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A B S T R A C T

Background: Oral Submucous Fibrosis (OSMF) is a potentially malignant disorder and burning sensation is the
initial complaint among these patients. Scientific literature has established that mast cells play a major role in
various inflammatory disorders. However, OSMF being an inflammatory disorder, the role of mast cells is yet to
be established. Hence the aim of this study was to evaluate mast cells and burning sensation in various stages of
Oral Submucous Fibrosis.
Methods: The study population comprised of forty subjects, thirty were clinically confirmed cases of OSMF and
ten healthy individuals served as control. A complete history and clinical examination followed by an incisional
biopsy was performed. Samples obtained were subjected to routine histopathological examination and mast cells
evaluation.
Results: Mean number of total mast cells in Stage I, II and III OSMF were 8.5 ± 0.7, 11.31 ± 8.8 and
24.7 ± 21.2 respectively. There was a significant difference in total mast cell count between cases and controls.
Degranulated mast cells was a significant predictor (p = 0.028), indicating role in clinical staging of OSMF.
Degranulated mast cells had a significant role and was a positive predictor (B = 0.763, OR 2.145[95%CI
1.055–4.630]) at moderate levels of burning sensation. A significant difference (p = 0.029) in burning sensation
across histopathological grades was also observed in the study.
Conclusion: Degranulated mast cells were found to have a significant influence in mild to moderate levels of
burning sensation among OSMF patients. Role of degranulated mast cells were also found to be significant in
various clinical stages of OSMF.

1. Introduction

Oral Submucous Fibrosis is a chronic inflammatory disorder pre-
dominant in Southeast Asian region.1 The prevalence of OSMF in India
has increased from 0.1% to 30%.2 The clinical definition of OSMF by
Chandramani More and Naman Rao (2019) as ‘a debilitating, pro-
gressive, irreversible collagen metabolic disorder induced by chronic
chewing of areca nut and its commercial preparations; affecting the oral
mucosa and occasionally the pharynx and oesophagus; leading to mu-
cosal stiffness and functional morbidity; and has a potential risk of
malignant transformation.3 Burning sensation is an early complaint in
patients with OSMF.4 Literature has established the role of mast cells in

various inflammatory disorders such as pulpitis, periapical inflamma-
tion, gingivitis and oral lichen planus.5–7 However role of mast cell in
burning sensation of OSMF is still being evaluated across various po-
pulation subsets of the region.

Several theories have been postulated regarding the etiopathogen-
esis of OSMF. Areca nut and its various commercial preparations has
been the widely accepted theory.8 The alkaloid components of areca
nut such as arecoline, arecaidine, guvacoline, guvacine stimulate fi-
broblasts in the connective tissue to produce collagen. The flavanoids
component inhibits collagenase and thereby decreases collagen de-
gradation leading to fibrosis.9

The pathological definition of OSMF was given by Jens J. Pindborg
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and Satyavati M. Sirsat (1966) as ‘an insidious chronic disease affecting
any part of the oral cavity and sometimes the pharynx. Although oc-
casionally preceded by and/or associated with vesicle formation, it is
always associated with a juxta-epithelial inflammatory reaction fol-
lowed by a fibro-elastic change of the lamina propria, with epithelial
atrophy leading to stiffness’.10

The objectives of this study were (1) Mast cell estimation among
cases in different stages of OSMF. (2) Comparison of mast cells between
case and control. (3) To find predictors among mast cells in different
stages of OSMF. (4) To find predictors among intact, degranulated mast
cells for burning sensation. (5) To find significance of burning sensation
on clinical staging and histopathological grading.

2. Material and methods

The present study was conducted in the dental outpatient
Department of Oral Medicine and Radiology. Prior to enrolling the
subjects, ethical clearance was obtained from the university. The in-
clusion criteria comprised of subjects above 20 years of age, irrespec-
tive of gender and those with a habit of areca nut chewing. Subjects
who reportedly underwent treatment for OSMF previously, as well as
subjects with systemic conditions were excluded from the study. A total
of forty subjects comprised the study population; of these thirty subjects
were clinically confirmed cases of OSMF and ten subjects presenting
with a clinically normal mucosa along with no history of adverse habits
comprised the control group.

Informed consent was obtained from each subject after explaining
the procedure and outcomes in detail. A complete case history in-
cluding medical history was recorded with an emphasis on their ad-
verse habits (areca nut and its combination). Burning sensation was
recorded using a self-assessment descriptive rating as mild, moderate
and severe.11 This was followed by a clinical examination to record the
features such as blanching of oral mucosa, restricted mouth opening (in
mm) and palpable vertical fibrotic bands (Fig. 1). The subjects were
categorized clinically into three stages based on mouth opening as
follows:12

Stage I- Mouth opening ≥45 mm.
Stage II- Mouth opening 20–44 mm.
Stage III- Mouth opening ≤20 mm.
Routine complete blood count was performed for all the subjects.

On confirming with the normal blood report, biopsy was performed. An
incisional biopsy approximately 1 × 1 cm was done under local an-
aesthesia for clinically diagnosed cases of OSMF. Ten samples of normal
oral mucosa were obtained from the surgical site of an asymptomatic
impacted tooth. The tissue sample collected was divided into two sec-
tions; one section was stained with Hematoxylin and Eosin, the other
section of tissue sample was stained using 1% toluidine blue for eva-
luation of mast cells.13

Evaluation: On histological confirmation of OSMF, it was classified
into mild, moderate and severe.14 Mast cells were identified in 100×
magnification and counted using an occulometer grid field under a

magnification of 400× by a step ladder fashion. This was expressed as
number of cells per square millimetre (Fig. 2). Mast cells are spindle to
oval shaped cells and their granules are purplish red in colour. The
nuclei of mast cells appear blue in colour.

Statistical analysis: The data obtained was transferred to an MS
Excel sheet, and statistical analysis was carried out using statistical
package for social sciences (version 16.0 for Windows, SPSS Inc.,
Chicago, IL, USA). In the study, the independent variable was measured
on continuous scale (Mast cells) and the dependent variable (clinical
staging and burning sensation) were on ordinal scale. Hence an apt
statistical application would be ordinal regression. Where the variables
did not satisfy the ordinal regression fit, multinomial regression was
adopted. To assess histopathological and clinical significance with
burning Kruskal Wallis H test (since both are ordinal scale) was used
along with other descriptive statistics and Independent sample t-test
separately.

3. Results

The mean age was 35.0 ± 14.1 and 37.0 ± 9.9 among cases and
controls respectively. There was a male predominance observed among
the cases with a male-to-female ratio of 4:1. Mean of total mast cells in
Stage I, II and III were 8.5 ± 0.7, 11.31 ± 8.8 and 24.7 ± 21.2
respectively. There was significant difference (p < 0.05) in intact,
degranulated and total number of mast cells between case and control
analysed using unpaired t-test (Table 1).

The study variables satisfied the assumptions for ordinal regression
analysis (Table 2); to analyse role of intact mast cells and degranulated
cells in clinical staging and burning sensation associated with OSMF.
Model fitting (p = 0.013) indicates overall fit of the model. Among
mast cells, parameter estimates of ordinal regression highlighted the
role of degranulated mast cell as a positive coefficient and significant
positive predictor (clinical staging B = 0.277, p = 0.028, burning
sensation B = 0.205, p = 0.034). Test of parallel lines assumption was
satisfied for clinical staging p = 0.267 where as this assumption was
not satisfied for burning sensation p = 0.002 under ordinal regression.
Hence multinomial logistic regression was adopted to further establish
the influence of mast cells on burning sensation.

Goodness of fit (p = 0.63) indicates overall fit of the model, like-
lihood ratio indicates significance p = 0.001 (p < 0.05) of de-
granulated mast cells on the overall model. Parameter estimates in-
dicate statistically significant role (p = 0.035) of degranulated mast
cell and is also a positive predictor at moderate levels (B = 0.763, OR
2.145[95%CI 1.055–4.360]) and not so at severe (B = 0.634, OR
1.885[95%CI 0.936–3.794]) levels of burning sensation. Mild burning
sensation served as reference category in the model.

Kruskal-Wallis H test was used to analyse clinical staging and his-
topathological grading with burning sensation (Table 3) which showed
no significant difference p = 0.089(p > 0.05) in burning sensation
between various clinical stages, whereas significant difference
p = 0.029 (p < 0.05) in burning sensation was evident between
histopathological grading, post hoc analysis for same was not carried
out as a look at mean ranks suggests significant difference lying be-
tween the moderate and severe levels of grading.

4. Discussion

Oral Submucous Fibrosis is a chronic disorder characterised by
clinical features such as blanching of oral mucosa, vesicles, ulceration,
burning sensation aggravated on spicy foods, palpable fibrotic bands
and restricted mouth opening. Histological features of OSMF include
epithelial atrophy and presence of chronic inflammatory cell infiltrate.
Fibroelastic changes in the connective tissue include an overall increase
in production of collagen and decreased collagen degradation thus
leading to fibrosis.15 There are several hypotheses regarding burning
sensation in OSMF patients among which the role of mast cells is notFig. 1. Clinical presentation of OSMF.
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well established. Mast cell is a constituent of connective tissue that are
commonly increased in inflammatory conidtions.

The mean age in our study was reported to be around 35 years
among the cases. OSMF is commonly known to occur or reflect in the
middle age. The age group from our study was consistent with the study
of Rahul et al., who reported the maximum number of OSMF cases in
the age group of 30–40 years in their study.16 Similarly, Chandramani
et al., reported predominance between 18 and 35 years and Nigam
et al., reported an age predominance between 34 and 40 years.3,11 This
age group is more vulnerable to stress as well as peer influence. Oral
cavity would have been exposed to the variable of interest such as betel
nut chewing in various forms for a certain number of years prior to
onset of clinical symptoms.

In the present study there was a male predominance among OSMF
subjects. This was concurrent with studies conducted by Ranganathan
et al., and Goel S et al., who observed a male-to-female ratio of 9.9: 1.0
and 5:1 respectively.17,18 This is probably due to females being more
conscious in health and aesthetics and also due to ease of accessibility
for males to areca nut and its products more frequently than females
especially in these regions.

Our study showed an increase in total number of mast cells with
increase in severity of clinical staging of OSMF. This was consistent
with a study by Bhatt and Dolakia, who reported that mean of mast cells
in Grade I and II was 4.5 and 4.9 respectively. The authors reported that
itching sensation is related to histamine released following

degranulation of mast cells and suggested the concept of histamine mast
cell chain.19 Sabarinath et al., also suggested an increase in mast cell
density with increase in severity of OSMF.20 Pujari et al., suggested an
increase in mast cell density with an increase in severity of OSMF and
thus mast cells play a role in initiation and progression of OSMF.21

The intact and degranulated mast cells were significantly higher in
case than control suggesting the role of mast cells in progression of
OSMF. This was concurrent with the existing literature.20,21

Intact mast cells were found to be a negative predictor for clinical
staging of OSMF. Degranulated mast cell was a significant positive
predictor with positive coefficient seen increasing with severity of
OSMF. Sabarinath et al., suggested that degranulated mast cells were
significantly increased in the very early and early stages of OSMF.20

The present study showed a significant increase in degranulated
mast cells in mild and moderate scale of burning sensation and sub-
sequent decrease in degranulated mast cells was seen in severe levels of
burning sensation. Thus, suggesting that degranulated mast cells may
be responsible for mild to moderate burning sensation.

Chronic irritation of oral mucosa due to areca nut may lead to in-
filtration of inflammatory cells like mast cells and their differentiation
in the oral mucosa. Following degranulation of mast cells various in-
flammatory mediators such as proteases such as tryptase, chymase,
cathepsin G and cytokines like Tumour Necrosis Factor, Interleukin;
histamine, serotonin and hydrolases are released. It is possible that
inflammatory cells releasing cytokines may stimulate the increase in the

Fig. 2. Photomicrograph showing intact and degranulated mast cells at X400 power.

Table 1
Mast cell estimation in various stages of OSMF and comparison between case and control using unpaired t-test.

Stage I (Mean ± S.D) Stage II (Mean ± S.D) Stage III (Mean ± S.D)

Intact mast Cells 7.5 ± 0.7 7.9 ± 8.8 15.7 ± 14.5
Degranulated mast cells 1 ± 0.0 3.4 ± 3.1 9.0 ± 7.9
Total No. of Mast cells 8.5 ± 0.7 11.3 ± 8.8 24.7 ± 21.2
Parameter Estimate

Group N Mean Std. Deviation Std. Error t-value p-Value

Intact mast Cells Case 30 9.7 10.4 1.9 2.74 0.01*
Control 10 3.7 3.1 1.0

Degranulated mast cells Case 30 4.6 5.0 0.9 4.57 0.01*
Control 10 0.4 0.2 0.0

Total No. of Mast cells Case 30 14.3 13.5 2.4 3.80 0.01*
Control 10 4.2 3.2 1.0

Inference: Statistical result using unpaired t-test revealed a significant difference in intact, degranulated and total number of mast cells between case and control.
*p-value < 0.05.
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number of mast cells in OSMF.22

There are several theories regarding burning sensation in OSMF.
Presence of inflammatory cell infiltrate in the connective tissue can
predispose to burning sensation. Consumption of a normal diet becomes
difficult leading to poor nutrition. This can lead to deficiency of various
elements such as iron, vitamin B complex and initiate anaemia and
cause stomatitis. Anaemia can further be perpetuated by an inadequate
intake of food due to fibrosis and trismus that occurs in the later
stages.19,23

Literature also suggests that epithelial atrophy increases with in-
crease in severity of OSMF.24,25 This reduces the distance of intra-

epithelial nerve endings from the surface making it more sensitive to
burning sensation. Salivary mucous gel barrier loss may affect the
‘protective diffusion membrane’ function causing burning sensation of
the oral cavity.26

One interesting finding of this study for which there is no available
literature to compare with is burning sensation was observed to be
higher in clinical stage III than stage I however this finding did not
show statistical significance. Burning sensation was significant across
the histopathological grading in the present study.

The limitations of this study were subjects representing population
from one local community with a short follow up period and sampling
bias which can influence the possible outcome of the study. These
limitations can be overcome by having a multi-centre trial using a
larger sample size, for more efficient internal and external validity.
Randomized control trials with antihistamines, would further add to the
understanding of possible role of mast cell degranulation, in causing
burning sensation among OSMF patients.

5. Conclusion

In summation, degranulated mast cells were a significant predictor
and the odds of increase in these cells was seen with increase in clinical
stages of OSMF as per our study. Degranulated mast cells were also a
positive predictor for burning sensation in the mild to moderate cate-
gory of burning sensation. Further multi-centered studies can be done
with a larger sample size to conclude our findings.
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Lower Bound Upper Bound

Threshold Stage I −1.445 0.909 1 0.112 −3.226 0.337
Stage II 3.109 1.054 1 0.003 1.043 5.176

Location Intact mast cells 0.044 0.055 1 0.418 −0.063 0.151
Degranulated mast Cells 0.277 0.126 1 0.028* 0.031 0.524

Parameter Estimate (Multinomial regression)

Burning sensation* B Std. Error Df Sig. (p-Value) Exp (B) 95% Confidence Interval
Lower Bound Upper Bound

Moderate Intact mast cells −0.021 0.082 1 0.793 0.979 0.834 1.149
Degranulated mast cells 0.763 0.362 1 0.035* 2.145 1.055 4.360

Severe Intact mast cells −0.061 0.093 1 0.516 0.941 0.784 1.130
Degranulated mast cells 0.634 0.357 1 0.076 1.885 0.936 3.794

Model fitting information- Chi Square test (8.740), p = 0.013*.
Test of Parallel lines p = 0.267.
Inference: Degranulated mast cells had a positive coefficient (0.277) and is a significant predictor (p = 0.028) in clinical staging of OSMF, indicating increasing odd
with staging. Degranulated mast cells were found to be positive coefficient at moderate (0.763) and severe levels (0.634) of burning sensation, significant positive
predictor at moderate levels (p = 0.035), as well as indicating lesser influence at severe levels of burning sensation.
*p-value < 0.05; aThe reference category is: mild.
Goodness-of-Fit, p = 0.636 and Likelihood Ratio Tests p = 0.001* (Degranulated mast cells).

Table 3
Kruskal Wallis H Test to analyse significance between clinical staging, histo-
pathological grading and burning sensation.

Ranks and Test Statistics

Clinical staging N Mean Rank

Burning sensation Stage I 2 16.50
Stage II 21 13.45
Stage III 7 21.36
Total 30

Burning sensation
Chi-Square 4.836
Df 2
Asymp. Sig. 0.089
Ranks and Test Statistics

Histopathological grading N Mean Rank

Burning sensation Mild 14 13.29
Moderate 10 13.80
Severe 6 23.50
Total 30

Burning sensation
Chi-Square 7.053
Df 2
Asymp. Sig. (*p-value < 0.05) 0.029*

Inference: A significant difference (p = 0.029) in burning sensation across
various histopathological grades was observed, mean ranks suggests a sig-
nificance between moderate and severe levels of grading. Clinical staging and
burning sensation were non-significant (p = 0.089).
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