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Plaque‐induced gingivitis may exhibit various patterns of observ‐
able signs and symptoms of inflammation that are localized to the 
gingiva and initiated by the accumulation of a microbial biofilm on 
teeth. Even when dental plaque biofilm levels are minimized, an in‐
flammatory infiltrate is present within gingival tissues as part of a 
physiologic immune surveillance.1 However, the initiation of gingivi‐
tis occurs if dental plaque accumulates over days or weeks without 
disruption or removal, due to a loss of symbiosis between the biofilm 
and the host's immune‐inflammatory response, and development of 

an incipient dysbiosis (Figure 1). Various systemic factors, including 
endocrinopathies, hematologic conditions, diet, and drugs, can mod‐
ify the immune‐inflammatory response.2,3

Gingivitis associated with plaque and/or endogenous hormonal 
fluctuations, drugs, systemic diseases, and malnutrition, exhibit several 
essential characteristics. The universal features of these gingival condi‐
tions include: clinical signs and symptoms of inflammation that are con‐
fined to the free and attached gingiva and do not extend beyond the 
mucogingival junction; reversibility of the inflammation by disrupting/

 

Received:	8	February	2017  |  Revised:	8	August	2017  |  Accepted:	19	August	2017
DOI:	10.1111/jcpe.12937

2 0 1 7  W O R L D  W O R K S H O P

Dental plaque–induced gingival conditions

Shinya Murakami1 | Brian L. Mealey2 | Angelo Mariotti3 | Iain L.C. Chapple4

1Osaka University, Graduate School of 
Dentistry‐Department of Periodontology, 
Osaka, Japan
2Department of Periodontics, The University 
of Texas Health Science Center at San 
Antonio, San Antonio, TX, USA
3Division of Periodontology, College of 
Dentistry, The Ohio State University, 
Columbus, OH, USA
4Department of Periodontology, University 
of Birmingham School of Dentistry, 
Birmingham, UK

Correspondence
Prof. Shinya Murakami, Osaka University, 
Graduate School of Dentistry‐Department 
of Periodontology, Osaka, Japan.
Email: ipshinya@dent.osaka‐u.ac.jp

The proceedings of the workshop were 
jointly and simultaneously published in 
the Journal of Periodontology and Journal of 
Clinical Periodontology.

Abstract
Objective: This review proposes revisions to the current classification system for 
gingival	diseases	and	provides	a	rationale	for	how	it	differs	from	the	1999	classifica‐
tion system.
Importance: Gingival inflammation in response to bacterial plaque accumulation (mi‐
crobial biofilms) is considered the key risk factor for the onset of periodontitis. Thus, 
control of gingival inflammation is essential for the primary prevention of 
periodontitis.
Findings: The clinical characteristics common to dental plaque–induced inflamma‐
tory gingival conditions include: a) clinical signs and symptoms of inflammation that 
are confined to the gingiva: b) reversibility of the inflammation by removing or dis‐
rupting the biofilm; c) the presence of a high bacterial plaque burden to initiate the 
inflammation; d) systemic modifying factors (e.g., hormones, systemic disorders, 
drugs) which can alter the severity of the plaque‐induced inflammation and; e) stable 
(i.e., non‐changing) attachment levels on a periodontium which may or may not have 
experienced a loss of attachment or alveolar bone. The simplified taxonomy of gingi‐
val conditions includes: 1) introduction of the term “incipient gingivitis;” 2) a descrip‐
tion of the extent and severity of gingival inflammation; 3) a description of the extent 
and severity of gingival enlargement and; 4) a reduction of categories in the dental 
plaque–induced gingival disease taxonomy.
Conclusions: Dental plaque–induced gingival inflammation is modified by various 
systemic and oral factors. The appropriate intervention is crucial for the prevention 
of periodontitis.
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removing the biofilm; the presence of a high bacterial plaque burden 
to initiate and/or exacerbate the severity of the lesion (although this 
varies among individuals); and stable (i.e., unchanging) attachment lev‐
els on a periodontium, which may or may not have experienced a loss 
of attachment or alveolar bone. Gingival inflammation is regarded as a 
necessary prerequisite for the subsequent development of periodon‐
titis and progressive attachment loss around teeth.4 Management of 
gingivitis is therefore a key primary preventive strategy for periodontitis 
and a secondary preventive strategy for recurrence of periodontitis.5,6

METHODS

This review updates and revises the previous classification of 
plaque‐induced	 gingival	 conditions	 reported	 in	 the	 1999	 classifica‐
tion system.5 A literature search was conducted using the PubMed 
interface with “Gingival diseases” [MeSH] or “Gingivitis” [MeSH] and 
other related MeSH terms, such as “Microbiota”[MeSH], “Gonadal 
Steroid Hormones”[MeSH], “Hyperglycemia”[MeSH], “Dental 
Prosthesis”[MeSH], applied to systematic and narrative reviews as 
well	 as	 original	 research	 articles	 published	 after	1999.	Also	utilized	
were manual search approaches to identify additional primary stud‐
ies; studies relating to non‐plaque‐induced gingival lesions were not 
considered.

Observations and discussion

References	employed	in	the	1999	classification	system5 were re‐
viewed, and the appropriate ones were selected for re‐analysis. 

In addition, papers related to “gingivitis” were retrieved using 
Medline and were finally selected based on the discussion of the 
authors and supplemented by suggestions of the co‐chairs of the 
group.

PL AQUE‐INDUCED GINGIVITIS

Plaque‐induced gingivitis is an inflammatory response of the gin‐
gival tissues resulting from bacterial plaque accumulation located 
at and below the gingival margin.6 It does not directly cause tooth 
loss; however, managing gingivitis is a primary preventive strategy 
for periodontitis.7 Epidemiologic data have shown plaque‐induced 
gingivitis to be prevalent at all ages in dentate populations,8‒14 and 
this disease is considered the most common form of periodontal 
disease15(Table 1). The initial changes from health to plaque‐in‐
duced gingivitis may not be detectable clinically,16 raising important 
debates concerning clinical thresholds for defining physiologic vs 
pathologic inflammation. However, as plaque‐induced gingivitis pro‐
gresses to more established forms of this disease, clinical signs and 
symptoms become obvious. Plaque‐induced gingivitis begins at the 
gingival margin and may spread throughout the remaining gingival 
unit. Patients may notice symptoms that include bleeding with tooth 
brushing, blood in saliva, gingival swelling and redness, and halitosis 
in the case of established forms.17

The intensity of the clinical signs and symptoms will vary among 
individuals18 as well as among sites within a dentition. The com‐
mon clinical signs of plaque‐induced gingivitis include erythema, 
edema, bleeding, tenderness, and enlargement.7,19 The severity 

F I G U R E  1   Contemporary model of host–microbe interactions in the pathogenesis of periodontitis, in which the host response drives an 
incipient dysbiosis (gingivitis). If the biofilm is not disrupted/removed, frank dysbiosis results and perpetuates a chronic nonresolving and 
destructive inflammation. DAMPs, damage‐associated molecular patterns; fMLP, N‐ formylmethionyl‐ leucyl‐ phenylalanine; GCF, gingival 
crevicular fluid; LPS, lipopolysaccharide; MMPs, matrix metalloproteinases; PMNs, polymorphonuclear neutrophils. This figure is referred 
from ref. 106.
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of plaque‐induced gingivitis can be influenced by tooth and root 
anatomy, restorative and endodontic considerations, and other 
tooth‐related factors20 (Table 2). Radiographic analysis and/or 
probing attachment levels of individuals with plaque‐induced gin‐
givitis will generally not indicate loss of supporting structures. 
Histopathologic changes include the elongation of rete ridges into 
the gingival connective tissue, vasculitis of blood vessels adjacent 
to the junctional epithelium, progressive destruction of the colla‐
gen fiber network with changes in collagen types, cytopathologic 
alterations of resident fibroblasts, and a progressive inflammatory/
immune cellular infiltrate.16 Although recent studies suggest that 
bacterial phylotypes associated with gingivitis are distinct from 
those associated with health or periodontitis,21‒24 further studies 
are needed to clearly define the microbial community of gingivi‐
tis. In this regard, gingivitis is a non‐specific dental plaque–induced 
inflammatory condition, a concept that remains unchanged from 
1999.

The molecular characteristics or the pattern of the gingival 
transcriptome (i.e., sum total of all mRNA expressed by genes 
found in the gingiva) during plaque‐induced gingival inflamma‐
tion have been scrutinized since the last classification work‐
shop. Because mRNA transcripts are not always translated into 
proteins, it is important to understand which transcripts are ex‐
pressed as proteins25 and causally related to the onset of gingi‐
val inflammation, and which are risk factors or risk predictors of 
gingival inflammation. Currently, several broad biologic changes 
in the transcription of genes from non‐inflamed to inflamed gin‐
gival units have been documented, and ontologic groupings and 
include: 1) host‐bacterial interactions, including but not limited to 
microbial pattern recognition molecules; 2) host cell chemotaxis; 
3) phagocytosis and degranulation; 4) novel cellular/molecular 
pathway signaling, including but not limited to cytokine signaling 
and cell adhesion; 6) T lymphocyte response; 7) angiogenesis; and 
8) epithelial immune response.26,27 At this time, the role of the 
gingival transcriptome is only beginning to be understood in rela‐
tion to gingival inflammation.TA
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TA B L E  2   Classification of plaque‐induced gingivitis and 
modifying factors

A. Associated with bacterial dental biofilm only
B. Potential modifying factors of plaque‐induced gingivitis

1. Systemic conditions
a) Sex steroid hormones

1) Puberty
2) Menstrual cycle
3) Pregnancy
4) Oral contraceptives

b) Hyperglycemia
c) Leukemia
d) Smoking
e) Malnutrition

2. Oral factors enhancing plaque accumulation
a) Prominent subgingival restoration margins
b) Hyposalivation

C. Drug‐influenced gingival enlargements
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Plaque‐induced gingivitis on a reduced periodontium

Following active periodontal treatment and the resolution of in‐
flammation from periodontitis, the periodontal tissue is clinically 
non‐inflamed but with a reduced connective tissue attachment and 
alveolar bone height. Plaque‐induced gingivitis on a reduced perio‐
dontium is characterized by the return of bacterially induced inflam‐
mation to the gingival margin on a reduced periodontium with no 
evidence of progressive attachment loss (i.e., no indication of active 
disease). The common clinical and microbial findings are the same as 
plaque‐induced gingivitis on a full periodontium except for the pres‐
ence of pre‐existing attachment loss and therefore a higher risk of 
periodontitis, unless professional, tailored supportive care regimens 
are in place.28

MODIF YING FAC TORS OF PL AQUE‐
INDUCED GINGIVITIS

Plaque‐induced gingivitis exacerbated by sex steroid 
hormones

Homeostasis within the periodontium involves complex, multifactorial 
endocrine relationships.29,30 Evidence has accrued to show that tis‐
sue responses within the periodontium are modulated by androgens, 
estrogens, and progestins at one time or another in a person's life.29,30 
For endocrinotropic conditions, plaque bacteria in conjunction with 
elevated steroid hormone levels are necessary to produce a gingival 
inflammatory response. The composition of the required flora has not 
been fully elucidated;31 therefore, bacteriologic analysis of endocrino‐
tropic gingival conditions is not currently useful for diagnosis.29,30 The 
following conditions may modify plaque‐induced gingivitis but are not 
considered diagnoses in and of themselves (Table 2).

Puberty

The incidence and severity of gingivitis in adolescents are influenced 
by a variety of factors, including dental plaque biofilm levels, dental 
caries, mouth breathing, crowding of the teeth, and tooth eruption.10 
However, the dramatic rise in steroid hormone levels during puberty 
has a transient effect on the inflammatory status of the gingiva.29,30 
A number of studies have demonstrated an increase in gingival in‐
flammation of circumpubertal age and in both genders, without a 
concomitant increase in plaque levels.32‒35 Although puberty‐asso‐
ciated gingivitis has many of the clinical features of plaque‐induced 
gingivitis, it is the propensity to develop frank signs of gingival in‐
flammation in the presence of relatively small amounts of plaque 
during the circumpubertal period that are key to distinguishing this 
condition.

Menstrual cycle

During the menstrual cycle, significant and observable inflammatory 
changes in the gingiva have been documented in case reports.36,37 

However, most clinical studies have shown there are only modest in‐
flammatory changes that may be observable during ovulation.33,34,36 
More specifically, gingival crevicular fluid flow has been shown to 
increase by at least 20% during ovulation in over 75% of women 
tested,38 and other studies have also shown a modest change in 
women with pre‐existing periodontal inflammation. Although there 
may be a very small cohort of women who are extremely sensitive 
to hormonal changes in the gingiva during the menstrual cycle, most 
women with menstrual cycle–associated gingival inflammation will 
present with clinically non‐detectable signs of the condition39‒41 
(Table 3).

Pregnancy

During pregnancy, the prevalence and severity of gingivitis has been 
reported to be elevated and frequently unrelated to the amount of 
plaque present.38,42‒45 Both longitudinal and cross‐sectional stud‐
ies have found the prevalence and severity of gingival inflamma‐
tion significantly higher in the pregnant vs the post‐partum patient, 
even though plaque scores remained the same between the two 
groups.38,42 Furthermore, gingival probing depths are deeper,38,42,44 
bleeding on probing or bleeding with toothbrushing is also in‐
creased,42,44 and gingival crevicular fluid flow is elevated38 in preg‐
nant women. The features of pregnancy‐associated gingivitis are 
similar to plaque‐induced gingivitis, except the propensity to de‐
velop frank signs of gingival inflammation in the presence of a rela‐
tively small amount of plaque during pregnancy.

Pregnancy may also be associated with the formation of preg‐
nancy‐associated pyogenic granulomas. This topic is covered by 
Holmstrup et al. from this workshop.46

Oral contraceptives

Oral contraceptive agents were once associated with gingival in‐
flammation and gingival enlargements. In the early studies, the in‐
creased gingival inflammation or enlargement was reversed when 
oral contraceptive use was discontinued or the dosages reduced. 
The features of gingivitis associated with oral contraceptives in 
premenopausal women were similar to plaque‐induced gingivitis, 
except the propensity to develop frank signs of gingival inflamma‐
tion in the presence of relatively small amounts of plaque in women 
taking these hormones. Current oral contraceptive concentrations 
are much lower than the original doses that were reported in these 
early clinical studies, and it is known that current formulations of 
oral contraceptive do not induce the clinical changes in gingiva that 
were reported with high‐dose contraceptives.29,30,47

PL AQUE‐INDUCED GINGIVITIS 
E X ACERBATED BY SYSTEMIC CONDITIONS

Hyperglycemia, hematologic malignancies, and nutrient deficien‐
cies are a remarkably diverse collection of systemic states that can 
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affect the gingival tissues. For specific systemic conditions, such as 
hyperglycemia, acute leukemias, and/or vitamin C deficiency, plaque 
bacteria are necessary to produce a gingival response.

Hyperglycemia

Gingivitis is a consistent feature found in children with poorly con‐
trolled type 1 diabetes mellitus, and the level of glycemic control 
may be more important in determining the severity of gingival in‐
flammation than the quality of plaque control.48‒50 In adults with 
diabetes mellitus it is much more difficult to detect the effects of this 
endocrine disease on gingival diseases, and only limited evidence is 
available51 since most studies have evaluated gingival inflammation 
in association with attachment loss.52

Leukemia

Oral manifestations have been described primarily in acute leukemia 
and consist of cervical lymphadenopathy, petechiae, and mucosal 
ulcers as well as gingival inflammation and enlargement.53 Signs of 
inflammation in the gingiva include swollen, glazed, and spongy tis‐
sues which are red to deep purple in appearance.54 Gingival bleed‐
ing is a common sign in patients with leukemia and is the initial oral 
sign and/or symptom in 17.7% and 4.4% of patients with acute and 
chronic leukemias, respectively.53 The bleeding is due to thrombo‐
cytopenia and clotting factor deficiencies and can present in preleu‐
kemic states such as myelodysplasia as an initial sign.55 Gingival 
enlargement has also been reported, initially beginning at the inter‐
dental papilla followed by the marginal and attached gingiva.53,54 
The enlargement is caused by infiltration of gingivae by leukemic 
cells.55 Although local irritants can predispose to exacerbate the gin‐
gival response in leukemia, they are not prerequisites for lesions to 
form in the oral cavity.54

Smoking

Epidemiologic studies have revealed that smoking is one of the major 
lifestyle‐related environmental risk factors for periodontal disease.56 
Both the local and systemic effects of cigarette smoke should be in‐
trinsically considered. Inhaled cigarette smoke is absorbed from the 
capillary vessels via the pulmonary alveolar epithelium and enters 
the systemic circulation, whereas direct exposure of inhaled ciga‐
rette smoke to periodontal tissues causes vasoconstriction of the 
periodontal microvasculature and gingival fibrosis, which is often 
observed in smokers.57 Although plaque accumulation and disease 
progression are exacerbated in smokers, smokers have fewer clinical 
signs and symptoms of gingival inflammation, and therefore smoking 
can mask an underlying gingivitis.58,59

Malnutrition

The precise role of nutrition in the initiation or progression of peri‐
odontal diseases remains to be elucidated, leading to a paucity of 

information available regarding the effects of almost all nutritional 
deficiencies on human periodontal tissues. The one nutritional de‐
ficiency that has well‐documented effects on the periodontium 
involves depletion of plasma ascorbic acid (i.e., vitamin C). Even 
though scurvy is unusual in areas with an adequate food supply, 
certain populations on restricted diets (e.g., infants from low socio‐
economic families, the institutionalized elderly, and alcoholics) are 
at risk of developing this condition.60 Although there is no dispute 
about the necessity of dietary ascorbic acid for periodontal health,61 
in the absence of frank scurvy, the effect of declining ascorbic acid 
levels on the gingiva can be difficult to detect clinically,62 and when 
it is detected, it usually has characteristics that are similar to plaque‐
induced gingivitis.

PL AQUE‐INDUCED GINGIVITIS 
E X ACERBATED BY OR AL FAC TORS

The onset and progress of gingival inflammation can be modified/
exacerbated by various oral (local) factors as documented below.

Prominent subgingival restoration margins

The subgingival convexity and margin of a restoration is very impor‐
tant in site‐specific plaque control and is closely related to gingival 
health. Although higher level clinical evidence in the field is not avail‐
able, the concept that restoration margins placed apical to the gin‐
gival margin are detrimental to gingival health has been confirmed 
by a 26‐year longitudinal study.63 Prominent subgingival restoration 
margins promote gingivitis by increasing the local accumulation of 
bacterial plaque. Thus, subgingival restoration margins need to be 
carefully designed in order to minimize plaque retention.

Hyposalivation

Xerostomia is a symptom caused by a perceived lack of saliva in the 
oral cavity, rather than a diagnosis per se;64,65 hence, the term “hy‐
posalivation” is employed here as a diagnostic term. It is known that 
some health conditions/diseases such as Sjögren's syndrome, anxiety, 
and poorly controlled diabetes may cause xerostomia due to hypo‐
salivation. Importantly, it is frequently observed as a side effect of 
medications such as antihistamines, decongestants, antidepressants, 
antihypertensive medications. Hyposalivation may cause progressive 
dental caries, taste disorders, halitosis, and inflammation of the oral 
mucosa, tongue, and gingiva.66,67 Dryness in the mouth may make 
plaque control difficult, and gingival inflammation may be worsened.

DRUG ‐INFLUENCED GINGIVAL 
ENL ARGEMENTS

There are an assortment of medications that have been reported to 
affect the size of the gingival tissues.68 In the literature, the drugs 
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primarily associated with gingival tissue enlargement have included 
the antiepileptic drugs phenytoin and sodium valproate, certain cal‐
cium channel–blocking drugs (e.g., nifedipine, verapamil, diltiazem, 
amlodipine, felodipine), immunoregulating drugs (e.g., ciclosporine), 
and high‐dose oral contraceptives.69‒71 For drug‐influenced gingival 
conditions, plaque bacteria in conjunction with the drug are neces‐
sary to produce a gingival response. Nonetheless, not all individuals 
who take these medications will develop enlargements of the gin‐
gival tissues, suggesting a susceptibility requiring specific charac‐
teristics.72 Furthermore, some sites/patients with drug‐influenced 
gingival enlargement present little, if any, clinically evident gingivitis 
at affected sites.

The common clinical characteristics of drug‐influenced gingival 
enlargements include variations in interpatient or intrapatient pat‐
terns of enlargement (i.e., genetic predisposition),69,70 a tendency to 
occur more often in the anterior gingiva,69,70 a higher prevalence in 
younger age groups,73‒75 onset within 3 months of use69,74,75 that is 
usually first observed at the papilla,69 and, although it can be found 
in a periodontium with or without bone loss, it is not associated with 
attachment loss or tooth mortality.69,70,76 Finally, all of these drugs 
produce clinical lesions and histologic characteristics that are indis‐
tinguishable from one another.69,70

RE VISIONS TO THE 1999 DENTAL 
PL AQUE–INDUCED GINGIVAL DISE A SES 
CL A SSIFIC ATION SYSTEM

Plaque‐induced gingivitis can arise in any individual due to an in‐
crease in biofilm accumulation, and gingivitis may be exacerbated 
by	 systemic	 states.	 From	 the	 previous	 1999	 taxonomy	 of	 plaque‐
induced gingival conditions, it is believed the classification can be 
simplified to represent society's current perception of disease 
and health, which has been influenced by our expanding scientific 
knowledge base as well as our cultural, social, and individual value 
judgments.

Similar	to	the	1999	classification	system,	plaque‐induced	gingi‐
val inflammatory conditions require the presence of dental plaque 
coupled with clinical signs and symptoms of gingival inflammation in 
an	otherwise	stable	periodontium.	The	revision	of	the	1999	classifi‐
cation system for dental plaque‐induced gingival diseases involved 
four components: 1) description of the extent and severity of the 
gingival inflammation, 2) description of the extent and severity of 
gingival enlargements, 3) a reduction in gingival disease taxonomy, 
and 4) discussion of whether mild localized gingivitis should be con‐
sidered a disease or variant of health.

To begin, the extent, or the number of gingival sites exhibit‐
ing inflammation, can be described as either localized or general‐
ized. Similar to the manner in which extent is described for chronic 
periodontitis, a gingival condition would be described as localized 
when < 30% of the teeth are affected, and generalized would reflect 
when	≥30%	of	 the	 teeth	are	 affected	by	gingival	 inflammation.	 In	
addition, it is proposed to consider introducing the term “incipient 

gingivitis” where, by definition, only a few sites are affected by mild 
inflammation, expressed as mild redness and/or a delayed and bro‐
ken line of bleeding rather than edema or an immediate unbroken 
line of bleeding on probing. Incipient gingivitis may be regarded as 
a condition that is part of a spectrum of “clinical health,” but may 
rapidly become localized gingivitis if untreated. The severity, or 
intensity of inflammation at a site, tooth, or the entire dentition, 
would	be	reflected	by	the	gingival	index	described	by	Loe	(1967).77 
More specifically, mild gingival inflammation would be an area with 
a minor change in color and little change in the texture of the tis‐
sue. Moderate gingival inflammation would be an area with glazing, 
redness, edema, enlargement, and bleeding upon probing; severe 
gingival inflammation would be an area of overt redness and edema 
with a tendency toward bleeding when touched rather than probed.

A system to stage drug‐influenced gingival enlargements requires 
defining the extent and severity of the enlargement. Although there 
are numerous approaches to evaluate the size of the gingiva,78‒90 
selection of a method that is easy to use, non‐invasive, and appro‐
priate for chairside clinical assessment was a major consideration. 
The extent of gingival enlargements were defined as either localized 
or generalized.91 Localized gingival enlargement was limited to the 
gingiva in relation to a single tooth or group of teeth, while gener‐
alized enlargement involves the gingiva throughout the mouth. To 
be considered a gingival enlargement resulting from medications, 
the size of the gingival unit must be greater than would normally 
be expected from purely an inflammatory reaction in the gingival 
tissues. Mild gingival enlargement involves enlargement of the gin‐
gival papilla; moderate gingival enlargement involves enlargement of 
the gingival papilla and marginal gingiva, and severe gingival enlarge‐
ment involves enlargement of the gingival papilla, gingival margin, 
and attached gingiva.90

The catalog of dental plaque–induced gingival diseases has been 
condensed to accurately reflect the most common conditions afflict‐
ing the gingiva, thereby simplifying the system for clinicians (Table 1). 
As a result of shifting circumstances represented by the patient, the 
health care provider, medications, society at large, and the disease 
itself, the classification of gingival diseases focused on those condi‐
tions that were clinically identifiable in the population. Therefore, 
such terms as “menstrual cycle–associated gingivitis,” “oral contra‐
ceptive–associated gingivitis,” and “ascorbic acid–associated gin‐
givitis” were removed from the classification system. Specifically, 
menstrual cycle–associated gingivitis was discarded because overt, 
clinical signs of the disease rarely affect women. Although the clin‐
ical signs of gingival inflammation that do occur may be statistically 
significant, the signs are not clinically significant and therefore not 
clinically evident to the dentist. In regard to oral contraceptives, as a 
result of the change to low‐dose formulations, the signs and symp‐
toms of gingival inflammation are no longer observable.47 Finally, 
when scurvy is considered, the existence of scurvy‐influenced gingi‐
val conditions is rare and more likely to result in bleeding due to de‐
fects in collagen cross‐linkage in the gingival tissues. The occurrence 
of scurvy is unusual but may exist when there is general, severe mal‐
nutrition as found in some impoverished, underdeveloped countries. 
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In industrialized societies, scurvy is not a common nutritional prob‐
lem. Further, even when considering vitamin C deficiency (i.e., those 
with reduced but not depleted vitamin C plasma concentrations) in 
populations, the presentation of gingival inflammation is slight and 
indistinguishable from a plaque‐induced gingivitis.

SIGNIFIC ANCE OF DENTAL PL AQUE–
INDUCED GINGIVAL CONDITIONS

Although different types of inflammation may be features of a spe‐
cific diagnosis, possibly inflammation per se is not a diagnosis in 
itself. More specifically, the clinical presence or absence of an in‐
flammatory response should not necessarily be considered a sign of 
disease or health. In numerous body organs, inflammation is a pro‐
tective mechanism necessary for survival of the individual. It should 
be noted that exacerbations of the inflammatory response in the gin‐
giva, either due to pathogenic biofilms or modified by fluctuations in 
sex steroid hormone secretions, may represent protective responses 
of an individual to both local and systemic environments by destroy‐
ing, diluting, and “walling off” the invading organisms.30 At the other 
end of the spectrum, the absence of clinical signs of inflammation 
may not exclude the presence of an ongoing inflammatory process 
evident at a histologic level. For example, during cigarette smoking, 
the gingival inflammatory response to plaque accumulation on teeth 
will be muted, despite distinct gingival host‐response patterns.92,93

The concept of untreated gingival inflammation progressing to 
destruction of the periodontium has focused attention on plaque‐in‐
duced gingivitis and associated gingival conditions being part of the 
spectrum of periodontal diseases. Although this concept has been 
propagated by clinical studies showing an association between gin‐
gival inflammation and bone loss,94 longitudinal studies examining 
the natural history of periodontal disease failed to show complete 
conversion of long‐standing gingival inflammation to periodontitis.93 
Gingival inflammation is associated with progression to periodonti‐
tis,95‒100 however, the presence of gingival inflammation does not 
mean that all affected sites are destined to progress to destructive 
forms of periodontal disease.98,99 This information suggests that, 
consistent with all complex diseases, gingival inflammation may be a 
sufficient cause for destruction of the periodontium but insufficient 
on its own to cause the disease in all people.101 More specifically, 
how can it be determined which inflamed sites within particular indi‐
viduals are susceptible to conversion to periodontitis? Presently, no 
one knows the answer to this question, but there has been an aware‐
ness that differences in the inflammatory responsiveness of dental 
plaque cannot be fully accounted for by the quantity or quality of 
the biofilm.59 In other words, the predilection for attachment loss at 
inflamed gingival sites may be dependent on the susceptibility and 
responsiveness of the individual to the inflammatory insult.102‒105 
Moreover, specific types of inflammatory responses in the gingiva 
are necessary to initiate destruction of the connective tissue attach‐
ment apical to the cemento‐enamel junction. The inter‐relationships 
between health and gingivitis and periodontitis are complex and 

depend upon a symbiotic or a dysbiotic biofilm and the proportion‐
ality of the host's immune‐inflammatory response and its ability to 
resolve inflammation.106

It is plausible that, since gingival inflammation is a ubiquitous 
and endemic finding in children and adults worldwide and destruc‐
tion of the periodontal attachment apparatus is associated with 
only a select number of inflamed gingival sites and since this is gen‐
erally not a painful nor functionally destructive state resulting in 
loss of function, gingival inflammation may not be a disease but a 
variant of health. Given that inflammation is a natural and import‐
ant defensive process in the body, the real problem is that when 
gingival inflammation is discussed, it is not clear what is actually 
meant. The ability to determine gingival inflammation clinically re‐
lies upon crude tools for assessment (visual acuity and a rigid metal 
probe), whereas a molecular approach, identifying genetic and epi‐
genetic conditions, would clarify what type of inflammatory state 
is present and identify who is at risk for future destruction of the 
periodontium. As knowledge of gingival inflammation evolves, the 
impact of superficial gingival inflammation on the periodontium 
will become more transparent.

The debate about the fundamental nature of disease continues 
because of the dynamic and interactive foundation related to social 
and cultural norms combined with the explosion of new scientific 
information. As a result of the shifting circumstances represented 
by the patient, the health care provider, the basic clinical and/or 
public health scientist, society at large, and the disease itself, it is 
essential that periodontists continue to refine the classification of 
periodontal diseases and conditions through evidence from the ex‐
panding knowledge base. As a consequence of seeking to enhance 
periodontal health, dentistry must continually examine the basic na‐
ture of periodontal disease by seeking new knowledge; evaluating 
what we believe is important in our society, in our dental specialty, 
and in ourselves; acknowledging our limitations; and contemplating 
the significance of data, definitions, and classifications.

CONCLUSIONS

It is evident that dental plaque (a microbial biofilm) causes gingi‐
val inflammation, and the extent and severity of the inflammation 
are influenced by various systemic conditions and oral factors at 
this stage. Moreover, plaque accumulates more rapidly at inflamed 
gingival sites than non‐inflamed sites, creating a complex dynamic 
between the dental plaque biofilm and the host's immune‐inflam‐
matory response.107 On the other hand, it should be noted that not 
all inflammatory sites are destined to progress to periodontitis. To 
date, however, no scientific evidence allows us to diagnose which 
gingivitis sites are susceptible to progression to periodontitis. Thus, 
to prevent attachment loss and destruction of periodontal tissue, 
dealing with gingivitis by appropriate local therapeutic intervention 
is still essential. In the future, gingival conditions may be diagnosed 
by objective analytic approaches such as transcriptome characteri‐
zation and/or categorization of epigenetic changes.
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