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ABSTRACT
Background: Oral submucous fibrosis (OSMF) is a chronic, progressive disease that affects both epithelial and
connective tissue structures. Grading according to various histological parameters which include the epithelial and the
connective tissue features can be demonstrated in routine hematoxylin and eosin stains(H&E). However, the use of
special stains ensures better visualization which aids in early diagnosis of these connective tissue changes which
includes microenvironmental changes and epithelial mesenchymal transition especially in advanced OSMF cases. The
present study aims to compare the micro environmental changes and epithelial mesenchymal transition by evaluation
of muscle involvement and degeneration in cases with advanced oral submucous fibrosis using Masson’s trichrome
Methods: Grouping: Group 1: OED with OSMF (5 cases) Group 2: OSCC with OSMF (5 cases) Total 10 cases were
taken and stained with both H&E staining and Masson’s trichrome stain. This helps in assessing tumor
microenvironment of oral epithelial dysplasia and oral squamous cell carcinoma in Oral submucous fibrosis using
Masson’s trichrome.
Results: This study shows higher amounts of inflammation in OSMF with the OSCC group, as it can be easily|
differentiated and helps in identifying malignant transformation. Among the two groups, oral epithelial dysplasia with
Oral submucous fibrosis shows more fibrosis extension into the muscle.
Conclusion: The questionable areas of degenerating muscle bundles or areas of hyalinization were better
distinguished with Masson’s stain, especially in deeper connective tissue and was statistically significant. The purpose
of this study is to identify potentially malignant diseases from malignant transformation of dysplasia and helps to
study how collagen deposition can affect oral squamous cell carcinoma.
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Different histological criteria, such as alterations in
connective tissue and epithelium, are used to grade oral
submucous fibrosis (OSMF). Epithelial changes like
epithelial Atrophy, Epithelium thinning is frequently
observed and may result in increased susceptibility to
trauma®. Hyperplasia and Hyperkeratosis, In certain
instances, there may be both hyperkeratosis (thinning of
the outer keratin layer) and hyperplasia (thickening of
the epithelium)®.

Oral submucous fibrosis (OSMF) is a
chronic, progressive disease that affects both epithelial
and connective tissue structures, and is brought on by
having Areca nuts in betel quid or its derivatives .
Chewing smokeless tobacco, eating foods high in
copper, vitamin deficiencies?, malnutrition resulting in
low blood protein levels, anemia, and genetic
predisposition are all considered contributing risk
factors®*,
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Dysplasia, the existence of precancerous
modifications in the cells known as dysplastic
changes’, which suggest the possibility of malignant
transformation®®. Then subepithelial connective
tissue changes, the process of hyalinization, in which
the tissue becomes glassy and homogenous as a
result of excessive collagen deposition, is frequently
seen in the subepithelial connective tissue. The
submucosal tissues exhibit extensive fibrosis due to
a substantial increase in collagen deposition. The
oral tissues have become less flexible and more rigid
due to an overabundance of collagen. Thick, fibrous
band formation in the submucosal tissues: This
condition is linked to trismus, or limited mouth
opening®°.

In the subepithelial layer, early stages
frequently exhibit a persistent inflammatory cell
infiltration, primarily composed of lymphocytes and
plasma cells®. As the fibrosis gets larger in mature
stages, the inflammatory response usually decreases.
Within fibrotic areas, there is a decrease in the quantity
of blood vessels. Pressure from the surrounding dense
collagen fibers might make the existing capillaries
appear restricted or destroyed. These histological
characteristics are essential for the diagnosis and
treatment of OSMF because they help distinguish the
disorder from other fibrotic and precancerous
conditions of the oral cavity and provide light on the
disease's extent'*. Monitoring OSMF progression and
probable malignant transformation requires routine
biopsy and histological investigation®.

Regular Hematoxylin and Eosin (H and E)
staining could be wused to identify these
characteristics®®. But in advanced OSMF cases, the
application of certain stains helps to better visualize
and early diagnosis of connective tissue changes like
transforming fibroblasts into myofibroblasts and
epithelial mesenchymal transition by providing a
contrast to different components of the connective
tissue'’. We are projecting connective tissue
components in this study using Masson's trichrome.
Histology uses Masson's Trichrome stain, a three-
color staining technique, to identify muscle, collagen,
and fibrin in tissue sections. For the histological
assessment of disorders such as oral submucous
fibrosis (OSF), it is particularly useful in analyzing
fibrotic alterations™. The distinct hue differentiation
makes it possible to see various tissue components
clearly, Black-blue nuclei,cytoplasm, keratin, and
muscle fibers in red color, mucin and collagen fibers
in blue color?®.

Collagen fibers blue staining makes it simple
to determine the degree of fibrosis *” and to identify it,
aids in comprehending the structural alterations in the
mucosa and in differentiating between various tissue
types, through contrasting the level of tissue fibrosis
and collagen deposition across time, or before and

after treatment’®. This study compares and uses
Masson's trichrome to assess muscle degeneration and
participation in advanced oral submucous fibrosis.

To compare and evaluate the microenvironment of
fiber and collagen deposition in Oral submucous
fibrosis, sections were taken from the department block
archives of patients already diagnosed with different
grades of oral submucous fibrosis, patients(n=10) were
grouped into two groups , group 1(n=5) Oral epithelial
dysplasia with Oral submucous fibrosis(figure 1) and
group 2(n=5) Oral squamous cell carcinoma with Oral
submucous fibrosis (figure 2). All the ten cases were
stained with both hematoxylin and eosin(H&E)
staining and Masson’s trichrome stain (figure 3).
Staining is done with a Masson’s trichrome kit. After
staining all the slides were dried and are mounted with
a dibutyl phthalate polystyrene xylene medium. In all
the slides few parameters have been evaluated; they are
fibrosis  extending into  muscle, vascularity,
inflammation and pattern of collagen.

Figure 1. Masson trichrome stained sections of group
1(i.e; oral epithelial dysplasia with oral submucous
fibrosis).

Figure 2. Masson trichrome stained sections of group 2
(i.e; oral squamous cell carcinoma with oral submucous
fibrosis).

Various parameters were evaluated and recorded like
fibrosis extending into muscle, vascularity, inflammation,
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pattern of collagen. Among different sets of cases,
tabulation has been interpreted (table 1 and table 2).
Fibrosis extension into muscle shows increased in
group 2(+present, -absent). Vascularity; Shows more
or less similar in  both the groups
(+mild,++moderate,+++intense).

Inflammation; Higher in group 2 when compared to
group 1(+mild, ++moderate, +++intense). Pattern of
collagen; predominantly hyalinization in group 1
while wavy in group 2(1-wavy, 2-hyalinized). Dense,
widespread fibrosis with nearly total hyalinization and
little inflammation were evident in the advanced
stages of oral submucous fibrosis.

4

Figure 3. Both the groups stained with hematoxylin
and eosin stain(on the left side) and masson’s
trichrome staining (on the right side)

Table 1. Table shows varying levels of collagen and
fibrosis in five different patients with oral epithelial
dysplasia with oral submucous fibrosis.

OSMF extending Vascularity
(Group 1) into muscle

Inflammatio Pattern of
n collagen

1 - g 4 1

2 + ++ ~r 2

3 “+ 4 + 1

Table 2. Table shows varying levels of collagen and
fibrosis in five different patients with oral squamous
cell carcinoma with oral submucous fibrosis.

OSCC with Fibrosis
OSMF extending Vascularity
(Group 2) into muscle

Inflammatio Pattern of
n collagen

1 - “++ ++ 2

TABLE 3. REPRESENTS THE DISTRIBUTION OF
STUDY PARAMETERS IN THE STUDY GROUPS

STUDY SCORES | STUDY GROUPS
PARAMETE
RS
GROUP | GROUP
1 2
Fibrosis into | 0 1 3
muscle
1 4 2
Vascularity 1 1 0
2 4 5
Inflammation | 1 4 0
2 1 2
3 0 3
Pattern of | 1 2 2
collagen
2 3 3
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Table 3 and Graph 1 presents the distribution of study parameters across two study groups. In terms of fibrosis into
muscle, Group 1 had more cases with a score of 1 (4 cases) compared to Group 2 (2 cases), while Group 2 had a higher
number of cases with a score of 0 (3 cases). For vascularity, most participants in both groups had a score of 2, with
Group 1 having 4 cases and Group 2 having 5 cases. Regarding inflammation, Group 1 had more cases with lower
scores (4 cases with score 1 and 1 case with score 2), while Group 2 had a more even distribution across scores 2 (2
cases) and 3 (3 cases). The pattern of collagen was similarly distributed across both groups, with slight variations.
Overall, the distribution of parameters indicates differences in fibrosis, vascularity, and inflammation between the two
groups, potentially suggesting variations in tissue characteristics or responses.

GRAPH 1 DISTRIBUTION OF STUDY PARAMETERS IN THE STUDY GROUPS
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TABLE 4. REPRESENTS THE INTERGROUP COMPARISON BETWEEN STUDY GROUPS AND STUDY
PARAMETERS

STUDY GROUPS MEAN S.D SIG 95% CONFIDENCE
PARAMETERS INTERVAL
LOWER UPPER

Fibrosis into | 1 .80 447 242 -.329 1.129
muscle

2 40 548
Vascularity 1 1.80 447 347 -.661 .261

2 2.00 .000
Inflammation 1 1.20 447 .002* -2.129 -.671

2 2.60 548
Pattern of collagen | 1 1.60 .548 1.000 -.799 799

2 1.60 548

*P value less than or equal to 0.05 is considered statistically significant different
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Table 4 and Graph 2 presents the intergroup comparison of study parameters between the two study groups. The
results show no statistically significant differences in fibrosis into muscle (p = .242), vascularity (p = .347), or pattern
of collagen (p = 1.000) between the groups. However, inflammation showed a statistically significant difference (p =
.002), with Group 2 having a higher mean score (2.60 + 0.548) compared to Group 1 (1.20 £ 0.447), indicating greater
inflammatory response in Group 2. The confidence intervals further support these findings, particularly highlighting
the significant difference in inflammation levels between the groups. Overall, while most parameters did not show
significant variation, the increased inflammation in Group 2 suggests a noteworthy difference in the biological

response between the groups.

GRAPH 2 REPRESENTS THE INTERGROUP MEAN COMPARISON BETWEEN STUDY GROUPS AND

STUDY PARAMETERS
3
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The chronic and severe condition known as oral
submucous fibrosis (OSMF) is typified by the gradual
fibrosis and inflammation of the submucosal tissues,
which include the lamina propria and deeper
connective tissues. It leads to noticeable stiffness and
eventually the incapacity to open the mouth. The
disorder is especially linked to chewing Areca nuts
and is well known for its carcinogenic potential. Since
the pathophysiology of OSMF is poorly understood, it
is thought to be complex[1].

Possible mechanism of OSMF transforming into
malignancy is illustrated by kumar bijay et al stated
that Areca nut chewing will cause initiation of osmf
which can be identified clinically by burning
sensation (histamine) and excessive salivation
(chymase) where mast cell density will increase and
then release of histamine and chymase followed by
release of fibroblast growth factor, vascular
endothelial growth factor and transitional growth
factor-R leads to fibrosis and trismus clinically, finally
malignant transformation occurs by mast cell tryptase
and chymase, proliferation of myofibroblast,
angiogenesis and gene mutation®.

Group 2

1.6 1.6

Group 1 Group 2  Group 1 Group 2

Inflammati Pattern of
on collagen

Another study done by kizhakkoottu et al, also stated
the histopathogenesis of malignant transformation of
OSMF?®, The collagen fibers that display perivascular
cuffing around blood arteries may have extravasated
inflammatory cells surrounding them®. The surrounding
collagen fiber’s tendency to be hyalinized causes the
blood arteries to constrict. Decreased levels of
angiogenesis mediators lead to a decrease in micro vessel
density as fibrosis and hyalinization advance. Clinically,
these alterations manifest as mucosal blanching. Masson's
stain provided a statistically significant distinction
between the areas of hyalinization or degenerating muscle
bundles that were dubious, particularly in deeper
connective tissue. This study aims to distinguish between
potentially malignant disorders and the carcinogenic
transition of dysplasia and advances research on the
potential impact of collagen deposition on oral squamous
cell cancer®!. Masson's Trichrome stains collagen in blue;
muscle, cytoplasm and erythrocytes in red; and nuclei in
blue/black color stain. This characteristic in OSMF is
notably improved, making it simple to identify the dense
and excessive collagen fibers that define the fibrotic
bands.
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Determining the degree of fibrosis can be made easier
by seeing the extent of collagen deposition. The
uniformity and density of the collagen are shown by
the blue staining of the hyalinized areas of the
subepithelial connective tissue. This characteristic is
especially helpful in identifying regions with
extensive fibrosis. Angiogenesis as discussed earlier
plays a crucial role in tumor microenvironment which
can be elevated in red color. Few inflammatory cells
like mast cells, tumor associated fibroblasts can also
be differentiated.

This aids in the evaluation of the tumor
microenvironment in oral Submucous fibrosis for oral
squamous cell carcinoma and oral epithelial dysplasia.
The OSMF group in this study had higher levels of
inflammation than the OSCC group, which is
immediately distinguishable and aids in the detection
of malignant transformation. There is greater fibrosis
extension into the muscle in oral epithelial dysplasia
with oral submucous fibrosis group of patients.

Pathologists find Masson's Trichrome stain to be an
indispensable tool in the diagnosis of OSMF since it
allows for the vivid and unmistakable distinction
between different tissue types. The improved ability to
see fibrotic alterations and tissue architecture aids in
staining the stage of the disease by emphasizing the
degree and density of fibrosis. Understanding the
evolution of OSMF or the response to treatment can be
aided by comparing stained sections across time.
Differentiating OSMF from other oral mucosal
diseases and ailments that have similar clinical
presentations but different histological findings is
made easier by the staining pattern's distinctive
appearance.

Masson's trichrome stain was statistically significant
and allowed for a better distinction between the areas
of hyalinization or degenerating muscle bundles,
particularly in deeper connective tissue, angiogenesis
and tumor associated fibroblast and macrophages.
This helps to identify epithelial mesenchymal
transition. Future developments in staining technigques
will even allow for the differentiation of various
inflammatory cells. Differentiating cells using
different stains would be recommended to facilitate
further work. Aspects that affect virtual assistant
deployment in dental practice. Research needs to
conduct comprehensive qualitative examinations for
revealing the detailed workplace attitudes of dental
staff regarding virtual assistant technology adoption in
their clinical work environment.

Patients together with workflow efficiency

experienced significant improvement in dental
practice through Al-driven virtual assistants.
Thorough examination of quantitative alongside
qualitative information in the study showed major
enhancements affecting domains from patient
satisfaction results to clinical results as well as
appointment bookings and administrative
performance time alongside operational workflow
efficiency. The research demonstrates how Al
technology will transform dental practice management
to give clinicians enhanced power for delivering
quality healthcare with optimized operational
performance. The identification of patient satisfaction
score and staff attitude predictors offers important
directions for deploying strategies that yield optimal
support for continuous improvement.
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