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Prevalence of Temporomandibular Disorders in the  
Northern Finland Birth Cohort 1966

Aims: To investigate the prevalence of temporomandibular disorders (TMD) 
in the 46-year-old cohort subjects from the Northern Finland Birth Cohort 
1966 (NFBC 1966). Methods: Altogether, 1,962 subjects (1,050 women, 912 
men) participated in a clinical medical and dental examination and responded to 
questionnaires in 2012 to 2013. The stomatognathic examination was performed 
according to a modified protocol of the Diagnostic Criteria for Temporomandibular 
Disorders (DC/TMD). Pearson’s chi-square test and Fisher’s exact test were 
used to analyze the signs of TMD between genders, and logistic regression 
models were used to analyze the relationship between self-reported pain 
associated with TMD and modified DC/TMD protocol (P < .05). Results: Of the 
subjects available for analyses, 18.5% responded positively to the self-reported 
screening question for pain related to TMD. The most common signs of TMD 
were clicking in the temporomandibular joint (TMJ) (26.2%) and palpation pain in 
the masticatory muscles (11.2%). Women had signs of TMD more often than men 
(P < .05). The most common diagnosis was disc displacement with reduction 
(7.0%). Myalgia, arthralgia, disc displacement with reduction, and degenerative 
joint disease diagnoses were statistically significantly more common in women 
than in men (P < .05). The prevalence of TMD signs among the cohort subjects 
was 34.2%. Conclusion: The most common sign of TMD was clicking in the TMJ 
and the most common TMD diagnosis was disc displacement with reduction. The 
prevalence of TMD signs among the examined cohort subjects was 34.2%. TMD 
was diagnosed in women more often than in men. The results are comparable 
with other corresponding population-based studies in adults. J Oral Facial Pain 
Headache 2017;31:159–164. doi: 10.11607/ofph.1773

Keywords: �cohort study, DC/TMD, NFBC 1966, temporomandibular disorders, 
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Temporomandibular disorders (TMD) are defined as “a collective 
term embracing a number of clinical problems that involve the 
masticatory muscles, the temporomandibular joints (TMJs) and 

associated structures, or both.”1 Several studies of adult populations 
have shown that TMD symptoms are manifested in approximately 25% 
to 50% of subjects, while clinical findings of TMD are even more com-
mon, being found in 40% to 90% of subjects depending on the exam-
ination methods used as well as the study sample.2–8

A prospective cohort sample (n = 2,737) was enrolled for 
the Orofacial Pain: Prospective Evaluation and Risk Assessment 
(OPPERA) study performed in 2006 to 2008 in the United States.9 
The study showed that first-onset TMD developed in 3.9% of cases 
per annum in adults, that the prevalence of TMD was much higher in 
women than in men, and that there was a positive association between 
aging and TMD, as also noted previously.3,5 Another investigation, 
the Study of Health in Pomerania, Germany (SHIP), was a popula-
tion-based longitudinal study consisting of two cohorts.10 During this 
5-year follow-up study (n = 3,006), signs of TMD, especially TMJ pain, 
developed in 4% (n = 122) of the participants.10 Progiante et al11 also 
assessed the prevalence of TMD in an adult Brazilian community pop-
ulation (n = 1,643) in 2011 to 2012 using the Research Diagnostic 
Criteria for TMD (RDC/TMD).11 They found that the prevalence of both 
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symptoms and signs of TMD was relatively high, but 
the proportion of patients in need of treatment was 
much lower.11

In Finland, the prevalence of TMD was studied as 
part of a Health 2000 survey.5 A nationally represen-
tative sample included 8,028 Finnish adults from the 
ages of 30 to over 80 years. According to a clinical 
examination, 38% of the subjects had at least one 
sign of TMD, and TMD signs were more common in 
women than in men. The most frequent signs were 
TMJ clicking (15%) and palpation pain in the mastica-
tory muscles (14%).5 

General health and well-being have been studied 
in the Northern Finland Birth Cohort 1966 (NFBC 
1966), an unselected, population-based sample of all 
live births in 1966 (n = 12,058) in the former provinc-
es of Oulu and Lapland in Finland.12 In the study con-
ducted in 1997, the study questionnaire (n = 5,696) 
revealed that the most usual TMD symptom in these 
31-year-old subjects was TMJ clicking (28% in 
women, 21% in men). Facial pain was reported by 
17.9% of women and by 12.2% of men.13

A follow-up study of the NFBC 1966 subjects 
concerning their general and oral health was done in 
2012 to 2013 that included questionnaires and clin-
ical medical and dental examinations. The aim of this 
study was to investigate the prevalence of TMD in the 
46-year-old cohort subjects in the NFBC 1966.

Materials and Methods

Subjects 
The NFBC 1966 is a longitudinal and epidemiologic 
research program concerning subjects in an unse-
lected population born in 1966 in Oulu and Lapland, 
two Northern provinces in Finland (http://www.oulu.
fi/nfbc/)12 (Fig 1). The research program is coordinat-
ed by the Department of Health Sciences, Faculty of 
Medicine, University of Oulu. 

The follow-up study of the cohort subjects was 
organized in 2012 to 2013. The target population for 
the study was 11,366 subjects (Fig 1). The study in-
cluded questionnaires and clinical examinations, par-
ticipation in the study was voluntary, and the subjects 
had the right to refuse to give information concern-
ing themselves. Subjects provided a written consent 
for the study. The Ethical Committee of Northern 
Ostrobothnia Hospital District approved the study 
(74/2011). 

The invitation to attend the clinical medical and 
dental examinations was sent to 3,150 subjects cur-
rently living in the Oulu region, and 1,964 subjects 
(61.7%) attended the examination. Two subjects re-
fused to give their information for the study, and so 
the total number of subjects for analyses was 1,962. 

Questionnaires
Subjects with a known postal address (n = 10,321) 
received two questionnaires to be filled out at home 
(Fig 1). The questionnaires included (1) the subjects’ 
background information, lifestyle, and health; and 
(2) economy, work, and mental resources. In addi-
tion, subjects attending the clinical medical and den-
tal examination (n = 1,964) filled in Questionnaire 3, 
which included additional questions about dental 
health. Questions concerning TMD were included in 
Questionnaires 1 (response rate 66.5%, n = 6,868) 
and 3 (response rate 97.3%, n = 1,909) (Fig 1). 
Questionnaire 1 included two questions related to 
TMD symptoms that have been shown to be valid for 
screening TMD pain14:

1.	 Do you have pain in your temples, 
temporomandibular joints, face, or jaw? (Answer 
options were: no/once a week/more often; 
dichotomized as no pain/pain)

2.	 Do you have pain when you open your mouth 
wide or chew? (Answer options were: no/once a 
week/more often; dichotomized as no pain/pain)

In Questionnaire 3, the subjects were asked fur-
ther questions related to TMD. The questions dichoto-
mously defined the subjects as having TMD symptoms 
or having no symptoms in the clinical stomatog-
nathic examination (Fig 1). Questions 2 through 6 
were used in the modified Diagnostic Criteria for 
Temporomandibular Disorders (DC/TMD) diagnostics 
protocol.

1.	 Have you had pain in areas of your face, jaws, 
temples, ears, or behind your ears during the 
prior 30 days? (with options yes/no)

2.	 During the prior 30 days, have you felt pain that 
was modified by jaw movement, function, para-
function, or being at rest? (with options yes/no)

3.	 Have you had jaw locking in the closed position 
that restricted maximum mouth opening?  
(with options yes/no)

4.	 Did this restricted opening cause difficulty in 
mastication? (with options yes/no)

5.	 Have you had clicking noises in the TMJ during 
opening or closing jaw movements or during 
mastication? (with options yes/no)

6.	 Have you had crepitation in the TMJ during 
opening or closing jaw movements or during 
mastication? (with options yes/no)

Clinical Stomatognathic Examination
Altogether, 1,964 subjects participated in a stan-
dardized clinical dental examination performed by 
five calibrated dentists (examiners) at the Institute 
of Dentistry, University of Oulu. The repeatability of 
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the examination was ensured by having the investi-
gators train under experienced specialized dentists 
before the beginning of the study. Inter-examiner 
agreement was also determined regularly during the 
study by a senior dentist serving as a gold standard. 
The stomatognathic examination was performed by 
the modified protocol of the DC/TMD presented in 
a symposium at The International Association for 
Dental Research (IADR) Conference in 2010.15

The prevalence of TMD signs was counted on 
the basis of the subjects having one or more signs 
of TMD in the clinical examination. Maximum mouth 
opening without any assistance by the examiner as 
well as lateral and protrusive movements (< 7 mm re-
stricted) were recorded. In maximum assisted open-
ing (MAO), the jaw was actively pushed on by the 
examiner. The patients were asked if they felt familiar 
pain in any movements, which is defined as pain that 

is similar to or like the pain he/she has had previously 
in that same location during the preceding 30 days. 
Familiar pain in the area of the TMJ and masticatory 
muscles was registered. 

The examiner recorded TMJ noises (clicking, crep-
itus) during opening and closing movements, as well 
as during protrusive and lateral excursive movements. 
The crepitus was registered at a distance of 15 cm. 

The temporalis muscles were bilaterally palpat-
ed at the anterior, middle, and posterior regions, 
and the masseter muscles were bilaterally palpated 
at the origin, deep, and insertion regions. Palpation 
for familiar pain was done by applying a pressure of 
1.0 kg (2–3 lbs). Palpation for familiar pain in the TMJ 
was done by applying a pressure of 1.0 kg (2–3 lbs) 
around the TMJ pole, and 0.5 kg (1 lb) for the lateral 
pole of the TMJ. Palpation force calibration was reg-
istered with a digital postage scale. 

Fig 1  Flowchart showing frequencies of TMD symptoms reported in the questionnaires and signs found in clinical dental examinations 
of the 46-year-old subjects in the NFBC 1966.

NFBC 1966 46-year–follow-up study
Target population: n = 11,366 (100%)

Cases with known postal address: n = 10,321 (90.8%)

Filled in Questionnaire 1
TMD symptoms (according to Nilsson et al14):  

n = 6,868 (66.5%)

Clinical, medical, and dental examination:  
n = 1,964; F = 1,052, M = 912

Filled in Questionnaire 1 and attended clinical examination: 
n =1,871 (95.3%)

TMD symptoms:  
n = 305 (16.3%);  
F = 211 (21.0%),  
M = 94 (10.8%)

Symptom free:  
n = 1,566 (83.7%);  
F = 793 (79.0%),  
M = 773 (89.2%)

Target population for clinical, medical, and  
dental examination subjects living in Oulu region:  

n = 3,150

Clinical, medical, and dental examination:  
n = 1,964 (61.7%); F = 1,052, M = 912

Filled in Questionnaire 3:  
n = 1,909 (97.3%)

Filled in Questionnaire 3 and attended clinical examination:  
n = 1,895 (96.5%)

TMD symptoms:  
n = 353 (18.5%);  
F = 261 (26.1%),  
M = 92 (10.3%)

Symptom free:  
n = 1,556 (81.5%);  
F = 759 (73.9%),  
M = 797 (89.7%)

No sign:  
n = 1,114 
(72.2%); 

F = 509  
(67.8%), 

M = 605  
(76.4%)

Clinical sign:  
n = 429 
(27.8%); 

F = 242 
(35.4%), 

M = 187 
(23.6%)

No sign:  
n = 137 
(38.9%); 

F = 92 
(35.4%), 

M = 45 
(48.9%)

Clinical sign:  
n = 215 
(61.1%); 

F = 168 
(64.6%), 

M = 47 
(51.1%)
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A total of 1,895 subjects (95.5%) filled in Questionnaire 
3 and attended the clinical stomatognathic examination, and 
the subjective TMD symptoms and clinical TMD signs of 
these subjects were collated (Fig 1).

The TMD diagnoses based on the modified DC/TMD 
protocol15 were myalgia, arthralgia, disc displacement with 
reduction, disc displacement without reduction, and degen-
erative joint disease. The criteria for the subdiagnoses of 
TMD were:

•	 Myalgia: Reported pain in areas of the face, jaws, 
temples, ears, or behind the ears; pain modified by 
movement during the prior 30 days; and familiar pain in 
the masticatory muscles during jaw movements and/or 
pain on palpation (familiar pain) in any of the muscle sites

•	 Arthralgia: Reported pain in areas of the face, jaws, 
temples, ears, or behind the ears; pain modified by 
movement during the prior 30 days; and familiar pain 

in the TMJ during jaw movement and/or 
pain on palpation in the right or left TMJ 
(around the lateral pole or laterally)

•	 Disc displacement with reduction: 
Reported history of clicking noises in 
the TMJ and TMJ clicking recorded by 
the examiner during opening and closing 
movements, or during opening or closing 
movements and in either protrusive or 
right/left lateral movement. 

•	 Disc displacement without reduction: Self-
reported jaw locking in closed position 
and restricted MAO

•	 Degenerative joint disease: Self-reported 
history of noises in the TMJ and TMJ 
crepitus recorded by the examiner

Statistical Analyses 
Cross tabulation was used to analyze the 
association between gender and signs of TMD 
and TMD diagnoses based on a modified DC/
TMD protocol.15 Pearson’s chi-square test 
and Fisher’s exact test were used to evaluate 
differences between genders. P values less 
than .05 were considered to be statistically 
significant. The binary logistic regression models 
were used to analyze relationship between 
self-reported pain associated with TMD and 
modified DC/TMD diagnostics protocol. The 
data were analyzed by using the IBM SPSS 
Statistics version 22.0 and R software (version 
3.1.2, R Foundation for Statistical Computing; 
http://www.R-project.org/).

Results

According to the self-reported screening ques-
tion for pain-related TMD, 18.5% (n = 353) of 
the subjects reported positively, and 61.1% of 
those subjects (n = 215) had clinical signs of 
TMD (Fig 1). In the clinical examination, 27.8% 
(n = 429) of the subjectively symptom-free 
subjects were recorded as having signs of 
TMD (women 32.2%, men 23.6%). 

The prevalence of TMD signs was 34.2% in 
this clinically examined study group (n = 1,962; 
women 40.8%, men 26.7%). The most com-
mon clinical signs of TMD were clicking in the 
TMJ (26.2%) and palpation pain in the masti-
catory muscles (11.2%) (Table 1). Women had 
clinical TMD signs statistically significantly 
(P < .05) more often than men. 

The most common TMD diagnosis was 
disc displacement with reduction (7.0%) (Table 
2). Arthralgia, degenerative joint disease, and 

Table 1 � Frequencies of Signs of TMD in the NFBC 
1966 Study Group

Clinical sign n % χ2 value P value
Limited mouth opening  
(< 40 mm) (n = 1,949)
Women 53 5.1
Men 19 2.1
Total 72 3.7 12.138 < .001

Clicking in TMJ
Women 304 29.2
Men 205 22.7
Total 509 26.2 10.756 .001

Crepitus in TMJ
Women 118 11.3
Men 69 7.6
Total 187 9.6 7.633 .006

Pain in masticatory muscles
Women 159 15.3
Men 59 6.5
Total 218 11.2 37.410 < .001

Pain in TMJ
Women 144 13.8
Men 58 6.4
Total 202 10.4 28.699 < .001

Table 2 � TMD Diagnoses in the NFBC 1966  
Study Group

Diagnosis
Women Men Total χ2 

value
P 

valuen % n % n %

Myalgia 77 7.4 20 2.2  97 5.0 27.640 < .001

Arthralgia 85 8.2 18 2.0 103 5.3 36.453 < .001

Disc displacement 
with reduction

88 8.4 49 5.4 137 7.0 6.776 .009

Disc displacement 
without reduction

3 0.3 1 0.1 4 0.2 .628a

Degenerative joint 
disease

66 6.3 34 3.7 100 5.1 6.637 .010

aFisher’s exact test.
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myalgia were diagnosed nearly as often (5.3%, 5.1%, 
and 5.0%, respectively). The frequency of these di-
agnoses was statistically significantly higher in wom-
en than in men, except for disc displacement without 
reduction. In women, the most common diagnoses 
were disc displacement with reduction (8.4%) and 
arthralgia (8.2%), and in men the most common diag-
noses were disc displacement with reduction (5.4%) 
and degenerative joint disease (3.7%) (Table 2). Disc 
displacement without reduction was rare in both 
genders, being 0.3% in women and 0.1% in men, re-
spectively (Table 2).

The self-reported pain-related symptoms were 
associated strongly with the DC/TMD diagnoses of 
myalgia and arthralgia (Table 3).

Discussion

The prevalence of TMD signs among the 46-year-old 
NFBC subjects was 34.2%. The TMD symptoms re-
ported by the subjects who were clinically examined 
were less frequent (18.5%) than the signs recorded 
in this group (61.1%). On the other hand, 27.8% of 
the subjectively symptom-free subjects had clinical 
signs of TMD. The results of this study confirm the 
association between self-reported pain and TMD, 
especially for myalgia and arthralgia.14,15

The prevalence of facial pain was analyzed in the 
previous NFBC study in 1997,13 when the subjects 
were 31 years old. In the present study, the preva-
lence of TMD symptoms in areas of the face, jaws, 
temples, ears, or behind the ears was higher than 
15 years before. However, it should be noted that in 
1997 only pain in the face during the preceding year 

was inquired in the questionnaire, while in the pres-
ent study the question concerned pain in the face 
and also other areas (jaws, temples, ears, or behind 
ears) within the last 30 days. 

The prevalence of TMD signs in these subjects 
seems to be at the same level as found in other re-
cent population studies.11,16 Women had clinical 
signs of TMD more often than men, especially pain 
in the masticatory muscles, and this is also in accor-
dance with earlier studies, emphasizing that signs of 
TMD are more often related to the female gender17 
regardless of the age of the subject.3,5,9 Overall, 
signs of TMD have been shown to be associated with 
age; the older the subject, the higher the prevalence 
of TMD signs.5,9 Earlier studies have shown that pa-
tients between 20 and 50 years of age are the major-
ity group seeking treatment for TMD4; however, when 
stratified by gender, the association with age has not 
been clear.9

The most common TMD diagnosis was disc dis-
placement with reduction. In a systematic review by 
Manfredini et al,17 it was also found at the general 
population level that disc displacement with reduc-
tion was the most common diagnosis, while in TMD 
patients myofascial pain with or without limited jaw 
opening scored the highest. It has been shown that 
diagnosis based on the DC/TMD has good validity 
for diagnosing myalgia and arthralgia, but lower va-
lidity for diagnosing disc displacements.16 Definitive 
diagnosis of intra-articular disorders needs additional 
diagnostic methods such as magnetic resonance im-
aging,2 which were not used here. 

The TMD examination was conducted according 
to a modified DC/TMD protocol presented in a sym-
posium at the IADR Conference in 201015 because 

Table 3 � Self-Reported Pain Associated with TMD in Relation to Modified DC/TMD Diagnostics 
Protocol15 in the NFBC 1966 Study Group

Question
Myalgia  

(%)
Arthralgia  

(%)

Disc displacement 
with reduction  

(%)

Disc displacement 
without reduction 

(%)

Degenerative 
joint disease 

(%)
Do you have pain in your temples, face, 
TMJ, or jaws once a week or more?
Yes (13.5%) 20.9 22.2 14.7 0.4 11.5
No (86.5%) 2.2 2.5 6.1 0.2 4.2
Total (100.0%) 4.7 5.1 7.2 0.2 5.2
ORa 11.69 11.05 2.65 2.15 2.97
95% CI (7.47, 18.30) (7.17, 17.04) (1.77, 3.97) (0.22, 20.74) (1.88, 4.69)

Do you have pain when you open your 
mouth wide or chew once a week or more?
Yes (6.5%) 32.2 30.1 21.5 0.8 15.7
No (93.5%) 2.8 3.4 6.2 0.2 4.4
Total (100.0%) 4.7 5.0 7.2 0.2 5.1
ORa 16.65 12.17 4.14 4.85 4.07
95% CI (10.35, 26.78) (7.55,19.61) (2.57, 6.65) (0.50, 47.01) (2.37, 6.98)

aOdds ratio (OR) and 95% confidence interval (CI) values were calculated with binary logistic regression.
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the recommended new evidence-based DC/TMD16 
was not yet available in 2012. Based on the clinical 
examination protocol and additional questionnaires, 
most of the diagnoses included in the DC/TMD 
Axis I diagnostic protocol were used, but there are 
some discrepancies between the methods used in 
the present study and the DC/TMD protocol. In this 
study, the locations of headaches, intermittent lock-
ing with limited opening, or extension of pain beyond 
the muscles (referred pain) were not registered. In 
addition, the Axis II protocol was not used.

The NFBC 1966 is a population-based cohort of 
subjects that has been screened several times during 
the subjects' lifetimes. The strengths of this study are 
the large study population (n = 1,962) and the data 
collected by both questionnaires and clinical, med-
ical, and dental examinations. The number of study 
subjects was larger than in other population-based 
and demographically similar studies concerning the 
prevalence of TMD.17 The weakness of this study may 
be its cross-sectional study design, as the symptoms 
and signs of TMD were analyzed at one time point. 
No earlier comprehensive NFBC 1966 follow-up 
data related to TMD were available, but will be possi-
ble in follow-up studies.

Prospective cohort studies are needed because 
of significant financial costs and the need for re-
sources in the health care system.18 The influence of 
background factors (ie, general health) and occlusal 
characteristics on TMD symptoms and signs will be 
analyzed in subsequent studies. 

Conclusions

The prevalence of TMD signs was 34.2% in the 
Finnish population based on the NFBC 1966 cohort 
(n = 1,962) in 46-year-old subjects. The most com-
mon clinical sign was clicking in the TMJ, and the 
most common diagnosis was disc displacement with 
reduction. The results are comparable with other cor-
responding adult population studies. 
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