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Abstract: Drug-influenced gingival enlargement is an unwanted effect of the gingiva affecting patients’ aesthetic as well 
as oral hygiene procedures. The presentation of the enlargement may range from mild to severe by which the chewing 
function could also be affected. Patients usually were not aware of this condition until they feel discomfort, thus seek for 
treatment. This review will discuss the overview of common drugs that influence gingival enlargement, its clinical 
features, previous and current methods of assessment to determine the severity of the gingival enlargement. The review 
will serve as a guide for clinician in making diagnosis and treatment plan of such condition. 

Keywords: Gingival enlargement, Drug-induced gingival overgrowth, Calcium channel blocker, 
Immunosuppressant, Anticonvulsant. 

INTRODUCTION 

Drug-influenced gingival enlargement is an 
unwanted effect occurring on the periodontium that 
commonly associated with medications. This condition 
may affect the aesthetics, mastication, speech and oral 
hygiene measures that could leads to further 
periodontal inflammation [1, 2]. Many terms implied to 
these medication-related conditions labelled as 
‘gingival overgrowth’, ‘gingival hyperplasia’ and recently 
known as ‘gingival enlargement’ in new classification of 
periodontal disease [3]. There is an increasing number 
of medications shown to induce gingival conditions 
whereby currently 20 prescriptions have been reported 
[4]. The drugs that commonly being associated with 
gingival enlargement were includes anticonvulsants 
such as phenytoin and sodium valproate; certain 
calcium channel blockers (e.g, nifedipine, verapamil, 
diltiazem, amlodipine, felodipine); immunosuppressants 
such as cyclosporin A and tacrolimus [5, 6]. The 
etiological and mechanism of drug influenced gingival 
enlargement has not fully determined yet and thought 
to be multifactorial and response to various interactions 
between the host and environment. This review 
discusses the nature and use of the associated drugs, 
key clinical and histopathological features of the 
gingival enlargement as well as the methods used for 
gingival assessment. Moreover, this review could be a 
basis of oral health awareness among physicians for 
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early management of patients that affected by those 
drugs implicates gingival condition. 

ANTICONVULSANTS 

Anticonvulsants aim to treat epilepsy, a group of 
central nervous system disorders which have in 
common the occurrence of sudden and transitory 
episodes (seizures) of abnormal phenomena of motor 
(convulsions), sensory, autonomic or psychic origin 
with or without loss of consciousness due to abnormal 
central nervous system activity. Such seizures are 
nearly always associated with abnormal discharges 
recorded on the electroencephalogram (Commission 
on Classification and Terminology of the International 
League Against Epilepsy, 1981). There are 3 
generations of anticonvulsant drugs as shown in Table 
1. Anticonvulsants include phenytoin, phenobarbitone, 
primidone (which is converted into phenobarbitone in 
the liver), carbamazepine, ethosuximide and valproic 
acid. In the treatment of status epilepticus, the 
benzodiazepines, especially diazepam and midazolam 
are a drug of choice. Carbamazepine usually used in 
dentistry especially in the treatment of trigeminal, 
glossopharyngeal and post-herpetic neuralgia [7]. 
Basically, for preventing convulsions, the drugs have 
two general modes of action which are firstly; the drugs 
can act on pathologically altered neurons when 
subjected to seizure foci and prevent or reduce 
excessive discharges of them. Secondly, 
anticonvulsants reduce the spread of excitation from 
seizure foci and this prevent detonation and disruption 
of function in another normal neuron [8].  
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Table 1: Anticonvulsant Drugs. Adopted from Brunet  
et al. in 2001 [9] 

First Generation 
 

Phenytoin 
Phenobarbital (Phenobarbitone) 

Second Generation 
 

Carbamazepine 
Valproic acid (Sodium Valproate) 

Third Generation 
 
 

Gabapentin 
Lamotrigine 
Vigabatrin 

 
However, those drugs indirectly affect the gingival 

tissues. Phenytoin becomes the most drug affecting 
gingival enlargement in this anticonvulsant class which 
usually prominent in the first 3 month after phenytoin 
dosage prescribed and most rapidly occur in the first 
year of taking medication [10]. While Dahloff and 
Modeer in 1986 had observed the clinical onset of 
gingival overgrowth was as early as 1 month after 
taking phenytoin and reach maximum severity 2 to 18 
months later.Yet, the effect had reduced during the 
second year on medication. The incidence of 
phenytoin-induced gingival enlargement ranged from 
1% to 93% with an average approximating 50% 
occurrence of gingival enlargement [7, 9]. The 
relationship between daily dose duration of use and 
blood or salivary levels of phenytoin have been related 
to the presence and degree of gingival enlargement but 
several other studies have failed to detect such 
correlation [11, 12]. 

CALCIUM CHANNEL BLOCKERS 

Calcium channel blockers (CCB) have been widely 
prescribed for the treatment of various cardiovascular 
diseases including angina pectoris, cardiac 
arrhythmias, coronary spasm, and mostly hypertension 
[13]. CCB is among five major pharmacological classes 
of antihypertensive drugs that include beta-blockers, 
diuretics angiotensin converting enzyme inhibitors, and 
angiotensin II receptor antagonists [14]. CCB also 
known as calcium antagonist act to disrupt the 
movement of the calcium through the calcium 
channels, thus relax and widen the blood vessel 
leading to decrease in blood pressure. However, CCB 
such as nifedipine and amlodipineare commonly 
associated with gingival enlargement [13]. Table 2 
shows two classes of CCB; dihydropyridines and non-
dihydropyridines. 

The common side effects of calcium channel 
blockers include headache, dizziness, facial flushing 
and oedema [15]. Gingival enlargement was first 
reported in association with nifedipine [16] and later 

was also described with verapamil, diltiazem and 
amlodipine usage [17-19]. Most of the published 
reports demonstrated nifedipine and amlodipine 
induced gingival overgrowth. In rat model, a minimum 
plasma concentration of 800ng/ml of nifedipine resulted 
in gingival enlargement and that degree of enlargement 
depended on increased concentrations above this 
threshold value [20].  

Table 2: Classes of Calcium Channel Blockers (Adopted 
from 132nd Edition, MIMS, 2013) 

Calcium Channel Blockers 

Dihydropyridines Non-Dihydropyridines 

Amlodipine,  
 

Nifedipine,  
 

Felodipine, 
 

Isradipine,  
 

Lacidipine,  
 

Lercanidipine 

Diltiazem,  
 

Diltiazem SR,  
 

Verapamil,  
 

Verapamil SR 
 
 
 

 

 
The prevalence of gingival enlargement influenced 

by calcium channel blockers were range from 6% to 
83% in Caucasian population [2, 21-23]. There is 
scarce evidence of the gingival enlargement among 
Asian population. In Malaysia, there were only two 
cases been reported [24, 25]. Previous studies found 
that the prevalence of drug influenced gingival 
enlargement in relation to diltiazem, amlodipine, 
verapamil were 74%, 3.3% and 21% respectively [19, 
21, 26-28]. Recently, Gopal et al. (2018) reported that 
from 16 subjects taking β blockers, 2 diltiazem and 5 
losartan in their study, none of patients manifested 
drug induced gingival enlargement.  

IMMUNOSUPPRESSANTS 

Immunosuppressants is mainly used to lower the 
risk of rejection post-transplantation of organ donation. 
It acts on various components of the immune system 
causing selective inhibition and suppression [7]. 
Cyclosporin, azathioprine and tacrolimus are some 
examples of immunosuppressants. Cyclosporin A was 
introduced in human organ transplantation for more 
than few decades to prevent organ rejection which 50% 
success rate. From every kidney allograft performed, 
half failed within 1 to 3 years. The common adverse 
effects of this drug include nephrotoxicity, 
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hypertension, hepatotoxicity and neurotoxicity. 
Whereas the oral side effects of cyclosporin A include 
the rare lingual fungiform papillae hypertrophy (LFPH) 
and also gingival enlargement [29]. The incidence of 
cyclosporin-influenced gingival enlargement was about 
25% to 70% with higher in females than males [30-33]. 
Past study has shown that severity of cyclosporin-
influenced gingival enlargement was significantly 
related to the plasma concentration (≤400ng/ml) of the 
drug [34]. Drug influenced gingival enlargement in 
association with tacrolimus has also been reported 
particularly when it is administered in combination with 
amlodipine [35]. 

CLINICAL AND HISTOPATHOLOGICAL FEATURES 
OF DRUG-INFLUENCED GINGIVAL ENLARGEMENT 

Drug influenced gingival enlargement usually 
develops in a susceptible individual within a few 
months of starting the medications as early of 1 
months. Also, it is more frequently found adjacent to 
the labial surfaces of the anterior segments and usually 
confined to the attached gingiva between the teeth but 
may extend coronally, interfering with aesthetics, 
speech, and mastication [36]. There is a tendency for 
drug influenced gingival enlargement to affect posterior 
teeth also but rarely pronounce compared to anterior 
teeth [37]. As the tissue enlarges it develops a 
characteristically thickened and lobulated appearance 
[38]. It must be differentiated with other gingival lesion 
such as inflammatory enlargement, pyogenic 
granuloma, peripheral giant cell granuloma, systemic 
disease influenced gingival enlargement, neoplastic 
gingival enlargement and others by history of patient 
and clinical appearance. The epithelial surface is 
usually smooth, fibrotic but can be nodular in some 
drugs (Figure 1). 

 

Figure 1: Clinical appearance of drug-influenced gingival 
enlargement in hypertensive patient taking amlodipine. 

In human gingivectomy samples analysis of drug 
influenced gingival enlargement, it was found that 

possible role of connective tissue growth factor (CTGF) 
in promoting development of fibrotic lesions in the 
gingiva. The findings showed elevation of CTGF level 
in drug influenced gingival enlargement in patients 
taking phenytoin and nifedipine to a lesser extent. Also 
very little increased of CTGF in cyclosporin A- 
influenced gingival enlargement [39]. However, if the 
lesion is associated with the presence of periodontal 
disease, the tissues may appear inflamed, red or 
purplish in colour, and bleed profusely upon probing 
[40].  

Gingival enlargement tends to be more severe in 
areas where plaque accumulates, such as at the edges 
of restorations and around orthodontic appliances but it 
rarely seen in edentulous area. Clinical parameters 
such as the standard of oral hygiene, drug dosage, 
serum and salivary levels have some relationship to the 
incidence of gingival enlargement [38]. There was 
increased epithelial thickness observed in drug 
influenced gingival enlargement and is associated with 
increased mitotic activity, especially in the spinous 
layer of oral epithelium [41].  

An ultrastructural study of drugs-influenced gingival 
enlargement showed that the increase in gingival tissue 
is based on connective tissue response rather than 
epithelial cell layer involvement. Histologically, drug-
influenced gingival enlargement associated with 
excessive accumulation of extracellular matrix protein 
such as collagen or amorphous ground substance. 
Besides, variable thickness of parakeratinized 
epithelium covers the connective tissue stroma and 
epithelial ridges may penetrate deep into connective 
tissue, creates irregularly arranged of collagen fibres 
[42]. Evidence also supports that connective tissue is 
an essential feature in the pathogenesis of drug-
influenced gingiva enlargement with increase in 
connective tissue matrix. Gingival fibroblasts produces 
collagen, with specific rise in the level of type I 
procollagen which is controlled by synthesis and 
release of matrix metalloproteinases and tissue 
inhibitor of metalloproteinases [43]. Hence, from the 
findings regarding the tissue layer affected by inducing 
drugs, it was concluded that histopathological drug-
influenced gingival enlargement involves both layers 
which are oral epithelium as well as connective tissue 
layer.  

Furthermore, Kantarci et al. in 2011 [44] stated that 
there are significantly higher numbers of basement 
membrane discontinuities in gingival enlargement 
tissues and it may contain epithelial-like cells. 
Disrupted basal membrane structures in gingival 
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Table 3: Indices for Assessment of Gingival Enlargement 

Index Methods of Assessment Descriptions 

Angelopoulos and 
Goaz in 1972 [10] 

Direct/ 
Clinical 

Grade 0: No hyperplasia; normal gingiva. 
Grade 1: The hyperplastic gingiva covered the cervical third or less of the anatomic 
crown of the anterior teeth. 
Grade 2: The hyperplastic gingiva extended anywhere in the middle third of the 
anatomic crowns of the anterior teeth. 
Grade 3: The hyperplastic gingiva covered more than two thirds of the anatomic crowns 
of the anterior teeth. 

Seymour Index 
[46] 

Indirect/ 
study model cast 

Gingival enlargement grading on study models on the buccal and lingual/palatal papillae 
associated with the six most anterior upper and lower teeth. 
The assessment was based on a 3-dimensional study of plaster casts and evaluates on 
5 gingival units of the upper and lower anterior segments (from the midpoint of the right 
canine to the midpoint of the left canine). 
The degree of gingival thickening on both labial and lingual aspects grading as follows: 
Grade 0: normal 
Grade 1: thickening from the normal up to 2 mm 
Grade 2: thickening from the normal greater than 2 mm 
Gingival encroachments on adjacent tooth surfaces were measured from proximal 
surface to the free gingival margin and graded from 0 to 3 which later modified by 
Andrew et al. in 2014 to allow measurement in millimetres (mm). 

Clinical Index for 
DIGO 
[49] 

Direct/ 
Clinical 

This index assessing the whole dentition anterior and posterior segments by examining 
the lingual and facial interdental papillae and the grading as follows: 
Grade 0: No overgrowth, slight stippling, and no increase in density or size of the 
gingiva. 
Grade 1: Early overgrowth, evidenced by increased in density of the gingiva with 
marked stippling and granular appearance, tip of the papilla is rounded, and probing 
depth is ≤ 3mm. 
Grade 2: Moderate overgrowth, evidenced by increase in the size of the papilla, contour 
of gingival margin is concave or straight, gingival enlargement has a buccolingual 
dimension of up to 2mm, papilla is somewhat retractable, and probing depth is ≤ 6mm. 
Grade 3: Marked overgrowth, with encroachment of the gingiva onto the clinical crown, 
gingival margin contour is convex rather than concave, gingival enlargement has a 
buccolingual dimension of approximately ≥ 3mm, papilla is retractable, and probing 
depth is > 6mm. 
Grade 4: Severe overgrowth, characterized by a profound thickening of the gingiva, 
large part of the clinical crown is covered, buccolingual dimension is approximately 
3mm, papilla is retractable and probing depth is > 6mm. 

Miranda-Brunet 
(MB) Index [47] Direct/ Clinical 

Measurement was based on the size of the papilla from the enamel surface, at the 
interdental contact point to the outer papillary surface. 
Two scores were obtained, one for the buccal papilla and another for the lingual/palatal 
papilla, according to the following criteria: 
The whole mouth assesses clinically anterior and posterior areas, and buccal and 
lingual/palatal surfaces in this index. 
An average mean grade calculated after the scores producible as below: 
Grade 0: Papillary thickness of less than 1 mm 
Grade 1: Papillary thickness between 1 mm and 2 mm 
Grade 2: Papillary thickness > 2 mm 

Nodullary Papillary 
Index by Miranda 

et al. 
[48] 

Direct/ 
Clinical 

A combination of GO index by Miller and Dammin 1992 and MB Index. 
This modification records the 2 components of gingival enlargement at any site, 
horizontal nodular enlargement (MB index) in the interdental papilla and vertical (GO 
index) gingival enlargement. 

Andrew et al. Index  
[2] 

Indirect/ 
 study model cast 

Slight modification of the Seymour Index. 
The grading are as follows: 
Grade 0: Normal gingiva 
Grade 1: Less than 2 mm increase in size 
Grade 2: 2 mm to 4 mm increase in size 
Grade 3: Nodular growth greater than 4 mm 
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enlargement tissues is assisted by a discontinuous 
collagen type IV expression pattern and decreased of 
laminin-5. These findings support the hypothesis that 
epithelial plasticity and epithelial to mesenchymal 
transition promote gingival enlargement, resulting in 
compromised basal membrane structure and increased 
interaction between epithelial and connective tissue 
layer in pathogenesis of drug-influenced gingival 
enlargement [44, 45]. In addition, inflammation on 
gingival enlargement area with focal accumulations of 
infiltrating inflammatory cells particularly plasma cells 
resulted with highly vascularized connective tissue and 
this condition may lead to further periodontal 
destruction and difficulty in teeth cleaning on that area. 

ASSESSMENT OF DRUG-INFLUENCED GINGIVAL 
ENLARGEMENT 

There are few indices to assess the severity of 
drug-influenced gingival enlargement. In the past four 
decades, gingival enlargement was originally described 
by Angelopoulos and Goaz in 1972 [10] and later 
modified by Miller and Damn in 1992 [28] known as 
gingival overgrowth (GO) index. Seymour et al. had 
come out with indirect technique by measuring gingival 
enlargement on study model cast [46]. GO index was 
then modified by Miranda et al. in 1998 known as 
Miranda-Brunet (MB) index [47] and later on in 2001 
known as Nodullary Papillary index [48]. This method 
determines the severity of gingival enlargement by 
grading the mean of GO index and MB index. In the 
same time, Ingles et al. in 1999 [49] had introduced the 
Clinical Index (CI) for Drug-induced Gingival 
Overgrowth (DIGO). This index does not require 
diagnostic casts and intraoral photographs, yet, provide 
some indication of the severity of the lesions as well as 
aid in deciding appropriate treatment intervention. 
Meanwhile, the indirect technique proposed by 
Seymour et al. in 1985 was later modified by Andrew 
and coworkers in 2014 [2]. All the indices are 
summarized in Table 3. 

CONCLUSION 

The common drug-influenced gingival enlargement 
has almost similar in their clinical as well as 
histopathological appearance. Proper diagnosis with 
the available assessment methods for gingival 
enlargement would benefits both clinician and the 
patients as it provides more efficient treatment 
modalities that may increase oral health awareness, 
thus improve patients’ quality of life. 
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