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ABSTRACT 


Chronic periodontitis is a prevalent inflammatory disorder initiated by dental microbial 
 plaque. Smoking is considered a major risk factor for chronic periodontitis and 
 smokers are known to exhibit impaired treatment outcomes. 


The overall aim of this work was to study clinical outcomes of active and 
 supportive periodontal therapy in smokers and non-smokers with chronic periodontitis 
 at patient, tooth, and site level. Moreover, to compare the periopathogenic microflora 
 and inflammatory and bone remodeling markers in gingival crevicular fluid in smokers 
 and non-smokers following therapy.    


Eighty patients, 40 smokers and 40 non-smokers, with moderate to severe 
 chronic periodontitis were included in this prospective cohort study and treated non-
 surgically and surgically, and then followed-up in a supportive periodontal therapy 
 program for 12 months. Smoking status was validated measuring serum cotinine levels 
 at pre-treatment and 12 months following supportive periodontal therapy. Clinical 
 measurements included full mouth recordings of clinical attachment level, probing 
 depth, bleeding on probing, and plaque index at pre-treatment and following active and 
 supportive periodontal therapy. At the same timepoints, subgingival plaque samples of 
 20 subgingival periopathogenic bacterial species were analysed using checkerboard 
 DNA–DNA hybridization. From a subsample including 25 smokers and 25 non-
 smokers, 27 inflammatory and two bone gingival crevicular fluid markers were 
 analysed using bead-based multiplex assays.  In all multilevel analyses probing depth 


≥5 mm with bleeding on probing was used as the primary outcome variable.  


In smokers and non-smokers all patient level clinical parameters improved 
 following non-surgical and surgical periodontal therapy. Only non-smokers showed a 
 significant reduction in red complex species. At site-level, impaired outcome was 
 observed in smokers and particularly at dental plaque positive sites (Study I). 


Following 12 months of supportive therapy bleeding on probing, dental plaque 
positive sites, and probing depths increased slightly for both groups. Nevertheless, a 
negative effect of smoking was observed, in particular at maxillary single-rooted teeth. 
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 At patient level, the multilevel analysis showed a suppressed variation in treatment 
 outcome following supportive periodontal therapy in smokers (Study II).  


Smokers demonstrated suppressed gingival crevicular fluid levels of several 
 inflammatory markers and only non-smokers responded to periodontal therapy by 
 altered marker profiles. An overall negative association was revealed between 
 smoking and subgroups of markers at sites presenting ≥105 red complex periodontal 
 microbial species (Study III).     


In summary, smokers demonstrated unfavourable site-specific treatment 
outcomes compared with non-smokers, especially at plaque positive sites and at 
maxillary single-rooted teeth. Further, there seemed to be an immunosuppressive 
effect of smoking regulating the local inflammatory and bone remodeling response 
following periodontal therapy.  Collectively, the results indicate a site-specific tissue 
response in smokers superimposed on the patient-specific systemic effect of smoking. 
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1. INTRODUCTION  
 1.1 Periodontitis 


The periodontium consisting of gingiva, periodontal ligament, cementum, and alveolar 
 bone supports and protects the teeth in function. Gingivitis is a bacterial dental plaque 
 induced minor inflammatory disorder of the gingiva and the prerequisite first stage of 
 periodontal disease. When a gingivitis lesion advances to cause irreversible loss of the 
 periodontal ligament and supporting bone, it has transformed into periodontal disease. 


Periodontal diseases, highly common and a major cause of tooth loss [1], have also 
 been linked to conditions and systemic diseases including adverse pregnancy 
 outcomes, diabetes mellitus, and cardiovascular, atherosclerotic and pulmonary 
 diseases [2].  


1.1.1 Definition and classification of chronic periodontitis 


Periodontitis cases are characterized using clinical parameters including clinical 
attachment level (CAL), probing depth (PD), and bleeding on probing (BoP) and 
radiographic bone loss. Periodontal health is characterized by absence of these signs 
and symptoms [3]. However, the classification system of periodontal diseases is 
essentialistic, based on the aetiology of the disease [4]. Out of six destructive 
periodontal diseases, chronic periodontitis is the most prevalent and a major cause of 
tooth loss [5]. Assessment of the severity of periodontitis is based on the extent of 
attachment loss, 1-2 mm considered mild, 3-4 mm moderate, and ≥5 mm severe 
periodontitis. The cut-off level between aggressive and chronic periodontitis is not 
distinct and based on clinical features. Unlike aggressive periodontitis, chronic 
periodontitis lesions are generally observed in adults with no specific familiar 
aggregation and characterized by a continuous loss of periodontal tissues associated 
with subgingival plaque, calculus, and individual risk factors [6, 7]. The progression of 
chronic periodontitis seems to be continuous with slow to moderate bursts of tissue 
destruction [8] slowing off later in life [9].  
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 1.1.2 Epidemiology  


Periodontal diseases are characterized using surrogate parameters including CAL, PD, 
 and BoP on a site and tooth level [3]. Thresholds defining periodontitis cases are 
 critical to assess and compare epidemiological and patient related data. Case 
 definitions presented by the American Academy of Periodontology (AAP) [10] and the 
 European Federation of Periodontology (EFP) [11] represent present standard in clinical 
 and epidemiological research.  


Prevalence of periodontitis varies among populations [7]. Severe forms, 
 however, seem to affect around 10% of diverse populations [12-14] with a global age 
 standardized prevalence of 11% [15]. Comprehensive epidemiological data has been 
 gathered from the National Health and Nutrition Examination Survey (NHANES) in 
 the United States. In 2009-2012 and based on EFP definition, an estimated prevalence 
 of severe periodontitis in the US adults older than 30 years approximates 12% for 
 severe and 66% for incipient periodontitis [14]. Estimates based on the AAP definition 
 approximate 9% for severe and 37% for mild and moderate periodontitis. Periodontitis 
 is cumulative and the incidence increases gradually from age 30 to 80 years to peak at 
 age 38 years [15]. Increasing life expectancy may increase the burden of periodontitis 
 and the prevalence of non-severe periodontitis in US adults 65 years and older to 64% 


using the AAP case definition [16]. Risk factors including smoking, educational and 
socioeconomic status, diabetes mellitus, health care availability, and oral hygiene 
habits [17] may also contribute to an increase in the burden of periodontitis [3]. In 
particular, smoking appears strongly associated with increased prevalence and severity 
of periodontal disease in a dose dependent order [18, 19]. 
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 Figure 1. Prevalence of severe and non-severe periodontitis in smokers and non-smokers 
 2016, based on data from NHANES. 


1.1.3 Aetiology 


As bacterial dental plaque accumulates onto the tooth surface forming structured 
 communities defined as dental biofilm [20], intractable biofilm formations provoke 
 inflammatory processes in the subjacent gingiva to induce gingivitis [21]. A further 
 increase in biomass and microbial complexity may disturb established tissue 
 homeostasis and induce a destructive inflammatory process in the susceptible host [22]. 
 Failing resolution or imbalance may further advance the inflammatory process into 
 periodontitis – irreversible destruction of the periodontal attachment accompanied by 
 migration and proliferation of the gingival sulcular epithelium onto the root surface 


[23]. Resulting deepening of the gingival sulcus establishes a periodontal pocket that 
provides protection and an anaerobic environment for bacterial species within the 
biofilm and growth of putative pathogenic species. The gingival tissues facing the
biofilm provide a steady influx of molecules and immune cells within an inflammatory 
exudate known as gingival crevicular fluid (GCF). This new econiche including GCF 
as principle nutritional source permits additional quantitative and qualitative variations 
within the biofilm [24]. Gram-negative bacteria associated with periodontitis include 
Porphyromonas gingivalis,  Tannerella forsythia,  Treponema Denticola, and 
Aggregatibacter actinomycemtemcomitans [25, 26]. These bacterial species comprise a 
fraction of the total biomass [22]. Recent concept suggests, however, that only few 
bacterial species play a role as “keystone” periopathogenic bacteria [27]. “Keystone” 
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 pathogens indirectly provoke periodontitis by transforming the normally symbiotic 
 microbiota into a dysbiotic one which in turn activates the host immune response 
 responsible for associated irreversible tissue damage [28]. P. gingivalis has in low 
 abundance a potential to transform biofilms into a dysbiotic state and is hence 
 recognized as a “keystone” pathogen [29]. 


Dental biofilm activates the innate and adaptive immunity in highly complex 
 events, involving recruitment of neutrophils, activation of lymphocytes, and activation 
 of the complement system [30]. Cytokines, soluble small molecules responsible for 
 crosstalk between immune cells and guidance of inflammatory responses, adjust the 
 host responses to periodontal pathogens with up- and downregulation of genes [31]. The 
 immune-inflammatory response intends to protect the host from infection and return 
 the tissues to homeostasis. However, chronic stress may influence the inflammatory 
 response and result in non-resolution of inflammation and periodontal tissue 
 destruction. Re-establishing tissue homeostasis following infection appears to be an 
 active coordinated process involving several biochemical pathways. Host factors, 
 including immune components and resident cells, contribute by producing markers to 
 the resolution of the inflammatory processes [30].


The magnitude of the host response depends on genetics and environmental 
risk factors. Principally, periodontal tissue destruction is based on altered 
inflammatory response to subgingival biofilm [32]. The genetic component for a 
predisposition to chronic periodontitis is considered polygenetic and estimated to 
constitute 50% of the total risk for chronic periodontitis [33, 34]. Other risk factors 
known to increase susceptibility to periodontal disease may be modifiable such as 
cigarette smoking, stress, obesity, and diabetes mellitus [35]. Being male is also 
considered a modifiable risk factor as gender differences in lifestyle rather than genetic 
factors appear to predispose to periodontitis [35]. Cigarette smoking is also considered a 
causal factor for chronic periodontitis [36] and evaluation of clinical consequences for 
treatment outcomes in smokers is within the scope of this thesis.  
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 Figure 2. Anatomy of the periodontium in a) periodontal health and b) periodontal disease 


1.2 Periodontal therapy 


The ultimate goal in periodontal therapy is to prevent loss of periodontal support and 
 tooth loss by self-performed plaque control creating equilibrium between plaque and 
 host inflammatory responses. Lost periodontal tissues have a potential for 
 regeneration. At present, however, a realistic goal for periodontal therapy is to control 
 and eliminate periodontal disease by tissue repair.  


1.2.1 Historical view 


Oral hygiene and removal of calculus have been advocated in ancient civilizations and 
 surgical removal of diseased periodontal tissues was described already in the 18th
 century [37]. Later, development of microscope, local anesthesia, and radiography 
 contribute to a scientific understanding of a microbial aetiology of periodontal diseases 


[38]. Evidence based periodontal therapy developed in the second half of the 20th
century following demonstration of bacterial dental plaque as an etiological factor in 
periodontal disease [39]. The principle of removing dental biofilm by self-performed 
oral hygiene and mechanical instrumentation developed non-surgical and surgical 
techniques to access subgingival plaque and not primarily surgical removal of diseased 
tissues. Longitudinal studies demonstrated the critical importance of high standard 
self-performed oral hygiene following periodontal therapy [40, 41] and minimally 
resective surgical approaches became the gold standard [42]. Therapeutic techniques 
were developed to regenerate lost periodontal tissues [43, 44] and paved the way for new 
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 regenerative therapeutically  approaches [45]. Documentation of pathogenic bacterial 
 species in subgingival dental plaque led up to the specific plaque hypothesis 
 suggesting a limited number of microbial species linked to the pathogenesis of 
 periodontitis and a subsequent growth of local and systemic antimicrobial therapies 


[46]. However, as clinical trials failed to identify bacterial dental plaque as a prognostic 
 factor for periodontal attachment loss [47, 48] and patient related risk factors were 
 associated with periodontal disease [49], the ecological plaque hypothesis emerged. 


This hypothesis introduced an effect of ecologic stress on enrichment of bacterial 
 species [50]. Persistent inflammation was associated with disease progression [51, 52] and 
 anti-inflammatory and host modulation approaches addressed to resolve inflammation 
 were introduced as an adjunct to the mechanical plaque control [53]. The 


“keystone” pathogen hypothesis introduced bacterial species within subgingival 
 biofilm to cause a dysbiotic biofilm triggering periodontal tissue destruction [27]. The 
 simple concept that periodontal disease is caused solely by bacterial dental plaque 
 appears no longer valid and a multifactorial causation has been documented and 
 targeted [35, 54]. Therefore, supplement of mediators downregulating the inflammatory 
 processes might be promising in the treatment of chronic periodontitis.   


1.2.2 Treatment of chronic periodontitis 


Periodontal therapy constitutes a number of interventions considering the 
multifactorial aetiology of chronic periodontitis. Initially, patient related risk factors 
related to systemic health should be identified [55]. Risk of infections, endocarditis, 
bleeding disorders, and therapeutic efforts to modulate host-responses must be 
considered prior to active therapy [56, 57]. Counselling for smoking cessation and 
regulation of blood glucose, stress, diet, and weight should be integrated parts of active 
periodontal therapy [58-60]. Moreover, systemic medications and resolution-phase lipid 
mediators have the potential to downregulate and modulate inflammatory host 
responses [61]. However, this new treatment concept is not yet integrated in current 
systematic periodontal therapy [60].   
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 1.2.2.1 Non-surgical therapy 


The hygiene phase of non-surgical periodontal therapy intends to establish a balance 
 between bacterial insult and the host response through reducing the presence of 
 bacterial dental plaque or biofilm. High standard plaque control appears pivotal to 
 prevent gingivitis and maintain a healthy dentition [62, 63]. Prevention of gingivitis also 
 prevents periodontitis [23]. Self-performed oral hygiene is the mainstay to prevent 
 chronic periodontitis; a single manual tooth brushing exercise may reduce mean 
 plaque scores up to 42% [64]. However, professional plaque control without instruction 
 in self-performed oral hygiene appears of limited value [65] while repeated oral hygiene 
 instruction may improve self-performed plaque control [64]. The duration of tooth-
 brushing correlates inversely with the presence of residual plaque and effective oral 
 hygiene routines require careful selection of personal oral hygiene aides [66]. In 
 perspective, power toothbrushes appear to increase the efficacy of plaque removal by 
 7-17% over manual toothbrushes [67], whereas interproximal tooth surfaces are more 
 efficiently cleaned using interdental brushes [68]. 


As chronic periodontitis advances, the relative efficacy of high standard oral 
 hygiene becomes reduced [69]. Mechanical instrumentation of the periodontal pocket 
 then becomes a prerequisite to arrest the periodontal infection by removal of 
 subgingival plaque and calculus from the root surfaces and the subgingival econiche 


[70]. Nevertheless, removal of plaque and calculus remains demanding and subgingival 
 debridement may result in varying presence of residual calculus [71, 72] depending PD, 
 subgingival access, tooth type and surface, furcation involvement, local retentive 
 factors, and operator skills [73-77]. Hand instruments, sonic or ultrasonic scalers, and 
 Er:Yag lasers are all used for supra- and subgingival periodontal instrumentation. 


There seems to be no superior effectiveness between any of these approaches in 
 treatment of chronic periodontitis [78].  


Part of an ongoing debate concerns preferred staging of non-surgical 
periodontal therapy whether to use a quadrant or sextant sequenced approach at 1-2 
week intervals or a full-mouth approach. The principle of a full-mouth approach is to 
perform comprehensive periodontal instrumentation and elimination of 
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 periopathogenic bacteria from other oral niches within 24 hours [79]. A meta-analysis 
 shows modest clinical benefits of the full-mouth approach over sequenced quadrant-
 wise instrumentation [80]. Nevertheless, these various approaches are considered 
 comparable options in the non-surgical therapy of chronic periodontitis [81]. The choice 
 of protocol should rather be based on practical considerations related to time, patient 
 preference, and clinical work load [82]. Healing response is usually assessed within 1-2 
 months following non-surgical therapy [83] and for patients with mild to moderate 
 periodontitis, non-surgical treatment appears sufficient to maintain a stable attachment 


[84].  


1.2.2.2 Surgical therapy 


Chronic periodontitis patients enter a surgical phase of periodontal therapy principally 
 to facilitate removal of subgingival plaque and calculus under visual inspection in sites 
 that do not respond to non-surgical therapy and to prepare access for effective oral 
 hygiene measures [84]. Open debridement surgery may reduce PDs promoting long-
 term preservation of the periodontium and thereby improving the prognosis of the 
 tooth [85, 86]. Various access flap techniques have been developed. A systematic review 
 indicated a cut-off PD value of 6 mm for surgical debridement aiming to reduce PD 
 and gain clinical attachment. Open debridement in sites with PDs <4 mm may result in 
 attachment loss [84]. The gingivectomy technique intends to remove the soft-tissue wall 
 of the periodontal pocket in an apical direction creating access to the root surface for 
 instrumentation and postsurgery oral hygiene [87]. The technique might not be 
 performed at teeth in absence of attached keratinized gingiva and in intraosseous 
 defects and thus appears more appropriate in cases with gingival enlargement [88].  


Access flaps in combination with regenerative procedures aim to restore lost 
periodontal tissues [45]. Though current regenerative techniques are operator sensitive 
and predictability is limited to certain low-risk profile patients, promising advances 
may shift the paradigm of periodontal therapy from repair to regeneration. Guided 
tissue regeneration procedures using barrier membranes intend to preclude epithelial 
and connective tissue from occupying the wound area thus allowing periodontal 
ligament cells and alveolar bone to restore and regenerate new supporting tissues. 
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 Other regenerative procedures include application of signalling molecules such as 
 enamel matrix derivatives,  platelet-derived  growth factors,  and  bone  morphogenetic 
 proteins [89]. Further, several types of mesenchyme-derived cells with a potential to 
 differentiate into periodontal tissue forming phenotypes have been investigated at a 
 preclinical level [90]. Contextualized within periodontal regeneration, tissue 
 engineering involves implantation of a scaffold incorporated with progenitor cells 
 directly into a periodontal defect [91]. However, to develop the regenerative potential of 
 the periodontal ligament is demanding and challenges remain before incorporated in a 
 clinical setting [92]. 


1.2.2.3 Supportive therapy  


Supportive periodontal therapy (SPT) is designed to maintain a healthy dentition to 
 prevent or minimize disease recurrence or tooth loss over the lifespan of the patient [93-


96]. A well-organized supportive periodontal therapy program may maintain 
 periodontal health even in severe chronic periodontitis patients [94]. Absence of 
 supportive therapy may jeopardize the successful outcomes of the non-surgical and 
 surgical treatment [40, 97, 98].  


Supportive periodontal therapy should consist of regular recall appointments 
including an update of systemic and oral health, examination of soft tissues and teeth, 
evaluation of self-performed oral hygiene, re-motivation, and complete plaque 
removal [99]. High standard self-performed oral hygiene and attendance to scheduled 
supportive periodontal therapy are critical [100-103]. Longitudinal studies have shown 
that favourable outcomes following active periodontal therapy may be lost due to poor 
compliance [94, 104]. Risk factors for tooth loss and recurrence of chronic periodontitis 
during supportive periodontal therapy are patient-, tooth-, and site-related factors 
including smoking, systemic disorders, compliance, furcation involvements, residual 
PDs, and BoP [52, 101, 105-107]. These factors may categorize patients based on risk 
profiles for future disease progression [108] and create a rationale for individually 
tailored supportive periodontal therapy [109]. However, following completion of active 
therapy, only a few predictive factors including smoking, plaque, and compliance are 
left to be modulated throughout supportive periodontal therapy. If the standard of daily 
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 oral hygiene is inadequate and smoking cessation has failed, a more frequent recall 
 interval appears necessary [110]. Based on previous studies, 3-month recall intervals are 
 recommended for patients at risk [75, 111-113]. Only 26-77% of periodontal patients seem 
 to fully comply with prescribed recall protocols [110]. In particular patients at high risk 
 seem to have inconsistent compliance [114].  


       


Figure 3. Modifiable predictive factors determining the outcome of supportive periodontal 
 therapy 


1.2.2.4 Antimicrobial therapy 


The oral microflora is ecologically diverse as it includes at least 350 cultivable species. 


Culture-independent molecular approaches have identified about 1,200 different types 
 of microbes that can inhabit the oral cavity [Human Oral Microbiome Database 
 (http://www.homd.org)]. Development of biofilm may shelter bacteria from immune 
 responses and antibiotic therapy [115]. Locally delivered antimicrobials are within 
 minutes washed away from the periodontal pocket and thus may not reach relevant 
 thresholds or substantivity [116]. Clinically relevant effects of the adjunctive use of 
 locally delivered antibiotics in non-surgical therapy have been questioned as not being 
 convincingly documented [117]. Nevertheless, a benefit of locally delivered devices has 
 been estimated to 0.4 mm in PD reduction and 0.3 mm in CAL gain for deep 
 periodontal sites [118]. A recent systematic review evaluating the use of local and 
 systemic antimicrobials in smokers with chronic periodontitis as adjuncts to non-
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 surgical periodontal therapy, found an additional PD reduction of 0.81 mm and CAL 
 gain of 0.91 mm for locally delivered antimicrobials at sites with deep baseline PD 
 (PD ≥ 5mm). The review failed to detect similar adjunctive effects of systemic 
 antimicrobial therapy [119]. 


Some virulent bacterial strains are thought to penetrate the epithelial lining of 
 the periodontal pocket [120]. As these pathogens appear inaccessible to instrumentation, 
 a rationale for the use of systemic antibiotics emerges [116]. Positive effects of systemic 
 antibiotics as adjunct to routine periodontal debridement have been shown for patients 
 with inadequate response towards conventional non-surgical periodontal therapy, 
 recurrent periodontitis, periodontal abscesses, and patients experiencing 
 lymphadenopathy and fever post-therapy [118]. Preferred protocol appears to first 
 mechanically disrupt any microbial reservoirs to make the residual contaminants more 
 vulnerable to the antibiotic [121]. Nevertheless, it remains uncertain which patients 
 should be targeted and what drugs and doses should be used for this approach.  


Systemic antimicrobial therapy on periodontal indications should be 
 contextualized in a growing concern of bacterial resistance to antibiotics and drug 
 induced adverse effects [118]. Less stringent prescription routines and increasing non-
 supervised consumption of antibiotics seem to decrease bacterial susceptibility as well 
 as increasing the possibility of drug resistant pathogens [122, 123]. In perspective, 
 Scandinavian countries exercise restricted use of antibiotics in periodontal therapy 
 compared with Southern Europe, US, and South America [124]. As periodontal 
 pathogens differ in sensitivity towards antibiotics, microbiological testing may 
 possibly increase the clinical efficacy by primarily targeting susceptible species [125]. 
 However, the clinical relevance of microbiological testing has been questioned in 
 studies obtaining excellent clinical outcomes following therapy without preceding 
 microbiological testing [126].  


1.3 Periodontal wound healing  


Wound healing is the dynamic biological interplay between tissues, local and 
infiltrating cells, and signalling molecules released into the cellular environment. In 
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 general, periodontal wound healing does not result in regeneration, complete 
 functional and structural restoration of lost or injured tissues, but rather by scar 
 formation [127]. Scar tissue represents a functional compromise which never exceeds 
 80% strength compared with the pristine tissue [128, 129]. Healing of periodontitis lesions 
 occurs in complex settings with infected and inflamed periodontal tissues interacting 
 with the tooth in a transgingival position displaying vascular soft tissue and non-
 vascular rigid wound margins. Plaque control is critical as infection may impair the 
 healing process [130]. Despite the infectious environment, the oral mucosa tends to heal 
 rapidly and with limited scar formation compared with cutaneous wounds [131]. 
 Detailed mechanisms are not fully elucidated; however, components in saliva may be 
 critical determinants of oral tissue homeostasis [132]. 


1.3.1. Stages of wound healing/repair 


Periodontal wound healing may be conceptualized into integrated phases generally 
 paralleling that in cutaneous wounds [133, 134]. Briefly, platelets exposed to extracellular 
 matrix and collagen immediately form a fibrin clot. Activated platelets release 
 cytokines, growth factors, and clotting factors initiating haemostasis, wound 
 contraction, and formation of a fibrin-fibronectin mesh. As the fibrin clot in turn is 
 infiltrated by neutrophils, monocytes/macrophages, fibroblasts, and endothelial cells, 
 the haemostatic phase gradually progresses into an inflammatory phase [134]. 
 Endothelial cells control the recruitment of cells in surrounding tissues, and within 1-
 24 hours neutrophils and monocytes appear. Neutrophils play a critical role cleaning 
 the wound of tissue debris, effete-blood-cells, and destroying invading bacteria 
 through phagocytosis, release of oxygen radicals, and activation of the complement 
 system [135]. While the number of neutrophils peaks within 24-48 hours, the number of 
 macrophages-continues to increase [135]. Macrophagessderived from monocytes supply 
 the wound with a continuous flow of cytokines and growth factors transforming the 
 fibrin clot into granulation tissue [136], a highly vascularized immature tissue 
 constituting extracellular matrix and fibroblasts.  


In the proliferative phase, anabolic processes raise metabolic demands met by 
increased vascularity. Extracellular matrix factors and a variety of growth and matrix 
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 factors stimulate migration and proliferation of endothelial cells from blood vessels 
 and circulating endothelial progenitors [137] and thereby angiogenesis. One to 2 days 
 post-injury, epithelial cells originating from the wound margins, separate from their 
 basement membrane and migrate through degraded collagen and extracellular matrix 
 by integrin receptors [136]. Following the migration and phenotypic transformation of 
 the cells, attachment to the basement membrane is restored [138]. Keratinization of the 
 epithelial cells is induced by tissue resources residing in the periodontal ligament and 
 appears controlled by the sulcular environment [127]. Approximately 7 days post-injury, 
 fibroblasts originating from the gingival connective tissue and the periodontal ligament 
 populate the extracellular matrix to dominate the wound. Attached in a fibrin matrix, 
 the fibroblasts mature into various phenotypes to produce diverse collagen species [139]. 
 During the following remodeling phase, collagen is clustered into bundles by 
 increasing cross-linking [140]. Maturation of the tissue continues slowly and may last 
 for months, even years, regulated by factors released by macrophages, epidermal cells, 
 endothelial cells, and fibroblasts [141]. 


1.3.2 Wound healing following periodontal treatment 


Subgingival debridement inadvertently injures the sulcular and junctional epithelium. 


However, strict removal of these tissues is not advocated [142]. The resulting wound is 
 left to heal by secondary intention and pending the magnitude of induced injury, 
 healing by formation of a long junctional and sulcular epithelium is established within 
 1-2 weeks [143]. The junctional epithelium connects to the root surface through 
 hemidesmosomes from the internal basal lamina.  


   Resective periodontal surgery including gingivectomy may generate larger 
connective tissue wounds readily exposed to oral bacteria and left to heal by secondary 
intention [87]. A fibrin clot will immediately cover the wound and within few days 
epithelial migration is initiated from the wound margins. The exposed wound may 
become epithelized within 1 week. Keratinization and reformation of rete-pegs in 
attached gingiva will re-establish within 2 weeks, tissue maturation appreciable within 
5-6 weeks [144].  
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 Using flap surgery techniques, ideally surgical wounds are left to heal by 
 primary intention, the wound margins approximated and stabilized by sutures. A 
 stabilized fibrin clot secures unimpeded absorption of plasma proteins onto the root 
 surface and wound maturation into a connective attachment rather than epithelial down 
 growth over exposed gingival tissues [133]. Careful tissue management and stable 
 readaption of the wound-margins appear critical to provide an epithelial attachment 
 within 10-12 days and re-vascularization of the wound [145]. Thus, a new connective 
 tissue attachment may be established following flap surgery.  


Tissue resources sequestered in the periodontal ligament have the potential to 
 support a connective tissue attachment with collagen fibers attaching to the root 
 surface [127, 146]. Regenerative periodontal therapy may support formation of new 
 alveolar bone, root cementum, and a functionally oriented periodontal ligament. It 
 appears that regeneration can only be achieved if both the gingival epithelium and 
 connective tissue are prevented from repopulating the surgically prepared wound, 
 allowing cells from the periodontal ligament and alveolar base to recruit the defect [45]. 
 Wound closure for healing by primary intention, space provision, and wound stability 
 appear critical bioclinical factors to achieve these objectives [147]. 


1.4 Chronic periodontitis and smoking 


Smoking, the inhalation of smoke from burning tobacco, constitutes approximately 
5000 different molecules inhaled through the oral and nasal cavity before the 
vaporized gases absorb in the lungs [148]. Worldwide, around 1.3 billion people smoke 
and the smoking epidemic is projected to increase linked to population growth in 
developing countries [149]. Smoking is considered a principal risk factor for a number 
of chronic diseases including cancer and pulmonary and cardiovascular diseases; in 
2010 costing about 5 million lives globally with projected more than 10 million lives 
yearly a few decades ahead. Relatively few of the about 10% of adolescent women and 
50% of adolescent men starting to smoke, will succeed to abstain due to physical 
addiction to smoking products and psychological addiction to smoking habits [150]. 
Extensive smoking cessation occurs in some high-income countries; in Norway for 
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 example, the prevalence of smokers has been reduced by 30% from 43% to 13% 


within a decade [151].  


Smoking is recognized as a major patient related risk factor for chronic 
 periodontitis. Evidence for the association between smoking and chronic periodontitis 
 has been demonstrated in diverse populations [152]. Smokers tend to present with 
 increased tooth loss, aggravated bone and attachment loss, and deeper periodontal 
 pockets compared with non-smokers [18, 19, 153-155]. The most comprehensive analysis 
 based on the NHANES III Study suggests approximately 50% of periodontitis cases 
 being smokers [18]. Moreover, smokers have approximately four times greater risk of 
 presenting with chronic periodontitis compared with non-smokers. The susceptibility 
 to periodontitis progression appears dose-related with higher prevalence and increased 
 loss of teeth and periodontal attachment in heavy smokers [156]. Based on multivariable 
 logistic regression analysis in a South Brazilian population, attribution of smoking to 
 attachment loss was estimated to 38% for heavy smokers and 16% for moderate 
 smokers. Smoking impact was calculated by multiplying the number of days smoking 
 with the number of cigarettes consumed per day divided by 20 (one pack of cigarettes) 
 with a cut-off value >7300 packs for heavy smokers and 2735-7300 for moderate 
 smokers. Compared with non-smokers, the odds ratio (OR) for heavy smokers to 
 present with more sites with clinical attachment loss >5 mm was 3.6. The 
 corresponding OR for moderate smokers was 2.0 [153]. In a prospective European study 
 smoking in excess of 15 cigarettes per day was associated with >2 times higher risk of 
 tooth loss in women and >3 times higher risk of tooth loss in men [155]. An Australian 
 study defining heavy smoking as greater than 15 packyears (number of packs of 
 cigarettes smoked per day multiplied with number of years smoked), showed that 
 almost half the heavy smokers were periodontitis cases and less than one-fifth were 
 never-smokers [154]. Compared with a smoking exposure of less than 20 packyears, 
 heavy smoking in an adult US population revealed an OR for periodontitis of 2.1 
 according to the EFP and 2.4 based on the AAP definition [157].  


The association between chronic periodontitis and smoking seems not to be 
explained by differences in oral hygiene standards among smokers and non-smokers 



(28)28 


[158]. Further, the association between chronic periodontitis and smoking is weakened 
 over time following smoking cessation [18, 19, 159]. Longitudinal studies show 
 comparable CAL in young smokers and non-smokers 6 years following smoking 
 cessation. After 10-20 years cessation, former smokers tend to show less bone loss 
 than smokers and approach the level of never smokers relative to tooth loss [155, 160, 161]. 
 A causal association between smoking and tooth loss and smoking and chronic 
 periodontitis is highly likely, with the strength of the association depending on 
 chronicity and frequency of exposure [36, 162]. 


Figure 4. Clinical picture of a smoking severe chronic periodontitis case characterized by 
 gingival recessions, minor clinical sign of gingival inflammation, and staining of the teeth. 


1.5 Smokers responses to periodontal therapy 


Except for smoking cessation counselling, similar procedures are employed in treating 
chronic periodontitis in smokers and non-smokers. Non-surgical therapy by 
mechanical disruption of plaque is considered routine, even though less favourable 
therapeutic outcomes in smokers have repeatedly been documented [163-165]. A series of 
clinical studies in Sweden during the 1980s and 1990s initiated the systematic 
investigation of the effects of smoking on periodontal therapy [166-168], paving the way 
for prospective studies employing single-level statistics to compare means of PD, 
bleeding on probing, plaque, and periodontal pathogen levels in smokers and non-
smokers following non-surgical periodontal therapy. PD considered the primary 
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 outcome measure showed 0.2-0.9 mm less reduction in smokers with similar efficacy 
 for one-stage full-mouth debridement and conventional quadrant-wide approaches [169-


174]. Although these means appear small, PD reduction in the smoking populations is of 
 clinical relevance. In favour of non-smokers, a meta-analysis of the influence of 
 smoking on non-surgical therapy demonstrated a mean PD difference of 0.1 mm and 
 for sites with initial probing depth >5 mm, 0.4 mm. No significant differences were 
 documented for CAL and BI [164]. Prospective studies using multilevel statistics 
 confirm the impaired outcomes in smokers following non-surgical therapy, especially 
 for plaque positive sites, multi-rooted teeth, and deeper periodontal pockets [173, 175]. 
 The probability of a 6-mm periodontal pocket to close (≤4 mm) has been estimated to 
 31% at single-rooted and 51% at multi-rooted teeth in smokers compared with 43% 


and 64%, respectively, for non-smokers. Corresponding estimates for 7-mm pockets 
 were 12% and 25% in smokers and 20% and 36 % in non-smokers [175]. 


Smokers affected by chronic periodontitis appear to harbour increased levels of 
 putative periopathogenic bacteria [176, 177]. Investigations have reported a smaller 
 reduction of periodontal pathogens in smokers following non-surgical therapy. 


Prospective studies suggest that P. gingivalis, T. forsythia and T. denticola may be 
 more prevalent in smokers than in non-smokers following non-surgical therapy [62, 172, 


178]. A reduced response to antimicrobial treatment in smokers is supported by cross-
 sectional and retrospective studies [176, 179]. In contrast, with an objective validation of 
 smoking status, others have found similar reductions of periodontal pathogens in 
 smokers and non-smokers following periodontal therapy [180]. Despite aggravated 
 periodontal pathogens, adjunctive use of systemic and local antibiotics in conjunction 
 with non-surgical periodontal therapy does not appear to advance PD reduction or 
 CAL gain in smokers compared with non-smokers [181].  


Non-surgical therapy in non-smoking chronic periodontitis patients is 
 associated with reduced systemic inflammation, mirrored in reduction of systemic 
 levels of c-reactive proteins and other inflammatory mediators [182, 183]. In contrast, 
 smokers appear to have a suppressed antibody response to periodontal pathogens [180]


with no significant reduction in c-reactive proteins (21 days) following non-surgical 
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 therapy [184]. As GCF appears a relevant source of biomarkers of wound healing, 
 prospective clinical studies have observed impaired outcomes of non-surgical therapy 
 in smokers measured as local inflammatory responses in GCF. Following non-surgical 
 periodontal therapy, altered treatment responses in smokers have been demonstrated 
 for pro-inflammatory cytokines [interleukin (IL)-1β, tumor necrosis factor (TNF)-α, 
 chemokines (IL-8), and matrix metalloproteinase (MMP)-8] [185-188]. 


As smokers present with more severe chronic periodontitis and experience 
 reduced response to non-surgical therapy, there may be an increased need for re-
 treatment. A retrospective study comparing sites with PD ≥6 mm before and after non-
 surgical therapy found 30% remaining sites among smokers compared with 15% for 
 non-smokers. At patient level, the possibility of requiring further treatment was 43% 


for smokers and 12% for non-smokers [189]. For both smokers and non-smokers, re-
 instrumentation following non-surgical therapy reduced  pocket depth (PD ≤4 mm) in 
 58% of sites presenting PD ≥5 mm and 12% of PD >6 mm [190]. For smokers, furcation 
 involvement I and II appear particularly challenging by only 24% probability of 
 improvement compared with non-smokers following re-instrumentation [191].  


In patients with advanced periodontal disease, periodontal surgery aims to 
 achieve pocket closure and restore periodontal health. Current smokers may be 
 candidates for periodontal surgery, though the benefit from PD reduction is estimated 
 to only 50-75% of that accomplished in non-smokers [192]. The magnitude of 
 differences between smokers and non-smokers correlates to responses to non-surgical 
 therapy. A meta-analysis has quantified the outcomes in smokers following surgical 
 therapy to be reduced 0.4 mm for PD and CAL compared with non-smokers [193]. 
 Following flap surgery, furcation involvement I and II improved in 3% of degree I 
 sites in smokers compared to 27% in non-smokers and smokers having 50% of the 
 attachment gain of non-smokers [194].  


No evidence supports the use of systemic antibiotic as adjuncts to surgical 
periodontal therapy in smokers [119, 195], though more favourable outcomes have been 
reported when using systemic antibiotic following regenerative treatment of furcation 
II defects [196]. Overall, smoking seems to impair periodontal wound healing in a dose-
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 dependent manner with negative effects on bone and attachment gain [197, 198]. A meta-
 analysis estimated the negative effect of smoking on bone gain in intrabony pockets to 
 2.1 mm[197]. Following guided tissue regeneration, a retrospective study found as much 
 as 3.1 mm reduced attachment gain in intrabony pockets in smokers [199]. Regarding 
 furcations, remaining defects were observed in 63% of smokers and 14% of non-
 smokers 24 months following surgery [200]. 


Smokers enrolled in a maintenance program receiving regular supportive 
periodontal treatment show more tooth and bone loss and less PD reduction and CAL 
gain compared with non-smokers [86, 201-204]. As many as 90% of patients with recurrent 
chronic periodontitis are smokers [204] and heavy smoking is a risk factor for disease 
progression during supportive periodontal therapy [86]. The outcomes of periodontal 
therapy are associated with smoking consumption [201] and smoking cessation may 
improve the treatment response and reduce the risk of relapse of active disease during 
supportive periodontal therapy [19, 59, 204, 206, 207]. 
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2. RATIONALE FOR DESIGNING THE STUDY   


Clinical parameters related to chronic periodontitis include PD, CAL, BoP, plaque 
 accumulation, and GCF volume. By recording these parameters, previous periodontal 
 destruction, ongoing disease and prediction of disease progression may be monitored 


[208]. Clinical parameters implemented in the diagnosis of chronic periodontitis are 
 essential for treatment planning and to evaluate treatment outcomes. Smokers express 
 clinical parameters differently than non-smokers with reduced BoP and GCF volume 
 means [209, 210], and increased PD and CAL means [152]. Moreover, periodontal healing 
 appears impaired in smokers following both active and supportive periodontal therapy. 


Smoking seems to affect active periodontal therapy through local and systemic 
 pathways and impairs the inflammatory and the proliferative phase of periodontal 
 wound healing [164, 178, 188]. Nevertheless, the aetiology behind the impaired healing 
 response in smokers following active periodontal therapy is not clear.  


When patients enter supportive periodontal therapy, acute periodontal wound 
 healing has resolved and an overlapping phase of remodeling is initiated. Remodeling 
 of the wound continues and the architecture gradually approaches normal [211]. The 
 remodeling phase may continue for years and is responsible for wound contraction and 
 scar formation. However, little is known about how smoking influences tissue 
 maturation during supportive periodontal therapy.  


Most studies have documented negative effects of smoking on periodontal 
therapies at a patient level [106]. To report patient-level treatment outcomes is 
appropriate as smoking represents a major patient-related risk factor for chronic 
periodontitis. Patient-level analysis provides limited evidence of associations between 
residual pockets and disease progression [86, 110]. Site or tooth as the unit of analysis is 
preferred in clinical studies. By averaging data, clinical relevant information is lost for 
both patient- or site-level analysis [212]. Teeth and sites share the same patient-related 
risk factors and are not independent units. Periodontal parameters are clustered in 
hierarchical structures within patients, in teeth within patients, and in sites within 
teeth. Furthermore, in follow-up studies, sites, teeth, and patients will be clustered 
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 within repeated measures. Single level statistics will therefore not reflect the nature 
 and dynamic diversity of site-specific responses to periodontal therapy [212].  


Multilevel statistics with the site as the unit of analysis may provide new 
insights into mechanisms of wound healing in smokers. Table 1 depicts the numbers of 
prospective studies over the last 30 years reporting the effect of smoking on treatment 
outcomes following active and supportive periodontal therapy. The literature screening 
shows that only two prospective studies have investigated the effect of smoking on 
non-surgical therapy using multilevel approaches but without objectively validating 
smoking status. As smoking modifies both local and systemic etiological risk factors, 
site-specific treatment responses in smokers may show altered site-specific wound 
healing over time following active and supportive periodontal therapy. Moreover, 
comparisons of microbiological and GCF inflammatory responses to periodontal 
therapy in smokers and non-smokers, contextualized with clinical treatment outcomes, 
may provide more in-depth understanding of the impact of smoking on active and 
supportive periodontal therapy. Summarizing, the research project on which this thesis 
is based was undertaken to analyse the impact of smoking on periodontal therapy, on 
the periodontal microflora, and on targeted inflammatory and bone remodeling 
markers in GCF at a patient, tooth, and site level.  
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    Table 1. Numbers of prospective cohort studies of active and supportive periodontal therapy in smokers and non-smokers with chronic periodontitis. Statisticsn Months  follow-up Patients  (n)Smokers  (n) 


Reporting of  smoking status Case  definition Therapeutic interventionOutcome variables No Yes  Yes No Non- surg. Surg.Supp. Local  ab Clinical  BacteriaInflammatory  markers Subj.Obj. G T B S  Single- level 51 15 (1.5-204)52 (15-212)24 ( 6-65) 9 39 3 34 17 33 10 10 4 45 9 6 2 5 3  patient 49 15 (1.5-204)52 (15-212)25 ( 6-65)8 38 3 34 15 31 9 10 4 43 9 5 2 5 3  -tooth 3 93 ( 9-204)60 (50- 74)31 (10-46)2 1 0 2 1 2 1 3 0 3 0 0 0 0 0  -site 2 9  ( 6-12) 44 (43-45)16 (15-17)1 1 0 0 2 2 1 0 0 2*  0 1 0 0 0  Multi- level 2 9  ( 6-12) 67 (40-94) 20 (20-39) 1 1 0 2 0 2 0 0 0 2 0 0 0 0 0  N; number, Subj.; subjectively validated, Obj.; objectively validated, Non-sur.; non-surgical, Surg.; surgical, G; gingival crevicular fluid, T; tissue,  B; blood, S; saliva.   * one study adjusted for clustering
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3. AIMS 


The overall purpose of the present work was to evaluate the impact of smoking on the 
 outcomes of periodontal therapy. 


Specific aims were as follows: 


x  To study the site-specific effect of cigarette smoking on non-surgical and 
 surgical periodontal therapy and to compare the composition of subgingival 
 periopathogenic bacteria in smokers and non-smokers following non-surgical 
 and surgical periodontal therapy (Study I). 


x  To study the site-specific effect of cigarette smoking on supportive periodontal 
 therapy and to compare predictive values of clinical parameters on the outcome 
 of supportive periodontal therapy in smokers and non-smokers (Study II). 


x  To determine the gingival crevicular fluid levels of inflammatory markers 
associated with periodontal inflammation and healing and the numbers of 
subgingival periopathogenic microflora following active and 12 months of 
supportive periodontal therapy in smokers and non-smokers.  
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4. MATERIAL AND METHODS 
 4.1 Pre-study tests  


Intra-examiner (DFB) reproducibility was validated by registration of PD and CAL 
 twice, one day apart, at six sites per tooth in a sample of 10 patients. Intra-class 
 correlation coefficients (ICC) for the repeated measures for PD ranged between 0.92 
 and 0.96 and for CAL between 0.93 and 0.96. The sample size was estimated based on 
 change in PD with a difference of 0.5 mm considered clinically relevant. The standard 
 deviation of the differences between repeated PD measurements from the intra-
 calibration exercise was calculated to 0.5 mm. A power analysis based on 80 patients 
 distributed into two groups and with the level of significance (α) set to 0.05, gave an 
 88% power to detect a true difference of 0.5 mm.  


Prior to treatment, the hypothesis that it is not possible to mask an examiner to 
 smoking status was tested in a pre-study sample of 30 chronic periodontitis patients, 
 16 smokers (>10 cigarettes/day for at least 5 years) and 14 non-smokers (never or not 
 in the last 5 years) enrolled in a supportive periodontal therapy program at the 
 University Dental Clinic, Department of Clinical Dentistry - Periodontics, University 
 of Bergen. Following removal of calculus, plaque, and staining and after a mouth rinse 
 with 0.2% chlorhexidine gluconate (Corsodyl, GlaxoSmithKline, London, UK) for 1 
 min, the examiner, wearing a face mask and masked to smoking status, scored 
 smoking status as yes or no. Twenty-eight of 30 patients (93%) were correctly 
 identified as either smoker or non-smoker. Thus, the pre-study hypothesis was 
 accepted (p <0.001) indicating that the attempt to mask the examiner with regard to 
 smoking status was unsuccessful. 


4.2 Ethics 


The study protocol and informed consent were approved by the Institutional Medical 
Research Ethics Committee, University of Bergen, Norway. Prior to inclusion in the 
study, participating patients read and signed the official informed consent form. 
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 4.3 Study sample and study period 


Patients enrolled in the study were recruited from public and private dental clinics in 
 three municipalities in Hordaland County, Norway, from December 2011 until June 
 2014. Patients fulfilling study inclusion criteria were consecutively included from 
 March 2012 through September 2013. The thesis is based on a prospective cohort 
 study with data collected from April 2012 until March 2015.  


Study inclusion criteria accepted healthy subjects age 35-75 years diagnosed 
 with chronic periodontitis and presenting with at least four non-adjacent teeth. These 
 teeth should have proximal sites with a PD ≥6 mm and clinical attachment loss ≥5 mm 
 with BoP and no radiographic signs of apical pathology. Subjects who presented with 
 any current medical condition or used medications known to affect periodontal 
 healing, or incorrectly reported smoking status, or had used antibiotics, or received 
 subgingival scaling within 6 months of the study were excluded. The patients were 
 either smokers (>10 cigarettes per day for at least 5 years) or non-smokers (never 
 smoked or not within the last 5 years). Each patient, based on subjectively reported 
 smoking status, was allocated into smoking or non-smoking group.  


Subjectively reported smoking consumption was calculated in packyears; the 
 number of cigarettes smoked per day multiplied by the number of years divided by 20 
 (the number of cigarettes in a standard package) (Scott et al. 2001). Smoking status 
 was objectively validated prior to treatment by measuring cotinine levels in serum. 


Peripheral venous blood was taken from each patient before and following supportive 
periodontal therapy and the concentration of cotinine in serum determined using 
enzyme linked immunosorbent assays (Cotinine ELISA Kit, MyBioSource, San Diego, 
USA). 
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 Figure 5. Study flow chart 


4.4 Clinical examination 


Before clinical examination, a full mouth series of intraoral radiographs was taken. 


Each patient underwent clinical examination of teeth and oral soft tissues performed 
 by the same examiner (DFB). Clinical data were collected at baseline pre-treatment 
 (T0), 3 months following active periodontal therapy (T1), and following 12 months of 
 supportive periodontal therapy (T2). Rounding up to the nearest mm, PD was recorded 
 as the distance from the gingival margin to the probeable base of the pocket and CAL 
 as the distance from the cemento-enamel junction or the margin of a dental restoration 
 to the probeable base of the pocket at six sites per tooth using a manual periodontal 
 probe (PCPUNC 15, Hu-Friedy, Chicago, IL, USA). Full mouth gingival bleeding (BI) 


[213] and full mouth dental plaque (PI) was recorded [214] at the patient level and BoP 
and plaque scored as present/absent at the site-level.  
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 3.5 Collection and analysis of biological samples  


Subgingival plaque, GCF, and serum were sampled from 80 patients at T0, 75 patients 
 at T1, and 72 patients at T2. 


4.5.1 Subgingival plaque 
 4.5.1.1 Collection procedure 


Subgingival plaque was collected using two sterile paper points. Plaque samples were 
 immediately labelled and immersed into a pre-reduced sterile transport medium 
 (PRAS Dental Transport Medium, Morgan Hill, CA, USA). The samples were taken 
 from the same site as the GCF samples. 


4.5.1.2 DNA hybridization 


The subgingival plaque samples were analysed using DNA-DNA hybridization 
 (checkerboard technique) [215] at Microbiological Diagnostic Service, Department of 
 Oral Biology, Faculty of Dentistry, University of Oslo, Oslo, Norway. Each sample 
 was qualitatively and quantitatively assessed for 20 periopathogenic bacteria. The 
 analyses included red (P. gingivalis, T. denticola, and T. forsythia) and orange 
 complex species (Prevotella intermedia,  Prevotella nigrescens,  Fusobacterium 
 nucleatum subsp polymorphum,  Fusobacterium nucleatum subsp nucleatum, 
 Fusobacterium nucleatum subsp vincentii, Parvimonas micra), and A. 


actinomycetemcomitans. 


4.5.2 GCF  


4.5.2.1 Collection procedure 


GCF samples were collected using Periopaper strip (PERIOPAPER Gingival Fluid 
Collection Strips, Oraflow Inc., Smithtown, NY, USA). For each patient, one strip was 
inserted into the deepest periodontal pocket before treatment (T0) and resampled at the 
same site following active (T1) and supportive (T2) periodontal therapy. GCF volume 
was immediately estimated using the Periotron 8000 (Oraflow Inc., Smithtown, NY, 
USA), samples labelled, and stored at -80°C.  
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 4.5.2.2 Protein extraction and quantification 


GCF samples from 50 patients (25 smokers and 25 non-smokers) at T0, T1, and T2, 
 were extracted using tris-HCl buffer and quantified using a commercially available kit 
 (Pierce™ BCA Protein Assay Kit, Thermo Scientific, Rockford, IL, USA). A plate 
 reader (FLUOstar OPTIMA- BMG Labtech, Ortenberg, Germany) measured the 
 absorbance at 570 nm, total protein per sample measured in μg.  


3.5.2.3 Multi- and singleplex assays 


Bead-based singleplex essay was employed to detect two bone-remodeling markers 
 (Human Bone Magnetic Bead Panel, Multiplex MAP Kit, Billerica, MA, USA): 


osteoprotegerin (OPG) and receptor activator for nuclear factor kappa-B ligand 
 (RANKL). Bead-based multiplex essay was also employed to detect 27 inflammatory 
 markers (Bio-Plex Human Cytokine Assay Bio-Rad Inc., Hercules, CA, USA): Basic 
 Fibroblast Growth Factor (FGF), Eotaxin, Granulocyte Colony Stimulating Factor 
 (G-CSF), Granulocyte-Monocyte Colony Stimulating Factor (GM-CSF), IL-1β, IL-2, 
 IL-1ra, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12, IL-13, IL-15, IL-17, Interferon 
 Inducible Protein-10 (IP-10), Interferon-γ (IFN-γ), Macrophage Inflammatory 
 Protein-1α (MIP-1α), Macrophage Inflammatory Protein-1β (MIP-1β), Monocyte 
 Chemo-attractive Protein-1 (MCP-1), Platelet-Derived Growth Factor (PDGF), 
 Regulated Upon Activation, Normally T-Expressed and Presumably Secreted 
 (RANTES), (TNF-α) and Vascular Endothelial Growth Factor (VEGF). 


3.6 Treatment 


Periodontal treatment was performed by one operator (DFB). Active periodontal 
 therapy included non-surgical therapy, extraction of teeth with hopeless prognosis [216], 
 and periodontal surgery. In patients with PI less than 25% and sites with persistent PD 


>5 mm with BoP about 2 months following non-surgical therapy, surgical therapy was 
 pursued. Individualized surgical protocols comprised gingivectomy, open flap surgery, 
 or open flap surgery in combination with regenerative therapy (Emdogain®). 


Supportive periodontal therapy was scheduled at 3-month intervals beginning 3 
months following active periodontal therapy. Smokers were regularly motivated to 
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