
ABSTRACT:
Introduction:
Oral Submucous fibrosis (OSMF) is well recognized as one of the most common potentially malignant 
disorder of the oral mucosa in India related to chewing of areca nut products and characterized by mucosal 
rigidity of varying intensity caused by fibroelastic changes of the juxta – epithelial layer, resulting in a 
progressive inability to open the mouth. Ultrasonography (USG) is a non-invasive diagnostic modality 
commonly used for soft tissue pathology. It is considered as a form of “real time” imaging. 
Aim: To evaluate the efficacy of ultrasonography (USG) as a non invasive tool in assessing the severity of oral 
submucous fibrosis (OSMF). 
Materials and Methods: The submucosal thickness in buccal mucosa was measured using ultrasound (6-13 
MHz) in 50 subjects comprising 25 OSMF cases and 25 controls. 
Results: Results were analysed by one way analysis of variance, chi-square test, Pearson correlation and t-test. 
As the stages of OSMF advanced, an increase in submucosal thickness of the buccal mucosa was seen in case 
group when compared with control group (p<0.05). 
Conclusion: USG is an effective non-invasive modality for assessing the progression of OSMF.
Key Words: Ultrasonography, oral submucous fibrosis, submucosal thickness, non-invasive. 

Introduction

Oral submucous fibrosis (OSMF) is a potentially 

malignant disorder predominantly seen among 
[1]

areca nut chewers in South Asian countries . It is an 

insidious chronic disease that can affect any part of 
[2]the oral cavity and sometimes the pharynx . The 

aetiopathogenesis of the disease remains elusive 

and closely linked with the habit of chewing areca 

nut and tobacco containing products. The tissues 

mostly affected by OSMF in oral cavity are buccal 

mucosa, and retromolar area, followed by the soft 

palate, palatal fauces, uvula, tongue, and labial 
[3]

mucosa . Clinical diagnosis of OSMF is usually 

made based on several characteristic features of 

OSMF, including intolerance to spicy foods, 

blanching and stiffness of the oral mucosa, fibrous 

bands in the buccal or labial mucosa, and 
[4]

progressive inability to open the mouth . Biopsy 

for histopathological assessment is rarely 

performed in OSMF patients in the face of clinical 

diagnosis and the futility of indulging in a practice of 
[5]

biopsy has been shown .  The accuracy of clinical 

assessment has also been questioned because of 

intra- or inter - observer variability and possibility 
[6]

of impalpable fibrous bands in very early cases . 

For these reasons, there has been a growing interest 

in the development of non-invasive diagnostic 

procedures.

Ultrasonography (USG) is a non-invasive diagnostic 

tool commonly used for soft tissue pathology. It is 

considered as a form of “real time” imaging. The 

echogenicity of a tissue is primarily related to its 

“stiffness”, the chief source of which is collagen, or 

more specifically the content and arrangement of 
[7]

collagen within tissues . Ultrasonography (USG) is 

particularly suitable for imaging superficial 

structures of the head and neck region. USG 

provides both qualitative and quantitative 
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assessment. Qualitatively, it provides information 

on the nature of a lesion and its relation to adjacent 

normal structures. Quantitatively, it assesses the 

dimensions of the lesion, its distance from the skin 

surface and its relative proximity to skin and 

mucosal surfaces. Till date there is no conclusive 

evidence of adverse biological effects of the use of 
[8].

USG 

This study evaluated the role of Ultrasonography in 

detection of oral submucous fibrosis (OSMF).

Materials and Methods :

Our study recruited 50 subjects, with age between 

20-40 years divided into 2 groups. 

A) Group I (cases) comprises of subjects having the 

habit of chewing areca nut or one of its commercial 

preparations with clinically diagnosed OSMF. 

B) Group II (controls) comprises of subjects with no 

history of chewing areca nut or one of its 

commercial preparations and no mucosal lesions of 

OSMF. Controls were matched to cases by age and 

sex.

All the subjects were clinically examined and a 

detailed history was recorded in a structured 

performa designed for this study. Permission from 

the Institutional Ethical Committee was obtained 

before starting the study. Informed consent was 

obtained from all the subjects who participated in 

the study. 

Inclusion Criteria: Subjects with a positive history 

of chewing areca nut or one of the commercial 

preparations containing areca nut with symptoms 

such as a burning sensation on eating spicy food, 

difficulty in swallowing, chewing, blanching of the 

oral mucosa, palpable fibrous bands, and restricted 

mouth opening.

Exclusion Criteria: Subjects with fibrosis and 

restricted mouth opening due to any other cause 

were excluded from the study.

Clinical staging of group I (cases) was based on the 
9

classification by Khanna and Andrade .

Stage I 

Very early cases, normal mouth opening, burning 

sensation, excessive salivation, acute ulceration and 

recurrent stomatitis. (N=02)

Stage II 

Early cases, mouth opening: 26-35 mm (interincisal 

opening), soft palate and faucial pillars are areas 

primarily affected; buccal mucosa appears mottled 

and marbled, with dense, pale, depigmented, and 

fibrosed areas alternating with pink normal 

mucosa, red erythematous patches, and widespread 

sheets of fibrosis. (N = 06) 

Stage III 

Moderately advanced cases, mouth opening: 15-25 

mm (interincisal opening), trismus, vertical fibrous 

bands can be palpated and are firmly attached to 

underlying tissue, patient unable to puff out the 

cheeks or whistle, soft palate- fibrous bands seen to 

radiate from the pterygomandibular raphe or 

anterior faucial pillar in a scar- like appearance, 

atrophy of vermillion border of the lips, unilateral 

posterior cheek involvement with only ipsilateral 

involvement of the faucial pillar and soft palate, and 

reduced mouth opening. (N = 13) 

Stage IV a 

Advanced cases, stiffness/inelasticity of the oral 

mucosa, trismus, mouth opening: 2-15 mm 

(interincisal opening), fauces thickened, shortened 

and firm on palpation, uvula seen to be involved as a 

shrunken, small and fibrous bud, tongue movement 

restricted, papillary atrophy (diffuse), lips- circular 

band felt around entire mouth, intraoral 

examination is difficult. (N = 04) 

Stage IV b 

Advanced cases with premalignant and malignant 

changes, OSMF and leukoplakia, OSMF and 

squamous cell carcinoma. (N = 0)

Technique: Ultrasonographic imaging was 

performed by a single trained general radiologist 

with the patient in the supine position. The USG 

device was a GE Voluson S color Doppler USG 6, 

system with a multifrequency linear transducer 

probe measuring 4.5 × 0.8 cm size with frequency 6-

13 MHz.

Before starting USG for measuring submucosal 

thickness in buccal mucosa, participants were 

instructed to indicate the mucosa by placing the 

forefinger against the lining mucosa so as to 

delineate the empty space of the oral cavity. The 

transducer probe was placed in such a way that the 
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soft tissues were not unduly compressed, because 

excess contact pressure while imaging might affect 

the measurements. Hence, to obtain exact 

measurements of the thickness of submucosa the 

probe was brought softly into contact with the 

surface. For ultrasonographic imaging of the buccal 

mucosa, an imaginary line was drawn between two 

points (Fig.1). 

Figure: 1 USG measurement points on cheek

The first point was 1 cm anterior to the anterior 

border of the masseter muscle, indicating the 

posterior buccal mucosa (PBM) and the second was 

1 cm posterior to the commissure of the lip, 

indicating the anterior buccal mucosa (ABM). The 

submucosal thickness was measured along this line 

on both the right and left sides. Ultrasonographic 

imaging was performed with an extraoral approach 

by placing the linear transducer parallel to the 

lower border of the mandible (Fig.2).

Figure : 2 Transducer placement on buccal mucosa

The USG scan constituted a full representation of the 

cross-section of the buccal mucosa, in the 

submucosal and muscular planes. The mucosal 

lining was seen as a hyperechoic line and the 

submucosa as a hypoechoic band supported by 

muscle planes. This band of hypoechogenicity 

between the hyperechoic mucosa and muscle layer 

was measured as the submucosa thickness (Fig.3).

Figure: 3 USG image showing submucosa

 The distance between the two hyperechoic lines i.e., 

mucosal lining and the muscle layer is measured 

with the help of the measuring tool in USG (Fig.4-5).

The measurements of right and left anterior and 

posterior buccal mucosa were noted, two scans 

were taken per patient, one on the right side and the 

other on the left side. 
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Figure: 4 USG image showing buccal mucosa in a control
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Figure: 5 USG image showing buccal mucosa in a case

Statistical analysis :

One way analysis of variance was used for multiple 

Table 2 data represents the comparison of ultrasonographic measurements of submucosal thickness between 
different stages of OSMF. In this comparison Right ABM, PBM as well as Left ABM, PBM were taken and 
statistically significant values were noted.

comparisons and t- test for two group comparisons. 

Pearson's test for correlation between two groups. 

Chi- square test was used for analysis of categorical 

data. P < 0.05 was considered statistically 

significant.

Results & Observations :

All the 25 OSMF subjects were males in the age 

range of 20-40 years with a mean age of 27.6 ± 5.2 

years. The subjects were identified as being in 

different stages of OSMF – Stage I (N=02), Stage II 

(N=06), Stage III (N=13), Stage IV a (N=04). All 25 

patients had a burning sensation in the mouth and 

varying degrees of restricted mouth opening. All the 

25 control subjects were also males in the age range 

of 20-40 years with a mean age of 27.08 ± 4.79 years.

 

 

 

Table :1 Correl ation between USG measurements of submucosal thickness (measured in cm) & 
clinical staging of OSMF

 USG measurements
 

Stage I 

(N=02)

 

Stage II
 (N=06)

 

Stage III 

(N=13)

 

Stage IV a
 (N=04)

 

One way ANOVA

Mean ± SD

 

Mean ± SD

 

Mean ± SD

 

Mean ± SD

 

F

 

Significance (p)

Right ABM

 

0.110 ± 0.00

 

0.178 ± 0.679

 

0.136 ± 0.361

 

0.220 ± 0.588

 

4.021

 

0.021

Right PBM

 

0.115 ± 0.353

 

0.140 ± 0.363

 

0.158 ± 0.315

 

0.242 ± 0.556

 

8.013

 

0.001

Left ABM

 

0.100 ± 0.141

 

0.170 ± 0.167

 

0.153 ± 0.333

 

0.227 ± 0.275

 

10.527

 

0.000

Left PBM

 

0.095 ± 0.353

 

0.170 ± 0.513

 

0.174 ± 0.343

 

0.255 ± 0.331

 

8.330

 

0.001

SD: Standard Deviation, ANOVA: Analysis of variance, ABM: Anterior Buccal Mucosa, PBM: Posterior Buccal Mucosa.

Table: 2 Comparison of submucosal thickness (measured in cm) between the different stages of OSMF 
Dependent variable 

 
Stage 

 
(I)

 
Stage

  
(J)

  
Mean difference

 
(I-J)

 
Standard error

 
Significance (p)

Right ABM

 
Stage III

 
Stage IV a

 
-0.0830

 
0.0276

 
0.041

 
Right PBM

 

Stage I

 

Stage IV a

 

-0.1275

 

0.0322

 

0.004

Stage II

 

Stage IV a

 

-0.1025

 

0.0240

 

0.002

Stage III

 

Stage IV a

 

-0.0840

 

0.0212

 

0.004

 

Left ABM

 

Stage I

 

Stage IV a

 

-0.1275

 

0.0247

 

0.000

Stage II

 

Stage IV a

 

-0.0575

 

0.0184

 

0.031

Stage III

 

Stage IV a

 

-0.0736

 

0.0163

 

0.001

Left PBM

Stage I Stage IV a -0.1600 0.0037 0.001

Stage II Stage IV a -0.0850 0.0251 0.017

Stage III Stage IV a -0.0803 0.0222 0.010

The mean difference is significant at the 0.05 level (p< 0.05)

Table 1 data represents a statistically significant correlation between ultrasonographic readings of 
submucosal thickness and clinical stages of OSMF. The range of the normal submucosal thickness was 
between 0.03-0.06 cm. In the case group range of submucosal thickness was between 0.12-0.30 cm. The 
submucosal thickness was more in the PBM than in the ABM. When right and left submucosal thickness were 
compared there was more thickness on the left side.
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Discussion 

OSMF is predominantly found among the people of 
South Asia and is closely associated with the habit of 
chewing betel nut and tobacco products. The overall 
prevalence of OSMF in India is about 0.5% with a 
range of 0.2-1.2% in different regions of the country. 
Various etiological factors are being studied, such as 
g e n e t i c ,  a u t o i m m u n e ,  n u t r i t i o n a l ,  a n d  
environmental factors. Also studied are habits like 
intake of spicy food, chewing of betel nut, betel quid, 
and tobacco preparations (panmasala, gutkha, 
tobacco, etc.). OSMF also has a significant mortality 
rate because it can transform into oral cancer, 
particularly squamous cell carcinoma as seen in 

87.6% of the cases . The geographical distribution of 
OSMF shows confinement to tropical areas 
primarily the Indian subcontinent. OMSF can occur 
at any decade, but majority of the patients are 

10between 20 and 40 years of age  which was 
matched to the age group of present study. The 

higher incidence of OSMF in younger people 
attributed to the prevalence of gutkha chewing in 
this age group, which in turn relates to the 

[7]substance's easy accessibility and low cost .

All 25 OSMF subjects were men, suggesting an 
extremely male predominance similar to that 

11
reported in several previous studies . The male 
predominance in the present study may relate to the 
fact that gutkha is more available to men than 
women in Indian society. It may also refer the 
changing life – style of young Indian men. In the 
present study, all 25 OSMF subjects had the habit of 
chewing gutkha. Epidemiological studies, case 
reports, case control studies and tissue culture 
studies have all suggested that chewing of areca nut 
products is the main etiologic factor in OSMF. 
Gutkha is a ready - made mixture of areca nut, 
tobacco, lime, catechu, sweetening agents, and 
flavoring compounds which is sold in small sachets 

[12]or pouches . 
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Table: 3 Comparison of USG readings of submucosal thickness (measured in cm) in OSMF 
patients & control group

 Stages 
 

Stage I 
 (N=02)

 

Control 

Group

 
(N=25)

 

Stage II 
 (N=06)

 

Control 

Group

 
(N=25)

 

Stage III 
 (N=13)

 

Control 

Group

 
(N=25)

 

Stage IV a
 (N=04)

 

Control 

Group

(N=25)

Mean 

 

0.1050

 

0.0510

 

0.1560

 

0.0510

 

0.1646

 

0.0510

 

0.2363

 

0.0510

Standard deviation

 

0.0035

 

0.0088

 

0.0281

 

0.0088

 

0.0286

 

0.0088

 

0.0431

 

0.0088

Standard error mean

 

0.0025

 

0.0017

 

0.0078

 

0.0017

 

0.0116

 

0.0017

 

0.0215

 

0.0017

T statistics

 

8.429

 

17.399

 

17.235

 

20.683

 

P value

 

0.000

 

0.000

 

0.000

 

0.000

 

Significant at the 0.05 level.

Table 3 data represents that there was a statistically significant difference between ultrasonographic 
measurements of submucosal thickness in case and control group.

Table 4 data represents the correlation between clinical staging, frequency and duration of the habit which are 
statistically significant

Table:4 correlation between clinical staging of OSMF, frequency & duration of habit

Frequency  
(  Packs/day)≤7

 

Duration 

(Years)
 

No. of cases  Clinical staging of OSMF 
Stage I

 
Stage II

 
Stage III

 
Stage IV a

≤7

 

≤4

 
05 (20%)

 
02 (40%)

 
02 (40%)

 
01 (20%)

 
-

 8-14

 

5-9

 

11 (44%)

 

-

 

04 (36.4%) 

 

06 (54.5%)

 

01 (9.1%)

≥15

 

≥10

 

09 (36%)

 

-

 

-

 

06 (66.7%)

 

03 (33.3%)

Total

 

25 (100%)

 

02 (8%)

 

06 (24%)

 

13 (52%)

 

04 (16%)

Chi – square – value: 15.583; significant: 0.016 (p value of <0.05 is significant)
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Our study found a significant correlation between 
frequencies, duration of chewing habit with clinical 
staging which are consistent with studies of 

8Devathambi et al . As frequency of chewing habit 
increased, disease severity also increased due to 
indirect relation to the pathogenesis of the disease 
wherein the normal oral mucosa is exposed to more 
and more areca nut, which acts as a chronic irritant 
causing mechanical trauma. Slaked lime, which is 
one of the ingredients of gutkha, causes chemical 
burns leading to microhemorrhage. Both 
mechanical and chemical irritation are followed by 
infiltration of fibroblasts, hence an increase in 

[7]fibrosis .

When the submucosal thickness of different stages 
were compared the USG shows difference between 
all stages of OSMF, but there was no statistical 
significance between stage I, stage II and stage III. 
Clinically, vertical bands can be palpated in stage III 
but not in stage II and stage I. Statistical significance 
was seen when stage I, II, III are compared to stage 
IV a (table 2). This difference shows that there is an 
increase in severity of submucosal fibrosis as the 
lesion advances beyond Stage II. This also helps in 
assessing prognosis after treatment. The 
submucosal thickness was more in the PBM than in 
the ABM probably due to the increased tendency of 
the people to keep the Gutkha or areca nut in the 
region of buccal pouch. A highly significant 
difference was observed in submucosal thickness 
between cases and controls which, was consistent 
with that of previous studies done by Rangaiah et al 
[7] [8], Devathambi et al .

Conclusion 

Concluding from the present study we infer that 
Ultrasonography is a non-invasive, zero radiation 
modality for assessing the progression of OSMF. We 
were able to establish the normal ultrasonographic 
values of submucosal thickness for a small sample. 
This study showed a significant increase in USG 
measured submucosal thickness in OSMF subjects. 
However our study failed to elucidate statistical 
significance between stages I, II, III though there 
was a persistent correlation existing between 
clinical and USG measurements. This can be 
accounted due to possible heterogeneous 
distribution of number of cases among different 
clinical stages. Henceforth further studies with 
increase in sample size and uniform number of 
patients for each clinical stage are required.
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