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Objectives: Several studies have investigated the relationship between the use of dentures and the dura-
tion of denture use and cancer development. Of particular interest is whether ill-fitting dentures increase
the likelihood of the development of oral cancer. We conducted a meta-analysis to determine the rela-
tionship between dentures and the development of cancer.
Materials and Methods: We searched several databases (PubMed, Medline, EMBASE, Web of Science, and
the Cochrane Database of Systematic Reviews) to find published papers on the topic. In particular, the
duration of denture use and the comfort and fit of the dentures were investigated.
Results: The use of dentures by itself is associated with an increased risk of developing cancer (OR: 1.42,
95% CI: 1.01–1.99). In addition, ill-fitting dentures appears to substantially increase the risk of developing
cancer (OR: 3.90, 95% CI: 2.48–6.13). In addition, there was no link between the duration of denture use
and cancer development. This might be due to the arbitrary nature of what we defined as short and long
term denture use and may have been affected by the inconsistency in time categorization between
different studies.
Conclusion: Ill-fitting dentures are a risk factor for the development of oral cancer, greater patient
education and regular checking of dentures by dentists should be undertaken as a prevention measure.

Crown Copyright � 2014 Published by Elsevier Ltd. All rights reserved.
Introduction

In 2008, there were 12.4 million new cases of cancer world-
wide, with 7.6 million cancer-related deaths. There are 28 million
people living with cancer who had been diagnosed in the preced-
ing five years [1]. It is postulated that by 2030 these figures may
be as high as 26.4 million new cases and 17 million cancer
related deaths. Every year, over 1 million new cases and
680,000 deaths are reported globally from upper aerodigestive
tract cancer, with 560,000 cases and 300,000 deaths for head
and neck cancer [2]. Oral cancer is one of the ten most common
cancers [3,4] and as such it is imperative that an effort is made to
understand the possible causes and factors involved in this mul-
tifactorial disease.

The loss of all natural permanent teeth is defined as complete
edentulism [5]. The causes of oral cancer is not fully understood,
there is evidence that it is a multifactorial disease [6]. Many risk
factors have been identified for oral cancer including the use of
alcohol and tobacco, dietary deficiency, high temperature food or
beverage consumption, and poverty [7]. Furthermore, it has been
proposed that chronic mechanical irritation of the oral mucosa,
such as from the presence of a denture, may potentially contribute
to the development or severity of oral cancer. This mechanism is
suspected to be of particular significance if the denture is ill-fitting
[4,8]. There is some evidence that inadequate dentition is associ-
ated with an increased risk of cancer of the oral cavity [9]. These
relationships appear to persist despite all the studies adjusting
for most of the major risk factors.

An awareness of risk factors can lead to increased screening and
early detection in populations at risk which could lead to early
treatment and has the potential to reduce the global cancer burden
[1]. Early detection and treatment also has the potential to reduce
the mortality associated with many cancers. The aim of this meta-
analysis was to evaluate the relationship between the use of den-
tures and the development of oral cancer. In particular, an attempt
was made to elucidate whether the duration of denture use, cate-
gorized as either short or long term use, has an impact on the can-
cer status of denture wearers. In addition, this study investigates
the alleged association between the use of ill-fitting and painful
dentures and the development of cancer.
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Materials and methods

Study protocol

We followed the Preferred Reporting Items for Systematic
reviews and Meta-Analyses PRISMA guidelines where possible in
performing our systematic review [10]. A systematic search of
the databases MEDLINE (from 1950), PubMed (from 1946),
EMBASE (from 1949), Cochrane Database of Systematic Reviews
(from 2005), Web of Science, PubMed (from 1950) through to
August 2014, to identify relevant articles. The search used the
terms ‘Tooth loss’ AND ‘dentures’ AND ‘cancer’, which were
searched as text word and as exploded medical subject headings
where possible. The reference lists of relevant articles were also
searched for appropriate studies. No language restrictions were
used in either the search or study selection. A search for unpub-
lished literature was not performed (see Fig. 1).

Study selection

We included studies that met the following inclusion criteria:

� Reported denture use and histologically confirmed diagnosis of
oral cancer.
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Add
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Figure 1. Flow of in
� Original data (or odds ratios) reporting on the number of patients
who had oral cancer stratified by various patient characteristics.
We excluded studies that did not meet the inclusion criteria.

Quality of the studies

Two independent reviewers screened the studies for inclusion,
extracted data and evaluated quality (GE, VN). Quality assessment
of studies was performed by two reviewers according the Newcas-
tle-Ottawa Scale (NOS) was used as an assessment tool for selec-
tion, comparability and outcome assessment [11]. Study quality
was rated on a scale from 1 (very poor) to 9 (high). Disagreements
were resolved by consensus. This has been summarized in Table 1.

Data extraction

The data extraction was performed using a standardized data
extraction form, collecting information on the publication year,
study design, number of cases, number of controls, total sample
size, population type, country, continent, economic development,
case control matching, mean age, number of adjusted variables,
the risk estimates or data used to calculate the risk estimates,
CIs, fit of dentures and the duration of use classified as recent
(being less than five years), and long term (being greater than five
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Table 1
Characteristics of the studies included in the systematic review and meta-analysis.

Author Year Country Type of study Number of cases Number of controls/non-cases Cases and controls Newcastle-Ottawa scale

Zheng et al. [19] 1990 China Case-control 404 404 808 7/9
Velly et al. [8] 1998 Brazil Case-control 717 1434 2151 7/9
Rosenquist et al. [30] 2005 Sweden Case-control 132 320 452 7/9
Campbell et al. [20] 1997 USA Case-control 41 175 216 6/9
Young et al. [21] 1986 USA Case-control 202 93 295 7/9
Marshall et al. [12] 1992 USA Case-control 290 290 580 6/9
Piemonte et al. [4] 2010 Argentina Cohort NA NA 406 7/9
Talamini et al. [13] 2000 Italy Case-control 132 148 280 7/9
Fernandez Garrote et al. [14] 2001 Cuba Case-control 200 200 400 6/9
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years) [8,12–14]. Adjusted ratios were extracted in preference to
non-adjusted ratios, however, where ratios were not provided;
unadjusted ORs and CIs were calculated. Where more than one
adjusted ratio was reported, we chose the ratio with the highest
number of adjusted variables.

Potential confounders

Each study used adjusted for between 0 and 12 potential con-
founding variables. These included such variables as age, gender,
smoking/tobacco status, alcohol, education, study center, admis-
sion period, dietary variables, non-alcoholic beverages, drink tem-
perature, ethnicity, income, and regular mouth wash use.

Statistical analysis

Pooled event rate and 95% confidence intervals were calculated
using a random effects model (DerSimonian and Laird) [15]. We
tested heterogeneity with Cochran’s Q statistic, with P < 0.10 indi-
cating heterogeneity, and quantified the degree of heterogeneity
using the I2 statistic, which represents the percentage of the total
variability across studies which is due to heterogeneity. I2 values
of 25%, 50% and 75% corresponded to low, moderate and high
degrees of heterogeneity, respectively [16]. The quantified publica-
tion bias using the Egger’s regression model [17], with the effect of
bias assessed using the fail-safe number method. The fail-safe
number was the number of studies that we would need to have
missed for our observed result to be nullified to statistical non-sig-
nificance at the p < 0.05 level. Publication bias is generally
regarded as a concern if the fail-safe number is less than 5n + 10,
with n being the number of studies included in the meta-analysis
[18]. All analyses were performed with Comprehensive Meta-anal-
ysis (version 2.0), Biostat, Englewood, NJ (2005).
Results

Study characteristics

From 191 studies identified from an initial database search,
nine [3,4,8,12–14,19–21] met our inclusion criteria. One [19] of
the studies was undertaken in Asia, two [3,13] in Europe, three
[4,8,14] in South America and three [12,20,21] in the US. One [4]
of the studies followed a retrospective cohort design, whilst all
the rest were case-control studies.

All denture use

All nine studies were included in the analysis for all denture use
and cancer risk. We found the use of dentures does suggest an
increased cancer risk, with pooled OR of 1.42 and 95% CI of 1.01–
1.99. We performed a subgroup analysis by continent in order to
assess whether geographical location impacted on the overall risk
estimate. There were three studies from USA with an OR of 2.23,
and 95% CI of 1.27–3.90, three studies from South America with
an OR of 0.93, and 95% CI of 0.66–1.30 and two studies from Europe
with an OR of 1.69, and 95% CI of 0.25–11.59.

Duration of denture use

Four [8,12–14] studies were included in the analysis for the
duration of denture use and cancer risk. We found that neither
recent nor long term use could be correlated with cancer risk.
For recent denture use, the pooled OR was 0.89, with 95% CI of
0.63–1.26 and for long term dentures use the OR was 0.90, with
95% CI of 0.65–1.25.

Ill-fitting denture use

We found that ill-fitting dentures increased cancer risk by almost
four times, the pooled OR was 3.90, with 95% CI = 2.48–6.13.

Heterogeneity and publication bias

The heterogeneity of outcomes has been summarized in Table 2.
The Egger’s regression model did not show any publication bias
(P = 0.09).

Discussion

It is apparent from this investigation that the duration of den-
ture use is not a significant risk factor for oral cancer development,
nor was the use of dentures in itself. However, the use of ill-fitting
dentures increases the risk of oral cancer by nearly four times.

The studies that investigate the association between denture
use and cancer have not always stated whether they were investi-
gating removable partial dentures or full dentures. However, when
looking simply at denture use and the occurrence of cancer, there
appeared to be a slightly increased likelihood of cancer with any
denture use (OR: 1.42, 95% CI: 1.01–1.99).

It is highly likely that there are some confounding factors that
may lead to both cancer and tooth loss resulting in dentures; this
includes such risk factors as smoking, alcohol consumption, diet,
age and socioeconomic status. However most of the studies ana-
lyzed accounted for many of these factors. In total there were
twelve confounding factors between the different studies that
were adjusted for [8,12–14,19]. In our analysis, we chose the ratio
with the highest number of adjusted variables was chosen for the
analysis the other factors did not play a role in causality.

It is comprehensible that the use of ill-fitting dentures may lead
to oral cancer as a result of the chronic mucosal irritation, which
can lead to trauma, and precancerous lesions that may develop
into cancer [3,8,22–25]. Experimental studies of chronic mucosal
irritation in animals together with evidence of inflammation
related cancers, suggest that the role of chronic trauma of the oral
mucosa contributing to carcinogenesis is multifactorial: increased
mitosis due to repair tissue injury, which put cells at risk of DNA
damage by other agents, initiating carcinogenesis, [26] release of



Table 2
Meta-analysis by different study characteristics.

Denture use
and cancer

OR (95% CI) I2; P-value Number of
studies

All denture use 1.42 (1.01–1.99) 57.83%; 0.005 9
Recent dentures 0.89 (0.63–1.26) 0.00%; 0.71 4
Long-term dentures 0.90 (0.65–1.25) 20.56%; 0.29 4
Ill fitting dentures 3.90 (2.48–6.13) 0.00%; 0.57 6
Asia 1.11 (0.76–1.62) 0.00%; 0.51 2
Europe 1.69 (0.25–11.59) 88.56%; 0.003 2
South America 0.93 (0.66–1.30) 0.00%; 0.91 3
USA 2.23 (1.27–3.90) 39.41%; 0.14 6
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chemical mediators and/or oxidative stress, [27] inhibiting DNA
repair, altering transcription factors, preventing apoptosis and
stimulating angiogenesis [28,29]. Studies on hamsters showed that
chronic trauma of the oral mucosa led to ulcerated lesions in an
analogous manner to a chronic traumatic ulcer in humans [26]
and may play role of a promoter in carcinogenesis commenced
by another carcinogen [13].

At the same time, we must also consider the possibility that a
person who has had an ill-fitting or painful denture who has not
had them adjusted is unlikely to follow up with the dentist as often
as a person who does get minor adjustments and on their dentures
regularly. This reduced pattern of attendance may then increase
the chances of developing oral cancer, as there are fewer opportu-
nities for pre malignant lesions to be identified by a dental practi-
tioner. A reduced pattern of attendance may also provide an
explanation as to the reasons for dentures to be required in the first
place, including long standing oral and dental disease leading to
eventual loss of teeth, which may potentially be associated also
with the development of cancer.

The finding that ill-fitting and uncomfortable dentures increase
cancer risk by a significant amount is a very important finding from
the point of view of patient education and public health measures.
Many people do not attach much consequence to the loss of a few
teeth, and many people may learn to make do with an ill-fitting or
uncomfortable denture because they either assume all dentures
are uncomfortable or they do not consult their dentist due to a
myriad of reasons, including social and economic factors. However,
the possibility of a link between tooth loss and cancer, and specif-
ically ill-fitting dentures and cancer will hopefully lead to more cli-
nician and patient awareness of the importance of oral health
maintenance and the necessity for follow up appointments for
dentures where comfort and fit can be re-evaluated.

The reason for significant heterogeneity in the all denture use
outcome may be attributed to different population groups. Asia
was underrepresented with only one study [19] whereas Europe,
[3,13] North [12,20,21] and South America [4,8,14] were more
evenly represented. As the ratio with the highest number of
adjusted variables was chosen for the analysis the other factors
did not play a role in the heterogeneity. There was no heterogene-
ity seen among the patients with ill-fitting dentures.

Conclusion

Our results suggest that ill-fitting dentures are a risk factor for
the development of oral cancer. It is to be hoped also that this find-
ing will lead to increased screening of at-risk populations, which
might result in earlier detection of premalignant and malignant
lesions. Earlier detection has the potential to increase the quality
of life and the prognosis of oral cancers.
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