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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 >10° 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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ABBREVIATIONS
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BI
BoP
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DFB
EFP
ELISA
FGF
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G-CSF
GM-CSF
ICC
IFN
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OPG
OR
MCP
MIP
MMP
NHANES
PCR
PD

PDGF

American Academy of Periodontology

Full mouth gingival bleeding
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Clinical attachment level

Operator and Examiner

European Federation of Periodontology
Enzyme linked immunosorbent assay

Basic Fibroblast Growth Factor

Gingival crevicular fluid

Granulocyte Colony Stimulating Factor
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Interferon

Interleukin

Interferon Inducible Protein

International Organization for Standardization
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Monocyte Chemo-attractive Protein
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National Health and Nutrition Examination Survey
Polymerase chain reaction
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SPT

RANKL
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T2

VEGF

Full mouth dental plaque
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Regulated upon activation, normally T-Expressed, and Presumably
Secreted

Tumor necrosis factor
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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 !, have also
been linked to conditions and systemic diseases including adverse pregnancy
outcomes, diabetes mellitus, and cardiovascular, atherosclerotic and pulmonary

diseases 1.

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 ). However, the classification system of periodontal diseases is

4 Out of six destructive

essentialistic, based on the aetiology of the disease
periodontal diseases, chronic periodontitis is the most prevalent and a major cause of
tooth loss . 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 [* 7). The progression of
chronic periodontitis seems to be continuous with slow to moderate bursts of tissue

destruction ™ slowing off later in life .
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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 . 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) ') and the
European Federation of Periodontology (EFP) (1] represent present standard in clinical

and epidemiological research.

ul

Prevalence of periodontitis varies among populations Severe forms,

however, seem to affect around 10% of diverse populations '*'*

with a global age
standardized prevalence of 11% (], 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 ['*. 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 !, 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 ', Risk factors including smoking, educational and
socioeconomic status, diabetes mellitus, health care availability, and oral hygiene
habits ' may also contribute to an increase in the burden of periodontitis . In
particular, smoking appears strongly associated with increased prevalence and severity

of periodontal disease in a dose dependent order !'* '],
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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

[20]

communities defined as dental biofilm *, intractable biofilm formations provoke

inflammatory processes in the subjacent gingiva to induce gingivitis 1. A further
increase in biomass and microbial complexity may disturb established tissue
homeostasis and induce a destructive inflammatory process in the susceptible host %1,
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
(%3] 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

[24]

within the biofilm . Gram-negative bacteria associated with periodontitis include

Porphyromonas gingivalis, Tannerella forsythia, Treponema Denticola, and

[

Aggregatibacter actinomycemtemcomitans '*> *®). These bacterial species comprise a

fraction of the total biomass **.. Recent concept suggests, however, that only few

27]

bacterial species play a role as “keystone” periopathogenic bacteria *”). “Keystone”

15



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 **. P. gingivalis has in low
abundance a potential to transform biofilms into a dysbiotic state and is hence

recognized as a “keystone” pathogen *°!.

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 %

. 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 *'!. 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 "

The magnitude of the host response depends on genetics and environmental

risk factors. Principally, periodontal tissue destruction is based on altered

[32]

inflammatory response to subgingival biofilm The genetic component for a

predisposition to chronic periodontitis is considered polygenetic and estimated to

33, 34

constitute 50% of the total risk for chronic periodontitis ! 1. Other risk factors

known to increase susceptibility to periodontal disease may be modifiable such as

cigarette smoking, stress, obesity, and diabetes mellitus *°)

. Being male is also
considered a modifiable risk factor as gender differences in lifestyle rather than genetic
factors appear to predispose to periodontitis !, Cigarette smoking is also considered a
causal factor for chronic periodontitis **! 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
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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 18"
century P’ Later, development of microscope, local anesthesia, and radiography
contribute to a scientific understanding of a microbial actiology of periodontal diseases
B8 Evidence based periodontal therapy developed in the second half of the 20"
century following demonstration of bacterial dental plaque as an etiological factor in
periodontal disease °*). 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

40, 41]

self-performed oral hygiene following periodontal therapy | and minimally

resective surgical approaches became the gold standard “*'. Therapeutic techniques

[43, 44]

were developed to regenerate lost periodontal tissues and paved the way for new

17



regenerative therapeutically approaches *. 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

146l However, as clinical trials failed to identify bacterial dental plaque as a prognostic

- %1 and patient related risk factors were

factor for periodontal attachment loss |
associated with periodontal disease 41 the ecological plaque hypothesis emerged.
This hypothesis introduced an effect of ecologic stress on enrichment of bacterial
species % Persistent inflammation was associated with disease progression "% and
anti-inflammatory and host modulation approaches addressed to resolve inflammation
were introduced as an adjunct to the mechanical plaque control . The
“keystone” pathogen hypothesis introduced bacterial species within subgingival
biofilm to cause a dysbiotic biofilm triggering periodontal tissue destruction ?”. 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

35, 54

targeted > > 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 1551 Risk of infections, endocarditis,

bleeding disorders, and therapeutic efforts to modulate host-responses must be

56, 57

considered prior to active therapy ! 1. Counselling for smoking cessation and

regulation of blood glucose, stress, diet, and weight should be integrated parts of active

[58-60

periodontal therapy 1. Moreover, systemic medications and resolution-phase lipid

mediators have the potential to downregulate and modulate inflammatory host

[6

responses °'). However, this new treatment concept is not yet integrated in current

systematic periodontal therapy .

18



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

[62.931 prevention of gingivitis also

prevent gingivitis and maintain a healthy dentition
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% '**. However, professional plaque control without instruction
in self-performed oral hygiene appears of limited value [’ while repeated oral hygiene
instruction may improve self-performed plaque control ®*! The duration of tooth-
brushing correlates inversely with the presence of residual plaque and effective oral

1681 In

hygiene routines require careful selection of personal oral hygiene aides
perspective, power toothbrushes appear to increase the efficacy of plaque removal by
7-17% over manual toothbrushes '*”!, whereas interproximal tooth surfaces are more

efficiently cleaned using interdental brushes '],

As chronic periodontitis advances, the relative efficacy of high standard oral
hygiene becomes reduced . 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

(%1 Nevertheless, removal of plaque and calculus remains demanding and subgingival

71, 72

debridement may result in varying presence of residual calculus """ ! depending PD,

subgingival access, tooth type and surface, furcation involvement, local retentive

371 Hand instruments, sonic or ultrasonic scalers, and

factors, and operator skills |
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 ["*).

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

19



periopathogenic bacteria from other oral niches within 24 hours ). A meta-analysis
shows modest clinical benefits of the full-mouth approach over sequenced quadrant-
wise instrumentation . Nevertheless, these various approaches are considered
comparable options in the non-surgical therapy of chronic periodontitis ©*'!. The choice
of protocol should rather be based on practical considerations related to time, patient
preference, and clinical work load **. Healing response is usually assessed within 1-2
months following non-surgical therapy (831 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 ™. Open debridement surgery may reduce PDs promoting long-
term preservation of the periodontium and thereby improving the prognosis of the
tooth *3*), 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 . 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 ™.

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 (**),

Access flaps in combination with regenerative procedures aim to restore lost
periodontal tissues **. 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.

20



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

[90]

preclinical level Contextualized within periodontal regeneration, tissue

engineering involves implantation of a scaffold incorporated with progenitor cells
directly into a periodontal defect B However, to develop the regenerative potential of

the periodontal ligament is demanding and challenges remain before incorporated in a

clinical setting %,

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 53-

%l A well-organized supportive periodontal therapy program may maintain

[94]

periodontal health even in severe chronic periodontitis patients . Absence of

supportive therapy may jeopardize the successful outcomes of the non-surgical and

surgical treatment %7 %%,

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 . High standard self-performed oral hygiene and attendance to scheduled

100-103

supportive periodontal therapy are critical | I, Longitudinal studies have shown

that favourable outcomes following active periodontal therapy may be lost due to poor

[94. 1041 Risk factors for tooth loss and recurrence of chronic periodontitis

compliance
during supportive periodontal therapy are patient-, tooth-, and site-related factors
including smoking, systemic disorders, compliance, furcation involvements, residual
PDs, and BoP 3% 'O 101971 Thege factors may categorize patients based on risk

%] and create a rationale for individually

profiles for future disease progression
tailored supportive periodontal therapy 191 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

110

interval appears necessary !''%. Based on previous studies, 3-month recall intervals are

75, 111-113

recommended for patients at risk ! 1. Only 26-77% of periodontal patients seem

110

to fully comply with prescribed recall protocols '), In particular patients at high risk

. . . 114
seem to have inconsistent compliance "',

Plaque

control

Outcome
of

Frequency
of
therapy

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
[115]

responses and antibiotic therapy . Locally delivered antimicrobials are within

minutes washed away from the periodontal pocket and thus may not reach relevant
thresholds or substantivity ''®. Clinically relevant effects of the adjunctive use of
locally delivered antibiotics in non-surgical therapy have been questioned as not being

117

convincingly documented ") 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

118

periodontal sites ''®1. 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 !''").

Some virulent bacterial strains are thought to penetrate the epithelial lining of

120

the periodontal pocket (1201 As these pathogens appear inaccessible to instrumentation,

a rationale for the use of systemic antibiotics emerges !''%). 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

[118

lymphadenopathy and fever post-therapy !''*l. Preferred protocol appears to first

mechanically disrupt any microbial reservoirs to make the residual contaminants more

121

vulnerable to the antibiotic !'*!). 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

118

induced adverse effects ''"®l. Less stringent prescription routines and increasing non-

supervised consumption of antibiotics seem to decrease bacterial susceptibility as well

[122, 123

as increasing the possibility of drug resistant pathogens 1 In perspective,

Scandinavian countries exercise restricted use of antibiotics in periodontal therapy

[124]

compared with Southern Europe, US, and South America . As periodontal

pathogens differ in sensitivity towards antibiotics, microbiological testing may
possibly increase the clinical efficacy by primarily targeting susceptible species >,
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

127 . . . .
127 Scar tissue represents a functional compromise which never exceeds

formation
80% strength compared with the pristine tissue '** '*!. 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 !*"). Despite the infectious environment, the oral mucosa tends to heal
rapidly and with limited scar formation compared with cutancous wounds ',
Detailed mechanisms are not fully elucidated; however, components in saliva may be

.. . . . 1132
critical determinants of oral tissue homeostasis [*%.

1.3.1. Stages of wound healing/repair

Periodontal wound healing may be conceptualized into integrated phases generally

133, 134] Briefly, platelets exposed to extracellular

paralleling that in cutaneous wounds '
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 4.
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

(1351 While the number of neutrophils peaks within 24-48 hours, the number of

system
macrophages continues to increase ['**). Macrophages derived from monocytes supply
the wound with a continuous flow of cytokines and growth factors transforming the

[136]

fibrin clot into granulation tissue , 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

371 and thereby angiogenesis. One to 2 days

and circulating endothelial progenitors
post-injury, epithelial cells originating from the wound margins, separate from their
basement membrane and migrate through degraded collagen and extracellular matrix

136] Following the migration and phenotypic transformation of

by integrin receptors :
the cells, attachment to the basement membrane is restored ['**!. Keratinization of the
epithelial cells is induced by tissue resources residing in the periodontal ligament and

127" Approximately 7 days post-injury,

appears controlled by the sulcular environment !
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 (1391
During the following remodeling phase, collagen is clustered into bundles by

[140

increasing cross-linking '*°!. 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 !'*!).

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 !'**!. 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

[143

1-2 weeks I 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 *”). 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 44,
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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

[133

growth over exposed gingival tissues 1. Careful tissue management and stable

readaption of the wound margins appear critical to provide an epithelial attachment

q s

within 10-12 days and re-vascularization of the woun 1. 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 1?7 1481

. 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 **).
Wound closure for healing by primary intention, space provision, and wound stability

appear critical bioclinical factors to achieve these objectives "),

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 '**). Worldwide, around 1.3 billion people smoke
and the smoking epidemic is projected to increase linked to population growth in
developing countries (1491, 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 *%.

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 ',

Smoking is recognized as a major patient related risk factor for chronic
periodontitis. Evidence for the association between smoking and chronic periodontitis

[152

has been demonstrated in diverse populations '**. Smokers tend to present with

increased tooth loss, aggravated bone and attachment loss, and deeper periodontal

18, 19, 153-1 : :
819 133135 "The most comprehensive analysis

pockets compared with non-smokers |
based on the NHANES III Study suggests approximately 50% of periodontitis cases
being smokers "*). 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

1561 Based on multivariable

loss of teeth and periodontal attachment in heavy smokers [
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 '3, In a prospective European study
smoking in excess of 15 cigarettes per day was associated with >2 times higher risk of

[155] " An Australian

tooth loss in women and >3 times higher risk of tooth loss in men
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

131 Compared with a smoking exposure of less than 20 packyears,

never-smokers !
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 """,

The association between chronic periodontitis and smoking seems not to be

explained by differences in oral hygiene standards among smokers and non-smokers
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(58] Further, the association between chronic periodontitis and smoking is weakened

(8. 1919 1 ongitudinal studies show

over time following smoking cessation
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 !> 1% 1611

A causal association between smoking and tooth loss and smoking and chronic

periodontitis is highly likely, with the strength of the association depending on
36, 162]

chronicity and frequency of exposure

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 '®'. A series of
clinical studies in Sweden during the 1980s and 1990s initiated the systematic

1661681 having the way

investigation of the effects of smoking on periodontal therapy !
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 !'®-

1741 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 "®I. 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 !> 17>,

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 7).

Smokers affected by chronic periodontitis appear to harbour increased levels of

[176, 177

putative periopathogenic bacteria 1. 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,

'8 " A reduced response to antimicrobial treatment in smokers is supported by cross-

176, 179

sectional and retrospective studies | ! In contrast, with an objective validation of

smoking status, others have found similar reductions of periodontal pathogens in

180

smokers and non-smokers following periodontal therapy "*". 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 a1,

Non-surgical therapy in non-smoking chronic periodontitis patients is

associated with reduced systemic inflammation, mirrored in reduction of systemic

182, 183
181 contrast,

180]

levels of c-reactive proteins and other inflammatory mediators [
smokers appear to have a suppressed antibody response to periodontal pathogens !

with no significant reduction in c-reactive proteins (21 days) following non-surgical
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(%41 " As GCF appears a relevant source of biomarkers of wound healing,

therapy
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)-1PB, tumor necrosis factor (TNF)-a,

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%

18] For both smokers and non-smokers, re-

for smokers and 12% for non-smokers
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 "), For smokers, furcation
involvement I and II appear particularly challenging by only 24% probability of

improvement compared with non-smokers following re-instrumentation !*'.

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 '

. 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 %],
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 "%,

No evidence supports the use of systemic antibiotic as adjuncts to surgical

119, 195
- 191 though more favourable outcomes have been

periodontal therapy in smokers !
reported when using systemic antibiotic following regenerative treatment of furcation

11 defects '*°!. Overall, smoking seems to impair periodontal wound healing in a dose-
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197, 198

dependent manner with negative effects on bone and attachment gain | 1. A meta-

analysis estimated the negative effect of smoking on bone gain in intrabony pockets to

[197

2.1 mm"""). Following guided tissue regeneration, a retrospective study found as much

[199

as 3.1 mm reduced attachment gain in intrabony pockets in smokers "'*”. 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

86, 201-204

gain compared with non-smokers | 1. As many as 90% of patients with recurrent

[204]

chronic periodontitis are smokers and heavy smoking is a risk factor for disease

progression during supportive periodontal therapy *®\. The outcomes of periodontal

[201]

therapy are associated with smoking consumption and smoking cessation may

improve the treatment response and reduce the risk of relapse of active disease during

supportive periodontal therapy % 3% 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

[209, 210 [152

means | and increased PD and CAL means !"*%. 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 !'** 7% 18] Nevertheless, the actiology 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 'l 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

(1061 1o report patient-level treatment outcomes is

therapies at a patient level
appropriate as smoking represents a major patient-related risk factor for chronic
periodontitis. Patient-level analysis provides limited evidence of associations between

(8. 119 Sjte or tooth as the unit of analysis is

residual pockets and disease progression
preferred in clinical studies. By averaging data, clinical relevant information is lost for
both patient- or site-level analysis *'?. 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 '%).

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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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:

e 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).

o 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).

e 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 (a) 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]

I'and full mouth dental plaque (PI) was recorded *'*! at the patient level and BoP

and plaque scored as present/absent at the site-level.

38



3.5 Collection and analysis of biological samples

Subgingival plaque, GCF, and serum were sampled from 80 patients at TO, 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

2131 at Microbiological Diagnostic Service, Department of

(checkerboard technique) |
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 TO, T1, and T2,
were extracted using tris-HCI 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 pg.

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-15, 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-y (IFN-y), Macrophage Inflammatory
Protein-1o. (MIP-1a), Macrophage Inflammatory Protein-1f (MIP-15), Monocyte
Chemo-attractive Protein-1 (MCP-1), Platelet-Derived Growth Factor (PDGF),
Regulated Upon Activation, Normally T-Expressed and Presumably Secreted
(RANTES), (TNF-a) 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 *'°)
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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reduce or stop smoking, and encouraged to participate in a public smoking cessation

program (Reyketelefonen, Helsedirektoratet, Oslo, Norway).

TO Active periodontal therapy (APT) T1 Supportive periodontal therapy (SPT) T2
Non-surgical therapy n= 'm 3 W 7
Time 12 months
Time: mean months 4.7 lﬁl 5.9 WA.I
b
Cd
Non-surgical + surgical therapy n= 'ﬁ' 35 W 30 Recall visits every three months
Mean months = 7.9 'ﬁ' 83 T 7.6

> s
\[/Extracted teeth 'n\ n=37 Tn=11 Extracted teeth 'n\ n=4 T n=3

-

T= smoker T =non-smoker

Figure 6. Study timeline.

3.7 Statistical analysis

The data were analyzed using the statistical software program Stata (Stata Corp.,
College Station, TX, USA), version 13 in Study I and II and version 14 in Study III.
Distribution of continuous variables was tested in Study I with the skewness and
kurtosis test and with the Shapiro-Wilk test in Study I and II. Numerical variables
were expressed using means and standard deviations, means and standard errors of the
mean, and means and range as appropriate. Differences between the continuous
variables were assessed using a two-sample independent t-test and the Mann-Whitney
test. Categorical variables were summarized as numbers and percentages and
subsequently the chi-square test was used to identify differences. P-values <0.05 were

considered statistically significant.

Study I and I1: Logistic regression analysis was performed to study the associations of
different predictive variables with the outcome of active and supportive periodontal
therapy in smokers and non-smokers. The site, corrected for clustering within patients,
teeth, and sites over time, was the unit of the analysis and PD >5 mm with BoP was
the outcome (dependent variable) dichotomized as present (1) or absent (0). Odds

ratios (OR) with 95% confidence intervals (CI) were calculated. The OR expresses
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differences in the risk to present the dependent variable between categories of

independent variables. OR >1 imply an increased risk/chance, whereas OR <1 imply a
decreased risk/chance. A non-significant outcome was understood if 1 was included in
the 95 %. The sites presenting PD >5 mm with BoP at teeth extracted between TO and

T1 were not included in the analysis.

Study I: Unadjusted analyses of relevant independent variables were performed.
Variables with a p <0.05 in the unadjusted analysis plus gender, age, and baseline
adjustments of four clinical parameters (PD, CAL, BI, and PI) were included in the
unadjusted analysis to obtain adjusted ORs. Ordinary regression analysis, adjusted for
clustering within patients over time, was undertaken to analyse the influence of active
periodontal therapy on secondary outcome variables; clinical parameters and bacterial

load.

Study II. Presented as adjusted ORs, logistic regression model adjusted for age,
gender, marital status, and education was applied to test the associations between the
outcome (dependent variable) at T2 and predictive variables at TO and T1. For the
smoking effect model, the adjustments were supplemented for smoke with two dummy
variables: (T2 = 1 and Smoke = 0) as (1) and (T2 = 1 and Smoke = 1) as (0) and (T1 =
1 and Smoke = 0) as (1) and T1 = 1 and Smoke = 1) as (0). The model was constructed
to study the effect of smoking at the differences between outcomes following active
and supportive periodontal therapy. Multilevel analysis was used to calculate ICC
within patients, teeth, and sites using linear mixed effects models. The multilevel

model was set up as a random intercept model using melogit.

Study III: Based on a subsample of 25 heavy smokers and 25 non-smokers a post-hoc
power analysis was performed. A level of significance (a) set to 0.05, gave a 71%
power to detect a true difference of 0.5 mm. Due to skewed distribution of the data,
square root transformation was employed. Ordinary regression analysis adjusted for
clustering of time and for multiple comparisons (Sidak post-hoc test) was undertaken
to analyse the influence of active and supportive periodontal therapy on the amounts

and concentrations of markers in GCF. Red complex bacteria were categorized as > or
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<10° number of species and plaque as present or absent. Stratified by plaque and red
complex species, a regression model adjusted for age, gender, education, and
clustering over time was applied to test the associations between smoking and amounts
of markers. By calculation of the effect size, the impact of smoking on the amounts of
markers before therapy and following active and supportive periodontal therapy was
reported as Cohen's coefficient. Cohen's coefficient expresses the magnitude of
smoking on a standardized scale; 0.2 imply small differences, 0.5 medium, and >0.8

large differences.
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5. RESULTS
This section provides a brief summary of the results presented in the three reports

(Study I, I1, and II) that constitute the thesis.

5.1 Study I

The specific aim was to compare site-specific treatment outcomes in smokers and non-
smokers following non-surgical and surgical periodontal therapy. Seventy-five of the
80 included patients, 40 smokers and 40 non-smokers, were available for examination
following active periodontal therapy. Drop-outs included two smokers and three non-
smokers. Mean age for smokers was 58 years (range 37-70) and for non-smokers 59
years (range 35-73); the percentage male smokers and non-smokers estimated to 38%
and 58%, respectively. At baseline, mean reported smoking was 37 packyears (range
20-108) and mean cotinine level 471 ng/mL (range 168-861). None of the patients
were excluded because of incorrect reporting of smoking status following cotinine

validation and no patients reported starting or stopped smoking during Study 1.

Patient level clinical and microbiological outcomes following active periodontal

therapy

More teeth were extracted in smokers compared with non-smokers (37 vs 11)
following active periodontal therapy. Both smokers and non-smokers demonstrated
significant reductions in mean PD, CAL, BI, and PI (p <0.001). Total sites presenting
PD >5 mm with BoP were 26.4% (n = 1471) for smokers and 17.5% (n = 1049) for
non-smokers. Within arch and tooth type, the numbers of PD >5 mm with BoP were
significantly higher at maxillary single rooted teeth in smokers compared with non-
smokers (p = 0.030). Both smokers and non-smokers responded to active periodontal
therapy with a reduction of PD >5 mm with BoP to 132 (3%) and 52 (1%) sites,
respectively. Following active periodontal therapy, five smokers (mean cotinine 727
ng/mL) presented more than 10 persistent sites with PD >5 mm with BoP, whereas no
non-smokers presented more than seven sites. A significant reduction of red complex

species was observed in non-smokers (p = 0.010). For single species within the red
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complex, T. forsythia was significantly reduced in smokers (p = 0.038) and

T. forsythia and P. gingivalis in non-smokers (p = 0.005 and p = 0.013, respectively).
Site level clinical outcomes following active periodontal therapy

PD >5 mm with BoP was more likely to occur in smokers than in non-smokers
(unadjusted OR = 2.01, p = 0.004, adjusted OR = 1.90, p = 0.013) following active
periodontal therapy. Compared with a plaque free site in non-smokers, presence of
plaque increased the risk for PD >5 mm with BoP in smokers and non-smokers (OR =
4.14, p <0.001 and OR = 3.09, p <0.001, respectively). The risk was significantly
greater in smokers within every tested location, except for maxillary buccal sites.
Compared with plaque free sites in non-smokers, smokers were more likely to present
with PD >5 mm with BoP at maxillary teeth (OR = 1.25, p = 0.029) and at buccal sites
in maxillary multi-rooted teeth (OR = 1.31, p = 0.045).

5.2 Study 11

The specific aim was to compare site-specific treatment outcomes in smokers and non-
smokers following supportive periodontal therapy. Seventy-two (36 smokers and 36
non-smokers) of the 80 included patients (40 smokers and 40 non-smokers) were
available for examination following supportive periodontal therapy. In addition to the
five patients lost during active periodontal therapy, two smokers and one non-smoker
dropped out during supportive periodontal therapy. Assessments of socio-demographic
status of the drop-out patients did not differ significantly from patients completing the
study. Three smokers reported stopping smoking during supportive periodontal

therapy, two of whom were confirmed by cotinine levels <10 ng/mL.

Patient level clinical outcomes following supportive periodontal therapy

Mean PD, BI, and PI increased significantly in smokers and non-smokers and the
number of sites presenting with PD >5 mm with BoP increased from 132 (3%) to 180
(3.8%) in smokers and from 52 (1%) to 79 (1.6%) in non-smokers. The greatest
increase was observed in smokers at maxillary single-rooted teeth with an increase
from 25 (2.6%) to 48 (5.4%) sites. At baseline, prior to active and supportive

periodontal therapy, 39 smokers and 39 non-smokers presented nine or more sites with
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PD >5 mm with BoP. These smokers reported a smoking of 36.9 packyears (95% CI
36.4-37.4) and exhibiting a mean cotinine level of 474 ng/mL (95% CI 470-479).
Following supportive periodontal therapy, five smokers and one non-smoker presented
nine or more sites with PD >5 mm with BoP and among the smokers, smoking
estimated to 35.5 packyears (95% CI 35.0-36.0) with a cotinine level of 697 ng/mL
(95% CI 682-719).

Site level clinical outcomes following supportive periodontal therapy

Mean PD at baseline and following active periodontal therapy was slightly more
predictive for PD >5 mm with BoP in non-smokers than in smokers following
supportive periodontal therapy. BoP was a significant predictor in both smokers and
non-smokers. Following active periodontal therapy BoP was a stronger predictive
factor in smokers than in non-smokers (OR = 13.26, p <0.001 and OR = 4.68, p
<0.001, respectively). Plaque following active periodontal therapy was a more
significant predictor in smokers (OR = 5.83, p <0.001) than in non-smokers (OR =
2.29, p = 0.041). Smoking had an overall negative effect on the outcomes of
supportive periodontal therapy (OR = 2.78, p = 0.001), and the effect were more
pronounced at maxillary single rooted teeth (OR = 5.08, p = 0.001). The random
intercept models used to account for patient, tooth, and site over time, showed
variations at site, tooth, and patient levels (ICC = 0.76, ICC = 0.59, and ICC = 0.11,
respectively]. The variance at patient level was less in smokers than in non-smokers

(ICC=10.137 and ICC = 0.051, respectively).

5.3 Study III

The specific aim was to investigate the effect of smoking on the inflammatory
response following active and supportive periodontal therapy as estimated in GCF.
Moreover, the number of subgingival periopathogenic bacteria was estimated. A
subsample of 25 heavy smokers and 25 non-smokers from the original 80 patients was
selected based on baseline cotinine levels. Inclusion criteria for smokers and non-
smokers were cotinine levels in serum >300 ng/mL for smokers and <10 ng/mL for

non-smokers. The following bone and inflammatory markers were reported: OPG, G-
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CSF, GM-CSF, IL-1B, IL-1ra, IL-4, IL-6, IL-7, IL-8, IL-9, IL-10, IL-17, IP-10, IFN-y,
MIP-1a, MIP-1B8, PDGF, RANTES, TNF-a, and, VEGF.

Measured by a negative effect size, smoking induced an overall reduced
expression of bone and inflammatory markers in GCF at baseline and following
supportive periodontal therapy (both, p <0.001). Subgroups of markers based on
functionality, showed that smoking suppressed pro-inflammatory markers (p <0.001),
chemokines (p = 0.007), and growth-factors (p = 0.003) at baseline, bone-remodeling
markers (p = 0.003) following active periodontal therapy, and pro-inflammatory
markers (p = 0.019) and chemokines (»p = 0.005) following supportive periodontal
therapy. Only one specific marker, chemokine IL-8, was detected in significantly
higher amounts in smokers compared with non-smokers following supportive
periodontal therapy (p = 0.034). Ten of the investigated markers in non-smokers were
significantly upregulated following periodontal therapy whereas none in smokers.
More specifically, for non-smokers a downregulation was observed for /L-15, TNF-a,
IL-7, GM-CSF, IFN-y, IL-10, VEGF and IP-10 following active periodontal therapy
and an upregulation for TNF-a, IL-7, IL-9, IFN-y, IL-10, PDGF, and IP-10 following
supportive periodontal therapy.

In the adjusted analysis, smoking was negatively associated with the amounts of
pro-inflammatory (p = 0.042), anti-inflammatory markers (p = 0.012), and OPG (p =
0.001) at sites presenting more than10® red complex bacteria. Moreover, the amounts
of markers for every investigated group (pro- and anti-inflammatory, chemokines,
growth-factors and bone-remodeling markers) showed a significant negative
association with smoking at plaque positive sites and a positive association at plaque

negative sites (p <0.05).
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6. GENERAL DISCUSSION
6.1 Methods
6.1.1. Study design and patients

Current smoking is considered an important modifiable risk factor for all severities of
periodontitis [ The series of studies included in this thesis addresses the impact of
smoking on periodontal therapy, on the subgingival microflora, and on inflammatory
and bone remodeling GCF markers in chronic periodontitis patients. Generally,
randomized controlled trials are considered the highest standard in clinical research
providing the strongest level of evidence controlling for bias and confounding factors.
However, a randomized controlled trial study design is not always possible or
necessary particularly studying the effect of smoking exposure on periodontal
treatment outcome. The present study can be defined as a prospective cohort study
with one exposed and one non-exposed population. A prospective design may reduce
selection bias by direct assessment of smoking exposure, controlling strict exclusion
and inclusion criteria, and reducing recall bias by defining regular recall interval and
time for data collection. On the other hand, lack of masking might introduce
performance bias. However, masking the operator or examiner is not always possible
and false masking could also introduce bias. The pre-study test demonstrated that a
dentist cannot be masked relative to smoking status in current smokers. Thus, the
critical issue of masking examiners or operators to smoking status is challenging and

may introduce bias.

All patients in the present study were referred for periodontal therapy from
general practitioners and represented adult motivated patients who previously had
attended recall programs. The consecutively enrolled patients within the smoking and
non-smoking cohort were not matched relative to sociodemographic or clinical
characteristics. A higher female/male ratio in smokers compared with non-smokers
occurred as more male than female smokers were excluded due to systemic health
conditions affecting periodontal therapy. This could represent a confounder as females

[217, 218

tend to exercise better compliance and oral hygiene regimens I and exhibit a

reduced pro-inflammatory response than males *'*). Marital status and education levels
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were also unbalanced with smokers presenting lower education levels and living alone

(22021 L ow education level is negatively associated with periodontal progression

[222, 223

independent of smoking status I"and should be considered a confounder for

impaired treatment outcomes in smokers.

The two cohorts were not balanced for disease severity and the study sample
reflected an average severity of chronic periodontitis among adult smokers and non-
smokers. Chronic periodontitis in smokers is generally manifested by deeper PDs and
lesser BoP than in non-smokers ''*. Diagnosis and threshold levels for case definition
did not secure an equal distribution of moderate and severe chronic periodontitis
within the smoking and non-smoking cohort. As most smokers were exposed to
smoking for decades prior to therapy, modulated inflammatory responses and
aggravated periodontal pathogens have probably induced a more severe periodontal
attachment loss, deeper PDs, and suppressed BoP compared with non-smokers !'*%.
Thus, severe periodontal disease in smokers may show less reduction of diseased sites

following periodontal therapy !'®* 224!,

Smokers Non-smokers

mean PD

TO T T2 T‘D 'I"1 TI2
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Figure 7. Mean PD (a) and BoP (b) in smokers and non-smokers at T0O, T1, and T2.

In younger populations differences in clinical characteristics between smokers

. 22
and non-smokers might have been more pronounced ***!

. Since the two principle
forms of periodontitis, chronic and aggressive, may not be discriminated in the setting
of one clinical examination, the age group makes it more likely that enrolled patients

226]

represented true chronic periodontitis **). Treatment of severe chronic periodontitis is

demanding as deeper PD and furcations generally predispose for more remaining

271 Therefore, deeper PD and

plaque and calculus following non-surgical therapy [
CAL presented in smokers at baseline could introduce a selection bias in the study
sample by reduced treatment outcomes related to differences in subgingival plaque
rather than smoking status. In total, periodontal surgery was performed in 35 smokers
and 30 non-smokers and the greatest number of sites included in each surgery was in
smokers. The surgical approach used depended on disease severity. As smokers
presented with more advanced periodontal disease at baseline, more operator-sensitive
surgical techniques were used. However, follow-up studies of periodontal therapy
show that plaque control and adherence to a maintenance program may have a greater

[40, 41, 228]

impact on treatment outcomes than the actual surgical intervention . In

perspective, smokers have demonstrated reduced compliance to supportive periodontal

(M4 A strict follow-up interval every 3 months was the setup during

therapy
supportive periodontal therapy to standardize the therapy and to reduce potential

compliance bias.
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Sampling sites for GCF in smokers and non-smokers presented with no
significant differences in PD, CAL, BI, PI, and GCF volume. However, regardless of
smoking, the expression of markers in GCF is influenced by patient related factors
including mean PD and CAL **!. Therefore, local expression of GCF following
periodontal therapy could be considered comparison of responses to subgingival

plaque removal within specific host traits in smokers and non-smokers [32, 230],

A multicentre study design would have made it possible to increase the sample
size. On the other hand, using one operator excluded inter-individual variability.
Repeated measurements of PD performed by the examiner (DFB) were used to
calculate the standard deviation and the sample size estimation by including 80
patients gave an 88% power to detect a true difference of 0.5 mm. In Study III, the
sample size was reduced due to drop-outs, smoking cessation, and the objective of
investigating effects of heavy smoking defined by cotinine levels in serum. Post-hoc
power analysis was calculated to 71%. The eight (10%) drop-outs were balanced
within the smoking (10%) and non-smoking (10%) cohorts and did not significantly
vary by sociodemographic characteristics. Five (three smokers) of the excluded
patients were removed from the study due to non-periodontal infections treated with
systemic antibiotics. Systemic antibiotic could be considered an integrated part of
performed periodontal treatment. However, antibiotic therapy was not an intervention
and antibiotic used for systemic conditions could not be standardized nor controlled.
Therefore, patients using systemic antibiotic were excluded throughout the study. One
smoker not following the rigid supportive periodontal therapy interval was also

excluded.

6.1.2 Choice of outcome variable

Two levels of chronic periodontitis definitions were employed in Study I and II. At the
patient level a periodontitis case was defined and diagnosed by periodontal parameters
according to two consensuses for case definitions (AAP /EFP). At the site level a
periodontal disease site was defined by PD >5 mm with BoP. At present, there is no
generally accepted definition of a periodontal disease site and studies have generally

reported mean number of sites with PD <4 mm and PD >4 mm, presenting periodontal
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health and periodontal disease, respectively **!/). However, as a rule past experience of
periodontitis is measured by attachment- and bone loss and present disease by BoP
and/or PD "1, Few studies have been conducted using site as unit of analysis. One
multilevel study reporting 3-month outcomes following non-surgical periodontal
therapy in non-smokers and smokers defined a periodontal healthy site as PD <4 mm

without BoP ['7

1 In contrast, the present study defined a periodontal disease site as PD
>5 mm with BoP. One may argue that including BoP in the primary outcome variable
might introduce a bias as smokers tend to show suppressed BoP and gingival bleeding

167, 232] However, BoP in both smokers and non-smokers

compared with non-smokers !
seems to indicate periodontal instability. A 5-year follow-up study reported increased
mean BoP associated with periodontal instability and disease severity in smokers and
non-smokers 7. Another study applying site-specific data adjusted for clustering
within patients and sites, reported 86% increased risk for transition of a non-bleeding
to a bleeding site in smokers compared with non-smokers **). In contrast, excluding
BoP as the primary outcome variable might introduce another bias by favouring PD

. . . . . . . 234
reduction in non-smokers due to increased tissue probing penetration at baseline ***

071 As a site-

and greater gingival shrinkage following resolution of inflammation
level periodontal diagnosis including BoP appears associated with disease progression
and periodontal instability irrespective of smoking status, both PD and BoP were

included in the primary outcome variable.

6.1.3 Choice of biological sampling techniques and analysis
6.1.3.1 Plaque

The outcome of microbiological diagnostics may to some degree depend on the
method of subgingival plaque sampling. Paper points and curette sampling are widely
used. Compared with curettes, paper points may collect unattached bacteria and
bacteria from the outer layer of plaque 2. Conversely, in deep pockets, paper points
are criticized to be saturated with moistness and plaque already in the shallower layer
of the pockets (2361 'Moreover, higher bacterial DNA counts have been detected from

2

curette samples compared with paper points .. Nevertheless, the two sampling

techniques have resulted in similar microbiological findings (237 2381 1 Study I and III
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subgingival plaque samples were collected using sterile paper points (ISO size 40). As

paper points absorb GCF, GCF sampling was performed in advance of subgingival

291 GCF sampling prior to plaque sampling does not seem to

interfere with detection of subgingival microbiota at periodontitis sites **".

plaque sampling '

The plaque samples were analysed by using the semi-quantitative checkerboard
DNA-DNA hybridization technique. The technique was developed for detection and
quantification of periopathogenic bacteria and is useful in exploring presence of red
complex species. Other techniques with a higher specificity and sensitivity could
analyse the complete oral microbiome and reduce false negatives, especially following
periodontal therapy “*'l. Nevertheless, the DNA-DNA hybridization technique
identifies associations between periopathogenic bacteria and periodontal health and
has been shown to distinguish samples from different PD categories similarly as PCR,

2421 Furthermore, contextualized within the framework of

(27]

a high true put technique !
the keystone pathogen hypothesis , limitations regarding quantification and

specificity may not be of clinical relevance.

6.1.3.2 Gingival crevicular fluid

GCF provides a protective role in host-parasite interactions by physically diluting
bacteria and their metabolites and presenting antibacterial substances into the pocket.
Inflammatory markers in GCF may be indicators of periodontal disease as well as
periodontal wound healing. GCF can be collected by absorbent strips, capillary tubes,

1 In Study III pre-sterilized periopaper filter strips were

or gingival washing [
considered the preferred method compared with gingival washing *****1, Detailed and
calibrated collection methods that enable replication are recommended; standardized
collection of GCF in broad terms performed using two approaches ***. The first
approach measures GCF volume and the second standardizes the collection time. The
volume can be directly estimated using a Periotron reader that enables calculations of
target cytokine markers at pg/ul-levels based on the sampled GCF volume. Weighing
strips before and after sampling is not recommended due to minor changes in strip

245

weight requiring very sensitive scales ***). The alternative method is more prevalent

and reports the total amount GCF collected in a standard period of time, frequently per
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30 seconds. In Study III, collection time was standardized and the results reported as
total amount per 30 seconds. Reduced periodontal inflammation following periodontal
therapy resulted in decreased GCF volume for both smokers and non-smokers and
decreased volume could have an excessive effect on concentration of markers and
potentially elevate their concentrations in GCF. Therefore, reporting total amount per
30 seconds appears preferred compared with corrections for original GCF volume in

prospective studies ***1.

Within the complex nature of chronic periodontitis, a single marker cannot
reflect the overall inflammatory response to periodontal therapy and although ELISA
is considered a preferred standard in the analysis of inflammatory markers, the
multiplex technique offers the advantage of detecting up to 100 different markers in a
relatively small sample. Moreover, multiplex is a high throughput technique offering

similar sensitivity as ELISA [2*%]

. Captured antibodies and antigens are freely
suspended inside reaction wells in multiplex plates compared with antibodies attached
at the bottom of the wells in ELISA plates ***. Therefore, the multiplex technique
used in Study III may provide an overall picture of the local inflammatory response to

periodontal therapy in smokers and non-smokers.

6.1.4 Statistical analysis

The longitudinal study design was initiated to compare the changes in clinical
parameters, subgingival plaque, and GCF markers following periodontal therapy in
smokers and non-smokers. In Study I and II disease sites were the unit of the analysis.
Reporting mean values of full-mouth measurements have tended to fail in
investigating disease progression due to dilution by a major number of non-diseased

sites 127

I Logistic regression analysis was a natural choice for statistical analysis with
the binary outcome variable PD >5 mm with BoP (present vs not present). Previous
studies analysing periodontal therapy have mostly used single level statistical models
assuming that site-level observations are independent. Patients are generally
considered independent units and commonly site-specific measurements have been

averaged to subject means. To take into account the dependency receding by the

natural hierarchical structure of site-specific data within patients and teeth and by the
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repeated measures in the prospective study design, all analysis was adjusted for

dependencies.

TO T1 T2
Level 3 Patient Patient Patient
Level 2 Tooth Tooth Tooth

x28 X 28 x 28

| | |
Level 1 Site Site Site
X6 X6 X6

Figure 8. The hierarchical clustering of periodontal data, at TO, T1, and T2 and at six

sites in maximum 28 teeth, in Study I and II.

The use of random effect models (logistic multilevel analysis) was in Study II
an appropriate way to model and report the clustered data. Repeated measures for three
time points were clustered within sites, teeth, and patients. At every level of
hierarchical clustering of data the ICC indicates the proportion between cluster
variances and total variance. The total variance regarding number of disease sites was
related to within- and between-level differences. A high ICC implied hence that
between-group variance dominated over within-group variance. In contrast, a small
ICC indicated that more of the variance was related to differences within the groups,

since the between observations within the group is smaller **.

In study III all analysis was performed at patient level and adjustments were
done for clustering of repeated measures. By calculations of both p-values and effect

sizes, the hypothesis could test if smoking affected expression of GCF markers
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following therapy and moreover, how smoking affected the expression of GCF

markers and the magnitude of the effect %),

6.2 Results
6.2.1 Smoking and surgical and non-surgical periodontal therapy

Non-surgical and surgical periodontal therapy efficiently reduced mean patient related
variables as BI, PI, PD, and CAL and the number of diseased sites in smokers as well
as in non-smokers. However, smokers were more likely than non-smokers to exhibit
diseased sites (PD >5 mm with BoP) following therapy (OR 2.01). The results are in
accordance with previous findings documenting that non-surgical and surgical
periodontal therapy has a therapeutic, but lower effect in smokers 6% 164 193]
Responses to periodontal therapy are commonly compared with baseline recordings.
As smokers tend to have deeper PD and CAL than non-smokers and when a baseline
measure is part of the treatment outcome, the efficacy of therapy might be

(250 Correction of differences in baseline

algebraically coupled to baseline measures
variables in the adjusted analysis supported a suppression of site-specific treatment
outcome following active periodontal therapy in smokers (OR 1.90). However, the risk
of persisting diseased sites was more strongly associated with baseline PD in non-
smokers, indicating that the outcome of active periodontal therapy is less dependent on

initial PD.

Though the principle of active periodontal therapy is non-specific removal of
plaque and calculus by various debridement techniques, PI was not a significant
outcome factor in either smokers or non-smokers. Other studies as well have failed to

(175. 2511 ' Few studies have

demonstrate an association of PI and treatment outcomes
considered plaque at a site-level as a determining outcome factor of periodontal
therapy. In the present study, a plaque positive site increased the risk for persisting
disease. This finding is in line with previous longitudinal studies reporting plaque at

1731351 Specifically, plaque positive lingual sites

site-level as a critical outcome factor
at multi-rooted mandibular teeth demonstrated the highest risk for persistent disease

sites in smokers and non-smokers. Obtaining adequate plaque control at these sites
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(2521 Therefore, self-performed daily oral hygiene routines

appears challenging
providing plaque free sites in those areas should be emphasized. Previous reports have
shown reduced probability of pocket closure (PD <4 mm without BoP) at plaque

'] This finding is supported by the present study which

positive sites in smokers !
indicated a four times higher risk of persistent disease at plaque positive sites.
Smoking appears to reduce the site-specific tolerance to plaque thus effective self-
performed oral hygiene routines in smokers appear critical. Site-specific variations
were detected as plaque positive palatal sites at maxillary multi-rooted teeth in
smokers presented a higher risk of disease sites while the palatal sites at single-rooted
teeth in maxilla presented a lower risk. The explanation could be that smokers have
more furcation involvements than non-smokers, especially in maxillary multi-rooted
teeth ** % with demanding access for instrumentation. Moreover, maxillary molar
palatal sites appear particularly exposed to tar from tobacco smoke. Failure to

discriminate attached tar from plaque may have led to misinterpretation of plaque

positive sites in smokers.

6.2.2 Smoking and supportive periodontal therapy

During supportive periodontal therapy a slight relapse of periodontal disease occurred
as shown by increased patient level mean BI, PI, and PD and number of diseased sites
in smokers and non-smokers. While active periodontal therapy reduced the number of
diseased sites in all locations, the number of diseased sites increased followed
supportive periodontal therapy. A higher risk for relapse was detected in smokers in all
areas, demonstrating that the strict recall care every 3 months was not sufficient to
outweigh the negative effect of cigarette smoking. Longitudinal studies have
previously reported both reduced and similar responses in smokers compared with

201, 2 2
201,255, 2561 'However, as these

non-smokers over years with regular follow-up regimes
studies compared changes in mean patient levels of both healthy and diseased sites, a
direct comparison with the present study using site as the unit of the analysis is

inappropriate.

Site-level differences are known to contribute most to the variance in outcomes

173, 175, 251

following non-surgical periodontal therapy ! I This also applies to the present
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study. Moreover, stratified by smoking, ICC showed higher variation at patient level in

non-smokers supporting smoking being a major patient related risk factor.

Following supportive periodontal therapy, the number of diseased sites at
maxillary single-rooted teeth increased by 80.5 % in smokers (from 41% to 84%).
Generally, in smokers, maxillary teeth present with the most advanced attachment loss

7 also shown in the present study. Furthermore,

and the deepest periodontal pockets !
the adjusted analysis revealed a stronger effect of cigarette smoke at maxillary single
rooted teeth with less variation at patient level. A local effect of smoking on
periodontal tissues has rarely been considered in previous studies, but an additive
effect from direct exposure of smoking on the systemic effect has been suggested %,
Maxillary single-rooted teeth are more directly exposed to smoking and may be more
susceptible to impaired periodontal healing. The early phase of wound healing
following active periodontal therapy might be less influenced by a direct exposure to
cigarette smoke compared with the subsequent tissue remodeling during supportive

periodontal therapy.

In the present study, BoP at site-level appeared to be a risk factor for disease
progression and especially in smokers during supportive periodontal therapy. BoP
from deep periodontal pockets has previously been associated with more prevalent and
more intense BoP following non-surgical therapy ***). Therefore, BoP at PD >5 mm
may be considered a predictive risk factor for inferior treatment outcome during
supportive periodontal therapy in smokers. Generally, smokers appear with suppressed

232]

gingival bleeding and BoP *** most likely due to a different distribution of small and

large capillaries in gingival tissues and vasoconstrictive adaption to periodontal

[260

disease **”!. The biological mechanisms, however, for suppressed gingival bleeding in

smokers remain unclear.

6.2.3 Smoking exposure and response to periodontal therapy

Smoking appears a major modifiable risk factor in periodontal diseases also affecting
periodontal therapy, but unfortunately is not that easy to modify for patients and

clinicians. Smoking cessation is a predictive factor for positive treatment responses
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and already within days following smoking cessation periodontal parameters are

59, 261

positively affected | ], None of the patients reported to stop smoking during active

periodontal therapy, but three out of 35 stopped smoking during supportive periodontal
therapy. The reduced prevalence and the growing social disapproval of smoking,

advocate more hardcore smokers, meaning smokers who have smoked for many years

262

with no intention to stop “**. Such hardening of smokers has been confirmed in

263

Norway **1 whereas in Netherlands the “hardening hypothesis™ has been rejected,

especially among highly educated persons 1***!. Nevertheless, regulation and decline in

smoking prevalence in Scandinavia have been successful, leading the way for smoking

[151

regulation in other countries I A coincidental increased use of snuff in Scandinavia

631 There is an ongoing

266

might partly explain the reduction in number of smokers !
debate whether snuff actually prevents adolescents from starting smoking ** and the
magnitude of health profit by substituting smoke with non-combustible tobacco
products 7). A well-known tobacco researcher claimed that “People smoke for the

» 28] By reducing or eliminating the content of

nicotine but they die from the tar’
nicotine from combustible tobacco products, the dependency and thereby the use of
the products may decline. Therefore, in contrast to e-cigarettes and snuff, cigarettes

with reduced nicotine might be a promising path to smoking cessation [269],

Previous studies have demonstrated a dose-dependent detrimental effect of
smoking on periodontal healing in which smoking exposure is subjectively reported in

(86, 201]

packyears or number of smoked cigarettes per day . However, lack of

standardization of smoking status may to some extent explain an inconsistent dose-

1931 A precise and objective

dependent effect of smoking on periodontal therapy
measure of smoking exposure is essential to address the effect of smoking on
periodontal healing. High cotinine levels in serum following supportive periodontal
therapy were associated with nine or more remaining diseased sites within patients.
Heavy smoking during therapy appeared to suppress the overall treatment responses
resulting in more diseased sites, supporting a dose-response to periodontal therapy. A
similar trend was not observed between subjectively reported number of cigarettes and
treatment outcomes. Cotinine, a nicotine metabolite, is stable for up to 19 hours and

[270]

considered an accurate measure of present smoking exposure In comparison,
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packyear appears a less precise estimation of smoking exposure over several years.
Underreporting smoking could mask an association between treatment outcome and
exposure. Another confounding factor might be underreported use of other nicotine

[271

delivery products as moist snuff and electronic cigarettes “’', especially during

smoking cessation. An effect of snuff and electronical cigarettes on chronic

periodontitis has not been documented (272, 273]

6.2.4 Periopathogenic bacteria and local inflammatory response to periodontal
therapy

Reduced numbers of anaerobic bacteria generally occur following periodontal therapy
2741 'No significant reduction in the numbers of red and orange complex species was
observed in smokers following active periodontal therapy, whereas a significant
reduction in red complex species was observed in non-smokers. Smoking is considered
to have a profound impact on the morphology, physiology, and formation of dental
plaque "' and on the distribution of periodontal pathogens """, Increased numbers of
bacteria from the red and orange complex have been detected in smokers with chronic
periodontitis before treatment and following periodontal therapy 1> '"*). Smoking may
through changes in temperature, pH, nicotine, and release of chemicals disturb the
periodontal ecology by modulating local and systemic host immune responses ..
Furthermore, bacterial physiognomies may adapt to smoke. Especially the keystone
pathogen P. gingivalis responds with enhanced ability to colonize and invade epithelial

276

cells 270 As smoking stimulates plaque formation in a dose dependent way and is

[277. 2781 "3 local detrimental effect of

reversed by removal of smoking exposure
smoking on periodontal disease and treatment outcome is endorsed. Nevertheless,
P.gingivalis is not considered a primary inducer of inflammation causing periodontal
attachment loss, but a manipulator of a dysbiotic periodontal microbiota giving rise to
destructive host responses **. Smoking may exert a selective influence on dysbiotic
development in the subgingival plaque persuading upgrowth of commensals or new
subgingival bacteria, termed pathobionts, which may partly explain poor responses to

periodontal therapy in smokers.
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The periopathogenic species in subgingival plaque interact with release of

F ) and following active periodontal therapy in non-smokers,

biomarkers in GC
inflammatory markers in GCF were reduced. Compared with non-smokers, smokers
demonstrated suppressed amounts of cytokines in GCF at baseline and following
supportive periodontal therapy. Active periodontal therapy reduced the amount of
inflammatory markers in non-smokers and thereby decreased differences in expression
of markers between smokers and non-smokers. Variations in biomarkers in GCF
generally mirror fluctuations of quiet periods and bursts of activity in chronic
periodontitis *). However, smoking appears to outweigh expression related to activity
by a downregulation of cytokines and, furthermore, by an overall suppression of pro-
and anti-inflammatory markers at sites positive for plaque and for higher counts of
red-complex species. A hypoexpression of cytokines in smokers with chronic

280-282

periodontitis has previously been recognised ' I, In contrast, smoking has also

been associated with increased pro-inflammatory responses to bacterial colonization

(283 and not to be a major modifier of inflammatory markers in GCF in severe chronic

periodontitis P2,

Only one investigated molecule, IL-8, was detected in significantly higher
amounts in smokers following supportive periodontal therapy. This chemokine has
been recognized as a marker with major pro-inflammatory properties attracting
neutrophils and being upregulated by smoking in a dose-responding manner **¥.
Levels of cotinine are known to vary considerably in different body fluids **!. GCF

[286]

may have 300-fold higher levels of nicotine than serum . Therefore, local

expression of IL-8 could be expected to vary from site to site in heavy smokers.

287 and alter

Higher levels of IL-8 seem to increase survival of gingival fibroblasts
chronic wound healing by inducing fibrosis of gingival tissues. Interestingly,
increased IL-8 might impair periodontal healing, especially at maxillary single-rooted
teeth where a local effect of heavy smoking appears more evident.

Bone formation and resorption is a dynamic process controlled by the bone-
remodeling markers RANKL and OPG !, The remodeling process is regulated by
the RANKL:OPG ratio as OPG binds to the cellular receptor of RANKL, blocking

RANKL from activating osteoclasts. Increased GCF ratio has been detected in chronic
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periodontitis patients (289 and is either caused by decreased OPG, increased RANKL,
or both. Aggravated alveolar bone loss is a diagnostic feature of chronic periodontitis
in smokers ", The concentration of RANKL was below detection level in the present
study. However, OPG was significantly reduced in smokers compared with non-
smokers following active periodontal therapy, indicating an increased RANKL:OPG
ratio. Decreased OPG production has previously been revealed in osteoblasts

(2] Using a threshold of

following nicotine exposure in a dose dependent manner
smoking more than 20 packyears of cigarettes, a decrease in OPG and a higher
RANKL:OPG ratio has been reported **. Findings in the present study support these
findings and indicate that heavy smoking may increase tissue degradation by

stimulating an imbalance in bone homeostasis.
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7. CONCLUSIONS

Independently of disease severity and smoking status, overall non-surgical and
surgical periodontal therapy resulted in favourable treatment outcomes. However,
smokers exhibited an impaired site-specific response to active periodontal therapy
documented by an increased risk to present with diseased sites in a dose-dependent
manner. Only non-smokers demonstrated reduced numbers of red-complex microbiota.
Plaque positive sites were at higher risk of limited treatment outcomes in smokers and
reduced tolerance for plaque at site-level in smokers might be linked to aggravated

subgingival dental plaque.

Following 12 months of supportive periodontal therapy, a higher incidence of
diseased sites was detected in smokers than in non-smokers. A negative site-specific
effect of smoking was observed, especially at maxillary single-rooted teeth. Elevated
levels of cotinine were more related to numbers of disease sites than smoking
estimated by packyears, indicating the relevance of reducing or terminating smoking
during periodontal therapy. Following active periodontal therapy bleeding on probing

was a strong predictor for disease site, especially in smokers.

No inflammatory and bone remodeling markers in gingival crevicular fluid
responded to active and supportive periodontal therapy in smokers. In contrast, the
local expression of inflammatory and bone remodeling markers in non-smokers was
altered by active periodontal therapy. Only in non-smokers did inflammatory markers

reflect the recurrence of chronic periodontitis during supportive periodontal therapy.

Within the limitations of the present study, it may be concluded that dampened
local inflammation, especially at plaque positive sites and at sites harbouring high
levels of red complex species, contribute to the impaired site-specific treatment

outcomes in smokers.
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8. FUTURE PERSPECTIVES

Globally, the number of smokers continues to increase. An obvious way to improve
the outcome of periodontal therapy is tobacco regulations that prevent initiation of
smoking, improve smoking cessation, and production of less addictive and toxic
combustible tobacco products. Nevertheless, the future of periodontal therapy in
smokers will be influenced by the growing populations of elderly with chronic
periodontitis. As lifestyle and general health conditions might impair inflammatory
host-responses, improved knowledge of smokers’ inflammatory responses will provide

pertinent information in individualizing targeted therapies.

Observed absence of local inflammatory responses to periodontal therapy in
smokers may serve as a base for future research. It seems relevant to the ability of
gingival fibroblasts to induce a prolonged and persistent local inflammatory cytokine
production in smokers. Comparing inflammatory cytokines expressed in gingival
fibroblasts derived from biopsies obtained from smokers and non-smokers, the impact
of smoking on periodontal tissue response may be further elucidated. Identification of
candidate genes or proteins in vitro, and determination of biological pathways that are
affected by smoking, may provide important information of modulated local tissue
responses in smokers. Moreover, fibroblasts derived from smokers and non-smokers
may respond differently when exposed to periopathogenic bacterial species, to local

expression of IL-8, and to high doses of cotinine.

Another interesting area of investigation would be to evaluate differences in
local and systemic inflammatory responses to periodontal therapy in smokers and non-
smokers. As smoking appears to stimulate an overall systemic hyper-inflammatory
condition, comparisons of changes in systemic responses in smokers and non-smokers
following periodontal therapy are warranted. Moreover, contextualized within
suppressed local inflammatory responses, comparisons of local and systemic
inflammatory responses to periodontal therapy appear critical in the search for
biomarkers capable of resolving inflammatory processes in smokers and

individualizing optimal therapy.

64



9. ACKNOWLEDGEMENTS

The present work was carried out at the Department of Clinical Dentistry, Faculty of
Medicine and Dentistry, University of Bergen, Norway in the period from September
2011 to December 2016. 1 would like to thank the Faculty for giving me the
opportunity to go deep into a topic within dentistry and periodontology that regularly
affects daily work for dentists and reduces the oral health to patients. Thanks to the
Department of Clinical Dentistry for providing a scientific environment and office

facilities.

The work towards this thesis has been a team collaboration in which I am very
grateful to have been part of and I want to express my gratitude to the persons who

supported and helped me:

First I want to thank my main supervisor Professor Knut N. Leknes. I am
indebted by your guidance, hard work, and availability. No question or suggestion has
ever felt stupid and your responses have at all times been filled with knowledge,
professionalism, positivity, and respect. I could not have managed this project without

your tremendous support.

Furthermore, 1 want to express my gratitude to my co-supervisors Professor
Anne N. Astrom and Professor Kamal Mustafa. Thank you for sharing your
extensive research experience and your scientific thinking with me. Your doors have
always been open and I am grateful for the valuable discussions and meaningful

comments on my work.

Professor Stein Atle Lie. I am truly grateful for your imperative teaching and
support concerning statistical understanding and analysis — and always with a smile.
Dr. Manal Mustafa. Thank you for your excellent scientific guidance and for
patiently teaching and assisting me during laboratory work. A warm thank you to
Microbiological Diagnostic Service and Dr. Morten Enersen for systematic analysis
of the microbiological samples and for valuable inputs in the field of microbiology. I

owe much gratitude to Professor Ulf M.E. Wikesjo and Professor Emeritus Knut A.

65



Selvig for sharing their comprehensive knowledge within the field of Periodontology

and for their unique contribution to my scientific work.

I would also warmly thank everyone at Iristannlegene for providing clinical
facilities, administrative help, and personal support during the clinical study.
Especially Ase for handling new challenges and assisting me during clinical work with
exceptional professionalism. I am grateful to Irislegene for being positive colleagues

and for taking the blood samples throughout the study.

June-Vibecke Knudtsen Indrevik. Thank you for excellent guidance during
the program and for the warmest hugs. Siren @stvold. Thank you for working in the
4th floor and for seeing me. Randi Sundfjord. Thank you for making morning coffee
and punching data from the questionnaires. Kaia Berstad. Thank you for incredible
work at the cell lab. Anne Isine Bolstad, Henning Lygre, staff and post-graduate
candidates at Section of Periodontology. Thank you for including me in a
professional and stimulating working environment. Your insight within

periodontology has been important to me.

To all Phd colleagues, thank you so much for sharing scientific experiences
and for joy and frustration throughout these years. Especially warm thanks to my Phd
fellows within the Tissue Engineering Group, to Ferda for the open door and the
procrastination, Mohammed and Hasaan for invaluable help and guidance at any
time, and Sunita for being the harmonic right half in the office. I am forever grateful
for all personal and professional support and for friendships. I would also express my
gratitude to Professor Nils Roar Gjerde and Dr. Marit @ilo for bringing me new
insight into academia and perspectives on my work, for morning coffee, and for
support through rough times. Furthermore, I would like to warmly thank everyone
working in the 4th floor. Each day I have looked forward to come to work in our
generous, professional and cheerful working environment. The positivity on the 4th

floor gave energy to keep going.

My dear friends and brother, warmly thank you for being unconditionally

supportive during these years and for bringing me other aspects of life.

66



Last, but not least, my precious family @ystein, Selma, Mari, and Aksel.
Thank you for your love. The support and encouragement you have provided me
throughout the entire course of the PhD exceed all expectations and fill me with deep
gratitude. You are the keystones in my life and you make me happy and proud every
day. My mother Anne, thank you for giving me confidence, for your everlasting care

and love for my family and me.

It has been a privilege to have you all by my side!

67



10. REFERENCES

[1] T. Hirotomi, A. Yoshihara, H. Ogawa, H. Miyazaki, Community dentistry and oral
epidemiology 2012, 40, 154.

[2] M. P. Cullinan, G. J. Seymour, Periodontology 2000 2013, 62, 271.

[3] B. Holtfreter, J. M. Albandar, T. Dietrich, B. A. Dye, K. A. Eaton, P. I. Eke, P. N.
Papapanou, T. Kocher, Journal of clinical periodontology 2015, 42, 407.

[4] V. Baelum, R. Lopez, European journal of oral sciences 2003, 111, 2.

[5] G. C. Armitage, Annals of periodontology / the American Academy of
Periodontology 1999, 4, 1.

[6] G. C. Armitage, M. P. Cullinan, Periodontology 2000 2010, 53, 12.

[71R. T. Demmer, P. N. Papapanou, Periodontology 2000 2010, 53, 28.

[8] G. Papantonopoulos, K. Takahashi, T. Bountis, B. G. Loos, Journal of
periodontology 2013, 84, €29.

[9] P. N. Papapanou, J. Lindhe, J. D. Sterrett, L. Eneroth, Journal of clinical
periodontology 1991, 18, 611.

[10] R. C. Page, P.I. Eke, Journal of periodontology 2007, 78, 1387.

[11] M. S. Tonetti, N. Claffey, C. European Workshop in Periodontology group,
Journal of clinical periodontology 2005, 32 Suppl! 6, 210.

[12] V. Baelum, O. Fejerskov, T. Karring, Journal of periodontal research 1986, 21,
221.

[13] H. Lee, A. Anerud, H. Boysen, E. Morrison, Journal of clinical periodontology
1986, /3, 431.

[14] P. I. Eke, B. A. Dye, L. Wei, G. D. Slade, G. O. Thornton-Evans, W. S.
Borgnakke, G. W. Taylor, R. C. Page, J. D. Beck, R. J. Genco, Journal of
periodontology 2015, 86, 611.

[15] N. J. Kassebaum, E. Bernabe, M. Dahiya, B. Bhandari, C. J. Murray, W.
Marcenes, Journal of dental research 2014, 93, 1045.

[16] P. 1. Eke, L. Wei, W. S. Borgnakke, G. Thornton-Evans, X. Zhang, H. Lu, L. C.
McGuire, R. J. Genco, Periodontology 2000 2016, 72, 76.

[17] A. Savage, K. A. Eaton, D. R. Moles, 1. Needleman, Journal of clinical
periodontology 2009, 36, 458.

[18] S. L. Tomar, S. Asma, Journal of periodontology 2000, 71, 743.

[19] P. I. Eke, L. Wei, G. O. Thornton-Evans, L. N. Borrell, W. S. Borgnakke, B. Dye,
R. J. Genco, Journal of periodontology 2016, 1.

[20] P. D. Marsh, Caries research 2004, 38, 204.

[21] R. C. Page, H. E. Schroeder, Laboratory investigation; a journal of technical
methods and pathology 1976, 34, 235.

[22] P. D. Marsh, A. Moter, D. A. Devine, Periodontology 2000 2011, 55, 16.

[23] M. Schatzle, H. Loge, N. P. Lang, W. Burgin, A. Anerud, H. Boysen, Journal of
clinical periodontology 2004, 31, 1122.

[24] M. Kuboniwa, R.J. Lamont, Periodontology 2000 2010, 52, 38.

[25] S. S. Socransky, A. D. Haffajee, M. A. Cugini, C. Smith, R. L. Kent, Jr., Journal
of clinical periodontology 1998, 25, 134.

68



[26] P. J. Perez-Chaparro, P. M. Duarte, C. M. Pannuti, L. C. Figueiredo, M. J.
Mestnik, C. P. Goncalves, M. Faveri, M. Feres, Journal of microbiological methods
2015, 111, 19.

[27] G. Hajishengallis, R. P. Darveau, M. A. Curtis, Nature reviews. Microbiology
2012, 10, 717.

[28] G. Hajishengallis, Trends in immunology 2014, 35, 3.

[29] R. P. Darveau, G. Hajishengallis, M. A. Curtis, Journal of dental research 2012,
91, 816.

[30] A. Cekici, A. Kantarci, H. Hasturk, T. E. Van Dyke, Periodontology 2000 2014,
64, 57.

[31] R. Chovatiya, R. Medzhitov, Molecular cell 2014, 54, 281.

[32] R. Teles, D. Sakellari, F. Teles, A. Konstantinidis, R. Kent, S. Socransky, A.
Haffajee, Journal of periodontology 2010, 81, 89.

[33] B. S. Michalowicz, S. R. Diehl, J. C. Gunsolley, B. S. Sparks, C. N. Brooks, T. E.
Koertge, J. V. Califano, J. A. Burmeister, H. A. Schenkein, Journal of periodontology
2000, 71, 1699.

[34] M. L. Laine, W. Crielaard, B. G. Loos, Periodontology 2000 2012, 58, 37.

[35]R. J. Genco, W. S. Borgnakke, Periodontology 2000 2013, 62, 59.

[36] S. C. Gelskey, Community dentistry and oral epidemiology 1999, 27, 16.

[37] S. 1. Gold, Journal of clinical periodontology 1985, 12, 79.

[38] S. I. Gold, Journal of clinical periodontology 1985, 12, 171.

[39] J. Waerhaug, Journal of periodontology 1978, 49, 1.

[40] P. Axelsson, J. Lindhe, Journal of clinical periodontology 1981, 8, 239.

[41] J. Lindhe, E. Westfelt, S. Nyman, S. S. Socransky, A. D. Haffajee, Journal of
clinical periodontology 1984, 11, 448.

[42] S. Nyman, E. Westfelt, G. Sarhed, T. Karring, Journal of clinical periodontology
1988, 15, 464.

[43] L. Heijl, Journal of clinical periodontology 1997, 24, 693.

[44] J. Gottlow, S. Nyman, J. Lindhe, T. Karring, J. Wennstrom, Journal of clinical
periodontology 1986, 13, 604.

[45] C. Susin, T. Fiorini, J. Lee, J. A. De Stefano, D. P. Dickinson, U. M. Wikes;jo,
Periodontology 2000 2015, 68, 83.

[46] W. J. Loesche, Oral sciences reviews 1976, 9, 65.

[47] A. Badersten, R. Nilveus, J. Egelberg, Journal of clinical periodontology 1990,
17,102,

[48] N. Claffey, J. Egelberg, Journal of clinical periodontology 1995, 22, 690.

[49] R. J. Genco, Journal of periodontology 1996, 67, 1041.

[50] P. D. Marsh, Advances in dental research 1994, 8, 263.

[51] N. Claffey, K. Nylund, R. Kiger, S. Garrett, J. Egelberg, Journal of clinical
periodontology 1990, 17, 108.

[52] N. P. Lang, R. Adler, A. Joss, S. Nyman, Journal of clinical periodontology 1990,
17,714,

[53] T. E. Van Dyke, Journal of periodontology 2008, 79, 1601.

[54] J. M. Albandar, Periodontology 2000 2002, 29, 177.

[55]R. G. Caffesse, L. F. Mota, E. C. Morrison, Periodontology 2000 1995, 9, 7.

69



[56] C. Nichols, N. W. Roller, A. Garfunkel, Ship, II, Oral surgery, oral medicine, and
oral pathology 1974, 38, 681.

[57] F. Costantinides, E. Clozza, G. Ottaviani, M. Gobbo, G. Tirelli, M. Biasotto, Oral
Health Prev Dent 2014, 12, 305.

[58] W. J. Teeuw, V. E. Gerdes, B. G. Loos, Diabetes care 2010, 33, 421.

[59] L. Chambrone, P. M. Preshaw, E. F. Rosa, P. A. Heasman, G. A. Romito, C. M.
Pannuti, Y. K. Tu, Journal of clinical periodontology 2013, 40, 607.

[60] M. A. Reynolds, Periodontology 2000 2014, 64, 7.

[61] H. Hasturk, A. Kantarci, Periodontology 2000 2015, 69, 255.

[62] A. D. Haffajee, S. S. Socransky, Journal of clinical periodontology 2001, 28,
377.

[63] P. Axelsson, B. Nystrom, J. Lindhe, Journal of clinical periodontology 2004, 31,
749.

[64] F. van der Weijden, D. E. Slot, Periodontology 2000 2011, 55, 104.

[65] M. S. Tonetti, P. Eickholz, B. G. Loos, P. Papapanou, U. van der Velden, G.
Armitage, P. Bouchard, R. Deinzer, T. Dietrich, F. Hughes, T. Kocher, N. P. Lang, R.
Lopez, 1. Needleman, T. Newton, L. Nibali, B. Pretzl, C. Ramseier, 1. Sanz-Sanchez,
U. Schlagenhauf, J. E. Suvan, Journal of clinical periodontology 2015, 42 Suppl 16,
Ss.

[66] D. E. Slot, L. Wiggelinkhuizen, N. A. Rosema, G. A. Van der Weijden,
International journal of dental hygiene 2012, 10, 187.

[67] P. G. Robinson, S. A. Deacon, C. Deery, M. Heanue, A. D. Walmsley, H. V.
Worthington, A. M. Glenny, W. C. Shaw, The Cochrane database of systematic
reviews 2005, Cd002281.

[68] D. E. Slot, C. E. Dorfer, G. A. Van der Weijden, International journal of dental
hygiene 2008, 6, 253.

[69] B. Loos, N. Claffey, M. Crigger, Journal of clinical periodontology 1988, 15,
211.

[70] J. F. Cercek, R. D. Kiger, S. Garrett, J. Egelberg, Journal of clinical
periodontology 1983, 10, 46.

[71] G. M. Rabbani, M. M. Ash, Jr., R. G. Caffesse, Journal of periodontology 1981,
52,119.

[72] R. G. Caffesse, P. L. Sweeney, B. A. Smith, Journal of clinical periodontology
1986, 13, 205.

[73] A. Badersten, R. Nilveus, J. Egelberg, Journal of clinical periodontology 1984,
11, 63.

[74] A. Badersten, R. Nilveus, J. Egelberg, Journal of clinical periodontology 1985,
12, 190.

[75] A. Badersten, R. Nilveus, J. Egelberg, Journal of clinical periodontology 1987,
14, 425.

[76] H. C. Fleischer, J. T. Mellonig, W. K. Brayer, J. L. Gray, J. D. Barnett, Journal of
periodontology 1989, 60, 402.

[77] J. I. Matia, N. F. Bissada, J. E. Maybury, P. Ricchetti, The International journal
of periodontics & restorative dentistry 1986, 6, 24.

[78] F. Sgolastra, A. Petrucci, R. Gatto, A. Monaco, Lasers in medical science 2012,
27, 661.

70



[79] M. Quirynen, C. M. Bollen, B. N. Vandekerckhove, C. Dekeyser, W.
Papaioannou, H. Eyssen, Journal of dental research 1995, 74, 1459.

[80] H. Fang, M. Han, Q. L. Li, C. Y. Cao, R. Xia, Z. H. Zhang, Journal of
periodontal research 2016, 51, 417.

[81] J. Eberhard, S. Jepsen, P. M. Jervoe-Storm, I. Needleman, H. V. Worthington,
The Cochrane database of systematic reviews 2015, Cd004622.

[82] M. Sanz, W. Teughels, Journal of clinical periodontology 2008, 35, 3.

[83] S. L. Segelnick, M. A. Weinberg, Journal of periodontology 2006, 77, 1598.

[84] L. J. Heitz-Mayfield, N. P. Lang, Periodontology 2000 2013, 62, 218.

[85] W. B. Kaldahl, K. L. Kalkwarf, K. D. Patil, M. P. Molvar, J. K. Dyer, Journal of
periodontology 1996, 67, 93.

[86] G. Matuliene, B. E. Pjetursson, G. E. Salvi, K. Schmidlin, U. Bragger, M.
Zwahlen, N. P. Lang, Journal of clinical periodontology 2008, 35, 685.

[87] H. M. Goldman, Oral surgery, oral medicine, and oral pathology 1951, 4, 1136.
[88] D. E. Deas, A. J. Moritz, R. S. Sagun, Jr., S. F. Gruwell, C. A. Powell,
Periodontology 2000 2016, 71, 128.

[89] C. Susin, U. M. Wikesjo, Periodontology 2000 2013, 62, 232.

[90] S. Santamaria, N. Sanchez, M. Sanz, J. A. Garcia-Sanz, Clinical oral
investigations 2016.

[91] P. M. Bartold, T. E. Van Dyke, Periodontology 2000 2013, 62, 203.

[92] J. Han, D. Menicanin, S. Gronthos, P. M. Bartold, Australian dental journal 2014,
59 Suppl 1, 117.

[93] B. Rosling, S. Nyman, J. Lindhe, B. Jern, Journal of clinical periodontology
1976, 3, 233.

[94]J. Lindhe, S. Nyman, Journal of clinical periodontology 1984, 11, 504.

[95] S. Renvert, G. R. Persson, Periodontology 2000 2004, 36, 179.

[96] C. T. Lee, H. Y. Huang, T. C. Sun, N. Karimbux, Journal of dental research
2015, 94, 777.

[97] N. W. Kerr, British dental journal 1981, 150, 222.

[98] W. Becker, B. E. Becker, L. E. Berg, Journal of periodontology 1984, 55, 505.
[99] M. Sanz, A. Baumer, N. Buduneli, H. Dommisch, R. Farina, E. Kononen, G.
Linden, J. Meyle, P. M. Preshaw, M. Quirynen, S. Roldan, N. Sanchez, A. Sculean, D.
E. Slot, L. Trombelli, N. West, E. Winkel, Journal of clinical periodontology 2015, 42
Suppl 16, S214.

[100] S. Nyman, J. Lindhe, B. Rosling, Journal of clinical periodontology 1977, 4,
240.

[101] G. Matuliene, R. Studer, N. P. Lang, K. Schmidlin, B. E. Pjetursson, G. E. Salvi,
U. Bragger, M. Zwahlen, Journal of clinical periodontology 2010, 37, 191.

[102] F. O. Costa, E. J. Lages, L. O. Cota, T. C. Lorentz, R. V. Soares, J. R. Cortelli,
Journal of periodontal research 2014, 49, 121.

[103] L. Trombelli, G. Franceschetti, R. Farina, Journal of clinical periodontology
2015, 42 Suppl 16, S221.

[104] U. Bragger, D. Hakanson, N. P. Lang, Journal of clinical periodontology 1992,
19, 659.

[105] L. Hirschfeld, B. Wasserman, Journal of periodontology 1978, 49, 225.

71



[106] L. Chambrone, D. Chambrone, L. A. Lima, L. A. Chambrone, Journal of
clinical periodontology 2010, 37, 675.

[107] C. A. Ramseier, D. Mirra, C. Schutz, A. Sculean, N. P. Lang, C. Walter, G. E.
Salvi, Journal of clinical periodontology 2015, 42, 150.

[108] N. P. Lang, M. S. Tonetti, Oral Health Prev Dent 2003, 1, 7.

[109] O. A. Farooqi, C. J. Wehler, G. Gibson, M. M. Jurasic, J. A. Jones, The journal
of evidence-based dental practice 2015, 15, 171.

[110] S. Renvert, G. R. Persson, Journal of clinical periodontology 2002, 29 Suppl 3,
82.

[111] S. P. Ramfjord, E. C. Morrison, F. G. Burgett, R. R. Nissle, R. A. Shick, G. J.
Zann, J. W. Knowles, Journal of periodontology 1982, 53, 26.

[112] B. L. Pihlstrom, T. H. Oliphant, R. B. McHugh, Journal of periodontology 1984,
55, 499.

[113] B. Rosling, G. Serino, M. K. Hellstrom, S. S. Socransky, J. Lindhe, Journal of
clinical periodontology 2001, 28, 241.

[114] C. A. Ramseier, S. Kobrehel, P. Staub, A. Sculean, N. P. Lang, G. E. Salvi,
Journal of clinical periodontology 2014, 41, 473.

[115] N. Heiby, T. Bjarnsholt, M. Givskov, S. Molin, O. Ciofu, International journal
of antimicrobial agents 2010, 35, 322.

[116] M. Feres, L. C. Figueiredo, G. M. Soares, M. Faveri, Periodontology 2000 2015,
67,131.

[117] P. Matesanz-Perez, M. Garcia-Gargallo, E. Figuero, A. Bascones-Martinez, M.
Sanz, D. Herrera, Journal of clinical periodontology 2013, 40, 227.

[118] K. Jepsen, S. Jepsen, Periodontology 2000 2016, 71, 82.

[119] L. Chambrone, M. Vargas, S. Arboleda, M. Serna, M. Guerrero, J. de Sousa, G.
1. Lafaurie, Journal of periodontology 2016, 87, 1320.

[120] S. Ji, Y. S. Choi, Y. Choi, Journal of periodontal research 2015, 50, 570.

[121] C. M. Ardila, M. 1. Granada, 1. C. Guzman, Journal of periodontal research
2010, 45, 557.

[122] A. C. Palmer, R. Kishony, Nature reviews. Genetics 2013, 14, 243.

[123] T. E. Rams, J. E. Degener, A. J. van Winkelhoff, Journal of periodontology
2014, 85, 160.

[124] A. C. Veloo, K. Seme, E. Raangs, P. Rurenga, Z. Singadji, G. Wekema-Mulder,
A. J. van Winkelhoff, International journal of antimicrobial agents 2012, 40, 450.
[125] L. M. Shaddox, C. Walker, Periodontology 2000 2009, 50, 25.

[126] A. Mombelli, N. Cionca, A. Almaghlouth, F. Decaillet, D. S. Courvoisier, C.
Giannopoulou, Journal of periodontology 2013, 84, 715.

[127] A. Sculean, R. Gruber, D. D. Bosshardt, Journal of clinical periodontology
2014, 41 Suppl 15, S6.

[128] S. M. Levenson, E. F. Geever, L. V. Crowley, J. F. Oates, 3rd, C. W. Berard, H.
Rosen, Annals of surgery 1965, 161, 293.

[129] W. K. Stadelmann, A. G. Digenis, G. R. Tobin, American journal of surgery
1998, 176, 26s.

[130] N. Nooh, D. T. Graves, Journal of periodontology 2003, 74, 242.

72



[131] J. W. Wong, C. Gallant-Behm, C. Wiebe, K. Mak, D. A. Hart, H. Larjava, L.
Hakkinen, Wound repair and regeneration : official publication of the Wound Healing
Society [and] the European Tissue Repair Society 2009, 17, 717.

[132] C. E. Mohn, T. Steimetz, P. N. Surkin, J. Fernandez-Solari, J. C. Elverdin, M. B.
Guglielmotti, Wound repair and regeneration : official publication of the Wound
Healing Society [and] the European Tissue Repair Society 2015, 23, 241.

[133] U. M. Wikesjo, K. A. Selvig, Periodontology 2000 1999, 19, 21.

[134] R. A. Clark, Annals of the New York Academy of Sciences 2001, 936, 355.

[135] D. A. Scott, J. Krauss, Frontiers of oral biology 2012, 15, 56.

[136] A. J. Singer, R. A. Clark, The New England journal of medicine 1999, 341, 738.
[137] M. Potente, H. Gerhardt, P. Carmeliet, Cell 2011, 146, 873.

[138] R. A. Clark, J. M. Lanigan, P. DellaPelle, E. Manseau, H. F. Dvorak, R. B.
Colvin, The Journal of investigative dermatology 1982, 79, 264.

[139] M. Chiquet, C. Katsaros, D. Kletsas, Periodontology 2000 2015, 68, 21.

[140] D. T. Woodley, M. Yamauchi, K. C. Wynn, G. Mechanic, R. A. Briggaman, The
Journal of investigative dermatology 1991, 97, 580.

[141] G. C. Gurtner, S. Werner, Y. Barrandon, M. T. Longaker, Nature 2008, 453,
314.

[142] T. G. Wilson, Jr., J. Carnio, R. Schenk, G. Myers, Journal of periodontology
2008, 79, 2036.

[143]J. G. Caton, H. A. Zander, Journal of periodontology 1979, 50, 462.

[144] A. B. Novaes, S. Kon, M. P. Ruben, H. M. Goldman, Journal of periodontology
1969, 40, 359.

[145] R. Burkhardt, N. P. Lang, Periodontology 2000 2015, 68, 270.

[146] S. Nyman, J. Lindhe, T. Karring, H. Rylander, Journal of -clinical
periodontology 1982, 9, 290.

[147] G. Polimeni, A. V. Xiropaidis, U. M. Wikesjo, Periodontology 2000 2006, 41,
30.

[148] M. Borgerding, H. Klus, Experimental and toxicologic pathology : official
Jjournal of the Gesellschaft fur Toxikologische Pathologie 2005, 57 Suppl 1, 43.

[149] M. Ng, M. K. Freeman, T. D. Fleming, M. Robinson, L. Dwyer-Lindgren, B.
Thomson, A. Wollum, E. Sanman, S. Wulf, A. D. Lopez, C. J. Murray, E. Gakidou,
Jama 2014, 311, 183.

[150] P. Jha, R. Peto, The New England journal of medicine 2014, 370, 60.

[151] V. Bilano, S. Gilmour, T. Moffiet, E. T. d'Espaignet, G. A. Stevens, A. Commar,
F. Tuyl, I. Hudson, K. Shibuya, Lancet (London, England) 2015, 385, 966.

[152] F. H. Nociti, Jr., M. Z. Casati, P. M. Duarte, Periodontology 2000 2015, 67, 187.
[153] C. Susin, R. V. Oppermann, O. Haugejorden, J. M. Albandar, Journal of clinical
periodontology 2004, 31, 951.

[154] L. G. Do, G. D. Slade, K. F. Roberts-Thomson, A. E. Sanders, Journal of
clinical periodontology 2008, 35, 398.

[155] T. Dietrich, C. Walter, K. Oluwagbemigun, M. Bergmann, T. Pischon, N.
Pischon, H. Boeing, Journal of dental research 2015, 94, 1369.

[156] L. J. Heitz-Mayfield, Journal of clinical periodontology 2005, 32 Suppl 6, 196.
[157] K. R. Phipps, B. K. Chan, M. Jennings-Holt, N. C. Geurs, M. S. Reddy, C. E.
Lewis, E. S. Orwoll, Gerodontology 2009, 26, 122.

73



[158] S. Warnakulasuriya, T. Dietrich, M. M. Bornstein, E. Casals Peidro, P. M.
Preshaw, C. Walter, J. L. Wennstrom, J. Bergstrom, International dental journal 2010,
60, 7.

[159]J.J. Hyman, B. C. Reid, Journal of clinical periodontology 2003, 30, 230.

[160] W. M. Thomson, J. M. Broadbent, D. Welch, J. D. Beck, R. Poulton, Journal of
clinical periodontology 2007, 34, 828.

[161] L. Jansson, S. Lavstedt, Journal of clinical periodontology 2002, 29, 750.

[162] R. Niederman, Evidence-based dentistry 2011, 12, 77.

[163] G. K. Johnson, M. Hill, Journal of periodontology 2004, 75, 196.

[164] A. Labriola, I. Needleman, D. R. Moles, Periodontology 2000 2005, 37, 124.
[165] L. Heasman, F. Stacey, P. M. Preshaw, G. I. McCracken, S. Hepburn, P. A.
Heasman, Journal of clinical periodontology 2006, 33, 241.

[166] H. Preber, J. Bergstrom, Journal of clinical periodontology 1986, 13, 319.

[167] H. Preber, J. Bergstrom, Acta odontologica Scandinavica 1986, 44, 85.

[168] H. Preber, J. Bergstrom, Journal of clinical periodontology 1990, 17, 324.

[169] A. D. Haffajee, M. A. Cugini, S. Dibart, C. Smith, R. L. Kent, Jr., S. S.
Socransky, Journal of clinical periodontology 1997, 24, 324.

[170] E. E. Machtei, E. Hausmann, M. Schmidt, S. G. Grossi, R. Dunford, R.
Schifferle, K. Munoz, G. Davies, J. Chandler, R. J. Genco, Journal of periodontology
1998, 69, 590.

[171] L. Jin, K. Y. Wong, W. K. Leung, E. F. Corbet, The Journal of clinical dentistry
2000, /1, 35.

[172] 1. B. Darby, P. J. Hodge, M. P. Riggio, D. F. Kinane, Journal of clinical
periodontology 2005, 32, 200.

[173] C. P. Wan, W. K. Leung, M. C. Wong, R. M. Wong, P. Wan, E. C. Lo, E. F.
Corbet, Journal of clinical periodontology 2009, 36, 229.

[174] T. Meulman, A. P. Giorgetti, J. Gimenes, R. C. Casarin, D. C. Peruzzo, F. H.
Nociti, Jr., Journal of the International Academy of Periodontology 2013, 15, 83.

[175] C. Tomasi, A. H. Leyland, J. L. Wennstrom, Journal of clinical periodontology
2007, 34, 682.

[176] A. J. van Winkelhoff, C. J. Bosch-Tijhof, E. G. Winkel, W. A. van der Reijden,
Journal of periodontology 2001, 72, 666.

[177] M. R. Guglielmetti, E. F. Rosa, D. S. Lourencao, G. Inoue, E. F. Gomes, G. De
Micheli, F. M. Mendes, R. D. Hirata, M. H. Hirata, C. M. Pannuti, Journal of
periodontology 2014, 85, 1450.

[178] M. Feres, M. Bernal, F. Matarazzo, M. Faveri, P. M. Duarte, L. C. Figueiredo,
Australian dental journal 2015, 60, 225.

[179] U. Van der Velden, A. Varoufaki, J. W. Hutter, L. Xu, M. F. Timmerman, A. J.
Van Winkelhoff, B. G. Loos, Journal of clinical periodontology 2003, 30, 603.

[180] D. A. Apatzidou, M. P. Riggio, D. F. Kinane, Journal of clinical periodontology
2005, 32, 973.

[181] J. M. Albandar, The journal of evidence-based dental practice 2012, 12, 63.
[182] U. Altay, C. A. Giirgan, K. Agbaht, Journal of periodontology 2013, 84, 13.
[183] A. L. Caula, R. Lira-Junior, E. M. Tinoco, R. G. Fischer, Journal of clinical
periodontology 2014, 41, 875.

74



[184] F. D'Aiuto, L. Nibali, M. Parkar, J. Suvan, M. S. Tonetti, Journal of dental
research 2005, 84, 269.

[185] K. F. Al-Shammari, W. V. Giannobile, W. A. Aldredge, V. J. lacono, R. M.
Eber, H. L. Wang, R. J. Oringer, Journal of periodontology 2001, 72, 1045.

[186] P. Goutoudi, E. Diza, M. Arvanitidou, International journal of dentistry 2012,
2012, 362905.

[187] H. Toker, A. Akpinar, H. Aydin, O. Poyraz, Journal of periodontal research
2012, 47, 572.

[188] J. M. Leppilahti, M. A. Kallio, T. Tervahartiala, T. Sorsa, P. Mantyla, Journal of
periodontology 2014, 85, 250.

[189] G. H. Papantonopoulos, Journal of periodontology 1999, 70, 1166.

[190] C. Tomasi, T. Koutouzis, J. L. Wennstrom, Journal of periodontology 2008, 79,
431.

[191] C. Tomasi, J. L. Wennstrdm, Journal of periodontology 2011, 82, 210.

[192] G. K. Johnson, J. M. Guthmiller, Periodontology 2000 2007, 44, 178.

[193] G. A. Kotsakis, F. Javed, J. E. Hinrichs, I. K. Karoussis, G. E. Romanos, Journal
of periodontology 2015, 86, 254.

[194] L. Trombelli, K. S. Cho, C. K. Kim, C. Scapoli, A. Scabbia, Journal of clinical
periodontology 2003, 30, 81.

[195] M. Angaji, S. Gelskey, G. Nogueira-Filho, D. Brothwell, Journal of
periodontology 2010, 81, 1518.

[196] E. E. Machtei, Journal of periodontology 2001, 72, 512.

[197] R. A. Patel, R. F. Wilson, R. M. Palmer, Journal of periodontology 2012, §3,
143.

[198] P. Cortellini, M. S. Tonetti, Periodontology 2000 2015, 68, 282.

[199] M. S. Tonetti, G. Pini-Prato, P. Cortellini, Journal of clinical periodontology
1995, 22, 229.

[200] G. M. Bowers, R. G. Schallhorn, P. K. McClain, G. M. Morrison, R. Morgan,
M. A. Reynolds, Journal of periodontology 2003, 74, 1255.

[201] W. B. Kaldahl, G. K. Johnson, K. D. Patil, K. L. Kalkwarf, Journal of
periodontology 1996, 67, 675.

[202] S. Airila-Mansson, B. Soder, B. Klinge, Journal of clinical periodontology
2005, 32, 822.

[203] M. Silvestri, G. Rasperini, S. Milani, Journal of periodontology 2011, 82, 668.
[204] G. E. Salvi, D. C. Mischler, K. Schmidlin, G. Matuliene, B. E. Pjetursson, U.
Bragger, N. P. Lang, Journal of clinical periodontology 2014, 41, 701.

[205] I. Magnusson, C. B. Walker, Journal of clinical periodontology 1996, 23, 289.
[206] T. Yanagisawa, M. Ueno, K. Shinada, S. Ohara, F. A. Wright, Y. Kawaguchi,
Journal of periodontal research 2010, 45, 277.

[207] E. F. Rosa, P. Corraini, G. Inoue, E. F. Gomes, M. R. Guglielmetti, S. R. Sanda,
J. P. Lotufo, G. A. Romito, C. M. Pannuti, Journal of clinical periodontology 2014,
41, 1145.

[208] A. D. Haffajee, S. S. Socransky, J. M. Goodson, Journal of clinical
periodontology 1983, 10, 257.

[209] T. Dietrich, J. P. Bernimoulin, R. J. Glynn, Journal of periodontology 2004, 75,
16.

75



[210] S. A. Mokeem, S. Vellappally, R. S. Preethanath, M. I. Hashem, A. A. Al-
Kheraif, S. Anil, Oral health and dental management 2014, 13, 469.

[211] S. Guo, L. A. Dipietro, Journal of dental research 2010, 89, 219.

[212] Y. K. Tu, M. S. Gilthorpe, Periodontology 2000 2012, 59, 75.

[213]J. Ainamo, 1. Bay, International dental journal 1975, 25, 229.

[214] T. J. O'Leary, R. B. Drake, J. E. Naylor, Journal of periodontology 1972, 43, 38.
[215] S. S. Socransky, A. D. Haffajee, C. Smith, L. Martin, J. A. Haffajee, N. G. Uzel,
J. M. Goodson, Oral microbiology and immunology 2004, 19, 352.

[216] M. K. McGuire, Journal of periodontology 1991, 62, 51.

[217] L. B. Christensen, K. Rosing, S. M. Lempert, B. Hede, Gerodontology 2016, 33,
79.

[218] P. Famili, E. Short, General dentistry 2010, 58, e42.

[219] H. J. Shiau, M. A. Reynolds, Journal of periodontology 2010, 81, 1505.

[220] R. D. Goodwin, J. Pagura, R. Spiwak, A. R. Lemeshow, J. Sareen, Drug and
alcohol dependence 2011, 118, 127.

[221] A. Jamal, I. T. Agaku, E. O'Connor, B. A. King, J. B. Kenemer, L. Neff,
MMWR. Morbidity and mortality weekly report 2014, 63, 1108.

[222] J. Paulander, J. L. Wennstrom, P. Axelsson, J. Lindhe, Journal of clinical
periodontology 2004, 31, 489.

[223] A. N. Haas, M. C. Wagner, R. V. Oppermann, C. K. Rosing, J. M. Albandar, C.
Susin, Journal of clinical periodontology 2014, 41, 215.

[224] H. R. Preus, L. Sandvik, P. Gjermo, V. Baelum, European journal of oral
sciences 2014, 122, 89.

[225] B. H. Mullally, Tobacco induced diseases 2004, 2, 53.

[226] J. M. Albandar, Periodontology 2000 2014, 65, 13.

[227] K. L. Kalkwarf, W. B. Kaldahl, K. D. Patil, Journal of periodontology 1988, 59,
794.

[228] M. C. Ng, M. M. Ong, L. P. Lim, C. G. Koh, Y. H. Chan, Journal of clinical
periodontology 2011, 38, 499.

[229] S. P. Engebretson, J. T. Grbic, R. Singer, I. B. Lamster, Journal of clinical
periodontology 2002, 29, 48.

[230] J. Meyle, 1. Chapple, Periodontology 2000 2015, 69, 7.

[231] J. Bergstrom, S. Eliasson, J. Dock, Journal of periodontology 2000, 71, 1338.
[232] R. Farina, C. Tomasi, L. Trombelli, Journal of clinical periodontology 2013, 40,
735.

[233] H. P. Miiller, S. Stadermann, A. Heinecke, Journal of clinical periodontology
2002, 29, 287.

[234] A. J. Biddle, R. M. Palmer, R. F. Wilson, T. L. Watts, Journal of clinical
periodontology 2001, 28, 806.

[235] P. M. Loomer, Periodontology 2000 2004, 34, 49.

[236] N. Angelov, R. M. Aprecio, J. Kettering, T. Lundgren, M. Riggs, J. Egelberg,
Clinical, cosmetic and investigational dentistry 2009, 1, 1.

[237] P. M. Jervee-Storm, H. Alahdab, M. Koltzscher, R. Fimmers, S. Jepsen, Journal
of periodontology 2007, 78, 909.

[238] G. N. Belibasakis, P. R. Schmidlin, P. Sahrmann, APMIS : acta pathologica,
microbiologica, et immunologica Scandinavica 2014, 122, 347.

76



[239] D. M. Krigar, J. Kaltschmitt, J. K. Krieger, P. Eickholz, Journal of
periodontology 2007, 78, 72.

[240] B. Mullally, L. Wolff, N. Hardie, D. Aeppli, B. Pihlstrom, Journal of dentistry
1994, 22, 223.

[241] A. Casas, D. Herrera, J. Martin-Carnes, 1. Gonzalez, A. O'Connor, M. Sanz,
Journal of periodontology 2007, 78, 1103.

[242] A. D. Haffajee, T. Yaskell, G. Torresyap, R. Teles, S. S. Socransky, Journal of
clinical periodontology 2009, 36, 642.

[243] A. Guentsch, M. Kramesberger, A. Sroka, W. Pfister, J. Potempa, S. Eick,
Journal of periodontology 2011, 82, 1051.

[244] R. R. Wassall, P. M. Preshaw, Periodontology 2000 2016, 70, 65.

[245] G. S. Griffiths, Periodontology 2000 2003, 31, 32.

[246] S. X. Leng, J. E. McElhaney, J. D. Walston, D. Xie, N. S. Fedarko, G. A.
Kuchel, The journals of gerontology. Series A, Biological sciences and medical
sciences 2008, 63, 879.

[247] Y. K. Tu, I. H. Maddick, G. S. Griffiths, M. S. Gilthorpe, Journal of dentistry
2004, 32, 133.

[248] G. Rodriguez, 1. Elo, The Stata Journal 2003, 3, 32.

[249] G. M. Sullivan, R. Feinn, Journal of graduate medical education 2012, 4, 279.
[250] Y. K. Tu, M. S. Gilthorpe, G. S. Griffiths, I. H. Maddick, K. A. Eaton, N. W.
Johnson, Journal of periodontology 2004, 75, 127.

[251] F. D'Aiuto, D. Ready, M. Parkar, M. S. Tonetti, Journal of periodontology 2005,
76, 398.

[252] B. R. Cumming, H. Loe, Journal of periodontal research 1973, 8, 94.

[253] B. H. Mullally, G. J. Linden, Journal of clinical periodontology 1996, 23, 658.
[254] U. Najim, C. Slotte, O. Norderyd, 2016.

[255] M. K. B. Ah, G. K. Johnson, W. B. Kaldahl, K. D. Patil, K. L. Kalkwarf,
Journal of clinical periodontology 1994, 21, 91.

[256] S. Fisher, L. Kells, J. P. Picard, S. C. Gelskey, D. L. Singer, L. Lix, D. A. Scott,
Journal of periodontology 2008, 79, 461.

[257] G. A. van der Weijden, C. de Slegte, M. F. Timmerman, U. van der Velden,
Journal of clinical periodontology 2001, 28, 955.

[258] R. M. Palmer, R. F. Wilson, A. S. Hasan, D. A. Scott, Journal of clinical
periodontology 2005, 32 Suppl 6, 180.

[259] R. Ardais, G. Mario Tde, J. Boligon, K. Z. Kantorski, C. H. Moreira, Braz Oral
Res 2014, 28, 1.

[260] D. A. Scott, D. L. Singer, International journal of dental hygiene 2004, 2, 104.
[261] T. Morozumi, T. Kubota, T. Sato, K. Okuda, H. Yoshie, Journal of clinical
periodontology 2004, 31, 267.

[262] M. L. Costa, J. E. Cohen, M. O. Chaiton, D. Ip, P. McDonald, R. Ferrence,
Nicotine & tobacco research : official journal of the Society for Research on Nicotine
and Tobacco 2010, 12, 860.

[263] T. von Soest, W. Pedersen, Nicotine & tobacco research : official journal of the
Society for Research on Nicotine and Tobacco 2014, 16, 1232.

[264] J. Bommele, G. E. Nagelhout, M. Kleinjan, T. M. Schoenmakers, M. C.
Willemsen, D. van de Mheen, BMC public health 2016, 16, 754.

77



[265] L. M. Ramstrom, J. Foulds, Tobacco control 2006, 15, 210.

[266] J. Joffer, G. Burell, E. Bergstrom, H. Stenlund, L. Sjors, L. Jerden, BMC public
health 2014, 14, 1296.

[267] C. Dinakar, G. T. O'Connor, The New England journal of medicine 2016, 375,
1372.

[268] M. A. Russell, British medical journal 1976, 1, 1430.

[269] E. C. Donny, R. L. Denlinger, J. W. Tidey, J. S. Koopmeiners, N. L. Benowitz,
R. G. Vandrey, M. al'Absi, S. G. Carmella, P. M. Cinciripini, S. S. Dermody, D. J.
Drobes, S. S. Hecht, J. Jensen, T. Lane, C. T. Le, F. J. McClernon, I. D. Montoya, S.
E. Murphy, J. D. Robinson, M. L. Stitzer, A. A. Strasser, H. Tindle, D. K. Hatsukami,
The New England journal of medicine 2015, 373, 1340.

[270] N. J. Haley, C. M. Axelrad, K. A. Tilton, American journal of public health
1983, 73, 1204.

[271] S. Wickholm, M. R. Galanti, B. Soder, H. Gilljam, Community dentistry and
oral epidemiology 2003, 31, 269.

[272] U. Monten, J. L. Wennstrom, P. Ramberg, Journal of clinical periodontology
2006, 33, 863.

[273] A. Hugoson, M. Rolandsson, Journal of clinical periodontology 2011, 38, 809.
[274] S. S. Socransky, A. D. Haffajee, R. Teles, J. L. Wennstrom, J. Lindhe, A.
Bogren, H. Hasturk, T. van Dyke, X. Wang, J. M. Goodson, Journal of clinical
periodontology 2013, 40, 771.

[275] J. A. Hutcherson, D. A. Scott, J. Bagaitkar, Tobacco induced diseases 2015, 13,
1.

[276] K. Cogo, B. M. Calvi, F. S. Mariano, G. C. Franco, R. B. Goncalves, F. C.
Groppo, Archives of oral biology 2009, 54, 1061.

[277] J. Bagaitkar, C. A. Daep, C. K. Patel, D. E. Renaud, D. R. Demuth, D. A. Scott,
PloS one 2011, 6, €27386.

[278] N. Goldstein-Daruech, E. K. Cope, K. Q. Zhao, K. Vukovic, J. M. Kofonow, L.
Doghramji, B. Gonzalez, A. G. Chiu, D. W. Kennedy, J. N. Palmer, J. G. Leid, J. L.
Kreindler, N. A. Cohen, PloS one 2011, 6, €15700.

[279] R. P. Teles, L. C. Gursky, M. Faveri, E. A. Rosa, F. R. Teles, M. Feres, S. S.
Socransky, A. D. Haffajee, Journal of clinical periodontology 2010, 37, 313.

[280] L. Persson, J. Bergstrom, H. Ito, A. Gustafsson, Journal of periodontology 2001,
72, 90.

[281] A. Rawlinson, J. M. Grummitt, T. F. Walsh, C. W. lan Douglas, Journal of
clinical periodontology 2003, 30, 42.

[282] K. D. Tymkiw, D. H. Thunell, G. K. Johnson, S. Joly, K. K. Burnell, J. E.
Cavanaugh, K. A. Brogden, J. M. Guthmiller, Journal of clinical periodontology 2011,
38, 219.

[283] P. S. Kumar, C. R. Matthews, V. Joshi, M. de Jager, M. Aspiras, Infection and
immunity 2011, 79, 4730.

[284] G. Zhou, W. Xiao, C. Xu, Y. Hu, X. Wu, F. Huang, X. Lu, C. Shi, X. Wu,
Tobacco induced diseases 2016, 14, 24.

[285] X. Chen, L. Wolff, D. Aeppli, Z. Guo, W. Luan, V. Baelum, O. Fejeskov,
Journal of clinical periodontology 2001, 28, 331.

78



[286] M. I. Ryder, R. Fujitaki, S. Lebus, M. Mahboub, B. Faia, D. Muhaimin, M.
Hamada, W. Hyun, Journal of periodontal research 1998, 33, 359.

[287] L. S. Wong, M. Martins-Green, Wound repair and regeneration : official
publication of the Wound Healing Society [and] the European Tissue Repair Society
2004, 12, 471.

288] Y. Y. Kong, H. Yoshida, 1. Sarosi, H. L. Tan, E. Timms, C. Capparelli, S.
Morony, A. J. Oliveira-dos-Santos, G. Van, A. Itie, W. Khoo, A. Wakeham, C. R.
Dunstan, D. L. Lacey, T. W. Mak, W. J. Boyle, J. M. Penninger, Nature 1999, 397,
315.

[289] N. Bostanci, T. Ilgenli, G. Emingil, B. Afacan, B. Han, H. Toz, G. Atilla, F. J.
Hughes, G. N. Belibasakis, Journal of clinical periodontology 2007, 34, 370.

[290] H. Tanaka, N. Tanabe, M. Shoji, N. Suzuki, T. Katono, S. Sato, M. Motohashi,
M. Maeno, Life sciences 2006, 78, 1733.

[291] T. H. Tang, T. R. Fitzsimmons, P. M. Bartold, Journal of -clinical
periodontology 2009, 36, 713.

79






Study 1

Site-specific treatment outcome in smokers following non-surgical and surgical
periodontal therapy

Bunaes DF, Lie SA, Enersen M, Astrom AN, Mustafa K, Leknes KN.
Journal of Clinical Periodontology 2015;42(10):993-42.






J Clin Periodontol 2015; 42: 933-942 doi: 10.1111]jcpe.12462

Site-specific treatment outcome
in smokers following non-
surgical and surgical periodontal
therapy

Bunes DF, Lie SA, Enersen M, Aastrom AN, Mustafa K, Leknes KN. Site-specific
treatment outcome in smokers following non-surgical and surgical periodontal
therapy. J Clin Periodontol 2015; 42: 933-942. doi: 10.1111]jcpe.12462.

Abstract

Aim: To evaluate the effect of smoking at patient, tooth, and site level following
non-surgical and surgical periodontal therapy.

Material and Methods: Eighty chronic periodontitis patients, 40 smokers and 40
non-smokers, were recruited to this single-arm clinical trial. Smoking status was
validated by measuring serum cotinine levels. Periodontal examinations were
performed at baseline (T0) and 3 months following non-surgical and surgical peri-
odontal therapy (T1). At TO and T1, subgingival plaque samples were collected
from the deepest periodontal pocket in each patient and analysed using checker-
board DNA-DNA hybridization. Probing depth (PD) > 5 mm with bleeding on
probing (BoP) was defined as the primary outcome. Unadjusted and adjusted
logistic regression analyses, corrected for clustered observations within patients
and teeth, were conducted comparing smokers with non-smokers.

Results: Clinical parameters significantly improved in both groups (p < 0.001).
An association was revealed between smoking and PD > 5 mm with BoP (OR=
1.90, CI: 1.14, 3.15, p = 0.013), especially for plaque-positive sites (OR= 4.14, CI:
2.16, 7.96, p < 0.001). A significant reduction of red complex microbiota was
observed for non-smokers only (p = 0.010).

Conclusion: Smokers respond less favourably to non-surgical and surgical
periodontal therapy compared with non-smokers, in particular at plaque-positive
sites.

_]oumal 0 Clinica]

Periodontology

Dagmar F. Bunzes’, Stein Atle Lie’,
Morten Enersen?, Anne Nordrehaug
Aastrom’, Kamal Mustafa' and
Knut N. Leknes’

"Faculty of Medicine and Dentistry,
Department of Clinical Dentistry, University of
Bergen, Bergen, Norway; 2Faculty of
Dentistry, Institute of Oral Biology, University
of Oslo, Oslo, Norway

Key words: chronic periodontitis; cluster
analysis; microbiology; periodontal therapy;
smoking

Accepted for publication 20 September 2015

Cigarette smoking appears a consid-
erable behavioural risk factor for

periodontal  diseases  (Albandar
2002). Depending on the definition
of the disease and exposure to smok-
ing, a smoker has 3-25 times higher
risk of developing chronic periodon-
titis compared with non-smokers
(Bergstrom 2003, Hyman & Reid
2003). Nearly half of the cases diag-
nosed with chronic periodontitis are
smokers (Tomar & Asma 2000,
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Hyman & Reid 2003, Do et al.
2008). In perspective, there is a
globally increasing prevalence of
cigarette smokers (Samet & Wipfli
2010, Ng et al. 2014).

Chronic  periodontitis  patients
generally respond favourably to con-
ventional  periodontal  treatment.
However, several studies indicate
that smokers respond less favourably
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both to non-surgical (Preber &
Bergstrom 1986, Apatzidou et al.

2005, Wan et al. 2009) and surgical
approaches (Trombelli et al. 1997,
2003, Scabbia et al. 2001). In spite
of this, smokers are in general
treated following similar protocols as
for non-smokers.

Cigarette smoking is considered
an extrinsic modifying factor in the
pathogenesis of periodontal diseases
interacting with the host cells and
affecting the inflammatory response
to microbial challenge (Palmer et al.
2005).  Plausible  pathognomonic
mechanisms include impaired
neutrophil function, decreased lym-
phocyte  proliferation and IgG
production, altered release of cytoki-
nes (Al-Shammari et al. 2001, Orbak

et al. 2003, Persson et al. 2003,
Apatzidou et al. 2005), reduced
revascularization, and  decreased

fibroblast proliferation, attachment
and collagen synthesis (Gamal &
Bayomy 2002, Mavropoulos et al.
2007, Semlali et al. 2011). Smokers
also harbour increased levels of
putative periodontal pathogens com-
pared with non-smokers (Haffajee &
Socransky 2001b, Van Winkelhoff
et al. 2001, Guglielmetti et al. 2014,
Joshi et al. 2014). Interestingly, the
periodontal microbiota in smokers
may return to normal within 6-
12 months following smoking cessa-
tion (Fullmer et al. 2009).

The compromising effect of cigar-
ette smoking on periodontal therapy
appears dose-dependent (Kaldahl
et al. 1996, Rieder et al. 2004). Thus,
an objective estimation of smoking
status emerges as an important
prerequisite to identify and assess any
harmful effects of smoking on the
periodontium at a patient, tooth, and
site level (Scott et al. 2001, Kotsakis
et al. 2015). The use of self-reported
smoking data is prone to bias in indi-
viduals who often are unwilling to
disclose their smoking status. There-
fore, self-reported smoking status
needs to be objectively validated.

Besides the systemic effect, smok-
ing may also exert local effects. Pala-
tal sites and molar teeth seem to be
more susceptible to advanced attach-
ment loss  throughout disease
progression (Haffajee & Socransky
2001a). To predict the outcome of
periodontal therapy in smokers, the
effect of smoking needs to be
explored at patient, tooth, and site

level. As variations in periodontal
treatment outcomes to a great extent
are explained by factors acting at a
site level (D’Aiuto et al. 2005, Kim
et al. 2007), the application of statis-
tical models analysing sites, taking
the clustering of data over teeth and
patients into account, appears
appealing. Focusing on the effects at
particular sites may provide a more
accurate explanation of the natural
hierarchical ~ structure  of  the
treatment responses following peri-
odontal therapy.

There seem to be no prospective
studies evaluating the effect of
cigarette smoking on the outcomes
of non-surgical and surgical peri-
odontal treatment at site level in
chronic periodontitis patients, cor-
rected for clustered observations.
The overall purpose of this study
was to compare the initial periodon-
tal treatment outcome in smokers
and non-smokers. More specifically,
the aims were to evaluate the effect
of smoking at patient, tooth, and
site level following non-surgical and
surgical periodontal therapy and to
compare differences in the composi-
tion of the subgingival microflora
during treatment at the patient
level.

Material and Methods

Pre-study protocols and tests

The study protocol and informed
consent approved by the Institu-
tional Medical Research Ethics
Committee (2011/151-6), University
of Bergen, Norway followed the Hel-
sinki Declaration of 1975, version
2008. Prior to inclusion, all patients
read and signed a written consent
form.

Intra-examiner calibration

A calibration exercise was performed
to obtain intra-examiner repro-
ducibility for the clinical outcome
variable probing depth (PD) and
clinical attachment level (CAL). In a
sample of 10 subjects, PD and CAL
were measured twice, 1 day apart, at
six sites per tooth and the intraclass
correlation coefficients (ICC) were
calculated separately for each site.
The ICC ranged between 0.92 and
0.96 for PD and between 0.93 and
0.96 for CAL.

Sample size

The sample size estimation was
based on change in PD. A difference
of 0.5 mm from TO to T1 was con-
sidered clinically relevant. Standard
deviation of the differences between
repeated PD measurements from the
intra-calibration exercise was
0.5 mm. A power analysis based on
40 subjects per group and with the
level of significance (x) set to 0.05,
gave an 88% power to detect a true
difference of 0.5 mm.

Blinding of the operator

The clinical examiner (DFB) was
tested towards the smoking status of
a 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). Calculus, plaque, and stain-
ing were removed and after rinsing
with 0.2% chlorhexidine gluconate
(Corsodyl, GlaxoSmithKline, Lon-
don, UK) for 1 min, the examiner,
wearing a face mask, scored the
smoking status as yes or no.
Twenty-eight patients (93%) were
correctly identified as either non-
smokers or smokers (p < 0.001).

Study group

Eighty patients, 40 smokers and 40
non-smokers, with moderate to
severe chronic periodontitis
(Armitage 1999) referred for peri-
odontal treatment from general
practitioners in a rural district of
Norway, were enrolled in this sin-
gle-arm clinical trial March 2012
through September 2013 (Table 1).
A detailed medical, dental, peri-
odontal, and smoking history for
the patients was obtained from
clinical  examinations  (including
weight and height registrations),
health forms, questionnaires, and by
consulting their physicians. Further-
more, they were examined for eligi-
bility and consecutively invited to

participate.
The inclusion criteria  were
healthy subjects between 35 and

75 years, with no medication that
could affect periodontal healing,
having at least four non-adjacent
teeth  with inter-proximal PD
> 6 mm and clinical attachment loss
>5 mm, bleeding on probing (BoP),
and no signs of apical pathology

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd



Table 1. Baseline (T0) patient characteristics by smoking status. Frequency/distribution of

Smoking impair periodontal treatment

participants by sociodemographic and clinical characteristics, and smoking status. n = 80

Smokers, Non-smokers, p-level
n =40 n =40
Age (n/%)
<60 years 19/47.5 18/45 0.727
>60 years 21/52.5 22/55
Gender (n/%)
Male 15/37.5 23/57.5 0.121
Female 25/62.5 17/41.5
Marital status (1/%)
Married or cohabitant 24/60.0 35/87.2 0.011
Single 16/40.0 5/12.8
Income (n/%)
Yes 18/45.0 28/70.0 0.069
No 22/55.0 12/30.0
Education (/%)
<9 years 30/75.0 20/50.0 0.025
>9 years 10/25.0 20/50.0
Satisfaction with oral health (1/%)
Content 10/25.6 14/35.9 0.368
Neither discontent or content, or discontent 28/74.4 25/64.1
BMI (mean + SD) 24.3 (4.1) 25.7 (2.9) 0.112
Number of teeth present (mean + SD) 23.4(5.2) 25.1(2.9) 0.069
BI (mean + SD) 66.7 (18.2) 67.3 (15.7) 0.865
PI (mean + SD) 54.6 (21.9) 57.1 (20.3) 0.610
PD (mean £ SD) 3.8 (1.5) 3.4(1.4) 0.028
CAL (mean + SD) 4.6 (1.8) 4.0 (1.5) <0.001

BMLI, body mass index; BI, bleeding index; PI,

ical attachment level.

(Tonetti & Claffey 2005, Page & Eke
2007). The subjects were either
smokers (>10 cigarettes/day for at
least 5 years) or non-smokers (never
or not in the last 5 years). Exclusion
criteria were any current medical
condition affecting periodontal treat-
ment and the use of systemic antibi-
otics or subgingival scaling in the
6 months before initiation of the
study.

Smoking status

The subjectively reported smoking
status was calculated in pack years;
the number of cigarettes smoked
daily multiplied by the number of
years divided by 20 (a standard pack
of cigarettes) (Scott et al. 2001).
Before treatment, smoking status
was objectively validated by measur-
ing cotinine levels in serum. Periph-
eral venous blood was collected from
each participant in a glass vacu-
tainer. After coagulation, blood was
centrifuged (1000 rpm/10 min) and
the serum was stored in aliquots at
—80°C. Serum cotinine was assessed
according to the instructions of the
serum enzyme immunoassay kit
(Cotinine ELISA Kit, MyBioSource,

plaque index; PD, probing depth; CAL, clin-

San Diego, USA) by measuring the
absorbance at 450 nm with a
microplate reader (FluoStar Optima
V1.32 R2, BMG Labtech, Offen-
burg, Germany).

Treatment

Non-surgical and surgical periodontal
treatment was performed by one
operator (DFB). All patients were
subjected to non-surgical treatment
consisting of motivation and instruc-
tion in oral hygiene and debridement
using hand instrumentation
(Hu-Friedy, Chicago, IL, USA; and
American Eagle Instruments, Mis-
soula, MT, USA) under local anaes-
thesia. Teeth with hopeless prognosis
were extracted during the non-surgi-
cal treatment phase (Mcguire 1991).
Each  treatment session lasted
60-90 min and mean number of treat-
ment sessions was 5.5 for smokers
and 5.0 for non-smokers. The smok-
ers were motivated for smoking cessa-
tion and encouraged to participate in
a public smoking cessation program
(Royketelefonen, Helsedirektoratet,
Oslo, Norway). Sixteen patients
(40%) accepted. After a healing per-
iod of 8 weeks, re-evaluation was per-

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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formed (Segelnick & Weinberg 2006).
To further reduce PD and inflamma-
tion in patients presenting PD >5 mm
with BoP and exhibiting adequate
oral hygiene routines, periodontal
surgery was implemented. Sixty-five
patients, 35 smokers and 30 non-
smokers, received periodontal surgery
(Fig. 1). Mean number of surgeries
per patient was 2.0 for smokers and
1.8 for non-smokers. Both periodon-
tal flap and gingivectomy techniques
were used following standard proto-
cols. Sutures and periodontal dress-
ings were removed at 7-10 days. A
0.2% chlorhexidine gluconate rinse
(Corsodyl, GlaxoSmithKline, Lon-
don, UK) was implemented for
4 weeks postsurgery. Postsurgical
controls, including full mouth plaque
removal and oral hygiene instruction,
were conducted every second or third
week until clinical evaluation at
12 weeks.

Clinical assessment

Before clinical examination, a full
mouth series of intra-oral radiographs
was taken. Clinical measurements
were registered at baseline pre-treat-
ment (TO0) and at 3 months post-treat-
ment (T1). PD was recorded as the
distance in mm from the gingival mar-
gin to the probeable base of the
pocket, and CAL as the distance in
mm from the cemento-enamel junc-
tion or the margin of a dental restora-
tion to the probeable base of the
pocket. PD and CAL were measured
with a manual periodontal probe
(PCPUNC 15, Hu-Friedy, Chicago,
IL, USA) at six sites per tooth round-
ing up to the nearest mm. Full mouth
gingival bleeding was recorded as the
percentage of sites showing bleeding
after gentle probing (Ainamo & Bay
1975) and full mouth dental plaque as
the percentage of tooth surfaces with
visible plaque following staining with
disclosing solution (O’Leary et al.
1972). As a supplement to staining,
the periodontal probe was used to dis-
criminate between plaque and pellicle.

Microbiological assessment

At TO, two sterile paper points were
inserted into the deepest periodontal
pocket in each patient, and the
procedure was repeated at the same
site at T1. Before sampling, the site
was carefully cleaned of supragingival
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Non-surgical and surgical periodontal treatment (TO0 - T1)

n = 80 (40 smokers, 40 non-smokers)

TO

Dropouts

Lost to follow-up (compliance)

n =1 (non-smoker)

Discontinued intervention (systemic
antibiotic)

n =4 (2 smokers, 2 non-smokers)

Extracted teeth
n = 62 (45 smokers, 17 non-smokers)

Non-surgical therapy

n =10 (3 smokers, 7 non-smokers)
Months (mean) between T0 and T1 =4.7
(5.9 smokers, 4.1 non-smokers)

Non-surgical and surgical therapy

n =65 (35 smokers, 30 non-smokers)
Months (mean) between TO and T1 =7.9
(7.6 smokers, 8.3 non-smokers)

A

n =175 (38 smokers, 37 non-smokers)

T1

Fig. 1. Study flow chart.

plaque and kept dry. The paper
points were gently inserted towards
the apex of the pocket and kept in
place for 20 sec (Renvert et al. 1992,
Belibasakis et al. 2014)  before
removal and immersion into a pre-re-
duced sterile transport medium
(PRAS Dental Transport Medium,
Morgan Hill, CA, USA). The sample
tubes were analysed at Microbiologi-
cal Diagnostic Service, Department
of Oral Biology, Faculty of Dentistry,
University of Oslo, Oslo, Norway by
DNA-DNA hybridization (checker-
board technique) (Socransky et al.
2004). The results were reported sepa-
rately for each sample, showing both
qualitative and quantitative results.
Analysis included detection of red
(Porphyromonas  gingivalis, — Tre-
ponema denticola, and Tannerella for-
sythia) and orange (Prevotella
intermedia, Prevotella nigrescens, Fu-
sobacterium nucleatum subsp polymor-
phum, Fusobacterium nucleatum subsp
nucleatum, Fusobacterium nucleatum
subsp vincentii, and Parvimonas micra)
complex species, and Aggregatibacter
actinomycetemcomitans — (Socransky
et al. 1998).

Statistical analysis

Normality assumptions of the contin-
uous variables were performed using
the skewness and Kkurtosis test.
Descriptive statistics were executed
using frequencies and percentage for
qualitative variables (chi-square test)
and mean + standard deviation for

quantitative variables (ordinary two
sample #-test and Mann—Whitney
test).

PD >5 mm with BoP, defined as
the primary outcome variable, was
dichotomized as (1) present and (0)
absent. In the logistic regressions each
site, corrected for clustering of the
data within teeth and patients, was
the unit of the analysis. Patient-re-
lated explanatory variables were
tested in unadjusted models and in a
multiple model adjusted for covari-
ates. In the analysis, time was catego-
rized as TO (0) and T1 (1), age as
<60 years (0) and >60 years (1), gen-
der as male (0) and female (1), self-re-
ported education as >9 years (0) and
<9 years (1), marital status as living
alone (0) and married/cohabitant (1),
and number of teeth at TO < 15 teeth
(0) and >15 teeth (1). For each patient
an overall mean value for PD, CAL,
BI, and PI was calculated at TO. This
measure was applied to adjust for
heterogeneity at TO. Sites presenting
PD >5mm with BoP at teeth
extracted between TO and TI
were not included in the analysis.
Odds ratios (OR) and 95% confi-
dence intervals (95% CI) were calcu-
lated.

Secondary outcome variables,
changes in plaque index (PI), bleed-
ing index (BI), PD, and amount
of bacteria, were analysed by
conventional regression analysis, cor-
rected for clustered observations. A
p-value of less than 0.05 was consid-
ered statistically significant. All anal-

yses were conducted using Stata
version 13 (Stata Corp., College Sta-
tion, TX, USA).

Results

Patient characteristics are summa-
rized in Table 1. Eighty patients
were included; 40 smokers [mean age
57.6 years (range 37-70)] and 40
non-smokers [mean age 58.7 years
(range 35-73)]. Seventy-five patients
(94%) completed the study. During
treatment, significantly more teeth
with  hopeless  prognosis  were
extracted in the smoking group
(p = 0.009); 37 teeth in 16 smokers
and 11 in nine non-smokers. In both
groups mean PD, plaque, and bleed-
ing index were significantly reduced
(p <0.001) with no differences
between the groups at TO or TI. In
smokers, mean PD was reduced
from 3.8 to 2.6 mm (1.2 mm) and in
non-smokers from 3.4 to 2.3 mm
(1.1 mm). Figure 2 presents mean

percentage of sites showing PD
reduction of one mm or more
between TO and T1 for each PD

category for smokers and non-smo-
kers. Compared with non-smokers,
smokers demonstrated between 5 %
and 8 % less number of sites with
mm reduction for PD categories
between four and nine mm.

The distribution of PD >5 mm
with BoP, at TO and T1 is summa-
rized in Table 2. At TO, smokers
presented with 1471 (26%) and non-
smokers with 1049 (18%) sites with
PD >5 mm and BoP. The numbers
decreased to 132 (3%) sites for
smokers and 52 (1%) sites for non-
smokers at T1. At the patient level,
the mean number of sites with PD
>5 mm and BoP per smoker was
36.8 (26%) and 26.3 (18%) per non-
smoker at TO (not tabulated). The
corresponding estimates at T1 were
3.47 (3%) and 1.41 (1%). At T1 no
patients in the non-smoking group
presented with more than seven sites
with PD >5 mm with BoP, whereas
five smokers exhibited 10 or more
sites. These five patients were all
heavy smokers with a mean cotinine
level of 725 ng/ml (range 501-861).
Mean cigarette consumption in the
smoking group was 37 pack years
(20-108) and mean cotinine level
471 ng/ml (range 168-861). No
patients reported starting or quitting
smoking during the study.

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Fig. 2. Mean percentage of sites showing probing depth reduction of one mm or more
between TO and T1 for each probing depth category.

Between TO and T1 a higher
number of sites with PD >5 mm
with BoP was removed by tooth
extraction in the smoking compared
with  the non-smoking  group
(p = 0.002); 177 and 46 sites, respec-
tively. These sites were excluded
from the analysis. Compared with
non-smokers, an overall significantly
higher risk was found in smokers to
present with PD >5 mm with BoP at
Tl [OR =201, CI. 1.24, 3.23,
p=0.004 (not tabulated)]. The
adjusted analysis withstands the sig-
nificant association with smoking
and PD >5 mm with BoP at Tl

[OR = 1.90, CL: 1.14, 3.15,
p=0.013 (not tabulated)]. Results
of unadjusted and adjusted logistic
regression analysis of PD >5 mm
with BoP are presented in Table 3.
For both smokers and non-smokers
the unadjusted analysis showed sig-
nificant associations between PD
>5 mm with BoP and mean TO val-
ues of PD, CAL, and BI. For
smokers, a significant association
was shown for mean number of
teeth at TO. For both groups the
adjusted analysis revealed significant
associations between PD >5 mm
with BoP and mean baseline values

of PD, BI, and number of teeth.
For smokers only, CAL at TO and
not living alone showed significant
associations with the primary out-
come.

Plaque-positive ~ and  plaque-
negative sites were analysed for the
association of PD >5 mm with BoP
in the adjusted model, with plaque-
negative sites in non-smokers as ref-
erence category. Plaque-positive sites
in smokers had an overall higher risk
to present with PD >5 mm with BoP
at T1 compared with plaque-positive
sites in non-smokers [4.14, CI:2.16,
7.96, p<0.00l and OR:3.09,
CI:1.65, 5.79, p < 0.001, respectively
(not tabulated)]. Further, within
arch, teeth, and site, a highly signifi-
cant effect of plaque was found with
an interaction between plaque and
smoking (Table 4). Presence of pla-
que more than doubled the risk of
having PD >5 mm with BoP in
smokers compared with non-smokers
(OR= 4.98, CI: 2.50, 9.93, p < 0.001
and OR =240, CIL: 1.09, 5.30,
p = 0.030, respectively) at maxillary
molar palatal sites.

Figure 3 shows number of
patients harbouring target microbial
species at TO and T1. Mean sample
site PDs did not differ between smok-
ers and non-smokers at TO (7.4 mm)
and Tl (3.7 mm). No significant

Table 2. Numbers of PD > 5 mm with BoP by smoking status before (T0) and following periodontal treatment (T1) at arch and tooth

level

Localization within arch, TO T1

tooth and site

Smokers Non-smokers P Smokers Non-smokers P
n (%) n (%) n (%) n (%)

Overall 1471 (26.4) 1049 (17.5) <0.001 132 (2.6) 52 (1.0) <0.001

Maxilla 894 (32.9) 638 (20.9) <0.001 78 (3.2) 32(1.2) <0.001
Buccal 345 (26.4) 260 (17.1) 0.001 26 (2.1) 9(0.7) 0.002
Palatal 549 (40.4) 378 (24.8) <0.001 52 (4.3) 23 (1.7) 0.001

Multi-rooted 306 (46.4) 334 (40.1) 0.159 37.(7.1) 22 (3.1) 0.017
Buccal 131 (39.7) 136 (32.6) 0.105 10 (3.8) 7 (2.0) 0.209
Palatal 175 (53.0) 198 (47.5) 0.309 27 (10.2) 15 (4.2) 0.009

Single-rooted 588 (28.5) 304 (13.7) 0.110 41 (2.1) 10 (0.8) 0.045
Buccal 214 (20.8) 124 (11.2) 0.680 16 (1.7) 2(0.2) 0.121
Palatal 374 (46.4) 180 (16.2) 0.030 25 (2.6) 8 (0.8) 0.159

Mandibula 577 (20.3) 411 (13.9) 0.009 54 (2.1) 20 (0.7) 0.013
Buccal 253 (17.8) 181 (12.3) 0.027 23 (1.7) 9(0.7) 0.029
Palatal 324 (22.7) 230 (15.6) 0.009 31 (2.4) 11 (0.8) 0.028

Multi-rooted 236 (35.8) 211 (30.6) 0.236 21 (3.5) 16 (2.6) 0.538
Buccal 99 (30.0) 86 (24.9) 0.269 9 (3.0 7(2.3) 0.617
Lingual 137 (41.5) 125 (36.2) 0.326 12 (4.0) 9(2.9) 0.561

Single-rooted 341 (15.6) 200 (8.9) 0.013 33 (1.6) 4(0.4) 0.191
Buccal 154 (14.1) 95 (8.4) 0.148 14 (1.4) 2(0.2) 0.628
Lingual 187 (17.1) 105 (9.3) 0.011 19 (1.9) 2(0.2) 0.190

BoP; bleeding on probing; multi-rooted, molars; single-rooted, premolars and incisors; buccal, two proximal-buccal and one mid-buccal;
palatal, two proximal-palatal and one mid-palatal; lingual, two proximal-lingual and one mid-lingual.
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Table 3. Unadjusted and adjusted OR for PD > 5 mm with BoP, stratified by smoking status

Characteristics Smokers Non-smokers
Unadjusted* Adjusted” Unadjusted* Adjusted”
OR  95% CI P OR 95% CI P OR 95% CI P OR 95% CI P

Time

TO 1 1 1 1

Tl 0.17 0.13,0.22 <0.001 0.086 0.06,0.12 <0.001 0.085 0.06,0.13 <0.001 0.041 0.03,0.06 <0.001
Age

<60 years 1 1 1 1

>60 years 093 0.62,1.39 0.710 1.00 0.99, 1.01 0350 0.75 048,1.16 0.196 0.98  0.98,0.99 <0.001
Gender

Male 1 1 1 1

Female 097 0.63,1.50 0904 0.88 0.74,1.05 0.154 133 090,198 0.152 1.03 0.84,127 0.754
Education

>9 years 1 1 1 1

<9 years 1.30 0.86,2.00 0.208 1.07 0.89,129 0488 135 094,195 0.106 0.87 0.71,1.05 0.150
Marital status

Single 1 1 1 1

Co-habitant 1.04 0.70,1.55 0.855 084 0.71,098 0.027 1.40 088,222 0.151 090 0.63,1.28 0.545
Teeth at TO

<15 teeth 1

>15 teeth 0.95 0.92,0.99 0.015  1.07 1.03, 1.10  <0.001 0.99 0.94, 1.05 0.806 0.96 0.94, 0.98 <0.001
PD, per mm increase 3.10 2.70,3.56 <0.001 3.54 295,424 <0.001 342 298,392 <0.001 436 3.74,5.09 <0.001
CAL, per mm increase 1.78 1.60, 1.99 <0.001 1.14 1.04,1.26 ~ 0.007 2.17 193,242 <0.001 1.02 0.87,1.20 0.761
BI, per 10% increase 1.15 1.03,1.27 0.009 1.09 1.05 1.13 <0.001 129 1.16,1.44 <0.001 1.14 1.07,1.22 <0.001
PI, per 10% increase 1.07 0.96,1.19 0.225 1.05 0.99,1.10 0.083 1.10 1.00, 1.21 0.062 097  0.94, 1.01 0.115

BoP, bleeding on probing; CI, Confidence Interval; OR, Odds Ratio; PD, probing depth; CAL, clinical attachment level; BI, bleeding index;

PI, plaque index.

*Unadjusted logistic regression for PD > 5 mm with BoP.
TAdjusted logistic regression for PD > 5 mm with BoP, and time, age, gender, education, marital status, teeth at T0, and mean values of
PD, CAL, BI, and PI at TO. Sites with PD > 5 mm with BoP extracted between TO and T1 were not included in the analysis.

quantitative reduction was observed
for the red (p =0.35) and orange
(p =0.16) complex species in the
smoking group (not tabulated). Nev-
ertheless, a significant reduction of
T. forsythia (p = 0.038), P. nigrescens
(p = 0.035), and F. nucleatum subsp
vincentii (p < 0.001) was detected.
Among non-smokers a significant
reduction was observed for the red
complex species (p = 0.010), specifi-
cally for P. gingivalis (p = 0.013) and
T. forsythia (p = 0.005). The orange
complex species showed a borderline
significant reduction (p = 0.060) with
a significant reduction of P. interme-
dia (p = 0.008), P. nigrescens
(p = 0.004), and F. nucleatum subsp
polymorphum (p = 0.035). However,
differences detected comparing single
species were considered inconclusive
due to multiple testing.

Discussion

This prospective study appears to be
the first to compare the effect of
non-surgical and surgical periodontal
therapy in smokers and non-smokers
using clinical and microbiological

parameters and an objective valida-
tion of self-reported smoking habits.
In both the smoking and non-smok-
ing groups, PD, BI, and PI improved
significantly following treatment. PD
categories between 4 and 8 mm
showed a less reduction in smokers
compared with non-smokers. In per-
spective, Tomasi reported a 30%
reduction in pocket closure in smok-
ers following non-surgical periodon-
tal therapy with a more limited
effect in initially deep pockets (To-
masi et al. 2007). The present study
using the same PD categories con-
firms a less reduction in initially
deep pockets in smokers following
non-surgical and surgical treatment.
The relatively high number of
patients receiving periodontal sur-
gery was due to initially deep PDs in
patients exhibiting adequate oral
hygiene standards and good general
health. Cigarette smoking is not a
contraindication to periodontal sur-
gery, but high cigarette consumption
is considered a risk factor generating
less favourable clinical outcomes
(Matuliene et al. 2008). The negative
effects of cigarette smoking increase

in a non-linear consumption model
and patients consuming > 20 cigar-
ettes per day are considered at high
risk for treatment relapse (Lang &
Tonetti 2003).

In the present study, the five
patients presenting with 10 or more
sites with PD >5 mm with BoP fol-
lowing treatment were all heavy
smokers with a mean serum cotinine
level of 725 ng/ml. The discrepancy
between measured cotinine level and
subjectively reported cigarette con-
sumption was more pronounced for
heavy smokers, indicating a higher
underreporting. A socioeconomic
stigma of smokers and pressure
towards smoking cessation, likely
make smokers susceptible to under-
reporting their smoking habits (Scott
et al. 2001, Stuber & Galea 2009).
This should be a concern for
clinicians in the everyday treatment
planning and in projecting prognosis
for teeth at risk in smokers.

The causality of cigarette smok-
ing on the outcomes of periodontal
treatment must be interpreted with
caution as smokers tend to present
with more advanced periodontitis

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Table 4. Relative risks for PD > 5 mm with BoP at arch, tooth, and site levels, with and without cigarette smoking and presence of plaque

following periodontal treatment. Reference category: plaque-negative sites in non-smokers

Localization Smokers plaque-negative sites Non-smokers plaque-positive sites Smokers plaque-positive sites
OR CI P OR CI V4 OR (@] P
Maxilla 1.10 0.94, 1.29 0.224 2.21 1.22, 4.00 0.009 3.16 1.65, 5.90 <0.001
Mandibula 1.03 0.82, 1.30 0.783 7.12 2.47, 20, 52 <0.001 8.75 3.02, 25.33 <0.001
Multi-rooted 1.15 0.98, 1.37 0.097 2.92 1.51, 5.67 0.002 4.13 2.17,7.87 <0.001
Single-rooted 1.01 0.81, 1.26 0.946 2.59 0.91, 7.38 0.075 3.96 1.51, 10.33 0.005
Buccal 1.04 0.85, 1.26 0.730 2.09 1.05, 4.18 0.037 3.07 1.47, 6.40 0.003
Palatal/lingual 1.08 0.91, 1.29 0.371 4.27 2.13, 8.56 <0.001 5.24 2.67, 10.30 <0.001
Teeth within arch
Maxilla
Multi-rooted 1.25 1.02, 1.53 0.029 1.64 0.84, 3.19 0.148 3.15 1.53, 6.49 0.002
Single-rooted 1.01 0.79, 1.29 0.921 2.87 0.99, 1.29 0.053 3.27 1.25, 8.51 <0.001
Mandibula
Multi-rooted 1.05 0.83, 1.32 0.712 12.64 4.12, 38.26 <0.001 10.87 4.18, 28.26 <0.001
Single-rooted 1.00 0.71, 1.39 0.996 2.04 0.44, 9.41 0.361 5.50 1.37, 22.00 0.016
Sites within arch
Maxilla
Buccal 0.99 0.80, 1.22 0.920 1.17 0.58, 2.36 0.665 2.00 0.89, 4.49 0.095
Palatal 1.21 0.99, 1.47 0.066 3.59 1.80, 7.14 <0.001 4.45 2.38, 8.33 <0.001
Mandibula
Buccal 1.15 0.82, 1.59 0.420 6.46 2.26, 18.53 0.001 7.79 2.54, 23.85 <0.001
Lingual 0.97 0.71, 1.33 0.844 7.66 2.19, 26.83 0.001 9.37 2.84, 30.97 <0.001
Sites within multi-rooted teeth
Maxilla
Buccal 1.31 1.01, 1.72 0.045 0.98 0.45,2.13 0.964 1.54 0.50, 4.79 0.456
Maxilla
Palatal 1.21 0.92, 1.58 0.180 2.40 1.09, 5.30 0.030 4.98 2.50, 9.93 <0.001
Mandibula
Buccal 1.16 0.76, 1.77 0.503 11.41 3.04, 42.77 <0.001 9.88 3.01, 32.39 <0.001
Mandibula
Lingual 0.96 0.70, 1.33 0.823 15.10 4.60, 49.61 <0.001 12.69 4.27,37.73 <0.001
Sites within single-rooted teeth
Maxilla
Buccal 0.85 0.61, 1.19 0.337 1.17 0.26, 5.17 0.840 2.85 0.87,9.32 0.083
Maxilla
Palatal 1.13 0.86, 1.48 0.390 5.05 1.47,17.34 0.010 3.56 1.31,9.67 0.013
Mandibula
Buccal 1.08 0.72, 1.61 0.709 2.44 0.48, 12.54 0.284 5.26 1.10, 25.23 0.038
Mandibula
Lingual 0.96 0.61, 1.51 0.871 1.78 0.31, 10.42 0.521 5.17 1.23, 21.58 0.024

BoP, bleeding on probing; CI, confidence interval; OR, odds ratio; multi-rooted, molars; single-rooted, premolars and incisors; palatal, mesio-
palatal and palatal and disto-palatal; lingual, mesio-ling and lingual and disto-lingual; buccal, mesio-buccal and buccal and disto-buccal.
Logistic regression with outcome PD > 5 mm with BoP adjusted for time, age, gender, education, marital status, mean PD, CAL, BI, BI,
and number of teeth present at T0. Sites with PD > 5 mm with BoP extracted between TO and T1 were not included in the analysis.

(Hugoson & Rolandsson 2011). In
this study, an association between
smoking and PD >5 mm with BoP
was shown both with and without
baseline adjustments. This observa-
tion is consistent with a systematic
review on the influence of cigarette
smoking on the effect of non-surgi-
cal therapy (Labriola et al. 2005).
The negative effect of cigarette
smoking was shown by including
BoP in the primary outcome,
although smokers tend to have scar-
cer bleeding from deeper PDs than
non-smokers (Preber & Bergstrom
1985). Excluding BoP might posi-
tively influence the primary outcome

in non-smokers by deeper probe
penetration into the inflamed soft
tissue at TO and a more pronounced
shrinkage of gingiva during resolu-
tion of the inflammation (Biddle
et al. 2001). Further, BoP is consid-
ered an indicator for disease progres-
sion in high-risk patients at site level
and absence of BoP indicates a
lower risk for disease progression in
both smokers and non-smokers
(Lang et al. 1990, Claffey & Egel-
berg 1995).

A significant association was
detected between PD >5 mm with
BoP and presence of plaque, in
smokers as well as non-smokers.

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

This association was highly signifi-
cant for smokers and particularly
pronounced for maxillary molar
palatal sites. These sites are immedi-
ately exposed to cigarette smoke and
thereby to nicotine and combustion
products. Binding of nicotine and
tar to root surfaces and a 300 times
higher concentration of cotinine in
GCF compared with plasma, are
proposed causative factors for
impaired treatment response (Cuff
et al. 1989, Ryder et al. 1998, Wan
et al. 2009). Further, plaque control
being generally demanding in the
posterior dentition may increase the
probability of cigarette smoke aggra-
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Fig. 3. (a) Number of patients harbouring different pathogens at baseline. (b) Number
of patients harbouring different pathogens following non-surgical and surgical
periodontal therapy. *Statistical significant differences between the groups.

vating a plaque-induced inflamma-
tory process.

An increased presence of red
and orange complex species was
found in smokers compared with
non-smokers at TO and TI1. The
non-significant reduced counts in
the red and the orange complex
species, especially P. gingivalis and
T. denticola in smokers, are in
agreement with previous reports
(Grossi et al. 1997, Haffajee et al.
1997). In the present study, all
smokers maintaining elevated red
complex bacterial counts at TI
were heavy smokers. In perspective,
early dysbiosis in subgingival pla-
que colonization is influenced by
cigarette smoke and in a dose
responding  manner  (Hutcherson
et al. 2015). P. gingivalis has a
potential to enhance early plaque

formation in smokers (Bagaitkar
et al. 2011, Zeller etal. 2014).
Early microbial colonization and
poor correlation between the mar-
ginal and subgingival ecosystems in
smokers might further impair reso-
lution of inflammation during treat-
ment (Joshi et al. 2014). As plaque
formation adapts to cigarette smoke
and the alterations are reversed
when removing the cigarette stimu-
lus, it is critical to avoid smoking
exposure during periodontal ther-
apy. The ability of the microbiota
to adapt to tobacco exposure
should encourage further multilevel
investigation of clinical and micro-
biological effects of smoking cessa-
tion or reduction during
periodontal treatment.

We acknowledge that the lack of
blinding might be a limiting factor in

the present study. An attempt to
blind the operator with regard to
smoking status was unsuccessful. To
reduce bias, all data plotting was per-
formed by a person unaware of clini-
cal registrations and smoking status.
Moreover, personnel conducting the
microbiological analysis were blinded
to the smoking status of the patients.
To reduce the risk of treatment varia-
tion, all patients were treated by one
operator. The high-level oral hygiene
standards achieved might be influ-
enced by the Hawthorne effect, as
participants were aware of being part
of the study.

In conclusion, within limitations
of the study, smokers show less
favourable treatment response to
non-surgical and surgical periodontal
therapy in terms of residual PD
>5 mm with BoP, reduced counts of
red and orange complex bacterial
species, and PD reduction. Elevated
smoking exposure negatively influ-
enced the number of PD >5 mm
with BoP and the microbial counts.
Correcting for clustered observations
within patients and teeth revealed an
increased risk for PD >5 mm with

BoP at plaque-positive sites in
smokers. Collectively, the results
demonstrate a site-specific  tissue

response in smokers following initial
periodontal therapy superimposed
on a systemic effect.
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Clinical Relevance

Scientific rationale for the study:
Generally, smokers respond less
favourable compared with non-
smokers to non-surgical and surgi-
cal periodontal therapy. To predict
the outcome of periodontal ther-
apy in smokers, the effect of
smoking needs to be critically

evaluated at patient, tooth, and site
level.

Principal findings: Smokers showed
impaired clinical and microbiological
responses to non-surgical and surgi-
cal periodontal therapy. At tooth
and site level, odds ratios for having
probing depth >5 mm with bleeding
on probing following treatment were

higher for smokers in all locations,
especially for plaque-positive sites.
Practical  implications: ~ Clinicians
should consider including smoking
cessation as a vital component of
treatment to optimize the effect of
non-surgical and surgical periodon-
tal therapy.

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Abstract

Aim: To evaluate the effect of cigarette smoking on periodontal health at patient,
tooth, and site levels following supportive therapy.

Materials and Methods: Eighty chronic periodontitis patients, 40 smokers and 40
non-smokers, were recruited to a single-arm clinical trial. Periodontal examina-
tions were performed at baseline (T0), 3 months following active periodontal
therapy (T1), and 12 months following supportive periodontal therapy (T2).
Smoking status was validated measuring serum cotinine levels. Probing depth
(PD) > 5 mm with bleeding on probing (BoP) was defined as the primary out-
come. Logistic regression analyses adjusted for clustered observations of patients,
teeth, and sites and mixed effects models were employed to analyse the data.
Results: All clinical parameters improved from TO to T2 (p < 0.001), whereas
PD, bleeding index (BI), and plaque index (PI) increased from T1 to T2 in smok-
ers and non-smokers (p < 0.001). An overall negative effect of smoking was
revealed at T2 (OR = 2.78, CI: 1.49, 5.18, p < 0.001), with the most pronounced
effect at maxillary single-rooted teeth (OR = 5.08, CI: 2.01, 12.78, p < 0.001). At
the patient level, less variation in treatment outcome was detected within smokers
(ICC = 0.137) compared with non-smokers (ICC = 0.051).

Conclusion: Smoking has a negative effect on periodontal health following

12 months of supportive therapy, in particular at maxillary single-rooted teeth.
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Active periodontal therapy (APT)
followed by supportive periodontal
therapy (SPT) has been demon-
strated successful in a majority of
patients (Axelsson & Lindhe 1981,
Ramfjord 1987, Rosling et al. 2001,
Axelsson et al. 2004). In perspective,
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patients susceptible to recurrence of
periodontal  disease  have been
offered SPT at 3- to 4-month inter-
vals with the intent to maintain
treatment outcomes following APT,
whereas less susceptible patients may
be well served, using a less frequent
SPT interval (Knowles et al. 1979,
Lindhe & Nyman 1984). To facilitate
identification of individuals at high
risk for disease progression, a func-
tional Periodontal Risk Assessment
(PRA) diagram has been proposed
(Lang & Tonetti 2003). In a longitu-
dinal study validating the PRA

model, patients allocated to the
high-risk category following APT
showed a higher incidence of tooth
loss compared with moderate- or
low-risk patients (Eickholz et al.
2008).

In spite of clinical benefits, only a
minority of patients appear to com-
ply with recommended SPT regimens
(Checchi et al. 1994, Demetriou
et al. 1995), and efforts to optimize
compliance being only partly suc-
cessful (Wilson et al. 1993). Further,
it appears that SPT compliance
decreases as the risk profile of the

© 2016 The Authors. Journal of Clinical Periodontology Published by John Wiley & Sons Ltd.
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subject increases (Mendoza et al.
1991, Matuliene et al. 2010). Because
of imperfect outcomes following
APT (Bunes et al. 2015) and incon-
sistent compliance (Matuliene et al.
2010, Ramseier et al. 2014), the
selection of appropriate SPT inter-
vals is of paramount importance for
the maintenance of periodontal sta-
bility in cigarette smokers.

Smoking is a critical patient-
related risk factor for chronic peri-
odontitis and smokers exhibit fewer
teeth and more advanced periodon-
tal attachment loss compared with
non-smokers (Kerdvongbundit &
Wikesjo 2000, Calsina et al. 2002,
Jansson & Lavstedt 2002). High
cigarette consumption amplifies clini-
cal manifestations of chronic peri-
odontal disease and demands
increased treatment needs (Dietrich
et al. 2004, Susin et al. 2004, Do
et al. 2008, Ramseier et al. 2015).
Based on subjectively reported pack-
year consumption, dose-dependent
impaired clinical outcomes following
SPT have been reported (Kaldahl
et al. 1996a). It is unclear to what
extent treatment response is influ-
enced by a cumulative impact of
smoking over years or by the con-
sumption during SPT. However, a
positive effect of smoking cessation
on periodontal treatment outcomes
may indicate the effect of present
smoking exposure (Preshaw et al.
2005, Rosa et al. 2011).

Generally, optimal soft and hard
tissue healing following APT is a
critical point for successful treatment
outcome. In a recently published
study, Bunes et al. (2015) reported
impaired site-specific tissue responses
to non-surgical and surgical APT in
smokers compared with non-smo-
kers. The multilevel approach using
probing depth (PD) with bleeding on
probing (BoP) as the primary out-
come variable showed that plaque
positive sites increased the risk for
unfavourable treatment outcomes in
smokers. A local additive detrimen-
tal effect of smoking is supported by
studies reporting increased incidence
of oral cancer and altered composi-
tion of the oral biofilm (Haffajee &
Socransky 2001, Hashibe et al. 2007,
Guglielmetti et al. 2014).

Longitudinal cohort studies have
reported that smoking 20 or more
cigarettes a day increased the risk of
disease progression following APT

© 2016 The Authors. Journal of Clinical Periodontology Published by John Wiley & Sons Ltd.
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(Kaldahl et al. 1996a, Matuliene
et al. 2008). In contrast, long-term
follow-up studies have not found an
association between smoking status
and tooth loss (Fisher et al. 2008,
Saminsky et al. 2015). These incon-
clusive findings indicate that the
effect of subjectively reported smok-
ing habits on the outcome of SPT
needs to be addressed in a prospec-
tive study with an objective measure
of smoking exposure.

To the best of our knowledge,
there seems to be no prospective
studies evaluating the patient, tooth,
and site-related effects of cigarette
smoking on the outcome of SPT in
chronic periodontitis patients, using
an objective measure of smoking sta-
tus. Thus, the specific aims of this
study were to determine the effect of
smoking at patient, tooth, and site
levels following 12 months of SPT
and to compare the predictive value
of clinical parameters for the out-
come of SPT in smokers and non-
smokers.

Material and Methods

The study protocol and informed
consent approved by the Institu-
tional Medical Research Ethics
Committee (2011/151-6), University
of Bergen, Norway, followed the
Helsinki Declaration of 1975, ver-
sion 2008. Participating subjects read
and signed the informed consent
prior to inclusion in the study.

Pre-study tests

Two pre-study exercises were per-
formed. First, the intra-examiner
(DFB) reproducibility was tested by
measuring PD and clinical attach-
ment levels (CAL) twice at six sites
per tooth in 10 patients. Intra-class
correlation  coefficients (ICC) for
repeated measures ranged between
0.92 and 0.96 for PD and between
0.93 and 0.96 for CAL. The sample
size estimation was based on change
in PD. A difference of 0.5 mm was
considered clinically relevant. Stan-
dard deviation of the differences
between repeated PD measurements
from the intra-calibration amounted
to 0.5 mm. A power analysis based
on 40 subjects per group and with
the level of significance (x) set to
0.05, gave an 88% power to detect a
true difference of 0.5 mm. Second,
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masking of the operator (DFB)
towards smoking status was tested in
30 chronic periodontitis patients.
Twenty-eight of 30 patients (93%)
were correctly identified as smokers
or non-smokers (p < 0.001; for detail
see Bunas et al. 2015).

Eligibility criteria, patient sample, and
smoking status

Inclusion criteria were healthy sub-
jects aged 35-75 years, none using
medication that could affect peri-
odontal healing, having at least four
non-adjacent teeth with an inter-
proximal PD > 6 mm and clinical
attachment loss >5 mm with BoP
without signs of apical pathology
(Tonetti & Claffey 2005, Page & Eke
2007). The patients were either
smokers (>10 cigarettes/day for at
least 5 years) or non-smokers (never
or not smoked within the last
5 years). Patients starting or discon-
tinuing smoking during the study
were not excluded. Exclusion criteria
included any current medical condi-
tion affecting periodontal treatment,
use of systemic antibiotics or subgin-
gival scaling within 6 months prior
initiation of the study, and delay of
scheduled treatment visits by more
than one month.

Eighty patients, 40 smokers and
40 non-smokers, with moderate to
severe chronic periodontitis (Armi-
tage 1999) referred for periodontal
treatment from general practitioners
in a rural district of Norway were
consecutively enroled in this single-
arm clinical trial March 2012 through
September 2013 (Table 1). Medical,
periodontal, and smoking history of
the patients was obtained from clini-
cal examinations, health forms, ques-
tionnaires, and by consulting their
physicians. All referred patients were
examined for eligibility and consecu-
tively invited to participate.

The subjectively reported smoking
status was calculated in pack years;
the number of cigarettes smoked daily
multiplied by the number of years
divided by 20 (a standard pack of
cigarettes) (Scott et al. 2001). Before
and at the end of the study, smoking
status was objectively validated by
measuring cotinine levels in serum.
Peripheral venous blood was collected
from each participant using a glass
vacutainer. After coagulation, blood
was centrifuged (700 x g for 10 min.)
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Table 1. Sociodemographic characteristics and health status in smokers and non-smokers

at baseline (T0)

Smokers Non-smokers P
n (%) n (%)
>60 years/<60 years 21/19 (52.5/47.5) 22/18 (55.0/45.0) 0.096
Male/female 15/25 (37.5/62.5) 23/17 (56.0/44.0) 0.121
Cohabitant/single 24/16 (60.0/40.0) 35/5 (87.2/12.8) 0.011
Elementary school/education beyond 30/10 (75.0/25.0) 20/20 (50.0/50.0) 0.025
Working/not working 18/22 (45.0/55.0) 28/12 (70.0/30.0) 0.069
Satisfaction/dissatisfaction with oral 10/28 (26.3/73.7) 7/32 (18.0/82.1) 0.376
health
Alcohol consumption daily or weekly/ 21/25 (58.3/41.7) 18/21 (46.2/53.9) 0.292
monthly or never
Dental visits regularly/irregularly 35/2 (94.6/5.4) 37/2 (94.9/5.1) 0.957
Students -test and Chi-square: p-level <0.05.
and the serum was stored in aliquots and surgical periodontal therapy

at  —80°C. Serum cotinine was
assessed according to the instructions
of the serum enzyme immunoassay
kit (Cotinine ELISA Kit; MyBio-
Source, San Diego, CA, USA) mea-
suring the absorbance at 450 nm with
a microplate reader (FluoStar Optima
V1.32 R2; BMG Labtech, Offenburg,
Germany).

Clinical assessments

A full-mouth intra-oral radiographs
series was recorded before the clinical
examination. Clinical recordings were
collected at baseline pre-ATP (TO0), at
3 months post-APT (T1), and follow-
ing 12 months of SPT (T2). PD was
recorded as the distance from the gin-
gival margin to the probeable base of
the pocket, CAL as the distance from
the cemento-enamel junction or the
margin of a dental restoration to the
probeable base of the pocket. PD and
CAL were measured using a periodon-
tal probe (PCPUNC 15; Hu-Friedy,
Chicago, IL, USA) at six sites per
tooth rounding up to the nearest mm.
Full mouth gingival bleeding scores
were recorded as the percentage of
sites showing bleeding on gentle prob-
ing (Ainamo & Bay, 1975) and full
mouth dental plaque scores as the per-
centage of tooth surfaces with visible
plaque following staining with disclos-
ing solution (O’Leary et al. 1972). As
a supplement to staining, the peri-
odontal probe was used to discrimi-
nate between plaque and pellicle.

Treatment

APT (T0-T1) and SPT (T1-T2) were
performed by the same operator
(DFB). APT included nonsurgical

individualized to optimize treatment
outcomes for each patient. Follow-
ing ATP, a programme with regular
appointments every three months
was scheduled for SPT (Knowles
et al. 1979, Lindhe et al. 1984). The
60-min appointments included
re-motivation and re-instruction in
oral hygiene, full mouth plaque
removal, and supra- and subgingival
debridement as needed. In addition,
smokers were motivated to reduce or
quit smoking, and encouraged to
participate in a public smoking ces-
sation programme (Royketelefonen,
Helsedirektoratet, Oslo, Norway).
Mechanical debridement was carried
out using conventional hand-instru-
ments (Hu-Friedy, Chicago, IL,
USA; and American Eagle Instru-
ments, Missoula, MT, USA) and
ultrasonic  scalers (EMS, Nyon,
Switzerland). For plaque removal,
rotating rubber cups and glycine
powder (EMS - Air Flow-Perio) in
an air-polishing device (Dentsply
Prophy-Jet ®; Dentsply, York, PA,
USA) were used.

Statistical analysis

The Shapiro-Wilk test was used to
check for the assumption of normal
distributed data. According to the
test, the data were considered nor-
mally distributed. Means and stan-
dard  deviations of secondary
outcome variables (number of teeth,
PD, CAL, BI, PI) were calculated
and differences were tested, using the
two sample z-test and Mann—-Whit-
ney test. Chi-square test was applied
for testing of differences in frequen-
cies and percentages between the cat-
egorical variables.

In an adjusted logistic regression
model, gender was categorized as
male (1) and female (0), age as
>60 years (1) and <60 years (0), self-
reported education as <9 years (1)
and >9 years (0), and marital status
as married/cohabitant (1) and living
alone (0). The primary outcome vari-
able PD >S5 mm with BoP was
dichotomized as (1) present and (0)
absent. Each site, corrected for clus-
tering of data within teeth and
patients, was the unit of analysis.
Sites presenting PD > 5 mm with
BoP at teeth extracted between TO
and Tl were not included in the
analysis. Associations between
PD > 5 mm with BoP at T2 and
clinical variables at TO and T1 were
tested using adjusted logistic regres-
sion analysis. Plaque positive sites
categorized as (0) and plaque nega-
tive sites as (1), BoP positive sites as
(0) and BoP negative sites as (1),
and overall mean values calculated
at TO and T1 for PD and CAL were
tested. For the smoking effect model
following T1, specific teeth and sites
were tested at Tl and T2. Two
dummy variables were made for time
and smoke and included in the
adjusted model: (T2 =1 and Smoke
=0) as (1) and (T2 = 1 and Smoke =
1) as (0) and (Tl =1 and Smoke =
0) as (1) and T1 = 1 and Smoke = 1)
as (0). Intra-class correlation coeffi-
cients (ICC) within patients, teeth,
and sites were calculated using linear
mixed effects models.

Odds ratios (OR) and 95% confi-
dence intervals (95% CI) were calcu-
lated. A p-value <0.05 was
considered statistically significant.
All analyses were conducted using
Stata version 13 (Stata Corp., Col-
lege Station, TX, USA).

Results

Eighty patients, 40 smokers (mean
age 57.6 years, range 37-70 years)

and 40 non-smokers (mean age
58.7 years, range  35-73 years),
entered this study. Socio-demo-

graphic characteristics according to
smoking status at baseline (T0) are
summarized in Table 1. The experi-
mental protocol started April 2012
to end March 2015. Thirty-six (90%)
smokers and 36 (90%) non-smokers
completed the study (Fig. 1). Drop-
outs did not alter the socio-demo-
graphic characteristics at T1 and T2.

© 2016 The Authors. Journal of Clinical Periodontology Published by John Wiley & Sons Ltd.
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Active (T0 -T1) and supportive (T1-T2) periodontal therapy

TO

n =80 (40 smokers, 40 non-smokers)

Dropouts
n=3
Lost to follow-up (compliance)

Extracted teeth
n =48 (37 smokers, 11 non-smokers

n =1 non-smoker 1>
Discontinued intervention
(systemic antibiotic)
n =4 (2 smokers, 2 non-smokers)
A
Tl

n =75 (38 smokers, 37 non-smokers)

Dropouts
n=3
Lost to follow-up
n =1 smoker (compliance)

Extracted teeth
n =7 (4 smokers,3 non-smokers)

n =1 non-smoker (deceased) ¢ >
Discontinued intervention (:
antibiotic and compliance)
n =1 smoker
A
T2

n =72 (36 smokers, 36 non-smokers)

Fig. 1. Study flow chart.

Three (7.9%) smokers reported dis-
continuing smoking between T1 and
T2, only one exhibited a cotinine
level at T2 consistent with non-smo-
kers (<10 ng/ml).

Compared with non-smokers,
smokers  presented  significantly
higher mean PD and CAL at all
time-points (Table 2). Between TO
and T2 both groups responded
favourable to periodontal therapy
with significant reductions in mean
PD, CAL, BI, and PI (p <0.001)
(not tabulated). However, during
SPT, from T1 to T2, mean PD, BI,
and PI increased in both groups. In
smokers mean PD increased from
2.63 to 2.80 mm (p = 0.007) and in
non-smokers from 2.27 to 2.42 mm

(p =0.002), BI in smokers from
22.42 to 27.00 (p=0.011) and in
non-smokers from 22.81 to 30.50
(p =0.001), and PI in smokers from
18.45 to 30.09 (p <0.001) and in
non-smokers from 21.49 to 32.78
(p <0.001) (not tabulated). From T1
to T2, mean CAL did not change
significantly in either smokers or
non-smokers (not tabulated).

An  overall distribution  of
PD > 5 mm with BoP was 11.3% in
smokers and 7.1% in non-smokers.
In comparison, the corresponding
percentages for PD > 5 mm only
were 14.8% in smokers and 8.3% in
non-smokers. Compared with non-
smokers, smokers had 4.2% more
number of sites with PD > 5 mm

Table 2. Patient-related clinical measures in smokers and non-smokers at TO, T1, and T2
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with BoP compared with 6.5% more
PD > 5 mm. The number of sites
with PD > 5 mm with BoP at TO,
T1, and T2 are summarized in
Table 3. At T1, the total number in
smokers were 132 (2.6%) and 52
(1.0%) in non-smokers (p < 0.001),
increasing at T2 to 180 (3.8%) in
smokers and 79 (1.6%) in non-smo-
kers (p < 0.001). From T1 to T2, the
increase was significant for all teeth
and sites in smokers and non-smo-
kers, except for multi-rooted buccal
sites in non-smokers. At T2, a higher
number of PD > 5 mm with BoP
was observed in smokers compared
with non-smokers at maxillary molar
palatal sites (p = 0.040), at maxillary
single-rooted palatal and buccal sites
(p=0.001 and p=0.002, respec-
tively), and at mandibular single-
rooted lingual sites (p = 0.032).
Based on the number of
PD > 5 mm with BoP, patients were
allocated into four different groups:
(1) patients with 0 sites; (2) patients
with 1-4 sites; (3) patients with 5-8
sites; and (4) patients with >9 sites.
For both smokers and non-smokers
at TO, 97.5% (n=39) had >9 sites
and 2.5% (n=1) 5-8 sites. For
smokers at T1, 13.2% (n=15) had
>9 sites, 13.2% (n=135) 5-8 sites,
55.3% (n = 21) 1-4 sites, and 18.4%
(m=7) had 0 numbers of
PD > 5 mm with BoP (not tabu-
lated). At T2, the corresponding per-
centages were 16.7% (n = 6), 25.0%
(n=9), 38.9% (n=14), and 19.4%
(n="7). For non-smokers at TI, 0
patients had >9 sites (group 4) and
8.1% (n = 3) had 5-8 sites (group 3)
and at T2, the respective percentages

were 2.8% (m=1) and 13.9%
(n = 5). The mean level of three dif-
ferent cigarette measures was

recorded and presented for each
patient group at TO and T2 (Fig. 2).
Compared with subjectively reported

Clinical TO (n = 80) Tl (n=175) T2 (n="172)
measures
Smokers Non-smokers V4 Smokers Non-smokers )4 Smokers Non-smokers P
mean (£SEM) mean (£SEM) mean (£SEM) mean (£SEM) mean (+SE) mean (+SEM)

Number 23.35 (5.14) 25.08 (2.88) 0.069  22.53 (5.65) 24.81 (3.30) 0.036 22.11 (6.24) 24.61 (3.15) 0.058

of teeth
PD 3.80 (1.63) 3.36 (1.52) <0.001 2.63 (1.02) 2.27 (0.85) <0.001 2.80 (1.11) 2.42 (0.88) <0.001
CAL 4.55 (1.80) 3.97 (1.48) 0.001 3.57 (1.34) 3.06 (1.12) <0.001 3.60 (1.52) 3.13 (1.11) <0.001
BI 66.68 (17.93) 67.33 (15.57) 0.864  22.42 (8.41) 22.81 (10.97) 0.864  27.00 (8.02) 30.50 (9.78) 0.050
PI 54.62 (21.72) 54.63 (21.72) 0.607  18.45 (10.89) 21.49 (14.13) 0.304  30.09 (16.14)  32.78 (14.59) 0.352

BI, bleeding index; CAL, clinical attachment level; SEM, standard error of the mean, PD, probing depth; PI, plaque index.

© 2016 The Authors. Journal of Clinical Periodontology Published by John Wiley & Sons Ltd.
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Table 3. Numbers of sites with probing depth >5 mm with BoP before (T0), following active (T1), and supportive periodontal therapy (T2)

at arch and tooth level

Localization TO T1 T2
Smokers Non-smokers P Smokers Non-smokers Smokers Non-smokers P
n (%) n (%) n (%) n (%) n (%) n (%)
Overall 1471 (26.4) 1049 (17.5) <0.001 132 (2.6) 52 (1.0) <0.001 180 (3.8) 79 (1.6) 0.001
Maxillary multi-rooted
Buccal 131 (39.7) 136 (32.6) 0.105 10 (3.8) 7 (2.0) 0.209 11 (3.6) 12 (4.6) 0.731
Palatal 175 (53.0) 198 (47.5) 0.309 27 (10.2) 15 (4.2) 0.009 31 (12.0) 21 (6.4) 0.040
Maxillary single-rooted
Buccal 214 (20.8) 124 (11.2) 0.680 16 (1.7) 2(0.2) 0.121 26 (2.9) 6 (0.6) 0.002
Palatal 374 (46.4) 180 (16.2) 0.030 25 (2.6) 8 (0.8) 0.159 48 (5.4) 12 (1.3) 0.001
Mandibulary multi-rooted
Buccal 99 (33.0) 86 (24.9) 0.269 9 (3.0) 7(2.3) 0.617 10 (3.4) 3(1.D) 0.055
Lingual 137 (41.5) 125 (36.2) 0.326 12 (4.0) 9 (2.9 0.561 17 (5.7) 12 (4.2) 0.473
Mandibulary single-rooted
Buccal 154 (14.1) 95 (8.4) 0.148 14 (1.4) 2(0.2) 0.628 21 (2.2) 5(0.5) 0.164
Lingual 187 (17.1) 105 (9.3) 0.011 19 (1.9) 2(0.2) 0.190 16 (1.7) 8 (0.8) 0.032

BoP; bleeding on probing; multi-rooted, molars; single-rooted, premolars and incisors; buccal, two proximal-buccal and one mid-buccal;
palatal, two proximal-palatal and one mid-palatal; lingual, two proximal-lingual and one mid-lingual.

Subjectively reported daily
smoked cigarettes

oTo
N NT2
H @
10
5
=9

(a) ’ 0 14 58

No cigarettes

Subjectively reported packyears

40 oTo
35 N N
2 30
£
22
<
g 20
s
z 15
10
5
0
(b) 0 58 9
Serum cotinin (ng/ml
w00 (ng/ml) oTo
700 N
600
_ 500
E
w400
B
300
200
100
0
(c) 0 14 58 >9

Fig. 2. Means of smoking measures in
patients with 0, 1-4, 5-8, and >9 sites of
probing depth >5 mm and bleeding on
probing at TO and T2.

consumption, the serum cotinine
levels were higher for smokers pre-
senting >9 sites with PD > 5 mm
with BoP at T2. For this group, the
objectively validated cigarette con-
sumption showed 37.9% higher

mean serum cotinine level at T2
(697 ng/ml) compared with the mean
serum cotinine level in the groups
presenting a lower number of
PD > 5 mm with BoP (433 ng/ml).

At the site level, clinical parame-
ters and numbers of teeth at TO and
T1 were tested in smokers and non-
smokers as predictors for
PD>5mm with BoP at T2
(Table 4). All variables significantly
increased the OR, except for number
of teeth at TO and T1 and for plaque
positive sites at TO in smokers. BoP
at TO was a strong predictor in
smokers (OR: 8.93, CI: 3.28, 24.36,
p <0.001) and non-smokers (OR:
10.99, CI: 3.33, 36.23 p < 0.001).
Compared with BoP at TO, BoP at
T1l increased the OR in smokers
(OR =1326, CI. 512, 3438,
p <0.001), but not in non-smokers
(OR =4.68, CI. 132, 16.61, p<
0.001). Plaque positive sites at TO
predicted PD > 5 mm with BoP only
in non-smokers (OR =3.05, CI:
1.19, 7.82, p =0.020), whereas an
association was revealed between
plaque positive sites at T1 in smok-
ers (OR =583, CI. 274, 1242,
p <0.001) and non-smokers (OR =
2.29, CI: 1.03, 5.07, p < 0.041).

The overall effect of smoking at
T2 on the number of sites with
PD > 5 mm and BoP was tested at
different teeth and sites using adjusted
logistic regression analysis (Table 5).
An overall negative effect of smoking
was demonstrated (OR =2.78, CI:
1.49, 5.18, p = 0.001) particularly at
maxillary single-rooted buccal and

palatal sites (OR = 6.21, CI: 2.05,
18.88, p = 0.001 and OR = 4.55, CI:
1.61, 12.85, p =0.004 respectively),
mandibular single-rooted buccal sites
(OR =435 CL. 1.06, 17.82,
p =0.041), and mandibular multi-
rooted buccal sites (OR = 4.10, CI:
1.09, 15.38, p =0.036). The overall
ICC were reported within patients
(ICC = 0.114), teeth (ICC = 0.509),
and sites (ICC = 0.761). The variation
was highest at the patient level and
least at the site level and was consis-
tent within different teeth and sites
(Table 5). At the patient level, the
overall ICC for smokers
(ICC = 0.137) was higher than for
non-smokers (ICC = 0.051; not tabu-
lated).

Discussion

The present study evaluated the
effect of cigarette smoking at
patient, tooth, and site levels follow-
ing 12 months of SPT. During SPT,
smokers and non-smokers presented
increased numbers of PD > 5 mm
with BoP with the greatest increase
at maxillary single-rooted teeth in
smokers; from 10 to 16 at buccal
sites and from 25 to 48 at palatal
sites. An overall negative effect of
smoking was revealed at T2 with the
strongest effect at maxillary single-
rooted teeth. To a great extent, the
site-specific effects explain the out-

comes of periodontal therapy
(D’Aiuto et al. 2005) and the
patient-related effect of smoking

seems to act as a modifier at the

© 2016 The Authors. Journal of Clinical Periodontology Published by John Wiley & Sons Ltd.
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Table 4. Clinical parameters and number of teeth as predictors for probing depth (PD) > 5 mm with bleeding on probing (BoP) at T2 in

smokers and non-smokers

Smokers Non-smokers
OR (95% CI)* P OR (95% CI)* P

TO

Teeth 1.02 (0.94, 1.10) 0.699 1.16 (1.01, 1.34) 0.035
CAL 1.48 (1.19, 1.83) <0.001 1.63 (1.32, 2.02) <0.001
PD 2.12 (1.74, 2.59) <0.001 2.25 (1.68, 3.01) <0.001
BoP 8.93 (3.28, 24.36) <0.001 10.99 (3.33, 36.23) <0.001
Plaque 2.21 (0.70, 6.36) 0.185 3.05(1.19, 7.82) 0.020
Tl

Teeth 1.03 (0.94, 1.12) 0.527 1.16 (1.03, 1.31) 0.017
CAL 2.25(1.80, 2.82) <0.001 2.81 (2.14, 3.67) <0.001
PD 5.63 (3.46, 9.16) <0.001 7.39 (4.25, 12.85) <0.001
BoP 13.26 (5.12, 34.38) <0.001 4.68 (1.32, 16.61) <0.001
Plaque 5.83 (2.74, 12.42) <0.001 2.29 (1.03, 5.07) 0.041

TO-T2, baseline before active periodontal therapy (T0)-12 months of supportive periodontal therapy (T2), T1-T2; following completion of
active periodontal therapy (T1)-12 months with supportive periodontal therapy (T2).
“Logistic regression showing effect of tooth and site-related conditions at TO and at T1 adjusted for gender, age, marital status, and education.

Table 5. The effect of smoking on probing depth >5 mm with bleeding on probing at T2
presented with intra-class correlation coefficients (ICC) within patients, teeth, and sites

OR (95% CI) P 1cC? 1cc® 1CC®

Overall 2.78 (1.49, 5.18) 0.001 0.114 0.509 0.761
Maxillary multi-rooted 1.55(0.74, 3.23) 0.238 0.165 0.472 0.758
Buccal sites 1.12 (0.46, 2.75) 0.802 0.161 0.286 0.686
Palatal sites 1.81 (0.84, 3.88) 0.129 0.182 0.371 0.746
Maxillary single-rooted 5.08 (2.01, 12.78) 0.001 0.184 0.476 0.752
Buccal sites 6.21 (2.05, 18.88) 0.001 0.156 0.351 0.754
Palatal sites 4.55 (1.61, 12.85) 0.004 0.210 0.406 0.733
Mandibular multi-rooted 2.51 (1.01, 6.23) 0.047 0.163 0.355 0.691
Buccal sites 4.10 (1.09, 15.38) 0.036 na 0.117 0.746
Lingual sites 2.12 (0.82, 5.49) 0.120 0.168 0.231 0.642
Mandibular single-rooted 3.09 (1.01, 9.43) 0.048 0.171 0.575 0.763
Buccal sites 2.34 (0.75, 7.26) 0.143 0.257 0.401 0.755
Lingual sites 4.35 (1.06, 17.82) 0.041 0.136 0.664 0.781

Logistic regression showing main effect of patient-related conditions at T2 adjusted for gen-

der, age, marital status, and education.

“ICC, intra-class correlation coefficients within patients.
bICC, intra-class correlation coefficients within teeth.
°ICC, intra-class correlation coefficients within sites na; not available.

site-specific level. As suggested, the
magnitude of changes during SPT
appears related to the initial defect
size at site level and to heavy smok-
ing at patient level (Matuliene et al.
2008). Moreover, a local effect of
smoking appears to be superimposed
on the systemic effect, particularly
affecting  maxillary  single-rooted
teeth. In smokers, the percentage of
PD > 5 mm with BoP at these teeth
increased from 31% at T1 to 41% at
T2, whereas the percentage for max-
illary multi-rooted teeth declined
from 28% to 23%, respectively. The
percentage at T2 were comparable
with baseline registration and in
accordance with previous findings

© 2016 The Authors. Journal of Clinical Periodontology Published by John Wiley & Sons Ltd.

demonstrating a high percentage of
PD > 5 mm in single-rooted teeth in
smokers (van der Weijden et al.
2001). Interestingly, the results show
slightly different site-specific treat-
ment outcomes following APT and
SPT, indicating altered local tissue
responses to cigarette smoking dur-
ing APT compared with SPT.
Including BoP in the primary
outcome variable could introduce a
bias due to less BoP in smokers
compared with non-smokers (Preber
& Bergstrom 1985, Bergstrom &
Bostrom 2001). On the other hand, a
site level periodontal diagnose
including BoP seems to correlate
with  disease  progression and

periodontal instability irrespective of
smoking status (Ramseier et al.
2015). At a site level, absence of
BoP is considered to predict long-
term stability following treatment of
chronic periodontitis patients (Lang
et al. 1990), whereas presence of
BoP predicts disease progression in
both smokers and non-smokers
(Ramseier et al. 2015). However, it
is not clear whether BoP to the same
extent is associated with disease pro-
gression at a site level in smokers
and non-smokers. In this study, the
association between BoP at T1 and
PD > 5 mm with BoP at T2 was
stronger in smokers compared with
non-smokers. More intense bleeding
from deep pockets following non-
surgical periodontal therapy in
smokers (Ardais et al. 2014) can be
explained by a hyper-inflammatory
condition in gingival tissues, thus
making BoP a strong predictor for
disease progression during SPT.

A tendency towards recurrence of
periodontitis during SPT was sup-
ported by a significant increase in
PD, BI, and PI in both smokers and
non-smokers. These findings are in
agreement with previous studies
showing a slight disease progression
during the first years following ATP
(Knowles et al. 1979, Preshaw &
Heasman 2005). These longitudinal
trends of treatment progression
might reflect lack of compliance
from highly susceptible patients dur-
ing the first years of SPT. In this
study, to compensate for variation in
compliance among smokers
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(Ramseier et al. 2014), a 3-month
SPT frequency compatible with
maintenance of highly susceptible
patients, was offered. Preferably, the
frequency of SPT should reflect the
individual risk profile. However, in
this prospective study, the SPT inter-
val was standardized regardless of
the susceptibility for recurrence of
periodontitis, and patients exceeding
a 4-month interval were excluded.
The effort to adjust for compliance
should be considered a merit in the
analyses of evaluating the effect of
smoking exposure on the efficacy of
SPT.

The exposure of smoking was
quantified and objectively validated
by measuring serum cotinine concen-
tration. At T2, an association was
revealed between >9 sites of
PD > 5 mm with BoP per patient
and high cotinine levels. Heavy
smoking during periodontal treat-
ment, quantified by high levels of
cotinine, negatively influenced the
outcome of SPT. This association
was not detected at TO, indicating
that doses of current smoking expo-
sure do not to the same extent influ-
ence the level of periodontal disease.
Consequently, when smoking cessa-
tion is not successful, reduced smok-
ing exposure during therapy should
be encouraged. A dose-related treat-
ment response has been documented
(Kaldahl et al. 1996a), however, not
by objective measures of smoking
exposure during therapy. In this
study, 86% of the patients with >9
sites of PD > 5 mm with BoP at T2
were heavy smokers. These findings
are in agreement with a former study
concluding that 90% of non-respon-
ders are smokers (Magnusson &
Walker 1996). Non-responding peri-
odontitis, characterized by multiple
progressing sites following therapy,
is considered a patient-specific more
than site-specific entity. Smoking as
a patient-related risk factor has pre-
viously been recognized (Kornman
et al. 1997, Matuliene et al. 2010)
and in this study, smoking out-
weighed other patient-related risk
factors documented by a smaller
variation in PD > 5 mm with BoP at
T2 within smokers compared with
non-smokers.

A few limitations of this study,
however, should be discussed. The
lack of masking has been addressed
previously (Bunzs et al. 2015).

Further, a follow-up period of
12 months is a relatively short time
to study the effect of smoking on
the outcome of SPT. An extension
of the observation period might pro-
vide more substantiated information.
On the other hand, during a longer
follow-up period, more patients are
prone to drop out and a higher
number of smokers might quit
smoking. Both factors could defi-
nitely have undermined the statisti-
cal analysis and the validity of the
results. Three smokers reported
smoking cessation between T1 and
T2 and yet were not excluded from
the study. Matching serum cotinine
concentration confirmed smoking
cessation for one, whereas the other
two reported the use of snuff to sub-
stitute cigarette nicotine. In Scandi-
navia, the use of snuff has increased
significantly during recent years,
especially among adolescents (Her-
gens et al. 2014). Unregistered use
of snuff may have disturbed the
measured cotinine concentrations in
serum and might be considered a
confounder.

In summary, both smokers and
non-smokers showed a slight recur-
rence of disease following
12 months of SPT. However, both
smokers and non-smokers
responded to periodontal therapy
with significant reductions in mean
PD, CAL, BIL, and PI (p <0.001).
An overall negative effect of smok-
ing on PD > 5 mm with BoP was
demonstrated with a site-specific tis-
sue response to smoking. Further,
BoP at T1 in smokers was a strong
site-specific predictor for
PD > 5 mm with BoP at T2. At the
patient level, elevated cotinine mea-
sures at T2 were associated with >9
sites of PD > 5 mm with BoP. The
study reveals that cigarette smoking
as a patient-related risk factor may
modulate site-associated variables
affecting outcomes of SPT. The
magnitude of the effect of cigarette
smoking on local tissue responses
should be further explored in
prospective studies with objective
quantification of smoking exposure.
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Clinical Relevance

Scientific rationale for the study: In
general, smokers respond less
favourably to periodontal therapy
compared with non-smokers. To
predict the long-term outcome of
periodontal therapy in smokers,
the effect of smoking needs to be
evaluated at patient, tooth, and site
level following active therapy.

Principal findings: An overall nega-
tive effect of smoking was demon-
strated following 12 months of
supportive  periodontal  therapy,
especially at maxillary single-rooted
teeth. At patient level, high serum
cotinine levels were associated with
>9 disease progressing sites. At site
level, bleeding on probing following
active periodontal therapy predicted

an increased risk of disease pro-
gression in smokers compared with
non-smokers.

Practical implications: In perspec-
tive, smoking cessation or even
smoking reduction may benefit
treatment outcomes following sup-
portive periodontal therapy.
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ABSTRACT

Background and Objective: Periodontal health is mediated by supressing
microorganisms inducing a local inflammatory host response. Smoking may impair
this process. This study compares gingival crevicular fluid levels of inflammatory and
bone remodelling markers in heavy smokers and non-smokers following active and
supportive periodontal therapy in chronic periodontitis patients.

Materials and Methods: Gingival crevicular fluid (GCF) and subgingival plaque
were collected from the deepest periodontal pocket in 50 patients, 25 smokers and 25
non-smokers, at baseline (T0), following active (T1) and 12 months of supportive
periodontal therapy (T2). Smoking status was validated measuring serum cotinine
levels. GCF levels of 27 inflammatory and two bone remodelling markers were
analysed using multiplex and singleplex micro-bed immunoassays, and subgingival
plaque samples using checkerboard DNA-DNA hybridization. Amounts of markers in
smokers and non-smokers were compared calculating the effect size.

Results: Expression of inflammatory and bone-remodeling markers in smokers
demonstrated an overall reduced effect size at TO and T2 (p<0.001) More specifically,
pro-inflammatory markers (»p<0.001), chemokines (p=0.007) and growth-factors
(»=0.003) at TO, osteoprotegerin (p=0.003) at T1, pro-inflammatory markers
(p=0.019) and chemokines (p=0.005) at T2. At T2, IL-8 was detected in significantly
higher levels in smokers. Ten different markers in non-smokers and none in smokers
responded to periodontal therapy (p<0.05). An overall negative association was
revealed between smoking and sub-groups of markers at sites presenting >10° red
complex periodontal microbial species.

Conclusion: Except for an upregulation of I1L-8, smokers exhibited reduced GCF
levels of several inflammatory markers at baseline and following active and supportive
periodontal therapy. Only inflammatory responses in non-smokers adapted to
periodontal therapy. Apparently, there seems to be an immunosuppressant effect of
smoking regulating the local inflammatory response and bone remodelling markers

captured in GCF following periodontal therapy.



INTRODUCTION

Cigarette smoking may affect periodontal tissues through modulating the immune
response to periodontal pathogens. A dose-dependent hypo-immune inflammatory
reaction has been suggested, mainly through systemic exposure following lung
absorption (1-3). An additive local effect of smoking through direct exposure and
absorption of toxic substances may adversely shift the periodontal equilibrium towards
impaired repair and tissue breakdown (4, 5). Further, differences exist in composition
of subgingival microbiota among smokers and non-smokers (6). Moreover, smoking
appears to modulate composition, promote colonization of key periodontal pathogens,
and influence bacterial aggregation (7, 8) rather than rate and amount of plaque
accumulation (9, 10).

Periodontal pathogens induce release of inflammatory and bone remodelling
markers orchestrating innate and adaptive immune responses. The interaction and
balance of these markers determine whether the tissue response remains stable or leads
to destruction and disease progression (11). Gingival crevicular fluid (GCF), an
inflammatory exudate or transudate collected from the gingival crevice, contains
components of host-derived inflammatory markers (12). Thus, GCF analysis appears a
non-invasive approach to investigate site-specific inflammatory responses and assess
presence of various inflammatory markers (13). In smokers, site-specific tissue
responses are clinically expressed by a specific attachment loss profile (14). However,
site-specific mapping of inflammatory and bone-remodelling markers in smokers with
chronic periodontitis reports conflicting results (15). A majority of studies have
reported decreased local expression of some pro-inflammatory cytokines and
chemokines in smokers (16-18) indicating an immunosuppressant effect of smoking
that may increase susceptibility to periodontitis. Conversely, elevated expressions of
chemokines and pro-inflammatory cytokines have also been reported in smokers (19,
20). For bone remodelling, decreased GCF levels of osteoprotegerin (OPG) have been
demonstrated following >20 years of smoking (21). As OPG blocks activation of
receptor activator for nuclear factor kappa-B ligand (RANKL), the RANKL:OPG
ratio, a surrogate marker for periodontal bone homeostasis, might increase in smokers

and induce bone loss.



Compromised healing following periodontal therapy in smokers is well
documented (22-24) and impaired site-specific treatment outcomes may to some extent
be explained by altered inflammatory responses (25). A few prospective studies have
investigated the relationship between smoking and levels of pro-inflammatory
markers, chemokines, and bone markers in GCF following periodontal therapy. IL-1§
and TNF-a, are mostly studied; IL-1p levels decreased in smokers and non-smokers
following 6 weeks of non-surgical therapy (26), whereas at 6 months the levels were
reduced in non-smokers only (27). TNF-a did not change in smokers and non-smokers
following 1 month of non-surgical therapy (28). At 6 months, however, a decreased
level was observed in smokers (29). Interestingly, smoking seemed to upregulate the
chemokine IL-8 following therapy (30), whereas OPG decreased in both smokers and
non-smokers (31).

Previous follow-up studies evaluating the local inflammatory status, have
analysed a limited number of GCF markers. Multiplex immunoassay has the potential
to simultaneously quantify multiple markers providing unique information necessary
for a more complex understanding of the inflammatory response. By measuring
several inflammatory markers over time, a site-specific tissue response to periodontal
therapy can be monitored. Thus far, no prospective study has compared inflammatory
responses in GCF following active and supportive periodontal therapy in smokers and
non-smokers.

This prospective study was designed to test the hypothesis that smoking
downregulates the expression of the inflammatory molecules in GCF during treatment
of chronic periodontitis. The primary aim was to investigate the GCF levels of
inflammatory markers involved in periodontal inflammation and healing following
active and 12 months of supportive periodontal therapy in heavy smokers and non-
smokers. The impact of smoking on the numbers of subgingival periopathogens

following periodontal therapy was also studied.



MATERIAL AND METHODS

Participants and study design

From a sample of 80 patients, 40 smokers and 40 non-smokers, referred for
periodontal treatment from general practitioners in a rural district of Norway, a
subsample of 50 patients were enrolled in this single-arm clinical trial (for detail see
Bunes et al. 2015;(24). Briefly, criteria for inclusion were healthy subjects between
35-75 years with moderate to severe chronic periodontitis (32) having at least four
non-adjacent teeth with interproximal probing depth (PD) >6 mm, clinical attachment
loss >5 mm, and bleeding on probing (BoP) (33, 34). Exclusion criteria were any
current medical condition or medication affecting periodontal treatment and the use of
systemic antibiotic or subgingival scaling in the 6 months before initiation of the
study. Demographic data were obtained from the study participants by means of health
forms and questionnaires.

Based on predefined criteria, the 50 patients were allocated into two subgroups
of 25 smokers reporting smoking >10 cigarettes/day for at least 5 years and with
baseline pre-treatment (T0) serum cotinine level >300 ng/mL, and 25 non-smokers
reporting never or no smoking the last 5 years and with TO serum cotinine level <15
ng/ml. Whole blood sample obtained from each patient was coagulated and
centrifuged (700 x g for 10 min) and the serum was stored in aliquots at -8§0°C. Serum
cotinine was assessed according to the manufacturer’s instructions of the serum
enzyme immunoassay kit (Cotinine ELISA Kit, MyBioSource, San Diego, USA)
measuring the absorbance at 450 nm using a microplate reader (FluoStar Optima
V1.32 R2, BMG Labtech, Offenburg, Germany).

The study protocol and informed consent form was approved by the
Institutional Medical Research Ethics Committee (2011/151-6), University of Bergen,
Norway followed the Helsinki Declaration of 1975, version 2008. All patients had read
and signed a written consent prior to enrolment in the study.

Clinical and microbiological examinations
Clinical assessments, group allocations, and sampling selection were performed by a
calibrated examiner (DFB). Clinical and microbiological sample collection were

performed at baseline (T0), at 3 months following active periodontal therapy (APT)



(T1), and following 12 months of supportive periodontal therapy (SPT) (T2). Mean
time between TO and T1 was 7.9 months and comprised non-surgical and surgical
treatment. Patients presenting persistent PD >5 mm with BoP and adequate oral
hygiene following non-surgical treatment were subjected to periodontal surgery. SPT
was conducted every 3 months. PDs were recorded as the distance in mm from the
gingival margin to the probeable base of the periodontal pocket, and clinical
attachment level (CAL) as the distance in mm from the cemento-enamel junction or
the margin of a dental restoration to the probeable base of the periodontal pocket. PD
and CAL were measured using a periodontal probe (PCPUNC 15, Hu-Friedy, Chicago,
IL, USA) at six sites per tooth rounding up to the nearest mm. Full mouth gingival
bleeding was recorded as the percentage of sites showing bleeding after gentle probing
(35) and full mouth dental plaque as the percentage of tooth surfaces with visible
plaque following staining with disclosing solution (36). As a supplement to staining,
the periodontal probe was used to discriminate between plaque and pellicle.

At TO subgingival plaque were collected by inserting two sterile paper points into the
deepest periodontal pocket in each patient, and the procedure was repeated at the same
site at T1 and T2. Prior to sampling, the site was carefully cleaned of supragingival
plaque and kept dry. The paper points were gently inserted towards the apex of the
pocket and kept in place for 20 sec (37) before removal and immersion into a pre-
reproduced sterile transport medium (PRAS Dental Transport Medium, Morgan Hill,
CA,USA). The microbiological samples were analysed by DNA-DNA hybridization
(checkerboard technique) at Microbiological Diagnostic Service, Department of Oral
Biology, Faculty of Dentistry, University of Oslo, Oslo, Norway. The analysis
included detection and quantification of red (Porphyromonas ginigvalis, Taneralla
forsythia, and Treponema denticola) and orange complex species (Prevotella
intermedia, Prevotella nigrescens, Fusobacterium nucleatum subsp polymorphum,
Fusobacterium nucleatum subsp nucleatum, Fusobacterium nucleatum subsp vincentii,
and Parvimonas micra), and Aggregatibacter actinomycetemcomitans (Aa) (for details

see Bunzs et al., 2015; (24).

Intra-examiner reliability of the examiner (DFB) was assessed using the

intraclass correlation coefficients (ICC) for repeated measures. ICC ranged between



0.92 and 0.96 for PD and between 0.93 and 0.96 for CAL. A post.hoc power analysis
based on 25 heavy smokers and 25 non-smokers and with the level of significance (o)
set to 0.05, gave a 71% power to detect a true difference of 0.5 mm. Prior to treatment,
the hypothesis that is not possible to blind an examiner towards 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). Calculus, plaque, and staining were removed and after rinsing with 0.2%
chlorhexidine gluconate (Corsodyl, GlaxoSmithKline, London, UK) for 1 min, the
examiner wearing a face mask scored the smoking status as yes or no. Twenty-eight
patients (93%) were correctly identified as either non-smokers or smokers. Thus, the
pre-study hypothesis was accepted (p<0.001) indicating that the attempt to blind the
examiner with regard to smoking status was unsuccessful.

GCF sampling and protein extraction

GCF samples were collected using Periopaper strips, (PERIOPAPER Gingival Fluid
Collection Strips, Oraflow Inc, Smithtown, NY, USA). Following removal of
supragingival plaque with sterile curettes and cotton pellets, air dried, and isolated
with cotton rolls, the deepest periodontal pocket in each participant was sampled. The
paper strips were placed 1-2 mm into the entrance of the pocket and left in place for 30
sec. Strips visually contaminated with blood or saliva were discarded. Sampled strips
were immediately evaluated for GCF volume using the Periotron 8000 (Oraflow Inc,
Smithtown, NY, USA). Strips were then immediately inserted into separate and dry
microtubes, labelled, and stored at -80°C until further analysis.

Tris-HCI buffer (110 puL) with a final concentration of 12mM at pH 7.6 was
added to each tube for protein extraction. The tubes were shaken in 3x10 min before
centrifuged (1800 x g for 10 min at 4°C) and subsequently the supernatant was
pipetted to new tubes for protein quantification by 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 and total protein per strip was calculated in pg.



Analysed markers

Based on inflammatory and bone remodeling molecules involved in the periodontal
healing process , the following cytokines were determined (diluted 1:4) using the
multiplex kit Bio-Plex Human Pro™ Assay (catalogue number LX10009222405) from
Bio-Rad Inc., Hercules, CA, USA: IL-1f, 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-y (IFN-y), Basic Fibroblast Growth
Factor (FGF), Granulocyte Colony Stimulating Factor (G-CSF), Eotaxin ,
Granulocyte-Monocyte Colony Stimulating Factor (GM-CSF), Interferon Inducible
Protein-10 (IP-10), Monocyte Chemo-attractive Protein-1 (MCP-1), Macrophage
Inflammatory Protein-1o. (MIP-10), Macrophage Inflammatory Protein-1§ (MIP-1p),
Platelet-Derived Growth Factor (PDGF), Regulated Upon Activation, Normally T-
Expressed, and Presumably Secreted (RANTES), Tumor Necrosis Factor-o. (TNF-o)
and Vascular Endothelial Growth Factor (VEGF). The standard curves for each
marker present an overall range of 107489-0.064 pg/mL.

The level of OPG and RANKL were assessed (diluted 1:4) using Milliplex MAP
Kit Human Bone Magnetic Bead Panel (catalogue number HRNKLMAG-51K-01)
from EMD Millipore corp. (Billerica, MA,USA) and a range of 30367-7.28 pg/mL
recombinant markers was used to establish the standard curves.

All measurements were performed using a Bio-plex 200"system (Bio-Plex
Manager TM 6 software) based on the Luminex XMAP technology and the levels of all
markers were reported in pg/30 sec and in pg/ml.

Statistical analysis

The Shapiro-Wilk test was applied to test for distribution of continuous variables.
Descriptive statistics of clinical and demographical data were analysed using a chi-
square test for categorical variables (frequencies and percentages) and by a two-
sample independent t-test for continuous data (mean = SD). As continuous data of the
analysed mediators had a skewed distribution, natural logarithm transformation was
employed to achieve normality prior to using the regression analysis to detect
differences between smokers and non-smokers at TO, T1, and T2 and over time (TO vs.
T1, TO vs. T2, and T1 vs. T2). Samples below detection of the standard curve were

replaced by the lowest value of the standard curve (38). Regression analyses were



corrected for clustering of data within patients and the significance level of multiple
comparisons were adjusted by the Sidak post-hoc test. A regression model, adjusted
for age, gender, and education, and stratified by plaque (present/absent) or amount of
red complex bacteria species (<10°/>10°) was employed to test the overall association
between the subgroups of quantified markers and smoking status.

Amounts markers (pg/30 sec) in smokers and non-smokers were compared by
calculating the effect size. Effect size, reported as Cohens's coefficient, was calculated
as the difference between the means of each marker in smokers and non-smokers
divided by the standard deviations. Cohen's coefficient is generally classified into
small (0.2), medium (0.5), and large differences (>0.8) and allows the size magnitude
of the difference between smokers and non-smokers to be measured in a standardised
scale. To present the results, forest-plots for the standardised effects sizes were used.
An overall test of the difference between markers in smokers and non-smokers were
analysed using fixed effects in the metan command (39).

A p-value <0.05 was considered statistically significant. All analyses were
conducted using Stata 14 (Stata Statistical Software: Release 14. StataCorp LP,
College Station, TX, USA).

RESULTS

A total of 50 patients were evaluated, 25 smokers and 25 non-smokers. At TO, mean
pack-year consumption in the smoking group was 37.0 (range 20-108) and mean
cotinine level 478 mg/mL (range 340-861 mg/mL). For each patient, GCF samples
were obtained from the same site at TO, T1, and T2. Data collection started April 2012
and ended December 2014. Baseline patient related clinical and demographic
characteristics according to smoking status are shown in Table 1. Compared with non-
smokers, significantly lower education level, higher mean PD and CAL were found for
smokers. Mean patient related clinical measures of PD, CAL, BI, and PI, decreased
significantly following ACT in smokers and non-smokers (p<0.001) and PD, BI, and
PI increased significantly following SPT (p<0.05). Site-specific clinical and
microbiological characteristics at TO, T1, and T2 are summarised in Table 2. No

significant differences between smokers and non-smokers were detected for any of the



site-specific parameter at any time point, except for significantly higher numbers of Aa
in non-smokers compared with smokers at TO (p=0.041).

GCF markers detected in less than 30% of the samples (IL-2, IL-5, IL-12, IL-
13, IL-15, Eotaxin, FGF, MCP-1 and RANKL) were removed from the analysis. The
surveyed markers at TO, T1, and T2 were stratified by smoking status and comparisons
of unadjusted means of the quantities are presented as amounts per 30 sec (pg/30sec)
(Table 3a) and as concentrations (pg/mL) (Table 3b). Further analyses were conducted
on the amounts of markers per 30 sec (40). Compared with non-smokers, significant
lower levels were detected in smokers for TNF-a, IL-9, G-CSF, GM-CSF, IFN- v,
VEGF, MIP-10 and RANTES at TO, for OPG at T1, and for IL-9, IFN- y, PDGF, MIP-
la, MIP-1B, RANTES at T2. At T2, IL-8 was detected in significantly higher levels in
smokers (p=0.034). Only non-smokers responded to treatment with significant changes
in surveyed markers over time. From TO to T1, significant reductions were revealed
for IL-1pB, TNF-a, IL-7, GM-CSF, IFN-y, IL-10, VEGF and IP-10, and from TO to T2
for IL-1p and GM-CSF. A significant upregulation of TNF-a, IL-7, IL-9, IFN-y, IL-
10, PDGF, and IP-10 was observed from T1 to T2.

Based on the biological effects, the markers were distributed into subgroups of
pro-inflammatory markers (IL-1p, IL-6, IL-9, IL-12 and TNF-a), anti-inflammatory
markers (IL-4 and IL-10), chemokines (IL-8, IP-10, MCP-1, MIP-1a, MIP-1f and
RANTES), growth factors (PDGF and VEGF), Th-1/Th-2 (INF-y/ (IL-4, IL-6, IL-9,
IL-10), and marker of bone remodelling (OPG). Since the markers were expressed in
various amounts in smokers and non-smokers and measured in different scales
(range107489-0.064), the magnitude of the differences between smokers and non-
smokers was calculated as effect size (Cohen's coefficient). Figure 1a, b and ¢
illustrate the size of the effect of smoking on the expression of marker and subgroup at
TO, T1, and T2, respectively. At TO smoking significantly reduced effect size for pro-
inflammatory markers (p=0.001), chemokines (p=0.007), and growth-factors
(»=0.003), at T1 for OPG (p=0.003), and at T2 for pro-inflammatory markers
(»=0.019) and chemokines (p=0.005).

The subgroups were tested for overall association with smoking status after

stratification by dental plaque (present/absent) and red complex microbial species
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(<10°/> 10°) (Table 4). The numbers of tested sites in the analysis are not tabulated:
plaque positive sites [n=96 (45 smokers / 51 non-smokers)], plaque negative sites
[n=54 (30 smokers / 24 non-smokers], red complex positive sites [n=49 (23 smokers /
26 non-smokers)], and red complex negative sites [n=101 (52 smokers / 49 non-
smokers)]. At plaque positive sites, a significant negative association with smoking
status was revealed for pro-inflammatory markers, chemokines, and growth factors.
For each group, adjusted analyses demonstrated an overall significant negative
association with smoking status for plaque positive sites and an overall positive
association for plaque negative sites. Further, in both unadjusted and adjusted
analyses, negative associations were revealed between smoking status and groups of
pro- and anti-inflammatory markers and OPG at sites presenting >10° red complex
species. No significant associations were detected between smoking and groups of
markers at sites presenting < 10° red complex species. The same tests were performed
for orange complex species and Aa and a significant negative association between
smoking and amounts of pro-inflammatory markers were only present for the adjusted

analysis of sites < 10° orange complex species (p=0.033) (not tabulated).

DISCUSSION

Significantly smaller amounts of several inflammatory markers were detected in
smokers compared with non-smokers at TO and in the presence of increased clinical
inflammation from T1 to T2. The expression of GCF markers at a site might be
influenced by mean levels of PD and CAL (41). Sampling from the deepest PD in
smokers and non-smokers rather from matched PD could have biased the analyses.
However, the reliability of an overall reduced inflammatory response in smokers was
substantiated by the fact that GCF samples were collected from sites exhibiting similar
PD, CAL, BI, PI, and GCF volume in smokers and non-smokers. Another
methodological concern when including smokers in clinical studies is the unsuccessful
blinding of the examiner with regard to smoking status. This might in fact introduce a
study bias. Further, strict sampling procedures and a trained operator intended to
prevent a potential saliva contamination of the periopaper strips during the GCF

collection.
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An overall suppressed inflammatory response in smokers is supported by
Tymkiw and suggests a local hypo-inflammatory state in smokers with chronic
periodontitis (17). Reduction of important pro-inflammatory cytokines may initially
alter local cytokine regulated inflammatory processes and persuade a dysfunctional
response to stimuli such as bacterial lipopolysaccharides. In smokers at TO, significant
reduced amounts of TNF-a, a multifunctional pro-inflammatory cytokine promoting
cell migration and tissue destruction, might downregulate IL-1f and IL-6 and reduce
production of chemokines (42). Though investigations of the impact of smoking on the
expression of chemokines are limited, reduced amounts of chemokines in smokers
have been confirmed by others (17, 43). In the present study, the slight rebound of
periodontal disease during SPT coincided with increased amounts of MIP-1a, MIP-13
and RANTES at T2 in non-smokers only. As these chemokines facilitate migration
and activation of specific types of leukocytes in response to periodontal pathogens
(44), a downregulation of chemokines in smokers might reduce recruitment of
inflammatory cells into infection sites. Chemokines also stimulate bone remodelling
driving osteoblast migration (45) and reduced expression might negatively influence
bone metabolism. A negative impact of smoking on bone homeostasis might be further
supported by lower levels of OPG in smokers compared with non-smokers (significant
at T1). RANKL was not detectable and an influence of smoking on the RANKL:OPG
ratio can only be speculated upon. Nevertheless, increased bone loss in smokers with
chronic periodontitis could be attributed to decrease in OPG and a subsequent increase
in the RANKL:OPG ratio with a potential stimulation of osteoclasts. Another study in
periodontitis patients with varying smoking status has reported reduced GCF levels of
OPG in high pack-years consumption groups compared with non-smokers (21).

IL-8 was the only inflammatory marker detected in significantly higher amounts
in smokers compared with non-smokers. This is in agreement with previous studies
(18, 20) indicating that smoking seems to upregulate the expression of IL-8 in a dose
dependent manner (46). IL-8 is a chemokine associated with subclinical inflammation
of initial periodontal lesions through migration of polymorphonuclear neutrophils
(PMNSs) to the infection sites (47, 48). Modulated inflammatory responses in smokers

are strongly associated with impaired PMN functions (49) and higher amounts of I1L-8
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in smokers may increase chemotaxis and migration of dysfunctional PMN cells.
Moreover, IL-8 has an important role in bone metabolism with direct actions on
osteoclast activity and differentiation (50). Since IL-8 is suggested to play a crucial
role in the pathogenesis of chronic periodontitis, an upregulation of IL-8 production in
smokers might be a detrimental factor for impaired treatment outcome and recurrence
of periodontal disease, especially in heavy smokers.

None of the analysed inflammatory and bone remodelling markers responded
significantly to treatment in smokers. This may strengthen the perception that smoking
has a capacity to overwhelm and suppress local inflammatory response to periodontal
pathogens (17, 51). Non-smokers responded to treatment with changes in the amounts
of inflammatory markers reflecting positive treatment responses and for several
markers a significant reduction was observed from TO to T1 followed by an increase
from T1 to T2. The amounts of three principal pro-inflammatory markers, IL-1, TNF-
a, and IFN-y, reduced significantly as a response to therapy. INF-y is related to Th-1
response and inhibition containment of periodontal infection by enhancing phagocytic
activity of macrophages and neutrophils(52), whereas IL-1p and TNF-a are the first
markers emerging during the periodontal inflammation processes. IL-1 is a major
mediator for periodontal disease and involved in inflammatory cell migration and
osteoclastogenesis (53). Another longitudinal study reported significant reduction of
IL-1B at 4 months following non-surgical periodontal therapy, supporting present
findings of a sustained decrease in IL-1f following treatment in non-smokers (47, 54).
A persistent release of pro-inflammatory cytokines in smokers following active and
supportive periodontal therapy may partially be explained by impaired resolution of
inflammation and recurrence of periodontal disease following therapy.

As a response to active periodontal therapy, all clinical parameters improved
significantly in smokers and non-smokers whereas the total numbers of red complex
species, Porphyromonas gingivalis, Tannerella forsythia, and Treponema denticola,
were significantly reduced in non-smokers only. The non-significant reduction of red
complex species observed between TO and T1 in smokers, could stimulate local
inflammatory responses maintaining elevated amounts of GCF markers at T1.

Otherwise, upregulated expression of inflammatory markers in GCF might favour
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aggravation of the biofilm and delayed reduction of red complex species in smokers
following ATP. Nevertheless, following SPT, a significant reduction of total red
complex species took place in smokers without significant changes in the amounts of
inflammatory markers. A dysregulated inflammatory response to periopathogenic
bacteria in smokers was further supported by negative associations between smoking
and groups of inflammatory markers at plaque positive sites and at sites harbouring
>10° of red complex species. It would be of interest to investigate the plaque with
high-through put techniques, whereas DNA-DNA checkerboard hybridization
technique has a rather crude accuracy. Keystone pathogens other than P Gingivalis
may be determined for host response in smokers and Parvimonas Mirca is considered
a keystone pathogen associated with deep pockets in smokers (7, 55). Nevertheless,
the majority of immune responses to periopathogens are known to occur locally within
the periodontal tissues, in GCF, and between cells conjugated to another, rather than to
systemic responses (56, 57). However, in smokers, the amounts of inflammatory
markers appeared to be modulated not only by site-specific factors as presence of
plaque and a high number of red-complex species, but also by the complex systemic
influence of cigarette smoke.

In general, expressed markers in GCF using multiplex assays and ELISA's are
detected with similar trends, but not directly comparable due to methodological
variations (58), varying amounts of markers, and measurements at different scales.
Two recent reviews support reporting of total marker content per 30 sec, especially for
longitudinal studies, together with smoking status, and clinical parameters at collection
sites (40, 53). They argue that low levels of gingival crevicular fluid volumes
following periodontal therapy can negatively influence calculation of the
concentration. Reduced GCF and BoP in smokers compared with non-smokers (59,
60) , could be an explanation for the suppressed response and downregulation of
markers collected per 30 sec in smokers. Related to progression of chronic
periodontitis, it appears to be an association between BoP in both smokers and non-
smokers (3, 61). Nevertheless, GCF volume did not vary significantly between
smokers and non-smokers and analysis with concentrations of markers reported the

same trends as for the total amounts. By calculating the effect size of each marker, the
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differences in the amounts among markers are standardized and forest plots illustrate
the magnitude of the difference between smokers and non-smokers. Further, non-
pooled samples and an objective validation of smoking status, reduced the number of
confounding factors in the comparisons of GCF markers following periodontal therapy
in smokers and non-smokers and to some extent weight up for the relatively low
sample size.

The results herein confirmed the study hypothesis by a suppressed
inflammatory reaction presented as reduced expression of GCF markers in heavy
smokers, especially for pro-inflammatory markers and chemokines. Furthermore,
smokers did not respond to periodontal therapy with significant changes in the
amounts of any marker in GCF and a negative association was detected between
smoking and expression of markers at plaque positive sites. Future prospective studies
should contextualize the local tissue responses in smokers within the influence of a

larger systemic effect of smoking.
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Figure legends

Figure 1

a. Forest plot for overall standardized effect of smoking at TO for markers in GCF.
b. Forest plot for overall standardized effect of smoking at T1 for markers in GCF.

c. Forest plot for overall standardized effect of smoking at T2 for markers in GCF.
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Table 1. Baseline patient related characteristics, presented as mean

(£ SD), or percentage (number), stratified by smoking status.

Smokers Non-smokers
(n=25) (n=25)
Male' 32%(8) 52 % (13) 0.158
Elementary school (<9 years)! 76 % (19) 36 % (9) 0.004
Age® 56.6 (2.07) 57.9 (1.86) 0.658
Body mass index” 22.9(1.32) 23.62 (1.69) 0.742
Number of teeth’ 23.5(1.19) 25.8 (0.48) 0.076
Probing depth’ 3.9(0.12) 3.3(0.10) 0.001
Clinical attachment level’ 4.6 (0.19) 4.0(0.11) 0.008
Bleeding index” 69.7 (4.00) 66.5 (3.06) 0.532
Plaque index’ 51.6 (3.96) 56.3 (3.78) 0.415

! chi-square test
2 two-sample independent t-test
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