release by mast cells 

(Niyonsaba et al., 2001). Both HBD-1 and HBD-2 are active against Gram-negative bacteria and 

limited against Gram-positive bacteria, HBD-3 has been reported to be highly active against Gram

positive organisms (Harder et al., 2001; Scott and Hancock, 2000). Even so, they all have a marked 

antifungal activity such as Candida albicans (Scott and Hancock, 2000). Defensins may act 

synergistically with other antibiotics and antimicrobial peptides that expands their potential 

therapeutic application, especially with bacterial resistance to classic antibiotic (Gomes and 

Fernandes, 2010). Defensins initially interact with their targets by means of electrostatic attraction 

to the largely negatively-charged target cell membrane. The major mechanism of antimicrobial 

activity is permeabilization of the target's membrane which in bacteria has been shown to inhibit 

RNA, DNA and protein synthesis (Cudic and Otvos Jr, 2002; Ganz, 2003). Moreover, defensins 

have been characterized as inactivating agents of specific enveloped viruses, including a relevant 

biologic role associated with HIV (Daher et al., 1986). Due to selective toxicity established with the 
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anionic phospholipids of the microorganisms, defensins are expected to cause minimum damage to 

host-cell membranes. However, during an inflammatory response, a high concentration of theses 

peptides may induce lytic affects in endothelial cells and lymphocytes as well. Nevertheless, heparin 

and serum proteins are able to inhibit defensins adhesion to host cell membranes (Lichtenstein et al., 

1988). 

Defensins expression and role in oral tissues: It is generally accepted that defensins are expressed 

in various oral tissues in a highly regulated process. a-defensins 1-4 are expressed mainly by 

neutrophils, also have been detected in junctional epithelium in the gingival crevicular fluid (GCF) 

in sufficient concentration to play their biological role (McKay et al., 1999). ~-defensins has shown 

to be highly expressed in expressed in gingival tissue, buccal mucosa, tongue, salivary glands and 

other oral regions (Mathews et al. , 1999; Zhao et al., 1996). Besides their physiological expression, 

inflammatory conditions and oral carcinomas have been shown to have higher expression, especially 

HBD-2 such as oral carcinomas, gingivitis and periodontitis while HBD-3 has been shown to be 

induced in advanced periodontal disease as delayed up-regulation (Dommisch et al., 2005; Lu et al., 

2004; Lu et al., 2005; Sawaki et al. , 2002). HBD-1 is consistently expressed by oral keratinocytes 

whereas HBD-2 is up-regulated by inflammatory stimuli, including bacterial toxins and 

inflammatory mediators such as TNF-a, IL-1~, components of Fusobacterium nucleatum 

(commensal bacteria) and Porphyromonas gingivalis (pathogenic bacteria). In pathological 

conditions, two of the most well characterized pathogens that have established resistance to the 

activity of neutrophils a-de fens ins are Porphyromonas gingivalis and 

Aggregatibacter actinomycetemcomitans. On the other way, some Treponema strains, specifically 

Treponema denticola have been shown to be susceptible to both HBD-2 and -3 due to their slow 

growth rate and lack of proteolytic activity (Brissette and Lukehart, 2002; Joly et al. , 2004). 
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Previous Data in the lab 

Transforming growth factor ~-1 (TGF-~) is a family of over 49 polypeptide growth factors. It was 

first identified in platelets and show to have potential in wound healing (Sporn and Roberts, 1990). 

Several studies have since shown it to has a central role in diverse range ofbiological functions such 

as cell migration, proliferation, secretion, differentiation and functions of a broad range of cell types. 

There are several modes of latent TGF-~1 (LTGF-~1) activation have been described, including 

extreme pH, heat, ultrasound, integrin binding, ionizing radiation, and proteases, such as 

thrombospondin-1 (Brown et al., 1990). PBM treatments generates reactive oxygen species (ROS), 

which in tum activate latent TGF-~1 via a specific methionine residue (position 253) on latency

associated peptide (LAP) (Arany et al., 2014). 

Given the potent immunomodulatory roles of TGF-~s, a prior study in the lab by Tang et al. 2015 

investigated a downstream targets of TGF-~ namely HBD-2 that would have direct antimicrobial 

effects as well as indirectly modulate inflammation and promote tissue regeneration in the peri

implant or periodontal tissues (Tang et al., 2017). A robust increase of HBD-2 expression in oral 

fibroblasts compared to keratinocytes was observed following PBM treatments (Figure 4A). This 

increase was noted to be dose dependent with optimal dose at 10mW/cm2 for 300 sec for total does 

of 4 J/cm2 (Figure 4B). Further, this study demonstrated that PBM-activated both canonical and 

non-canonical TGF-~ signal transduction to induce HBD-2 expression. 
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Figure 4. (A) HBD-2 mRNA expression in human oral keratinocytes (NOKSI) and 
fibroblasts (HOF) following laser treatments assessed by quantitative real time polymerase 
chain reaction at 24 h. (B) HBD-2 expression following dose-dependent laser treatment in 
human oral fibroblasts. 
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Hypothesis 

"Optimal PBM therapy m peri-implant disease management can be determined by HBD-2 

expression" 

Specific Aims 

The specific aims of this study were 

Specific Aim 1: To examine the effects on PBM therapy in management ofperi-implant disease in 

an in vivo human clinical study; 

Specific Aim 2: To investigate the parameters of PBM treatments in optimally inducing HBD-2 

expression using an in vitro infection-simulating model system. 
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MATERIALS AND METHODS 

I. Human Study 

Patient selection: The Institutional Review Board, University at Buffalo (Protocol 

#STUDY00000470), approved a single center, single-blind randomized clinical study (Figure 5). 

Patients were recruited from the post-graduate clinics in Periodontics and Implant dentistry, School 

of Dental Medicine, University at Buffalo. A total of 22 patients were proposed to be included. 

The inclusion criteria for the study were patients with one or more implants diagnosed with peri

implantitis (i.e. bone loss > 2 mm with bleeding on probing) and with at least one site with pocket 

depth > 5mm and ability to keep the appointment next day ifplaced in laser treatment group, were 

included. The exclusion criteria included patients with chronic systemic diseases, including 

malignancies, diabetes, etc.; current or former smokers, pregnancy, immunocompromised or 

autoimmune disorders. 

Training and Informed Consent: All investigators have completed The CITI programs 

(Collaborative Institutional training Initiative) and all have completed dental laser training 

programs prior to the commencement of the study. Patients were provided written information 

regarding the purpose and potential risks of the study prior to acquiring their signed informed 

consent. 

Study design: Following consent, subjects were randomly assigned to either control or laser 

treatment group using a computer generated random number (Figure 6). The control group 

subjects undergo routine, standard-of-care peri-implantitis management that includes curettage, 

disinfection and bone-graft as necessary. Tissue samples were collected during routine curettage. 

The intervention group were subjected to PBM treatment with low dose laser treatment using a 
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near-infrared (810nm) diode laser (Odyssey, Ivoclar-Vivadent Schaan, Liechtenstein) at irradiance 

of 10 mW/cm2, 300 seconds for a total fluence (dose) 3 J/cm2 (Tang et al. J Periodont Res 2016). 

After 24h hours, the PBM treated tissues are collected while they undergo routine, standard-of

care management including curettage, disinfection and bone-graft where necessary. Subjects in 

both groups are provided routine, standard of care treatment with the only exception being the 

laser group where treatment is delayed by 24 hours that would minimally impact their health and 

well-being. TRizol reagent (TRizol, Carlsbad, CA, USA) was used to collect the samples in an 

appropriate volume, usually 700 µ1 for 1 x 1 cm tissue, and stored in a - 80°C freezer for further 

processing (Figure 7 and 8). 

II. Lab Study 

Cell Line: Human Oral Fibroblast (HOF) cells were maintained in Dulbecco Minimal Eagle's 

Medium (DMEM, Sigma-Aldrich, St. Louis, MO, USA) supplemented with 10% Fetal Bovine 

Serum (Atlas Biologicals, Fort Collins, CO, USA) along with 1 % Penicillin-Streptomycin (Life 

Technologies, Carlsbad, CA, USA) in a 37°C humidified incubator with 5% CO2• 

LPS Treatment: Cells were passaged with 0.05% Trypsin-EDTA (Sigma-Aldrich, St. Louis, 

MO, USA) and counted prior to plating in a 6 well culture dish (VWR International, Radnor, PA, 

USA). Following overnight incubation, cells were treated with lipopolysaccharide (LPS) from 

Porphyromonas gingivalis (P Gingivalis) at 10 µg/mL (Sigma-Aldrich, St. Louis, MO) m 

complete media for 24 h. Cells were lysed and processed for mRNA as described below. 

Laser treatments in HOF cells: Laser treatments were performed using near-infrared 

(810nm) diode laser (Odyssey, Ivoclar-Vivadent Schaan, Liechtenstein) in continuous wave mode. 

The irradiance and treatment time were varied by changing laser power output and distance of the 
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Figure 7: Schematic illustration of clinical study work flow. 

Figure 8: shows extracted gingival tissue from human subjects. 
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laser probe from treatment surface and irradiances (mW/cm2
) was confirmed using a power meter 

(Thor labs, Newton, NJ) (Figure 9). 

RNA extraction and Polymerase Chain Reaction analysis 

Human tissue samples and cells: Human tissue samples were homogenized using No. 11 

surgical blades (Lot: 12210, Sterile R, China) in TRizol reagent and processed for total RNA using 

TRizol Reagent RNA isolation kit (TRizol, Carlsbad, CA, USA) as per the manufacturer's 

protocol. HOF cells were lysed by rigorous pipetting and total RNA was isolated using TRizol 

reagent kit (TRizol, Carlsbad, CA, USA), according to the manufacturer's protocol (Figure 10). 

Briefly, samples were put in 1 ml of TRizol, 200 µ1 of Chloroform centrifuged for 10 minutes. 

Extracted mRNA is the precipitated with 600 µ1 of Isopropanol, centrifuged for 15 minutes. RNA 

palate washed with 700 µ1 of 70% ethanol then centrifuged for 5 minutes. Palate is then dried and 

diluted in nuclease free distilled water. 

For cDNA synthesis, 1 µg of RNA was reverse transcribed using Quanta-Bio cDNA kit (Quanta

Bio, qscript XLT cDNASuperMix) and real-time quantitative polymerase chain reaction 

(RTqPCR) was performed using Quanta-Bio PerfeCTa SYBER Green FastMix ROX 

(Gaithersburg, MD, USA) in triplicate reactions. The primers for HBD-2 (Forward 5'-AGACT

CAGCTCCTGGTGAAGC-3 ' and Reverse: 5'-AGGCAGGTAACAGGATCGC -3'), GAPDH 

(From: 5'-GAGTCAACGGATTTGGTCGT-3' and Reverse: 5'

TTGATTTTGGAGGGATCTCG-3') were designed using NIH (National Institute of Health, 

Bethesda, MD software and verified using NIH Blast software. Primers were synthesized by IDT 

(Integrated DNA Technologies, Coralville, IA) 
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Figure 9: Schematic illustration of Lab study work flow. 

Figure 10: (A) Belt in device that holds the laser tip for accurate measurement for 
treatment of HOF cell. (B) PBM treatment for HOF cells in 6 well plate. 
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qPCR was performed using ABI XX (Applied Biosystems, Foster City, CA). Differential 

expression was determined by the formula: dCT = CT gene - CT RPL; ddCT = dCT treated - dCT 

untreated; fold change = 2-ddCT_ 

Statistical analyses: Statistical analyses were performed in GRAPHPAD PRISM software 

(GraphPad Software, Inc., La Jolla, CA, USA). Significance were assessed using the T-test, one

way ANOVA or non-parametric Brown Forsyth test. All treatments were compared to untreated 

control and p < 0.05 was considered statistically significant. 
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RESULTS 

I. Clinical study 

Demographics: To date (April 2019), 5 Subjects were recruited from University at Buffalo 

dental school (1 * male and 4 females; mean age, 65.2 years). Gingival tissue samples were 

collected from subjects diagnosed with peri-implantitis during conventional peri-implant surgery 

or implant removal (Figure 14). Six sites were treated of which one site per patient were used, 

except in one subject (*) who had two discrete, contralateral sites that were included (Table 4). 

Among these, one implant was eventually treated with regenerative therapy and seven implants 

were treated with conventional debridement and three failed implants were extracted. 

Significant and / or Unanticipated Adverse Events: All five patients reported no 

adverse effects from the surgical procedure in both groups and no adverse effect from laser 

treatments in the laser group. All patients recruited in the laser group were able to commit to 

coming twice in 24h and no subjects were excluded. 

Laser-induced HBD-2 in peri-implantitis sample: We first assessed the ability oflow

power laser treatments protocol based on the prior report by Tang E et al 2016 that demonstrated 

HBD-2 using quantitative real time-PCR analyses. We observed that laser treatments induced 

more expression of HBD-2 in the treatment group compared to the non-treated controls (Figure 

15). However, this trend was not statistically significant with a p > 0.05. These observations 

suggest low-dose laser treatment was able to induce antimicrobial peptide HBD-2. 
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Figure 14: shows subject #13 with peri-implantitis on contra-lateral sites with three-four 
implant on each site. 

Patient number Number of sites HBD-2 expression 

4 {Control) 1 0.035 

5 {Treatment) 1 5.4 

11 Control) 1 1.00 

13 {Treatment)* 2 1.4 

14 {Control) 1 3.6 

Table 4: show HBD-2 expression in individual samples 
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Figure 15: HBD-2 mRNA expression in human gingival tissue 
following laser treatments assessed by quantitative real time 
polymerase chain reaction at 24 h. 
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II. Lab studies 

PBM therapy induces HBD-2 in P. gingivalis LPS-stimulated HOFs: As we did 

not observe significant HBD-2 expression in our in-vivo experiment, we next asked if the PBM 

treatment parameters could be further optimized in vitro. Human oral fibroblast were treated with 

Lipopolysaccride (LPS) from Porphyromonas gingivalis (P. gingivalis), a potent Gram-negative 

oral anaerobe known to be involved in the pathogenesis of periodontitis and peri-implant disease. 

Hence, having simulated the clinical infection we next performed PBM treatment with the near

infrared (810nm) diode laser treatments at 10 mW/cm2 for 300 sec at 3 J/cm2
• We observed the 

ability of PBM treatments to significantly (p < 0.05) induce HBD-2 expression as compared to 

non-LPS treated controls (Figure 16A). 

Examining effective PBM Dose in infection-mimicking scenario: To further 

investigate optimal dosing for PBM therapy, we next varying treatment times from 30 to 600 

seconds with laser at a constant irradiance at 10 mW/cm2
• We observed that the optimal PBM dose 

for HBD-2 expression in the presence of LPS was 6 J/cm2 (Figure 16B). Further, to confirm the 

effects of LPS on each dose of PBM therapy, we performed the above study in the absence or 

presence of Pg LPS increased expression in HBD-2 at each dose (Figure 16C). 

Optimizing clinical dose protocols: As 600 seconds (10 minutes) appeared to be rather 

impractical in a real world clinical setting for PBM therapy for peri-implantitis, we next sought to 

examine varying combination of treatment parameters such as irradiance and time to achieve the 

effective PBM dose of6 J/cm2
• We examined 50 mW/cm2 for 120 sec and 100 mW/cm2 for 60 sec 

compared to current 10mW/cm2 for 600 sec (Figure 17). We observed the 120 sec group 

demonstrated optimal HBD-2 expression compared to the other two groups. 
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Figure 16: HBD-2 expression in human oral fibroblast (A) Following laser 
treatments. mRNA was assessed by quantitative real time polymerase chain 
reaction at 24 h. (B) HBD-2 expression following dose-dependent laser 
treatment in human oral fibroblasts . (c) HBD-2 expression following 
comparative dose-dependent laser treatment in human oral fibroblasts . 
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Discussion 

Clinical success of dental implants is based on a large number of factors but its biological 

foundation predominantly hinges the biologic response called osseointigration (Branemark, 1983 ). 

This involves a sequence of rapid deposition ofblood and interstitial fluid followed by amorphous 

deposition of proteoglycans and randomly aligned collagen and finally, direct bone apposition. 

Current prevalence of peri-implant disease varies from 28% to 56% but the severity and extent of 

tissue destruction differ greatly due to multiple factors mainly polymicrobial infection (Mombelli 

et al., 2012). Despite few differences in the microbiome and histopathology between peri

implantitis and periodontitis, clinical management strategies have similar objectives. These 

include reducing the infection-causing microbiota, improve self-cleansing anatomy and promote 

tissue healing and regeneration. However mechanical debridement alone has limited efficacy in 

the management ofperi-implant disease (Heitz-Mayfield and Mombelli, 2014; Klinge et al., 2012). 

Lasers are used for a broad range of applications in clinical dentistry. The rationale for their use in 

the management ofperiodontal and peri-implant disease has been proposed to be threefold namely; 

First, to reduce damaged or inflamed tissues via surgical curettage of granulation tissues; Second, 

antimicrobial effects on disease biofilms termed antimicrobial photodynamic therapy or 

photoactivated disinfection; and Third, using low-dose lasers to reduce inflammation and promote 

tissue regeneration termed Photobiomodulation therapy (Arany, 2016). 

Our initial analyses of the pilot study with six samples (Table 4), shows a trend of increase in 

HBD-2 expression but it was not statistically significant. The study was designed on our previous 

study by Tang et al were the optimal effect of PBM therapy on normal human oral fibroblast our 

HBD-2 expression at 24 hours was noted at 4 J/cm2 (Tang et al., 2017). In contrast to this in vitro 
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study with homogenous cells, this study examined gingival tissue sample from human subjects 

where multiple in vivo factors could affect HBD-2 expression such as degree of infection or 

inflammation, vascularity, complex microbiome, inflammatory cytokines and multiple tissue types 

among others. Hence, given the complexity of the in vivo scenario, we suspect the prior in vitro 

lab analyses may have been inadequate. 

We observed that subject# 13 (Treatment) presented with peri-implantitis on two contralateral 

sites where he had three implants placed. The PBM treatment only showed a 1.4 fold increase in 

HBD-2 expression (Figure 14). We speculate this large treatment area may have potentially 

diluted our PBM dose. Further, we also noted that subject # 14 (Control) demonstrated 

significantly elevated levels of HBD-2. This could be potentially reflective of a recovering peri

implantitis lesion demonstrating a potent host immune response. Nonetheless, it was clear that 

more subjects are necessary with this particular PBM dose for appropriate interpretation of this 

work. 

However, given our lab expertise, we returned to the lab to investigate a more appropriate in vitro 

model to reflect the in vivo human peri-implantitis scenario more accurately. To simulate bacterial 

infection on oral fibroblast we used P. gingivalis LPS. This was based on various in vivo studies 

have reported induced HBD-2 expression in saliva and gingival crevicular fluid in cases ofgingival 

inflammatory diseases such as gingivitis, periodontitis and peri-implantitis (Dommisch et al., 

2005; Lu et al., 2004). Also, several in vitro studies have used LPS from different bacteria as an 

infection-mimicking agent on different cell lines and showed induced levels of HBD-2. 

Krisanaprakornkit et al. studied the regulation of HBD-2 in gingival epithelial cells treated with 

LPS and reported increased levels of HBD-2 through the involvement of MAPK and NF-K~ 

receptors (Krisanaprakornkit et al., 2002). Another study on gingival epithelial cell line by Chung 
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et al. reported several commensal and pathogenic bacteria induced HBD-1 and HBD-2 with 

increased expression obscured in pathogenic bacteria. They also reported the ability of P. 

gingivalis to down regulate HBD-2. A similar observation was reported by Kuula et al. who 

observed P. gingivalis trypsin-like proteinase could degrade HBD-1 and -2, that could lead to a 

weakened innate immune response (Chung and Dale, 2004; Kuula et al., 2008). Our observations 

in this study also noted the ability of LPS from P. gingivalis to reduce HBD-2 expression, while 

PBM treatments were able to upregulate its expression. 

Following these studies noting the effects of P. gingivalis LPS on HBD-2 expression, we next 

sought to examine the role of PBM treatments in a dose-dependent manner. We noted optimum 

PBM dosing appears to be 6 J/cm2 with lOmW/ cm2 for 600 sec in the presence P. gingivalis 

compared to non-LPS treated groups (p < 0.05). This could be interpreted as the presence of LPS 

results in improved responsiveness ( co-stimulatory) roles with PBM treatment. The laser 

parameters used for these studies was established our original study with irradiance at 1OmW/cm2 

and treatment time varied from 30 seconds to 900 seconds. A clinical appointment lasting 600 

second (10 minutes) is time-consuming and impractical to the clinicians and patients. Hence, we 

finally examined the effects ofvarying irradiances and treatment times for optimal dose of6 J/cm2
. 

We noted similar HBD-2 expression using an irradiance of 50 W/cm2 for a time treatment of 120 

seconds. This study also used a laser probe with large spot size (Figure 18). This protocol may be 

most practical for future clinical use. 

33 



A. 

B. 

iiltl 
Figure 18: PBM treatment probes (A) The spot size of current (very small, 
point) versus a future laser probe (larger); (B) Various PBM treatment 
devices at 810nm with large probe spot sizes such as those from Thor 
Photomedicine (left) and MedX Health (right). 
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Future direction 

A definitive future study would examine PBM treatments at 6 J/cm2 using a larger spot size with 

higher irradiance at 50mW/cm2 for 120 seconds. We have already treated one subject and the 

samples remain to be analyzed. Another future possibility is to examine the HBD-2 expression at 

various times points post-PBM treatments in vivo. The current studies used 24 hours based on 

PBM treatments on homogenous cultures of human oral fibroblasts alone. Perhaps, this could be 

first carefully investigated in vitro in LPS-treated infection mimicking model system at 2, 4, 6, 8 

and 12 hours post PBM treatments. 

Conclusions 

In summary, this study observed clinical evidences for the use of PBM treatment at 3 J/ cm 2 that 

induced increased HBD-2 expression. Further in vitro results indicated 6 JI cm 2 was a more 

effective dose in an infection-mimicking scenario. These results suggest that utilizing a 

mechanistic rationale will aid in development of an optimal clinical protocol for the use of PBM 

therapy in effective clinical management strategies for peri-implant disease. 
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