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Abstract 

Background: Infections of teeth are highly prevalent, often leading to tooth extractions. Missing 
teeth can thus be considered as proxy for chronic dental infections, caries or periodontitis. We 
followed-up a cohort for 24 years investigating the association between missing teeth and the 
incidence of cancer with the hypothesis that dental chronic inflammation links to cancer.  
Methods: WHO ICD-7-9-10 malignant diagnoses were recorded from the Swedish Cancer 
Registry from 1985 to 2009 in 1 390 individuals who had underwent clinical oral examination in 
1985. The subjects appeared periodontally healthy and thus the probable reason for tooth ex-
tractions was deep caries. Using Fisher’s exact t-test and multiple logistic regression analysis the 
results were analysed for the association between cancer incidence and baseline oral health pa-
rameters and a number of other explanatory factors.  
Results: Of the 1 390 subjects 71 had got cancer by year 2009. The results of the multiple re-
gression analysis showed that between any type of cancer as a dependent variable, and several 
independent explanatory variables, missing second molar in the right mandible and age appeared as 
the principle independent predictors significantly associating with cancer, with an odds ratio (95% 
confidence interval) of 2.62 (1.18–5.78) and 1.91 (1.06–3.43), respectively.  
Conclusions: In periodontally healthy subjects extracted molars, proxy for past dental infections, 
seemed to predict cancer risk in the studied age group – hence supporting a role of chronic dental 
infection/inflammation in carcinogenesis. 
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Introduction 
Missing mandibular molar teeth in periodontally 

healthy subjects marks previously extracted teeth due 
to dental infection (1). Dental caries and its sequel are 
generally the main cause of tooth loss in people up to 
50 years of age. Caries counts for 42% of extractions of 
teeth whereas periodontitis is the main cause of tooth 
loss in middle-aged and elderly people and counts for 
28% of extractions (2, 3).  

In the oral cavity the mucous membranes (4) the 
tongue (5) and the pharynx (6) may be reservoirs of 
bacterial pathogens causing focal infections and sub-
sequent chronic inflammation (7). Many oral infec-
tions, however, seem to emanate from an undisturbed 
growth of oral bacteria colonizing the tooth surfaces 
and forming oral biofilms (dental plaque) (8). Dental 
diseases, caries and periodontitis, are highly prevalent 
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in all populations and may also link with cancer (9, 
10). 

Hypodontia vary in retrospective radiographic 
studies with reported rates from 2.6% to 11.3% (11). 
Nationwide surveys to determine the reasons for 
tooth extraction have been carried out in several 
countries (1-3,12-14). Orthodontic reasons for extrac-
tion count for about 10% and these extractions are 
principally made from children (12). Thus, when con-
sidering reasons for missing teeth in populations, 
hypodontia and orthodontic extractions are of minor 
importance, especially for molar teeth.  

Caries may lead to necrosis of the dental pulp 
with subsequent spread of infection in the apical area 
and beyond. The extraction of a tooth is a critical 
moment since there bacteria get entry into the blood-
stream and consequently spread all over the body. 
Okell and Elliott in 1935 were the first to demonstrate 
the presence of bacteria in the bloodstream following 
dental extractions and associated bacteraemia with 
the risk for endocarditis. When an apical lesion pro-
gresses and the infection spreads into the alveolar 
bone, an abscess will be formed (15). This in turn often 
leads to endodontic treatment given by a dentist. 
However, the lesion may also become chronic when 
bacteria and their toxins remain at the infected site for 
long periods of time without causing any acute or 
overt clinical symptoms to the patient. Endodontic 
treatment may also fail and the tooth finally needs to 
be removed. However, in spite of treatment the asso-
ciated chronic inflammation in the apical area may 
prevail even after the affected tooth has been ex-
tracted (16). 

Studies in particular on gastrointestinal malig-
nancies have shown that the large amount of cyto-
kines, inflammatory mediators and growth factors 
released during inflammation by immune and 
non-immune cells may influence the process of car-
cinogenesis (17). Indeed, infection-driven inflamma-
tions have been estimated to be involved in the 
pathogenesis of approximately 15-20% of human tu-
mours (18). 

 Consequently, our hypothesis of the present 
study was based on the paradigm of dental infec-
tion/inflammation-caused carcinogenesis. We ques-
tioned whether the low-degree chronic inflammations 
associated with inferred teeth, and prevailing even 
after removal of a tooth with apical infection, could 
contribute to the development of cancer. Hence the 
aim was to study the development of cancer in a 
group of periodontally healthy subjects with extracted 
teeth for over 20 years. By selecting periodontally 
healthy subjects we excluded from the analyses sub-
jects with periodontitis thus anticipating that the rea-
sons for tooth extractions had rather been the gener-

ally highly prevalent deep caries and its complica-
tions, i.e. periapical infections.  

Methods 
In 1985 we undertook a study comprising a 

random sample of 3 273 individuals aged 30-40 years. 
The subjects were randomly selected from a registry 
file of all inhabitants (n = 105 798) of Stockholm 
County born on the 20th of any month from 1945 to 
1954. The registry file including all individuals born 
on the 20th of any month, from 1985 and ongoing, is a 
unique file from Sweden. The subjects were informed 
about the purpose of the study and offered clinical 
oral examination. In total 1 676 individuals (838 men 
and 838 women) underwent a detailed clinical oral 
examination and answered a questionnaire, 51.2% of 
the randomly selected patients. From those, 286 per-
sons were diagnosed having periodontal disease 
(17.1%), using the classification of 1 tooth with deep 
pocket ≥5mm and bleeding on probing. The remain-
ing 1390 subjects (82.9%) were diagnosed periodon-
tally healthy and represent the subjects in present 
study, 713 women and 677 men. Figure 1 shows the 
study profile.  

 

 
Figure 1. Study profile. 
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Clinical recordings 
Presence or absence of teeth was recorded by 

counting the number of remaining teeth, excluding 
third molars. Gingival inflammation around every 
tooth was assessed using the gingival index (19) and 
oral hygiene status was determined using the plaque 
index (20) and the calculus index by assessing all six 
surfaces of six representative teeth according to the 
World Health Organization recommendations for oral 
health surveys. Periodontal pocket depth was meas-
ured with a periodontal probe and recorded to the 
nearest higher millimetre for six sites of each tooth. 
All teeth were examined when present, exception for 
the third molars. In addition, all subjects answered a 
questionnaire containing questions about the pres-
ence of inflammatory signs within the oral cavity and 
the lips, use of tobacco, reported caries and its sequel, 
and periodontal problems.  

Cancer data and socioeconomic statistics 
The data for cancer (malignant neoplasms) were 

obtained from the Centre of Epidemiology, Swedish 
National Board of Health and Welfare, Sweden. The 
data have been classified according to the WHO In-
ternational Statistical Classification of Diseases and 
Related Health Problems in ICD-7, ICD-9 and ICD-10 
codes. Socioeconomic data were obtained from the 
National Statistics Centre, Örebro, Sweden. The data 
for cancer incidence as well as socioeconomic status 
were obtained from the registry files that include data 
for persons born on the 20th of any month from 1985 
and ongoing. This kind of register is uncommon in 
other countries and is indeed unique for Sweden. 

Ethical consideration 
The Ethics Committee of the Karolinska Insti-

tutet and Huddinge University Hospital, Sweden, 
approved the study protocol (Dnr 101/85 and Dnr 
2007/1669-31). The study is in accordance with the 
Declaration of Helsinki, as revised in 1983. 

Statistical analyses 
Analysis of variance, chi-square tests, Fisher’s 

exact t-test and multiple logistic regression analysis 
were applied when appropriate. Multiple logistic re-
gression analysis was used to compare the incidence 
of cancer, according to the state of oral health at base-
line, while simultaneously controlling for confound-
ing variables. Age, gender, frequency of dental ap-
pointments, education, income, socioeconomic status, 
working status, pack-years of smoking, dental plaque 
index, calculus index, and any missing tooth were 
included in the model as confounders. Teeth were 
dummy coded according to reference cell coding with 
k-1 dummies. Smoking was expressed in pack-years 

of smoking. The model with the confounders was 
correlated to cancer. A backwards elimination method 
was used to control for multicollinearity (correlation 
between confounders). The statistical model was 
tested according to Cox & Snell and Nagelkerke 
(21,22). Differences between data sets with a proba-
bility of <0.05 were regarded as significant. All 
p-values are two-tailed, and confidence intervals were 
calculated at the 95% level. All statistical analyses 
were performed using the PASW® Statistics software 
package, version 20 (PASW Inc. Chicago, IL, USA). 

Results 
In the total baseline cohort of 3 273 randomly 

selected subjects 4.8% were diagnosed having cancer: 
97 women and 60 men (p=0.001 between genders). 
Cancer had been diagnosed in women at the mean 
age of 45.0 ± 7.1 years, and in men at the mean age of 
43.6 ± 9.1 years, respectively. Of the 1 390 clinically 
examined and diagnosed as periodontally healthy 
persons 71 subjects (5.1%) were diagnosed with can-
cer during the follow-up: 46 women (3.3%) and 25 
men (1.8%). The difference was significant between 
men and women (p<0.05). Demographic clinical oral 
health data of this group are given in Table 1. When 
comparing the subjects with and without cancer sig-
nificant differences between the groups were seen in 
gender and age (p<0.05 and p<0.001, respectively). 
Furthermore the total number of missing teeth 
(p<0.05) and the number of missing molars (p<0.05) 
was significantly higher in 1985 among the subjects 
who later got cancer when compared with those who 
did not get cancer.  

 

Table 1. Demographic and oral clinical data of 1 390 periodontally 
healthy subjects grouped by incidence of Cancer. 

 Cancer 
(n = 71) 
number, mean ± 
SD 

No Cancer 
(n = 1319) 
number, mean ± 
SD 

p* 

Gender (female/male) 46/25 668/651 <0.05 
Age in 2009 (years) 61.1 ± 2.5 59.5 ± 2.8 <0.001 
Education (compulsory 
school/higher) 

13/58 205/1114 NS 

Smoking (pack-year) 2367.1 ± 2817.4 2141.3 ± 2924.1 NS 
Income (Swedish 
Crowns x 1000) 

180.0 ± 94.1 180.9 ± 101.2 NS 

Plaque index 0.54 ± 0.61 0.58 ± 0.62 NS 
Gingival inflammation 1.18 ± 0.49 1.18 ± 0.47 NS 
Calculus index 0.41 ± 0.45 0.46 ± 0.59 NS 
Nr. missing teeth 1.79 ± 3.34 1.16 ± 2.31 <0.05 
Nr. missing molars 0.76 ± 1.49 0.47 ± 1.15 <0.05 
* Fisher´s exact t/test or Student´s t-test for unpaired samples as appropriate. Data 
are expressed as mean ± SD. 
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In the multiple logistic regression model with 
any type of cancer as the dependent variable, missing 
second molar in the right mandible associated with 
2.62-times the odds, and age with 1.91-times the odds 
with cancer, respectively, as given in Table 2. The 
other factors considered in the statistical model (gen-
der, frequency of dental appointments, education, 
income, socioeconomic status, working status, 
pack-years of smoking, dental plaque index, calculus 
index, and other missing teeth) exerted no significant 
independent influence on this variable. 

The different diagnoses of malignant neoplasms 
as expressed in the ICD-7, ICD-9 and ICD-10 classifi-
cation and recorded in the present study are given in 
Table 3. Women with breast cancer were the domi-
nating group, while also two men in the cohort got 

breast cancer. In men the types of malignancies en-
countered were scattered in general. 

 
Table 2. Results of multiple logistic regression analysis of the 1 
390 study subjects. 

De-
pendent 
variable 

Explaining varia-
ble 

Beta Chi- 
square 

p-value OR (95% CI) 

  
Age 

 
0.65 

 
4.63 

 
0.031 

 
1.91(1.06–3.43) 

Cancer      
 Second molar in 

the right side of 
the mandible is 
missing 
(Tooth number 47) 

0.96 5.65 0.017 2.62(1.18–5.78) 

Cox & Snell R2= 0.026; Nagelkerke R2 = 0.077. 

 

Table 3. Diagnosis in ICD-7, ICD-9 and ICD-10 for the 71 subjects who got cancer by 2009. 

Diagnosis Men(n) Women (n) 
ICD-7   
Malignant neoplasm of connective and other soft tissues 171  4 
Malignant neoplasm of lower limb, short bones 170.8 2  
Malignant neoplasm of other endocrine gland 194    1 
Malignant neoplasm of lower jaw bone 170.1   2 
Malignant neoplasm of cervix uteri 180  1 
Malignant neoplasm of thyroid gland 193 2  
Malignant neoplasm of mediastinum, specified or secondary 197.1  1 
 
ICD-9 

  

Malignant neoplasm of stomach, unspecified 151.9 1  
Malignant neoplasm of main bronchus 162.2 1 1 
Malignant neoplasm of breast, upper-inner quadrant 174.2  1 
Malignant neoplasm of upper limb, including shoulder 172.6 1  
Malignant neoplasm of other and unspecific part of face 173.3  1 
Malignant neoplasm of skin of upper limb, including shoulder 173.6 1  
Malignant neoplasm of skin, site unspecified 173.9  1 
Malignant neoplasm of parathyroid gland 194.1  1 
Lymphosarcoma 200.1 1  
Myeloid leukemia, acute 205.0  1 
Malignant neoplasm of trachea, bronchus and lung 162.1   1 
 
ICD-10 

  

Malignant neoplasm of pancreas C25.9  2 
Malignant neoplasm of corpus uteri C54.9  1 
Malignant neoplasm of isthmus uteri C54.0  1 
Malignant neoplasm of endometrium C54.1  1 
Malignant neoplasm of prostate NOS C61.9 2  
Malignant neoplasm of abdominal part of esophagus C15.2 1  
Malignant neoplasm of lower part of esophagus C16.5 1  
Malignant neoplasm of sigmoid colon C18.7  1 
Malignant neoplasm of rectum C20.9 1  
Malignant neoplasm of intrahepatic bile duct carcinoma C22.1  1 
Malignant neoplasm of upper lobe, bronchus or lung C34.1 1  
Malignant neoplasm of upper-outer quadrant of breast C50.4  4 
Malignant neoplasm of breast, unspecified C50.9 2 12 
Malignant neoplasm of lower-outer quadrant of breast C50.5  1 
Malignant neoplasm of central portion of breast C50.1  1 
Malignant neoplasm of ovary C56.9  1 
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Malignant neoplasm of bladder, unspecified C67.9  1  
Malignant melanoma of trunk C43.5 2  
Malignant melanoma of lower limb, including hip C43.7  2 
Malignant neoplasm of skin of other and unspecified parts of face C44.3 1  
Malignant neoplasm of skin of lower limb, including hip C44.7 1  
Malignant neoplasm of brain, temporal lobe C71.2 1  
Malignant neoplasm of central meninges C70.0  1 
Malignant neoplasm of brain, frontal lobe C71.1 1  
Malignant neoplasm of cauda equine C72.1  1 
Malignant neoplasm of connective and soft tissue of lower limb, including hip C49.2 1  

 
 

Discussion 
This study addressed the issue of history of 

dental infections indicated by missing or extracted 
mandibular molars in periodontally healthy subjects 
as a risk factor for cancer. The present results clearly 
identified missing second molar in the mandible as 
the principal independent predictor for cancer, thus 
confirming our study hypothesis, based on the para-
digm that links dental chronic infection with carcin-
ogenesis (23). 

Breast cancer is the most common cancer in 
women in Sweden. In 2009 it represented 30% of the 
cases and the average annual increase has been 1.3% 
during the last two decades. In the present study the 
percentage of breast cancer was 42.2% of cancers 
among the women investigated. Compared with data 
from the Swedish Cancer Registry this figure is almost 
fifty percent higher than that in Sweden in general. In 
a recent study from our group we showed that death 
in breast cancer associated with periodontal disease 
(24).  

Two men in our study also got breast cancer 
(Table 3). Carcinoma of the male breast is uncommon 
and counts for 0.8% of all breast cancers (25). On the 
other hand, prostate cancer is the most common can-
cer in men representing 33% of the male cases in 2010 
in Sweden. The incidence of prostate cancer is related 
to the use of prostate specific antigen (PSA) testing in 
health care and therefore it is uncertain how the inci-
dence trend will develop over the coming years (26). 
However, in the present study only two cases (7.7%) 
of prostate cancer was found (Table 3). This might be 
explained by the fairly young starting age of our co-
hort, namely 30-40 years. Prostate cancer is character-
istically a disease of elderly men (27). Furthermore, it 
is of interest to observe that there were only two cases 
of colon cancer, one woman with malignant neoplasm 
of sigmoid colon, (ICD-10 C18.7) and one man with 
malignant neoplasm of rectum, (ICD-10 C20.9) (Table 
3). In Sweden cancer of colon and rectum are among 
the most common sites of malignancy in both gen-
ders.  

 It is well established that severe dental caries is 

the main reason for tooth extractions in young adult 
populations, such as in the present study (3,14). 
Hence, some comments should be made concerning 
the reliability of the results. First, the baseline subjects 
were randomly chosen to avoid selection bias and to 
ensure normal distribution of the sample variables. 
The large subject pool was representative of the eth-
nically homogenous Swedish adult population, with 
an age range of 10 years to limit the influence of age 
differences. The present study was of longitudinal 
prospective design, with a group of periodontally 
healthy subjects first examined in 1985. By excluding 
patients with periodontal disease we controlled the 
effect of this infection on the results. Furthermore, it 
should be emphasized that in spite of the reported 
frequent visits to a dentist by the subjects, they nev-
ertheless had many missing teeth already in 1985. The 
probable explanation to this observation might indeed 
be high caries activity with subsequently increased 
risk for infected teeth causing toothache and periap-
ical infections. Secondly, the subjects were born on the 
20th in any month between 1945 and 1954 and there-
fore it was possible to get the diagnoses of malignant 
neoplasms for each participant from the Centre of 
Epidemiology, Swedish National Board of Health and 
Welfare, Sweden. Some further comments should be 
made about the missing molar teeth. Bacteraemia af-
ter tooth extractions or after surgical dental extrac-
tions is well documented (28,29). For example, Ra-
jasuo et al. found that surgical dental extraction 
clearly caused anaerobic bacteraemia of a high fre-
quency and that it lasted longer than previously as-
sumed (29). This and similar findings emphasize the 
role of oral cavity as a source of systemic infections 
which, as said, may even link with carcinogenesis (30, 
31) 

 Finally, the current statistical analyses were 
performed with adjustment for several demographic 
variables and established risk factors for cancer. In-
cluding in the model were age, gender, education, 
socioeconomic status, oral mucosal inflammation and 
smoking. Therefore these known risk factors could 
not confound the observed association between the 
missing teeth and cancer. Knowing that apical perio-
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dontitis can lead to systemic inflammation (32), and 
based on the pathways earlier presented (9,33), in 
Figure 2 we provide herewith simplified explanation 
how dental chronic infections might be associated 
with the development of different cancers all over the 
body. This depiction is in line what is known from 
other contexts such as chronic autoimmune inflam-
matory diseases and malignancies (34). 

 

 
Figure 2. Explanatory pathway for the development of cancer triggered 
by chronic dental infections. 

 

 Conclusion 
Our study hypothesis was confirmed by show-

ing that extracted molar teeth in periodontally healthy 
subjects seemed to predict cancer risk in the studied 
age group of originally 30-40 years individuals. The 
cancers were diagnosed 10 years earlier than ex-
pected, based on the national cancer register. Because 
teeth are mostly extracted due to dental infections, 
history of dental extractions and poor dental health in 
general, may indeed indicate higher risk to carcino-
genesis. 
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