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Abstract
Objectives The aim of the study was to compare the effec-
tiveness of vasodilator isoxsuprine to dexamethasone with
hyaluronidase injections and physiotherapy in the treatment
of oral submucous fibrosis.
Materials and methods Forty patients with oral submucous
fibrosis were randomly assigned into three groups. Group A
patients (n015) received 10 mg isoxsuprine tablets four
times per day, group B (n015) biweekly dexamethasone
with hyaluronidase intralesional injections, and group C
(n010) placebo tablets. In addition, all patients were
instructed physiotherapy exercises. The treatment time was
6 weeks and patients were followed-up for 4 months there-
after. The effect of the treatment was evaluated by measure-
ments of inter-incisal distance and oral burning sensation
and evaluation of histological findings of the diseased
mucosa.

Results Mouth opening increased and burning sensation
decreased significantly in all groups, but the effects were
significantly greater in groups receiving either oral isoxsu-
prine or dexamethasone with hyaluronidase injections in
addition to physiotherapy. The decrease in burning sensa-
tion occurred more rapidly in patients receiving intralesional
dexamethasone with hyaluronidase. Histological improve-
ment was not observed in any of the groups.
Conclusions Oral isoxsuprine as well as dexamethasone
with hyaluronidase injections combined to physiotherapy
alleviate symptoms of oral submucous fibrosis significantly
more efficiently than physiotherapy alone.
Clinical relevance Oral isoxsuprine can be considered as a
new candidate drug for the treatment of oral submucous
fibrosis. Physiotherapy exercises provide relief of symptoms
and should be instructed to all patients.
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Introduction

Oral submucous fibrosis is a severely disabling and progres-
sive disease with estimated malignant transformation rate of
7–13 % [1]. Areca nut, a highly addictive agent, has been
identified as the major etiological factor of oral submucous
fibrosis [2]. In addition, there are indications of genetic
predisposition possibly related to immunological mecha-
nisms. Nutritional deficiencies may further contribute to
the course of the disease. The condition is predominantly
affecting people from South and South-East Asia and people
migrated from these areas among whom areca nut use is
known to be common [1, 3].

Local irritation by areca nut results in epithelial injury
and chronic inflammation which induces fibrosis and

C. J. Bhadage :K. Shah
Department of Oral Medicine & Radiology,
MGV’s KBH Dental College & Hospital,
Nashik, Maharashtra, India

H. R. Umarji
Department of Oral Medicine & Radiology,
Government Dental College & Hospital,
Mumbai, Maharashtra, India

H. Välimaa
Haartman Institute, Department of Virology, University
of Helsinki, and Department of Oral and Maxillofacial Surgery
and Huslab, Helsinki University Central Hospital,
Helsinki, Finland

C. J. Bhadage (*)
“SHRINIVAS” 112/902,
near water tank, Chetna Nagar,
Nashik 422009, Maharashtra, India
e-mail: drchetanb@yahoo.co.in

Clin Oral Invest (2013) 17:1375–1382
DOI 10.1007/s00784-012-0824-z



hyalinization [1, 3]. These changes initially affect the lamina
propria and gradually further the submucosa and the mus-
culature resulting in loss of tissue elasticity. The condition is
hypothesized to result from collagen metabolism disorder
either caused by reduced collagen breakdown or increased
collagen synthesis [3]. Indeed, areca nut alkaloids have been
shown to increase collagen synthesis by fibroblasts [4] and
tannins to inhibit collagenase activity in vitro [5]. Fibrosis
and malignant transformation has been suggested to be
driven by betel-derived alkaloid induced upregulation of
keratinocyte v 6 expression [6].

The initial symptoms include oral burning sensation,
intolerance to spicy food, and mucosal ulcerations [7]. Dis-
ease progresses unless areca nut use is stopped at this stage.
Signs of advanced disease are stiffening and blanching of
oral mucosa along with development of fibrous bands on
cheek, lips, and soft palate. Also pharynx and the upper part
of the esophagus can be affected. This leads to reduced
mouth opening and difficulties in taking care of oral hy-
giene, eating, swallowing, and speaking. Reduced mouth
opening also complicates inspection of oral cavity for pos-
sible malignant lesions.

The severity of the disease has been proposed to be classi-
fied by the degree of trismus and other clinical findings [8, 9],
histological findings [10], or all these together [11]. Staging of
the condition can be helpful when choosing the line of therapy
that should be used. Current treatment options include medical
treatment with dietary supplements and immunomodulatory,
proteolytic, and vasoactive agents [8, 12]. Surgical interven-
tions may be necessary in advanced stages of disease. Medical
and surgical treatment can be combined with physiotherapy or
physiotherapy can be used alone.

Immunomodulatory therapy by corticosteroid injections is
the primary medical treatment option in many centers. Corti-
costeroids of different types have been used in several studies
[11, 13–19] yet little controlled evidence exists of its efficacy.
Also proteolytic enzymes alone or combined to corticoste-
roids [13–16, 18, 19], vasodilative agents [16, 20–22],
nutrients, and anti-oxidants [15–17] have been used and
reported to provide varying degree of relief to the patients.

In the present study, the efficacy of a vasodilative agent,
isoxsuprine, combined with physiotherapy, was compared to
intralesional injections of dexamethasone with hyaluronidase
and physiotherapy or physiotherapy alone on the symptoms of
oral submucous fibrosis. Our results show that all of these
treatments increase mouth opening and reduce burning sensa-
tion significantly, but both isoxsuprine and dexamethasone
with hyaluronidase alleviated these symptoms significantly
more efficiently compared to physiotherapy alone. Burning
sensation decreased sooner in patients having dexamethasone
with hyaluronidase injections compared to isoxsuprine treat-
ment group. In the follow-up samples, significant histological
improvement was not observed in any of the groups.

Materials and methods

Patients

The study protocol was approved by the ethics committee of
Mumbai government dental college and hospital and written
informed consent was obtained from the patients. Patients
with oral submucous fibrosis were recruited from the outpa-
tient clinic of Mumbai government dental college and hospi-
tal. Initially, a total number of 54 patients entered the study.
Only patients who complied with the study protocol and
fulfilled the diagnostic criteria of oral submucous fibrosis
were included in the final study population of 40 patients.

The diagnostic criteria were history of oral burning sen-
sation when eating, subjectively observed gradual reduction
in mouth opening and a feeling of loss of elasticity in buccal
tissues and bilateral buccal fibrous bands observed objec-
tively on palpation by the investigator. Five patients did not
experience burning sensation, but otherwise all patients
fulfilled all four diagnostic criteria. All patients had a history
of gutka or areca nut use, and the majority of patients had in
addition smoked or chewed tobacco. Patients with oral
malignancy, other mucosal diseases (including chronic
ulcers, leukoplakia, lichen planus, and infectious mucositis),
trismus due to other conditions, earlier treatment for oral
submucous fibrosis, systemic diseases, regular medication,
patients debilitated by high age, and pregnant women were
excluded from the study.

Study protocol

Patients entering the study were explained in detail about the
condition affecting their oral cavity and about the study
protocol. A thorough medical history of each patient was
obtained and a detailed clinical examination of the oral
cavity was carried out by a single investigator. Inter-incisal
distance was measured mouth fully open using the mesial
incisal edges of right maxillary and mandibular central
incisors as reference points. In patients missing maxillary
and/or mandibular central incisor, the distance between the
highest points in maxillary and mandibular alveolar crest
midline was recorded. The measurement was done with a
vernier caliper and geometric divider. Intensity of burning
sensation at the time of the visits was evaluated by using a
modified visual analog scale (VAS). A scale consisting of a
10 cm line on which 0 cm corresponded to “no burning
sensation” and 10 cm “burning sensation as bad as it could
be” was designed. The patients were asked to quantify
current burning sensation on VAS and the corresponding
number was recorded. Patients’ teeth were cleaned of stains
and a pretreatment punch biopsy was taken from the dis-
eased buccal mucosa to histologically grade the severity of
the condition.
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The patients were then randomly divided into three
groups (A–C). All patients were instructed to carry out
mouth opening and cheek blowing exercises and advised
to discontinue the habit (chewing of betel nut, tobacco,
gutka, mawa, etc.). Mouth opening exercise was carried
out by positioning a maximal number of tongue spatulas
between the teeth. A spatula was added every 5–10 days to
gradually increase the opening. Exercises were instructed to
be done three times per day during treatment and follow-up
periods.

In addition, group A patients (n020) were administered
isoxsuprine 10 mg tablets orally (Tablet Duvadilan, Solvay
pharma) four times a day. Group B patients (n017) were
given twice a week bilateral intralesional injections of 2 ml
dexamethasone (Injection Dexona, Cadila Healthcare Ltd)
with 1,500 IU hyaluronidase (Injection Hyalase, CP Phar-
maceuticals LTD) mixed with 1 ml of 2 % lignocaine
solution with adrenaline 1:80,000 (Lignox 2 % A, Indoco
Remedies Ltd) at the site of palpable fibrous bands on the
buccal mucosa. Group C patients (n017) received orally
placebo capsules containing fine sugar.

Oral status and VAS scores were recorded twice a week
during the 6-week treatment period by a single investiga-
tor. The discontinuation of the habit was controlled by
inspection for possible intraoral stains and interviewing
the patient and accompanying persons or relatives. Fol-
lowing physiotherapy instructions was controlled by inter-
viewing the patients. The patients were asked to report
immediately if there were symptoms suggestive of relapse
or side effects.

One week after completion of therapy, each patient was
subjected to post-treatment biopsy. The patients were further
clinically examined every 15 days for 4 months.

Analysis of biopsy samples

Biopsy specimens were examined blinded by a single pathol-
ogist. The specimens were grouped according to the presence
of signs typical for oral submucous fibrosis and graded by
severity of findings as described earlier [10]. By stage, the
groups were assigned a histological score ranging from 0 to 4
for the purpose of comparison and statistical analysis. Criteria
for staging and corresponding scoring are presented in Table 1.

Pre- and post-treatment biopsy samples were also specif-
ically evaluated for the presence of certain particular histo-
logical findings used for staging of oral submucous fibrosis.
These included epithelial atrophy and hyperplasia, hyper-
keratosis or parakeratosis, epithelial atypia, the amount of
subepithelial collagen and inflammatory reaction, hyaliniza-
tion, or sclerosis and the degree of vascularity.

Statistical analyses

All findings were tabulated and data were subjected to
statistical analysis by Student’s t test by Prism 4.0 software
(Primer for Windows, Microsoft). P values of less than 0.05
were considered statistically significant.

Results

Characteristics of the final study population

Of the initially recruited 54 patients, 40 were included in the
final study population and randomly assigned to groups A (n0
15), B (n015), and C (n010). All together 14 patients were
not able to adhere to the study protocol and were therefore

Table 1 Histological grading
and scoring of biopsy samples

Modified from Pindborg and
Sirsat [10]

Stage of disease Histological findings Histological
score

No disease Normal oral mucosa 0

Very early stage Finely fibrillar collagen with marked edema. Strong fibroblastic
response. Dilated and congested blood vessels. Among
inflammatory cells, polymopho-nuclear cells dominate,
occasional eosinophils.

1

Early stage Early hyalinization in juxtaepithelial area. Thickened separate
collagen bundles. Moderate fibroblast response. Often dilated and
congested blood vessels. Mononuclear lymphocytes and eosinophils
are dominating inflammatory cells, occasional plasma cells.

2

Moderately
advanced stage

Moderately hyalinized collagen, amorphous change starting from
juxtaepithelial basement membrane. Thickened collagen bundles
occasionally separated by residual edema. Less marked fibroblast
response. Blood vessels either normal or constricted. Lymphocytes
and plasma cells are dominating inflammatory cells, occasional
eosinophils.

3

Advanced stage Completely hyalinized collagen present in smooth sheets with no
separate bundles discernible. No edema. Obliterated or narrowed
blood vessels. Inflammatory cells are lymphocytes and plasma cells.

4
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excluded. The number of excluded patients was five in group
A, two in group B, and seven in group C. The majority of
drop-outs occurred during the first 3 weeks of the treatment
period. The drop-outs did not give any specific reason for low
adherence to study protocol, nor reported of any side-effects
from the treatment.

The demographics of the subgroups are presented in
Table 2. In the final study population, 82.5 % of patients
were males and 17.5 % were females. In each group, there
was a male predominance. There was no significant differ-
ence in age between the groups (group A vs B, p00.352; A
vs C, p00.419; B vs C, p00.841). None of the patients in
the final study group reported of any harmful side-effects
during the study. The symptoms related to oral submucous
fibrosis did not worsen compared to the situation at the
beginning of the study in any participant.

Effect of treatments on mouth opening

Figure 1 shows the changes in mouth opening measured as
inter-incisal distance in the beginning of the study, at end of
the treatment and at the end of the 4 months follow-up
period. At starting point, the inter-incisal distance differed
significantly only between groups B and C (p00.004) with
group B patients having more restricted mouth opening. The
differences between groups A and B (p00.144) or A and C
(p00.496) were not significant. The majority of patients had
a mouth opening in the range of 20–40 mm. In group A, two
patient had an opening of less than 20 mm and two patients
bigger than 40 mm, the respective values for group B are 4
and 0 and for group C, 2 and 0.

The inter-incisal distance widened significantly in all
groups (Fig. 1) suggesting that physiotherapy improves
mouth opening. At the end of the follow-up period, the
improvement was, however, significantly greater in treat-
ment groups A and B compared to group C conducting
physiotherapy alone (A vs C, p<0.00001; B vs C, p<
0.00001). Mouth opening improved in average the most
(4.0 mm) in group B patients having injections of dexa-
methasone with hyaluronidase whereas in group A having
isoxsuprine the average improvement was 3.0 mm. This
difference was not, however, significant (p00.164) suggest-
ing that both of these treatments combined to physiotherapy

are more efficient than physiotherapy alone. The outcome
was achieved already at the end of the treatment period and
maintained throughout the follow-up period in group A
(p00.092) and group B (p00.111). In group C, some
further improvement occurred during follow-up period
compared to the end of the treatment period (p00.015).

Effect of treatments on burning sensation

In the beginning of the study, there was no difference between
the groups in burning sensation evaluated by modified VAS
(Avs B, p00.809; Avs C, p00.751; B vs C, p01). In group A
(3/15) and in group B (2/15), subjects had no burning sensa-
tion in the beginning of the study. Instead in group C, all
subjects had some degree of burning sensation (Fig. 2).

In group A, 10/12 patients and all patients in group B who
initially had burning sensation had complete relief of pain
during the treatment period and the abolishment of burning
sensation endured till the end of the follow-up period. Burning
sensation was alleviated but not abolished entirely also in the
remaining two patients with baseline burning sensation in
group A during the treatment period. In this group, one patient
had some relapse in burning sensation during the follow-up
period. His VAS score was 8 in the beginning, 4 after the
treatment, and 6 in the end of the follow-up period.

Compared to the beginning of the study, burning sensa-
tion decreased significantly in all groups by the end of the
follow-up period (A, p<0.00001; B, p<0.00001; C, p00.003;
Fig. 2). The amount of decrease was comparable between
groups A and B (p00.403) but significantly more in groups
A and B compared to group C (A vs C, p<0.00001; B
vs C, p<0.00001).

The time to obtain complete relief was significantly
shorter (p00.001) in group B compared to group A. None
of the patients in group C obtained complete relief, but in
average, burning sensation was alleviated significantly at
the end of the follow-up period (p00.003) but not yet at
the end of the treatment period (p00.177).

Effect of treatments on histological findings

In all groups, the mean histological score corresponded
to early stage oral submucous fibrosis (Table 3) as clas-
sified by Pindborg and Sirsat [10] (Table 1). The scoring
of pretreatment samples did not differ significantly be-
tween the groups (data not shown). Individually histology
ranged from very early to moderately advanced in groups
A and C and from early to moderately advanced in
group B. Post-treatment biopsy did not reveal any major
improvement in histological scores. In groups A and C
there was no change in the scores, whereas in group B
slight but statistically nonsignificant improvement (p00.334)
was observed.

Table 2 Demographics of the study participants

Group A Group B Group C

Number of subjects 15 15 10

Mean age (range), years 33.2 (18–48) 30.0 (23–45) 30.5 (22–50)

Number of females (%) 2 (13.3) 4 (26.7) 1 (10)

Number of males (%) 13 (86.7) 11 (73.3) 9 (90)
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Examination of individual histological features related to
oral submucous fibrosis similarly revealed no major changes
between pre- and post-treatment samples (Fig. 3). Altogether,
in group A (105/120), group B (104/120), and in group C (73/
80) features remained unchanged. Some improvement in epi-
thelial signs of oral submucous fibrosis was observed altogeth-
er in 13/60 evaluations in group A, 11/60 in group B, and 2/40
in group C. The improvement was most commonly seen as
decreased atrophy and hyper- or parakeratosis. In subepithelial
tissue, only 1/60 evaluations in group A, 4/60 in group B, and
0/40 in group C were indicative of remission and seen as
decreased inflammation or sclerosis and increased vascularity.
Progressive signs of disease was observed in 1/120 evaluations
in groups A and B, and in 5/80 evaluations in group C.

Discussion

In this study, we found a vasodilative agent, isoxsuprine, and
dexamethasone with hyaluronidase injections combined to
physiotherapy to have significantly better outcome in reduc-
ing burning sensation and in increasing mouth opening com-
pared to physiotherapy alone in patients with oral submucous
fibrosis. When dexamethasone with hyaluronidase was used,
a complete cessation of burning sensation was achieved more
rapidly than with isoxsuprine. Physiotherapy alone improved
oral opening significantly but the improvement was signifi-
cantly less than in groups receiving either isoxuprine or dexa-
methasone with hyaluronidase in addition. Physiotherapy also
significantly reduced oral burning sensation but not as
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Fig. 1 Mouth opening
measured as inter-incisal dis-
tance pretreatment, after the
6 weeks treatment period and at
the end of the 4 months follow-
up period. Significant p values
are shown
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efficiently as the other two treatments. Significant histological
improvement was not observed in any of the groups.

In oral submucous, fibrosis increased fibrosis invariably
gives rise to obliteration of vascular lumen thereby reducing
the blood supply. The rationale behind the use of peripheral
vasodilator is to dilate the capillaries to help to restore the
supply of nutrients and drainage of metabolic waste products
in the diseased area. This is the first study in which a vasodi-
lator isoxsuprine has been used for the treatment of oral
submucous fibrosis. Isoxsuprine is a phenylalanine derivative
of epinephrine [23]. It is a β-adrenoreceptor agonist which
causes an overall increase in the cytosolic calcium concentra-
tion level that stimulates the production and release of several
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treatment period and at the end
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Table 3 Histological scoring of pre- and post-treatment biopsy
samples

Time point of biopsy Group A Group B Group C

Pre-treatment

Mean±SD (histological score) 2.06±0.59 2.47±0.52 2.20±0.79

Range (histological score) 1–3 2–3 1–3

Post-treatment

Mean±SD (histological score) 2.06±0.59 2.40±0.51 2.20±0.79

Range (histological score) 1–3 2–3 1–3

Samples were histologically analyzed according to criteria by Pindborg
and Sirsat [10] and scored as indicated in Table 1
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endothelium-derived vasodilators. In addition, isoxsuprine
inhibits platelet aggregation and decreases blood viscosity.

Efficacy of isoxsuprine tablets was compared with intra-
lesional injections of dexamethasone with hyaluronidase.
Dexamethasone has anti-inflammatory properties. Dimin-
ished inflammation leads to decreased fibroblast prolifera-
tion and reduced collagen synthesis and consequently less
fibrosis. Hyaluronidase decreases collagen formation and
degrades hyaluronic acid. Therefore, hyaluronic acid may
also soften the already formed fibrosis unlike.

In our study, isoxsuprine medication combined with
physiotherapy improved mouth opening and reduced burn-
ing sensation significantly. Earlier another vasodilator, pen-
toxifylline, has been reported to relieve symptoms, increase
mouth opening and improve oral function [21, 22]. In addi-
tion to vasodilation, pentoxifylline decreases platelet aggre-
gation and adhesion and accumulation of collagen and has
anti-inflammatory properties [24]. Thus, some its beneficial
effects may in part be due to other effects than vasodilation.
Based on our experience with isoxsuprine, vasodilation,
however, also appears to be a significant mechanism in
providing the relief in this group of drugs. Furthermore,
isoxsuprine may have some still unknown effects that might
affect positively on the symptoms.

In association with pentoxifylline use, mild gastric irrita-
tion and central nervous system symptoms were the reported
side-effect from the treatment [21]. Although isoxsuprine
may cause side-effects, such as facial flushing and with
bigger doses tachycardia and hypotension [23] with the used
dosage no side-effects were observed or reported.

Vasodilator nylindrin hydrochloride supplemented with
vitamins A, E, B complex, iodine, placental extract, cortico-
steroids, and physiotherapy was reported to provide improved

mouth opening in 62 % of patients [20]. Instead, a 4-week
treatment with vasodilator buflomedical hydrochloride with
vitamin B complex and topical triamcinolone did not signifi-
cantly improve mouth opening but alleviated burning sensa-
tion in 88 % of the patients [16]. Of the studied vasodilators,
isoxsuprine appears to be both effective and well tolerated
with the used dosage.

Both isoxsuprine and dexamethasone with hyaluronidase
treatments alleviated significantly burning sensation and in-
creased mouth opening, but with isoxsuprine the relief in
burning sensation was achieved in average later during the
4-week therapy. Based on our study, it is impossible to differ-
entiate the effects of dexamethasone and hyaluronidase as the
outcome resulted from combination therapy. Hyaluronidase
was earlier shown to decrease burning sensation quicker than
dexamethasone but with a shorter enduring effect, whereas a
combination of these two medications was shown to give an
even longer lasting relief [14].

Physiotherapy was found to significantly improve oral
opening, but the increase was significantly greater in both
treatment groups compared to physiotherapy alone group.
Isoxsuprine and dexamethasone with hyaluronidase injec-
tions were found to increase oral opening equally well. One
confounding factor in the interpretation of these results is
the initial more restricted oral opening in the group receiv-
ing injection therapy compared to physiotherapy alone
group. In accordance with our study, mouth opening exer-
cises have also earlier been shown to increase mouth open-
ing but instead was not shown to have effect on oral pain
[18]. Interestingly, 4 weeks biweekly injections of hydro-
cortisone with hyaluronidase did not increase oral opening
or reduce oral pain [18] suggesting that longer lasting cor-
tisone preparation such as dexamethasone should be used
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instead if administered biweekly or that treatment should be
repeated more frequently or be longer.

These results suggest that physiotherapy benefits the patients
by improving oral opening and decreasing burning sensation
and should therefore be recommended to all patients. When
combined with either oral isoxsuprine or dexamethasone with
hyaluronidase injections, a significant further increase in mouth
opening and reduction in burning sensation can be achieved. Of
these two, dexamethasone with hyaluronidase therapy allevi-
ates the pain more rapidly. From the practical point of view, the
benefit of isoxsuprine is that its use does not require frequent
visits to the clinic. The risk of repeated dexamethasone with
hyaluronidase injection is tissue atrophy and injury whereas
isoxsuprine may have systemic side-effects at least with bigger
doses. Studies with longer follow-up times are required to
establish the duration of the relief of symptoms and the effect
on progression of disease of varying severity, because the stage
of the disease may affect the treatment response.
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