Review Article

The Role of Chronic Mucosal Trauma in Oral Cancer: A Review of

Literature

Abstract

Chronic mucosal trauma resulting from sharp teeth, dentures, faulty restoration, or implants has
frequently been associated with the development of oral cancer. The definitive evidence for the same
is lacking. We undertook a search using the terms — dental trauma, mucosal trauma, oral cancer,
squamous cell carcinoma, risk factor, potentially malignant lesion, dental factor, mechanical irritation,
dental irritation, and cancer in the following electronic databases: MEDLINE, PubMed, ScienceDirect,
Cochrane Database of Systematic Reviews, and Wiley InterScience. The search yielded 788 articles.
Of these articles, only 22 articles described chronic mucosal trauma as risk factors for oral cancers
and were considered in this review. The review shows that chronic mucosal irritation resulting from
ill-fitting dentures may be considered a risk factor for the development of oral cancer, such cancers
occur commonly over the lateral border of the tongue. However, no association has been proven
between the duration of denture use and cancer formation. In patients without any addiction, such
cancers occur more frequently in females. These cancers may present with an early nodal disease but
their prognosis and outcomes have not been studied separately till now.
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Introduction

Oral cancer is among the commonly seen
cancers in the world. Each year, about
300,000 new cases of oral cancer are
detected worldwide. It also leads to about
145,000 deaths annually.'!  Five-year
survival of patients with early oral cancer
is between 55% and 60% and it decreases
to 30% and 40% in cases of advanced oral
cancer. These cancers are associated with
the use of tobacco, betel quid, areca nut,
smoking, and alcohol consumption.>* In
addition to these, long-standing irritation
has been postulated as a risk factor.
Chronic irritation may result from poor oral
hygiene,”! poor dentition,!) missing teeth,!”
and ill-fitting dentures.® However, the
role of these conditions in developing oral
cancer has been debatable. We, therefore,
decided to conduct a review of literature
to evaluate the role of chronic irritation
resulting from these conditions in causing
oral cancer.

Methodology

A systematic search of the databases
MEDLINE (from 1950), PubMed (from
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1946), Cochrane Database of Systematic
Reviews (from 2005), Web of Science, and
PubMed (from 1950) through September
2016 was done. Relevant articles were
identified. The search terms used were
“dental trauma,” “mucosal trauma,” “oral
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cancer,” “squamous cell carcinoma,” “risk
factor,” “potentially malignant lesion,”
“dental factor,” ‘“mechanical irritation,”
“dental irritation,” and “cancer.” These

were searched as text word and as subject
headings individually as well as in different
combination. The reference lists of relevant
articles were also searched for appropriate
studies. No language restrictions were used
in either the search or study selection. This
search yielded 788 articles. Articles were
excluded from the review if they failed to
describe the factors of interest for the study.
Among these articles, only 22 articles
described chronic mucosal trauma as risk
factors for oral cancers and were considered
in this review.

Literature Review

Chronic irritation has been proposed to be
an etiological factor for oral cancer, but we
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could not find any Level 1 evidence to support this hypothesis.
During review of literature, we found retrospective case—control
and descriptive studies and a few case series exploring its
association with carcinogenesis. Mucosal trauma in oral cavity
may be due to ill-fitting denture, broken teeth, sharp teeth,
overhanging restoration, and rarely due to implants.

Mechanism of Carcinogenesis Following Mucosal
Trauma

Many studies have been done to evaluate the role of
chronic trauma in carcinogenesis. Experimental animal
studies have suggested that chronic trauma may result in
cancer formation by two mechanisms. It has been proposed
that persistent mechanical irritation causes DNA damage
and may eventually result in cancer formation. This has
been proven by increased activity of poly-ADP-ribose
polymerase® in cases with chronic trauma.

According to second proposed mechanism, chronic
mucosal trauma results in inflammation, thereby releasing
chemical mediators such as cytokine, prostaglandins,
and tumor necrosis factor. Such an inflammation leads to
oxidative stress.'” This could induce genetic and epigenetic
changes damaging DNA, inhibiting its repair, altering
transcription factors, preventing apoptosis, and stimulating
angiogenesis, thus resulting in carcinogenesis. In a nutshell,
inflammation may act at different steps and result in cancer
formation.['2! [Figure 1]

Site of Oral Cancer Associated with Dental

Trauma

In a retrospective study from Australia,!'* it was found that
the lateral border of tongue was the most common site of
tumor occurrence in both smokers and nonsmokers. The
incidence of tumor occurrence in lateral border of tongue
was twice as common in nonsmokers as compared to
smokers. This suggests that lateral border of tongue could be
a site for chronic dental trauma. In a Brazilian-Canadian#
study, association of chronic mucosal trauma with oral
cancer was primarily linked to tongue neoplasm to the odds
ratio (OR) = 9.1 (confidence interval [CI] = 1.9-43.4).

In an another study,™ which examined a series of 28
oral malignant neoplasms, it was found that all these
neoplasms occurred in areas of contact with teeth and/or
dental appliances. This very strong association observed
between trauma and cancer formation in this study could
be because it was conducted mainly in a dental setup, so
probably that is why that all the patients had dental trauma
related cancers. One-third of these cancers occurred at the
lateral border of tongue. On the contrary, another study!®)
examining 67 oral cancer patients without any addiction
found that the majority of oral cancers were on the alveolar
arch. Thus, from available literature, it may be considered
that lateral border of the tongue is the most frequent site of
chronic trauma associated oral cancer.

Ill-Fitting Denture and Oral Cancer

Denture use has often been considered as a cause of
chronic mucosal insult and subsequent cancer formation.
Several studies have proven such an association. In
a population-based case—control study conducted in
Sweden,!'” a multivariate analysis showed that defective
or malfunctioning complete dentures were significant
risk factors (OR = 3.8; 95% CI = 1.3-11.4) for the
development of oral squamous cell carcinoma. However,
in this study, poor oral hygiene was found to be more
strongly associated with oral cancer with the OR = 5.3
(95% CI = 2.5-11.3). In a hospital-based case—control
study in Sao Paulo, Brazil,!"® association between ill-fitting
dentures and oral cancer was statistically significant in the
multivariate model: OR = 3.98; (95% CI = 1.06-14.96).
They went a step further and found a specific assessment
of association between tumors in the lower jaw and
mucosal trauma by mandibular dentures with OR = 6.39;
(95% CI = 1.49-29.5). Specific assessment of maxillary
denture associated mucosal injury was not done in this
study. In another multivariate analysis!'" conducted in
Brazil, it was found that ill-fitting denture-associated sores
were associated with oral cancer with adjusted OR = 4.58;
CI = 1.52-13.76 (P = 0.007). They concluded that chronic
physical irritation of oral mucosa contributes to the topical
carcinogenic effect of tobacco. In a meta-analysis,™ the use
of dentures by itself was associated with an increased risk
of developing cancer (OR = 1.42, 95% CI = 1.01-1.99)
while ill-fitting dentures appeared to substantially increase
the risk of developing cancer by almost four times (pooled
OR = 3.90, 95% CI = 2.48-6.13) [Figure 2].

Another study suggested that 44% of the patients showed
a correlation between the site of cancer development
and the site of some form of chronic dental irritation.
However, it did not separate the smoking population from
the nonsmoking population.?”) Another case—control study
studying the role of dental prosthesis in alveolar cancer
found that denture use was associated with cancer with
OR = 2.28. When adjusted for confounding factors, OR
was found to be 1.3 though the association was not found
to be statistically significant. They also observed that
denture use was not an independent risk factor for alveolar
ridge carcinomas.?!! In a Swedish epidemiological study,?*
the authors found that relative risk for oral cancer was 5.97
for painful denture and 3.15 for ill-fitting denture in males
while it was 1.60 and 2.15 for females, respectively. This
study did not separate addicts from nonaddicts.

Another study™ reported that patients with prolonged use
of dentures (>8 years) experienced a lower risk of tongue
cancer. It may be because well-fitted denture may not cause
mucosal trauma and such patients are more likely to be on
regular follow-up by a health-care personnel.

On the contrary, a Chinese retrospective study!” looked
at the role of oral hygiene, dental condition, diet, and
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Figure 1: Proposed hypothesis of mechanism of carcinogenesis following chronic mucosal trauma

0dds natio

0s

Zheng T1990 Marshall R 1992 TalmaniR 2000 GarrotelF 2000 Velly AM 1998 Vaccarezza2000  Rotunda2013  Manoharan 2014

Figure 2: Studies showing odds ratio of denture as a risk factor for oral
cancer (adjusted for confounders)

nutrition in 404 oral cancer patients. They found that
actually it was oral hygiene (i.e., number of brushings/
day) which was strongly associated with risk of oral
cancer. They also found that there was no association of
oral cancer with denture use, broken, filled, or decayed
teeth. However, they suggested that patient wearing metal
denture were associated with oral cancer with OR = 5.5 in
males. However, the numbers of metal denture users were
too less (12/808), so this OR is not actually representative
of the cohort. A study"¥ conducted at Canada and Brazil
showed that when matched analysis without adjustment for
confounding factors as done, the denture use with associated
mucosal trauma had OR = 2.3 (95% CI = 1.2-4.6) for
developing into cancer. When adjusted for factors such as
tobacco, alcohol, and dental-related factors (broken tooth,
decayed teeth, filled teeth), this association was not found
to be significant. Several studies have linked teeth status

with oral cancer risk.?*>! In these studies, tooth loss was
the most important dental factor in relation with oral cancer
risk. However, they did not find denture use as a significant
risk factor in causation of oral cancer [Figure 3]. The forest
plots of the OR for the available studies on the dentures and
the ill-fitting dentures in causing oral cancer are depicted
in Figures 4 and 5. It can be concluded from the available
studies that trauma associated with ill-fitting dentures has a
higher OR of resulting in oral cancer however same cannot
be said for well fitted denture.

Broken/Sharp Teeth and Oral Cancer

Chronic mucosal insult may also result from sharp or broken
teeth. Many a times, during examination of oral cancer
patient, we come across a sharp tooth at corresponding
location on the alveolar arch. However, over review of
literature, we could not find any study which has separately
looked at association between sharp tooth and oral cancer.
There have been studies establishing relationship between
defective teeth and oral cancer. A Swedish!'” study has
established an association between defective teeth (more
than five defective teeth) and oral cancer risk with
OR = 3.1; (95% CI = 1.2-8.2) even though it mentions
the number of defective teeth, it does not specify the
criteria to determine defective teeth. While few other
studies!”??! suggested that broken teeth was not associated
with oral cancer. However, in these studies, addicts were
not separated from nonaddicts. In another study,"* broken
teeth were associated with oral cancer to the OR = 1.43 but
when adjusted for confounders its OR dropped to 1.13. Very
few studies have specifically studied sharp teeth or broken
teeth in association with oral cancer, they are generally
considered as one of the dental factors. Available evidence
does not appear to be significant enough to support broken/
sharp teeth to be a risk factor in causing oral cancer.
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Association of Duration of Denture Use and
Oral Cancer

Carcinogens such as tobacco and alcohol have been
shown to have a relationship between their dose,
duration of use and probability of developing cancer.
Similarly, a few studies have reported whether duration

-

35

Hdentures

pylds Ratio

W ilk-fitting denture
# broken tooth

Velly AM 1998 Rosenquist K 2005

Figure 3: Studies comparing odds ratio of denture, ill-fitting denture and
broken tooth as risk factors for oral cancer

of denture use can be a crucial factor in carcinogenesis.
A retrospectivel'”! Canadian study classified duration of
denture use into long-term use (>8 years) and short-term
use (<8 years). They reported that long-term use of
dentures is associated with a lower risk of tongue
cancer with OR = 0.58 as compared to OR = 1.04 in
patient wearing dentures for short-term (<8 years).
This reduced risk in long-term users could be because
these dentures were worn for a long time and probably
were not ill-fitting and such well-fitted dentures
seldom cause any mucosal insult. Due to preexisting
long-term dentures, these patients would also be under
regular follow up with a dentist/medical professional.
In another Italian retrospective study,” in which they
classified long denture wearer as >10 years, did not find
any increased risk with long duration of denture wear.
A meta-analysis® showed that there was no link between
the duration of denture use and cancer development in
which duration was classified as long-term (>5 years)
and short-term (<5 years). For short-term denture users,
the pooled OR = 0.89, with 95% CI = 0.63-1.26 and
for long-term dentures users the OR = 0.90, with 95%
CI = 0.65-1.25. The literature suggests that duration
of denture use has no bearing upon the subsequent
development of oral cancer.

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Balaram (2002) 15 591 42 586 9.9% 0.34[0.18,0.62)
Franco EL (1986-1988) 120 232 170 464 13.2% 1.85[1.35, 2.55) T
Garrote LF (1996-1999) 134 153 125 200 3.3% 4.23[2.42,7.40) I R
Rotunda {2013) 24 al 97 240 71% 0.75[0.43,1.31)
Schildt EB (1980-1989) 258 410 241 410 21.6% 1.19[0.90, 1.58)
Talamani R {(1996-1999) 59 132 70 148 88% 0.90 [0.56, 1.44)
Vaccarezza (2010) 78 124 95 124 85% 0.52[0.30, 0.90) I
Velly AM (1998) 157 306 353 1434 146% 3.23[2.50,4.16) T
Zheng T{1980-1989) 62 400 64 404 13.0% 0.97 [0.67,1.43)
Total (95% CI) 2419 4010 100.0% 1.45[1.28,1.64] <
Total events 907 1257
Heterogeneity: Chi*= 105.69, df= 8 (P < 0.00001); F= 92% 0f1 0?2 0?5 5 é 150
Test for overall effect Z= 5.86 (P < 0.00001) Favours [control] Favours [experimental]
Figure 4: Forest plot for the use of denture as risk factor for oral cancer
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Zheng T(1980-1989) 91 400 55 404 450% 1.87[1.29, 2.70] il
Rotunda (2013) 7 71 12 250 51% 217[0.82,5.73) =
Velly AM (1998) 76 306 145 1434 40.8% 2.94 (215, 4.01) ——
Vaccarezza (2010) 49 124 14 124 9.0% 5.13[2.65, 9.96) — w1 =
Total (95% CI) 901 2212 100.0%  2.62[2.10, 3.25] <>
Total events 223 226
Heterogeneity: Chi*= 7.86, df= 3 (P = 0.05); F=62% 051 052 0= 5 5 é é 150
Test for overall effect. Z= 8.61 (P < 0.00001) Favours [control] Favours [experimental]

Figure 5: Forest plot for the use of ill-fitting denture as risk factor for oral
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Importance of Gender in Nonaddicts

In an Australian retrospectivel' study, it has been
shown that in oral cancer patients among nonsmokers
and nontobacco chewers around 61% were females and
approximately 30% of nonsmokers and nontobacco chewers
had some kind of dental abnormality in proximity to the
tumor. They have not mentioned how many of those having
dental abnormalities were female. In a Portuguese? study
evaluating oral cancer patients, they classified patients
depending upon addiction to alcohol, tobacco, and denture
use. Of the entire cohort, 26% were females who were
nonaddicts (to both tobacco and alcohol) and used dentures
compared to only 11% males who were nonaddicts and
denture users. Another explanation for this finding could
be that more number of male patients may be addicted
to tobacco and alcohol. Several studies!'®?’* have shown
that patients not addicted to tobacco and alcohol were
more likely to be females. However, whether the cancer
was associated with dental or denture related irritation
has not been mentioned in these studies. Thus, from the
above studies, it may be considered that among nonaddicts
denture-associated cancers are seen more often in females.

Factors Contributing to Denture Related

Carcinogenesis

Denture-related sores may be colonized by candida.*”
Colonization of denture-based materials by candida may
induce inflammation of the mucosa. This may be associated
with epithelial dysplasial®” and leukoplakia formation.
These are recognized oral premalignant lesions with higher
potential for developing into cancer as compared to other
leukoplakia.®"! A Japanese retrospective study®? reported
that human papillomavirus (HPV) may be present in the
oral cavity, especially in those of denture wearers. They
suggested that dentures may be a reservoir of HPV from
where HPV-associated diseases, such as oral cancer and other
oral lesions, may develop. Thus, the use of dentures may be
associated with co-existing candida and HPV infection and
these may contribute to developing oral cancer.

Dentures and Oral

Disorder

Potentially Malignant

There are several studies establishing association of chronic
trauma with oral cancer but its association with oral
potentially malignant disorder (OPMD) has been scarcely
evaluated. We believe that ideally chronic trauma should
result in potentially malignant lesion before evolving into
carcinoma. Such an association has not been adequately
studied in the literature. A retrospective study showed
that though a significant association between oral cancer
and chronic mucosal trauma (P = 0.000) exists, no such
association was present between OPMD and mucosal
trauma.®’)

Nodal Staging and Cancer Associated with
Dental Trauma

A retrospective study!#! on oral carcinoma patients found
a lower mean nodal staging in patients with primaries
adjacent to teeth and dental appliances. Due to these
appliances, patients may develop associated symptoms
such as pain, bleeding, or functional problems and may
present to the physician earlier. Such patients may also
tend to observe their oral cavity more often. However, no
other studies have discussed about the nodal status of the
oral cancer associated with chronic trauma.

Dental Implants and its Relation to Oral Cancer

Nowadays, osteocutancous grafts and flaps are being used
for reconstruction after ablative surgeries for oral cancer.
Along with these, osseointegrated implants are being
used for dental replacement. Although dental implants
have been used, a lot over the past few decades, the
recent literatureB*3¢ has had some reports of squamous
cell carcinoma occurring in close association with
dental implants. Although the direct carcinogenic role
of dental implants has never been established, several
carcinogenicity theories have been proposed. These
include release of corrosion products, metallic ion release,
and migration of malignant cells through the sulcus around
the implant.?*%] In a systematic review,?® 75% of dental
implant associated oral cancer had a history of previous
cancer. It is often recommended that when patients at risk
for oral cancer (due to addiction to tobacco or previous
oral cancer) present with failure/loosening of dental
implants, then they should be thoroughly evaluated to rule
out the presence of malignancy associated with dental
implants. It may be postulated that fixed dentures unlike
removable denture over implants are in continuous contact
with oral mucosa. Hence, any ill-fitting fixed denture in
contact with altered mucosa (which has undergone field
cancerization due to previous habits) may increase the risk
of developing cancer manifold due to repeated trauma. At
present, there is no definitive evidence that dental implants
could be a direct etiologic or contributory agent for oral
cancer formation.

Association with Denture Material

There were very few studies discussing specifically about
material of denture used and its role in causing irritation of
mucosa and subsequent cancer formation. There have been
many reportst’# suggesting that residual monomer in the
denture base causes mucosal irritation and sensitization of
tissues. Many studies have found that chemicals leached
out from acrylic resin can cause irritation of oral tissue,
inflammation, or even an allergic reaction. However, there
is no evidence of such resins having inherent carcinogenic
potential.
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Association with Tumor Morphology, Outcome,
and Prognosis

We could not find any study describing the morphology of
tumors associated with chronic trauma. Recurrence rate,
outcome, and prognosis of such tumors have also not been
studied separately.

As mentioned earlier, most of the available literature
includes only retrospective case—control and descriptive
studies. Such studies have limitations such as recall bias,
selection bias, nonblinding, and over or under matching.
In spite of all these limitations, case—control studies have
given us a clue in demonstrating the role played by various
factors associated with chronic mucosal trauma in the
etiology of oral cancer.

Conclusion

Thus, from this review, we can conclude that chronic
mucosal irritation resulting from ill-fitting dentures may
be considered a risk factor for subsequent development of
oral cancer. Such trauma related cancers may be seen more
often over the lateral border of tongue and also over the
alveolus. In patients without any addictions, such cancers
occur more often in females. No association has been
proven between the duration of denture use and cancer
formation. These cancers may present with an early nodal
disease, but their prognosis and outcomes have not been
studied separately till now. No definitive relation has been
seen between broken/sharp tooth, dental implants, nature of
denture material and oral cancer formation. No relationship
has been shown between OPMD and chronic mucosal
trauma.
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