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Introduction 

Mankind has known periodontitis as a disease entity for more than 5000 years 

(Highfield, 2009).  

Nowadays beside dental caries Periodontal disease is one of the most prevalent 

diseases worldwide, Severe periodontitis, which may result in tooth loss, is found in 5–

20% of most adult populations worldwide (Albandar, 2005). Children and adolescents 

can have any of the several forms of periodontitis such as aggressive periodontitis, 

chronic periodontitis, and periodontitis as a manifestation of systemic diseases 

(Armitage GC et al 2000).  

Periodontal diseases include gingivitis (in which the inflammation is confined to the 

gingiva, and is reversible with good oral hygiene) and periodontitis (in which the 

inflammation extends and results in tissue destruction and alveolar bone resorption). (P. 

M. Preshaw et al 2012). 

Although periodontal diseases are initiated by bacteria, the host response is believed to 

play an essential role in the breakdown of connective tissue and bone. Microbial 

antigens and virulence factors elicit an inflammatory and immune reaction, in which both 

innate and adaptive immune responses are, involved (Graves, 2008). 

Periodontitis occurs when inflammatory changes reach the periodontal ligament and 

alveolar bone and changes are irreversible and destructive, ultimately leading to tooth 

loss (Lindhe et al, 2008). 

Progression of this disease occurs due to a combination of factors, including the 

presence of periodontopathic bacteria, high levels of proinflammatory cytokines, matrix 

metalloproteinases (MMPs), prostaglandin E2 (PGE2), low levels of anti-inflammatory 

cytokines including inter- leukin-10 (IL-10), transforming growth factor (TGF-β) and 

tissue inhibitors of MMPs (TIMPs) (Gemmell and Seymour, 2004). 

The response differs among individuals, depending on potential variations in cytokine 

and other antimicrobial responses, environmental factors, and the subjects‘ genetics 

make up. the host response to the bacterial challenge includes the action and 

stimulation of various inflammatory cell types as well as of resident cells of the tissue 

(Page and Komman, 2000).  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Preshaw%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=22057194
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Knowledge about the contributing risk factors toward periodontitis is therefore essential 

for effective management and maintenance (Kulkarni and Kinane, 2014). 

Etiology of periodontal disease 

Our mouths are full of bacteria. These bacteria, along with mucus and other particles, 

constantly form a sticky, colorless ―plaque‖ on teeth. (Sarang Suresh 2013). 

Pathologic entities caused by the interaction of bacterial plaque and the host, this 

interaction results in destruction of the supporting alveolar bone and connective tissue. 

Although bacterial plaque has been implicated as the primary etiologic agent in most 

forms of periodontal disease, there are local and systemic factors which may modify 

both microbial and host components. (Caton JG, et al. 1991). 

Dental plaque is an archetypical biofilm composed of a complex microbial community. It 

is the etiological agent for major dental diseases such as dental caries and periodontal 

disease. The clinical picture of these dental diseases is a net result of the cross-talk 

between the pathogenic dental plaque biofilm and the host tissue response. In the 

healthy state, both plaque biofilm and adjacent tissues maintain a delicate balance, 

establishing a harmonious relationship between the two.(Seneviratne CJ, et al.2011) 

 

Risk factors of periodontal disease 

A risk factor can be defined as an occurrence or characteristic that 

hasbeen associated with the increased rate of a subsequently occurring disease. It is 

important to make the distinction that risk factors are associated with a disease but do 

not necessarily cause the disease. Risk factors may be modifiable or non-modifiable. 

Modifiable risk factors are usually environmental or behavioral in nature whereas non-

modifiable risk factors are usually intrinsic to the individual and therefore not easily 

changed. Non-modifiable risk factors are also known as determinants. (Thomas E. Van 

Dyke, et al 2005). 

Risk factors play an important role in an individual‘s response to periodontal infection. 

Identification of these risk factors helps to target patients for prevention and treatment, 

with modification of risk factors critical to the control of periodontal disease. Shifts in our 

understanding of periodontal disease prevalence, and advances in scientific 

methodology and statistical analysis in the last few decades, have allowed identification 

of several major systemic risk factors for periodontal disease. (Robert J. Genco. et al 

2013) 
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Modifiable risk factors 

1) Oral hygiene and dental plaque 

 

Oral cavity represents an ideal environment for the microbial cell growth, 

persistence, and dental plaque establishment. The presence of different 

microniches leads to the occurrence of different biofilm communities, formed on 

teeth surface, above gingival crevice or at subgingival level, on tongue, mucosa 

and dental prosthetics too. The healthy state is regulated by host immune system 

and interactions between microbial community members, maintaining the 

predominance of ―good‖ microorganisms. When the complexity and volume of 

biofilms from the gingival crevice increase, chronic pathological conditions such 

as gingivitis and periodontitis can occur, predisposing to a wide range of 

complications. Bacteria growing in biofilms exhibit a different behavior compared 

with their counterpart, respectively planktonic or free cells. There have been 

described numerous mechanisms of differences in antibiotic susceptibility of 

biofilm embedded cells. Resistance to antibiotics, mediated by genetic factors or, 

phenotypical, due to biofilm formation, called also tolerance, is the most 

important cause of therapy failure of biofilm-associated infections, including 

periodontitis; the mechanisms of tolerance are different, the metabolic low rate 

and cell‘s dormancy being the major ones. The recent progress in science and 

technology has made possible a wide range of novel approaches and advanced 

therapies, aiming the efficient management of periodontal disease. (Veronica 

Lazar et al 2017). 

 

2) Smoking 

The relationship between smoking and periodontal health was investigated as early as 

the middle of last century. Smoking is an independent risk factor for the initiation, extent 

and severity of periodontal disease. Additionally, smoking can lower the chances for 

successful treatment. Cross-sectional and longitudinal data provide strong support for 

the statement that the risk of developing periodontal disease as measured by clinical 

attachment loss and alveolar bone loss increases with increased smoking. (Borojevic T 

2012) 

Tobacco smoke contains many cytotoxic substances such as nicotine, which can 

penetrate the soft tissue of oral cavity, adhere to the tooth surface or enter to the blood 

stream. Potential molecular and cellular mechanisms in the pathogenesis of smoking 

associated periodontal diseases has been reported and these include, immuno-

suppression, exaggerated inflammatory cell responses, and impaired stromal cell 

functions of oral tissues. The association between cigarette smoking and periodontal 

diseases represent a significant oral health problem. (Gautam DK et al 2011). 

 



3) Diabetes mellitus  

Diabetes has been unequivocally confirmed as a major risk factor for periodontitis. The 

risk of periodontitis is increased by approximately threefold in diabetic 

individualscompared with non-diabetic individuals. The level of glycaemic control is of 

keyimportance in determining increased risk.) P. M. Preshawet al 2012). 

Most striking changes in uncontrolled diabetes are reduction in defense mechanism and 

increased susceptibility to infection leading to destructive periodontal disease. 

According to the opinion of many clinicians, periodontal disease in diabetics follows no 

consistent pattern. Very severe gingival inflammation, deep periodontal pockets, rapid 

bone loss, and frequent periodontal abscess often occur in diabetic patients with poor 

oral hygiene. (Rajkumar Daniel et al 2012). 

 

4) Psychological factors 

Clinical observations and epidemiologic studies suggest that some negative life events 

and psychological factors may contribute to an increased susceptibility to periodontal 

disease. (Peruzzo DC 2007). 

It is a fact that stress and/or depression has a significant impact on host's immune 

response, and on another side, it also affect a large section of the modern population. 

(Zareen Fatima et al 2016). 

Emotional stress can modulate the immune system through the neural and endocrine 

systems in at least three different ways: 

* Through the autonomic nervous system path ways 

* Through the release of neuropeptides 

* Through the release of hypothalamic and pituitary hormones. 

(SachinGoyal et al 2013). 

5) Obesity 

 Prevalence of overweight and obesity are considered as factors associated to other 

chronic diseases related to the reduction in quality of life and increase in mortality. In 

addition to relating obesity to general chronic diseases, several authors have also 

performed studies to identify the association between overweight and/or obesity and 

alterations in the mouth (local diseases) such as periodontal disease. (NuriaPatiño-

Marín 2010). 

The oral health of subjects with overweight-obesity should be supervised and checked 

in order to prevent oral alterations. (Zermeño-Ibarra JA 2010). 
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6) Socioeconomic status 

It has long been reported that periodontal diseases are more frequent and more severe 

among individuals of low socioeconomic status (SES) than among their peers of higher 

SES. However, the nature of the association between periodontal disease and the 

socioeconomic indicators assessed (i.e., income, education) has rarely been the focus 

of investigations. In fact, socioeconomic indicators are usually included as covariates in 

analyses of factors associated with periodontal disease. (Luisa N. Borrell et al 2006). 

7) Hormonal factors 

The androgens and oestrogens have predominantly anabolic functions in stimulating 

matrix synthesis, which is applicable to periodontal repair and medication-induced 

gingival overgrowth. Oestrogen and progesterone can contribute to pregnancy gingivitis; 

long-term use of hormonal contraceptives can accelerate progression of periodontal 

disease. (St Thomas et al 2000). 

Gingival inflammation is greater during pregnancy than postpartum and its onset is 

correlated with an increase in circulaiting levels of estrogen and progesterone. A 

relationship between female sex hormone levels and periodontal changes during 

puberty and menopause has been postulated. A relationship has been observed 

between gingival inflammation and oral contraceptives; women taking the pill show an 

increase in gingival exudate. (Deasy MJ et al 1976). 

8) HIV 

Patients with severe immunosuppression as a consequence of infection by human 

immunodeficiency virus (HIV) are at risk for a number of severe periodontal diseases. 

HIV-associated gingivitis and HIV-associated periodontitis (HIV-P) are seen exclusively 

in HIV-infected persons. (Winkler JR et al 1992). 

HIV-gingivitis, now called linear gingival erythema, and HIV-periodontitis, now called 

necrotizing ulcerative periodontitis, have microbiology profiles similar to conventional 

adult periodontitis, although these lesions are quite different clinically. (Murray PA 

1994). 

The alteration manifests as the absence of the expected strong correlation between 

polymorphonuclear leukocyte activity in the gingival crevice and clinical measures of 

existing periodontal disease, as well as elevated levels of interleukin‐1β in sites with 

deeper probing depths. Therefore, it can be concluded that the progression of 

periodontal disease in the presence of HIV infection is dependent upon the immunlogic 

competency of the host as well as the local inflammatory response to typical and 

atypical subgingival microorganisms. (Dr IB Lamster 2013). 

these lesions requires debridement, local antimicrobial therapy, immediate follow-up 

care, and long-term maintenance. In additional, patients with systemic involvement or 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Winkler%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=1532235


extensive and rapidly progressing lesions may require systemic antibiotics appropriate 

to the organisms that dominate the lesion. (James R.Winkler 1992). 

9) Medications 

Gingival overgrowth or gingival enlargement are terms used to describe drug-related 

gingival lesions that have previously described as gingival hyperplasia or gingival 

hypertrophy; gingival overgrowth is an overarching clinical description which does not 

necessitate a diagnosis based upon the histologic composition of the affected gingival 

tissues. (F. J. Hughes et al 2014). 

The three major drugs causing gingival overgrowth, namely; anticonvulsants, calcium 

channel blockers, and immunosuppressants; have similar mechanism of action at the 

cellular level, where they inhibit intracellular calcium ion influx. The action of these drugs 

on calcium and sodium ion flux may prove to be the key in understanding why three 

dissimilar drugs have a common side effect upon a secondary target tissue, such as 

gingival connective tissue. (VipinBharti and ChhayaBansal 2013). 

Non-modifiable risk factors 

10)  Osteoporosis 

Osteoporosis and periodontitis are both diseases characterized by bone resorption. 

Osteoporosis features systemic degenerative bone loss that leads to loss of skeletal 

cancellous microstructure and subsequent fracture, whereas periodontitis involves local 

inflammatory bone loss, following an infectious breach of the alveolar cortical bone, and 

it may result in tooth loss. (Laurie K. McCauley 2017). 

There is interrelationship between systemic osteoporosis, oral bone loss, tooth loss, and 

periodontal disease.It has been hypothesized that the breakdown of periodontal tissue 

may, in part, be related to systemic conditions that also predispose the patient to 

osteoporosis. (Dr. V. GOPINATH 2016). 

11)  Hematological disorders  

Periodontal diseases are common in leukemic patients and in most cases one of the 

primary diagnostic signs.(LAFZI A. et al 2005). 

Periodontal infection may exacerbate during cancer therapy and may result in oral pain 

and infection, and systemic infection, which may cause morbidity and can lead to 

mortality in neutropenic cancer patients. (J.B.Epstein 2001). 

 

12)  Genetic factors  

Periodontitis is a multifactorial inflammatory disease and both environmental and 

genetic factors play a major role in the progression of the disease with consequent 

tissue destruction. (Maélson K da Silva et al 2017). 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Bharti%20V%5BAuthor%5D&cauthor=true&cauthor_uid=23869123
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bansal%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23869123
https://www.ncbi.nlm.nih.gov/pubmed/?term=McCauley%20LK%5BAuthor%5D&cauthor=true&cauthor_uid=27696284
https://www.sid.ir/En/Journal/SearchPaper.aspx?writer=22654
https://www.sciencedirect.com/science/article/abs/pii/S1368837501000252#!


Periodontal disease is a polymicrobial in origin which is highly governed by host 

response, environmental factors, and genetic factors. There are chromosome regions 

that potentially harbor susceptibility genes for periodontal diseases. (Anand NW et al 

2017). 

Periodontitis  has  a  common  and  interlink  relation with  syndromes  which  may  or  

may  not  be  present with  syndromes  but  when  present,  syndromes  bring up  

structural  and  functional  changes  on  periodontium. Syndromes  such  as  Chèdiak–

Higashi  syndrome, lazy  leukocyte  syndrome,  leukocyte  adhesion deficiency  (LAD),  

Papillon‑ Lefèvre  syndrome,  and Down  syndrome showed the  features of  

periodontitis. (Wankhede, et al 2017). 

13)  Sex  

Periodontitis has a documented higher prevalence in men as compared to women 

signifying a possible sex/gender entanglement in the disease pathogenesis. (Effie 

Ioannidou 2017). 

Classification of periodontal disease  

1) Gingival disease 

Gingivitis means inflammation of the gums, or gingiva. It commonly occurs because a 

film of plaque, or bacteria, accumulates on the teeth. There are two main categories of 

gingival diseases:Dental plaque-induced gingival disease and Non-plaque induced 

gingival lesions. (Christian N. 2018). 

Many people aren‘t aware that they have gingivitis. It‘s possible to have gum disease 

without any symptoms. (Christine Frank 2017). 

2) Chronic periodontitis  

Chronic periodontitis, share common inflammatory risk factors with other systemic and 

chronic inflammatory disorders. Mucosal tissues, such as oral epithelia, are exposed to 

environmental stressors, such as tobacco and oral bacteria that might be involved in 

promoting a systemic inflammatory state. (Cardoso EMet al 2018). 

Chronic periodontitis is not the chief complaint of a patient when he/she seeks dental 

treatment. The reason is that chronic periodontitis usually progresses painlessly and 

slowly. (Luciana M Shaddox et al 2010). 

https://www.healthline.com/medical-team
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cardoso%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=29065749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shaddox%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=23662085


There is strong evidence that genetic as well as environmental factors affect the 

development of periodontitis, and some suggestion that aggressive and chronic forms of 

the disease share the same genetic predisposition. (P.M. Brettet al 2005). 

 

3) Aggressive periodontitis 

Aggressive periodontitis (AgP) is a severe form of periodontitis characterized by a rapid 

progression of periodontal tissue breakdown in young individuals who are otherwise 

clinically healthy. The prevalence of aggressive periodontitis varies among ages and 

ethnic groups ranging from 0.04% to 3.81% in North America. (N. Allin et al 2016). 

AgP classified into two categories named localized and generalized aggressive 

periodontitis. (AysanLektemurAlpan 2018). 

Localized Aggressive Periodontitis (LAP) is a rare form of inflammatory periodontal 

disease characterized by a rapid rate of progression, dramatic attachment and bone 

loss, on very specific teeth (first molars and incisors), and an early age of onset. 

(SHERIN. N. M et al 2014). 

Generalized aggressive periodontitis (GAgP) is characterized by ―generalized 

interproximal attachment loss affecting at least 3 permanent teeth other than first molars 

and incisors‖. (T. Roshna et al 2012). 

4) Periodontitis as manifestation of systemic disease 

Periodontitis as a manifestation of systemic diseases was defined as one of the 

categories of periodontitis by the 1999 International Workshop for Classification of 

Periodontal Disease and Conditions. It was also further classified into three different 

subgroups, including periodontitis associated with haematological disorders, 

periodontitis associated with genetic disorders, and not otherwise specified 

group. (KeyvanMoharamzadeh 2018). 

https://journals.sagepub.com/action/doSearch?target=default&ContribAuthorStored=Brett%2C+PM
https://www.ncbi.nlm.nih.gov/pubmed/?term=Allin%20N%5BAuthor%5D&cauthor=true&cauthor_uid=26917438
https://www.ncbi.nlm.nih.gov/pubmed/?term=MERCHANT%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=25186780
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Moharamzadeh%2C+Keyvan


5) Necrotizing periodontal disease  

Necrotising periodontal disease is the term used to describe a group of relatively rare 

infections affecting the mouth in which ulceration with necrosis is the common 

feature.There are three major forms: 

Necrotising (ulcerative) gingivitis – affects only the gums 

Necrotising (ulcerative) periodontitis – involves loss of the specialised tissue that 

surrounds and attaches the teeth 

Necrotising stomatitis – in which more extensive mucosal and bone loss occurs beyond 

the gums and tissue surrounding and supporting the teeth. Stomatitis means a sore 

mouth.  (DelwynDyall-Smith 2010). 

Necrotizing ulcerative gingivitis (NUG) and necrotizing ulcerative Periodontitis (NUP) 

share many clinical and etiologic characteristics. Both forms are characterized by 

necrotic gingival tissues, bleeding and pain. Malodor and malaise may be also present. 

NUG is an infection limited to the gingiva whereas NUP also involves the attachment 

apparatus. Predisposing factors may include immune dysfunction, poor oral hygiene, 

cigarette smoking and emotional stress. NUG and NUP might possibly be different 

stages of the same infection. This case report shows the successful treatment of a 

patient suffering from NUP.(Berres F et al 2004) 

6) Abscesses of periodontium 

A periodontal abscess is a localized purulent infection of the periodontal tissues that can 

be a common finding in patients with moderate to severe chronic periodontitis. (Anthony 

W. Chow 2015). 

An abscess can occur with serious gum disease (periodontitis), which causes the gums 

to pull away from the teeth. This leaves deep pockets where bacteria can grow. If tartar 

builds up too much, or if food gets stuck in the pockets, pus forms. If the pus can't drain, 

it forms an abscess. (Healthwise Staff 2018). 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Berres%20F%5BAuthor%5D&cauthor=true&cauthor_uid=15250177
https://myhealth.alberta.ca/Health/aftercareinformation/pages/conditions.aspx?hwid=support-abouthw&#content-team


The most prevalent group of bacteria: P. gingivalis, P. intermedia, B. forsythus, F. 

nucleatum and P. micros. (Vályi P, Gorzó I. FogorvSz 2004). 

The periodontal abscess is the 3rd most frequent dental emergency, and it is specially 

prevalent among untreated periodontal patients and periodontal patients during 

maintenance. Different etiologies have been proposed, and 2 main groups can be 

distinguished, depending on its relation with periodontal pockets. In the case of a 

periodontitis‐related abscess, the condition may appear as an exacerbation of a 

non‐treated periodontitis or during the course of periodontal therapy. In non‐periodontitis 

related abscesses, impactation of foreign objects, and radicular abnormalities are the 2 

main causes. (David Herrera 2001). 

7) Periodontitis associated with endodontic lesions 

The periodontal-endodontic lesions have been characterized by the involvement of the 

pulp and periodontal disease in the same tooth. This makes it difficult to diagnose 

because a single lesion may present signs of both endodontic and periodontal 

involvement. There is a general agreement today that the vast majority of pulpal and 

periodontal lesions are the result of bacterial infection. (Khalid S. Al-Fouzan 2014). 

8) Developmental or acquired deformities and conditions  

Localized Tooth-Related Factors That Modify or Predispose to Plaque-Induced Gingival 

Diseases or Periodontitis In general, these factors  are considered to be those local 

factors that contribute to the initiation and progression of periodontal disease, these 

factors fall into these subgroups. 

 Tooth Anatomic factors 

 Dental Restorations or Appliances 

 Root fractures 

 Cervical Root Resorption and cemental Tears. (George R. Deeb 2017). 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Herrera%2C+David
https://www.hindawi.com/91670341/
https://www.researchgate.net/profile/George_Deeb2


The presence of mucogingival deformities often have an impact on patients in terms of 

esthetics and function. The variety of the conditions makes it difficult to place gingival 

and alveolar mucosa deformities under a single definition. Mucogingival deformities, as 

defined in this paper, may be congenital, developmental, or acquired defects. These 

may occur around natural teeth or implants and in edentulous ridges. They may be 

localized to soft tissues or be associated with defects in the underlying bone. They may 

show different degrees of severity and extension. A classification of mucogingival 

deformities should provide a method for identifying the different conditions in order to 

improve diagnosis, etiologic identification, research, treatment, and insurance 

evaluation. (Pini Prato G 1999). 

Inflammatory and immune pathways in the pathogenesis of 
periodontal disease 

Inflammation is a process by which the body's white blood cells and substances they 

produce protect us from infection with foreign organisms, such as bacteria and viruses. 

(David Zelman 2018). 

It can be beneficial when, for example, your knee sustains a blow and tissues need care 

and protection. However, sometimes, inflammation can persist longer than necessary, 

causing more harm than benefit. (Christian Nordqvist 2017). 

The pathogenesis of periodontal diseases is mediated by the inflammatory response to 

bacteria in the dental biofilm. However, identification of the true ‗pathogens‘ in 

periodontitis has been elusive. There is evidence that specific microbes are associated 

with the progressive forms of the disease; however, the presence of these 

microorganisms in individuals with no evidence of disease progression suggests that 

the disease is the net effect of the immune response and the inflammatory processes, 

not the mere presence of the bacteria. Regulation of immune–inflammatory 

mechanisms governs patient susceptibility and is modified by environmental factors. (Ali 

Cekici et al 2014). 
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Inflammatory mediators in the pathogenesis of periodontitis. 

Periodontitis is a chronic inflammatory condition of the periodontium involving 

interactions between bacterial products, numerous cell populations and inflammatory 

mediators. It is generally accepted that periodontitis is initiated by complex and diverse 

microbial biofilms which form on the teeth, i.e. dental plaque. Substances released from 

this biofilm such as lipopolysaccharides, antigens and other virulence factors, gain 

access to the gingival tissue and initiate an inflammatory and immune response, leading 

to the activation of host defence cells. As a result of cellular activation, inflammatory 

mediators, including cytokines, chemokines, arachidonic acid metabolites and 

proteolytic enzymes collectively contribute to tissue destruction and bone resorption. 

(Yucel-Lindberg T et al 2013). 

The initial response, acute inflammation, is the physiologic response to the microbial 

challenge to recruit adequate cells to sites of infection through the production of 

cytokines and chemokines. If the infection fails to clear, the chronic lesion is initiated 

with transition to the early lesion. Still an innate immune response pathways are 

stimulated that will activate the adaptive immune response. Innate immunity was 

formerly thought to be nonspecific, characterized by the phagocytosis and digestion of 

microorganisms and foreign substances by macrophages and neutrophils. Phagocytes 

such as macrophages and neutrophils have surface receptors that recognize and bind 

surface molecules of bacteria. These pattern recognition receptors, including the toll-like 

receptors, distinguish between the host and the bacteria. After recognition of 

microorganisms and foreign substances, chemokines are secreted to attract 

phagocytes. The complement system also generates biologically active proteins, 

including the anaphylotoxins C3a, C4a and C5a that attract the different host immune 

cells monocytes, lymphocytes and neutrophils, respectively. Complement proteins can 

also directly kill certain bacteria. Histamine-induced vasodilatation by mast cells 

increases blood flow and recruitment of phagocytes. (Ali Cekici  et al 2015). 
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Complement 

Traditionally known as a cascade of antimicrobial proteins in the blood, complement is 

now recognized as a key system for immune surveillance and homeostasis and a major 

link between the innate and the adaptive arms of the host immune response. 

In addition to the classic serum proteins (C1-9), the integrated complement system 

comprises pattern-recognition molecules, convertases and other proteases, regulators, 

and receptors for interactions with immune mediators. The complement cascade can be 

triggered by distinct mechanisms (classical, lectin, or alternative), all of which converge 

at the third complement component (C3) and lead to the generation of effectors that 

mediate diverse functions. These include the recruitment and activation of inflammatory 

cells (via the C3a and C5a anaphylatoxins that activate specific G-protein-coupled 

receptors, C3aR and C5aR [CD88], respectively), microbial opsonization and 

phagocytosis (e.g., through the C3b or C4b opsonins), and direct lysis of susceptible 

targeted microbes (by means of the C5b-9 membrane attack complex).(George 

Hajishengallis et al 2016). 

 

Cytokines and chemokine 

Although periodontal diseases are initiated by bacteria that colonize the tooth surface 

and gingival sulcus, the host response is believed to play an essential role in the 

breakdown of connective tissue and bone, key features of the disease process. An 

intermediate mechanism that lies between bacterial stimulation and tissue destruction is 

the production of cytokines, which stimulates inflammatory events that activate effector 

mechanisms. These cytokines can be organized as chemokines, innate immune 

cytokines, and acquired immune cytokines. Although they were historically identified as 

leukocyte products, many are also produced by a number of cell types, including 

keratinocytes, resident mesenchymal cells (such as fibroblasts and osteoblasts) or their 

precursors, dendritic cells, and endothelial cells. (Graves D 2008). 

Cytokines are small secreted proteins released by cells have a specific effect on the 

interactions and communications between cells. Cytokine is a general name; other 

names include lymphokine (cytokines made by lymphocytes), monokine (cytokines 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Hajishengallis%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26306443
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made by monocytes), chemokine (cytokines with chemotactic activities), and interleukin 

(cytokines made by one leukocyte and acting on other leukocytes). Cytokines may act 

on the cells that secrete them (autocrine action), on nearby cells (paracrine action), or in 

some instances on distant cells (endocrine action). There are both pro-inflammatory 

cytokines and anti-inflammatory cytokines.There is significant evidence showing that 

certain cytokines/chemokines are involved in not only the initiation but also the 

persistence of pathologic pain by directly activating nociceptive sensory neurons. 

Certain inflammatory cytokines are also involved in nerve-injury/inflammation-induced 

central sensitization, and are related to the development of contralateral 

hyperalgesia/allodynia. (Jun-Ming Zhang et al 2009). 

Two of the most important proinflammatory cytokines are IL-1 and TNF-α. Offenbacher 

in 1996 suggested that if the antibody/neutrophil response does not result in clearance, 

the outcome of monocyte/lymphocyte challenge is the secretion of catabolic cytokine 

and inflammatory mediator, which induce connective tissue and bone loss. (Harpreet 

Singh Grover et al 2016). 

The chemotactic cytokines, or chemokines, comprise a superfamily of polypeptides with 

a wide range of activities that include recruitment of immune cells to sites of infection 

and inflammation, as well as stimulation of cell proliferation. As such, they function as 

antimicrobial molecules and play a central role in host defenses against pathogen 

challenge. However, their ability to recruit leukocytes and potentiate or prolong the 

inflammatory response may have profound implications for the progression of oral 

diseases such as chronic periodontitis, where tissue destruction may be widespread. 

(SinemEsraSahingur et al 2015). 

 

Lipid mediators of inflammation 

Lipids are potent signaling molecules that regulate a multitude of cellular responses, 

including cell growth and death and inflammation/infection, via receptor-mediated 

pathways. Derived from polyunsaturated fatty acids (PUFAs), such as arachidonic acid 

(AA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA), each lipid 

displays unique properties, thus making their role in inflammation distinct from that of 

other lipids derived from the same PUFA. This diversity arises from their synthesis, 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=17426506
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which occurs via discrete enzymatic pathways and because they elicit responses via 

different receptors. (Bennett M et al 2016). 

"Lipid mediators" represent a class of bioactive lipids that are produced locally through 

specific biosynthetic pathways in response to extracellular stimuli. They are exported 

extracellularly, bind to their cognate G protein-coupled receptors (GPCRs) to transmit 

signals to target cells, and are then sequestered rapidly through specific enzymatic or 

non-enzymatic processes. Because of these properties, lipid mediators can be regarded 

as local hormones or autacoids. Unlike proteins, whose information can be readily 

obtained from the genome, we cannot directly read out the information of lipids from the 

genome since they are not genome-encoded. (Murakami M 2011). 

 

 

Destruction of periodontal tissues 

Destruction of bone: 

There are several classes of molecules that activate a host response that can stimulate 

osteoclastogenesis either directly or indirectly, including lipid-based mediators such as 

prostaglandins or leukotrienes, cytokines, and chemokines. Thus, products of the 

cyclooxygenase pathway of arachidonic acid metabolism are significantly involved in 

tissue destruction induced by periodontal disease. (D.T. Graves et al 2011). 

Osteoclasts are unique cells of the human body tasked with resorbing bone. These 

multinucleated giant cells bind down onto the bone surfaces creating a sealing zone and 

a ruffled-membrane border into which apical proton pumps accumulate hydrogen ions 

that combine with chloride ions to form hydrochloric acid, which degrades bone mineral. 

The exposed collagen matrix is attacked by acid resistant endosomal and lysosomal 

enzymes that cleave collagen fibers effectively removing small quantities of bone. How 

osteoclasts form, what regulates their differentiation and activity was an enigma. 

Research has revealed that osteoclast precursors circulate amid the 

monocyte/macrophage population and differentiate into preosteoclasts that fuse and 

form giant bone resorbing mature osteoclasts. Inflammatory processes such as 

rheumatoid arthritis and periodontal infection predispose to osteoclastic bone 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Bennett%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27837747
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resorptionby production of pro-inflammatory cytokines such as IL-1 and TNFalpha [36]. 

The osteoclast however, does not possess receptors for the cytokines or hormones. So, 

for years the biologists were perplexed as to how they resorbed bone. This conundrum 

was solved with the discovery of the osteoprotegerin (OPG), receptor activator of 

nuclear factor-kappa B ligand (RANKL) and receptor activator of nuclear factor kappa-B 

(RANK). (PrathibaChichurakanahalliSrinivasan 2013). 

Destruction of extracellular matrix 

Matrix metalloproteinases are synthesized as pro-enzymes, inactive forms resulting 

from the interaction between the cysteine residue of the prodomain and the zinc ion of 

the catalytic site. The disruption of this interaction by chemical modification or 

proteolytic removal of the enzyme‘s prodomain results in enzyme activation, a 

mechanism known as the ‗cysteine switch‘. Several MMPs have been detected in their 

different enzymatic forms in gingival tissue, gingival crevicular fluid (GFC), saliva, and 

mouth rinse, with MMP-8, MMP-13, and MMP-9 as the main proteases involved 

periodontal disease destruction.MMP-8 and MMP-9 are the most abundant MMPs in 

periodontal tissues reflecting periodontal disease severity, progression, and treatment 

response. They are secreted by infiltrating polymorphonuclear leukocytes, but also 

macrophages, plasma cells, and resident cells—such as fibroblasts, endothelial cells, 

keratinocytes and bone cells.  MMP-13 is a collagenase that has been detected in 

fibroblasts, macrophages, osteoblasts, plasma cells, and gingival epithelial cells. 

Though less abundant, MMP-13 has been implicated in periodontal soft tissue 

destruction and, along with MMP-9, it has been involved in alveolar bone resorption and 

periodontal tissue breakdown. The mechanisms regulating MMP activation may vary 

depending on the specific tissue and disease microenvironment. During periodontitis 

progression, these MMPs can be activated by independent or co-operative cascades 

involving pathogen and host proteases. (Cavalla Franco et al 2017). 

Matrix metalloproteinase-1 (collagenase-1) from mononuclear phagocytes, fibroblasts 

and epithelial cells has a wide range of substrates. It digests interstitial collagen, 

extracellular matrix components and soluble nonmatrix mediators. Matrix 

metalloproteinase-9 (gelatinase B) is a gelatinolytic enzyme that degrades several types 

of extracellular matrix, including basement membrane type IV collagen. Matrix 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Franco%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28218665


metalloproteinase-9 is expressed by neutrophils, but also by cultured epithelial cells. 

The production of matrix metalloproteinase-9 is stimulated by several cytokines, 

especially tumor necrosis factor alpha, epidermal growth factor and by some bacterial 

products such as lipopolysaccharide and phospholipase C. 

Matrix metalloproteinase-2 (gelatinase A) has been shown to be strongly expressed in 

inflamed pocket epithelium and to be important in epithelial cell migration. Matrix 

metalloproteinase-13 (collagenase 3) is expressed by the basal cells of the gingival 

pocket epithelium; it degrades type I, type III and type IV collagens, as well as 

fibronectin, tenascin and some proteoglycans. Matrix metalloproteinase-13 plays an 

important role in the growth of pocket epithelium into periodontal connective tissue. 

Some oral bacterial species, especially Fusobacteriumnucleatum, induce matrix 

metalloproteinase-13. Matrix metalloproteinase-7 (matrilysin) is another epithelial matrix 

metalloproteinase with a broad spectrum of substrates. It degrades fibronectin, laminin, 

type IV collagen, gelatin, elastin, entactin, tenascin and proteoglycans. The enzyme is 

not commonly secreted by the gingival tissues and has not been reported in human 

gingival epithelium or in the pocket epithelium of periodontitis patients. It is expressed 

constitutively in many adult epithelial cells, most notably in the salivary glands, and its 

secretion is observed in suprabasal epithelial cells. Some periodontal pathogens, 

including F. nucleatum, Fusobacteriumnecrophorum, Porphyromonasendodontalis and 

Prevotelladenticola, were found to induce the expression of matrix metalloproteinase-7 

in porcine gingival epithelial cells. Overall, the role of matrix metalloproteinase-7 in 

periodontal disease is not clear. 

Matrix metalloproteinase-3 (stromelysin-1) does not digest interstitial collagen. The main 

substrates of matrix metalloproteinase-3 are basement membrane components such as 

laminins and type IV collagen. Matrix metalloproteinase-3 is found in gingival crevice 

fluid and gingival tissue during periodontal inflammation. (Ali Cekici et al 2015). 
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