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2 ABBREVIATIONS 

 

A. actinomycetemcomitans Actinobacillus actinomycetemcomitans 
AL   attachment loss 
ALP   alkaline phosphatase 
α1-AT   alpha-1-antitrypsin 
α2-MG   alpha-2-macroglobulin 
AP   adult periodontitis 
AST   aspartate aminotransferase 
BANA   N-benzoyl-DL-arginine-2-naphthylamine 
B. forsythus  Bacteroides forsythus 
ß-G   beta-glucuronidase 
ß-NAH   beta-N-acetyl-hexosaminidase 
BI   bleeding index 
BM   basement membrane 
BOP   bleeding on probing 
Ca   calcium 
CAL   clinical attachment level 
CAM   cell adhesion molecule 
CA-MMP   cysteine array matrix metalloproteinase 
CPITN   community periodontal index of treatment needs 
C. pneumoniae  Chlamydia pneumoniae 
DNA   deoxyribonucleic acid 
ECM   extracellular matrix 
ELISA   enzyme-linked immunosorbent assay 
FcγR   Fc gamma receptor 
GAG   glycosaminoglycan 
GCF   gingival crevicular fluid 
GI   gingival index 
GPI   glycosylphosphatidylinositol 
HIV   human immunodeficiency virus 
HLA   human leukocyte antigen 
ICAM   intercellular adhesion molecule 
ICTP   pyridinoline cross-linked carboxyterminal telopeptide of type 

I collagen 
IFMA   time-resolved immunofluorometric assay 
Ig   immunoglobulin 
IL   interleukin 
IL-1ra   receptor antagonist of IL-1 
JE   junctional epithelium 
JP   juvenile periodontitis 
kDa   kilo Dalton 
LDD   low-dose doxycycline 
LJP   localised juvenile periodontitis 
LL-37   human cathelidicin peptide 
LPS   lipopolysaccharide 
MGI   modified gingival index 
MMP   matrix metalloproteinase 
MPO   myeloperoxidase 
MT-MMP   membrane-type MMP 
NS   non-smoker 
OC   osteocalcin 
OPN   osteopontin 
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PCR   polymerase chain reaction 
PGE2   prostaglandin-E2
PD   pocket probing depth 
P. gingivalis  Porphyromonas gingivalis 
PI   plaque index 
PISF   peri-implant sulcus fluid 
PMN   polymorphonuclear leukocyte, neutrophil leukocyte 
PST   Periodontal Susceptibility Test 
rRNA   ribosomal ribonucleic acid 
ROS   reactive oxygen species 
S   smoker 
sICAM-1   intercellular molecule-1 
SRP   scaling and root planing 
Supp   suppuration 
TNFα   tumour necrosis factor alpha 
TIMP   tissue inhibitor of metalloproteinases 
t-PA   tissue/blood vessel type plasminogen activator 
u-PA   urokinase type plasminogen activator 
VES   visual elastase scores 
Zn   zinc 
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3 ABSTRACT 

 

Matrix metalloproteinase (MMP) -8, collagenase-2, is a key mediator of irreversible tissue 

destruction in chronic periodontitis and detectable in gingival crevicular fluid (GCF). MMP-8 

mostly originates from neutrophil leukocytes, the first line of defence cells which exist 

abundantly in GCF, especially in inflammation. MMP-8 is capable of degrading almost all 

extra-cellular matrix and basement membrane components and is especially efficient against 

type I collagen. Thus the expression of MMP-8 in GCF could be valuable in monitoring the 

activity of periodontitis and possibly offers a diagnostic means to predict progression of 

periodontitis. 

 

In this study the value of MMP-8 detection from GCF in monitoring of periodontal health 

and disease was evaluated with special reference to its ability to differentiate periodontal 

health and different disease states of the periodontium and to recognise the progression of 

periodontitis, i.e. active sites. For chair-side detection of MMP-8 from the GCF or peri-

implant sulcus fluid (PISF) samples, a dip-stick test based on immunochromatography 

involving two monoclonal antibodies was developed. 

 

The immunoassay for the detection of MMP-8 from GCF was found to be more suitable for 

monitoring of periodontitis than detection of GCF elastase concentration or activity. 

Periodontally healthy subjects and individuals suffering of gingivitis or of periodontitis could 

be differentiated by means of GCF MMP-8 levels and dipstick testing when the positive 

threshold value of the MMP-8 chair-side test was set at 1000 µg/l. MMP-8 dipstick test 

results from periodontally healthy and from subjects with gingivitis were mainly negative 

while periodontitis patients’ sites with deep pockets (> 5 mm) and which were bleeding on 

probing were most often test positive. Periodontitis patients’ GCF MMP-8 levels decreased 

with hygiene phase periodontal treatment (scaling and root planing, SRP) and even reduced 

during the three month maintenance phase. A decrease in GCF MMP-8 levels could be 

monitored with the MMP-8 test. Agreement between the test stick and the quantitative assay 

was very good (κ = 0.81) and the test provided a baseline sensitivity of 0.83 and specificity 

of 0.96. 
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During the 12-month longitudinal maintenance phase, periodontitis patients’ progressing 

sites (sites with an increase in attachment loss ≥ 2 mm during the maintenance phase) had 

elevated GCF MMP-8 levels compared with stable sites. General mean MMP-8 

concentrations in smokers’ (S) sites were lower than in non-smokers’ (NS) sites but in 

progressing S and NS sites concentrations were at an equal level. Sites with exceptionally 

and repeatedly elevated MMP-8 concentrations during the maintenance phase were clustered 

in smoking patients with poor response to SRP (refractory patients). These sites especially 

were identified by the MMP-8 test. 

 

Subgingival plaque samples from periodontitis patients’ deep periodontal pockets were 

examined by polymerase chain reaction (PCR) to find out if periodontal lesions may serve as 

a niche for Chlamydia pneumoniae. Findings were compared with the clinical periodontal 

parameters and GCF MMP-8 levels to determine the correlation with periodontal status. 

Traces of C. pneumoniae were identified from one periodontitis patient’s pooled subgingival 

plaque sample by means of PCR. After periodontal treatment (SRP) the sample was negative 

for C. pneumoniae. Clinical parameters or biomarkers (MMP-8) of the patient with the 

positive C. pneumoniae finding did not differ from other study patients. 

 

In this study it was concluded that MMP-8 concentrations in GCF of sites from periodontally 

healthy individuals, subjects with gingivitis or with periodontitis are at different levels. The 

cut-off value of the developed MMP-8 test is at an optimal level to differentiate between 

these conditions and can possibly be utilised in identification of individuals at the risk of the 

transition of gingivitis to periodontitis. In periodontitis patients, repeatedly elevated GCF 

MMP-8 concentrations may indicate sites at risk of progression of periodontitis as well as 

patients with poor response to conventional periodontal treatment (SRP). This can be 

monitored by MMP-8 testing. Despite the lower mean GCF MMP-8 concentrations in 

smokers, a fraction of smokers’ sites expressed very high MMP-8 concentrations together 

with enhanced periodontal activity and could be identified with MMP-8 specific chair-side 

test. 

 

Deep periodontal lesions may be niches for non-periodontopathogenic micro-organisms with 

systemic effects like C. pneumoniae and possibly play a role in the transmission from one 

subject to another. 
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4 INTRODUCTION 

 

Periodontal diseases are very common in all populations: nearly all dentate individuals suffer 

of gingivitis at some point of life. Also mild and moderate forms of chronic periodontitis are 

rather common (Sheiham 1997). However, severe forms of periodontitis with advanced 

tissue destruction (chronic periodontitis and aggressive forms of periodontitis) are rare 

worldwide (Albandar et al. 1999) as well as in European populations (Morris et al. 2001; 

Hugoson et al. 1995; Sheiham et al. 1986; Bourgeois et al. 1997). 

 

Periodontal diagnosis is commonly based on clinical and radiological examination. With 

these methods it is possible to find out the current inflammatory status or already existing 

loss of periodontal attachment. Estimation of known risk factors such as plaque accumulation 

and oral hygiene status, smoking and some systemic factors such as diabetes give further 

information about the individual susceptibility which is not equal in all individuals. Only a 

proportion of individuals and tooth sites with gingival inflammation develop irreversible 

periodontal tissue loss (Albandar 2002). However, the commonly used methods are not 

optimal in expressing the current activity of the periodontal disease though non-existing 

bleeding on probing has been regarded as a reliable parameter of periodontal stability (Lang 

et al. 1986). 

 

Periodontal tissue destruction is a consequence of the inflammatory reaction in a susceptible 

host initiated in response to bacterial colonisation forming a biofilm in the subgingival 

environment (McCulloch 1994a, b; Kinane 2000) and it is caused by host originating 

substances released by inflammatory cells and activated tissue cells. 

 

During last years there has been a great interest in finding a biomarker which could reliably 

reveal active and tissue destroying periodontal disease, in order to identify those individuals 

who are at the risk of the transition of chronic gingivitis into irreversibly tissue destructing 

periodontitis or which could give us information about the periodontal treatment response. 

The main interest has focused on gingival crevicular fluid (GCF) as a potential diagnostic 

fluid but also saliva and oral rinses have been studied. GCF has a special role in site specific 

diagnosis because of its origin is very near the collecting site. Host derived enzymes and their  
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inhibitors, inflammatory and immune markers, tissue-breakdown products and enzymes of 

bacterial origin have been determined from GCF samples in numerous biomarker studies. 

 

The ideal biomarker or combination of biomarkers should be an indicator of true tissue 

destruction, preferably in advance of the event. An easy to use chair-side diagnostic test for 

precise diagnostic purposes with good sensitivity and specificity would be ideal for clinical 

use. Enzymes of neutrophil origin are abundant in inflamed gingival pockets and may give 

information about ongoing destruction of periodontal attachment. These can be captured by 

means of GCF sampling for determination at a site specific level. 

 

Human matrix metalloproteinases (MMPs) are a group of structurally related but genetically 

distinct endopeptidase enzymes that have defined roles in several physiologic but also in 

pathologic processes. They have for example the capacity to degrade practically all 

extracellular matrix and basement membrane matrices and components (Birkedal-Hansen et 

al. 1993; Sorsa et al. 2004a). Matrix metalloproteinase-8 (MMP-8) is the major collagenase 

enzyme present in inflamed human gingival tissue (Sorsa et al. 1988; Ingman et al. 1994a; 

McCulloch 1994a, b; Kiili et al. 2002). MMP-8 is also responsible for collagenase activity in 

chronic periodontitis GCF (Lee et al. 1995a; Ingman et al. 1996; Golub et al. 1997). MMP-8 

is released from inflammatory cells in an inactive pro-form and is activated by different host- 

and microbe-derived factors at the site of inflammation. After periodontal treatment the 

amount of MMP-8 in GCF has been found to be reduced and mostly present in the latent 

form (Ingman et al. 1993). Thus MMP-8 is a potential biomarker of interest (Sorsa et al. 

2004a, b). 

 

The microbiota of the oral cavity and periodontal pockets is extremely complex. Periodontal 

pockets may serve as a niche for non-periodontopathogenic species and have a role as a 

possible reservoir for infective material in human to human contacts. Chlamydia pneumoniae 

has been shown to be most common of Chlamydias in humans causing harmless upper 

respiratory tract infections in systemically healthy individuals. Moreover, C. pneumoniae is 

known to cause 5—10% of cases of serious pneumonias and it is also the factor behind 

several diseases like obstructive pulmonary disease, asthma, atherosclerosis, reactive 

arthritis, and lung cancer (Saikku and Paavonen 2003). Although C. pneumoniae is not 

regarded as having a role in pathogenesis of periodontal diseases (Tran et al. 1997) it may 

contribute, for example by increasing the local host response process. 
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5 REVIEW OF THE LITERATURE 

 

5.1. STRUCTURE OF HEALTHY PERIODONTIUM 

 

Supporting tissues of the teeth, the periodontium, comprises: 1) the gingiva, 2) the 

periodontal ligament, 3) the root cementum, and 4) the alveolar bone which consists of the 

alveolar bone proper and the alveolar process which are continuous with each other. Normal 

gingival tissues form a protective barrier against infection and the frictional forces of 

mastication. In healthy periodontal tissues tissue degradation and repair are in balance and 

the periodontium maintains the structural and functional integrity. 

 

Type I collagen is the major type of collagen in mature gingival connective tissue. Also type 

III collagen is localised in periodontal connective tissue while type IV collagen is the main 

collagenous component of the basement membrane (Chavrier et al. 1984). Type I collagen 

which is organised in dense bundles, maintains the integrity of the connective tissue as well 

as provides a major substratum for the attachment of the connective tissue cells. 

 

The gingiva (attached, free marginal and interdental) may be regarded as a collar of 

masticatory mucosa around the teeth and it is attached to both teeth and alveolar processes. 

Structurally, the gingiva is composed of a densely collagenous lamina propria including the 

supra-alveolar fibres, blood and lymphatic vessels and nerves and two different kinds of 

epithelia: oral epithelium facing the oral cavity and sulcular epithelium facing the tooth 

(Schroeder and Listgarten 1997). On the contact surface between the tooth and the gingiva 

exists junctional epithelium (JE), a thin, non-keratinised epithelium with wide intercellular 

spaces which allow the inflammatory cells to migrate through the epithelium. The cells of the 

internal basal lamina of JE form the epithelial attachment to the tooth surface via 

hemidesmosomes. JE is a dynamic, constantly remodelling tissue with a high cellular 

turnover rate (Bosshardt and Lang 2005). 

 

Periodontal ligament, a fibre apparatus connecting the tooth to the alveolar bone, is a 

unique tissue; small in proportion but definitively functionally important. It has similarities 

with other tendons and ligaments but it is specific because it inter-connects two different kind 

of oral hard tissue: instead of having two bone insertions it enters the radicular cementum at  
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the tooth end. The periodontal ligament is not only a suspensory complex but also 

detrimental for mechanotransdunction of signals from teeth to alveolar bone when physical 

forces are applied and when there is a requirement for rapid remodelling of bone (McCulloch 

et al. 2000). The extracellular matrix of periodontal ligament is a loose plexus of wavy 

collagen fibrils which immerse in a highly hydrated interfibrillar matrix. The major type of 

collagen in the periodontal ligament, type I, is embedded in type III collagen with a 

secondary role in the fibrous supportive structures (Embery 1990). 

 

The main function of cementum is to attach the tooth to surrounding alveolar bone via the 

periodontal ligament. No physiologic resorption or remodelling occurs in cementum; instead 

a slow apposition of new cellular cementum continues throughout lifetime as a consequence 

of physiologic demands. 

 

Alveolar bone is the least stable of periodontal structures which may be one factor in the 

pathogenesis of periodontitis. The organisation of alveolar bone is extremely complex, 

influenced by masticatory stress and other oral factors. The turnover rate is high because of 

the factors mentioned above but in the healthy/normal state resorption and formation of new 

bone is in balance and regulated by local and systemic factors. 

 

5.2. DIFFERENT DISEASE STATES OF PERIODONTIUM 

 

5.2.1. Classification of periodontal diseases 

 

The latest classification of periodontal diseases is from the year 1999 (International 

Workshop for a Classification of Periodontal Diseases and Conditions 1999). It is mainly 

based on infection / host response paradigm (Armitage 2002), and all classification 

terminology dependent on age and rate of progression has been discarded (Armitage 1999). 

Categories I and II cover the most common periodontal diseases with the greatest prevalence: 

category I encompasses gingival diseases, and category II consists of chronic forms of 

periodontitis. Chronic periodontitis replaces the category adult periodontitis in the 1989 

classification. Chronic periodontitis, which is common in adults, can also be seen in 

adolescents (Armitage 1999). However, term “chronic” does not mean “incurable” (Armitage 

1999), and chronic periodontitis may be a constellation of diseases and not a single entity  
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(Armitage 2002). Aggressive periodontal diseases (localised and generalised) belong to 

category III which encompasses all highly destructive forms of periodontitis independent of 

the subject’s age (in children, without any detectable underlying systemic disease). This 

category covers all forms of periodontitis which were in the 1989 classification under the 

category: early-onset periodontitis (prepubertal, juvenile and rapidly progressive 

periodontitis) (The American Academy of Periodontology 1989). Other categories of the 

1999 classification are: periodontitis as a manifestation of systemic diseases (IV), necrotising 

periodontal diseases (V), abcesses of the periodontium (VI), periodontitis associated with 

endodontic lesions (VII), and developmental or acquired deformities and conditions (VIII). 

 

The present-day classification is not based on etiology or pathology of periodontal diseases 

which would demand more knowledge about the host-microbial interactions and the 

environmental factors behind them. Instead it reflects the current understanding of the nature 

of periodontal diseases and should be modified when new knowledge becomes available 

(Armitage 2002). 

 

5.2.2. Gingivitis 

 

Almost 100% of the population suffers periodically from gingivitis, a reversible 

inflammation of the gingiva. The main etiological factor behind gingival inflammation is the 

accumulation of a biofilm on the tooth surface when oral hygiene measures are insufficient. 

With increasing bacterial load typical signs of inflammation appear: redness, change of the 

surface structure with oedema, and bleeding even when slightly touched with a tooth brush or 

periodontal probe. When bacterial plaque accumulates on the tooth surface, a neutrophil-

dominated response starts, and in few days clinical signs of gingival inflammation can be 

seen with increased flow of gingival crevicular fluid (GCF). When causative factors (reasons 

for bacterial plaque accumulation, i.e. insufficient oral hygiene or iatrogenic factors) are 

eliminated, the gingival tissue returns to a healthy state (Løe et al. 1965). Though there is 

still no clinical means to recognise individual susceptibility for “dangerous” gingivitis with 

risk of progressing to periodontitis, there are known risk factors which should be considered 

when estimating the risk. 
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Even in a pristine state of periodontal health, an accumulation of neutrophil leucocytes is 

present in gingival connective tissue underneath the epithelium lining the gingival crevice. 

Inflammatory cells in the subepithelial portion of the lamina propria immediately under JE 

and inside it are part of normal homeostasis and an essential part of the defence system in 

this structure which is continuously challenged by microbes (Schroeder and Listgarten 1997). 

 

One of the earliest changes associated with the transition from health to gingivitis is the 

increased GCF level of the neutrophil chemoattractant interleukin (IL) -8 (Tonetti et al. 

1998). During this phase pocket epithelium forms epithelial pegs into the connective tissue, 

and the epithelial surface towards the connective tissue increases. Already, during early 

gingivitis, many collagen fibres in the gingiva are broken down. This makes space for 

extravasation of inflammatory cells and infiltration into the gingival connective tissue. 

 

The inflammatory cell infiltrate of early gingivitis mainly consists of neutrophils. During the 

pathogenic process towards established gingivitis the infiltrate is characterised by the 

increase in plasma cells (10—30% of inflammatory cell infiltration), and plasma cells 

become the dominant cell (> 50%) in periodontitis i.e. when alveolar bone is lost and JE is 

migrating in an apical direction (Kinane and Lindhe 2003). 

 

5.2.3. Chronic periodontitis 

 

Untreated chronic gingivitis can stay unchanged for long periods, and epidemiological data 

suggests that only a proportion of individuals and tooth sites with gingival inflammation 

develop irreversible periodontal tissue loss, periodontitis (Albandar 2002). In 

epidemiological studies the worldwide prevalence of severe periodontal disease has been 

found to be low (Albandar et al. 1999). Advanced periodontal disease with deep pocketing is 

reported to be rare also in European populations (Morris et al. 2001; Hugoson et al. 1995; 

Sheiham et al. 1986; Bourgeois et al. 1997). In European subjects mild gingival 

inflammation is common as well as many adults have mild to moderate periodontal 

attachment loss at some sites of dentition (Sheiham 1997). A national survey in the USA 

showed that chronic periodontitis among dentate persons aged ≥ 30-years and with six or 

more remaining teeth is altogether common: 3.1% suffered from advanced, 9.5% from 

moderate, and 21.8% from mild chronic periodontitis (Albandar et al. 1999). In a recent 
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Finnish large scale population study (National Public Health Institute 2004) where 

periodontal disease was defined as having at least one periodontal pocket ≥ 4 mm, 70% of 

men and 60% of women over 44-years-old fulfilled this criterion. This means that gum 

diseases are common among Finnish adult population. 

 

Typical for chronic periodontitis is a rather weak activity of subgingival bacteria, and host 

response where lymphocytes are the dominating cells. As a reaction to inflammation, normal 

periodontal tissue transforms to granulation tissue with large numbers of infiltrated plasma 

cells and attachment of the tooth is lost. Granulation tissue prevents invasion of micro-

organisms and their virulence factors into the surrounding tissue and there exists a balance 

between the host and subgingival microbiota with minimal risk of systemic spread of 

infection. It is still unknown if chronic periodontitis progresses as bursts in individual sites or 

throughout the dentition at the same time or if the progression is gradual. All these forms 

may be possible at different time periods in the same dentition. 

 

5.3. PATHOGENESIS OF PERIODONTITIS AND PERIODONTAL INFECTION 

 

In periodontitis, the gram-negative microbial plaque colonises into the deepened gingival 

crevice and evokes a chronic inflammatory response. The inflammatory cascade starts with 

the penetration of lipopolysaccharides (LPS) from the surface of gram-negative bacteria into 

periodontal tissues. LPS stimulates monocytes/macrophages to secrete modulators of 

inflammation, like prostaglandin E2 (PGE2), IL-1, -6 and -8, tumour necrosis factor alpha 

(TNFα), and collagenases (MMPs), which in turn activate vascular smooth muscle cells, 

fibroblasts, further monocytes/macrophages, and osteoclasts to produce various proteolytic 

enzymes and stimulate bone resorption (Figure 1). This leads to clinical inflammation and 

periodontal attachment loss. The hallmark in the progression of gingivitis to periodontitis is 

regarded to be the conversion of JE to pocket epithelium. The clinical sign is the formation of 

periodontal pockets. 

 

In addition to the role as a seal between the tooth and underlying tissues, JE participates in 

the host defence mechanisms and has an active role in the innate host defence (Bosshardt and 

Lang 2005). Periodontal pocket formation has been attributed to a loss of cell to cell contacts 

in the coronal portion of JE and the detachment of JE cells directly attached to the tooth 
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(DAT-cells) (Pöllänen et al. 2003). This focal disintegration of JE is further exacerbated by 

increased numbers of T- and B-lymphocytes, monocytes/macrophages and neutrophils 

(Schroeder and Listagarten 1997). Moreover, JE can be invaded by bacteria and bacterial 

products which can directly participate in the process of structural disintegration of JE 

(Bosshardt and Lang 2005). 

 
 

Figure 1. A microbial biofilm induces the host response. Activated macrophages induce vascular 
changes with increased vasopermeability. This leads to increased exudation and neutrophils are 
attracted to the site of inflammation. As a consequence of enzyme release by inflammatory cells, 
connective tissue as well as epithelial cells and basement membrane will be degraded (bystander 
damage). Osteoclasts will be activated to degrade alveolar bone. Some focal biomarkers of neutrophil 
and macrophage origin are shown. 
 

JE cells express numerous cell adhesion molecules (CAMs). The expression of intercellular 

adhesion molecule-1 (ICAM-1) forms a gradient which is thought to be a mechanism guiding 

neutrophils towards the bottom of the sulcus to counteract the bacterial challenge (Tonetti 

1997; Tonetti et al. 1998). JE expresses also IL-8, IL-1α, IL-1β, and TNFα especially in its 

coronal half (Miyauchi et al. 2001) and natural antibacterial peptides and proteins such as β- 
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defencins, LL-37 (human cathelidicin-derived peptide), and calprotectin in response to 

bacterial challenge (Dale 2002). The epithelium responds to bacteria also by signalling 

further host responses, by increasing proliferation, by changing differentiation and cell death, 

and it integrates innate and acquired immunity (Dale 2002). 

 

A variety of factors are thought to contribute to the pathogenesis of periodontitis including 

inadequate oral hygiene, systemic diseases, genetic predisposition and smoking habits, all of 

which modify the host response as well as the composition of the oral microbiota 

(McCulloch 1994a, b; Kinane 2000). In a susceptible host periodontal tissue destruction is a 

consequence of the inflammatory reactions initiated in response to bacterial colonisation 

forming the biofilm in the subgingival environment (McCulloch 1994a, b; Kinane 2000). 

 

Some gram-negative or opportunistic bacterial species identified in deep periodontal pockets 

by culture are regarded to be the primary causative microbial species for development of 

periodontitis. However, in all cases the relationship between periodontopathogenic cultivable 

bacterial species and periodontal disease is not unambiguous and the same species can be 

found from both diseased and healthy sites (Moore and Moore 1994; Socransky and Haffajee 

1994). Current knowledge of the diversity of oral microbial species questions the role of the 

small number of pathogens as the sole cause of periodontal diseases (Slots 2005). Earlier 

adopted non-specific and specific disease models have been superseded by the ecological 

plaque hypothesis which implies that periodontitis is caused by resident flora which may 

contain pathogenic species (Marsh 1994) and that the relationship of certain bacteria in the 

pathogenesis of periodontal diseases is rather ecological than specific. The shift in the 

proportions of species may be a consequence of the changed gingival environment (Newman 

1990). The complex periodontal microbiota differs in composition from site to site in the 

same subject and from subject to subject (Haffajee and Socransky 2005). 

 

Molecular methods have revealed a tremendous diversity of oral and periodontal flora. The 

number of different micro-organisms recognised in the oral cavity has more than doubled in 

number by using molecular methods compared with the number isolated by culture 

techniques. This finding requires evaluating anew which species participate in the 

pathogenesis of different oral diseases (Tanner and Izard 2005). Tanner and Izard (2005) 

suggested that the detection of disease-associated mediators of host tissues should be used in 

association with detecting selected species for the assessment of microbial pathogenity. 
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The possible role of viruses in the etiology and pathogenesis of periodontal diseases has 

recently been speculated and herpes viruses have been studied as putative 

periodontopathogens (Slots 2005). An apparent association between human cytomegalovirus 

and progressing periodontitis has been detected (Kamma et al. 2001a; Kubar et al. 2004). 

Periodontal inflammatory cells contain nucleic acid sequences originating from herpes 

viruses and periodontal inflammatory cells infected by herpes viruses can express increased 

levels of tissue-damaging cytokines and chemokines (Mogensen and Paludan 2001). 

 

The main immune defences against subgingival infection are neutrophil leukocytes 

(polymorphonuclear leukocytes, PMN), antibodies and complement, which work in concert. 

Antibodies and complement work synergistically in opsonising bacteria, and chemotaxis and 

phagocytosis by neutrophils becomes more effective. The abundance of released enzymes 

from neutrophils, other inflammatory cells and activated tissue cells cause damage to host 

tissue also i.e. bystander damage. 

 

5.3.1. The periodontal pocket as a niche for Chlamydia pneumoniae 

 

The oral microbiota consists of 500—600 species most of which have not been associated 

with the pathogenesis of periodontitis. However, periodontal pockets may harbour species 

which may be relevant for systemic health. 

 

Chlamydias are tiny gram-negative bacteria of which Chlamydia pneumoniae has been 

identified as a separate species in 1989. C. pneumoniae has been shown to be the most 

common Chlamydia in humans causing several diseases like obstructive pulmonary disease, 

asthma, atherosclerosis, reactive arthritis, and lung cancer (Saikku and Paavonen 2003). 

Nearly all individuals suffer from C. pneumoniae infection 2—3 times during their lifetime 

but in most cases the infection is a mild upper respiratory tract infection. However, C. 

pneumoniae is the factor behind 5—10% of cases of serious pneumonia which can be fierce 

and lead to death in patients with poor resistance (Saikku and Paavonen 2003). There is 

evidence that C. pneumoniae may play a role in chronic lung diseases as well as in 

atherosclerosis plaque formation (Mosorin et al. 2000; Corrado et al. 2005; Volanen et al. 

2006), in acute heart attack (Arcari et al. 2005), and in cardiac valvular disorders (Nyström-

Rosander et al. 2003; Skowasch et al. 2003). Chronic inflammation caused by C. 
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pneumoniae may even be the causative agent behind these disorders (Saikku and Paavonen 

2003). 

 

C. pneumoniae has been identified also in the oropharynx: during epidemics Chlamydia 

species have been found to be responsible for up to 9% of cases of pharyngitis in adults 

(Huovinen et al. 1989). C. pneumoniae is not regarded to have a role in the pathogenesis of 

periodontitis but deep periodontal pockets may be a niche for micro-organisms which are not 

regarded as periodontopathogenic bacteria such as C. pneumoniae. Thus periodontal pockets 

could be the reservoir of C. pneumoniae in otherwise symptomless carriers and a source of 

infection through transmission to more susceptible individuals. Tran et al. (1997), using a 

16S rRNA-based identification method, did not find C. pneumoniae in subgingival dental 

plaque samples from 50 adult patients with advanced periodontal disease thus concluding 

that C. pneumoniae is not part of the periodontopathogenic microbiota in humans. 

Interestingly, C. pneumoniae infection has lately been found with a nested polymerase chain 

reaction designed to identify C. pneumoniae DNA to be highly prevalent in cyclosporine-

induced post-transplant gingival overgrowth (Worm et al. 2004). 

 

5.4. SMOKING AS AN ETIOLOGICAL RISK FACTOR FOR PERIODONTITIS 

 

Smoking is a risk factor for the incidence and progression of periodontal disease (Bergström 

and Preber 1994; Grossi et al. 1994). From the data of a national survey in the USA it was 

estimated that in US adults with periodontitis, 41.9% cases were attributable to current 

smoking and 10.9% to former smoking (Tomar and Asma 2000). There is strong evidence 

suggesting an association between intensity and duration of smoking and periodontal 

attachment loss and severity of periodontitis (Grossi et al. 1995, 1997; Martinez-Canut et al. 

1995; Gonzales et al. 1996; Bergström et al. 2000). Smoking of one, 2—10 or 11—20 

cigarettes per day was associated with an increase in the prevalence of attachment loss of 

0.5%, 5% and 10%, respectively in a study of 889 periodontal patients (Martinez-Canut et al. 

1995). The number of smoking years has been shown to be associated with tooth loss and 

periodontitis irrespective of other environmental and behavioural factors (Jette et al. 1993) 

and smoking status is independently significantly related to the attachment level of teeth 

(Bergström et al. 2000; Bergström 2004). The effect is additive with increasing age (Haffajee 

and Socransky 2001a). However, there are also contradicting findings where smokers do not 
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have greater progression of periodontal disease as measured by pocket probing depth (PD) or 

attachment loss (AL) (Chen et al. 2001). 

 

Smoking impairs the normal defence mechanisms of the host response (Quinn et al. 1998; 

Mooney et al. 2001) and stimulates destructive effects of the host response (Gustafsson et al. 

2000; Persson et al. 2001). However, neither salivary nor GCF cotinine levels have been 

found to correlate significantly with PD, AL or tooth loss in smokers though mean GCF 

cotinine was about four times higher than mean salivary cotinine levels (Chen et al. 2001). 

 

The effect of smoking on periodontal health seems to be unrelated to the composition of the 

subgingival microflora (Preber et al. 1992; Stoltenberg et al. 1993; Darby et al. 2000; 

Boström et al. 2001). However, a difference between smoker (S) and non-smoker (NS) 

subjects’ subgingival microbiota has been found in the prevalence of species rather than 

counts or proportions of organisms (Haffajee and Socransky 2001b). There is also a finding 

with no statistical difference, in the occurrence of periodontopathogens (Actinobacillus 

actinomycetemcomitans, Porphyromonas gingivalis, Prevotella intermedia) (Boström et al. 

1998a). In smokers no microbial species is specifically associated with bleeding on probing 

(BOP) (Boström et al. 2001). 

 

The typical feature of smokers’ gingival tissue is keratinisation which may mask 

inflammation. Less BOP among smokers has been confirmed in several studies (Alavi et al. 

1995; Boström et al. 2001; Bergström and Boström 2001; Chen et al. 2001; Erdemir et al. 

2004) even in spite of a 2- to 3-fold greater disease severity measured as the number of deep 

periodontal pockets (Bergström and Boström 2001). The mechanism in smokers may be 

related rather to inflammation events than to vascular functions per se because periodontally 

healthy smokers and non-smokers do not differ regarding hemorrhagic responsiveness or 

vascular density (Bergström and Boström 2001). The effect of nicotine seems to be directed 

to vascular dynamics and cellular metabolism and it is not only due to vasoconstrictive action 

(Bergström and Boström 2001). In an experimental gingivitis study in healthy S and NS 

subjects Giannopoulou et al. (2003a) noted after a 10 day period of plaque accumulation 

significantly lower gingival index (GI) and less BOP in S than in NS subjects. 

 

There are also different or contradictory results where smokers demonstrated significantly 

more bleeding on probing (Renvert et al. 1998). Müller et al. (2002) observed in their 
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longitudinal study that smokers’ gingiva tended to convert to bleeding irrespective of 

presence of known risk factors for gingivitis in a gingivitis study investigating healthy young 

adults. However, in another study vasculature of gingival tissues between periodontally 

healthy smokers and non-smokers was not different (Persson and Bergström 1998). 

 

There is a general opinion that response to periodontal procedures (Preber and Bergström 

1990; Renvert et al. 1998) and the result of periodontal surgery (Boström et al. 1998a) are 

less favourable among smokers. Smoking affects adversely on the long-term prognosis of 

periodontal disease. Smokers are twice as likely to loose teeth compared with non-smokers 

during the maintenance phase (McGuire and Nunn 1996) and up to 90% of refractory 

periodontitis patients are smokers (MacFarlane et al. 1992; Magnusson et al. 1994; 

Magnusson and Walker 1996). 

 

Several studies have demonstrated that the effects of smoking are somewhat reversible, and 

smoking cessation markedly improves the prognosis and outcome of periodontal treatment 

(Grossi et al. 1997; Kaldahl et al. 1996; Scabbia et al. 2001). In comparing former smokers 

with current smokers the prevalence and severity of periodontitis is less (Haber 1994), the 

rate of tooth loss is reduced (Krall et al. 1997) and the progression of bone loss is retarded 

(Bolin et al. 1993) among former smokers. 

 

5.5. COMMONLY USED METHODS FOR DIAGNOSING PERIODONTITIS 

 

5.5.1. Clinical and radiographic diagnosis 

 

Periodontal diseases are quiescent in most cases with minimal clinical signs. Changes are 

often severe before the diagnosis is made. About 8—10% of individuals can develop 

extensive tissue destruction leading to loss of teeth (Papapanou 1999). Clinically, signs of 

inflammation (changed colour and consistency of gingiva, bleeding on probing and 

suppuration) and changes in PD and clinical attachment level (CAL) measured with 

periodontal probe can be observed along with radiological findings. PD and CAL as well as 

radiological findings can tell us about destruction that has already happened. No relevant 

information about the current activity of periodontitis can be achieved with these measures. 

Inflammation is an important finding in periodontal examination. However, other clinical 
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indices except PD fail to predict change in CAL (Adonogianaki et al. 1996). Non-existing 

BOP has been regarded as the golden standard when clinically estimating periodontal health 

status even in deep periodontal pockets. A bleeding site is at 30% risk for loss of attachment 

(Lang et al. 1986), which means that single registration of BOP is of minimal value in 

predicting disease progression (low sensitivity). Lang et al. (1986) regarded the non-existing 

BOP as a good guarantee of non-existing disease (high specificity). Plaque scores are a poor 

predictor of periodontal disease progression (Haffajee et al. 1983; Kaldahl et al. 1990), but 

patients maintaining a good standard of oral hygiene are less in danger of disease recurrence 

or progression even with teeth where the initial prognosis is questionable or hopeless (Chase 

and Low 1993; McGuire 1991). 

 

Deep periodontal pockets are at constant risk of disease progression; depth of gingival 

pockets correlates with future loss of attachment (Claffey and Egelberg 1995; Nieminen 

1997). Individuals with deep periodontal pockets and attachment loss with several bleeding 

sites are at a more severe risk of disease progression than individuals with minimal BOP 

(Claffey et al. 1990). However, there are also reports that the residual probing depth is to a 

lesser extent than BOP a predictor of disease activity (Armitage 1996). 

 

5.5.2. Microbiological diagnosis 

 

Only a few of several hundred recognized species of micro-organisms inhabiting the gingival 

crevice are regarded to play roles in the etiology of periodontal diseases. These few species 

are associated with the initiation and progression of periodontal disease (Socransky and 

Haffajee 1991, 1992). However, the presence of putative periodontopathogens in the gingival 

crevice is not enough to cause periodontal disease: a critical mass of bacteria is needed to 

cause tissue damaging immunomodulatory effects in the susceptible host. 

 

Subgingival plaque can be collected with curettes or by adsorbing subgingival plaque onto 

endodontic paper points for microbiological analysis. With a curette plaque can be collected 

from the entire pocket, while a paper point adsorbs mostly the outer layer of the biofilm 

(Socransky and Haffajee 2002). Each periodontal pocket has a unique microflora, and the 

sample from a few sites only is necessarily not representative of other diseased sites. 

Methods to analyze plaque samples include microscopy, culture techniques, enzymatic 
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assays, immunoassays, nucleic acid probes, and PCR assays. Tests available for the clinician 

can detect only some bacterial and fungal species that have been documented to have an 

etiologic role in periodontal diseases. Microbial culturing on selective or non-selective 

media, though capable of identifying only some bacterial species, has the advantage of 

assessing antibiotic sensitivity. However, low levels of micro-organisms in the sample can 

not be detected. 

 

The sample can be analyzed immediately by microscopy to find out the relative proportions 

of coccal and filamentous-shaped organisms (Offenbacher et al. 1985; Rams 1986). The 

main use of microscopy is to observe the shift in the composition of the flora with 

periodontal therapy but has not been shown to predict the recurrence of the disease 

(Listgarten et al. 1986). 

 

Immunoassays such as immunofluorescense microscopy, enzyme-linked immunosorbent 

assay (ELISA), membrane assays and latex agglutination assays, and nucleic acid probes as 

well as PCR assays have been used for scientific rather than for clinical purposes. These 

methods have higher sensitivity than culture methods but do not permit the evaluation of the 

antibiotic sensitivity of the flora. Some PCR assays can detect virtually all micro-organisms 

in a plaque sample (Zambon and Haraszthy 1995) but micro-organisms which are present in 

plaque in very small quantities may not necessarily contribute to the development and 

progression of periodontal disease. However, findings suggest that neither culture nor 

molecular methods alone can reliably evaluate the oral microbiota and different approaches 

are needed (Tanner and Izard 2005). 

 

Routine testing of periodontopathogens in chronic periodontitis offers limited benefit 

(Jeffcoat et al. 1997). Though bacteria related to periodontal diseases have been studied in 

several investigations, many of these are not valuable if we wish to estimate evidence. A 

systematic review could not find bacterial species or their combinations which could 

differentiate individuals with aggressive periodontitis from those with stable one (Mombelli 

et al. 2002). Moreover, the results of plaque analysis do not give any information regarding 

the risk of disease progression. Microbial diagnosis can be of value, however, in treatment 

planning of periodontitis patients with a poor treatment outcome to meticulous conventional 

mechanical hygiene phase periodontal therapy (SRP), patients suffering from aggressive 

periodontitis or who are medically compromised. 
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5.6. MATRIX METALLOPROTEINASES (MMPs) IN THE PATHOGENESIS OF 
PERIODONTITIS 
 

Human matrix metalloproteinases (MMPs) are a group of at least 23 structurally related but 

genetically distinct endopeptidase enzymes that cleave the internal peptide bonds of proteins 

(Kähäri and Saarialho-Kere 1999). They have the capacity to degrade practically all 

extracellular matrix (ECM) and basement membrane (BM) matrices and components 

(Birkedal-Hansen et al. 1993; Sorsa et al. 2004a) and inactivate and process serpins, growth 

factors, cytokines, cell adhesion molecules, apoptosis factors, and chemokines (Sternlich and 

Werb 2001). In healthy subjects MMPs, along with other extracellular proteinases are 

involved in diverse physiological events such as tissue remodelling, coagulation and 

fibrinolysis, apoptosis, wound repair, bone remodelling, host defence and 

immunomodulatory reactions, regulation of inflammatory responses, reproduction, 

fertilisation, and development. In disease, MMPs are associated with several inflammatory 

conditions involving tissue injury, such as lung, skin and eye diseases as well as diseases of 

skeletal system, and cancer (Owen and Campbell 1999a; Sternlich and Werb 2001; Nyberg et 

al. 2006). MMPs are neutral proteinases and consequently functionally active and 

catalytically competent at physiological pH and temperature (Nyberg et al. 2006). 

 

MMPs are 32—49% homologous at the amino acid level, and most MMPs share a common 

basic five domain prototype structure (Figure 2) (Murphy and Docherty 1992; Nagase et al. 

2005). A typical MMP consists of propeptide of about 80 amino acids, a catalytic 

metalloproteinase domain of about 170 amino acids, a linker peptide which is also called the 

hinge region of variable length, and a hemopexin domain of about 200 amino acids (Nagase 

et al. 2005). MMPs are grouped mainly based on substrate specificity and molecular domain 

structure to 1) interstitial collagenases (MMP-1, -8 and -13), 2) gelatinases (type IV 

collagenases; MMP-2 and -9), 3) stromelysins (MMP-3, -10 and -11), 4) matrilysins (MMP-

7, -26), 5) membrane-type (MT-)MMPs (transmembrane type and GPI-anchored elastase) 

and 6) other MMPs including metalloelastase (macrophage elastase, MMP-12), enamelysin 

(MMP-20), epilysin (MMP-28), CA-MMP (MMP-23), and MMP-19, -21, and -27 (Nagase et  
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Figure 2. Matrix metalloproteinases and their domain structures. Sp, signal peptide; pro, pro-domain; 
cr, proprotein convertase recognition center; cat, catalytic domain; Zn, zinc; FN II, fibronectin type II 
motif; Hpx, hemopexin domain; L, linker; Tm, transmembrane domain; GPI, 
glycosylphosphatidylinositol anchor; Cy, cytoplasmic tail; CysR, cysteine rich domain; Ig, 
immunoglobulin domain. (Modified from Nagase et al. 2005 and Sternlich and Werb 2001.) 
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al. 2005). MMPs are catalytically dependent on intrinsic Zn2+ ions and extrinsic Ca2+ for full 

and optimal activity (Stöcker et al. 1995). 

 

All MMPs are synthesised as inactive proenzymes or zymogens, and their latency is 

maintained by an unpaired cysteine sulfhydryl group near the C-terminal end of the 

propeptide prodomain (Van Wart and Birkedal-Hansen 1990). Thirteen MMPs are secreted 

from the cell as proMMPs and ten MMPs which possess a furin-like proprotein convertase 

recognition center at the end of the propeptide, are likely to be activated intracellularly. 

These latter mentioned MMPs are secreted (MMP-11, -21, -23, -28) or cell surface bound 

(MT-MMPs) as active enzymes (Nagase et al. 2005). Activation is result of at least partial 

removal of the prodomain into a lower molecular weight active form through various 

pathways, such as stepwise or direct extra-cellular activation, activation on the cell surface or 

intracellular activation (Nagase 1997). In vivo MMPs have been suggested to be activated 

alone or in concert with reactive oxygen species and human and bacterial proteinases (Saari 

et al. 1990; Sorsa et al. 1992a, 1997; Moilanen et al. 2003; Nyberg et al. 2006). MMPs have 

somewhat overlapping functions probably as a safeguard against loss of regulatory control, 

which confounds the efforts to understand function of MMPs in vivo (Sternlich and Werb 

2001). 

 

ECM turnover is regulated by a delicate equilibrium between the production, activation, and 

inhibition of proteolytic enzymes. The balance between expression and synthesis of MMPs is 

regulated by their major endogenous inhibitors, tissue inhibitors of matrix metalloproteinases 

(TIMPs) which are synthesised by connective tissue cells and leucocytes and form non-

covalent complexes with MMPs (Murphy et al. 1989). Currently four TIMPs are known with 

different substrate specificities (Brew et al. 2000). TIMP-1 and -2 are soluble inhibitors that 

are present in numerous body fluids (Moses 1997), and TIMP-3 is an insoluble inhibitor 

bound to ECM heparin sulfate proteoglycans and especially expressed in the eye (Langton et 

al. 1998). In addition to TIMPs, MMP activity and activation can be controlled in other ways 

such as proteolytic degradation and inactivation, with chelating agents like EDTA, and by 

non-specific endogenous inhibitor α2-macroglobulin (α2-MG) which is an abundant plasma 

protein and the major inhibitor of MMPs in tissue fluids whereas TIMPs act locally 

(Sternlich and Werb 2001). 
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MMPs influence ECM regulation by altering the composition and structural organization of 

the ECM, thereby altering matrix-derived signals. This proteolytic ECM remodelling results 

in the release of other modular break-down products with biologic activity (Sternlich and 

Werb 2001; Nyberg et al. 2003). Most cells must adhere to natural or provisional matrices to 

survive, thus MMP-mediated disruption of subcellular matrices can induce apoptosis in 

anchorage-dependent cells and plays an important role in normal physiologic cell death 

(Sternlich and Werb 2001). 

 

Gingival tissue extracts, GCF and other samples have shown the type I collagen cleavage 

pattern which is a characteristic of mammalian collagenases [cleaving of native collagen at a 

single locus, resulting in formation of two fragments, (αA) 3/4 and (αB) 1/4 (Mancini et al. 

1999; Uitto et al. 2003; Sorsa et al. 2004a; Safkan-Seppälä et al. 2006)], not of bacterial 

collagenases [attack at multiple sites, producing many short peptide fragments (Sorsa et al. 

1987)]. MMPs are regarded as key mediators in tissue destruction in periodontitis 

(McCulloch 1994a, b; Kinane 2000; Sorsa et al. 2004a, b), and there is evidence that 

irreversible connective-tissue degradation in periodontitis results from an imbalance between 

MMPs and their locally acting tissue inhibitors TIMPs (Ingman et al. 1996; Sorsa et al. 

2004a, b) and collagen degradation of connective tissue and the organic component of bone 

in inflamed periodontal tissues are likely to occur via MMPs (Sodek and Overall 1988; 

Birkedal-Hansen 1993) which eventually act as a cascade (Tervahartiala et al. 2000; Beklen 

et al. 2006). 

 

5.6.1. Role of MMP-8 (collagenase-2) in periodontal connective tissue degradation 

 

Among the MMPs, collagenases (MMP-1, -8 and -13) are the most substrate specific 

regarding their unique capacity to degrade native interstitial collagens. The hemopexin 

domain in their structure is essential for collagenases to cleave the triple helix of collagen 

(Nagase et al. 2005). They can also degrade other matrix macromolecules and inactivate 

serpins as well as modify pro- and anti-inflammatory mediators (Owen and Campbell 1999b; 

Sorsa et al. 2004a; Ala-aho and Kähäri 2005). 

 

MMP-8 (collagenase-2, neutrophil collagenase) is synthesised by differentiating 

granulocytes in the bone marrow and stored in specific granules of circulating neutrophils. 
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However, there are also other cellular sources of MMP-8 such as sulcular epithelial cells, 

gingival and periodontal ligament fibroblasts, monocytes/macrophages, and plasma cells 

(Hanemaaijer et al. 1997; Tervahartiala et al. 2000; Wahlgren et al. 2001; Prikk et al. 2001, 

2002; Sorsa et al. 2004a, b) thus indicating that sulcular epithelial and basal cells can interact 

with the tissue destructive MMP network (Kornman et al. 1997a; Tervahartiala 2003). There 

is also evidence that human cytokine-stimulated synovial and gingival fibroblasts, 

monocyte/macrophages, endothelial cells and joint chondrocytes can express mesenchymal-

type MMP-8 de novo indicating that the regulation of tissue destruction by MMP-8 is more 

complicated than previously known (Weiss 1989; Hanemaaijer et al. 1997; Kiili et al. 2002; 

Sorsa et al. 2004a, b; Cox et al. 2006). 

 

MMP-8 is released from neutrophils in a latent, inactive proform and becomes activated 

during periodontal inflammation by independent and/or combined actions of host-derived 

inflammatory mediators, such as TNFα and IL-1β, and microbial-derived proteases and 

reactive oxygen species (ROS) produced by triggered neutrophils (Weiss 1989; Ryan et al. 

1996; Sorsa et al. 1992a, 2004a). The molecular mass of MMP-8 varies in different 

publications between 50 and 85 kDa, and forms as small as 20 kDa have been reported 

(Seltzer et al. 1981; Hasty et al. 1986; Sorsa et al. 1994) reflecting different degrees of 

MMP-8 glycosylation and/or whether the enzyme is in latent or activated/truncated form. 

Naturally activated MMP-8 obtained from peripheral neutrophils can be detected by 

immunoblotting at 65—70 kDa, and the MMP-8 in GCF migrates primarily as a 60 kDa form 

with smaller amounts of 78 kDa species, corresponding to active and latent forms of the 

enzyme, respectively (Ding et al. 1996, 1997; Romanelli et al. 1999). MMP-8 activity can be 

blocked with TIMP-1 and -2 as well as with tetracyclines (doxycycline), chemically modified 

non-antimicrobial tetracycline-derivatives, bisphosphonates and EDTA (Sorsa et al. 1994; 

Greenwald et al. 1998; Mancini et al. 1999; Teronen et al. 1999; Sorsa and Golub 2005). 

 

The known ECM substrates of MMP-8 are collagens I—III, VII, X, gelatine, proteoglycans, 

bradykinin, angiotensin 1, fibrinogen, substance P, and aggrecan as well as pro- and anti-

inflammatory cytokines/mediators, and MMP-8 can inactivate α2-MG and α1-proteinase 

inhibitor (Owen and Campbell 1999b; Sternlicht and Werb 2001). MMP-8 has been shown to 

play an important role in the periodontal tissue destruction. Especially it is the main 

collagenase in chronic periodontitis (Tervahartiala et al. 2000; Sorsa et al. 2004a, b). MMP-8 

activity is associated also with inflammation related to gingivitis. In gingivitis slightly 
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elevated MMP-8 levels can be detected in GCF but as the latent, inactive proform (Sorsa et 

al. 1988; Lee et al. 1995a). 

 

In chronic periodontitis MMP-8 represents 90—95% of GCF collagenase activity (Lee et al. 

1995a; Ingman et al. 1996; Golub et al. 1997). During the active, progressing phase of 

periodontitis, MMP-8 levels in GCF are significantly elevated, and the MMP-8 will be 

almost completely converted to the active form (McCulloch 1994a, b; Sorsa et al. 1988; Lee 

et al. 1995a; Ingman et al. 1996). Higher levels of collagenase activity have been detected in 

the GCF of patients with progressive loss of periodontal connective tissue attachment 

compared to periodontitis patients whose condition is stable, and gingivitis patients (Lee et 

al. 1995a; Romanelli et al. 1999; Mancini et al. 1999; Pozo et al. 2005). A significant 

decrease in GCF MMP-8 activity following successful periodontal treatment has been shown 

(Lee et al. 1995a; Kiili et al. 2002; Figueredo et al. 2004) and after periodontal treatment 

more collagenase was found to be present in the latent form (Ingman et al. 1993). 

 

Also high levels of active collagenase in salivary and mouthrinse samples seem to reflect the 

periodontal disease status because high levels of collagenase activity have been demonstrated 

both in saliva of patients with untreated chronic periodontitis and localised early-onset or 

aggressive periodontitis (Gangbar et al. 1990; Uitto et al. 1990; Ingman et al. 1993). 

 

MMP-8 is also the major collagenase present in inflamed human gingival tissue (Sorsa et al. 

1988; Ingman et al. 1994a; McCulloch 1994a, b; Kiili et al. 2002). Extracts of periodontitis 

patients’ untreated gingival tissue in contrast to healthy subjects’ gingiva contain 

pathologically elevated levels of MMP-8 in a catalytically active form (Sorsa et al. 1988). 

MMP-8 is also the major MMP present in human mature dental plaque (Sorsa et al. 1995). 

 

Increased MMP-8 levels have been detected also in other inflammatory diseases such as 

rheumatoid arthritis, chronic lung inflammations and eye diseases (Konttinen et al. 1991; 

Prikk et al. 2001, 2002; Holopainen et al. 2003; Määttä et al. 2005, 2006a). Recently MMP-8 

has been shown to exert unexpected anti-inflammatory or protective characteristics in LPS-

induced lung inflammation and allergen-induced granulocytic lung inflammation probably by 

regulating inflammatory cell apoptosis and by processing anti-inflammatory cytokines and 

chemokines (Owen et al. 2004; Sorsa et al. 2004a; Gueders et al. 2005). 
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5.6.2. Other collagenases 

 

Fibroblast-type collagenase MMP-1 (collagenase-1) is transcribed and expressed mainly by 

human fibroblasts but also by keratinocytes, endothelial cells, monocytes/macrophages, 

osteoblasts, chondrocytes as well as malignant tumour cells (Birkedal-Hansen 1993). MMP-1 

is produced as glycosylated proforms of 52 kDa and 57 kDa in size, and as activated species 

the sizes are 42 kDa and 47 kDa, respectively. MMP-1 is also found intracellularly and it 

may act on intracellular proteins (Nagase et al. 2005). MMP-1 is effective in hydrolysing 

type III collagen, but it is less efficient enzyme than MMP-8 in degrading ECM components 

and it is inhibited by TIMP-1. MMP-1 is regarded to be more associated with normal tissue 

remodelling than with tissue degrading processes (Birkedal-Hansen 1993; Ingman et al. 

1994a, Golub et al. 1998). 

 

MMP-1 seems to be associated rather with localised juvenile periodontitis (LJP) than with 

chronic (adult) periodontitis (Suomalainen et al. 1991; Sorsa et al. 1992b). Ingman et al. 

(1996) detected elevated levels of MMP-1 from LJP patients’ GCF compared with adult 

periodontitis (AP) patients’ or healthy controls’ GCF. Low levels of MMP-1 have been found 

to be present in AP GCF (Ingman et al. 1996). This is in concert with the finding reported by 

Haerian et al. (1995) who detected MMP-1 in only 20.8% of all studied periodontitis sites, 

and the levels did not correlate with the periodontal disease status. On the other hand Tüter et 

al. (2002) found elevated levels of MMP-1 in chronic periodontitis patients’ GCF compared 

to periodontally healthy persons, and the levels decreased with hygiene phase periodontal 

treatment. Results from the study made with gingival biopsies from inflamed and healthy 

periodontal tissue also suggested that MMP-1 rather than MMP-8 may play an important role 

in the initiation of collagen degradation in periodontal disease but possibly MMP-8 plays an 

important role in periodontal tissue destruction (Aiba et al. 1996). 

 

Epithelial cells may respond strongly to exogenous factors and produce a variety of bioactive 

molecules such as various cytokines and proteolytic enzymes, like MMP-13 (collagenase-3). 

Expression of MMP-13, first identified in breast carcinomas (Freije et al. 1994), has been 

reported in the pocket epithelium in human periodontitis helping the pocket epithelium to 

invade into periodontal connective tissue (Uitto et al. 1998; Tervahartiala et al. 2000; Kiili et 

al. 2002), and in macrophage-like cells (Kiili et al. 2002) and in fibroblasts. MMP-13 
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degrades type II collagen ten-fold more efficiently than other collagenases (Knäuper et al. 

1996), and it cleaves gelatin efficiently (Lindy et al. 1997). Secreted as 60 kDa glycoprotein, 

it is cleaved to 48 kDa form during proteolytic activation (Moilanen et al. 2003). 

 

Immunoblots for MMP-13 in periodontitis patients’ pre-treatment GCF samples showed 

complex, proenzyme and activated enzyme forms, and following SRP there were significant 

reductions in band absorbance together with clinical parameters (Kiili et al. 2002). This 

finding confirmed results of a study where GCF from periodontitis patients showed active, 

proenzyme and fragmented forms of MMP-13 (Golub et al. 1997; Ilgenli et al. 2006). Ejeil et 

al. (2003) detected decrease in collagen fibres in the presence of MMP-13 with MMPs -2, -9 

and -1 in human gingival explants. They concluded that these metalloproteinases are 

involved in ECM degradation in periodontitis. Cox et al. (2006) showed that gingival 

fibroblasts from chronic adult periodontitis patients cultured in contact with type I collagen 

and stimulated by IL-1β, secreted and activated MMP-13 together with other collagenolytic 

MMPs (MMP-1, -2, -8 and -14). However, Mancini et al. (1999) could not detect MMP-13 in 

periodontitis patients’ mouthrinse samples by collagenase activity assays or Western blots. 

 

5.6.3. Gelatinases 

 

Also gelatinases MMP-2 and MMP-9 are suggested to participate in periodontal tissue 

destruction because significantly higher levels of MMP-9 and elevated levels of MMP-2 have 

been found in periodontitis patients’ GCF and the levels decreased with conventional 

periodontal treatment (Mäkelä et al. 1994; Ingman et al. 1996; Westerlund et al. 1996; 

Beklen et al. 2006). Gelatinases further degrade gelatins (collagens that have been denatured 

by interstitial collagenases) as well as collagens IV, V, VII, X and XI, elastin, and BM 

components (Owen and Campbell 1999b; Beklen et al. 2006). Both gelatinases have in their 

structure three repeats of a fibronectin type II motif in the catalytic domain which are 

necessary to effectively cleave type IV collagen, elastin, and gelatins (Nagase et al. 2005). 

 

72 kDa gelatinase A, MMP-2, is produced predominantly by fibroblasts and other connective 

tissue cells. MMP-2 degrades preferentially elastin. Like MMP-1, MMP-2 can act also on 

intracellular proteins (Nagase et al. 2005). MMP-2 has collagenolytic activity, weaker than 

MMP-1 in solution, but it is recruited to the cell surface and is activated by membrane-bound  
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MT-MMPs and may thus express collagenolytic activity near the cell (Nagase et al. 2005). 

Increased levels of MMP-2 have been detected in chronic periodontitis-affected gingival 

tissue localised in close vicinity to the sulcular basement membrane region (Korostoff et al. 

2000; Pirilä et al. 2001). 

 

MMP-9 (gelatinase B) degrades more effectively gelatine as well as collagens types I, II, III, 

V, VI and X, fibronectin, fibrillin, and aggrecan (Konttinen et al. 1998; Kähäri and 

Saarialho-Kere 1999). In periodontitis the major source of MMP-9 is neutrophils and to a 

lesser extent also monocytes/macrophages (Westerlund et al. 1996; Pirilä et al. 2001). MMP-

9 seems to be the major gelatinase in chronic periodontitis gingival tissue, dental plaque, 

saliva and GCF, and the GCF levels are elevated relative to LJP and healthy control GCF 

(Ingman et al. 1994a, b, 1996; Sorsa et al. 1994, 1995; Golub et al. 1995). In GCF collected 

with a mouthrinse method active gelatinase (MMP-9) was detected in the majority of 

periodontitis patients’ samples (97.8%) but in only 11.4% of gingivitis samples (Teng et al. 

1992). The mean gelatinase activity was highest in patients with recurrent loss of attachment 

and/or periodontal abscess formation and during periods of attachment loss, samples from the 

periodontitis group exhibited a two-fold increase of mean gelatinase activity. Seguier et al. 

(2001) suggested that MMP-9 could be a marker for the clinical severity of periodontal 

disease based on their cross-sectional study. 

 

5.6.4. Other MMPs with a role in periodontitis 

 

The stromelysin sub-family members MMP-3 (stromelysin-1), MMP- 10 (strolemysin-2), 

MMP-11 (stromelysin-3) and macrophage metalloelastase (MMP-12) do not cleave collagen 

themselves but they act synergistically with collagenases and gelatinases, and they also 

degrade proteoglycans and BM components. Stromelysins can activate other proMMPs 

including MMP-1, -8, -9, and -13 (Kähäri and Saarialho-Kere 1999; Moilanen et al. 2003; 

Beklen et al. 2006). They are expressed by various cell types as fibroblasts, endothelial cells, 

keratinocytes, and chondrocytes. MMP-11 can be activated intracellularly like MMP-1 and -

2 (Nagase et al. 2005). GCF stromelysin in cascade together with MMP-8 and -9 levels 

differentiate periodontitis sites from healthy sites and have been found to correlate 

moderately with clinical indices (Haerian et al. 1995; Beklen et al. 2006). 
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MMP-3 (stromelysin-1) is produced by gingival connective tissue cells and it plays a 

significant role in the activation cascade of latent proMMPs -1, -8, -9, and -13 (Kähäri and 

Saarialho-Kere 1999; Moilanen et al. 2003). MMP-3 can degrade a wide range of 

extracellular matrix components including fibronectin, laminin, elastin and gelatin. In a 

longitudinal study Alpagot et al. (2001) detected significantly higher levels of MMP-3 and its 

endogenous inhibitor TIMP-1 in periodontitis sites than in GCF from healthy sites, and the 

levels were higher in progressing than in non-progressing sites. Thus MMP-3 was found to 

correlate with clinical findings, and it was concluded that sites with high levels of MMP-3 

and TIMP-1 together with MMP-8 and -9 are at risk of progression of periodontitis (Beklen 

et al. 2006). This is in accordance with the finding by Haerian et al. (1995) who found that 

the mean amounts of stromelysins and TIMP-1 in diseased sites (gingivitis and periodontitis) 

were significantly higher than the mean amount of these GCF components in healthy sites, 

and GCF stromelysins and TIMP-1 differentiated healthy from diseased sites both correlating 

moderately with clinical indices. However, Ingman et al. (1996) found only relatively low 

levels of MMP-3 in AP as well as in LJP GCF and low levels of TIMP-1 in AP GCF. 

 

The matrilysin subgroup member MMP-7 (matrilysin-1) is synthesised by epithelial cells 

and it can degrade several ECM and BM components (for example collagens type IV and IX, 

laminins and fibronectin) as well as activate TNF-α, and several proMMPs including 

proMMP-8 (Balbin et al. 1998). It may be related to epithelial migration (Dunsmore et al. 

1998) and in the normal physiology and antibacterial defence of junctional epithelium (Uitto 

et al. 2003). Matrilysin is expressed in the suprabasal cells of the normal human junctional 

epithelium facing the teeth and in epithelial cell rests of Malassez (Uitto et al. 2002). MMP-7 

has been detected in periodontitis-affected GCF and peri-implant sulcus fluid (PISF) 

correlating with MMP-8 reflecting especially the severity of peri-implantitis (Tervahartiala et 

al. 2000; Kivelä-Rajamäki et al. 2003a; Sorsa et al. 2004a, b). 

 

Membrane type matrix metalloproteinases (MT-MMPs) are not, like other MMPs, 

usually secreted as soluble proforms, but instead they mainly exert their activity on the cell 

surface. However, cultured gingival fibroblasts from periodontitis patients can express and 

release a soluble form of MMP-14 (Cox et al. 2006), which can be detected in periodontitis 

affected GCF (Tervahartiala et al. 2000) and inflammatory tear fluid and bronchoalveolar 

lavage fluid (Maisi et al. 2002; Holopainen et al. 2003). MMP-14 can activate other MMPs 

among them proMMP-8 and -13, and it has been detected in fibroblasts from inflamed 
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human gingival specimens (Dahan et al. 2001; Holopainen et al. 2003; Cox et al. 2006). 

MMP-14 can degrade, among other substrates, collagens I—III and thus activate proMMP-2, 

-13, and -8 (Sternlich and Werb 2001). Also enhanced levels of leukolysin (MT2-MMP or 

MMP-25) together with matrilysin-2 (MMP-26) have been detected in periodontitis-affected 

GCF (Emingil et al. 2006a). 

 

5.7. GINGIVAL CREVICULAR FLUID (GCF) 

 

GCF is an important local defence mechanism of the periodontal pocket. Production of GCF 

is directly related to the dilatation and increased permeability of blood vessels in the gingival 

connective tissue. In the healthy periodontal sulcus GCF is an exudate of serum origin and 

excreted in small amounts. With an increase of the severity of periodontal inflammation the 

amount of GCF excretion increases significantly (Armitage 1995). Because most clinical 

periodontal indices are somewhat subjective in nature, quantification of GCF volume has 

been used as an objective measurement of periodontal tissue inflammation in scientific 

research and to evaluate the inflammatory status of periodontal tissues (Brill 1960). 

 

In inflamed gingiva GCF is an inflammatory exudate derived from a number of sources, 

including serum, the connective tissue and epithelium through which GCF passes on its way 

to the gingival crevice. As fluid traverses the inflamed tissue, enzymes and other molecules 

as well as products of cell and tissue remodelling and degradation of host and bacterial origin 

are collected. The cellular components of GCF are 70—80% neutrophils, 10—20% 

monocytes/macrophages, 5% mast cells and 5% T-lymphocytes. 

 

The rich array of cellular and biochemical mediators in GCF reflect the metabolic status of 

periodontal tissues. GCF has the benefit of being closely approximated to the specific site of 

periodontium thus providing more information about periodontal status than markers for 

example in serum or urine. Though the risk for periodontal disease is patient based, the 

progression of periodontitis takes place on a tooth site level (Champagne et al. 2003). Thus 

GCF offers the possibility to monitor the pathologic processes of destructive periodontitis 

lesions site specifically and provides diagnostic information beyond that provided by the 

traditional clinical examination (Lamster et al. 1985). 
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Decreased GCF flow in smokers has been reported (Hedin et al. 1981; Persson et al. 1999). 

However, McLaughlin et al. (1993) found that following smoking there was more than a 

two-fold increase in GCF output compared to sham smoking (smoking movements with an 

unlit cigarette), and the heaviest smokers produced highest GCF volumes. In periodontally 

healthy subjects after smoking cessation GCF flow increased to comparable levels with non-

smokers suggesting that the gingival microcirculation recovers in a few days after smoking 

cessation in periodontal health (Morozumi et al. 2004). 

 

5.7.1. Potential disease markers in GCF 

 

Great interest has focused on gingival crevicular fluid in the determination of current 

periodontal status and as a possible predictor of periodontal disease progression. GCF has 

been analysed since the 1930’s to identify biomarkers of periodontal disease activity. Studies 

have shown that there is a generalised increase in GCF protein content at sites of active 

infection as well as an increase in GCF production. Over 65 components have been 

preliminary examined with the purpose to find a possible marker or markers which could 

identify the sites that are in the risk of periodontal disease progression, i.e. additional loss of 

attachment (Armitage 2004). 

 

One problem to be solved when biomarkers in GCF are used for diagnostic purposes is the 

diagnostic potential of the biomarker measured as a concentration in GCF or as total amount 

in the sample (see also Tables 1 and 4). GCF volume increases in order of healthy, gingivitis, 

and periodontitis (Nakamura et al. 2000) and the volume of GCF recovered with paper filter 

strips is directly related to the periodontal pocket probing depth (Gamonal et al. 2000a). 

However, increased GCF flow does not necessarily reflect the periodontal disease activity. 

The concentration of biomarkers in GCF can be affected by the volume. Excess GCF flow, 

especially in an inactive site may dilute the concentration of the biomarker (Gamonal et al. 

2000a). Though significantly higher GCF volumes and amounts of total proteins in GCF 

samples are obtained from periodontitis patients compared with control subjects (Vernal et 

al. 2005) neither total amount nor concentration of individual biomarker in GCF necessarily 

correlates with periodontal parameters (Gamonal et al. 2000a). In the case of some 

biomarkers a correlation may be found for either detection method (Nakamura et al. 2000; 

Vernal et al. 2005). 
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GCF can be harvested from the gingival pocket with paper filter strips or micropipette tubes 

using an intracrevicular washing method. The intracrevicular washing method for collection 

of gingival crevicular components (cells and chemical components) was introduced by 

Salonen and Paunio (1991), and the method has further been modified by Figueredo and 

Gustafsson (1998). In the method a small amount of washing solution is manually ejected 

through a tiny needle into the bottom of the gingival crevice, and the solution is immediately 

collected with continuous aspiration at the gingival margin with a collecting needle into a 

sample tube. 

 

The collection time influences the composition of the collected GCF and a long sampling 

time especially with micropipettes, may irritate the tissue and enhance the vascular 

permeability and change the composition of GCF. Sampling time of 30 s or less is 

recommended (Eley and Cox 1998a) but variable sampling times from 5 s (Talonpoika and 

Hämäläinen 1994) to 3 min (McLaughlin et al. 1993) can be found from literature reviewed 

in this thesis. With paper filter strips, most of the enzymatic activity of GCF is depleted 

during the first few seconds of sampling, and more than 10 min is required before 

equilibrium is regained (Persson and Page 1990). 

 

5.7.1.1. Host derived enzymes and their inhibitors in GCF 

 

5.7.1.1.1. Proteinases 

 

Most of the potential periodontal disease markers in GCF originate from neutrophils, 

monocytes/macrophages, mast cells and T lymphocytes; the first two mentioned being the 

most essential part of the host’s inflammatory response in GCF. Proteinase enzymes are 

endopeptidases which are resident in inflammatory cells but also in tissue cells. All of them 

can degrade ECM and BM proteins in vivo. They are grouped into four groups based on the 

biochemical nature of the active site: 1) serine proteinases, 2) matrix metalloproteinases 

(already discussed in the previous section), 3) cysteine proteinases, and 4) aspartate 

proteinases. The first two mentioned groups are most active at neutral pH (neutral 

proteinases) and they mediate most extracellular in vivo proteolytic events. Cysteine 

proteinases and aspartate proteinases are optimally active at acidic pH in phagolysosomes 

(intracellular proteolysis), but these acidic proteinases can take part in extracellular 
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proteolysis if they are released at sufficiently high concentration into an acidic environment 

(Owen and Campbell 1999a). 

 

Neutrophils form the first line of defence against a bacterial challenge in the periodontal 

pocket, and they have a highly protective role in inflammatory reactions. Over 90% of 

leukocytes in GCF are neutrophils (Uitto et al. 2003; Sorsa et al. 2004a, b). Leukocyte 

derived proteinases have the capacity to degrade almost all components and matrices of the 

ECM and basement membranes as well as extracellular proteins like complement 

components, clotting factors, immunoglobulins, and pro- and anti-inflammatory mediators 

(Owen and Campbell 1999a, b; Gueders et al. 2005). If the control of the activity of these 

enzymes is disturbed, they contribute to tissue injury in several organs as well as in the 

periodontium. Neutral proteinases from neutrophils also facilitate neutrophil migration and 

help to create an environment for effective defence against microbes (Uitto et al. 2003). 

Thus, neutrophil proteinases (MMP-8 and -9) can exert anti-inflammatory protective 

characteristics (Owen et al. 2004; Sorsa et al. 2004a; Gueders et al. 2005). 

 

The proteinase enzymes found in the GCF which are associated with the pathogenesis of 

periodontitis and which may be of possible diagnostic value are shown in Table 1: 

 

 Neutrophil elastase, a serine proteinase that is released from neutrophil azurophilic 

granules during phagocytosis stimulation and cell lysis. Elastase, like other serine 

proteinases, has broad substrate specificity, and it is capable of degrading a variety of 

human tissue molecules such as collagens, laminins, fibronectin, proteoglycan and 

elastin, and it may have some direct anti-microbial effects. The superior correlation of 

total elastase activity compared to concentration, with clinical parameters of 

periodontal disease has been shown in several studies. 

 Human serine proteinase cathepsin G may contribute to periodontal tissue 

destruction directly or via proteolytic activation of latent neutrophil procollagenase, 

and it may regulate vascular permeability and monocyte chemotaxis (Owen and 

Campbell 1999b). Cathepsin G can activate proMMP-8 and -9 (Kähäri and Saarialho-

Kere 1999). Thus part of the cathepsin G can exist as an uncomplexed, free and 

functionally active form and thus reflect the disease process of gingiva (Tervahartiala 

et al. 1996). 
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 Plasminogen activators are two types of serine proteinases, the tissue/blood vessel 

type (t-PA) and the urokinase type (u-PA). Both of these are expressed in fibroblasts 

(Dano et al. 1985; Saksela 1985) and u-PA in gelatinase (tertiary) granules and 

primary granules in neutrophils (Borregaard et al. 1995). This system acts in both 

physiological (cell migration, wound healing, tissue remodelling, fibrinolysis, and 

inflammation) and pathological (malignant cell invasion) processes and is important 

in extracellular proteolysis by converting the proenzyme plasminogen into the broad-

spectrum serine proteinase plasmin which in turn can activate certain latent proMMPs 

(Kruithof 1988). 

 Lysosomal cysteine proteinases cathepsin B, H and L which have been localised to 

fibroblasts, monocytes, macrophages, and neutrophils. 

 Aspartate proteinase cathepsin D which is released at the endpoint of inflammation. 

 Myeloperoxidase (MPO). The myeloperoxidase-hydrogen peroxidase-chloride 

system with antimicrobial activity from neutrophil primary granules has been 

implicated as part of innate host defence. 

 Beta-N-acetyl-hexosaminidase (ß-NAH), a lysosomal acid hydrolase released into 

GCF subsequent to phagocytosis by the neutrophil. 

 Neutrophil primary granule acid glycohydrolase enzyme ß-glucuronidase (ß-G) 

which is involved in the destruction of non-collagenous component of extracellular 

matrix  

 Lactoferrin that is released from neutrophil secondary granules and acts directly on 

the bacteria to prevent their growth. 

 Alkaline phosphatase (ALP) secreted by neutrophils and other inflammatory cells 

has a role in areas of high bone turnover. 

 

Monitoring the combination of several biochemical parameters might provide more 

information in order to predict future periodontal disease progression compared to 

measurement of a single biomarker. However, in a longitudinal study of chronic periodontitis 

patients in maintenance care unspecified neutral protease activity detected in GCF appeared 

to differentiate bleeding sites exhibiting only chronic inflammation but not the attachment 

loss (Bader and Boyd 1999). Nakashima et al. (1996) monitored adult periodontitis patients 

for one year and measured a combination of protease enzymes (ALP, collagenase and β-G). 
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Table 1. Proteinase enzymes in GCF. For each study the main findings are indicated in the table. 
*Longitudinal study; ▲ activity; ● total amount; ■ concentration; ? status unclear. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Identifies 
active sites 

Correlation 
with clinical 
parameters 
or disease 
severity 

No correlation 
with clinical 
parameters or 
disease severity 

Elevated 
levels in 
periodon- 
titis 

Correlation 
with inflam-
mation 

Agreement 
with 
microbio- 
logical data 

Elastase       
Eley and Cox 1992a    ▲   
Armitage et al. 1994* ▲      
Ingman et al. 1994b    ▲   
Murray et al. 1995   ■●    
Eley and Cox 1996a ▲■      
Meyer et al. 1997    ▲   
Jin et al. 1999      ▲ 
Yamalik et al. 2000   ▲     
Herrmann et al. 2001     ▲  
Jin et al. 2002    ▲  ▲ 
Cathepsin G       
Suomalainen 1992    ▲   
Kunimatsu et al. 1995   ▲ ■   
Plasminogen activators       
Yin et al. 2000    ■   
Cathepsin B, H and L       
Kunimatsu et al. 1990 (B, H, L)   ▲ ▲   
Eley and Cox 1992a, b, c (B)  ▲     
Eley and Cox 1992a (B, L)  ■▲     
Eley and Cox 1996b* (B) ■▲      
Chen et al. 1998 (B)  ▲     
Cathepsin D       
Buchmann et al. 2002a*, b*    ▲   
MPO       
Buchmann et al. 2002a*, b*    ▲   
ß-NAH       
Buchmann et al. 2002a*, b*    ▲   
ß-G       
Lamster et al. 1988  ▲     
Grbic et al. 1995   ▲    
Lamster et al.1994a   ▲     
Lamster et al 1995* ?▲      
Grbic et al. 1999*     ■  
Buchmann et al. 2002a*    ▲   
Layik et al. 2000   ▲ ▲   
Lactoferrin       
Adonogianaki et al. 1993  (■)   ■  
Gustafsson et al. 1994   ■    
Murray et al. 1995  ● ■    
Figueredo and Gustafsson 2000   ■●    
ALP       
Chapple et al. 1994     ■  
Nakashima et al. 1994    ■●   
Chapple et al. 1999 * ●           
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They found significantly elevated levels of studied proteases from active relative to inactive 

sites prior to attachment loss without any significant differences in GCF volume and clinical 

indices. When Hanioka et al. (2005) studied 12 potential biomarker substances in GCF by 

regression analysis to find a combination which identifies sites with periodontal destruction, 

the combination of IgA and neutrophil elastase provided the most satisfactory predictive 

model for diagnosing the periodontal disease status. 

 

5.7.1.1.2. Proteinase inhibitors 

 

Proteinase levels in gingival tissue are determined partly by the balance between the enzyme 

and its natural inhibitors. The level of enzyme in the tissue and in GCF depends therefore to 

some extent upon the enzyme-inhibitor balance. 

 

A number of proteinase inhibitors as possible markers of periodontitis have been studied 

(Table 2): 

 

 α1-proteinase inhibitor, most abundant of specific inhibitors, serpins that regulate 

the serine proteinase activity in tissues. It is produced mainly by hepatocytes but also 

by activated neutrophils. 

 α2-MG 

 α1-antitrypsin (α1-AT) 

 Tissue inhibitors of metalloproteinases (TIMPs) which perform the extracellular 

control of interstitial collagenases and other MMPs. TIMP-1 especially is expressed 

by many cell types including host fibroblasts, keratinocytes, monocytes/macrophages, 

endothelial cells and osteoblasts (Meikle et al. 1994), and can also be detected in 

GCF. 
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Table 2. Proteinase inhibitors in GCF. For each study the main findings are indicated in the table. 
*Longitudinal study; (r) reverse correlation. 
 

 

 

 

 

 

 

 

 

 

 

 

 

  Identifies 
active sites 

Correlation 
with clinical 
parameters or 
disease severity 

No correlation 
with clinical 
parameters or 
disease severity 

Elevated levels 
in periodon- 
titis 

Correlation with 
inflammation 

α1-proteinase inhibitor      
Ingman et al. 1994b    ■  
Meyer et al. 1997   ■   
Buchmann et al. 2002b  ■    
α2-MG      
Adonogianaki et al. 1996   ■  ■ 
Chen et al. 1998  ■    
α1-AT      
Adonogianaki et al. 1996   ■  ■ 
TIMPs      
Haerian et al. 1995  (■)    
Ingman et al. 1996  ■    
Alpagot et al. 2001* ■   ■  
Tüter et al. 2002    ■ (r)  
Pozo et al. 2005  ■ (r)    

 

 

5.7.1.1.3. Other enzymes originating from host cells 

 

 The levels of aspartate aminotransferase (AST), cytoplasmic enzyme released from 

damaged or necrotic cells during inflammation, have been used by measuring it in 

serum as an indicator of cell death that occurs in a variety of systemic disorders such 

as those following myocardial infarction. It could also provide evidence of cell death 

within the periodontal tissues and of possible disease activity. 

 Calprotectin is a cytosol protein expressed by neutrophils, monocytes, activated 

macrophages and squamous mucosal epithelia. It is known to have a broad spectrum 

of in vitro antimicrobial effects (Nisapakultorn et al. 2001a) and its expression 

inhibits bacterial binding to mucosal epithelial cells (Nisapakultorn et al. 2001b). 

 Creatine kinase and lactate dehydrogenase 

 Glycosidase 

 Dipeptidyl peptidase II- and IV -like activity. (Table 3) 
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Table 3. Other enzymes in GCF originating from host cells. For each study the main findings are 
indicated in the table. *Longitudinal study, ▲ activity; ■ concentration. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Identifies 
active sites 

Correlation 
with clinical 
parameters or 
disease 
severity 

Elevated levels 
in periodon- 
titis 

Correlation 
with 
inflammation 

Agreement 
with 
microbiolo-
gical data 

AST      
Persson et al. 1990* ▲     
Chambers et al. 1991* ■     
Atici et al. 1998   ▲   
Smith et al. 1998   ▲   
Kuru et al. 1999     ▲ 
Wong et al. 1999     ▲ 
Shimada et al. 2000  ▲    
Kamma et al. 2001     ▲ 
Creatine kinase and lactate 
dehydrogenase 

     

Atici et al. 1998   ▲   
Glycosidase      
Beighton et al. 1992  ▲    
Dipeptidyl peptidase II- and 
IV -like activity 

     

Cox et al. 1992   ▲   
Eley and Cox 1992a   ▲   
Eley and Cox 1995* ▲■     
Calprotectin      
Kido et al. 1999  ■    
Lundy et al. 2000   ■   
Nakamura et al. 2000    ■  

 

 

5.7.1.2. Inflammatory and immune markers in GCF 

 

Cytokines 

Cytokines, described as local hormones or cell to cell messengers, are small soluble proteins 

or peptides. More than 100 cytokines are known, among them chemotactic cytokines 

(chemokines), interleukins, interferons, and tumour necrosis factors. Cytokines control cell 

growth and differentiation, stimulate (chemokines and pro-inflammatory cytokines) or 

subdue (anti-inflammatory cytokines, interferons) the inflammation and regulate the 

development of the antimicrobial immunity in cooperation with antigen presenting cells 

(Julkunen et al. 2003). 
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A summary of the following cytokines with a specific role in periodontitis is presented in 

Table 4: 

 

 IL-1, a cytokine with pro-inflammatory effects and a potent stimulator of bone 

resorption is produced by activated macrophages, monocytes, B cells, neutrophils, 

fibroblasts, and epithelial cells. It is involved in pro-inflammatory process, matrix 

degradation, and wound healing (McCauley and Nohutcu 2002).  

 IL-8 is a potent chemotactic and activating factor for neutrophils, and it is thought to 

provide protection against periodontal infections by enhancing host defence 

mechanisms. 

 IL-6 is a macrophage and T-cell originating cytokine. Healing of periodontal pockets 

may be affected by an accumulation of IL-6 in the adjacent connective tissue as a 

result of increased synthesis or reduced release into the GCF (Guillot et al. 1995). 

 TNF-α is a monocyte/macrophage-derived pro-inflammatory cytokine which can 

stimulate proteolytic enzyme synthesis and osteoclast activity. 

 The chemokine RANTES, a chemoattractant cytokine of T-cell origin is a potent 

chemoattractant for inflammatory cells and may play a role in host response in active 

inflammation. 

 Receptor antagonist of IL-1 (IL-1ra) 

 

Immunoglobulins 

Potential immune mediators relevant to periodontal pathology are immunoglobulins. 

Antigens from periodontopathogenic bacteria induce antibody production, and both serum 

and locally produced antibodies can be detected in GCF. However, with the current 

knowledge neither specific antibody nor total GCF-Ig seems to be valuable in distinguishing 

between stable and progressing sites or patients at risk (Table 5). The role of IgA in GCF 

may be protective (Lamster et al. 1994b), and maintenance of high levels of IgA in GCF may 

protect from progression of periodontal tissue destruction (Grbic et al. 1999). 

 

Ebersole and Cappelli (1994) identified antibody isotypes and subclass proportions of IgG in 

GCF in periodontitis patients with A. actinomycetemcomitans cultivated from subgingival 

plaque. They found that over 95% of sites with elevated IgG4 were colonized with A. 
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actinomycetemcomitans, and less than 50% of sites with elevated IgG2 were positive for A. 

actinomycetemcomitans. Sites infected with P. gingivalis in patients diagnosed to suffer of  

 

Table 4. Cytokines in GCF. For each study the main findings are indicated in the table. 
* Longitudinal study, ● total amount, ■ concentration; (r) reverse correlation; refr. refractory 
periodontitis. 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 Identifies active 
sites 

Correlation with 
clinical 
parameters or 
disease severity 

No correlation 
with clinical 
parameters or 
disease severity 

Elevated levels 
in periodontitis 

IL-1 (α, β)     

Masada et al. 1990    ■ 

Reinhardt et al. 1993   ■  

Holmlund et al. 2004    ■ 

IL-1α   

 

  

Mathur et al. 1996    ■● 

IL-1β     

Wilton et al. 1993    ■  

Hou et al. 1995  ● ■  

Lee et al. 1995b* ■    

Tsai et al. 1995  ●   

Salvi et al. 1997  ■   

Figueredo et al. 1999   ■ ■ 

Gamonal et al. 2000b* ■ ●   

Rawlinson et al. 2000  ■   

Engebretson et al. 2002*  ■  ■ 

Rawlinson et al. 2003    ■ (r)   

Goutoudi et al. 2004*  ●   

IL-1ra      
Rawlinson et al. 2000, 2003  ■ (r)   

Holmlund et al. 2004    ■ 

IL-8     

Tsai et al. 1995  ●   

Mathur et al. 1996    ● ■(r) 

Ozmeric et al. 1998 (LJP)   ■●  

Gamonal et al. 2000b*  (●)  ■ 

Gamonal et al. 2001    ■ 

Jin et al. 2002     ■ 

IL-6     

Reinhardt et al. 1993 (refr.)  ●   

Lee et al. 1995b* (refr.) ■    

Guillot et al. 1995  ■ (r)   

TNF-α      

Rossomando et al. 1990   ■ ■ 

Lee et al. 1995b*   ■  

Tervahartiala et al. 2001 (tissue 
specimens) 

   ■ 

RANTES     

Gamonal et al. 2000a  ■● ■  ● 

Gamonal et al. 2000b*  (●)  ■ 

Gamonal et al. 2001    ■ 

Emingil et al. 2004a  ■   
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rapidly progressing periodontitis manifested high levels of specific antibody, levels 

correlated with clinical status and antibody levels decreased significantly after successful 

SRP with reduction of PD and resolving of inflammation (Johnson et al. 1993). 

 

Other inflammatory media ors t

Monocytic inflammatory mediator prostaglandin E2 (PGE2) is a metabolite of arachidonic 

acid and a potent biochemical mediator of inflammation with many proinflammatory effects. 

It can induce indirectly the destruction of ECM components of connective tissue by initiating 

vasodilatation, increasing capillary permeability and enhancing inflammatory cell infiltration. 

(Table 5) 

 

Table 5. Immunoglobulins and other inflammatory mediators in GCF. For each study the main 
findings are indicated in the table. *Longitudinal study; (r) reverse correlation. 
 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Identifies 
active sites 

Correlation with 
clinical parameters 
or disease severity 

No correlation 
with clinical 
parameters or 
disease severity 

Elevated levels 
in periodontitis 

Correlation 
with 
inflammation 

Immunoglobulins 

Total Ig       

Lamster 1992   ■   

Page 1992   ■   

IgA      

Grbic et al. 1995   ■ (r)   

IgG subclasses (IgG1, IgG2, 
IgG3, IgG4) 

     

Sengupta et al. 1990   ■ ■  

Johnson et al. 1993  ■  ■  

Wilton et al. 1993    ■   

Ebersole and Cappelli 1994    ■  

Other inflammatory mediators 

PgE2      

Offenbacher et al. 1984* ■     

Offenbacher et al. 1986* ■     

Heasman et al. 1993     ■ 

Nakashima et al. 1994  ■  ■  

Salvi et al. 1997  ■    

Jin et al. 1999   ■   

Leibur et al. 1999    ■  

Preshaw and Heasman 2002   ■ ■  

C-reactive protein (CRP)       

Sibraa et al. 1991   ■   
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5.7.1.3. Tissue-breakdown products in GCF 

 

Components of collagen breakdown products and other gingival connective tissue structures 

in GCF may serve as measures of periodontal connective tissue and basement membrane 

catabolism and have been considered as possible markers of bone resorption and periodontal 

disease activity. 

 

Bone resorption markers 

 Osteonectin (also known SPARC), a non-collagenous calcium-binding protein in the 

extracellular matrix in many tissues, is liberated from many different cell types as a 

heat shock protein, but may be related to inflammation in general (McCauley and 

Nohutchu 2002). 

 Osteocalcin (OC) is a non-collagenous protein, which is a major component of bone 

extracellular matrix and mainly produced by osteoblasts. It can also be considered as 

a marker of bone turnover. Some of this protein is derived from circulation but 

osteocalcin may be produced also locally and released into GCF by osteoblast 

activity. 

 The pyridinoline cross-linked carboxyterminal telopeptide of type I collagen 

(ICTP) is a sensitive marker of bone resorption in osteolytic disease such as 

osteoporosis and osteoarthritis and a sensitive indicator of periodontal tissue 

destruction (Giannobile 1999). 

 Osteopontin (OPN) is a glycosylated phosphoprotein in the bone matrix produced by 

several cell types including osteoblasts, osteoclasts and macrophages in sites of active 

bone metabolism. (Table 6) 

 

Connective tissue and basement membrane degradation markers 

The detection of components of degraded connective tissue or sulcular basement membrane 

which have passed to GCF could be indicative of tissue breakdown or active pocket 

formation associated with periodontal disease progression. 

 

 Laminin is a glycoprotein found in all basement membranes. Emingil et al. (2004b, 

c; 2006b) showed that an adjunctive host response modulating low-dose doxycycline 

(LDD) therapy in combination with SRP therapy reduced GCF laminin-5 gamma2-
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chain fragment levels together with MMP-8 levels and improved clinical periodontal 

parameters in patients with chronic periodontitis. Also in PISF laminin-5 gamma2-

chain fragments have been found to correlate with clinical markers of peri-implantitis 

severity and PISF MMP-8 and -7 (Kivelä-Rajamäki et al. 2003a, b). The proteolytic 

processing of laminin-5 gamma2 chain in human inflamed periodontium is eventually 

conducted by human MMPs (Pirilä et al. 2001, 2003) since the fragmentation of 

laminin-5 gamma2 chain in periodontitis affected GCF (Emingil et al. 2004b, c, 

2006b) resembles that done by human MMPs (Pirilä et al. 2003) and not that done by 

P. gingivalis trypsin-like protease (Emingil et al. 2006b). 

 Fibronectin is concerned with the cell adhesion of connective tissue and can be 

found also in GCF. 

 Hydroxyproline-containing peptides are released during fibrillar collagen 

degradation. 

 The extracellular ground substance of connective tissue is comprised of high 

molecular weight aggregates, proteoglycans, constituted of glycosaminoglycans 

(GAGs). Connective tissue breakdown in periodontitis includes proteoglycan 

degradation with release of GAGs which pass into GCF. A rather large sample of 

GCF is needed (15 min sampling with micropipettes) to detect GAGs which reduces 

the value in chair-side diagnostics (Eley and Cox 1998b). Chondroitin-4-sulphate can 

also be detected from GCF of teeth undergoing orthodontic movement, showing 

evidence of trauma from occlusion, and from healing tooth-extraction wounds thus 

correlating with clinical conditions where degradative changes are occurring in 

deeper parts of periodontal tissues (Last et al. 1985). 

 Decorin and biglycan, small proteoglycan metabolites. (Table 6) 
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Table 6. Tissue break-down products in GCF. For each study the main findings are indicated in the 
table. *Longitudinal study; (r) reverse correlation. 
 

 
 

 

 

 

 

 

 

 

 

  Correlation 
with clinical 
parameters or 
disease severity 

No correlation with 
clinical parameters 
or disease severity 

Elevated levels in 
periodontitis 

Bone resorption markers 
Osteonectin (SPARC)    
Bowers et al. 1989 ■   
OC    
Kunimatsu et al. 1993 ■   
Nakashima et al. 1994 ■   
Lee et al. 1999  ■  
ICTP    
Talonpoika and Hämäläinen 1994 ■   
Oringer et al. 1998 (peri-implantitis) ■   

Palys et al. 1998 (■)  ■ 
Al-Shammari et al. 2001* ■   
OPN    
Kido et al. 2001 ■   
Connective tissue and basement membrane degradation markers 
Laminin    
Figueredo and Gustafsson 2000   ■ 
Emingil et al. 2004b, 2006b   ■ 
Kivelä-Rajamäki et al. 2003a, b (peri-
implantitis) 

■   

Fibronectin    
Lopatin et al. 1989   ■ (r) 
Talonpoika et al. 1993 ■   
Huynh et al. 2002   ■ 
Hydroxyproline    
Akalin et al. 1993  ■  
GAGs    
chondroitin-sulphate    
Okazaki et al. 1995   ■ 
Smith et al. 1995 ■  ■ 
hyaluronic acid     
Last et al. 1985  ■  
Decorin and biglycan    
Waddington et al. 1998   ■ 

 

5.7.1.4. Enzymes of bacterial origin in GCF 

 

The ability of bacteria to directly damage periodontal tissues is limited though a number of 

periodontopathogenic bacteria produce several proteolytic enzymes that are important 

virulence factors for these microbial species. Thus part of the proteolytic activity in GCF can 

be ascribed to bacterial proteases while neutrophils, present in large numbers at inflamed 

sites, are mainly responsible for the proteolytic activity (Sorsa et al. 2004a, b). Enzymes from  
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P. gingivalis and A. actinomycetemcomitans can participate in periodontal disease 

progression by producing immunoglobulin degrading enzymes in LJP detectable in GCF 

(Gregory et al. 1992). Measurement of these enzymes in GCF is complicated because of their 

very broad substrate specificity, their rather uncharacterised protein structures, a lack of 

specific enzymatic assays for their measurements, and their tight association with bacterial 

cell membranes (Uitto et al. 2003). 

 

Trypsin- and tryptase-like activity of can be detected in higher levels from chronic 

periodontitis GCF compared to healthy subjects (Eley and Cox 1992a). In addition, the 

presence of bacterial dipeptidyl peptidase originating from P. gingivalis has been detected 

in GCF (Gazi et al. 1995). A 2-year longitudinal study indicated that both bacterial 

gingivain/gingipain and dipeptidyl peptidase may be predictors of periodontal attachment 

loss with higher positive predictive values for gingivain/gingipain (Eley and Cox 1996c). 

 

5.7.2. Effect of smoking in GCF biomarkers 

 

Smoking appears to affect the normal balance of several cytokines as well as of other GCF 

biomarkers (Table 7). Smoking decreases mean GCF IL-1α concentrations significantly but 

does not affect mean total protein concentration of samples. Neutrophil numbers are not 

significantly different between S and NS suggesting that the reduced IL-1α concentration in 

S is independent of any effect of smoking on neutrophil chemotaxis, and smoking may 

directly inhibit IL-1α production (Petropoulos et al. 2004). Thus GCF IL-1α may be derived 

from the inflamed tissues rather than being locally produced by neutrophils in the gingival 

pocket. 

 

The influence of smoking on neutrophil elastase activity under healthy or slightly inflamed 

conditions is limited (Persson et al. 1999). Contradictory findings concerning elastase in 

GCF of smoking subjects  with periodontal disease have been reported. Lower concentrations 

of functional elastase in S than NS GCF led to the hypothesis that smokers’ PMNs may 

release elastase prior to reaching the periodontal tissues, for example during passing through 

the lungs, or possibly a greater proportion of the elastase is bound to its substrate and remains 

undetected thereby complicating the diagnostic value of GCF elastase in smokers (Alavi et 

al. 1995). 
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It has also been concluded that decreased local levels of enzyme inhibitors may result in 

increased tissue damage due to an increased activity of elastase and collagenase (Persson et 

al. 2001). Following surgical treatment, in the S group the levels of GCF α1-AT, α2-MG and 

MMP-8 remained unaltered, and in the NS group the levels decreased indicating a more 

favourable treatment outcome, and elastase remained unaltered in both groups (Persson et al. 

2003). Söder (1999) showed that smokers’ periodontal sites with high levels of MMP-8 were 

significantly deeper compared with sites with low levels. Moreover, a positive correlation 

between PD and levels of MMP-8 both in S and NS patients with refractory periodontal 

disease existed. Also, significantly higher PGE2 levels were detected in sites with high levels 

of MMP-8 than in those with low levels (Söder 1999). In a regularly maintained periodontitis 

population, levels of PGE2 in S than NS GCF were significantly lower (Söder et al. 2002). 

On a population basis smoking as a risk of periodontal disease does not appear to correlate 

with an elevation of GCF-PGE2 (Heasman et al. 1998). 

 

A soluble form of intercellular molecule-1 (sICAM-1) is known to be elevated in the 

circulation of S compared to NS subjects (Koundouros et al. 1996). Conversely, in the GCF 

of subjects with periodontitis sICAM-1 was significantly lower in S compared with NS 

(Fraser et al. 2001). The difference in GCF concentrations of sICAM-1 compared with serum 

(4-fold in serum) was significant in S but not in NS subjects. sICAM-1 molecules may 

possibly bind to sequestrated neutrophils in periodontal microvasculature and provoke the 

release of neutrophil elastase. This results in inappropriate endogenous protease release, 

contributing to periodontal destruction in the vicinity of the gingival microvasculature. 
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Table 7. Effect of smoking on GCF content of some biomarkers in periodontitis or in experimental 
gingivitis*. 
Biomarker Effect in GCF Reference 
Host enzymes and inhibitors   

MMP-8 
 
elastase (activity) 
 
elastase—α1-AT-complex 
 
α1-AT 
 
α2-MG  
 
plasminogen activating  system 
 
Inflammatory and immune 
markers 
PGE2 
 
TNFα 
 
IL-4* 
IL-4 
 
IL-6 
 
 
 
IL-8* 
IL-8 
 
IL-10 
 
IL-1β 
 
 
 
IL1-ra 
 
 
IL-1 α 
 
sICAM-1 
 
IgA and IgG 
 
Bone resorption markers 
ICTP 

↑ 
 
↑ / ↓ 
 
↑ 
 
↓ 
 
↓ 
 
— 
 
 
 
↑ / ↓ (in regular 
maintenance care) 
↑ 
 
↑ 
↑ 
 
— 
 
↑ 
 
↓ 
↑ 
 
↑ 
 
— 
 
 
 
↓ / — 
 
 
↓ 
 
↓ 
 
— 
 
 
↑ 
 

Söder 1999  
 
Söder 1999 / Alavi et al. 1995 
 
Söder 1999 
 
Persson et al. 2001 
 
Persson et al. 2001 
 
Buduneli et al. 2005 
 
 
 
Söder 1999 / Söder et al. 2002 
 
Boström et al. 1998a, b, 1999 
 
Giannopoulou et al. 2003a 
Giannopoulou et al. 2003b 
 
Erdemir et al. 2004;  
Boström et al. 1999 
Giannopoulou et al. 2003b 
 
Giannopoulou et al. 2003a 
Giannopoulou et al. 2003b 
 
Goutoudi et al. 2004 
 
Boström et al. 2000; Giannopoulou et 
al. 2003b; Goutoudi et al. 2004 
 
 
Rawlinson et al. 2003 / Boström et al. 
2000 
 
Petropoulos et al. 2004 
 
Fraser et al. 2001 
 
Boström et al. 2000 
 
 
Al-Shammari et al. 2001 
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5.8. SALIVA AND ORAL RINSES IN PERIODONTAL DIAGNOSTICS 

 

Saliva may offer potential as a periodontal diagnostic aid at the patient level, and for this 

purpose it has been a subject of much research activity. Saliva can easily be collected as 

whole saliva or from specific salivary glands with or without gustatory stimulation. Whole 

saliva is a mixture of oral fluids: it contains secretions of the minor and major salivary glands 

as well as GCF, excreted bronchial secretions, serum and blood cells from oral wounds, 

micro-organisms and desquamated oral epithelial cells and food debris (Kaufman and 

Lamster 2000). Salivary-based caries susceptibility tests have been relatively well established 

(Mandel 1993). Whole saliva holds promise for periodontal diagnostics because it contains 

locally delivered and systematically-derived markers of periodontal disease derived from 

GCF of all teeth. Periodontal treatment reduces salivary enzyme levels, and salivary enzyme 

levels have been proposed as a means to monitor the effectiveness of periodontal treatment 

(Zambon et al. 1985). 

 

Aminopeptidase enzyme activity in mixed whole saliva is significantly higher in LJP and 

AP patients compared to healthy controls (Nakamura and Slots 1983; Gregory et al. 1992). 

AP patients demonstrate higher levels of salivary collagenase and elastase-like activity 

when compared with LJP patients and healthy controls (Uitto et al. 1990; Ingman et al. 

1993). Very little collagenase activity was found in whole saliva of edentulous subjects 

suggesting that most of the collagenase in saliva is derived from neutrophil cells entering the 

oral cavity through the gingival crevice (Sorsa et al. 1990; Uitto et al. 1990). Most of the 

periodontitis patients’ salivary collagenase is in an active form and in periodontally healthy 

subjects in a latent form (Uitto et al. 1990; Hayakawa et al. 1994). Total TIMP-1 in 

periodontitis patients’ whole saliva seems to be lower than in healthy subjects (Hayakawa et 

al. 1994). 

 

Periodontal therapy resulted in reduced collagenase and elastase activities in chronic 

periodontitis and LJP patients’ saliva (Gangbar et al. 1990; Uitto et al. 1990; Ingman et al. 

1993) as well as in adult periodontitis patients’ oral fluid (Uitto et al. 1996). Salivary elastase 

was found to correlate significantly with the number of deep periodontal pockets and the 

percent of bleeding sites (Nieminen et al. 1993). There is also a finding that S periodontitis  
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patients had significantly lower salivary elastase levels than former S or NS periodontitis 

patients and less neutrophils in saliva than NS patients (Pauletto et al. 2000). 

 

Also, salivary proteolytic activity and MMP-8 levels were lower in current smokers than in 

former smokers but there was no difference in BOP. It was concluded that the use of 

salivary/mouthrinse proteinases as diagnostic markers of periodontal disease activity should 

be done with caution (Liede et al. 1999). High MMP-9 (92 kDa gelatinase) levels were 

detected in periodontitis patients’ whole saliva compared with healthy subjects (Mäkelä et al. 

1994). 

 

Also salivary MPO activity has been suggested to have a relationship to the severity of 

periodontal disease, while increased MPO activity has been detected in saliva of patients with 

rapidly progressing periodontitis (Over et al. 1993). Lower levels of lysozyme has been 

reported in periodontitis patients’ saliva compared with healthy controls (Markkanen et al. 

1986) and increased peroxidase activity in experimentally induced gingival inflammation 

(Smith et al. 1984). However, lactoferrin concentrations in chronic periodontitis patients’ 

stimulated and unstimulated whole saliva and GCF were reduced significantly after 

periodontal surgery, whilst no change in salivary peroxidase or lysozyme could be detected 

(Jentsch et al. 2004). 

 

From plasma cells in the salivary glands secretory IgA is the main specific immune 

mechanism of saliva. IgG is present in low concentrations in saliva and primarily derived 

from serum via GCF. Studies evaluating the presence of total and specific immunoglobulin 

directed against periodontal pathogens in saliva have aimed to determine their relationship to 

periodontal status. Higher levels of IgA have been detected in whole saliva of patients with 

gingivitis or periodontitis than in healthy subjects (Guven et al. 1982) but also a 

contradictory finding exists (Bokor 1997). Reductions in salivary IgA and IgG levels proved 

to be an indicator of periodontal treatment response (Reiff 1984), but in another study only 

IgG salivary concentration was elevated in untreated periodontal patients compared to post-

treatment levels (Basu et al. 1976). 

 

Specific immunoglobulins against periodontal pathogens hold more promise than assessment 

of non-specific immunoglobulin isotypes. Longitudinal studies support the potential of 

characterising specific salivary immunoglobulins as markers of periodontal disease activity 
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(Sahingur and Cohen 2004). Purified antigen preparations are suggested to give better 

sensitivity and specificity of antibody-based diagnostics because of reduced non-specific 

cross-reactivity with non-oral bacteria which share common epitopes with 

periodontopathogens (Offenbacher et al. 1993). Significantly higher concentrations of 

salivary IgG were found both in patients with AP and with JP towards A. 

actinomycetemcomitans but salivary IgA was not influenced by periodontal status (Sandholm 

et al. 1987). In addition to IgG, IgA specific against A. actinomycetemcomitans correlated 

significantly with corresponding antibody titers in the serum (Nieminen et al. 1993). 

 

Saliva has been studied and proposed also as a potential media for detection of oral bacteria 

because of its non-invasive sampling (Kaufman and Lamster 2000). However, salivary 

analysis is mainly a research tool because of the lack of uniform data which supports the 

periodontal diagnostic value of salivary testing. Also it is not known how various general 

diseases such as HIV may affect values of salivary/oral rinse biomarkers for periodontal 

diseases (Mellanen et al. 1996, 1998). Furthermore, the effects of systemic medication of 

proteinase inhibitors such as doxycycline and bisphosphonates can be monitored successfully 

from saliva by zymography, collagenase activity assay, MMP-immunoassays and specific 

peptide activity assays for MMPs (Lauhio et al. 1994a, b, 1995; Nordström et al. 1998; 

Valleala et al. 2000; Fingleton et al. 2004). 

 
5.9. DETECTION METHODS FOR GCF BIOMARKERS 

 

5.9.1. Laboratory methods for GCF biomarker detection 

 

The presence of proteolytic enzymes in GCF has been measured by immunological assays 

such as enzyme-linked immunosorbent assay (ELISA) (Ingman et al. 1996) and 

immunoblotting (Sorsa et al. 1994, 2004a, b; Kiili et al. 2002), both of these using high-

affinity antibodies to recognise the given enzyme. Immunoblotting used with 

chemoluminescence is a capable and sensitive method for the estimation of molecular forms 

and mass of the enzyme of interest, but it is not very useful for quantitative analyses. 

ELISA/IFMA-methods can be used to test multiple markers and their levels in single 

samples. Two different antibodies are used: one for capturing the soluble enzyme and the 

other to detect the captured enzyme. 
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Substrate assays measure primarily the ability of the enzyme to degrade the substrate, and 

the enzyme activity will be estimated by different methods like gelatine enzymography 

(Gangbar et al. 1990), release of radioactivity from radiolabelled collagen fibrils (Villela et 

al. 1987), and fluorogenic assays based on synthetic peptides that mimic the cleavage site of 

collagenase (Knight et al. 1992; McCulloch 1994a, b). The degradation of the collagen in 

solution can be analysed by radiolabelled substrate assay SDS-PAGE fluorography (Larivee 

et al. 1986; Overall and Sodek 1987; Lee et al. 1991). This method needs seven days to be 

completed and it uses radioactivity and thus is unsuitable for clinical use. 

 

The direct measurement of collagen or laminin-5 gamma2-chain break-down products in 

GCF and PISF has also been used as an analytical approach (Talonpoika and Hämäläinen 

1994; Golub et al. 1997; Kivelä-Rajamäki et al. 2003; Emingil et al. 2004b, 2006b). A test 

based on biotinylation of collagen and the assay of labelled degradation products (soluble 

biotinylated collagen assay) can detect collagen and its labelled degradation products, and it 

was shown to be sensitive and reproducible in detection of protease activity in highly diluted 

mouthrinse samples (Mancini et al. 1999). Laminin-5 gamma2-chain fragments in GCF and 

PISF have been suggested to reflect active phase of periodontal and peri-implant 

inflammation (Kivelä-Rajamäki et al. 2003b; Emingil et al. 2004b, 2006b). 

 

All of these methods are sensitive and specific and suitable to quantify collagenolytic 

enzymes/MMPs in microliter samples but all of them are time-consuming and not practical 

for routine clinical use. 

 

5.9.2. Periodontal test kits 

 

A number of test kits for the detection of GCF biomarkers by different methods or for the 

detection of certain periodontopathogens by an enzymatic reaction have been developed for 

commercial use or as a prototype test. In the following section the studies evaluating these 

tests are reviewed. However, with the available information (Internet) these tests, with the 

exception of BANA-test, are no longer available or not developed further from the prototype 

version. 

 

A commercial test kit for measuring AST activity from GCF, PerioGard™ (Xytronyx, Inc., 

San Diego, CA), was designed to give a positive test score with GCF AST activity ≥ 800 
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µl/U. The test kit consisted of a tray with two test wells for the sample from each tooth and 

the reagents for conducting the test. The test result could be read by eye comparing the test 

colour to the positive control in 15 min. In a cross-sectional study the percentage of 

PerioGard™-positive sites decreased significantly between the baseline and post-treatment 

visits (Persson et al. 1995). With the same study design it was regarded to be an objective 

measure to distinguish between diseased and non-diseased sites and in monitoring the 

outcome of therapy (Magnusson et al. 1996). The predictive value of this test is unknown 

while the results of the longitudinal part of this multi-centre study have not been published. 

 

Kamma et al. (2001b) found a high level of agreement between the periodontopathogens 

(Streptococcus intermedius, Peptostreptococcus micros, B. forsythus, P. gingivalis, 

Campylobacter rectus, Selenomonas sputigena) and positive AST test results (PerioGard™) 

at periodontal sites that were clinically considered potentially disease active. A kit based on 

same principle to measure GCF AST (Perimonitor™, Hawe Neos Dental, Switzerland) has 

been tested in a cross-sectional study, where positive test result correlated with gingival 

index (GI) but not with PD both in diabetic and non-diabetic patients suffering of chronic 

periodontitis (Yucekal-Tuncer et al. 2003). The same finding has been done in a study by 

Smith et al. (1998) where a positive AST test result (PerioGard™) correlated with GI but not 

with PD. 

 

The third test based on the same principle: PocketWatch™ (Pacific Pharmaceuticals Inc., San 

Diego, CA), has been evaluated in a treatment study by Shimada et al. (2000). They 

concluded that AST levels monitored with this test may be a useful adjunct in the clinical 

assessment of periodontal disease sites though previously they found that the coefficients 

were too small to show a definite relationship between AST levels measured with 

PocketWatch™ and clinical periodontal status (Shimada et al. 1999). Barbosa et al. (2003) 

suggested that more research should be carried out to evaluate the true relationship between 

AST and periodontal disease because they found no correlation between GCF AST 

diagnosed with PocketWatch™ and the clinical parameters. In a 12-month longitudinal study 

the testing of GCF AST with PocketWatch™ chair-side assay in monitoring periodontal 

disease activity was associated with many false positive results, but a high negative 

predictive value was indicative of a periodontally stable site (Oringer et al. 2001). Elevated 

AST levels and test positive sites were present due to gingival inflammation with no disease 
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progression which diminishing the tests ability to discriminate between progressive and 

inflamed stable sites (Kuru et al. 1999). 

 

A trypsin-like enzyme possessed by periodontopathogenic bacteria B. forsythus, Treponema 

denticola and P. gingivalis can be detected by an enzymatic assay where the substrate N-

benzoyl-DL-arginine-2-naphthylamine (BANA) present on the test strips breaks down and 

produces a colour effect whose intensity is in proportion to the total amount of these 

microbial species (Loesche et al. 1990; Bretz et al. 1990). The BANA test requires a plaque 

sample from periodontal pockets. BANA hydrolysis has been shown to correlate well with 

PD in periodontitis sites (Grisi et al. 1998; Smith et al. 1998; Yucekal-Tuncer et al. 2003) 

but not with GI (Smith et al. 1998; Yucekal-Tuncer et al. 2003), and it’s reliability to predict 

disease progression is weak (Hemmings et al. 1997). Loesche et al. have investigated BANA 

testing in monitoring the effect of systemic metronidazole in reducing spirochetes from deep 

periodontal pocket (1990) and in identifying the non-compliant patient with the usage of 

prescribed medication (1993), and found the test to be useful for these purposes. In a 

treatment study of chronic periodontitis patients with moderate to severe disease the BANA 

test Perioscan™ had a baseline sensitivity of 99% and specificity of 55% when related to 

clinical diagnosis. The probability of the test to agree with the clinical treatment outcome 

was calculated as 52%, leading to the conclusion that this diagnostic kit does not reliably 

reflect the clinical assessment of periodontal disease in cross sectional study or the treatment 

outcome (Hemmings et al. 1997). However, human/host-cell derived trypsin-like proteinases 

can easily degrade the BANA-substrate (Ingman 1994). 

 

Hemmings et al. (1997) compared the Periocheck™ kit (a colorimetric assay for the presence 

of non-specific neutral proteases and elevated levels of proteolytic activity in GCF) with 

clinical methods. Baseline sensitivity for Periocheck™ was 88% and specificity 61% when 

related to clinical diagnosis, and the probability for agreement with the clinical treatment 

outcome was 50.4% thus not reliably reflecting the clinical assessment of periodontal 

disease. In an earlier study the highest percentage (33%) of elevated protease activity was 

found in patients clinically diagnosed as having advanced periodontal disease and the assay 

was reproducible with 98.6% in sites remaining stable with a 3-day testing interval (Bowers 

and Zahradnik 1989). After therapy, the neutral proteinase assay score decreased and the 

clinical parameters improved. However, the predictive value of neutral protease testing has 

not been evaluated in a longitudinal trial. 
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A prototype test kit for analysing GCF elastase has been evaluated in a longitudinal study 

(Palcanis et al. 1992; Armitage et al. 1994). After 15 s collection of GCF the test strip, 

impregnated with a human neutrophil elastase substrate is placed into an ultraviolet viewing 

box for visual assessment of the intensity of fluorescence, which is relative to elastase 

activity of the sample and scaled from 0 to 4 using intensity standards as a guide. In the 

earlier of these two studies visual interpretation of fluorescence in a strip was found to 

represent enzyme activity in GCF which presumably was related to biological changes 

occurring in the periodontal tissues site specifically (Palcanis et al. 1992). This VES (visual 

elastase scores) test gave a relatively low number of false negatives, but it failed as a 

discriminatory prognostic test because of its high percentage of false positives (Armitage et 

al. 1994). It was concluded that the VES test may, however, be of some advantage when used 

in conjunction with traditional assessments of periodontal disease. 

 

5.9.3. Tests for genetic risk factors 

 

Environmental exposures explain only in part the variability in susceptibility to periodontal 

diseases between individuals and part of the variation can be explained by genetic 

background (Michalowics 1994). Excess in pro-inflammatory cytokine production can lead 

to periodontal destruction at the site of bacterial plaque. Individuals with susceptibility to 

periodontal destruction have overactive monocytes which produce, when triggered by the 

presence of bacterial biofilm, pathologically excessive amounts of cytokines (Champagne et 

al. 2003). Individuals with a special IL-1ß genotype are found out to be more susceptible to 

develop periodontitis (Kornman et al. 1997b). Based on this discovery a blood test has been 

developed to determine the IL-1 genotype. Other candidate genes with a possible association 

to chronic periodontitis include for example TNFα polymorphism, human leucosyte antigens 

(HLA), and FcγR genotypes (Goteiner and Goldman 1984; Kobayashi et al. 1997; Galbraith 

et al. 1998). However, there can be several other factors which may contribute to individual 

susceptibility, and at the moment no specific genetic test can predict the development of 

periodontitis or the outcome of periodontal treatment. 

 

Based on the studies of IL-1 gene cluster the Periodontal Susceptibility Test® (PST®), only 

commercially available genetic susceptibility test, has been developed. The PST® test 

evaluates the simultaneous occurrence of allele 2 at two different loci. When a patient is 
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diagnosed to have allele 2 in both of these loci, she/he is considered to be genotype-positive 

and produce more IL-1 in response to bacterial challenge. An IL-1 response predisposes to 

more inflammation and tissue destruction (Kornman et al. 1997b; Engebretson et al. 1999) 

and an individual is more susceptible to develop chronic periodontitis. The original finding 

was that among NS periodontitis patients, the composite phenotype was more frequent when 

compared to controls (Kornman et al. 1997b). The odds of being genotype positive were 6.8 

times higher among severe periodontitis patients than among controls with mild or no 

disease. When smokers were included in the study the association became insignificant. 

 

Later there have been studies that do not support association between IL-1 genotype and 

periodontitis (Mark et al. 2000) or inconsistencies with an association to periodontitis (Gore 

et al. 1998). Lack of consistency (Diehl et al. 1999; Parkhill et al. 2000) or no association 

(Hodge et al. 2001) has also been observed in studies of aggressive periodontitis leading to 

questions about the clinical applicability of the PST® test. Genotype-negative periodontitis 

patients have been reported (Kornman et al. 1997b; Cattabriga et al. 2001; Papapanou et al. 

2001), and healthy periodontium or mild disease in genotype-positive patients has also been 

reported (Kornman et al. 1997b; Walker et al. 2000). Also, great racial variability exists in 

the prevalence of the composite IL-1 genotype (Kornman et al. 1997b; Gore et al. 1998; 

Armitage et al. 2000; Caffesse et al. 2002a). In predicting the outcomes of periodontal 

treatment (Ehmke et al. 1999; De Sanctis and Zucchelli 2000; Caffesse et al. 2002b) or 

implant failures (Wilson and Nunn 1999; Rogers et al. 2002) the PST® test was not accurate 

but there is debate about applicability of the test in predicting long-term stability during 

maintenance (McGuire and Nunn 1999; De Sanctis and Zucchelli 2000; Lang et al. 2000; 

Cattabriga et al. 2001). 

 

5.9.4. Equipments for periodontal diagnosis 

 

For the measurement of subgingival temperature ABIO-DENT (Danvers, MA) developed a 

Periotemp® thermal probe for the risk assessments of the early stages of periodontal disease. 

Haffajee et al. (1992a) measured baseline subgingival temperature and found that the deeper 

the pocket the higher the subgingival temperature was and correlated positively with plaque, 

gingival redness, BOP and CAL. In a longitudinal study it was found that an elevated 

subgingival temperature was related to subsequent attachment loss particularly in patients 

who exhibited several progressing sites (Haffajee et al. 1992b). Rams et al. (1993) postulated 
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that dental implant status can be monitored by sulcular temperature. The Periotemp® can 

also be used to evaluate the parameter from all sites of dentition. Nevertheless, the 

temperature probe has not been widely utilised in the periodontal clinic. 

 

The Reflotron® System of Diagnosis is largely used in medicine in clinical laboratories to 

diagnose damage of the heart and liver by determining clinical-chemical parameters from 

capillary or venous blood, heparinised plasma and serum (Schuman et al. 2001). Cesco et al. 

(2003) studied using the Reflotron® the relationship between salivary AST levels and 

periodontal disease indicated by the community periodontal index of treatment needs 

(CPITN). Patients with CPITN 4 could be detected with this diagnostic system and 

periodontal destruction seems to be related to higher salivary AST levels. 

 

Volatile sulphur compounds, such as hydrogen sulphide and methyl mercaptan, are toxic 

metabolites of periodontopathogens, and their role in periodontal disease is still poorly 

understood. The Diamond Probe / Perio 2000 System® (Diamond General Development 

Corp., Ann Arbor, MI) is a periodontal disease evaluation system to detect GCF sulphide 

concentration in various forms as an indicator of gram-negative bacterial activity. The system 

combines a Michigan dental probe with a sulphide sensor, and it measures PD, BOP and 

sulphide simultaneously (Zhou et al. 2004). Morita and Wang (2001) found in their study 

with chronic periodontitis patients that sulcular sulphide detected by using Diamond Probe / 

Perio 2000 correlated positively with the BANA test and may be an indicator of active 

periodontal disease. The same device was used by Zhou et al. (2004) in an experimental 

gingivitis study, and the results indicated that detection of sulphur was the first parameter to 

show plaque-induced gingivitis. Gleissner et al. (2002) regarded the sulphide monitor a 

reliable method and a valuable supplement to traditional clinical examination methods: no 

sulphide was detected in healthy controls while sulphide correlated significantly with PD in 

gingivitis, with CAL and PD in periodontitis, and with BOP. 



 62

6 AIMS OF THE STUDY 

 

During periodontitis, tooth-supporting tissues (the gingiva, periodontal ligament, root 

cementum, and alveolar bone) undergo irreversible destruction which is primarily carried out 

by the inflammatory host response raised by the subgingival microflora. Periodontal 

destruction is considered to be episodic in nature with great individual variation in respect to 

the destruction pattern. This is rather difficult to diagnose with traditional clinical methods. 

Long-term treatment and prevention should be based on etiopathogenic factors, and for this 

purpose biochemical methods and markers may prove to be crucial. 

 

The aims of this study were: 

1. To assess the association of matrix metalloproteinase (MMP) -8 in GCF with 

periodontal disease (I) and to assess GCF MMP-8 levels during periodontal treatment 

and maintenance (III). 

2. To develop a MMP-8 specific chair-side dip-stick test for identifying and monitoring 

the course and treatment of periodontitis (II). 

3. To evaluate the value of GCF MMP-8 chair-side testing and the assessment of MMP-

8 GCF levels with an immunofluorometric assay in monitoring treatment response 

and in identifying sites at risk of progression of periodontitis during the maintenance 

phase in chronic periodontitis patients (IV, V). 

4. To evaluate the effect of smoking on GCF MMP-8 levels and chair-side test results 

(V). 

5. To determine whether Chlamydia pneumoniae is localised in the periodontitis 

patients’ deep periodontal pockets and its relation to GCF MMP-8 levels because C. 

pneumoniae is not normally associated with the periodontitis (VI). 
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7 MATERIALS AND METHODS 

 

Detailed methods are described in the original publications I—VI. 

 

7.1. Study populations and samples 

 

Thirteen untreated chronic adult periodontitis patients participated in study I. GCF samples 

were collected for analysis of MMP-8 levels and elastase activities. Clinical parameters were 

recorded at baseline and two weeks after the completion of periodontal treatment (oral 

hygiene instructions and scaling and root planing, SRP). 

 

In study III 20 untreated chronic adult periodontitis patients were recruited. GCF samples 

were collected from four sites in each subject with a pocket depth ≥ 5 mm for analysis of 

MMP-8 concentrations and clinical parameters. Recordings were done at baseline, after SRP 

and after a three month maintenance phase. 

 

In study IV GCF samples were collected for MMP-8 concentration analysis and tested with a 

MMP-8 specific chair-side dip-stick test, and clinical parameters were recorded at baseline 

and after SRP from 11 untreated adult chronic periodontitis patients (90 sites), and once from 

10 patients with gingivitis (58 sites) and from eight periodontally healthy controls (59 sites). 

 

In study V 16 untreated chronic periodontitis patients participated in the cross-sectional 

treatment study [initial treatment response; baseline—post SRP; 11 smokers (S; 89 sites) and 

5 non-smokers (NS; 43 sites)], and 15 of them [10 S patients (80 sites) and 5 NS patients (43 

sites) were followed-up bimonthly during a 12 month maintenance phase (post SRP—12 

months). At each visit GCF samples were collected from the same pre-selected sites for 

MMP-8 concentration analysis. Samples were tested with a MMP-8 specific chair-side dip-

stick test and clinical parameters were recorded. 

 

In study VI subgingival plaque samples were collected from 31 teeth of 12 adult chronic 

periodontitis patients. GCF samples for analysis of MMP-8 concentration were collected and 

clinical parameters were recorded. All samples and recordings were performed at baseline 
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and after SRP. Plaque samples from different pockets per patient were pooled to give one 

sample (Nieminen et al. 1995; Mellanen et al. 1996). 

 

All periodontitis patients fulfilled the following criteria: 1) no history of systemic disorders, 

2) no history of antibiotics and/or anti-inflammatory drugs within the past 6 months, 3) no 

history of any periodontitis treatment within the past 6 months, 4) the presence of at least 20 

teeth, and 5) at least 5 sites exhibiting ≥ 4 mm probing depth and radiographic bone loss. 

 

Gingivitis patients comprised cases with GI 2—4 and PD ≤ 3 mm. Periodontally healthy 

individuals had GI of 0 or 1 and PD ≤ 2 mm. 

 

Approvals for the studies were provided by the Ethics Committee of the Institute of 

Dentistry, University of Helsinki, by the Ethics Committee of Glasgow Dental Hospital and 

School, and by King’s Healthcare, London, United Kingdom. All patients gave informed 

consent for participation. 

 

7.1.1. GCF and subgingival plaque sampling and clinical measurements 

 

Prior to GCF sampling the crown of the tooth was gently cleaned to remove supragingival 

plaque, dried and isolated with cotton rolls to exclude contamination with saliva. The tip of a 

filter-paper sampling strip for absorbing GCF was placed into the gingival sulcus for 30 s 

avoiding any bleeding from the marginal gingiva, and removed into a test tube containing 

buffer solution (I, III, IV—VI). In studies I and III the volume of GCF was determined using a 

Periotron 6000. 

 

For subgingival plaque sampling, supragingival plaque was removed from the teeth with a 

curette, gingival margins were dried with air and isolated from saliva with cotton rolls, and 

subgingival plaque samples were collected with sterile curettes. All samples of subgingival 

plaque were pooled to give one sample per patient (VI). 

 

In studies I, IV and VI pocket depth (PD), bleeding on probing (BOP), gingival index (GI), 

and plaque index (PI) were recorded, in study III PD, BOP, PI, attachment loss (AL), 

suppuration (Supp), and modified gingival index (MGI), and in study V PD, AL and BOP. In  
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study III PD and AL measurements were done using the Florida probe with pocket depth and 

disc probes, respectively. In studies I, IV, V and VI clinical measurements were done with a 

manual probe. 

 

The timeline and the site groups in study V are shown in Figure 3. Sites with an AL increase 

≥ 2 mm during the maintenance phase (post SRP—12 months) were regarded as progressing 

sites and sites with repeatedly and exceptionally elevated MMP-8 concentrations (≥ 4000 

µg/l two or more times during the maintenance phase) as high-responder sites (V). All but 

one of high-responder sites were smokers’ sites. Therefore we examined smokers’ sites 

grouped as high-responder and low-responder sites. 

 

 
 

Figure 3. Groups and timeline of the longitudinal maintenance phase study. 

 

7.2. MMP-8 SPECIFIC CHAIR-SIDE DIP-STICK TEST 

 

Study II introduces the principle of the immunochromatocraphic MMP-8 specific chair-side 

dip-stick test. 
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7.2.1. Principle of the test 

 

The MMP-8 test stick is based on the immunochromatography principle and it involves two 

monoclonal antibodies specific for different epitopes of MMP-8 (Hanemaaijer et al. 1997). 

Antibody 1 is bound to blue latex particles which act as the detecting label, and are dried next 

to the dip area of the dipstick. The other antibody is immobilised on a carrier membrane to 

catch labelled particles and to indicate a positive result (Figure 4). When the dip area of the 

test stick is placed in an extracted GCF sample, the dipstick absorbs liquid which flows up 

the nitrocellulose membrane. If the sample contains MMP-8 it binds to the antibody attached 

to the latex particles, and the particles are carried by the liquid flow along the test stick over 

the catching zone containing the other MMP-8 antibody. If the concentration of MMP-8 in 

the sample exceeds the cut-off value for the test (1000 µg/l), a blue line will appear to 

indicate a positive result. The test is designed to give a detection limit of 1000 µg/l based on 

earlier studies on MMP-8 in GCF collected from periodontitis and gingivitis patients’ sites 

and from periodontally healthy individuals’ sites. A second blue line confirms the correct 

performance of the test. 

 

 
Figure 4. Principle of the MMP-8 specific chair-side test based on immunochromatography involving 
two monoclonal antibodies. 
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7.2.2. Chair-side procedure with the MMP-8 specific dipstick test 

 

GCF sampling is described in chapter 7.1.1. After removal from the gingival sulcus, the 

sampling strip is placed for elution of the specimen proteins into a test tube containing 0.5 ml 

of HEPES-buffer, pH 7.4, for 5 min. The tip of an MMP-8 dipstick is then immersed in the 

buffer for about 10 s, removed and left for 5 min. The test is positive if the blue line appears 

(Figure 5). Positive test results were registered as: + (weak blue line), ++ (clear blue line), or 

+++ (strong blue line). 

 

 
Figure 5. Test positive result of the MMP-8 specific chair-side dipstick test (left) is confirmed with 
the appearance of the blue line in the catching zone. 

7.3. MMP-8 IMMUNOFLUOROMETRIC ASSAY (IFMA) 

 

The concentration of the monoclonal MMP-8 of GCF was determined by a time-resolved 

immunofluorescense assay (IFMA) as described by Hanemaaijer et al. (1997). The 

monoclonal MMP-8-specific antibodies 8708 and 8706 were used as a catching antibody and 

a tracer antibody, respectively. The tracer antibody was labelled using europium-chelate 

(Hemmilä et al. 1984). The assay buffer contained 20 mM Tris-HCl (pH 7.5), 0.5 M NaCl, 5 

mM CaCl2, 50 µM ZnCl2, 0.5% bovine serum albumin, 0.05% sodium azide, and 20 mg/litre 

DTPA. Samples were diluted in assay buffer and incubated for 1 h, followed by incubation 

for 1 h with tracer antibody. Enhancement solution was added, and after 5 min fluorescence 

was measured using 1234 Delfia Research Fluorometer (Wallac, Turku, Finland). The 

monoclonal MMP-8 antibody specificity corresponded to that of the polyclonal MMP-8 

antibody (Hanemaaijer et al. 1997). 
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7.4. ELASTASE ACTIVITY ASSAY 

 

GCF eluates were assessed for elastase activity against the fluorogenic substrate MeOSuc-

Ala-Ala-Pro-Val-AFC by a fluorometric assay (Cox and Eley 1992). Eluates were added to 

0.1 M assay buffer containing 0.1% v/v Triton X-100 and then the reactions started by the 

addition of substrate to give a final concentration of 10 µM in a volume of 2.0 ml. The 

concentration of liberated AFC was measured after 5 hours using a fluorostat calibrated with 

AFC. Total activities of strips were expressed in terms of µUnits (pmols of substrate 

hydrolysed per min). Enzyme activities were calculated relative to the corresponding 

volumes of GCF. 

 

7.5. SUBGINGIVAL PLAQUE SAMPLE ANALYSIS FOR DETECTION OF CHLAMYDIA 
PNEUMONIAE 
 

Subgingival plaque samples were examined for Chlamydia pneumoniae by means of PCR. 

DNA analyses were undertaken on the samples by means of the QIAamp DNA Mini Kit® 

(Qiagen, Germany), following the instructions of the manufacturer. A hot-start technique was 

used with C. pneumoniae OMP 1 gene probes. Europium-labelled probes were used in 

hybridization of PCR products. Counts of 50 000 or over were regarded as positive, counts of 

less than 50 000 as negative (Rintamäki et al. 2001). 

 

7.6. STATISTICAL ANALYSES 

 

Because of the skewed nature of the data, non-parametric tests were used. Comparisons of 

clinical parameters and concentrations of MMP-8 in GCF in various conditions were 

performed with the Mann-Whitney U-test (IV, V). The comparisons of clinical parameters 

and MMP-8 and elastase concentrations and elastase activities in the GCF samples before 

and after SRP were performed with the Wilcoxon matched pair’s test (I, III, IV, V). 

Longitudinal comparisons of MMP-8 concentrations between different groups were analysed 

with one-way ANOVA after logarithmic transformation. In all comparisons the level of 

statistical significance was set at p < 0.05. Agreement between the quantitative determination 

of MMP-8 and the test stick result was estimated with the Kappa statistic (< 0.20 indicates 

poor and > 0.80 very good agreement) (IV) (Landis and Koch 1977). 
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8 RESULTS 

 

8.1. MMP-8 CONCENTRATIONS IN GCF 

 

MMP-8 levels in GCF dropped following initial periodontal treatment (I, III, IV, V, VI) and 

reduced still further by 50% compared with the post SRP situation once the wound healing 

phase of tissues was over (III). 

 

In the cross-sectional study (IV) the median MMP-8 concentration in periodontally healthy 

subjects’ GCF was 100 µg/l (interquartal percentile 40 µg/l, 170 µg/l), in gingivitis patients’ 

GCF 470 µg/l (interquartale percentile 130 µg/l, 929 µg/l) and in adult periodontitis patients’ 

GCF before treatment (SRP) 1850 µg/l (interquartale percentile 820 µg/l, 4290 µg/l). The 

difference between all conditions was statistically significant (p < 0.001). After treatment the 

MMP-8 concentration in the periodontitis patients’ GCF decreased statistically significantly 

(median 970 µg/l, interquartale percentile 470 µg/l, 2220 mg/l; p < 0.001) but remained at a 

higher level than in periodontally healthy or gingivitis subjects’ GCF. 

 

The highest baseline GCF MMP-8 concentrations were in samples from periodontal pockets 

with PD > 5 mm and which were BOP positive (median 4300 µg/l, interquartale percentile 

2600 µg/l, 6200 µg/l). Also in these sites SRP decreased MMP-8 concentrations significantly 

(median 1500 µg/l, interquartale percentile 480 µg/l, 3100 µg/l; p < 0.001) (IV). 

 

8.1.2. Comparison of MMP-8 levels in smokers’ and non-smokers’ GCF (V) 

 

The timepoints of GCF sampling and clinical measurements of the study are represented in 

Figure 3. In the longitudinal study (V) smokers’ (S) sites (n = 80) and non-smokers’ (NS) 

sites (n = 43) were analysed separately. In S sites the mean GCF MMP-8 concentration at 

baseline was significantly lower than in NS sites (p < 0.001). In S sites decrease of mean 

concentration after treatment (SRP) was not significant (baseline 1268 µg/l, after SRP 975 

µg/l; p = 0.7) but significant in NS sites (baseline 3997 µg/l, post SRP 2076 µg/l; p < 0.001). 

 

S and NS sites were further grouped according to the status at the end of the maintenance 

phase (V): S and NS sites with an attachment loss increase of ≥ 2 mm were regarded as 
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progressing sites and other sites as stable sites. 12% of NS sites (n = 5) and 20% of S sites (n 

= 16) were thus categorised as progressing sites. When progressing S sites and stable S sites 

were compared, the difference between mean MMP-8 concentrations was not significant at 

baseline, after SRP or at any maintenance visits, and in neither group of S sites SRP 

decreased mean MMP-8 concentration statistically significantly. However, in progressing S 

sites the distribution was, for every measurement, broader than in stable sites showing a 

tendency towards elevated MMP-8 levels. MMP-8 levels in progressing S sites were 

comparable with MMP-8 levels in progressing NS sites. 

 

Sites with a MMP-8 concentration ≥ 4000 µg/l at two or more measurements during the 12 

month maintenance phase were extracted from the data and analysed. Sites filling this 

criterion were eight S sites reaching exceptionally high MMP-8 levels (high-responder S 

sites; n = 8). These S sites concentrated into two patients, and five out of these eight sites 

were sites which also were categorised as progressing sites. 

 

When high-responder S sites were compared with S sites with lower concentrations (low-

responder S sites; n = 72), no significant difference in mean MMP-8 concentrations at 

baseline, post SRP and at 2-month measurement could be observed, but in high-responder 

sites the distribution was broader at these measurements. At 4—12-month maintenance phase 

measurements, difference between MMP-8 concentrations of these two groups of S sites 

were statistically significant. 

 

8.2. MMP-8 CHAIR-SIDE TESTING 

 

For a positive test-stick result the threshold for MMP-8 concentration was set at 1000 µg/l, 

and test results of individual sites were registered as follows: + (weak blue line), ++ (clear 

blue line) and +++ (strong blue line) (IV, V). 

 

In the cross-sectional study IV the test stick result was well in unison with the quantitative 

MMP-8 analysis (IFMA) of the GCF samples (Figure 6). Only 18 of the 207 tested sites 

were in discrepancy. Thus the agreement was very good when calculated with the Kappa 

statistics (κ = 0.81), and the chair-side test provided a sensitivity of 0.83 and specificity of 

0.96. The test-stick result also correlated well with the periodontal status of the above 

mentioned three groups. Only with few exceptions test results in healthy individuals’ sites or 
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gingivitis patients’ sites were negative. However, test result was most prone to be false 

negative or false positive near the concentrations of the cut-off threshold value 1000 µg/l 

(Figure 6) (IV). 

 

 
Figure 6. Scattergram of periodontitis patients’ sites (n = 132) at baseline: correlation of MMP-8 
concentration (IFMA µg/l) and MMP-8 specific chair-side dipstick test result (0 = negative, 1 = +, 2 = 
++, 3 = +++) (Mäntylä et al., to be published, 2006). 
 

In the data processing of the longitudinal maintenance phase study (V) positive test results 

were expressed in two ways: all positive results + — +++ / clear test positive results ++ — 

+++. Percentages for respective test results were calculated. At the baseline measurement of 

the longitudinal study the MMP-8 chair-side dip-stick test result was positive in 50 % of sites 

when all positive test results were calculate and in 27% of sites when clear test positive 

results were calculated. After SRP the percentages were 39 and 10 respectively (n = 123) (p 

< 0.05). 

 

Test result was more often positive at baseline in all NS sites (n = 43) and in progressing NS 

sites (n = 5) than in respective S sites (all S sites n = 80, progressing S sites n = 16). Test 
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positive percentages in NS sites decreased after treatment statistically significantly (p < 

0.001). For all S sites the difference between baseline and post SRP test positive percentages 

was not statistically significant. In progressing S sites the percentage of test positive sites 

increased after SRP thus reaching proportion of NS sites which were test positive (V). 

 

In high-responder S sites (n = 8) the baseline test positive percentages reacted poorly to SRP. 

In this group of sites higher test positive percentages were seen at the majority of 

measurement points during the maintenance phase than in low-responder S sites (n = 72) (V). 

 

Based on test results of high- and low-responder S sites during the maintenance phase, 

sensitivity and specificity were calculated. Values were respectively 0.41 and 0.91. 

 

8.3. BLEEDING ON PROBING SCORES 

 

General BOP positive scores decreased after SRP when the smoking status was ignored (I, 

III, IV, V). Periodontitis patients’ deepest pockets (> 5 mm) had highest BOP scores (89%) 

and the positive percentage of these sites decreased after SRP to 42% (IV). 

 

When percentages of all positive BOP scores per group of sites during the maintenance phase 

(V) were calculated, percentages in S and NS sites with unstable character (progressing S and 

NS sites and high-responder S sites) were higher than in stable S and NS sites or in low-

responder S sites. Positive BOP percentages were at a similar level in stable S and NS sites 

and low-responder S sites. BOP positive percentages in S sites with unstable character 

(progressing and high-responder S sites) were slightly higher than in progressing NS sites 

(V). 

 

8.4. PD AND AL VALUES 

 

PD values and GCF MMP-8 concentrations reduced significantly after SRP in studies I, III, 

IV and VI and in non-smokers’ sites in study V. S sites’ PD reduction as well as reduction of 

MMP-8 level after SRP was not statistically significant (V). S sites’ and NS sites’ initial PD 

was at the same level at the baseline (V). During the maintenance phase (V) PD levels of S 

sites remained higher than in NS sites. 
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In study III pocket reduction could still be observed at the three month maintenance visit and 

GCF MMP-8 levels were reduced by 50% compared with the post SRP situation. 

 

AL decreased after SRP statistically significantly in sites with deep pockets (> 5 mm) (IV) 

and in the longitudinal maintenance study (V) when all sites (n = 123) were examined as one 

group. AL change was not statistically significant after treatment (SRP) in study III. During 

the 12-month follow-up period AL values did not differ statistically significantly between S 

and NS sites (V). 

 

At all maintenance phase visits high-responder S sites’ pockets were deeper than in the low-

responder S sites. Baseline AL values were at similar levels in both high-responder and low-

responder S sites, but the response of AL to SRP was statistically significant only in low-

responder S sites. 

 

8.5. ELASTASE IN GCF (I) 

 

Total activities of elastase in GCF correlated significantly with GCF MMP-8 amounts. Also 

correlations with GI and BI before and after treatment, with PD before treatment and with PI 

after treatment were observed. However, when GCF elastase was measured as concentrations 

no correlations with clinical indices could be observed. 

 

8.6. CHLAMYDIA PNEUMONIAE IN PERIODONTAL LESIONS (VI) 

 

One patient was positive for C. pneumoniae in pooled subgingival plaque samples before 

periodontal treatment by SRP. The count in this patient’s sample was negative after SRP. 

This patient did not differ from the other patients when quantitative results relating to other 

microbiological or enzymatic markers (MMP-8) of periodontal disease were observed. 
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9 DISCUSSION 

 

To find a predictive biomarker with regard to progression of periodontal disease has been 

among the most desired ambition of biomarker researchers in periodontology. However, this 

purpose has revealed to be rather laborious and difficult. Optimally the biomarker should be 

able to differentiate ongoing connective tissue breakdown from inflammation of periodontal 

tissues. An ideal and predictive biomarker should be detected before the event of tissue 

breakdown, and it should remain at the site long enough so that it could be captured for 

analysis or for clinical testing. The most ideal situation would be that we should know the 

timescale from biomarker release to irreversible tissue damage. Besides, it should be possible 

to develop an easy to use chair-side test for clinical use based on its detection. For example, 

neutrophil elastase activity in periodontitis-affected GCF has been found to correlate with the 

clinical periodontal parameters but the correlation is not good when elastase is measured as 

concentrations (I) (Armitage et al. 1994; Murray et al. 1995). GCF collagenase activity test 

targets multiple collagenolytic MMPs (Kähäri and Saarialho-Kere 1999; Sorsa et al. 2004a; 

Ala-aho and Kähäri 2005) and for chair-side use it is inconvenient (Romanelli et al. 1999) 

when compared with an enzyme/MMP specific immunoassay which has been developed for 

the detection of MMP-8 (I, II). 

 

Most biomarkers have been studied in a cross-sectional setting or in treatment studies. The 

results from follow-up studies are available for some biomarkers (for example AST 

Chambers et al. 1991, Persson et al. 1990, Oringer et al. 2001; IgA Grbic et al. 1999, 

cytokines Il-1α, Il-1β, Il-1ra Holmlund et al. 2004; β-G Lamster et al. 1995; dipeptidyl 

peptidases II and IV Eley and Cox 1995; elastase Palcanis et al. 1992, Armitage et al. 

1994; proteases Bader and Boyd 1999; collagenase Lee et al. 1995a, Mancini et al. 1999; 

lysosomal enzymes Lamster et al. 1988; combination of markers Nakashima et al. 1996). 

In follow-up studies a major question of concern is which clinical periodontal surrogate 

parameter used in the clinic is a real or the best possible indicator of active periodontitis – a 

“golden standard” parameter for the progressing periodontitis which is not unambiguous. 

Manual periodontal probing has a relatively high measurement error. Thus, a 2—3 mm 

change in the clinical attachment level has been a demand for a confirmed progression of 

attachment loss (Page and DeRouen 1992; Armitage et al. 1994). However, the methods for 

assessing the progression of periodontitis do not agree well in identifying active sites with a 
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manual probe, automated probe nor by subtraction radiographic analysis, and a higher 

percentage of active sites can be detected with the manual probe than with the automated 

probe mostly because it is easier to manipulate the manual probe past the calculus retentions 

(Armitage et al. 1994). It has also been criticized that attachment loss as the parameter used 

to identify deteriorating sites is crude and relatively insensitive (Persson et al. 1995). The 

demand for 2—3 mm increase in attachment loss is an enormous amount of periodontal 

destruction and identifies only a small proportion of sites with progressing attachment loss. 

Therefore we used in our study also repeatedly elevated concentrations of GCF MMP-8 to 

identify sites of an unstable nature with possible minor attachment loss changes (V). Persson 

et al. (1995) proposed that a clinical trial comparing test outcome to active sites detected by 

attachment loss ≥ 2 mm would show a large proportion of apparently false positive results for 

sites which were categorised as stable because of the attachment loss less than 2 mm but 

which actually were active. 

 

Evaluation of the prognostic value of a test is both practically and statistically very 

demanding. Complicated statistical methods and evaluations have not led to definitive 

conclusions about the predictive value of the studied biomarkers (Armitage et al. 1994; Eley 

and Cox 1995; Lamster et al. 1995; Persson et al. 1995; Bader and Boyd 1999; Oringer et al. 

2001; Holmlund et al. 2004). 

 

It is possible that different types of periodontitis release elevated levels of different 

biomarkers. Also, smoking is known to have a significant effect on GCF biomarker content. 

Regarding the enzymes in GCF, smoking affects the levels of MMP-8 and neutrophil elastase 

activity (Söder 1999). More than on enzymes, smoking seems to have effect on GCF 

inflammatory and immune markers (Boström et al 1998a, b, 2000; Söder 1999; 

Giannopoulou et al. 2003b; Goutoudi et al. 2004). 

 

9.1. MMP-8 IN GINGIVAL CREVICULAR FLUID 

 

MMP-8 is the major collagenase in chronic periodontitis patients’ GCF (Sorsa et al. 1988, 

1990, 2004a, b; McCulloch 1994a, b; Pozo et al. 2005) and its concentration, activity and 

degree of activation in GCF decreases significantly with meticulous hygiene phase 

periodontal treatment (Lee et al. 1995a; Kiili et al. 2002; Figueredo et al. 2004). This could 

be confirmed also in our study; the MMP-8 concentration correlated especially with the 
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depth of the periodontal pocket in bleeding sites (IV). This may in fact support the value of 

MMP-8 as an indicator of progressive periodontitis with advancing attachment loss instead of 

the inflammatory state. MMP-8, as all MMPs, has normal physiologic functions for example 

in wound healing and in connective tissue turn-over. In this regard, MMP-8 has recently been 

shown to exert protective anti-inflammatory effects in LPS-induced lung inflammation and 

allergen-induced granulocytic airway inflammation due to regulation of inflammatory cell 

apoptosis (Owen et al. 2004; Gueders et al. 2005). The decrease of GCF MMP-8 

concentration during the three month maintenance phase even from the post SRP values (III) 

seemingly reflected participation of MMP-8 in periodontal tissue wound healing or defence 

reactions. The molecular forms/species of MMP-8 detected in periodontitis affected GCF 

correspond well with those detected in body’s other inflammatory exudates such as 

bronchoalveolar lavage (Prikk et al. 2001, 2002), cerebrospinal fluid from young meningitis 

patients (Lindberg et al. 2006), tracheal aspirate (Cederqvist et al. 2003), sinus mucus 

samples (Kostamo et al. 2005), tear fluid (Holopainen et al. 2003; Määttä et al. 2006), 

aqueous humor from glaucoma patients (Määttä et al. 2005, 2006b), peri-implant sulcular 

fluid (Kivelä-Rajamäki et al. 2003a, b), and can represent as well, both pro-inflammatory or 

anti-inflammatory MMP-8 species (Owen et al. 2004; Sorsa et al. 2004a; Gueders et al. 

2005). 

 

The effect of smoking on GCF MMP-8 levels seems to be twofold. In our study MMP-8 

levels tended to be lower in smokers’ GCF when compared with non-smokers’ GCF but only 

when all smokers’ sites were examined as one group. The tendency to lower MMP-8 

concentrations in smokers’ GCF compared to non-smokers has also been observed by 

Persson et al. (2003) as well as lower salivary levels of MMP-8 in current smokers by Liede 

et al. (1999). However, in smokers’ sites with progressing attachment loss during the 

maintenance phase MMP-8 concentrations were at the same level as in non-smokers’ 

progressing sites. Moreover, when sites were explored in respect to repeatedly clearly 

elevated MMP-8 concentrations during the maintenance phase, in a fraction of smokers’ sites 

MMP-8 concentrations reached the highest levels. In this group of smokers’ sites GCF 

MMP-8 concentrations reached values over 10 000 µg/l while in non-smokers’ sites the level 

of 5000 µg/l was seldom reached even in the group of sites which were considered as 

progressing (V). Thus, a lower level of MMP-8 in smokers’ GCF does not apply to all 

smokers’ sites or all smoking periodontitis patients. 
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Cigarette smoking aggravates various inflammatory tissue-destructive conditions (Bartecchi 

et al. 1994), among them periodontitis. Periodontitis with poor treatment response and 

outcome, i.e. refractory periodontitis, is more usual among smokers than non-smokers 

(MacFarlane et al. 1992; Magnusson et al. 1995; Magnusson and Walker 1996). Söder 

(1999) has detected a positive correlation between pocket probing depths and levels of 

MMP-8 in patients with refractory periodontal disease. Smokers with persistent periodontitis 

seem to have impaired granulocyte function with excessive release of protease enzymes 

(Söder et al. 2002). Smoking may interfere with the levels of protease inhibitors α2-MG and 

α1-AT which may be one mechanism by which smoking can affect the inflammatory process 

(Persson et al. 2001). Lowered neutrophil transcript levels in smokers were observed by 

Morozumi et al. (2004) which can be an indication of impaired neutrophils as a consequence 

of smoking. Petropuolos et al. (2004) studied IL-1α levels and the number of neutrophils in 

smokers’ and non-smokers’ GCF. No association between these two markers could be found 

between smokers and non-smokers either analysed by site or by patient. They concluded that 

smoking has no effect on neutrophil chemotaxis in the periodontium, and they further 

concluded that smoking may have specific actions on the inflammatory process but does not 

have a general inflammation suppressing effect. Gustafsson et al. (2000) observed that 

smokers’ circulating neutrophils are more activated than non-smokers’. The increased 

membrane expression of receptor molecules in smokers’ neutrophils indicates up-regulated 

functions, such as adhesion and degranulation. These findings support the hypothesis that the 

neutrophils from periodontitis patients who smoked may be the same in numbers than in non-

smokers but hyper-reactive (Gustafsson et al. 2000). This is a possible explanation for 

excessive MMP-8 concentrations in some smokers’ GCF (V). A two-fold increase in MMP-8 

levels has recently been found from skin of smokers compared to non-smokers (Knuutinen et 

al. 2002). Our study indicated that more than two-fold higher levels of MMP-8 in smokers’ 

GCF can be found when compared to non-smokers’ GCF. This finding differs from the 

earlier observations about smokers’ general lower GCF MMP-8 levels (Persson et al. 2003). 

 

9.2. MMP-8 SPECIFIC CHAIR-SIDE TEST 

 

Among those smokers who responded to periodontal treatment, GCF MMP-8 levels stayed at 

a lower level during the maintenance phase compared to non-smokers (V). However, a worse 

treatment response to SRP in smokers when compared with non-smokers was obvious in all 
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studied groups of sites. Smokers’ sites with stable characteristics exhibited low prevalent 

GCF MMP-8 concentrations while progressing smokers’ sites and high-responder smokers’ 

sites exhibited even clearly elevated concentrations. Thus, an elevated MMP-8 level in a 

smoker’s site is an indicator of instability and can be conveniently detected with the MMP-8 

specific chair-side test (V). Among non-smokers the finding was not as clear, possibly as 

consequence of the low number of progressing sites, better treatment response, easy 

maintenance and to relatively low cut-off value (1000 µg/l) of the test (V). 

 

The baseline sensitivity and specificity of the MMP-8 specific chair-side test related to 

clinical diagnosis was excellent: both sensitivity and specificity were very good when MMP-

8 concentrations were compared with test positive results from periodontally healthy and 

gingivitis and periodontitis subjects (IV). However, sensitivity calculated during the 

maintenance phase would have been low for progressing smokers’ and non-smokers’ sites 

(V). This is a problem which arises from the nature of periodontitis as well as from the 

definition of a progressing site in our study: sites which are categorised as progressing are 

not all in a state of disease progression at the moment of GCF sampling. As well, sites that do 

not fill the criteria of a progressing site are categorised as stable though active disease phases 

in these sites may be going on. Disease progression is episodic, occurs only infrequently and 

is slow in most chronic periodontitis patients. During a study period it is likely that only a 

small number of sites with attachment loss can be confirmed (Chambers et al. 1991). In 

addition, only a small group of periodontitis patients manifest multiple progressing sites 

(Persson et al. 1995). The nature of chronic periodontitis is that “sick” sites are not sick all 

the time. Part of the sites may be in quiescence at the particular moment. This makes the 

calculation of sensitivity difficult and gives a reason to conclude that repeatedly positive test 

results seemingly indicate sites at risk of disease progression. Sensitivity was rather poor 

when it was calculated for sites regarded as refractory (high-responder) sites and stable (low-

responder) sites (V) though refractory sites are possibly in a more constant state of instability 

and chronically “sick” which are well reflected in MMP-8 GCF concentrations (V). 

 

Repeatedly positive test results in non-smokers’ sites during the maintenance phase may also 

indicate a site at risk. However, the cut-off value of our test, 1000 µg/l of MMP-8, may be 

too low to be valuable in non-smokers. In non-smokers’ sites MMP-8 concentrations 

remained in most cases after SRP, above the concentration of the cut-off value of the test. For 

non-smokers’ a new cut-off value should be defined. With the current cut-off value the test 
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seems to be useful in smokers’ sites and it recognises both sites at risk of attachment loss 

progression and sites/patients suffering of refractory periodontitis. 

 

Moreover, with regards to the different levels of MMP-8 concentrations in GCF from healthy 

or gingivitis subjects and those with periodontitis (IV), the current cut-off value of the test 

stick may be useful in differentiating incipient periodontitis or gingivitis at risk to proceed to 

periodontitis. Hanioka et al. (2005) studied in a cross-sectional setting different combinations 

of periodontal biomarkers which could predict periodontitis, i.e. which could find persons 

with minor periodontitis changes. None of the studied biomarkers alone (haemoglobin, 

albumin, transferring, α1-AT, fibronectin, IgA, IgG, IgM, lactoferrin, myeloperoxidase, 

neutrophil elastase) in GCF was able to identify subjects with periodontal changes but GCF 

neutrophil elastase and IgA in combination seemed to afford prediction of periodontal 

disease. Thus, it cannot be excluded that the best predictor of progression of periodontitis 

will be a combination of biomarkers. 

 

Our MMP-8 chair-side dipstick test and the antibody used in IFMA are not completely 

selective or specific for the active form of MMP-8 (II); it detects also to some extent the 

latent forms of MMP-8 (Hanemaaijer et al. 1997). A MMP-8 dipstick test for monitoring 

periodontal stability could be more useful if it were supplied with a MMP-8 antibody being 

selective and specific for the active form of MMP-8. Especially the elevation of the active 

form of MMP-8 in GCF has been shown to be associated with both conversion of gingivitis 

to periodontitis and the progression of periodontitis (Lee et al. 1995a, b; Mancini et al. 1999; 

Romanelli et al.1999; Pozo et al. 2005). Nonetheless, since MMP-8 (as well as other MMPs) 

are not anymore solely regarded as tissue destructive proteinases but also anti-inflammatory 

modifiers of host and immunoresponses (Sorsa et al. 2004a, b) their levels and assessment 

from GCF (II, IV, V) may not be interpreted to indicate tissue destruction alone but also 

protective inflammation/immune responses (Owen et al. 2004; Sorsa et al. 2004a; Gueders et 

al. 2005). Future studies are required to address these aspects. Our dip-stick can be modified 

to detect also other biomarkers with known monoclonal antibodies. Thus the value of 

simultaneous detection of several biomarkers by means of more than one specific dip-stick 

should be considered. 
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9.3. CHLAMYDIA PNEUMONIAE IN PERIODONTAL LESIONS (VI) 

 

The detection method for C. pneumoniae which was used in our study is very sensitive and 

has been among the best in international comparison of PCR methods (Rintamäki et al. 

2002). The sensitivities of PCR methods for C. pneumoniae seem to vary hugely (Boman et 

al. 1999; Apfalter et al. 2002). 

 

C. pneumoniae cannot be regarded as periodontopathogen and, this far, it has not been 

identified from the oral cavity. The C. pneumoniae positive patient of our study did not differ 

with regard to periodontal parameters or GCF MMP-8 concentrations from other study 

subjects, and the positive count turned negative after SRP treatment. Nevertheless, our 

finding suggests that severe periodontal lesions can harbour C. pneumoniae (VI). Deep 

periodontal pockets may serve as a reservoir for pathogens which are not regarded as 

participating in the pathogenesis of periodontitis or other oral diseases but which have 

relevance with the systemic health status. The finding may have relevance because of the 

association of dental infections and atherosclerosis. Oral inflammation may promote the 

formation of atherosclerosis and thrombosis by elevation of blood levels of fibrinogen, 

leukocytes, clotting factors, and cytokines, and by alteration of the metabolism and functions 

of endothelial cells and monocytes/macrophages. Low-grade infections may be one cause 

behind the inflammatory reaction observed in atherosclerotic lesions and acute ischemic 

symptoms (Mattila et al. 1998). The potential role of the oral cavity as a reservoir of C. 

pneumoniae should be repeated with a large number of periodontitis patients and to be 

compared with periodontally healthy subjects. 
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10 CONCLUSIONS 

 

1. The immunoassay for MMP-8 is a specific and convenient method for chair-side GCF 

enzyme analysis in respect to the functional enzyme assays which at present are not 

specific for individual MMPs. 

2. MMP-8 levels in GCF in untreated periodontitis patients decrease with scaling and 

root planning (SRP) and are associated with improvement in clinical periodontal 

parameters. During successful maintenance MMP-8 concentrations can even further 

reduce until the wound healing phase of periodontal tissues is over. 

3. GCF concentration of MMP-8 and MMP-8 specific chair-side dipstick test may be 

useful for monitoring the treatment (SRP) response of periodontitis. 

4. GCF MMP-8 concentrations and MMP-8 testing differentiates periodontally healthy 

subjects, subjects with gingivitis and subjects with periodontitis. 

5. Despite on average lower MMP-8 levels in smokers’ GCF, MMP-8 concentrations in 

smokers’ deteriorating sites are at a similar level as in non-smokers’ corresponding 

sites. The highest GCF MMP-8 levels can be found from GCF of smokers with poor 

treatment response to conventional periodontal treatment (SRP) and instability during 

the maintenance phase. 

6. In non-smokers, pre-treatment (baseline) GCF MMP-8 concentrations decrease after 

treatment but remain higher than in healthy individuals’ or in gingivitis patients’ 

GCF. 

7. A repeatedly positive MMP-8 test result recognises periodontitis patients with a poor 

treatment response, i.e. refractory periodontitis, and sites at risk of progression of 

periodontal attachment loss especially in smokers. For non-smokers the cut-off value 

of the chair-side test stick (1000 µg/l) should be further adjusted. 

8. Gingivitis patients with repeatedly positive MMP-8 test results may be those who are 

at risk of periodontitis or are possibly already undergoing irreversible minor changes. 

9. In the future a corresponding MMP-8 dip-stick test for monitoring periodontal 

stability should be supplied with a MMP-8 antibody selective and specific for the 

active forms of MMP-8. 

10. Chlamydia pneumoniae can harbour subgingival plaque of a periodontal lesion 

though it is not normally involved in periodontitis. 



 82

 

11 ACKNOWLEDGEMENTS 

 

This study was carried out at the Institute of Dentistry, University of Helsinki, and 

Biomedicum Research Laboratory, Institute of Dentistry, University of Helsinki. 

 

I wish to thank all those who have contributed the study: 

 

Professor Jarkko Hietanen, MD, DDS, PhD, the present Dean of the Institute of Dentistry for 

encouraging me and providing me with good circumstances to bring this task to conclusion. 

 

Professor Jukka H. Meurman, MD, DDS, PhD, the former Dean of the Institute of Dentistry 

for providing the research facilities and who has also collaborated as a co-author teaching me 

skills in scientific writing. 

 

My supervisor Professor Timo Sorsa, DDS, PhD, Dipl Perio, for his innovations and 

optimistic attitude. Without him this study would never have seen the daylight. 

 

The official reviewers Professors Anders Gustafsson, DDS, PhD, and Veli-Matti Kähäri, 

MD, PhD, for their excellent comments. 

 

My collaborators Sari Tikanoja, PhD, and Hanne Luoto, MSc, from Medix Biochemica Ltd 

in Kauniainen, Professor Denis Kinane, DDS, PhD, from the University of Louisville, 

Professor Pekka Saikku, MD, PhD, from the University of Oulu and Professor Stephen Cox, 

DDS, PhD, and Professor Barry Eley, DDS, PhD, from Guy’s, King’s and St Thomas’ Dental 

Institute, London. 

 

All my co-authors, especially Mathias Stenman, Cand Odont, from Biomedicum, Helsinki, 

Docent Kimmo Suomalainen, DDS, PhD, from the University of Helsinki and Professor 

Tuula Salo, DDS, PhD, from the University of Oulu. 

 

The Bioengineering Graduate School and Professor Yrjö T. Konttinen, MD, PhD, for the 

collaboration. 



 83

 

My immediate superior, Professor Veli-Jukka Uitto, DDS, PhD. 

 

Docent Malcolm Richardson, PhD, for editing the language of the manuscript and Mrs Marjo 

Kostia for helping me with practical matters. 

 

The whole research group and especially Taina Tervahartiala, DDS, PhD, Pia Heikkilä, DDS, 

PhD, Anne Järvensivu, DDS, and Liisa Mellanen, DDS. With Liisa we have progressed side 

by side encouraging each other during the final exertions with our thesis studies. 

 

My teacher colleagues Kirsti Liede, DDS, PhD, Anja Kotiranta, DDS, PhD, and Sari 

Kervanto-Seppälä, DDS, at the Institute of Dentistry for delighting discussions at lunch. 

 

The most important: my family, Juha, Heini and Sakari, and near relatives and friends. 

 

This thesis study has been supported by the Academy of Finland, the HUCH-EVO 

(TI020Y0002 and TYH 5306, 6104) -grants, and grants from the Finnish Dental Society 

Apollonia. 

 

Tapanila, Helsinki 

February 2006 

 
Päivi Mäntylä 

 

The witticism which my husband Juha chose and insisted on adding is by Jouni Lompolo, alias Origo: 
 
Hampaattomuuden aiheuttamaa haittaa aiheettomasti liioitellaan; tärkeintähän on 
sentään kaunis sielu. 



 84

12 REFERENCES 

 

1. Adonogianaki E, Moughal NA, Kinane DF. Lactoferrin in the gingival crevice as a marker of 
polymorphonuclear leucocytes in periodontal diseases. J Clin Periodontol 1993; 20: 26—31. 

 
2. Adonogianaki E, Mooney J, Kinane DF. Detection of stable and active periodontitis sites by clinical 

assessment and gingival crevicular acute-phase protein levels. J Periodontal Res 1996; 31: 135—143. 
 

3. Aiba T, Akeno N, Kawane T, Okamoto H, Horiuchi N. Matrix metalloproteinases-1 and -8 and TIMP-1 
mRNA levels in normal and diseased human gingivae. Eur J Oral Sci 1996; 104: 562—569. 

 
4. Akalin FA, Sengun D, Eratalay K, Renda N, Caglayan G. Hydroxyproline and total protein levels in gingiva 

and gingival crevicular fluid in patients with juvenile, rapidly progressive, and adult periodontitis. J 
Periodontol 1993; 64: 323—329. 

 
5. Ala-aho R, Kähäri VM. Collagenases in cancer. Biochimie 2005; 87: 273—286. 

 
6. Alavi AL, Palmer RM, Odell EW, Coward PY, Wilson RF. Elastase in gingival crevicular fluid from smokers 

and non-smokers with chronic inflammatory periodontal disease. Oral Dis 1995; 1: 110—114. 
 

7. Albandar JM, Brunelle JA, Kingman A. Destructive periodontal disease in adults 30 years of age and older in 
the United States, 1988-1994. J Periodontol 1999; 70: 13—29. 

 
8. Albandar JM. Global risk factors and risk indicators for periodontal diseases. Periodontol 2000 2002; 29: 

177—206. 
 

9. Alpagot T, Bell C, Lundergan W, Chambers DW, Rudin R. Longitudinal evaluation of GCF MMP-3 and 
TIMP-1 levels as prognostic factors for progression of periodontitis. J Clin Periodontol 2001; 28: 353—359. 

 
10. Al-Shammari KF, Giannobile WV, Aldredge WA, Iacono VJ, Eber RM, Wang HL, Oringer RJ. Effect of non-

surgical periodontal therapy on C-telopeptide pyridinoline cross-links (ICTP) and interleukin-1 levels. J 
Periodontol 2001; 72: 1045—1051. 

 
11. Apfalter P, Assadian O, Blasi F, Boman J, Gaydos CA, Kundi M, Makristathis A, Nehr M, Rotter ML, Hirschl 

AM. Reliability of nested PCR for detection of Chlamydia pneumoniae DNA in atheromas: results from a 
multicenter study applying standardized protocols. J Clin Microbiol 2002; 40: 4428—4434. 

 
12. Arcari CM, Gaydos CA, Nieto FJ, Krauss M, Nelson KE. Association between Chlamydia pneumoniae and 

acute myocardial infarction in young men in the United States military: the importance of timing of exposure 
measurement. Clin Infect Dis 2005; 40: 1123—1130. 

 
13. Armitage GC, Jeffcoat MK, Chadwick DE, Taggart EJ Jr, Numabe Y, Landis JR, Weaver SL, Sharp TJ. 

Longitudinal evaluation of elastase as a marker for the progression of periodontitis. J Periodontol 1994; 65: 
120—128. 

 
14. Armitage GC. Clinical evaluation of periodontal diseases. Periodontol 2000 1995; 7: 39—53. 

 
15. Armitage GC. Periodontal diseases: diagnosis. Ann Periodontol 1996; 1: 37—215. 

 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Ala%2Daho+R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kahari+VM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Albandar+JM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Brunelle+JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Kingman+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Albandar+JM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Arcari+CM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Gaydos+CA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Nieto+FJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Krauss+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Nelson+KE%22%5BAuthor%5D


 85

16. Armitage GC. Development of a classification system for periodontal diseases and conditions. Ann 
Periodontol 1999; 4: 1—6. 

 
17. Armitage GC, Wu Y, Wang H-Y, Sorrell J, di Giovine FS, Duff GW. Low prevalence of a periodontitis -

associated interleukin-1 composite genotype in individuals of Chinese heritage. J Periodontol 2000; 71: 164—
171. 

 
18. Armitage GC. Classifying periodontal diseases – a long-standing dilemma. Periodontol 2000 2002; 30: 9—23. 

 
19. Armitage CG. Analysis of gingival crevice fluid and risk of progression of periodontitis. Periodontol 2000 

2004; 34: 109—119. 
 

20. Atici K, Yamalik N, Eratalay K, Etikan I. Analysis of gingival crevicular fluid intracytoplasmic enzyme 
activity in patients with adult periodontitis and rapidly progressive periodontitis. A longitudinal study model 
with periodontal treatment. J Periodontol 1998; 69: 1155—1163. 

 
21. Bader HI, Boyd RL. Long term monitoring of adult periodontitis patients in supportive periodontal therapy: 

correlation of gingival crevicular fluid proteases with probing attachment loss. J Clin Periodontol 1999; 26: 
99—105. 

 
22. Balbin M, Fueyo A, Knauper V, Pendas AM, Lopez JM, Jimenez MG, Murphy G, Lopez-Otin C. Collagenase 

2 (MMP-8) expression in murine tissue-remodeling processes. Analysis of its potential role in postpartum 
involution of the uterus. J Biol Chem 1998; 273: 23959—23968. 

 
23. Barbosa e Silva E, Salvador SL, Fogo JC, Marcantonio RA. Use of aspartate aminotransferase in diagnosing 

periodontal disease: a comparative study of clinical and microbiological parameters. J Oral Sci 2003; 45: 33—
38. 

 
24. Bartecchi CE, MacKenzie TD, Schrier RW. The human costs of tobacco use (1). N Engl J Med 1994; 330: 

907—912. 
 

25. Basu MK, Fox EC, Becker JF. Salivary IgG and IgA before and after periodontal therapy. A preliminary 
report. J Periodontal Res 1976; 11: 226—229. 

 
26. Beighton D, Radford JR, Naylor MN. Glycosidase activities in gingival crevicular fluid in subjects with adult 

periodontitis or gingivitis. Arch Oral Biol 1992; 37: 343—348. 
 

27. Beklen A, Tüter G, Sorsa T, Hanemaaijer R, Virtanen I, Tervahartiala T, Konttinen YT. Gingival tissue and 
crevicular fluid co-operation in adult periodontitis. J Dent Res 2006; 85: 59—63. 

 
28. Bergström J, Preber H. Tobacco use as a risk factor. J Periodontol 1994; 65: 545—550. 

 
29. Bergström J, Eliasson S, Dock J. Exposure to tobacco smoking and periodontal health. J Clin Periodontol 

2000; 27: 61—68. 
 

30. Bergström J, Boström L. Tobacco smoking and periodontal hemorrhagic responsiveness. J Clin Periodontol 
2001; 28: 680—685. 

 
31. Bergström J. Influence of tobacco smoking on periodontal bone height. Long-term observations and a 

hypothesis. J Clin Periodontol 2004; 31: 260—266. 
 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Armitage+GC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Armitage+GC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Beklen+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Tuter+G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Sorsa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Hanemaaijer+R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Virtanen+I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Tervahartiala+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Konttinen+YT%22%5BAuthor%5D


 86

32. Birkedal-Hansen H, Moore WG, Bodden MK, Windsor LJ, Birkedal-Hansen B, DeCarlo A, Engler JA. Matrix 
metalloproteinases: a review. Crit Rev Oral Biol Med 1993; 4: 197—250. 

 
33. Birkedal-Hansen H. Role of matrix metalloproteinases in human periodontal diseases. J Periodontol 1993; 64: 

474—484. 
 

34. Bokor M. Immunoglobulin A levels in the saliva in patients with periodontal disease. Med Pregl 1997; 50: 9—
11. 

 
35. Bolin A, Eklund G, Frithiof L, Lavstedt S. The effect of changed smoking habits on marginal alveolar bone 

loss. A longitudinal study. Swed Dent J 1993; 17: 211—216. 
 

36. Boman J, Gaydos CA, Quinn TC. Molecular diagnosis of Chlamydia pneumoniae infection. J Clin Microbiol 
1999; 37: 3791—3799. 

 
37. Borregaard N, Kjeldsen L, Lollike K, Sengelov H. Granules and secretory vesicles of the human neutrophil. 

Clin Exp Immunol 1995; 101 (Suppl 1): 6—9. 
 

38. Boström L, Linder LE, Bergström J. Influence of smoking on the outcome of periodontal surgery. A 5-year 
follow-up. J Clin Periodontol 1998a; 25: 194—201. 

 
39. Boström L, Linder LE, Bergström J. Clinical expression of TNF-alpha in smoking-associated periodontal 

disease. J Clin Periodontol 1998b; 5: 767—773. 
 

40. Boström L, Linder LE, Bergström J. Smoking and crevicular fluid levels of IL-6 and TNF-α in periodontal 
disease. J Clin Periodontol 1999; 26: 352—357. 

 
41. Boström L, Linder LE, Bergström J.Smoking and GCF levels of IL-1beta and IL-1ra in periodontal disease. J 

Clin Periodontol 2000; 27: 250—255. 
 

42. Boström L, Bergström J, Dahlén G, Linder LE. Smoking and subgingival microflora in periodontal disease. J 
Clin Periodontol 2001; 28: 212—219. 

 
43. Bosshardt DD, Lang NP. The junctional epithelium: from health to disease. J Dent Res 2005; 84: 9—20. 

 
44. Bourgeois D, Hescot P, Doury J. Periodontal conditions in 35-44-yr-old adults in France, 1993. J Periodontal 

Res 1997; 32: 570—574. 
 

45. Bowers MR, Fisher LW, Termine JD, Somerman MJ. Connective tissue-associated proteins in crevicular fluid: 
potential markers for periodontal diseases. J Periodontol 1989; 60: 448—451. 

 
46. Bowers JE, Zahradnik RT. Evaluation of a chairside gingival protease test for use in periodontal diagnosis. J 

Clin Dent 1989; 1: 106—109. 
 

47. Bretz WA, Lopatin DE, Loesche WJ. Benzoyl-arginine-naphthylamide (BANA) hydrolysis by Treponema 
denticola and/or Bacteroides gingivalis in periodontal plaques. Oral Microbial Immunol 1990; 5: 275—279. 

 
48. Brew K, Dinakarpandian D, Nagase H. Tissue inhibitors of metalloproteinases: evolution, structure and 

function. Biochim Biophys Acta 2000; 1477: 267—283. 
 

49. Brill N. Gingival conditions related to flow of tissue fluid into gingival pockets. Acta Odontol Scand 1960; 18: 
421—446. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Bosshardt+DD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Lang+NP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Bourgeois+D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Hescot+P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Doury+J%22%5BAuthor%5D


 87

 
50. Buchmann R, Hasilik A, Van Dyke TE, Lange DE. Resolution of crevicular fluid leukocyte activity in patients 

treated for aggressive periodontal disease. J Periodontol 2002a; 73: 995—1002. 
 

51. Buchmann R, Hasilik A, Van Dyke TE, Lange DE. Amplified crevicular leucocyte activity in aggressive 
periodontal disease. J Dent Res 2002b; 81: 716—721. 

 
52. Buduneli N, Buduneli E, Kardesler L, Lappin D, Kinane DF. Plasminogen activator system in smokers and 

non-smokers with and without periodontal disease. J Clin Periodontol 2005; 32: 417—424. 
 

53. Caffesse RG, De LaRosa MR, De LaRosa GM, Mota LF. Prevalence of interleukin-1 periodontal genotype in a 
Hispanic dental population. Quintessence Int 2002a; 33: 190—194. 

 
54. Caffesse RG, De LaRosa MR, De LaRosa GM, Weltman R. Effect of interleukin-1 gene polymorphism in a 

periodontally healthy Hispanic population treated with mucogingival surgery. J Clin Periodontol 2002b; 29: 
177—181. 

 
55. Cattabriga M, Rotundo R, Muzi L, Nieri M, Verrocchi G, Cairo F, Pini Prato G. Retrospective evaluation of 

the interleukin-1 genotype on radiographic bone levels in treated periodontal patients over 10 years. J 
Periodontol 2001; 72: 767—773. 

 
56. Cederqvist K, Haglund C, Heikkilä P, Sorsa T, Tervahartiala T, Stenman UH, Andersson S. Pulmonary 

trypsin-2 in the development of bronchopulmonary dysplasia in preterm infants. Pediatrics 2003; 112: 570—
577. 

 
57. Cesco Rde T, Ito IY, de Albuquerque RF Jr. Levels of aspartate aminotransferase (AST) in saliva of patients 

with different periodontal conditions. J Clin Periodontol 2003; 30: 752—755. 
 

58. Chambers DA, Imrey PB, Cohen RL, Crawford JM, Alves ME, McSwiggin TA. A longitudinal study of 
aspartate aminotransferase in human gingival crevicular fluid. J Periodontal Res 1991; 26: 65—74. 

 
59. Champagne CME, Buchanan W, Reddy MS, Preisser JS, Beck JD, Offenbacher S. Potential for gingival 

crevice fluid measures as predictors of risk for periodontal diseases. Periodontol 2000 2003; 31: 167—180. 
 

60. Chapple IL, Glenwright HD, Matthews JB, Thorpe GH, Lumley PJ. Site-specific alkaline phosphatase levels in 
gingival crevicular fluid in health and gingivitis: cross-sectional studies. J Clin Periodontol 1994; 21: 409—
414. 

 
61. Chapple IL, Garner I, Saxby MS, Moscrop H, Matthews JB. Prediction and diagnosis of attachment loss by 

enhanced chemiluminescent assay of crevicular fluid alkaline phosphatase levels. J Clin Periodontol 1999; 26: 
190—198. 

 
62. Chase R, Low SB. Survival characteristics of periodontally involved teeth: a 40-year study. J Periodontol 

1993; 64: 701—705. 
 

63. Chavrier C, Couble ML, Magloire H, Grimaud JA. Connective tissue organization of healthy human gingiva. 
Ultrastuctural localization of collagen types I—III—IV. J Periodontal Res 1984; 19: 221—229. 

 
64. Chen HY, Cox SW, Eley BM. Cathepsin B, alpha2-macroglobulin and cystatin levels in gingival crevicular 

fluid from chronic periodontitis patients. J Clin Periodontol 1998; 25: 34—41. 
 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Cederqvist+K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Haglund+C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Heikkila+P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Tervahartiala+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Stenman+UH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Andersson+S%22%5BAuthor%5D


 88

65. Chen X, Wolff L, Aeppli D, Guo Z, Luan W, Baelum V, Fejeskov O. Cigarette smoking, salivary/gingival 
crevicular fluid cotinine and periodontal status. A 10-year longitudinal study. J Clin Periodontol 2001; 28: 
331—339. 

 
66. Claffey N, Nylund K, Kiger R, Garrett S, Egelberg J. Diagnostic predictability of scores of plaque, bleeding, 

suppuration and probing depth for probing attachment loss. 3 1/2 years of observation following initial 
periodontal therapy. J Clin Periodontol 1990; 17: 108—114. 

 
67. Claffey N, Egelberg J. Clinical indicators of probing attachment loss following initial periodontal treatment in 

advanced periodontitis patients. J Clin Periodontol 1995; 22: 690—696. 
 

68. Corrado E, Rizzo M, Tantillo R, Muratori I, Bonura F, Vitale G, Novo S. Markers of inflammation and 
infection influence the outcome of patients with baseline asymptomatic carotid lesions. A 5-Year follow-up 
study. Stroke 2005; [Epub ahead of print]. 

 
69. Cox SW, Gazi MI, Eley BM. Dipeptidyl peptidase II- and IV-like activities in gingival tissue and crevicular 

fluid from human periodontitis lesions. Arch Oral Biol 1992; 37: 167—173. 
 

70. Cox SW, Eley BM. Cathepsin B/L-, elastase-, tryptase-, trypsin- and dipeptidyl peptidase IV-like activities in 
gingival crevicular fluid. A comparison of levels before and after basic periodontal treatment of chronic 
periodontitis patients. J Clin Periodontol 1992; 19: 333—339. 

 
71. Cox SW, Eley BM, Kiili M, Asikainen A, Tervahartiala T, Sorsa T. Collagen degradation by interleukin 1ß -

stimulated gingival fibroblasts is accompanied by release and activation of multiple matrix metalloproteinases 
and cysteine proteinases. Oral Dis 2006; 12: 34—40. 

 
72. Dahan M, Nawrocki B, Elkaim R, Soell M, Bolcato-Bellemin AL, Birembaut P, Tenenbaum H. Expression of 

matrix metalloproteinases in healthy and diseased human gingiva. J Clin Periodontol 2001; 28: 128—136. 
 

73. Dale BA. Periodontal epithelium: a newly recognized role in health and disease. Periodontol 2000 2002; 30: 
70—78. 

 
74. Dano K, Andreasen PA, Gröndahl-Hansen J, Kristensen P, Nielsen LS, Skriver L. Plasminogen activators, 

tissue degradation, and cancer. Adv Cancer Res 1985; 44: 139—266. 
 

75. Darby JB, Hodge PJ, Riggio MP, Kinane DF. Microbial comparison of smoker and non-smoker adult and 
early-onset periodontitis patients by polymerase chain reaction. J Clin Periodontol 2000; 27: 417—424. 

 
76. De Sanctis M, Zucchelli G. Interleukin-1 gene polymorphism and long-term stability following guided tissue 

regeneration therapy. J Periodontol 2000; 71: 606—613. 
 

77. Diehl SR, Wnag SR, Brooks CN, Burmeister JA, Califano JV, Wang S, Schenkein HA. Linkage 
disequilibrium of interleukin-1 genetic polymorphism with early-onset periodontitis. J Periodontol 1999; 71: 
418—430. 

 
78. Ding Y, Uitto VJ, Haapasalo M, Lounatmaa K, Konttinen YT, Salo T, Grenier D, Sorsa T. Membrane 

components of Treponema denticola trigger proteinase release from human polymorphonuclear leukocytes. J 
Dent Res 1996; 75: 1986—1993. 

 
79. Ding Y, Haapasalo M, Kerosuo E, Lounatmaa K, Kotiranta A, Sorsa T. Release and activation of human 

neutrophil matrix metallo- and serine proteinases during phagocytosis of Fusobacterium nucleatum, 
Porphyromonas gingivalis and Treponema denticola. J Clin Periodontol 1997; 24: 237—248. 

 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Corrado+E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Rizzo+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Tantillo+R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Muratori+I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Bonura+F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Vitale+G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Novo+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Cox+SW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Eley+BM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Dale+BA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Ding+Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Uitto+VJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Haapasalo+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Lounatmaa+K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Konttinen+YT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Salo+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Grenier+D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Ding+Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Haapasalo+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kerosuo+E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Lounatmaa+K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kotiranta+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+T%22%5BAuthor%5D


 89

80. Dunsmore SE, Saarialho-Kere UK, Roby JD, Wilson CL, Matrisian LM, Welgus HG, Parks WC. Matrilysin 
expression and function in airway epithelium. J Clin Invest 1998; 102: 1321—1331. 

 
81. Ebersole JL, Cappelli D. Gingival crevicular fluid antibody to Actinobacillus actinomycetemcomitans in 

periodontal disease. Oral Microbiol Immunol 1994; 9: 335—344. 
 

82. Ehmke B, Kress W, Karch H, Grimm T, Klaiber B, Flemming TF. Interleukin-1 haplotype and periodontal 
disease progression following therapy. J Clin Periodontol 1999; 26: 810—813. 

 
83. Ejeil AL, Igondjo-Tchen S, Ghomrasseni S, Pellat B, Godeau G, Gogly B Expression of matrix 

metalloproteinases (MMPs) and tissue inhibitors of metalloproteinases (TIMPs) in healthy and diseased human 
gingiva. J Periodontol 2003; 74: 188—195. 

 
84. Eley BM, Cox SW. Cathepsin B/L-, elastase-, tryptase-, trypsin- and dipeptidyl peptidase IV-like activities in 

gingival crevicular fluid: correlation with clinical parameters in untreated chronic periodontitis patient. J 
Periodontal Res 1992a; 27: 62—69. 

 
85. Eley BM, Cox SW. Cathepsin B/L-, elastase-, tryptase-, trypsin- and dipeptidyl peptidase IV-like activities in 

gingival crevicular fluid: a comparison of levels before and after periodontal surgery in chronic periodontitis 
patients. J Periodontol 1992b; 63: 412—417. 

 
86. Eley BM, Cox SW. Correlation of gingival crevicular fluid proteases with clinical and radiological 

measuments of periodontal attachment loss. J Dent 1992c; 20: 90—99. 
 

87. Eley BM, Cox SW. Correlation between gingival crevicular fluid dipeptidyl peptidase II and IV activity and 
periodontal attachment loss. A 2-year longitudinal study in chronic periodontitis patients. Oral Dis 1995; 1: 
201—213. 

 
88. Eley BM, Cox SW. A 2-year longitudinal study of elastase in human gingival crevicular fluid and periodontal 

attachment loss. J Clin Periodontol 1996a; 23: 681—692. 
 

89. Eley BM, Cox SW. The relationship between gingival crevicular fluid cathepsin B activity and periodontal 
attachment loss on chronic periodontitis patients: a 2-year longitudinal study. J Periodontal Res 1996b; 31: 
381—392. 

 
90. Eley BM, Cox SW. Correlation between gingivain/gingipain and bacterial dipeptidyl peptidase activity in 

gingival crevicular fluid and periodontal attachment loss in chronic periodontitis patients. A 2-year 
longitudinal study. J Periodontol 1996c; 67: 703—716. 

 
91. Eley BM, Cox SW. Advances in periodontal diagnosis 5. Potential inflammatory and immune markers. Br 

Dent J 1998a; 184. 220—223. 
 

92. Eley BM, Cox SW. Advances in periodontal diagnosis 9. Potential markers of cell death and tissue 
degradation. Br Dent J 1998b; 184: 427—430. 

 
93. Embery G. An update on the biochemistry of the periodontal ligament. Eur J Orthodont 1990; 12; 77—80. 

 
94. Emingil G, Atilla G, Huseyinov A. Gingival crevicular fluid monocyte chemoattractant protein-1 and 

RANTES levels in patients with generalized aggressive periodontitis. J Clin Periodontol 2004a; 31: 829—834. 
 

95. Emingil G, Atilla G, Sorsa T, Savolainen P, Baylas H. Effectiveness of adjunctive low-dose doxycycline 
therapy on clinical parameters and gingival crevicular fluid laminin-5 gamma2 chain levels in chronic 
periodontitis. J Periodontol 2004b; 75: 1387—1396 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Eley+BM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Cox+SW%22%5BAuthor%5D


 90

 
96. Emingil G, Atilla G, Sorsa T, Luoto H, Kirilmaz L, Baylas H. The effect of adjunctive low-dose doxycycline 

therapy on clinical parameters and gingival crevicular fluid matrix metalloproteinase-8 levels in chronic 
periodontitis. J Periodontol 2004c; 75: 106—115. 

 
97. Emingil G, Kuula H, Sorsa T, Atilla G. Gingival crevicular fluid MMP-25 and MMP-26 in periodontal disease. 

J Periodontol 2006a, in press. 
 

98. Emingil G, Kuula H, Pirilä E, Atilla G, Sorsa T. Gingival crevicular fluid laminin-5γ2 chain levels in 
periodontal disease. J Clin Periodontol 2006b, in press. 

 
99. Engebretson SP, Lamster IB, Herrera-Abreu M, Celenti RS, Timms JM, Chaudhary AGA, di Giovine FS, 

Konrman KS. The influence of interleukin gene polymorphism on expression of interleukin-1β and tumor 
necrosis factor-α in periodontal tissue and gingival crevicular fluid. J Periodontol 1999; 70: 567—573. 

 
100. Engebretso SP, Grbic JT, Singer R, Lamster IB. GCF IL-1beta profiles in periodontal disease. J Clin 

Periodontol 2002; 29: 48—53. 
 

101. Erdemir EO, Duran I, Haliloglu S. Effects of smoking on clinical parameters and the gingival crevicular fluid 
levels of IL-6 and TNF-alpha in patients with chronic periodontitis. J Clin Periodontol 2004; 31: 99—104. 

 
102. Figueredo CM, Gustafsson A. Protease activity in gingival crevicular fluid: presence of free protease. J Clin 

Periodontol 1998; 25: 306—310. 
 

103. Figueredo CM, Ribeiro MS, Fischer RG, Gustafsson A. Increased interleukin-1beta concentration in gingival 
crevicular fluid as a characteristic of periodontitis. J Periodontol 1999; 70: 1457—1463. 

 
104. Figueredo CM, Gustafsson A. Increased amounts of laminin in GCF from untreated patients with periodontitis. 

J Clin Periodontol 2000; 27: 313—318. 
 

105. Figueredo CM, Areas A, Miranda LA, Fischer RG, Gustafsson A. The short-term effectiveness of non-surgical 
treatment in reducing protease activity in gingival crevicular fluid from chronic periodontitis patients. J Clin 
Periodontol 2004; 31: 615—619. 

 
106. Fingleton B, Menon R, Carter KJ, Overstreet PD, Hachey DL, Matrisian LM, McIntyre JO. Proteinase activity 

in human and murine saliva as a biomarker for proteinase inhibitor efficacy. Clin Cancer Res 2004; 10: 7865—
7874. 

 
107. Fraser HS, Palmer RM, Wilson RF, Coward PY, Scott DA. Elevated systemic concentrations of soluble 

ICAM-1 (sICAM) are not reflected in the gingival crevicular fluid of smokers with periodontitis. J Dent Res 
2001; 80: 1643—1647. 

 
108. Freije JM, Diez-Itza I, Balbin M, Sanchez LM, Blasco R, Tolivia J, Lopez-Otin C. Molecular cloning and 

expression of collagenase-3, a novel human matrix metalloproteinase produced by breast carcinomas. J Biol 
Chem 1994; 269: 16766—16773. 

 
109. Galbraith GMP, Steed RB, Sanders JJ, Pandey JP. Tumor necrosis factor alpha production by oral leucocytes: 

influence of tumor necrosis genotype. J Periodontol 1998; 69: 428—433. 
 

110. Gamonal J, Bascones A, Jorge O, Silva A. Chemokine RANTES in gingival crevicular fluid of adult patients 
with periodontitis. J Clin Periodontol 2000a; 27: 675—681. 

 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Emingil+G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Atilla+G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Luoto+H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kirilmaz+L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Baylas+H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Figueredo+CM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Gustafsson+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Fingleton+B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Menon+R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Carter+KJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Overstreet+PD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Hachey+DL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Matrisian+LM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22McIntyre+JO%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Freije+JM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Diez%2DItza+I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Balbin+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sanchez+LM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Blasco+R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Tolivia+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Lopez%2DOtin+C%22%5BAuthor%5D


 91

111. Gamonal J, Acevedo A, Bascones A, Jorge O, Silva A. Levels of interleukin-1 beta, -8, and -10 and RANTES 
in gingival crevicular fluid and cell populations in adult periodontitis patients and the effect of periodontal 
treatment. J Periodontol 2000b; 71: 1535—1545. 

 
112. Gamonal J, Acevedo A, Bascones A, Jorge O, Silva A. Characterization of cellular infiltrate, detection of 

chemokine receptor CCR5 and interleukin-8 and RANTES chemokines in adult periodontitis. J Periodontal 
Res 2001; 36: 194—203. 

 
113. Gangbar S, Overall CM, McCulloch CA, Sodek J. Identification of polymorphonuclear leukocyte collagenase 

and gelatinase activities in mouthrinse samples: correlation with periodontal disease activity in adult and 
juvenile periodontitis. J Periodontal Res 1990; 25: 257—267. 

 
114. Gazi MI, Cox SW, Clark DT, Eley BM. Comparison of host tissue and bacterial dipeptidyl peptidases in 

human gingival crevicular fluid by analytical isoelectric focusing. Archs Oral Biol 1995; 8: 731—736. 
 

115. Giannobile WV. C-telopeptide pyridinoline cross-links. Sensitive indicators of periodontal tissue destruction. 
Ann N Y Acad Sci 1999; 878: 404—412. 

 
116. Giannopoulou C, Cappuyns I, Mombelli A. Effect of smoking on gingival crevicular fluid cytokine profile 

during experimental gingivitis. J Clin Periodontol 2003a; 30: 996—1002. 
 

117. Giannopoulou C, Kamma JJ, Mombelli A. Effect of inflammation, smoking and stress on gingival crevicular 
fluid cytokine level. J Clin Periodontol 2003b; 30: 145—153. 

 
118. Gleissner C, Springborn I, Willershausen B. Evaluation of sulcular sulphide level monitoring using a portable 

sensor system. Eur J Med Res 2002; 7: 491—501. 
 

119. Golub LM, Sorsa T, Lee HM, Ciancio S, Sorbi D, Ramamurthy NS, Gruber B, Salo T, Konttinen YT. 
Doxycycline inhibits neutrophil (PMN)-type matrix metalloproteinases in human adult periodontitis gingiva. J 
Clin Periodontol 1995; 22: 100—109. 

 
120. Golub LM, Lee HM, Greenwald RA, Ryan ME, Sorsa T, Salo T, Giannobile WV. A matrix metalloproteinase 

inhibitor reduces bone-type collagen degradation fragments and specific collagenases in gingival crevicular 
fluid during adult periodontitis. Inflamm Res 1997; 46: 310—319. 

 
121. Golub LM, Lee HM, Ryan ME, Giannobile WV, Payne J, Sorsa T. Tetracyclines inhibit connective tissue 

breakdown by multiple non-antimicrobial mechanisms. Adv Dent Res 1998; 12: 12—26. 
 

122. Gonzales YM, De Nardin A, Grossi SG, Machtei EE, Genco RJ, De Nardin E. Serum cotinine levels, smoking, 
and periodontal attachment loss. J Dent Res 1996; 75: 796—802. 

 
123. Gore EA, Sander JJ, Pandey JP, Palesch Y, Galbraith GM. Interleukin-1β+3953 allele 2: association with disease 

status in adult periodontitis. J Clin Periodontol 1998: 25; 781—785. 
 

124. Goteiner D, Goldman MJ. Human lymphocyte antigen haplotype and resistance to periodontitis. J Periodontol 
1984; 55: 155—158. 

 
125. Goutoudi P, Diza E, Arvanitidou M. Effect of periodontal therapy on crevicular fluid interleukin-1β and 

interleukin-10 levels in chronic periodontitis. J Dent 2004; 32: 511—520. 
 

126. Greenwald RA, Golub LM, Ramamurthy NS, Chowdhury M, Moak SA, Sorsa T. In vitro sensitivity of the 
three mammalian collagenases to tetracycline inhibition: relationship to bone and cartilage degradation. Bone 
1998; 22: 33—38. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Greenwald+RA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Golub+LM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Ramamurthy+NS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Chowdhury+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Moak+SA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+T%22%5BAuthor%5D


 92

 
127. Grbic JT, Singer RE, Jans HH, Celenti RS, Lamster IB. Immunoglobulin isotypes in gingival crevicular fluid: 

possible protective role of IgA. J Periodontol 1995; 66: 55—61. 
 

128. Grbic JT, Lamster IB, Fine JB, Lam KS, Celenti RS, Herrera-Abreu M, Singer RE. Changes in gingival 
crevicular fluid levels of immunoglobulin A following therapy: association with attachment loss. J Periodontol 
1999; 70: 1221—1227. 

 
129. Gregory RL, Kim DE, Kindle JC, Hobb LC, Lloyd DR. Immunoglobulins-degrading enzymes in localized 

juvenile periodontitis. J Periodontal Res 1992; 27: 176—183. 
 

130. Grisi MF, Novaes AB, Ito IY, Salvador SL. Relationship between clinical probing depth and reactivity to the 
BANA test of samples of subgingival microbiota from patients with periodontitis. Braz Dent J 1998; 9: 77—
84. 

 
131. Grossi SG, Zambon JJ, Ho AW, Koch G, Dunford RG, Machtei EE, Norderyd OM, Genco RJ. Assessment of 

risk for periodontal disease. I. Risk indicators for attachment loss. J Periodontol 1994; 65: 260—267. 
 

132. Grossi SG, Genco RJ, Machtei EE, Ho AW, Koch G, Dunford R, Zambon JJ, Hausman E. Assessment of risk 
for periodontal disease. II. Risk indicators of alveolar bone loss. J Periodontol 1995; 66: 23—29. 

 
133. Grossi SG, Zambon J, Machtei EE, Schifferle R, Andreana S, Genco RJ, Cummins D, Harrap G. Effects of 

smoking and smoking cessation on healing after mechanical periodontal therapy. J Am Dent Assoc 1997; 128: 
599—607. 

 
134. Gueders MM, Balbin M, Rocks N, Foidart JM, Gosset P, Louis R, Shapiro S, Lopez-Otin C, Noel A, Cataldo 

DD. Matrix metalloproteinase-8 deficiency promotes granulocytic allergen-induced airway inflammation. J 
Immunol 2005; 175: 2589—2597. 

 
135. Guillot JL, Pollock SM, Johnson RB. Gingival interleukin-6 concentration following phase I therapy. J 

Periodontol 1995; 66: 667—672. 
 

136. Gustafsson A, Åsman B, Bergström K. Elastase and lactoferrin in gingival crevicular fluid: possible indicators 
of a granulocyte-associated specific host response. J Periodontal Res 1994; 29: 276—282. 

 
137. Gustafsson A, Åsman B, Bergström K. Cigarette smoking as an aggravating factor in inflammatory tissue 

destructive-diseases. Increase in tumor necrosis factor-α priming of peripheral neutrophils measured as 
generation of oxygen radicals. Int J Clin Lab Res 2000; 30: 187—190. 

 
138. Guven O, De Visscher JG. Salivary IgA in periodontal disease. J Periodontol 1982; 53: 334—335. 

 
139. Haber J. Cigarette smoking: a major risk factor for periodontitis. Compendium 1994; 15: 1002, 1004—1008 

passim; quiz 1014. 
 

140. Haerian A, Adonogianaki E, Mooney J, Docherty JP, Kinane DF. Gingival crevicular stromelysin, collagenase 
and tissue inhibitor of metalloproteinases levels in healthy and diseased sites. J Clin Periodontol 1995; 22: 
505—509. 

 
141. Haffajee AD, Socransky SS, Goodson JM. Clinical parameters as predictors of destructive periodontal disease 

activity. J Clin Periodontol 1983; 10: 257—265. 
 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Gueders+MM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Balbin+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Rocks+N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Foidart+JM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Gosset+P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Louis+R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Shapiro+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Lopez%2DOtin+C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Noel+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Cataldo+DD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Cataldo+DD%22%5BAuthor%5D


 93

142. Haffajee AD, Socransky SS, Goodson JM. Subgingival temperature (I). Relation to baseline clinical 
parameters. J Clin Periodontol 1992a; 19: 401—408. 

 
143. Haffajee AD, Socransky SS, Goodson JM. Subgingival temperature (II). Relation to future periodontal 

attachment loss. J Clin Periodontol 1992b; 19: 409—416. 
 

144. Haffajee AD, Socransky SS. Relationship of cigarette smoking to attachment level profiles. J Clin Periodontol 
2001a; 28: 283—295. 

 
145. Haffajee AD, Socransky SS. Relationship of cigarette smoking to the subgingival microbiota. J Clin 

Periodontol 2001b; 28: 377—388. 
 

146. Haffajee AD, Socransky SS. Microbiology of periodontal diseases: introduction. Periodontol 2000 2005; 38: 
9—12. 

 
147. Hanemaaijer R, Sorsa T, Konttinen YT, Ding Y, Sutinen M, Visser H, van Hinsbergh VW, Helaakoski T, 

Kainulainen T, Rönkä H, Tschesche H, Salo T. Matrix metalloproteinase-8 is expressed in rheumatoid 
synovial fibroblasts and endothelial cells. Regulation by tumor necrosis factor-alpha and doxycycline. J Biol 
Chem 1997; 272: 31504—31509. 

 
148. Hanioka T, Matsuse R, Shigemoto Y, Ojima M, Shizukuishi S. Relationship between periodontal disease status 

and combination of biochemical assays of gingival crevicular fluid. J Periodontal Res 2005; 40: 331—338. 
 

149. Hasty KA, Hibbs MS, Kang AH, Mainardi CL. Secreted forms of human neutrophil collagenase. J Biol Chem 
1986; 261: 5645—5650. 

 
150. Hayakawa H, Yamashita K, Ohwaki K, Sawa M, Noguchi T, Iwata K, Hayakawa T. Collagenase activity and 

tissue inhibitor of metalloproteinases-1 (TIMP-1) content in human whole saliva from clinically healthy and 
periodontally diseased subjects. J Periodontal Res 1994; 29: 305—308. 

 
151. Heasman PA, Collins JG, Offenbacher S. Changes in crevicular fluid levels of interleukin-1 beta, leukotriene 

B4, prostaglandin E2, thromboxane B2 and tumour necrosis factor alpha in experimental gingivitis in humans. 
J Periodontal Res 1993; 28: 241—247. 

 
152. Heasman PA, Lauffart BL, Preshaw PM. Crevicular fluid prostaglandin E2 levels in periodontitis-resistant and 

periodontitis-susceptible adults. J Clin Periodontol 1998; 25: 1003—1007. 
 

153. Hedin CA, Rönquist G, Forsberg O. Cyclic nucleotide content in gingival tissue of smokers and non-smokers. 
J Periodontal Res 1981; 16: 337—343. 

 
154. Hemmilä I, Dakubu S, Mukkala VM, Siitari H, Lövgren T. Europium as a label in time-resolved 

immunofluorometric assays. Anal Biochem 1984; 137: 335—343. 
 

155. Hemmings KW, Griffiths GS, Bulman JS. Detection of neutral protease (Periocheck) and BANA hydrolase 
(Perioscan) compared with traditional clinical methods of diagnosis and monitoring of chronic inflammatory 
periodontal disease. J Clin Periodontol 1997; 24: 110—114. 

 
156. Herrmann JM, Gonzáles JR, Boedeker RH, Vonholdt J, Meyle J. Microassay for the detection of elastase 

activity in the gingival crevice. J Clin Periodontol 2001; 28: 31—37. 
 

157. Hodge PJ, Riggio MP, Kinane DF. Failure to detect an association with IL-1 genotypes in European 
Caucasians with generalised early-onset periodontitis. J Clin Periodontol 2001; 28: 430—436. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Hanioka+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Matsuse+R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Shigemoto+Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Ojima+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Shizukuishi+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Hemmila+I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Dakubu+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Mukkala+VM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Siitari+H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Lovgren+T%22%5BAuthor%5D


 94

 
158. Holmlund A, Hanstrom L, Lerner UH. Bone resorbing activity and cytokine levels in gingival crevicular fluid 

before and after treatment of periodontal disease. J Clin Periodontol 2004; 31: 475—482. 
 

159. Holopainen JM, Moilanen JA, Sorsa T, Kivelä-Rajamäki M, Tervahartiala T, Vesaluoma MH, Tervo TM. 
Activation of matrix metalloproteinase-8 by membrane type 1-MMP and their expression in human tears after 
photorefractive keratectomy. Invest Ophthalmol Vis Sci 2003; 44: 2550—2556. 

 
160. Hou LT, Liu CM, Rossomando EF. Crevicular interleukin-1 beta in moderate and severe periodontitis patients 

and the effect of phase I periodontal treatment. J Clin Periodontol 1995; 22: 162—167. 
 

161. Hugoson A, Koch G, Bergendal T, Hallonsten AL, Slotte C, Thorstensson B, Thorstensson H. Oral health of 
individuals aged 3-80 years in Jonkoping, Sweden in 1973, 1983, and 1993. II. Review of clinical and 
radiographic findings. Swed Dent J 1995; 19:243—260. 

 
162. Huovinen P, Lahtonen R, Ziegler T, Meurman O, Hakkarainen K, Miettinen A, Arstila P, Eskola J, Saikku P. 

Pharyngitis in adults: the presence and coexistence of viruses and bacterial organisms. Ann Intern Med 1989; 
110: 612—616. 

 
163. Huynh QN, Wang S, Tafolla E, Gansky SA, Kapila S, Armitage GC, Kapila YL. Specific fibronectin 

fragments as markers of periodontal disease status. J Periodontol 2002; 73; 1101—1110. 
 

164. Ilgenli T, Vardar-Sengul S, Gurkan A, Sorsa T, Stackelberg S, Köse T, Atilla G. Gingival crevicular fluid 
matrix metalloproteinase-13 levels and molecular forms in various types of periodontal diseases. Oral Dis 
2006, in press. 

 
165. Ingman T, Sorsa T, Konttinen YT, Liede K, Saari H, Lindy O, Suomalainen K. Salivary collagenase, elastase- 

and trypsin-like proteases as biochemical markers of periodontal tissue destruction in adult and localized 
juvenile periodontitis. Oral Microbiol Immunol 1993; 8: 298—305. 

 
166. Ingman T, Sorsa T, Michaelis J, Konttinen YT. Immunohistochemical study of neutrophil- and fibroblast-type 

collagenases and stromelysin-1 in adult periodontitis. Scand J Dent Res 1994a; 102: 342—349. 
 

167. Ingman T, Sorsa T, Kangaspunta P, Konttinen YT. Elastase and alpha-1-proteinase inhibitor in gingival 
crevicular fluid and gingival tissue in adult and juvenile periodontitis. J Periodontol 1994b; 65: 702—709. 

 
168. Ingman T. Neutral proteinases in periodontal diseases. Functional and immunohistochemical assessment. PhD-

Thesis. University of Helsinki. Helsinki, Finland 1994. 
 

169. Ingman T, Tervahartiala T, Ding Y, Tschesche H, Haerian A, Kinane DF, Konttinen YT, Sorsa T. Matrix 
metalloproteinases and their inhibitors in gingival crevicular fluid and saliva of periodontitis patients. J Clin 
Periodontol 1996; 23:1127—1132. 

 
170. International Workshop for a Classification of Periodontal Diseases and Conditions. Papers. Oak Brook, 

Illinois, October 30-November 2, 1999. Ann Periodontol. 1999; 4: i, 1—112. 
 

171. Jeffcoat MK, McGuire M, Newman MG. Evidence-based periodontal treatment. Highlights from the 1996 
World Workshop In Periodontics. JADA 1997; 128: 713—724. 

 
172. Jentsch H, Sievert Y, Gocke R. Lactoferrin and other markers from gingival crevicular fluid and saliva before 

and after periodontal treatment. J Clin Periodontol 2004; 31: 511—514. 
 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Holopainen+JM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Moilanen+JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kivela%2DRajamaki+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Tervahartiala+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Vesaluoma+MH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Tervo+TM%22%5BAuthor%5D


 95

173. Jette AM, Feldman HA, Tennstedt SL. Tobacco use: a modifiable risk factor for dental disease among the 
elderly. Am J Public Health 1993; 83: 1271—1276. 

 
174. Jin LJ, Söder P-Ö, Leung WK, Corbet EF, Samaranayake LP, Söder B, Davies WIR. Granulocyte elastase 

activity and PGE2 levels in gingival crevicular fluid in relation to the presence of subgingival 
periodontopathogens in subjects with untreated adult periodontitis. J Clin Periodontol 1999; 26: 531—540. 

 
175. Jin LJ, Leung WK, Corbet EF, Söder B. Relationship of changes in interleukin-8 levels and granulocyte 

elastase activity in gingival crevicular fluid to subgingival periodontopathogens following non-surgical 
periodontal therapy in subjects with chronic periodontitis. J Clin Periodontol 2002; 29: 604—614. 

 
176. Johnson V, Johnson BD, Sims TJ, Whitney CW, Moncla BJ, Engel LD, Page RC. Effects of treatment on 

antibody titer to Porphyromonas gingivalis in gingival crevicular fluid of patients with rapidly progressive 
periodontitis. J Periodontol 1993; 64: 559—565. 

 
177. Julkunen I, Silvennoinen O, Hurme M. Sytokiinit, niiden toiminta ja kliininen merkitys. In book: Huovinen P, 

Meri S, Peltola H, Vaara M, Vaheri A, Valtonen V (eds.). Mikrobiologia ja infektiosairaudet, kirja I. 
Kustannus Oy Duodecim. Gummerus Kirjapaino Oy. Jyväskylä 2003: 734—747. 

 
178. Kaldahl WB, Kalkwarf KL, Patil KD, Molvar MP. Relationship of gingival bleeding, gingival suppuration, 

and supragingival plaque to attachment loss. J Periodontol 1990; 61: 347—351. 
 

179. Kaldahl WB, Johnson GK, Patil PD, Kalkwarf KL. Levels of cigarette consumption and response to 
periodontal therapy. J Periodontol 1996; 67: 675—681. 

 
180. Kamma JJ, Contreras A, Slots J.Herpes viruses and periodontopathic bacteria in early-onset periodontitis. J 

Clin Periodontol 2001a; 28: 879—885. 
 

181. Kamma JJ, Nakou M, Persson RG. Association of early onset periodontitis microbiota with aspartate 
aminotransferase activity in gingival crevicular fluid. J Clin Periodontol 2001b; 28: 1096—1105. 

 
182. Kaufman E, Lamster IB. Analysis of saliva for periodontal diagnosis – a review. J Clin Periodontol 2000; 27: 

453—465. 
 

183. Kido J, Nakamura T, Kido R, Ohishi K, Yamauchi N, Kataoka M, Nagata T. Calprotectin in gingival 
crevicular fluid correlates with clinical and biochemical markers of periodontal disease. J Clin Periodontol 
1999; 26: 653—657. 

 
184. Kido J, Nakamura T, Asahara Y, Sawa T, Kohri K, Nagata T. Osteopontin in gingival crevicular fluid. J 

Periodontal Res 2001; 36: 328—333. 
 

185. Kiili M, Cox SW, Chen HY, Wahlgren J, Maisi P, Eley BM, Salo T, Sorsa T. Collagenase-2 (MMP-8) and 
collagenase-3 (MMP-13) in adult periodontitis: molecular forms and levels in gingival crevicular fluid and 
immunolocalisation in gingival tissue. J Clin Periodontol 2002; 29: 224—232. 

 
186. Kinane DF. Regulators of tissue destruction and homeostasis as diagnostic aids in periodontology. Periodontol 

2000 2000; 24: 215—225. 
 

187. Kinane DF, Lindhe J. Host-Parasite Interactions in Periodontal Diseases. In book: Clinical Periodontology and 
Implant Dentistry. Lindhe J, Karring T, Lang NP (eds.). Fourth edition. Blackwell Munksgaard. Denmark 
2003; 150—178. 

 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Jette+AM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Feldman+HA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Tennstedt+SL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Kamma+JJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Contreras+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Slots+J%22%5BAuthor%5D


 96

188. Kivelä-Rajamäki M, Maisi P, Srinivas R, Tervahartiala T, Teronen O, Husa V, Salo T, Sorsa T. Levels and 
molecular forms of MMP-7 (matrilysin-1) and MMP-8 (collagenase-2) in diseased human peri-implant 
sulcular fluid. J Periodontal Res 2003a; 38: 583—590. 

 
189. Kivelä-Rajamäki MJ, Teronen OP, Maisi P, Husa V, Tervahartiala TI, Pirilä EM, Salo TA, Mellanen L, Sorsa 

TA. Laminin-5 gamma2-chain and collagenase-2 (MMP-8) in human peri-implant sulcular fluid. Clin Oral 
Implants Res 2003b; 14: 158—165. 

 
190. Knight CG, Willenbrock F, Murphy G. A novel coumarin-labelled peptide for sensitive continuous assays of 

the matrix metalloproteinases. FEBS Lett 1992; 296: 263—266. 
 

191. Knuutinen A, Kokkonen N, Risteli J, Vähäkangas K, Kallioinen M, Salo T, Sorsa T, Oikarinen A. Smoking 
affects collagen synthesis and extracellular matrix turnover in human skin.Br J Dermatol 2002; 146: 588—594. 

 
192. Knäuper V, Lopez-Otin C, Smith B, Knight G, Murphy G. Biochemical characterization of human 

collagenase-3. J Biol Chem 1996; 271: 1544—1550. 
 

193. Kobayashi T, Westerdaal NA, Miyazaki A, van der POL W-L, Suzuki T, Yoshie H, van de Winkel JGJ, Hara 
K. Relevance of immunoglobulin G Fc receptor polymorphism to recurrence of adult periodontitis in Japanese 
patients. Infect Immun 1997; 65: 3556—3560. 

 
194. Konttinen YT, Lindy O, Kemppinen P, Saari H, Suomalainen K, Vauhkonen M, Lindy S, Sorsa T. Collagenase 

reserves in polymorphonuclear neutrophil leukocytes from synovial fluid and peripheral blood of patients with 
rheumatoid arthritis. Matrix 1991; 11: 296—301. 

 
195. Konttinen YT, Ceponis A, Takagi M, Ainola M, Sorsa T, Sutinen M, Salo T, Ma J, Santavirta S, Seiki M. New 

collagenolytic enzymes/cascade identified at the pannus-hard tissue junction in rheumatoid arthritis: 
destruction from above. Matrix Biol 1998; 17: 585—601. 

 
196. Kornman KS, Page RC, Tonetti MS. The host response to the microbial challenge in periodontitis: assembling 

the players. Periodontol 2000 1997a; 14: 33—53. 
 

197. Kornman KS, Crane A, Wang HY, di Giovine FS, Newman MG, Pirk FW, Wilson TG Jr, Higginbottom FL, 
Duff GW. The interleukin-1 genotype as a severity factor in adult periodontal disease. J Clin Periodontol 
1997b; 24: 72—77. 

 
198. Korostoff JM, Wang JF, Sarment DP, Stewart JC, Feldman RS, Billings PC. Analysis of in situ protease 

activity in chronic adult periodontitis patients: expression of activated MMP-2 and a 40 kDa serine protease. J 
Periodontol 2000; 71: 353—360. 

 
199. Kostamo K, Sorsa T, Leino M, Tervahartiala T, Alenius H, Richardson M, Toskala E. In vivo relationship 

between collagenase-2 and interleukin-8 but not tumour necrosis factor-alpha in chronic rhinosinusitis with 
nasal polyposis. Allergy 2005; 60: 1275—1279. 

 
200. Koundouros E, Odell E, Coward P, Wilson R, Palmer RM. Soluble adhesion molecules in serum of smokers 

and non-smokers, with and without periodontitis. J Periodontal Res 1996; 31: 596—599. 
 

201. Kruithof EK. Plasminogen activator inhibitors – a review. Enzyme 1988; 40: 113—121. 
 

202. Kubar A, Saygun I, Yapar M, Ozdemir A, Slots J. Real-time PCR quantification of cytomegalovirus in 
aggressive periodontitis lesions using TaqMan technology. J Periodontal Res 2004; 39: 81—86. 

 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kivela%2DRajamaki+MJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Teronen+OP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Maisi+P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Husa+V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Tervahartiala+TI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Pirila+EM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Salo+TA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Mellanen+L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+TA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+TA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Knuutinen+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kokkonen+N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Risteli+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Vahakangas+K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kallioinen+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Salo+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Oikarinen+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Kostamo+K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Sorsa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Leino+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Tervahartiala+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Alenius+H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Richardson+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Toskala+E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Kubar+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Saygun+I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Yapar+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Ozdemir+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Slots+J%22%5BAuthor%5D


 97

203. Kunimatsu K, Yamamoto K, Ichimaru E, Kato Y, Kato I. Cathepsins B, H and L activities in gingival 
crevicular fluid from chronic adult periodontitis patients and experimental gingivitis subjects. J Periodontal 
Res 1990; 25: 69—73. 

 
204. Kunimatsu K, Mataki S, Tanaka H, Mine N, Kiyoki M, Hosoda K, Kato Y, Kato I. A cross-sectional study on 

osteocalcin levels in gingival crevicular fluid from periodontal patients. J Periodontol 1993; 64: 865—869. 
 

205. Kunimatsu K, Mine N, Muraoka Y, Kato I, Hase T, Aoki Y, Yamamoto K. Identification and possible function 
of cathepsin G in gingival crevicular fluid rom chronic adult periodontitis patients and from experimental 
gingivitis subjects. J Periodontal Res 1995; 30: 51—57. 

 
206. Kuru B, Yilmaz S, Noyan Ű, Acar O, Kadir T. Microbiological features and crevicular fluid aspartate 

aminotransferase enzyme activity in early onset periodontitis patients. J Clin Periodontol 1999; 26: 19—25. 
 

207. Krall EA, Dawson-Hughes B, Garvey AJ, Garcia RI. Smoking, smoking cessation, and tooth loss. J Dent Res 
1997; 76: 1653—1659. 

 
208. Kähäri VM, Saarialho-Kere U. Matrix metalloproteinases and their inhibitors in tumour growth and invasion. 

Ann Med 1999; 31: 34—45. 
 

209. Lamster IB, Hartley LJ, Vogel RI. Development of a biochemical profile for gingival crevicular fluid. 
Methodological considerations and evaluation of collagen-degrading and ground substance-degrading enzyme 
activity during experimental gingivitis. J Periodontol 1985; 56 (11 Suppl): 13—21. 

 
210. Lamster IB, Oshrain RL, Harper DS, Celenti RS, Hovliaras CA, Gordon JM. Enzyme activity in crevicular 

fluid for detection and prediction of clinical attachment loss in patients with chronic adult periodontitis. Six 
month results. J Periodontol 1988; 59: 516—523. 

 
211. Lamster IB. The host response in gingival crevicular fluid: potential applications in periodontitis clinical trials. 

J Periodontol 1992; 63 (12 Suppl): 1117—1123. 
 

212. Lamster IB, Holmes LG, Gross KB, Oshrain RL, Cohen DW, Rose LF, Peters LM, Pope MR. The relationship 
of beta-glucuronidase activity in crevicular fluid to clinical parameters of periodontal disease. Findings from a 
multicenter study. J Clin Periodontol 1994a; 21: 118—127. 

 
213. Lamster IB, Smith QT, Celenti RS, Singer RE, Grbic JT. Development of a risk profile for periodontal disease: 

microbial and host response factors. J Periodontol 1994b; 65 (5 Suppl): 511—520. 
 

214. Lamster IB, Holmes LG, Gross KB, Oshrain RL, Cohen DW, Rose LF, Peters LM, Pope MR. The relationship 
of beta-glucuronidase activity in crevicular fluid to probing attachment loss in patients with adult periodontitis. 
Findings from a multicenter study. J Clin Periodontol 1995; 22: 36—44. 

 
215. Landis JR, Koch GG. The measurement of observer agreement for categorical data. Biometrics 1977; 33: 

159—174. 
 

216. Lang NP, Joss A, Orsanic T, Gusperti FA, Siegrist BE. Bleeding on probing. A predictor for the progression of 
periodontal disease? J Clin Periodontol 1986; 13: 590—596. 

 
217. Lang NP, Tonetti MS, Suter J, Sorrell J, Duff GW, Kornman KS. Effect of interleukin-1 gene polymorphisms 

on gingival inflammation assessed by bleeding on probing in a periodontal maintenance population. J 
Periodontal Res 2000; 35: 102—107. 

 



 98

218. Langton KP, Barker MD, McKie N. Localization of the functional domains of human tissue inhibitor of 
metalloproteinases-3 and the effects of a Sorsby's fundus dystrophy mutation. J Biol Chem 1998; 273: 
16778—16781. 

 
219. Larivee J, Sodek J, Ferrier JM. Collagenase and collagenase inhibitor activities in crevicular fluid of patients 

receiving treatment for localized juvenile periodontitis. J Periodontal Res 1986; 21: 702—715. 
 

220. Last KS, Stanbury JB, Embery G. Glycosaminoglycans in human gingival crevicular fluid as indicators of 
active periodontal disease. Arch Oral Biol 1985; 30: 275—281. 

 
221. Lauhio A, Konttinen YT, Tschesche H, Nordstrom D, Salo T, Lähdevirta J, Golub LM, Sorsa T. Reduction of 

matrix metalloproteinase 8-neutrophil collagenase levels during long-term doxycycline treatment of reactive 
arthritis. Antimicrob Agents Chemother 1994a; 38: 400—402. 

 
222. Lauhio A, Salo T, Ding Y, Konttinen YT, Nordström D, Tschesche H, Lähdevirta J, Golub LM, Sorsa T. In 

vivo inhibition of human neutrophil collagenase (MMP-8) activity during long-term combination therapy of 
doxycycline and non-steroidal anti-inflammatory drugs (NSAID) in acute reactive arthritis. Clin Exp Immunol 
1994b; 98: 21—28. 

 
223. Lauhio A, Salo T, Tjäderhane L, Lahdevirta J, Golub LM, Sorsa T. Tetracyclines in treatment of rheumatoid 

arthritis. Lancet 1995; 346: 645—646. 
 

224. Layik M, Yamalik N, Caglayan F, Kiline K, Etikan I, Eratalay K. Analysis of human gingival tissue and 
gingival crevicular fluid beta-glucuronidase activity in specific periodontal disease. J Periodontol 2000; 71: 
618—624. 

 
225. Lee W, Aitken S, Kulkarni G, Birek P, Overall CM, Sodek J, McCulloch CA. Collagenase activity in recurrent 

periodontitis: relationship to disease progression and doxycycline therapy. J Periodontal Res 1991; 26: 479—
485. 

 
226. Lee W, Aitken S, Sodek J, McCulloch CA. Evidence of a direct relationship between neutrophil collagenase 

activity and periodontal tissue destruction in vivo: role of active enzyme in human periodontitis. J Periodontal 
Res 1995a; 30: 23—33. 

 
227. Lee HJ, Kang IK, Chung CP, Choi SM. The subgingival microflora and gingival crevicular fluid cytokines in 

refractory periodontitis. Clin Periodontol 1995b; 22: 885—890. 
 

228. Lee AJ, Walsh TF, Hodges SJ, Rawlinson A. Gingival crevicular fluid osteocalcin in adult periodontitis. J Clin 
Periodontol 1999; 26: 252—256. 

 
229. Leibur E, Tuhkanen A, Pintson U, Söder PO. Prostaglandin E2 levels in blood plasma and in crevicular fluid 

of advanced periodontitis patients before and after surgical therapy. Oral Dis 1999; 5: 223—228. 
 

230. Liede KE, Haukka JK, Hietanen JH, Mattila MH, Rönkä H, Sorsa T. The association between smoking 
cessation and periodontal status and salivary proteinase levels. J Periodontol 1999; 70: 1361—1368. 

 
231. Lindberg R, Sorsa T, Tervahartiala T, Hoffmann F, Mellanen L, Kappos L, Schaab UB, Leib SL, Leppert D.. 

Gelatinase B [matrix metalloproteinase (MMP) -9] and collagenases (MMP-8/-13)] are upregulated in 
cerebrospinal fluid during aseptic and bacterial meningitis in children. Neuropathol Appl Neurobiol 2006, in 
press. 

 
232. Lindy O, Konttinen YT, Sorsa T, Ding Y, Santavirta S, Ceponis A, Lopez-Otin C. Matrix metalloproteinase 13 

(collagenase 3) in human rheumatoid synovium. Arthritis Rheum 1997; 40: 1391—1399. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Lauhio+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Konttinen+YT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Tschesche+H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Nordstrom+D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Salo+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Lahdevirta+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Golub+LM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Lauhio+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Salo+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Ding+Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Konttinen+YT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Nordstrom+D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Tschesche+H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Lahdevirta+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Golub+LM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Lauhio+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Salo+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Tjaderhane+L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Lahdevirta+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Golub+LM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+T%22%5BAuthor%5D


 99

 
233. Listgarten MA, Schifter CC, Sullivan P, George C, Rosenberg ES. Failure of a microbial assay to reliably 

predict disease recurrence in a treated periodontitis population receiving regularly scheduled prophylaxes. J 
Clin Periodontol 1986; 13: 768—773. 

 
234. Loesche WJ, Giordano J, Hujoel PP. The utility of the BANA test for monitoring anaerobic infections due to 

spirochetes (Treponema denticola) in periodontal disease. J Dent Res 1990; 69: 1696—1702. 
 

235. Loesche WJ, Grossman N, Giordano J. Metronidazole in periodontitis (IV). The effect of patient compliance 
on treatment parameters. J Clin Periodontol 1993; 20: 96—104. 

 
236. Lopatin DE, Caffesse ER, Bye FL, Caffesse RG. Concentrations of fibronectin in the sera and crevicular fluid 

in various stages of periodontal disease. J Clin Periodontol 1989; 16: 359—364. 
 

237. Lundy FT, Chalk R, Lamey PJ, Shaw C, Linden GJ. Identification of MRP-8 (calgranulin A) as a major 
responsive protein in chronic periodontitis. J Pathol 2000; 192: 540—544. 

 
238. Løe H, Theilade E, Jensen SB. Experimental gingivitis in man. J Periodontol 1965; 36: 177—187. 

 
239. MacFarlane GD, Herzberg MC, Wolff LF, Hardie NA. Refractory periodontitis associated with abnormal 

polymorphonuclear leukocyte phagocytosis and cigarette smoking. J Periodontol 1992; 63: 908—913. 
 

240. Magnusson I, Low SB, McArthur WP, Marks RG, Walker CB, Maruniak J, Taylor M, Padgett P, Jung J, Clark 
WB. Treatment of subjects with refractory periodontal disease. J Clin Periodontol 1994; 21: 628—637. 
Erratum in: J Clin Periodontol 1995; 22: 183. 

 
241. Magnusson I, Persson RG, Page RC, DeRouen TA, Crawford JM, Cohen RL, Chambers DA, Alves ME, Clark 

WB. A multi-center clinical trial of a new chairside test in distinguishing between diseased and healthy 
periodontal sites. II. Association between site type and test outcome before and after therapy. J Periodontol 
1996; 67: 589—596. 

 
242. Magnusson I, Walker CB. Refractory periodontitis or recurrence of disease. J Clin Periodontol 1996; 23: 

289—292. 
 

243. Maisi P, Prikk K, Sepper R, Pirilä E, Salo T, Hietanen J, Sorsa T. Soluble membrane-type 1 matrix 
metalloproteinase (MT1-MMP) and gelatinase A (MMP-2) in induced sputum and bronchoalveolar lavage 
fluid of human bronchial asthma and bronchiectasis. APMIS 2002; 110: 771—782. 

 
244. Mancini S, Romanelli R, Laschinger CA, Overall CM, Sodek J, McCulloch CA. Assessment of a novel 

screening test for neutrophil collagenase activity in the diagnosis of periodontal diseases. J Periodontol 1999; 
70: 1292—1302. 

 
245. Mandel ID. Salivary diagnosis: promises, promises. Ann N Y Acad Sci 1993; 694: 1—10. 

 
246. Mark LL, Haffajee AD, Socransky SS, Kent RL Jr, Guerrero D, Kornman K, Newman M, Stashenko P. Effect 

of the interleukin-1 genotype on monocyte IL1β expression in subjects with adult periodontitis. J Periodontal 
Res 2000; 35: 172—177. 

 
247. Markkanen H, Syrjänen SM, Alakuijala P. Salivary IgA, lysozyme and beta 2-microglobulin in periodontal 

disease. Scand J Dent Res 1986; 94: 115—120. 
 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Maisi+P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Prikk+K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sepper+R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Pirila+E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Salo+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Hietanen+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+T%22%5BAuthor%5D


 100

248. Marsh PD. Microbial ecology of dental plaque and its significance in health and disease. Adv Dent Res 1994; 
8: 263—271. 

 
249. Masada MP, Persson R, Kenney JS, Lee SW, Page RC, Allison AC. Measurement of interleukin-1 alpha and -

1 beta in gingival crevicular fluid: implications for the pathogenesis of periodontal disease. J Periodontal Res 
1990; 25: 156—163. 

 
250. Mathur A, Michalowicz B, Castillo M, Aeppli D. Interleukin-1 alpha, interleukin-8 and interferon-alpha levels 

in gingival crevicular fluid. J Periodontal Res 1996; 31: 489—495. 
 

251. Martinez-Canut P, Lorca A, Magán R. Smoking and periodontal disease severity. J Clin Periodontol 1995; 22: 
743—749. 

 
252. Mattila KJ, Valtonen VV, Nieminen MS, Asikainen S. Role of infection as a risk factor for atherosclerosis, 

myocardial infarction, and stroke. Clin Infect Dis 1998; 26: 719—734. 
 

253. McCauley LK, Nohutchu RM. Mediators of periodontal osseous destruction and remoldeling: Principles and 
implications for diagnosis and therapy. J Periodontol 2002; 73: 1377—1391. 

 
254. McCulloch CA. Collagenolytic enzymes in gingival crevicular fluid as diagnostic indicators of periodontitis. 

Ann N Y Acad Sci 1994a; 732: 152—164. 
 

255. McCulloch CA. Host enzymes in gingival crevicular fluid as diagnostic indicators of periodontitis. J Clin 
Periodontol 1994b; 21: 497—506. 

 
256. McCulloch CAG, Lekic P, McKee M. Role of physical forces in regulating the form and function of the 

periodontal ligament. Periodontol 2000 2000; 24: 56—72. 
 

257. McGuire MK. Prognosis versus actual outcome: a longterm survey of 100 treated periodontal patients under 
maintenance care. J Periodontol 1991; 62: 51—58. 

 
258. McGuire MK, Nunn ME. Prognosis versus actual outcome. III. The effectiveness of clinical parameters in 

accurately predicting tooth survival. J Periodontol 1996; 67: 666—674. 
 

259. McGuire MK, Nunn ME. Prognosis versus actual outcome. IV. The effectiveness of clinical parameters and 
IL-1 genotype in accurately predicting prognoses and tooth survival. J Periodontol 1999; 70: 49—56. 

 
260. McLaughlin WS, Lovat FM, Macgregor IDM, Kelly PJ. The immediate effects of smoking on gingival fluid 

flow. J Clin Periodontol 1993; 20: 448—451. 
 

261. Meikle MC, Hembry RM, Holley J, Horton C, McFarlane CG, Reynolds JJ. Immunolocalization of matrix 
metalloproteinases and TIMP-1 (tissue inhibitor of metalloproteinases) in human gingival tissues from 
periodontitis patients. J Periodontal Res 1994; 29: 118—126. 

 
262. Mellanen L, Ingman T, Lähdevirta J, Lauhio A, Ainamo A, Konttinen YT, Sukura A, Salo T, Sorsa T. Matrix 

metalloproteinases-1, -3 and -8 and myeloperoxidase in saliva of patients with human immunodeficiency virus 
infection. Oral Dis 1996; 2: 263—271. 

 
263. Mellanen L, Salo T, Ingman T, Konttinen YT, Lähdevirta J, Sorsa T. 72-kDa and 92-kDa gelatinases in saliva 

of patients with human immunodeficiency virus infection. Acta Odontol Scand 1998; 56: 135—142. 
 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=%22Mattila+KJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=%22Valtonen+VV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=%22Nieminen+MS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&term=%22Asikainen+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Mellanen+L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Ingman+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Lahdevirta+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Lauhio+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Ainamo+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Konttinen+YT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sukura+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Salo+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Mellanen+L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Salo+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Ingman+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Konttinen+YT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Lahdevirta+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+T%22%5BAuthor%5D


 101

264. Meyer J, Guessous F, Huynh C, Godeau G, Hornebeck W, Giroud JP, Roch-Arveiller M. Active and alpha-1 
proteinase inhibitor complexed leucocyte elastase levels in crevicular fluid from patients with periodontal 
diseases. J Periodontol 1997; 68: 256—261. 

 
265. Michalowics BS. Genetic and heritable risk factors in periodontal disease. J Periodontol 1994; 65: 479—488. 

 
266. Miyauchi M, Sato S, Kitagawa S, Hiraoka M, Kudo Y, Ogawa I, Zhao M, Takata T. Cytokine expression in rat 

molar gingival periodontal tissues after topical application of lipopolysaccharide. Histochem Cell Biol 2001; 
116: 57—62. 

 
267. Mogensen TH, Paludan SR. Molecular pathways in virus-induced cytokine production. Microbiol Mol Biol 

Rev 2001; 65: 131—150. 
 

268. Moilanen M, Sorsa T, Stenman M, Nyberg P, Lindy O, Vesterinen J, Paju A, Konttinen YT, Stenman UH, 
Salo T. Tumor-associated trypsinogen-2 (trypsinogen-2) activates procollagenases (MMP-1, -8, -13) and 
stromelysin-1 (MMP-3) and degrades type I collagen. Biochemistry 2003; 42: 5414—5420. 

 
269. Mombelli A, Casagni F, Madianos PN. Can presence or absence of periodontal pathogens distinguish between 

subjects with chronic and aggressive periodontitis? A systematic review. J Clin Periodontol 2002; 29 (suppl. 
3): 10—21. 

 
270. Mooney J, Hodge PJ, Kinane DF. Humoral immune response in early-onset periodontitis: influence of 

smoking. J Periodontal Res 2001; 36: 227—232. 
 

271. Moore WEC, Moore LVH. The bacteria of periodontal diseases. Periodontol 2000 1994; 5: 7—25. 
 

272. Morozumi T, Kubota T, Sugita N, Itagaki M, Yoshie H. Alterations of gene expression in human neutrophils 
induced by smoking cessation. J Clin Periodontol 2004; 31: 1110—1116. 

 
273. Morita M, Wang HL. Relationship of sulcular sulfide level to severity of periodontal disease and BANA test. J 

Periodontol 2001; 72: 74—78. 
 

274. Morozumi T, Kubota T, Sato T, Okuda K, Yoshie H. Smoking cessation increases gingival blood flow and 
gingival crevicular fluid. J Clin Periodontol 2004; 31: 267—272. 

 
275. Morris AJ, Steele J, White DA. The oral cleanliness and periodontal health of UK adults in 1998. Br Dent J 

2001; 191: 186—192. 
 

276. Moses MA. The regulation of neovascularization of matrix metalloproteinases and their inhibitors. Stem Cells 
1997; 15: 180—189. 

 
277. Mosorin M, Surcel HM, Laurila A, Lehtinen M, Karttunen R, Juvonen J, Paavonen J, Morrison RP, Saikku P, 

Juvonen T. Detection of Chlamydia pneumoniae-reactive T lymphocytes in human atherosclerotic plaques of 
carotid artery. Arterioscler Thromb Vasc Biol 2000; 20: 1061—1067. 

 
278. Murphy G, Docherty AJ. The matrix metalloproteinases and their inhibitors. Am J Respir Cell Mol Biol 1992; 

7: 120—125. 
 

279. Murphy G, Koklitis P, Carne AF. Dissociation of tissue inhibitor of metalloproteinases (TIMP) from enzyme 
complexes yields fully active inhibitor. Biochem J 1989; 261: 1031—1034. 

 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Miyauchi+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Sato+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Kitagawa+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Hiraoka+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Kudo+Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Ogawa+I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Zhao+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Takata+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Mogensen+TH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Paludan+SR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Morozumi+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kubota+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sugita+N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Itagaki+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Yoshie+H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Morris+AJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Steele+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22White+DA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Mosorin+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Surcel+HM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Laurila+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Lehtinen+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Karttunen+R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Juvonen+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Paavonen+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Morrison+RP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Saikku+P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Juvonen+T%22%5BAuthor%5D


 102

280. Murray MC, Mooney J, Kinane DF. The relationship between elastase and lactoferrin in healthy, gingivitis and 
periodontitis sites. Oral Dis 1995; 1: 106—109. 

 
281. Müller HP, Stadermann S, Heinecke A. Longitudinal association between plaque and gingival bleeding in 

smokers and non-smokers. J Clin Periodontol 2002; 29: 287—294. 
 

282. Mäkelä M, Salo T, Uitto VJ, Larjava H. Matrix metalloproteinases (MMP-2 and MMP-9) of the oral cavity: 
cellular origin and relationship to periodontal status. J Dent Res 1994; 73: 1397—1406. 

 
283. Määttä M, Tervahartiala T, Harju M, Airaksinen J, Autio-Harmainen H, Sorsa T. Matrix metalloproteinases 

and their tissue inhibitors in aqueous humor of patients with primary open-angle glaucoma, exfoliation 
syndrome, and exfoliation glaucoma. J Glaucoma 2005; 14: 64—69. 

 
284. Määttä M, Kari O, Tervahartiala T, Peltonen S, Kari M, Aho V, Saari M, Sorsa T. Tear fluid levels of MMP-8 

are elevated in ocular rosacea-moldulaton by oral doxycycline. Graefes Arch Clin Exp Ophthalmol 2006a; 13: 
1—6. [Epub ahead of print] 

 
285. Määttä M, Tervahartiala T, Vesti E, Airaksinen J, Sorsa T. Levels and activation of matrix metalloproteinases 

in aqueous humor are elevated in uveitis-related secondary glaucoma J Glaucoma 2006b, in press. 
 

286. Nagase H. Activation mechanisms of matrix metalloproteinases. Biol Chem 1997; 378: 151—160. 
 

287. Nagase H, Visse R, Murphy G. Structure and function of matrix metalloproteinases and TIMPs. Cardiovasc 
Res 2006; [Epub 2005]. 

 
288. Nakamura M, Slots J. Salivary enzymes. Origin and relationship to periodontal disease. J Periodontal Res 

1983; 18: 559—569. 
 

289. Nakamura T, Kido J, Kido R, Ohishi K, Yamauchi N, Kataoka M, Nagata T. The association of calprotectin 
level in gingival crevicular fluid with gingival index and the activities of collagenase and aminotransferase in 
adult periodontitis patients. J Periodontol 2000; 71: 361—367. 

 
290. Nakashima K, Roehrich N, Cimasoni G. Osteocalcin, prostaglandin E2 and alkaline phosphatase in gingival 

crevicular fluid: their relations to periodontal status. J Clin Periodontol 1994; 21: 327—333. 
 

291. Nakashima K, Giannopoulou C, Andersen E, Roehrich N, Brochut P, Dubrez B, Cimasoni G. A longitudinal 
study of various crevicular fluid components as markers of periodontal disease activity. J Clin Periodontol 
1996; 23: 832—838 

 
292. National Public Health Institute. Health and functional capacity in Finland. Baseline Results of the Health 

2000 Health Examination. 7. Diseses and symptoms. Nordblad A, Varsio S, Arinen S, Hallikainen D, Hausen 
H, Knuuttila M, Suominen-Taipale L, Söderholm A-L, Vehkalahti M. Oral health. Helsinki 2004; 62—66. 
<www.ktl.fi/terveys2000/index.uk.html> 

 
293. Newman HN. Plaque and chronic inflammatory periodontal disease. A question of ecology. J Clin Periodontol 

1990; 17: 533—541. 
 

294. Nieminen A, Nordlund L, Uitto VJ. The effect of treatment on the activity of salivary proteases and 
glycosidases in adults with advanced periodontitis. J Periodontol 1993; 64: 297—301. 

 
295. Nieminen A, Siren E, Wolf J, Asikainen S. Prognostic criteria for the efficiency of non-surgical periodontal 

therapy in advanced periodontitis. J Clin Periodontol 1995; 22: 153—161. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Maatta+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Tervahartiala+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Harju+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Airaksinen+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Autio%2DHarmainen+H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Nagase+H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Visse+R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Murphy+G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Newman+HN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Nieminen+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Siren+E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Wolf+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Asikainen+S%22%5BAuthor%5D


 103

 
296. Nieminen A. Advanced adult periodontitis. Clinical, microbiological, immunological and biochemical markers 

for treatment response. PhD-Thesis. University of Helsinki. Helsinki, Finland 1997. 
 

297. Nisapakultorn K, Ross KF, Herzberg MC. Calprotectin expression in vitro by oral epithelial cells confers 
resistance to infection by Porphyromonas gingivalis. Infect Immun 2001a; 69: 4242—4247. 

 
298. Nisapakultorn K, Ross KF, Herzberg MC. Calprotectin expression inhibits bacterial binding to mucosal 

epithelial cells. Infect Immun 2001b; 69: 3692—3696. 
 

299. Nordström D, Lindy O, Lauhio A, Sorsa T, Santavirta S, Konttinen YT. Anti-collagenolytic mechanism of 
action of doxycycline treatment in rheumatoid arthritis. Rheumatol Int 1998; 17: 175—180. 

 
300. Nyberg P, Heikkilä P, Sorsa T, Luostarinen J, Heljäsvaara R, Stenman UH, Pihlajaniemi T, Salo T. Endostatin 

inhibits human tongue carcinoma cell invasion and intravasation and blocks the activation of matrix 
metalloprotease-2, -9, and -13. J Biol Chem 2003; 278: 22404—22411. 

 
301. Nyberg P, Ylipalosaari M, Sorsa T, Salo T. Trypsins and their role in carcinoma growth. Exp Cell Res 2006; 

[Epub ahead of print] 
 

302. Nyström-Rosander C, Lindh U, Ilback NG, Hjelm E, Thelin S, Lindqvist O, Friman G. Interactions between 
Chlamydia pneumoniae and trace elements: a possible link to aortic valve sclerosis. Biol Trace Elem Res 2003; 
91: 97—110 

 
303. Offenbacher S, Odle BM, Gray RC, Van Dyke TE. Crevicular fluid prostaglandin E levels as a measure of the 

periodontal disease status of adult and juvenile periodontitis patients. J Periodontal Res 1984; 19: 1—13. 
 

304. Offenbacher S, Odle B, Van Dyke T. The microbial morphotypes associated with periodontal health and adult 
periodontitis: composition and distribution. J Clin Periodontol 1985; 12: 736—749. 

 
305. Offenbacher S, Odle BM, Van Dyke TE. The use of crevicular fluid prostaglandin E2 levels as a predictor of 

periodontal attachment loss. J Periodontal Res 1986; 21: 101—112. 
 

306. Offenbacher S, Collins JG, Arnold RR. New clinical diagnostic strategies based on pathogenesis of disease. J 
Periodontal Res 1993; 28: 523—535. 

 
307. Okazaki J, Kamada A, Matsukawa F, Sakaki T, Gonda Y. Disaccharide analysis of chondroitin sulphate in 

human gingival crevicular fluid using high-performance liquid chromatography. Arch Oral Biol 1995; 40: 
777—779. 

 
308. Oringer RJ, Palys MD, Iranmanesh A, Fiorellini JP, Haffajee AD, Socransky SS, Giannobile WV. C-

telopeptide pyridinoline cross-links (ICTP) and periodontal pathogens associated with endosseous oral 
implants. Clin Oral Implants Res 1998; 9: 365—373. 

 
309. Oringer RJ, Howell TH, Nevins ML, Reasner DS, Davis GH, Sekler J, Fiorelli JP. Relationship between 

crevicular aspartate aminotransferase levels and periodontal disease progression. J Periodontol 2001; 72: 17—
24. 

 
310. Over C, Yamalik N, Yavuzyilmaz E, Ersoy F, Eratalay K. Myeloperoxidase activity in peripheral blood, 

neutrophil crevicular fluid and whole saliva of patients with periodontal disease. J Nihon Univ Sch Dent 1993; 
35: 235—240. 

 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Nordstrom+D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Lindy+O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Lauhio+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Santavirta+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Konttinen+YT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Nyberg+P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Heikkila+P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Luostarinen+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Heljasvaara+R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Stenman+UH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Pihlajaniemi+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Salo+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Nyberg+P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Ylipalosaari+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Sorsa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Salo+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Nystrom%2DRosander+C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Lindh+U%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Ilback+NG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Hjelm+E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Thelin+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Lindqvist+O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Friman+G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Offenbacher+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Odle+BM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Gray+RC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Van+Dyke+TE%22%5BAuthor%5D


 104

311. Overall CM, Sodek J. Initial characterization of a neutral metalloproteinase, active on native 3/4-collagen 
fragments, synthesized by ROS 17/2.8 osteoblastic cells, periodontal fibroblasts, and identified in gingival 
crevicular fluid. J Dent Res 1987; 66: 1271—1282. 

 
312. Owen CA, Campbell EJ. Extracellular proteolysis: new paradigms for an old paradox. J Lab Clin Med 1999a; 

134: 341—351. 
 

313. Owen CA, Campbell EJ. The cell biology of leukocyte-mediated proteolysis. J Leukoc Biol 1999b; 65: 137—
150. 

 
314. Owen CA, Hu Z, Lopez-Otin C, Shapiro SD. Membrane-bound matrix metalloproteinase-8 on activated 

polymorphonuclear cells is a potent, tissue inhibitor of metalloproteinase-resistant collagenase and serpinase. J 
Immunol 2004; 172: 7791—7803. 

 
315. Ozmeric N, Bal B, Balos K, Berker E, Bulut S. The correlation of gingival crevicular fluid interleukin-8 levels 

and periodontal status in localized juvenile periodontitis. J Periodontol 1998; 69: 1299—1304. 
 

316. Page RC. Host response tests for diagnosing periodontal diseases. J Periodontol 1992; 63 (4 Suppl): 356—366. 
 

317. Page RC, DeRouen TA. Design issues specific to studies of periodontitis. J Periodontal Res 1992; 27: 395—
404; discussion 412—416. 

 
318. Palcanis KG, Larjava IK, Wells BR, Suggs KA, Landis JR, Chadwick DE, Jeffcoat MK. Elastase as an 

indicator of periodontal disease progression. J Periodontol 1992; 63: 237—242. 
 

319. Palys MD, Haffajee AD, Socransky SS, Giannobile WV. Relationship between C-telopeptide pyridinoline 
cross-links (ICTP) and putative periodontal pathogens in periodontitis. J Clin Periodontol 1998; 25: 865—871. 

 
320. Papapanou PN. Epidemiology of periodontal diseases: an update. J Int Acad Periodontol 1999; 1: 110—116. 

 
321. Papapanou PN, Neiderud A-M, Sandros J, Dahlén G. Interleukin-1 gene polymorphism and periodontal status. 

A case-control study. J Clin Periodontol 2001; 28: 389—396. 
 

322. Parkhill JM, Henning BJW, Chapple ILC, Heasman PA, Taylor JJ. Association of interleukin-1 gene 
polymorphisms with early-onset periodontitis. J Clin Periodontol 2000; 27: 682—689. 

 
323. Pauletto NC, Liede K, Nieminen A, Larjava H, Uitto VJ. Effect of cigarette smoking on oral elastase activity 

in adult periodontitis patients. J Periodontol 2000; 71: 58—62. 
 

324. Persson GR, DeRouen TA, Page RC. Relationship between gingival crevicular fluid levels of aspartate 
aminotransferase and active tissue destruction in treated chronic periodontitis patients. J Periodontal Res 1990; 
25: 81—87. 

 
325. Persson GR, Page RC. Effect of sampling time and repetition on gingival crevicular fluid and aspartate 

aminotransferase activity. J Periodontal Res 1990; 25: 236—242. 
 

326. Persson GR, Alves ME, Chambers DA, Clark WB, Cohen R, Crawford JM, DeRouen TA, Magnusson I, 
Schindler T, Page RC. A multicenter clinical trial of PerioGard in distinguishing between diseased and healthy 
periodontal sites. (I). Study design, methodology and therapeutic outcome. J Clin Periodontol 1995; 22: 794—
803. 

 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Owen+CA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Hu+Z%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Lopez%2DOtin+C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Shapiro+SD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Page+RC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22DeRouen+TA%22%5BAuthor%5D


 105

327. Persson L, Bergström J. Smoking and vascular density of healthy marginal gingival. Eur J Oral Sci 1998; 106: 
953—957. 

 
328. Persson L, Bergström J, Gustafsson A, Åsman B. Tobacco smoking and gingival neutrophil activity in young 

adults. J Clin Periodontol 1999; 26: 9—13. 
 

329. Persson L, Bergström J, Ito H, Gustafsson A. Tobacco smoking and neutrophil activity in patients with 
periodontal disease. J Periodontol 2001; 72: 90—95. 

 
330. Persson L, Bergström G, Gustafsson A. Effect of tobacco smoking on neutrophil activity following periodontal 

surgery. J Periodontol 2003; 74: 1475—1482. 
 

331. Petropoulos G, McKay IJ, Hughes FJ. The association between neutrophil numbers and interleukin-1α in 
gingival crevicular fluid of smokers and non-smokers with periodontal disease. J Clin Periodontol 2004; 31: 
390—395. 

 
332. Pirilä E, Maisi P, Salo T, Koivunen E, Sorsa T. In vivo localization of gelatinases (MMP-2 and -9) by in situ 

zymography with a selective gelatinase inhibitor. Biochem Biophys Res Commun 2001; 287: 766—774. 
 

333. Pirilä E, Sharabi A, Salo T, Quaranta V, Tu H, Heljäsvaara R, Koshikawa N, Sorsa T, Maisi P. Matrix 
metalloproteinases process the laminin-5 gamma 2-chain and regulate epithelial cell migration. Biochem 
Biophys Res Commun 2003; 303: 1012—1017. 

 
334. Pozo P, Valenzuela MA, Melej C, Zaldivar M, Puente J, Martinez B, Gamonal J. Longitudinal analysis of 

metalloproteinases, tissue inhibitors of metalloproteinases and clinical parameters in gingival crevicular fluid 
from periodontitis-affected patients. J Periodontal Res 2005; 40: 199—207. 

 
335. Preber H, Bergström J. Effect of cigarette smoking on periodontal healing following surgical therapy. J Clin 

Periodontol 1990; 17: 324—328. 
 

336. Preber H, Bergström J, Linder LE. Occurrence of periopathogens in smoker and non-smoker patients. J Clin 
Periodontol 1992; 19: 667—671. 

 
337. Preshaw PM, Heasman PA. Prostaglandin E2 concentrations in gingival crevicular fluid: observations in 

untreated chronic periodontitis. J Clin Periodontol 2002; 29: 15—20. 
 

338. Prikk K, Maisi P, Pirilä E, Sepper R, Salo T, Wahlgren J, Sorsa T.In vivo collagenase-2 (MMP-8) expression 
by human bronchial epithelial cells and monocytes/macrophages in bronchiectasis. J Pathol 2001; 194: 232—
238. 

 
339. Prikk K, Maisi P, Pirilä E, Reintam MA, Salo T, Sorsa T, Sepper R. Airway obstruction correlates with 

collagenase-2 (MMP-8) expression and activation in bronchial asthma. Lab Invest 2002; 82: 1535—1545. 
 

340. Pöllänen MT, Salonen JI, Uitto V-J. Structure and function of the tooth-epithelial interface in health 
and disease. Periodontol 2000; 31: 12—31. 

 
341. Quinn SM, Zhang J-B, Gunsolley JC, Schekein HA, Tew JG. The influence of smoking and race on adult 

periodontitis and serum IgG2 levels. J Periodontol 1998; 69: 171—177. 
 

342. Rams TE. Microscopic monitoring of pathogens associated with periodontal diseases--a review. J Periodontol 
1986; 57: 328—329. 

 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Pirila+E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Sharabi+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Salo+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Quaranta+V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Tu+H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Heljasvaara+R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Koshikawa+N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Sorsa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Maisi+P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Prikk+K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Maisi+P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Pirila+E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sepper+R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Salo+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Wahlgren+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Rams+TE%22%5BAuthor%5D


 106

343. Rams TE, Roberts TW, Slots J. Evaluation of peri-implant sulcular temperature. J Clin Periodontol 1993; 20: 
465—468 

 
344. Rawlinson A, Dalati MH, Rahman S, Walsh TF, Fairclough AL. Interleukin-1 and IL-1 receptor antagonist in 

gingival crevicular fluid. J Clin Periodontol 2000; 27: 738—743. 
 

345. Rawlinson A, Grummitt JM, Walsh TF, Ian Douglas CW. Interleukin 1 and receptor antagonist levels in 
gingival crevicular fluid in heavy smokers versus non-smokers. J Clin Periodontol 2003; 30: 42—48. 

 
346. Reiff RL. Serum and salivary IgG and IgA response to initial preparation therapy. J Periodontol 1984; 55: 

299—305. 
 

347. Reinhardt RA, Masada MP, Kaldahl WB, DuBois LM, Kornman KS, Choi JI, Kalkwarf KL, Allison AC. 
Gingival fluid IL-1 and IL-6 levels in refractory periodontitis. J Clin Periodontol 1993; 20: 225—231. 

 
348. Renvert S, Dahlén G, Wikström M. The clinical and microbiological effects of non-surgical periodontal 

therapy in smokers and non-smokers. J Clin Periodontol 1998; 25: 153—157. 
 

349. Rintamäki S, Saukkoriipi A, Salo P, Takala A, Leinonen M. Detection of Streptococcus pneumoniae DNA by 
using polymerase chain reaction and microwell hybridization with Europium-labelled probes. J Microbiol 
Methods 2002; 50: 313—318. 

 
350. Rogers MA, Figliomeni L, Baluchova K, Tan AE, Davies G, Henry PJ, Price P. Do interleukin-1 

polymorphism predict the development of periodontitis or the success of dental implants? J Periodontal Res 
2002; 37: 37—41. 

 
351. Romanelli R, Mancini S, Laschinger C, Overall CM, Sodek J, McCulloch CA. Activation of neutrophil 

collagenase in periodontitis. Infect Immun 1999; 67: 2319—2326. 
 

352. Rossomando EF, Kennedy JE, Hadjimichael J. Tumour necrosis factor alpha in gingival crevicular fluid as a 
possible indicator of periodontal disease in humans. Arch Oral Biol 1990; 35: 431—434. 

 
353. Ryan ME, Ramamurthy S, Golub LM. Matrix metalloproteinases and their inhibition in periodontal treatment. 

Curr Opin Periodontol 1996; 3: 85—96. 
 

354. Saari H, Suomalainen K, Lindy O, Konttinen YT, Sorsa T. Activation of latent human neutrophil collagenase 
by reactive oxygen species and serine proteases. Biochem Biophys Res Commun 1990; 171: 979—987. 

 
355. Safkan-Seppälä B, Sorsa T, Tervahartiala T, Beklen A, Konttinen YT. Collagenases in gingival crevicular fluid 

in type 1 diabetes mellitus. J Periodontol 2006; 77: 189—194. 
 

356. Sahingur SE, Cohen RE. Analysis of host responses and risk for disease progression. Periodontol 2000 2004; 
34: 57—83. 

 
357. Saikku P, Paavonen J. Klamydiat. In book: Mikrobiologia ja infektiosairaudet. Kirja 1. Huovinen P, Meri S, 

PeltolaH, Vaara M, Vaheri A, Valtonen V (eds.). 1st edition. Duodecim. Helsinki 2003; 278—287. 
 

358. Saksela O. Plasminogen activation and regulation of pericellular proteolysis. Biochim Biophys Acta 1985; 
823: 35—65. 

 
359. Salonen JI, Paunio KU. An intracrevicular washing method for collection of crevicular contents. Scand J Dent 

Res 1991; 99: 406—412. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Saari+H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Suomalainen+K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Lindy+O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Konttinen+YT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Safkan%2DSeppala+B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Sorsa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Tervahartiala+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Beklen+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Konttinen+YT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Salonen+JI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Paunio+KU%22%5BAuthor%5D


 107

 
360. Salvi GE, Yalda B, Collins JG, Jones BH, Smith FW, Arnold RR, Offenbacher S. Inflammatory mediator 

response as a potential risk marker for periodontal diseases in insulin-dependent diabetes mellitus patients. J 
Periodontol 1997; 68: 127—135. 

 
361. Sandholm L, Tolo K, Olsen I. Salivary IgG, a parameter of periodontal disease activity? High responders to 

Actinobacillus actinomycetemcomitans Y4 in juvenile and adult periodontitis. J Clin Periodontol 1987; 14: 
289—294. 

 
362. Scabbia A, Cho K-S, Sigurdsson TJ, Kim C-K, Trombelli L. Cigarette smoking negatively affect healing 

response following flap debridement surgery. J Periodontol 2001; 72: 43—49. 
 

363. Schroeder HE, Listgarten MA. The gingival tissues: the architecture of periodontal protection. Periodontol 
2000 1997; 13: 91—120. 

 
364. Schumann G, Dominick HC, Hellmann D, Klauke R, Mockesch M, Stekel H, von Schenck H, Kraft M, Nagel 

R, Hanseler E. Alkaline phosphatase activity: new assay for the Reflotron system. Results of the evaluation in 
eight clinical laboratories. Clin Chem Lab Med 2001; 39: 71—78. 

 
365. Seguier S, Gogly B, Bodineau A, Godeau G, Brousse N. Is collagen breakdown during periodontitis linked to 

inflammatory cells and expression of matrix metalloproteinases and tissue inhibitors of metalloproteinases in 
human gingival tissue? J Periodontol 2001; 72: 1398—1406. 

 
366. Seltzer JL, Adams SA, Grant GA, Eisen AZ. Purification and properties of a gelatin-specific neutral protease 

from human skin. J Biol Chem 1981; 256: 4662—4668. 
 

367. Sengupta S, Fine J, Wu-Wang CY, Gordon J, Murty VL, Slomiany A, Slomiany BL. The relationship of 
prostaglandins to cAMP, IgG, IgM and alpha-2-macroglobulin in gingival crevicular fluid in chronic adult 
periodontitis. Arch Oral Biol 1990; 35: 593—596. 

 
368. Sheiham A, Smales FC, Cushing AM, Cowell CR. Changes in periodontal health in a cohort of British workers 

over a 14-year period. Br Dent J 1986; 160: 125—127. 
 

369. Sheiham A. Is the chemical prevention of gingivitis necessary to prevent severe periodontitis? Periodontol 
2000 1997; 15: 15—24. 

 
370. Shimada K, Mizuno T, Uchida T, Kato T, Ito K, Murai S. Relationship between levels of aspartate 

aminotransferase in gingival crevicular fluid and conventional measures of periodontal status assessed using 
PocketWatch™: a cross-sectional study. J Oral Sci 1999; 4: 35—40. 

 
371. Shimada K, Mizuno T, Ohshio K, Kamaga M, Murai S, Ito K. Analysis of aspartate aminotransferase in 

gingival crevicular fluid assessed by using PocketWatch: a longitudinal study with initial therapy. J Clin 
Periodontol 2000; 27: 819—823. 

 
372. Sibraa PD, Reinhardt RA, Dyer JK, DuBois LM. Acute-phase protein detection and quantification in gingival 

crevicular fluid by direct and indirect immunodot. J Clin Periodontol 1991; 18: 101—106. 
 

373. Skowasch D, Yeghiazaryan K, Schrempf S, Golubnitschaja O, Welsch U, Preusse CJ, Likungu JA, Welz A, 
Luderitz B, Bauriedel G. Persistence of Chlamydia pneumoniae in degenerative aortic valve stenosis indicated 
by heat shock protein 60 homologues. J Heart Valve Dis 2003; 12: 68—75. 

 
374. Slots J. Herpesviruses in periodontal diseases. Periodontol 2000 2005; 38: 33—62. 

 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sandholm+L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Tolo+K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Olsen+I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Sheiham+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Smales+FC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Cushing+AM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Cowell+CR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Sheiham+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Skowasch+D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Yeghiazaryan+K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Schrempf+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Golubnitschaja+O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Welsch+U%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Preusse+CJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Likungu+JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Welz+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Luderitz+B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Bauriedel+G%22%5BAuthor%5D


 108

375. Smith AJ, Smith G, Basu MK, Walsh TF. Changes in salivary peroxidase activity observed during 
experimentally-induced gingivitis. J Clin Periodontol 1984; 11: 373—378. 

 
376. Smith AJ, Addy M, Embery G. Gingival crevicular fluid glycosaminoglycan levels in patients with chronic 

adult periodontitis. J Clin Periodontol 1995; 22: 355—361. 
 

377. Smith AJ, Alexander M, Mackenzie D, Lennon A, Riggio MP, MacFarlane TW. Microbial factors and gingival 
crevicular fluid aspartate aminotransferase levels. A cross-sectional study. J Clin Periodontol 1998; 25: 334—
339. 

 
378. Socransky SS, Haffajee AD. Microbial mechanisms in the pathogenesis of destructive periodontal disease: a 

critical assessment. J Periodontal Res 1991; 26: 195—209. 
 

379. Socransky SS, Haffajee AD. The bacterial etiology of destructive periodontal disease: current concepts. J 
Periodontol 1992; 63: 322—331. 

 
380. Socransky SS, Haffajee AD. Evidence of bacterial etiology: a historical perspective. Periodontol 2000 1994; 5: 

7—25. 
 

381. Socransky SS, Haffajee AD. Dental biofilms: difficult therapeutic targets. Periodontol 2000 2002; 28: 12—55. 
 

382. Sodek JA, Overall M. Matrix degradation in hard and soft connective tissues. In: Davidovitch Z (ed.). The 
biological mechanisms of tooth eruption and root resorption. EBSCO Media. Alabama 1988: 303—311. 

 
383. Sorsa T, Uitto VJ, Suomalainen K, Turto H, Lindy S. A trypsin-like protease from Bacteroides gingivalis: 

partial purification and characterization. J Periodontal Res 1987; 22: 375—380. 
 

384. Sorsa T, Uitto VJ, Suomalainen K, Vauhkonen M, Lindy S. Comparison of interstitial collagenases from 
human gingiva, sulcular fluid and polymorphonuclear leukocytes. J Periodontal Res 1988; 23: 386—393. 

 
385. Sorsa T, Ingman T, Suomalainen K, Haapasalo M, Konttinen YT, Lindy O, Saari H, Uitto VJ. Identification of 

proteases from periodontopathogenic bacteria as activators of latent human neutrophil and fibroblast-type 
interstitial collagenases. Infect Immun 1992a; 60: 4491—4495. 

 
386. Sorsa T, Ingman T, Suomalainen K, Halinen S, Saari H, Konttinen YT, Uitto VJ, Golub LM. Cellular source 

and tetracycline-inhibition of gingival crevicular fluid collagenase of patients with labile diabetes mellitus. J 
Clin Periodontol 1992b; 19: 146—149. 

 
387. Sorsa T, Ding Y, Salo T, Lauhio A, Teronen O, Ingman T, Ohtani H, Andoh N, Takeha S, Konttinen YT. 

Effects of tetracyclines on neutrophil, gingival, and salivary collagenases. A functional and western-blot 
assessment with special reference to their cellular sources in periodontal diseases. Ann N Y Acad Sci 1994; 
732: 112—131. 

 
388. Sorsa T, Ding YL, Ingman T, Salo T, Westerlund U, Haapasalo M, Tschesche H, Konttinen YT. Cellular 

source, activation and inhibition of dental plaque collagenase. J Clin Periodontol 1995; 22: 709—717. 
 

389. Sorsa T, Salo T, Koivunen E, Tyynelä J, Konttinen YT, Bergmann U, Tuuttila A, Niemi E, Teronen O, 
Heikkilä P, Tschesche H, Leinonen J, Osman S, Stenman UH. Activation of type IV procollagenases by human 
tumor-associated trypsin-2. J Biol Chem 1997; 272: 21067—21074. 

 
390. Sorsa T, Tjäderhane L, Salo T. Matrix metalloproteinases (MMPs) in oral diseases. Oral Dis 2004a; 10: 311—

318. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Ding+YL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Ingman+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Salo+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Westerlund+U%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Haapasalo+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Tschesche+H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Konttinen+YT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Sorsa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Salo+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Koivunen+E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Tyynela+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Konttinen+YT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Bergmann+U%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Tuuttila+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Niemi+E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Teronen+O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Heikkila+P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Tschesche+H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Leinonen+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Osman+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Stenman+UH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Tjaderhane+L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Salo+T%22%5BAuthor%5D


 109

 
391. Sorsa T, Tervahartiala T, Stenman M, Suomalainen K, Mäntylä P. Chair-side diagnostic point-of-care MMP-

tools in periodontitis and peri-implantitis. In: Lone Schou (ed.). Nordic Dentistry 2004. Quintessence 
Publishing Co Ltd. Copenhagen 2004b: 79—95. 

 
392. Sorsa T, Golub LM. Is the excessive inhibition of matrix metalloproteinases (MMPs) by potent synthetic MMP 

inhibitors (MMPIs) desirable in periodontitis and other inflammatory diseases? That is: 'Leaky' MMPIs vs 
excessively efficient drugs. Oral Dis 2005; 11: 408—409. Comment on: J Periodontal Res 2004; 39: 269—
274. 

 
393. Sternlicht MD, Werb Z. How matrix metalloproteinases regulate cell behavior. Annu Rev Cell Dev Biol 2001; 

17: 463—516. 
 

394. Stoltenberg JL, Osborn JB, Pihlström BL, Herzberg MC, Aeppli DM, Wolff LF, Fischer GE. Association 
between cigarette smoking, bacterial pathogens, and periodontal status. J Periodontol 1993; 64: 1225—1230. 

 
395. Stöcker W, Grams F, Baumann U, Reinemer P, Gomis-Ruth FX, McKay DB, Bode W. The metzincins – 

topological and sequential relations between the astacins, adamalysins, serralysins, and matrixins 
(collagenases) define a superfamily of zinc-peptidases. Protein Sci 1995; 4: 823—840. 

 
396. Suomalainen K, Sorsa T, Saxen L, Vauhkonen M, Uitto VJ. Collagenase activity in gingival crevicular fluid of 

patients with juvenile periodontitis. Oral Microbiol Immunol 1991; 6: 24—29. 
 

397. Suomalainen K. Relationship of collagenase and cathepsin G activity in gingival crevicular fluid. Scand J Dent 
Res 1992; 100: 216—221. 

 
398. Söder B. Neutrophil elastase activity, levels of prostaglandin E2, and matrix metalloproteinase-8 in refractory 

periodontitis in smokers and non-smokers. Acta Odontol Scand 1999; 57: 77—82. 
 

399. Söder B, Jin LJ, Wickholm S. Granulocyte elastase, matrix metalloproteinase-8 and prostaglandin E2 in 
gingival crevicular fluid in matched clinical sites in smokers and non-smokers with persistent periodontitis. J 
Clin Periodontol 2002; 29: 384—391. 

 
400. Talonpoika JT, Söderling E, Paunio K. Characterization of fibronectin and fibrin(ogen) fragments in gingival 

crevicular fluid. Scand J Dent Res 1993; 101: 26—32. 
 

401. Talonpoika JT, Hämäläinen MM. Type I collagen carboxyterminal telopeptide in human gingival crevicular 
fluid in different clinical conditions and after periodontal treatment. J Clin Periodontol 1994; 21: 320—326. 

 
402. Tanner ACR, Izard J. Etiology of oral disease in view of microbial complexity. Oral Biosciences & Medicine 

2005; 2: 209—213. 
 

403. Teng YT, Sodek J, McCulloch CA. Gingival crevicular fluid gelatinase and its relationship to periodontal 
disease in human subjects. J Periodontal Res 1992; 27: 544—552. 

 
404. Teronen O, Heikkilä P, Konttinen YT, Laitinen M, Salo T, Hanemaaijer R, Teronen A, Maisi P, Sorsa T. MMP 

inhibition and downregulation by bisphosphonates. Ann N Y Acad Sci 1999; 878: 453—465. 
 

405. Tervahartiala T, Kontinen YT, Ingman T, Häyrinen-Immonen R, Ding Y, Sorsa T. Cathepsin G in gingival 
tissue and crevicular fluid in adult periodontitis. J Clin Periodontol 1996; 23: 68—75. 

 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Sorsa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Golub+LM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15206921&itool=pubmed_Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15206921&itool=pubmed_Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Teronen+O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Heikkila+P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Konttinen+YT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Laitinen+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Salo+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Hanemaaijer+R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Teronen+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Maisi+P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+T%22%5BAuthor%5D


 110

406. Tervahartiala T, Pirilä E, Ceponis A, Maisi P, Salo T, Tuter G, Kallio P, Törnwall J, Srinivas R, Konttinen YT, 
Sorsa T. The in vivo expression of the collagenolytic matrix metalloproteinases (MMP-2, -8, -13, and -14) and 
matrilysin (MMP-7) in adult and localized juvenile periodontitis. J Dent Res 2000; 79: 1969—1977 

 
407. Tervahartiala T, Koski H, Xu JW, Häyrinen-Immonen R, Hietanen J, Sorsa T, Konttinen YT. Tumor necrosis 

factor-alpha and its receptors, p55 and p75, in gingiva of adult periodontitis. J Dent Res 2001; 80: 1535—
1539. Erratum in: J Dent Res 2001; 80: 1684. 

 
408. Tervahartiala T. Tumor necrosis factor-α and matrix metalloproteinases in human periodontal tissue 

destruction. PhD-Thesis. University of Helsinki. Yliopistopaino. Helsinki, Finland 2003. 
 

409. The American Academy of Periodontology. Proceedings of the World Workshop in Clinical Periodontics. The 
American Academy of Periodontology 1989; I/23—I/24. 

 
410. Tomar SL, Asma S. Smoking-attributable periodontitis in the United States: findings from NHANES III. 

National Health and Nutrition Examination Survey. J Periodontol 2000; 71: 743—751. 
 

411. Tonetti MS. Molecular factors associated with compartmentalization of gingival immune responses and 
transepithelial neutrophil migration. J Periodontal Res 1997; 32: 104—109. 

 
412. Tonetti MS, Imboden MA, Lang NP. Neutrophil migration into the gingival sulcus is associated with 

transepithelial gradients of interleukin-8 and ICAM-1. J Periodontol 1998; 69: 1139—1147. 
 

413. Tran T, Flynn MJ, Chen C, Slots J. Absence of Porphyromonas asaccharolytica, Bacteroides fragilis and 
Chlamydia pneumoniae in human subgingival plaque. Oral Microbiol Immunol 1997; 12: 377—378. 

 
414. Tsai CC, Ho YP, Chen CC. Levels of interleukin-1 beta and interleukin-8 in gingival crevicular fluids in adult 

periodontitis. J Periodontol 1995; 66: 852—859. 
 

415. Tüter G, Kurtis B, Serdar M. Effects of phase I periodontal treatment on gingival crevicular fluid levels of 
matrix metalloproteinase-1 and tissue inhibitor of metalloproteinase-1. J Periodontol 2002; 73: 487—493. 

 
416. Uitto VJ, Suomalainen K, Sorsa T. Salivary collagenase. Origin, characteristics and relationship to periodontal 

health. J Periodontal Res 1990; 25: 135—142. 
 

417. Uitto VJ, Nieminen A, Coil J, Hurttia H, Larjava H. Oral fluid elastase as an indicator of periodontal health. J 
Clin Periodontol 1996; 23: 30—37. 

 
418. Uitto VJ, Airola K, Vaalamo M, Johansson N, Putnins EE, Firth JD, Salonen J, Lopez-Otin C, Saarialho-Kere 

U, Kähäri VM. Collagenase-3 (matrix metalloproteinase-13) expression is induced in oral mucosal epithelium 
during chronic inflammation. Am J Pathol 1998; 152: 1489—1499. 

 
419. Uitto VJ, Salonen JI, Firth JD, Jousimies-Somer H, Saarialho-Kere U. Matrilysin (matrix metalloproteinase-7) 

expression in human junctional epithelium. J Dent Res 2002; 81: 241—246. 
 

420. Uitto VJ, Overall CM, McCulloch C. Proteolytic host cell enzymes in gingival crevice fluid. Periodontol 2000 
2003; 31: 77—104. 

 
421. Valleala H, Teronen O, Friman C, Sorsa T, Solovieva S, Konttinen YT. Inhibition of collagenase by a 

bisphosphonate-group drug in patients with rheumatoid arthritis. J Rheumatol 2000; 27: 1570—1572. 
 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Tomar+SL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Asma+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Tonetti+MS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Valleala+H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Teronen+O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Friman+C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Solovieva+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Konttinen+YT%22%5BAuthor%5D


 111

422. Van Wart HE, Birkedal-Hansen H. The cysteine switch: a principle of regulation of metalloproteinase activity 
with potential applicability to the entire matrix metalloproteinase gene family. Proc Natl Acad Sci USA 1990; 
87: 5578—5582. 

 
423. Vernal R, Dutzan N, Chaparro A, Puente J, Antonieta Valenzuela M, Gamonal J. Levels of interleukin-17 in 

gingival crevicular fluid and in supernatants of cellular cultures of gingival tissue from patients with chronic 
periodontitis. J Clin Periodontol 2005; 32: 383—389. 

 
424. Villela B, Cogen RB, Bartolucci AA, Birkedal-Hansen H. Collagenolytic activity in crevicular fluid from 

patients with chronic adult periodontitis, localized juvenile periodontitis and gingivitis, and from healthy 
control subjects. Periodontal Res 1987; 22: 381—389. 

 
425. Volanen I, Järvisalo MJ, Vainionpää R, Arffman M, Kallio K, Angle S, Rönnemaa T, Viikari J, Marniemi J, 

Raitakari OT, Simell O. Increased aortic intima-media thickness in 11-year-old healthy children with persistent 
Chlamydia pneumoniae seropositivity. Arterioscler Thromb Vasc Biol 2006; [Epub ahead of print]. 

 
426. Waddington RJ, Embery G, Smith AJ. Immunochemical detection of the proteoglycans decorin and biglycan 

in human gingival crevicular fluid from sites of advanced periodontitis. Arch Oral Biol 1998; 43: 287—295. 
 

427. Wahlgren J, Maisi P, Sorsa T, Sutinen M, Tervahartiala T, Pirilä E, Teronen O, Hietanen J, Tjäderhane L, Salo 
T. Expression and induction of collagenases (MMP-8 and -13) in plasma cells associated with bone-destructive 
lesions. J Pathol 2001; 194: 217—224. 

 
428. Walker SJ, Van Dyke T, Rich S, Kornman KS, Hart TC. Genetic polymorphism of the IL-1α and IL-1β genes 

in African-American LJP patients and an African-American control population. J Periodontol 2000; 71: 723—
728. 

 
429. Weiss SJ. Tissue destruction by neutrophils. N Engl J Med 1989; 320: 365—376. 

 
430. Westerlund U, Ingman T, Lukinmaa PL, Salo T, Kjeldsen L, Borregaard N, Tjäderhane L, Konttinen YT, 

Sorsa T. Human neutrophil gelatinase and associated lipocalin in adult and localized juvenile periodontitis. J 
Dent Res 1996; 75: 1553—1563. 

 
431. Wilson TG Jr, Nunn M. The relationship between interleukin-1 periodontal genotype and implant loss. Initial 

data. J Periodontol 1999; 70: 724—729. 
 

432. Wilton JM, Bampton JL, Hurst TJ, Caves J, Powell JR. Interleukin-1 beta and IgG subclass concentrations in 
gingival crevicular fluid from patients with adult periodontitis. Arch Oral Biol 1993; 38: 55—60. 

 
433. Wong MY, Lu CL, Liu CM, Hou LT, Chang WK. Relationship of the subgingival microbiota to a chairside 

test for aspartate aminotransferase in gingival crevicular fluid. J Periodontol 1999; 70: 57—62. 
 

434. Worm HC, Wirnsberger GH, Mauric A, Holzer H. High prevalence of Chlamydia pneumoniae infection in 
cyclosporin A-induced post-transplant gingival overgrowth tissue and evidence for the possibility of persistent 
infection despite short-term treatment with azithromycin. Nephrol Dial Transplant 2004; 19: 1890—1894. 

 
435. Yamalik N, Caglayan F, Kilinc K, Kilinc A, Tumer C. The importance of data presentation regarding gingival 

crevicular fluid myeloperoxidase and elastase-like activity in periodontal disease and health status. J 
Periodontol 2000; 71: 460—467. 

 
436. Yin X, Bunn CL, Bartold PM. Detection of tissue plasminogen activator (t-PA) and plasminogen activator 

inhibitor 2 (PAI-2) in gingival crevicular fluid from healthy, gingivitis and periodontitis patients. J Clin 
Periodontol 2000; 27: 149—156. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Vernal+R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Dutzan+N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Chaparro+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Puente+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Antonieta+Valenzuela+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Gamonal+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Volanen+I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Jarvisalo+MJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Vainionpaa+R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Arffman+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Kallio+K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Angle+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Ronnemaa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Viikari+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Marniemi+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Raitakari+OT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Simell+O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Waddington+RJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Embery+G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Smith+AJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Wahlgren+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Maisi+P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sorsa+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sutinen+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Tervahartiala+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Pirila+E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Teronen+O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Hietanen+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Tjaderhane+L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Salo+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Salo+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Weiss+SJ%22%5BAuthor%5D


 112

 
437. Yucekal-Tuncer B, Uygur C, Firatli E. Gingival crevicular fluid levels of aspartate amino transferase, sulfide 

ions and N-benzoyl-DL-arginine-2-naphthylamide in diabetic patients with chronic periodontitis. J Clin 
Periodontol 2003; 30: 1053—1060. 

 
438. Zambon JJ, Nakamura M, Slots J. Effect of periodontal therapy on salivary enzymatic activity. J Periodontal 

Res 1985; 20: 652—659. 
 

439. Zambon JJ, Haraszthy VI. The laboratory diagnosis of periodontal infections. Periodontol 2000 1995; 7: 69—
82. 

 
440. Zhou H, McCombs GB, Darby ML, Marinak K. Sulphur by-product: the relationship between volatile sulphur 

compounds and dental plaque-induced gingivitis. J Contemp Dent Pract 2004; 5: 27—39. 
 


	CONTENTS
	1 LIST OF ORIGINAL PUBLICATIONS
	2 ABBREVIATIONS
	3 ABSTRACT
	4 INTRODUCTION
	5 REVIEW OF THE LITERATURE
	6 AIMS OF THE STUDY
	7 MATERIALS AND METHODS
	8 RESULTS
	9 DISCUSSION
	10 CONCLUSIONS
	11 ACKNOWLEDGEMENTS
	12 REFERENCES

