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Pyogenic granuloma is a benign, rapidly growing vascular lesion commonly found on mucous
membranes. Although its demographic distribution is well documented, the specific etiology
and pathogenesis of pyogenic granuloma in gingival tissues remain poorly understood.
Objectives: To evaluate the etiology and pathogenesis of pyogenic granuloma in gingival
tissues. Methods: Databases including PubMed, Google Scholar, Cochrane Library, Springer,
and Science Direct were searched fromJanuary 2009 to February 2024. Prisma guidelines were
followed and 20 studies meeting the criteria were included in the systematic review. Results:
These results indicate the significant role of etiological factors such as poor oral hygiene,
trauma, local irritation, and hormonal factors in the development of pyogenic granuloma.
Patients with pyogenic granuloma showed gingival inflammation, thick bundles of collagen
fibers, proliferating endothelial cells, overexpression of vascular molecules and CD4+ cells, and
a plethora of neutrophils. Conclusions: It was concluded that pyogenic granuloma in gingival
tissues is predominantly associated with local irritants, poor oral hygiene, chronic trauma, and
hormonal imbalances. These factors trigger inflammatory responses and vascular
proliferation, suggesting that targeted interventions such as enhanced oral care and
management of hormonallevels could improve prevention and treatment outcomes for gingival
pyogenic granuloma.

INTRODUCTION

Pyogenic granuloma (PG) is a benign, non-neoplastic
proliferation of connective tissue characterized by
granulation tissue hyperplasia. It is a common soft tissue
lesion, particularly affecting skin and mucous membranes
While first described in 1844 by Hullihen, it was Poncet and
Dor who, in 1897, coined the term "botryomycosis hominis"
for similar vascular tumors. The current term, "pyogenic
granuloma," was introduced by Hartzell in 1904 [1]. PG can
manifest in two forms: lobular capillary hemangioma (LCH)
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and non-lobular capillary hemangioma (non-LCH). It can
occur at any age butis most prevalent in young adults, with
ahigherincidence in females, especially during pregnancy.
Hormonal factors, particularly increased estrogen and
progesterone levels may contribute to its development
during pregnancy by stimulating angiogenesis [2].
Clinically, PG presents as araised, smooth, exophytic mass
with a reddish, hemorrhagic appearance. It can be either
sessile or pedunculated, with the majority being sessile[3].
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The lesion progresses through three phases: cellular,
capillary, and involutionary. Its colour can vary from pink to
reddish-purple, depending on vascularity. Early lesions are
often pink, while advanced lesions become increasingly
red or purple. Typically, PG grows slowly and is
asymptomatic [4]. However, in some cases, it can grow
rapidly and stabilize at a certain size. The lesion size can
range from a few millimetres to several centimeters, with
the marginal gingiva being a more common site than the
alveolar part [6]. Diverse factors have been implicated in
developing pyogenic granulomas (PGs), which affect the
skin and oral cavity. Historically, bacterial infections were
considered the primary cause. However, recent findings
suggest adifferent etiology, as PGs are not associated with
infection and lack pus or complete granulomas on
histological examination. Potential contributing factors
include chronic low-grade trauma, physical injury,
hormonal influences, microorganisms, and certain
medications. Oral PGs, which constitute 75% of cases, are
often linked to local irritants such as dental calculus, and
foreign bodies lodged in the gingiva [6]. Gingival PG is the
most common tumor-like growth in the oral cavity mostly
developing around the anterior teeth and is considered to
be neoplastic. The majority of gingival PGs develop at the
marginal gingiva. Gingival PGs are more common in the
second and third decades of life [7]. The International
Society for the Study of Vascular Anomalies (ISSVA, 2022)
classifies some PGs, such as Langerhans cell histiocytosis
(LCH), as vascular tumors. Angelopoulous AP proposed
"hemangiomatous granuloma"” as a more accurate
descriptor, reflecting the histopathological similarity to
hemangiomas and the inflammatory nature of PGs.
Definitive diagnosis relies on histopathological
examination. Therapeutic options for PGs include surgical
excision, which is the standard approach [8]. Additional
treatments may involve carbon dioxide laser therapy,
pulsed dye laser therapy, cryosurgery, electrodessication,
andintralesional corticosteroidinjections. While the risk of
malignant transformation is generally low, recurrence
rates can be as high as 16%, necessitating re-excision [9].
Recurrence may be attributed to incomplete excision,
persistent underlying causes, or re-injury to the lesion site
[10, 11]. A comprehensive review of existing literature
reveals a lack of high-quality evidence on the underlying
causes and mechanisms of PG in gingival tissues. The
literature is particularly lacking in studies that delve into
various etiologiesand pathogenic processes of PG.

Pyogenic granuloma (PG) of gingival tissues is a common
benignorallesion, yetits exact etiological mechanismsand
pathogenic pathways remain insufficiently understood
despite frequent clinical occurrence. Existing literature
largely focuses on demographic and clinical presentation,
while comprehensive synthesis of contributing factors
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such as poor oral hygiene, trauma, hormonal imbalance,
inflammatory mediators, and vascular proliferation is
limited. Additionally, there is a lack of high-quality
consolidated evidence examining both molecular and
histopathological mechanisms underlying PG progression.
Therefore, this systematic review aimed to critically
evaluate and integrate current evidence regarding the
etiology and pathogenesis of gingival pyogenic granuloma
to improve understanding of disease mechanisms and
support more targeted preventive and therapeutic
strategies.

METHODS

A comprehensive literature search was conducted using
PubMed and Google Scholar to identify relevant studies
published between January 2009 and February 2024. The
search strategy adhered to the PRISMA guidelines and
employed the following keywords: "pyogenic granuloma,”
"gingivaltissue,""pathogenesis,"and"etiology." The primary
focus was on original research articles that evaluated the
etiology and pathogenesis of pyogenic granuloma in
gingival tissues. Reference lists of included studies were
manually searched to identify additional eligible studies.
Studies were included or excluded based on predefined
criteria(Table1).

Table1: Inclusionand Exclusion Criteria

Inclusion Criteria Exclusion Criteria

Papers published between January - .
2009 to February 2024 Duplication publication

Not directly linked to the
etiopathogenesis of PG in
gingival tissues

Not written in English

Not mentioning the etiology
and pathogenesis of
PG in gingival tissues.

Directly linked to the etiopathogenesis
of PG in gingival tissues

English language
Papers mentioning the evaluation
of the etiology and pathogenesis
of PG in gingival tissues

Full-text systematic reviews, case
reports, case series, meta-analyses,
RCTs, prospective studies, cohort
studies, case reports, observational
study

Editorials, conference papers,
letters to the editor, short
communications, meeting

abstracts

Initially, 6,582 studies were identified. After screening
titles and abstracts, 2,000 potential studies were selected
for full-text review. Ultimately, 20 studies met the inclusion
criteria and were included in the qualitative synthesis. The
inclusion and exclusion criteria were developed following
PRISMA guidelines to make sure that only high-quality
studies that were relevant to the research question were
selected. As a result, irrelevant, outmoded, and
methodologically defective studies were excluded while
defining population, intervention, comparison, outcomes,
and study designs (PICOS). A systematic and structured
approach was implemented to ensure data accuracy and
consistency. Two reviewers independently extracted
relevant data such as study characteristics, participant
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demographics, interventions, and outcomes using a
standardized spreadsheet developed specifically for this
review. Before full data extraction, the reviewers
conducted a calibration exercise on a sample of studies to
ensure that key variables were consistently identified and
recorded. Discrepancies between the reviewers were
resolved through discussion, and when necessary, a third
reviewer was consulted to reach a consensus.
Furthermore, periodic cross-checks were performed
against the original articles to verify data accuracy. This
rigorous process aimed to minimize ldentification of
Studies Via Databasesbiasand enhance the reproducibility
of ourfindings(Figure1).
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RESULTS

This systematic review yielded a total of 20 studies, of
which, nine were case reports, and five were comparative
studies. The remaining studies were a literature review,
narrative review, and retrospective study. A combined
total of 3,374 patient samples included in the studies have
been evaluated in this systematic review. The analysis of
the papers indicated that 10 studies are from India, two
studies are from Iran, two are from Mexico, remaining are
from Columbia China, Nepal, Brazil, and Greece. The
country that evaluated the etiopathogenesis the most was
India as per the systematic review. Eight studies reported
poor oral hygiene, calculus in the mouth, chronic irritation

by food impaction, hypersensitivity reactions to certain
drugs, and hormonal factors as common PG etiological
factors. Eight studies examined the pathogenesis of PG
andrevealedthataplethoraof inflammatoryinfiltrate cells,
bundles of collagen fibers, hemorrhage stroma, and
l proliferating endothelial cells contributed majorly to
developing PG in the gingival. The remaining studies
evaluated the role of higher proliferationin LCH type of PG,

Identification of Studies Via Databases

Research identified on first search
through PubMed, Cochrane
Library, Science Direct, Springer,
and Google Scholar (n=6,582)

> Duplicates

> Full-Text Articles Excluded
> Full Text Not in English

> Editorials

Identification

Records Screened Records Excluded**
(n=2,000) (n=1500)

o
g i excessive infiltrate of neutrophils, microorganisms in
3 Reports Songht for Refrioval Reports Not Retrioved IeS|ons,. overexpression of CQX—Z, IL-10, and IL-4, bone
(n=500) (n=0) resorption, andtissue destruction(Table 2).

= Full-Text Articles A d
E wi ef):) " Eliigcigislitjsesse »] Reports Excluded: (n=480)
20 (n=500) Not Directly Linked
= Etiopathogenesis of Pyogenic

¢ Granuloma in Gingival Tissues

Studies Included in

Systematic Review
(n=20)

=
S
B
=
<
=
-

Figure1: Screened StudiesIncludedin the Systematic Review

Table 2: Summary of Study Findings Evaluated

Study Design Country Total Participants

Etiopathogenesis

Evaluation Method References

Calculus in the mouth, engorged . .
1 Case report India 1male patient blood vessels, inflammatory cells, HlstoprJgtr;c;Logmal [12]
thick collagen fibers P
Ulcerated surface, local irritants,
Case report and . : diffused lymphoplasmacytic Histological
2 literature review Mexico § female patients type inflammatory infiltrates, examination (3]
stromal hemorrhage
Proliferating perivascular
. . inflammatory infiltration, thick Histopathological
3 Case series Nepal 4 patients bundles of collagen fibers investigation [14]
widespread in the stroma
Hypersensitivity to certain drugs, ; ;
4 Narrative review Mexico Not specified hormonal factors, gingival Hlstoegggiltogwal [15]
inflammation
) 30-year-old male Proliferating endothelial cells, Histopathological
5 Case report India patient lymphatic vessels investigation (161
. 28-year-old female Increased estrogen and L L
6 Case report India patient progesterone ievels Clinical examination [17]
A series of case . . . . Histopathological
7 reports India 6 female patients Excessive infiltrate of neutrophils investigation [18]
. _ . Excessive infiltration of neutrophils, Histopathological
8 Case report India 1year-old child boor oral hygiene investigation [19]
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) - . . Histopathological
g9 Case report India Not specified Ulceration, hyperplasia investigation [20]
. 18-year-old female Chr.on.icirr.itation, peripheral Histopathological
10 Case report India patient ossifying f\llt;rsocrzng:rabeculae invgstigatign [21]
. . . : N . Histopathological
n Literature review India 1 patient Excessive infiltrate of neutrophils examination [22]
12 | Retrospective study China 2971 epulis cases Excessive infiltrate of neutrophils Medical records [23]
Higher levels of [24]
; immune-histochemical Immunohistochemistry
13| Comparative study Iran 70 samples expression of ICAM-1, VCAM-1, | staining, paired t-test
CD34 levels
14 Comparative study Iran 10 PG cases Higher proliferation in LCH Mann-Whitney U-test [25]
15 Comparative study Greece 30 PG cases Higher proliferation in LCH Mann-Whitney U-test [26]
. . . . Lo Histopathological
16 | Retrospective study Brazil 169 samples Higher proliferation in LCH investigation [27]
Lesion evolution, inflammatory
; - infiltrate masses, overexpression Histopathological
17 | Comparative study Columbia 46 samples of IL-4, bone resorption, tissue investigation [28]
destruction
18 Literature review India Not specified MOs in lesion Not specified [29]
: . Increased immune-expression Immunohistochemically
19 | Comparative study Columbia 57 oral PG cases of COX-2 and IL-10 assessment [30]
. . . - Nonspecific infection, over-hanging Histopathological
20 | Literaturereview India 2 patients restorations, cheek biting investigation (31]

PG, pyogenic granuloma; LCH, lobular capillary hemangioma; IL-4, interleukin 4; MOs, microorganisms; IL-10, interleukin-10; COX-2,

cyclooxygenase-2

DISCUSSION

Pyogenic granuloma (PG) is a common benign, non-
neoplastic overgrowth of skin and oral tissues. Despite its
name, it is not associated with pus formation or infection.
Histologically, it presents as a vascular lesion rather than a
granulomatous one. A case report by Gomes et al.,
identified several potential etiological and pathological
factors contributing to PG development in a 22-year-old
Indian male. These included poor oral hygiene, calculus
accumulation, engorged blood vessels, and the presence
of inflammatory cells and collagen fibers, as revealed by
histopathological examination [12]. The presence of
bacteria such as Bacteroides melaningogenicus, Prevotella
intermedia, Fusobacterium, Staphylococcus aureus,
imbalanced angiogenesis enhancersandinhibitors such as
angiopoietin-1, ephrin-B2 are the major contributors to
exacerbating etiopathogenesis of PG [13]. Marla and
colleagues presented a case series involving four young
Nepalese patients (three women and one man) diagnosed
with PG. Their histopathological findings revealed a
common pattern across all four cases: proliferating
inflammatory cells surrounding blood vessels and dense
collagen fiber bundles infiltrating the stromal tissue [14]. A
narrative review conducted by Lomeli et al., in Mexico in
2023 found that PG condition can occur following
hypersensitivity reactions to certain drugs such as
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calcineurin inhibitors, phenytoin, and antiretroviral drugs.
They also reported that hormonal changes particularly
estrogen and progesterone rapidly promote the
development of PG by elevating levels of already present
gingival inflammation in blood vessels, increasing the
adhesion of platelets and leukocytes. The results of the
study found ulcerated surface, bleeding on touch, local
irritants, history of lesion evolution, diffused
lymphoplasmacytic type inflammatory infiltrates, large
masses of fibroblasts, and stromal hemorrhage amongall 3
patients [15]. Panseriya and Hungund described a unique
case of pyogenic granuloma (PG) linked to a periodontal
abscess and bone loss in a 30-year-old Indian male.
Histopathological analysis of the lesion revealed
proliferating endothelial cells and lymphatic vessels, along
with thickened blood vessels and areas of pseudo-
epitheliomatous hyperplasia [16]. Debnath and Chatterjee
reported that hormonal changes during the third trimester
of pregnancy were the main etiological factor attributable
to recurrent PG twice within 2 years in the same area[17].
Adusumilli et al., (2014) presented six case reports from
India involving six female patients. Their findings indicated
that etiological factors, including local irritants, traumatic
injuries, and hormonal influences, were implicated in all six
cases. Furthermore, the histopathological examinations
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showed ulcerated surfacesfilled with excessive infiltration
of neutrophils, polymorphonuclear leukocytes (PMNs),
lymphocytes, and proliferation of fibroblasts [18].
Surprisingly, similar histological features were also
observed in a one-year-old child as reported by Thomas et
al., in India in 2024. They also highlighted the etiological
factors found in this case such as repeated trauma by
brushing or food impaction, and failure to remove tissues
causinglesions[19]. Hunasgi et al. reported that ulceration
and hyperplasia were most commonly found in PG [20].
Lalremtluangi and fellows, assesed a female patient with
long-standing PG in India.The results of the study found
that poor oral hygiene, chronic irritation caused by
calculus, peripheral ossifying fibroma, and trabeculae
vascular were associated withreactionary bone changesin
long-standing PG [21]. Meshram et al., and Zhao et al.,
independently conducted literature reviews and
retrospective studies, respectively, in India and China[22,
23]. A comparative study consisting of 70 samples was
carried out by Seyedmajidi et al., in Iran. Their findings
revealed significantly elevated levels of ICAM-1, VCAM-T,
and CD34% in periodontal pockets compared to healthy
gingival tissues (p<0.001 for all comparisons). These
vascular adhesion molecules and endothelial cell markers
were identified as potential biomarkers for periodontal
disease pathogenesis [24]. Rezvani et al., demonstrated
that Langerhans cell histiocytosis (LCH)is associated with
increased endothelial cell proliferation compared to non-
LCH cases[25]. Another comparative study conducted by
Epivatianosetal., in Greece found that non-LCH PG(86.4%)
compared to LCH was associated more frequently with the
PG etiological factors[26]. Ribeiro et al., conducted an 18-
year retrospective study in Braziland reported comparable
outcomes[27]. Gonzalez-Pérez et al., reported that lesion
evolution, inflammatory infiltrate masses, overexpression
of IL-4, bone resorption, and tissue destruction may act as
predictors of gingival PG [28]. Sharma et al., found that
trauma is usually the causative factor for PG in buccal
mucosa, lips, tongue, and palate.They also revealed various
mechanisms of pathogenesis such as the plethora of
inflammatory angiogenesis factors such as persistent
injury by faulty filling and food impaction, and increased
estrogen or progesterone levels [29].Isaza-Guzman and
colleagues performed a comparative study of 57 oral
squamous cell carcinoma cases in Colombia.Their
immune-histochemical analysis revealed elevated
expression of both cyclooxygenase-2 (COX-2) and
interleukin-10 (IL-10) in all cases [30].Verma et al.,
conducted 2 PG case series (consisting of 1 male and 1
female aged <30 years) in India and concluded that
nonspecific infection, overhanging restorations, and
cheek biting may lead to the underlying fibro-vascular
connective tissue-promoting formation of PG in all 6 cases
[31].According to our study, the development of PG is
multifactorial, being dependent on both, independent and
interrelated factors. Factors that can independently
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trigger PG development include trauma (cheek biting,
brushing injuries,etc) hormonal changes (elevated
estrogen and progesterone levels), hypersensitivity to
drugs, bacterial infections, and genetic markers (e.g.,
ICAM-1 and VCAM-1 expression) while interrelated factors
work together towards the development of PG and include
chronic irritation (e.g.,calculus accumulation),
inflammatory processes, and abnormal angiogenesis
(mediated by inflammatory markers and endothelial
proliferation).This suggests a complex interconnection of
these causative factors where inflammation initiates the
pathogenesis while hormonal changes and bacterial
overload in the oral cavity exacerbate the condition [32].
The role of CD4 cells and neutrophils was observed in the
pathogenesis of gingival pyogenic granuloma [33]. CD4+
cells release cytokines (IL-4 and IL-10) contributing to
chronic inflammation and dysrequlated fibro-vascular
proliferation which is seen in gingival pyogenic granuloma.
Whereas neutrophils, being the first responders of the
innate immune system, play their role by secreting reactive
oxygen species, matrix metalloproteinase and pro-
inflammatory cytokines ultimately leading to tissue
degradation and remodeling, setting up a background of
vascular engorgement and endothelial cell proliferation
which are the characteristic features of PG pathogenesis
[34]. CD4+ cells and neutrophils make a feedback loop of
inflammation and vascular remodeling leading to the
exacerbation of gingival PG lesions [35]. Prevention
options include maintaining good oral hygiene, avoiding
localirritants such as overhanging dental restorations and
food impactions, and dose adjustments or changing the
drugs that are known to trigger PG to other alternatives
[36]. Treatment includes non-surgical and surgical
interventions, hormonal management and
pharmacological treatment. Initial management includes
scaling and root planning to remove calculus which
reduces inflammation and lesion size [37]. Complete
excision of the lesion is the gold standard [38]. Diode laser
excision offers less bleeding and faster healing [39].
Cryotherapy, electrodessication and pulse dye laser
therapy can also be considered [40]. Local steroid
application can be considered in some cases [8, 9]. In
pregnancy-related cases, postpartum regression is
observed so surgical treatment should be delayed until
there is any complication. Hence, a multidisciplinary
approach including expertise from periodontists and
general practitioners should be used for optimal
management of PG [10, 11]. This review identified multiple
studies that evaluated correlations regarding hormonal
factors across genders and age groups. For instance, Koo
etal., found that oral PG occurs mostly in the first and third
decade of lifeinmales and fourth to fifthdecade in females.
So there is a statistically significant difference in
occurrence between genders across different age
groups(p<0.05)[11]. Although our review is narrative, these
findings suggest that hormonal variations may play arolein
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the pathophysiology of the conditions under review.
However, heterogeneity in study design and sample
characteristics limits our ability to generalize these
findings. Future research employing a meta-analytical
approach could help clarify these associations further.
This review was limited by heterogeneity in included study
designs, predominance of case reports, variable sample
sizes, and inconsistent methodological quality across
studies, whichrestricts the generalizability of findings. The
absence of quantitative meta-analysis and limited
availability of large-scale prospective studies further
weaken the strength of causal inferences. Future research
should prioritize well-designed multicenter cohort studies,
standardized diagnostic criteria, and molecular
investigations to better clarify pathogenic pathways and
biomarker roles. Advanced evidence synthesis, including
meta-analyses, is recommended to strengthen clinical
guidelines for prevention, diagnosis, and management of
gingival pyogenic granuloma.

CONCLUSIONS

It was concluded that this study highlighted the various
etiopathogenesis factors of gingival PG such as poor oral
hygiene, calculus, hypersensitivity reactions to certain
drugs, chronic irritation caused by food impaction, trauma
by forceful tooth-brushing or cheek biting, a bundle of
inflammatory masses, overexpression of immune-
histochemical, angiogenesis and hormonal factors, the
proliferation of endothelial cells, stromal hemorrhage,
gingival inflammation in blood vessels, and abundance of
anaerobic and aerobic bacteria. This systematic review
underscores the importance of practicing preventive
measures which include oral hygiene, avoiding trauma to
gingiva and drugs known to trigger PG. This study provides
insights into the etiopathogenesis of PG that can help
clinicians in designing targeted treatment strategies,
highlighting the need for a multidisciplinary treatment
approach to reduce lesion recurrence and improve clinical
outcomes.
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