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Oral submucous fibrosis (OSMF) is a crippling disorder which is confined almost exclusively to the
Indian subcontinent. Despite its association with a significantly increased risk of cancer, the etiology is
still not clear. An epidemiological assessment showed 0.4% prevalence for OSMF in Kerala, South
India, which is among the highest recorded. Recently the National Tumour Registry in Trivandrum
reported the highest recorded site-specific incidence rate for oral cancer (ICD 140-145) in this area.

The coastal belt of the Trivandrum and Quilon districts of Kerala has a very high natural radio-
activity (over 1500 mR (387 gC) per year); about 500 mR (129 gC) per year is considered to be the
maximum permissible dose for populations in general. An epidemiological survey in this area and in
a comparable population (without exposure to high background radiation) as a control showed
that the percentage prevalence of OSMF in the study area was 0.27 and in the control area 0.32. It
appears highly improbable that the OSMF in the study area was induced by high background radiation.

Introduction
Oral submucous fibrosis (OSMF) is common in
countries of south-east Asia and shows a predisposi-
tion towards the Indian ethnic group. The resulting
stiffness of the oral mucosa and deeper tissues pro-
gressively limits opening of the mouth and protru-
sion of the tongue, with difficulties in eating, speak-
ing and swallowing (1). Epithelial atrophy is marked
in advanced stages of the disease. The association
with cancer is highly probable but not yet conclu-
sive. However, OSMF satisfies the WHO definition
for an oral precancerous condition because there
appears to be a significantly increased risk of cancer
(2).

As regards the distribution of OSMF in India,
the percentage prevalence was found to be 0.36 in
Emakulam, Kerala, and 0.04 in Srikakulam district
of Andhra Pradesh (both in the south), and 0.16 in
Bhavnagar, Gujarat (in the north) (3). An epidemi-
ological assessment of this disease among Indian
villagers gave a percentage prevalence of 0.2 (n =
10071) in Gujarat, 0.4 (n = 10287) in Kerala, 0.04
(n = 10 169) in Andhra Pradesh, and 0 to 0.07 (n =
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20 388) in Bihar (4). A house-to-house field survey
of the urban population (n = 23 040) in Trivandrum,
Kerala (the control area in the present study) gave a
percentage prevalence of 0.31 (R. Rajendran et al.,
unpublished data, 1992). A hospital-based survey of
patients attending four dental colleges (a high-risk
group) in Lucknow and Bombay (in the north) and
Bangalore and Trivandrum (in the south) recorded
percentage prevalences of 0.51, 0.50, 0.18 and 1.22,
respectively (5).

The coastal belt of the Trivandrum and Quilon
districts of Kerala (south-west India) is one of the
five major naturally radioactive zones in the world.
The beach sands contain monazite, ilmenite, rutile,
sillimanite, garnet and zircon, minerals which came
down from the high ranges of the Western Ghats
through rivers to the coast (6). The background
radiation in this area has been estimated at over 1500
mR (387 ,uC) per year (7) while 500 mR (129 QC)
per year is considered to be the maximum permis-
sible (threshold) dose for populations in general. A
number of workers have found the dose levels in this
coastal strip to be well above the threshold limit (8)
and correlated the different doses with their long-
term biological effects on the population groups
receiving them.

Both point mutations and structural aberrations
of chromosomes are induced by ionizing radiation,
causing genetic variation and abnormalities in man
and other organisms. For example, an epidemiologi-
cal study in this area (9) showed a high prevalence of
Down syndrome and other forms of severe mental
retardation, which was attributed to radiation-
induced genetic damage. Recently the Trivandrum
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branch of the National Tumour Registry recorded a
site-specific incidence rate for oral cancer (ICD
140-145) which is the highest recorded so far by any
registry. It showed among males a crude incidence
rate of 14.3 per 100 000 population and an age-
standardized rate of 24.2 per 100 000 population
(standardized to the world population); among
females the crude incidence rate was 6.8 per 100 000
population and the age-standardized rate was 11.5
per 100 000 population (standardized to the world
population) (10). The high prevalence of both oral
cancer and OSMF in this geographical area led us to
try and confirm a link between the high natural
radiation and the oral mucosal lesions or neoplasms
among the local population. The aim of our epidemi-
ological study was (a) to estimate the prevalences of
OSMF and other associated precancerous lesions or
conditions among the inhabitants of areas with high
natural radioactivity, as indicated by the radiometric
map of Trivandrum and Quilon districts (11), and in
a control population that was not exposed to high
background radiation, and (b) to study biopsies of
samples of the lesions for histopathological con-
firmation.

Subjects and methods
A geographically well-defined part of southem Kera-
la (Fig. 1), comprising the districts of Trivandrum
and Quilon, was selected as the study area. Oral can-
cer and precancer detection camps were organized at
six point locations which had been shown to have the
highest radiation exposure risk in the entire coastal
strip. Prior advertising drew the attention of the
public to these camps, but only the local inhabitants
were enrolled for the study. An urban population in
Trivandrum, where the background radiation has
been shown to be within the normal range (<500 mR
(129 tC) per year), was selected as the control.

Demographic and clinical data were collected
with the aid of a predesigned form, with an emphasis
on the food and tobacco/areca-nut chewing habits
among the population. Subjects detected to have an
oral lesion were given follow-up cards and were
requested to come for detailed clinical evaluation
and study. The clinical criteria for the diagnosis of
OSMF were a blanched and atrophic oral mucosa,
difficulty in opening the mouth and protruding the
tongue, and the presence of palpable fibrotic bands
in the buccal and peri-oral mucosa. Those who were
willing were biopsied at the Dental College Hospital,
Trivandrum, and the clinical investigator was pres-
ent during biopsy and examined the oral cavity and
associated areas at operation. The biopsied speci-
mens were processed for histopathological study
according to standard techniques.

Fig. 1. Map of the Kerala coast showing the background
radiation and the areas investigated for OSMF. 1, Kova-
lam; 2, Kadakkavur; 3, Venjaramoodu; 4, Poothakulam; 5,
Karunagapally; and 6, Shakthikulangara.

Results
The age and sex distributions of the study and
control populations are given in Tables 1 and 2. The
average ages were 34.8 years (study population) and
34.2 years (controls), which are not significantly dif-
ferent (t = 1.07, P>0.20). An increased clustering of
cases in the 30-49-year age group was noted in both
populations (49.6% (study) and 45.4% (controls);
58.8% of the study and 62.4% of the control popula-
tion were females. The average age of persons with
oral lesions was the same in both populations (40.7
years); no significant association with the occurrence
of OSMF in the study and control populations was
discovered (X2 with correction factor = 0.000048,
P>0.99) (1).

The prevalence of OSMF was 2.73 per 1000
population in the study area and 3.16 per 1000 in the
control population. The frequency of oral leukopla-
kia (LKP), pre-leukoplakia and OSMF in the study
area, by age group and sex, is shown in Table 3.
The prevalence in both males and females, of pre-
leukoplakia was 5.61% and leukoplakia 0.82% in the
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Table 1: Age and sex distribution of the study population

No. investigated
Age group__

No. with oral lesions

(years) Males Females Total Males Females Total

10-19 90 130 220 6 11 17
20-29 152 256 408 15 24 39
30-39 162 176 338 34 23 57
40-49 104 154 258 31 27 58
50-59 48 70 118 17 15 32
60-69 32 50 82 9 12 21
70-79 14 24 38 3 5 8

Total 602 860 1462 115 117 232
(19.1)a (13.6) (15.9)

a Figures in parentheses indicate the percentage prevalences of oral lesions among the investigated males,
females, and both together.

Table 2: Age and sex distribution of the control population

No. investigated No. with oral lesions
Age group
(years) Males Females Total Males Females Total

10-19 384 588 972 25 50 75
20-29 584 1080 1664 60 101 161
30-39 448 785 1233 97 113 210
40-49 346 504 850 109 90 199
50-59 191 290 381 68 65 133
60-69 116 201 317 35 51 86
70-79 69 93 162 16 21 37

Total 2138 3541 5679 410 491 901
(19.2)a (13.9) (15.9)

a Figures in parentheses indicate the percentage prevalences of lesions among the investigated males,
females, and both together.

study area and 3.46% and 0.28%, respectively, in the
control area.

The study revealed a general lack of compliance
by the referred cases to present themselves for
follow-up. Of the 232 subjects with a suspected
lesion in the oral cavity recorded from the study site,
only 118 (50.9%) were examined at the referral
centre. The initial drop-out rate was very high be-
cause as many as 114 (49.1%) did not report to the
referral centre; 105 of them were reminded by post
and only 15 (14.3%) responded. In the control area,
out of 901 referred subjects, 495 (54.9%) reported
for follow-up; of the 406 initial drop-outs, 378 were
reminded by post and 75 (19.8%) responded.

Table 4 gives the number with nutritional defi-
ciencies in the surveyed population, which manifes-
ted as angular cheilitis or atrophy of the tongue (with
or without glossitis). The prevalence among males
and females of angular cheilitis was 1.64% and atro-
phied tongue with or without glossitis was 0.96%;
the prevalence of both together was 2.60% (corres-
ponding figure in the control area, 1.65%).

The distribution of betel chewing and tobacco
smoking habits in the study and control populations
is given in Table 5. Females in both areas did not
smoke, but the prevalence of smoking among males
in the study population was 24.7% and in the
controls 26.4%. Chewing of betel (pan) in the study
and control areas was identified among males
(17.9% and 20.7% respectively) and females (59.5%
and 55.6% respectively); the prevalence among both
sexes was 42.4% in the study area and 42.5% in the
control site (P >0.05).

Discussion
The doses of environmental radiation absorbed by a
population can be estimated by (a) measuring the
radiation fields in their residences and workplaces,
on the assumption that everyone is exposed to the
same field, or (b) taking readings on individual
members of the population. The latter approach,
though difficult, takes care of variations due to the
daily mobility of individuals during their work at
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Table 3: Prevalence of oral leukoplakia (LKP) pre-leukoplakia and oral submucous fibrosis
(OSMF) in the study population, by age and sex

Pre-LKP LKP OSMF
Age group
(years) Male Female Total Male Female Total Male Female Total

10-19 1 2 3 0 1 1 0 0 0
20-29 2 2 4 0 1 1 0 0 0
30-39 6 3 9 1 0 1 1 1 2
40-49 10 5 15 1 1 2 0 2 2
50-59 12 6 18 2 2 4 0 0 0
60-69 11 9 20 1 0 1 0 0 0
70-79 8 5 13 1 1 2 0 0 0

Total 50 32 82 6 6 12 1 3 4
(8.31)a (3.72) (5.61) (0.99) (0.69) (0.82) (0.17) (0.35) (0.27)

a Figures in parentheses indicate the percentage prevalences among the 602 males, 860 females, and
1462 total.

Table 4: Prevalence of nutrition deficiency disorders in the study population, by age and sex

Age group Angular cheilitis Atrophy of tongue, glossitis Combined

(years) Male Female Total Male Female Total Male Female Total

1G-19 1 1 2 0 1 1 1 2 3
20-29 2 2 4 1 1 2 3 3 6
30-39 1 2 3 1 2 3 2 4 6
40-49 1 1 2 1 2 3 2 3 5
50-59 1 1 2 1 2 3 2 3 5
60-69 2 3 5 1 1 2 3 4 7
70-79 2 4 6 0 0 0 2 4 6

Total 10 14 24 5 9 14 15 23 38
(1.66)a (1.63) (1.64) (0.83) (1.05) (0.96) (2.49) (2.67) (2.60)

a Figures in parentheses indicate the percentage prevalences among the 602 males, 860 females, and
1462 total.

home and outside, which can influence the actual
dose received by each one. In field surveys therefore
the subjects were categorized as follows: 1. Persons
who left home for work, e.g., office workers and
students. 2. Persons who stayed at home, e.g., house-
wives, retired people and young children. 3. Fisher-
men.

The ratios of the average population exposure to
average house exposure has been plotted in the
Quilon area for all the three above-mentioned groups
(8). The ratios fit into a single mode log-normal
distribution for all three groups, the geometric means
being 0.81, 0.96 and 1.00 for groups 1, 2 and 3
respectively. This shows that the exposure received
by persons in group I is on average c. 15% less
than that of those staying at home (group 2) because
of the lower background radiation in other places.
For group 3 (fishermen) the geometric mean ratio of
population to house exposures is 1, which is close to
the average house exposure. The cumulative dis-

tribution graph plotted by these workers showed
that the population-dose-line was lower than the
house-dose-line for high radiation areas and vice
versa for lower radiation areas.

We could not find this kind of recorded observa-
tion for Trivandrum district. But because of the
proximity to Quilon with high background exposures
recorded there, we presume that the radiation expo-
sure of populations in the different occupational
groups is comparable in the two districts.

The food habits of the people residing in the test
and control areas were similar. A number of food-
stuffs grown in the high background radiation areas
along the south-west coast were collected and ana-
lysed for their 40K, 226Ra and 228Th content (12).
The daily intake of these radionuclides by the popula-
tion living in monazite areas was also assessed and
compared with that for normal areas. The radi-
ation levels in the food items correlated well with the
radiation dose in the high background areas. We can
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Table 5: Distribution of chewing and smoking habits in the study and control populations, by
sex

Study population Control population
(n= 1462) (n= 5679)

Males Females Males Females
Habits (n = 602) (n = 860) (n = 2138) (n = 3541)

No chewing or smoking 113 (18.8) a 348 (40.5) 445 (20.8) 1573 (44.4)
Chewing tobacco 108 (17.9) 512 (59.5) 443 (20.7) 1968 (55.6)
and/or arecanut

Smoking bidi 149 (24.7) 564 (26.4)
and/or cigarette
Chewing and smoking 232 (38.6) 686 (32.2)
a Figures in parentheses are percentages.

only speculate on the significance of this observation
in the present context; considering the characteristics
of the soil and plant species, it may be said that the
levels of radionuclides (e.g., 226Ra) in crops grown
on soils with continued use of phosphate fertilizers
(commonly used in the study areas) would resemble
the levels in food samples from the test sites.

The second variable we investigated was the
tobacco and areca-nut chewing habits which are
widespread among both populations surveyed, with
no statistical disproportion between them. The ma-
terial chewed (called pan) is composed of betel leaf,
tobacco, areca nut and slaked lime with or without
condiments, and the chewing lasts for 2-30 minutes.
Tobacco was smoked in the form of bidia and ciga-
rettes. Recently epidemiological studies have empha-
sized the etiologic role of areca-nut chewing in
OSMF; the frequency of this habit in affected popu-
lations was in the range of 34-100% (13), and has
been reported to be higher among OSMF patients
than in the general population (14). Thus chewing of
areca nut may be an important factor in the etiology
of OSMF.

The role of radiation in the genesis of malignant
neoplasms in humans and animals has interested
many investigators during the past few decades.
Experimental and clinical studies have conclusively
demonstrated that the effects of radiation are cumu-
lative, mutagenic and clastogenic, both in man and
animals. It has also been shown that, in man, expo-
sures to doses between 20 R and 1225 R (5.2 and
316 mC/kg) produce a dose-dependent linear
response in terms of emergence of nodular lesions
of the thyroid without any threshold phenomena
(15). However, there is no information about the

a Local cigarette about 50-75 mm long, made by rolling with the
fingers 0.25-0.5 g tobacco flakes in a rectangular piece of dried
leaf of temburni (Diospyros melanoxylon).

radiobiological response of human oral tissues to
the cumulative impact of chronic low-grade exposure
in an environment of high natural radioactivity, as
in the coastal radiation belt of Kerala.

It has been shown that personal exposure in the
study area is the highest in the whole radiation belt
and is closely similar to the household exposure pro-
file (16), but the true dose of radiation received by
oral tissues of persons living in this environment has
not yet been determined. The epidemiological fea-
tures described, however, suggest that considerable
exposure is taking place. The possibility of incorpo-
ration of radioactive trace elements in the oral tissues
of the local population should also be considered.

It appears highly improbable that the cases of
OSMF encountered in the study area were induced
by high background radiation alone. This conclusion
is based on the following findings of the present
study.

* The field surveys were conducted in camps at
selected point locations (with the highest background
radiation exposures) for oral cancer and pre-cancer
detection, after prior advertising to highlight the spe-
cific objective of the camps; if those who attended
the camps were a high-risk group, the prevalence
figure among the general population could well be
lower than the one obtained.

* There was no significant difference between the
observed prevalences of OSMF in the study and
control populations.

* There was no significant difference in the age-
and sex-specific prevalences of OSMF between the
two populations; both showed increasing prevalence
with age, predominantly in the 30-49-year range as
in other parts of the country.

* There was no aggregation of the condition in
younger age groups, nor any levelling off of the dif-
ferential sex-related prevalence in the radiation area.
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* The food and tobacco or areca-nut chewing habits
in the study and control populations did not vary
much.
* Histological examination of all biopsies collected
from the test area showed no cancer.

Our findings suggest that the observed preva-
lence of OSMF in the area sampled was on a par
with that in other endemic areas; the high natural
background radiation cannot be said to have a causal
relationship with the disorder.
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Resume

Prevalence de la fibrose sous-muqueuse
de la bouche dans une r6gion a forte
radioactivit6 naturelle du sud de l'lnde
Plus de 60% des cancers sont attribuables a des
facteurs environnementaux, comme la contamina-
tion par les produits chimiques ou les rayonne-
ments. Les lesions malignes de la cavite buccale
sont g6neralement associ6es a une l6sion ou a
une affection precancereuse qui finit par se trans-
former en cancer. La fibrose sous-muqueuse de
la bouche (FSMB) est l'une de ces affections,
associ6e a un risque accru de cancer, et qui frap-
pent plus particulierement les populations
indiennes. La c6te de l'extreme sud-ouest de
l'Inde, qui comprend une partie des districts de
Trivandrum et de Quilon, est une region ou la pr6-
valence des cancers buccaux et de la FSMB est
6lev6e. D'autre part, il s'agit de l'une des cinq
principales zones naturellement radioactives du
monde. Ces deux faits nous ont amen6 a nous
demander si un niveau elev6 d'irradiation naturelle
ne pourrait pas etre a l'origine des lesions de la
muqueuse buccale observees chez les habitants
de la r6gion. L'6tude epid6miologique que nous
avons entreprise visait a estimer la prevalence de
la FSMB chez les habitants d'une zone a forte
radioactivit6 naturelle (d'apres les indications de la
carte radiometrique de la region), et d'une popula-
tion comparable qui n'6tait pas expos6e a un
rayonnement. Des biopsies ont ete pratiqu6es sur
les l6sions pour obtenir une confirmation histopa-
thologique.

La population a l'tude et la population temoin
ne presentaient aucune difference significative en
ce qui concerne les caract6ristiques d6mogra-
phiques g6n6rales, le r6gime alimentaire et I'habi-
tude de chiquer le tabac et la noix d'arec. 11 est
normal que les deplacements des individus pour
leurs activit6s professionnelles aient une influence
sur la dose de rayonnements naturels qu'ils reqoi-
vent. Les sujets ont donc ete class6s en trois
categories: employ6s de bureau, 6tudiants et
autres personnes travaillant hors de leur domicile;
meres de famille, retrait6s et jeunes enfants qui
restent la plus grande partie de la journ6e a la
maison; pecheurs.

Les enquetes sur le terrain ont ete menees
en six points (camps de d6pistage des l6sions
buccales cancereuses et pr6canc6reuses), choisis
dans des regions ou le risque d'exposition a la
radioactivit6 naturelle etait le plus 6leve. Une
campagne d'information avait pr6alablement attir6
l'attention du public sur 1'existence de ces camps.
Si l'on considere que la population qui a particip6
a l'etude constitue un groupe a haut risque, il est
fort possible que le taux de pr6valence dans la
population g6nerale soit inf6rieur a celui qui a ete
constat6. La pr6valence de la FSMB 6tait de 2,73
pour 1000 dans la region a l'tude (n = 1462) et
de 3,16 pour 1000 dans la population temoin (n =
5679). Dans la zone a l'6tude, la prevalence des
pr6leucoplasies et des leucoplasies chez les
hommes et chez les femmes etait de 5,61% et
0,82% respectivement, contre 3,46% et 0,28%
dans la zone t6moin.

11 semble tres improbable que les cas de
FSMB rencontr6s dans la zone a l'etude aient ete
induits uniquement par un niveau 61ev6 de radio-
activit6 naturelle. Cette conclusion s'appuie sur
les constatations ci-apres, qui ont 6t6 faites lors
de la presente etude: a) il n'y a pas de difference
significative de la pr6valence observee de la
FSMB entre la population a l'etude et la popula-
tion t6moin, ni de la pr6valence par age et par
sexe de la FSMB pour ces deux populations; b) la
tendance a I'augmentation de la pr6valence avec
l'age, observ6e dans les deux populations, princi-
palement dans la tranche d'age 30-49 ans, etait
la meme que dans d'autres regions du pays; c)
les habitudes alimentaires, de meme que I'habitu-
de de chiquer le tabac et la noix d'arec 6taient
comparables dans la population a l'6tude et la
population temoin. Ces constatations tendent a
demontrer que la prevalence de la FSMB obser-
v6e dans la r6gion se compare a celle que l'on
observe dans d'autres r6gions d'end6mie et qu'il
est impossible de conclure a une relation de
cause a effet entre la forte radioactivit6 naturelle
de cette r6gion et la maladie.
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