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Abstract
Background: (Pain in the temporomandibular region is a main complaint causing disability and distress
among TMD sufferers.)
Objectives: The aim of the study was, over an 11-year follow-up on Finnish adult population, to investigate
the prevalence of clinically assessed pain-related TMD signs, i.e., TMJ and MM pain on palpation, and their
association with sociodemographic background and denture status.
Methods: The data were based on the nationally representative Finnish Health 2000 and Health 2011
Surveys (BRIF8901). The sample comprised 1,210 adults who underwent clinical oral examinations
including TMD signs assessment. Statistical evaluations included chi square tests and logistic regressions.
Results: The prevalence of palpatory MM pain deceased from 9.5% at baseline to 4.6% in the follow-up.
Cross-sectionally, presence of palpatory MM pain significantly associated with gender (p<0.001, p=0.002)
and educational level (p<0.001, p=0.001) in both years, and with age (p=0.006) and denture status
(p=0.022) at baseline. The prevalence of palpatory TMJ pain increased from 2.1 % at baseline to 3.5% in
the follow-up. Presence of palpatory TMJ pain significantly associated with gender in both years (p=0.012,
p=0.032). Female gender, lower education and palpatory MM pain at baseline predicted palpatory MM
pain in the follow-up.
Conclusion: Palpatory MM pain is relatively prevalent in adults, yet with a favorable prognosis. Women
and people with low education are more susceptible groups. Previous experience of palpatory MM pain
increase the risk of exhibiting it later in life.
Keywords: Temporomandibular disorders, masticatory muscle pain, temporomandibular joint pain, longitudinal-follow-up study,
adult population.
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Introduction
Temporomandibular disorders (TMD) is a collective term denoting dysfunction and pain related to the
masticatory muscles (MM), temporomandibular joints (TMJ), and associated structures1. Signs and
symptoms include TMJ noises, deviation in the mandible movement, and MM and/or TMJ pain2. TMD are
multifactorial in origin. Several factors, including psychological factors, occlusal factors, traumas, factors
related to joint pathology, deep pain input, and parafunction1, 3, can either cause TMD, increase the risk
of TMD, impair healing, or enhance the progression of pre-existing TMD 4.
TMD are prevalent in population; based on the Health 2000 Survey of Finnish adults, 38% of the
participants had at least 1 sign of TMD, i.e., maximum inter-incisal distance <40 mm, crepitation, TMJ
clicking, TMJ pain, or MM pain, based on clinical oral examination5. Moreover, almost 6% of that study
population showed clinically determined TMD findings associated with back pain, shoulder and neck pain
as well as joint pain6, and there was an association found between TMD and edentulousness, wearing
complete denture, and the condition of denture in women7. Likewise, a Northern Finland 1966 Birth
Cohort Study reported that the prevalence of TMD signs was 34.2% among clinically examined subjects,
with TMJ clicking and MM pain on palpation being the most common signs8. Furthermore, self-reported
TMD pain also appears to be frequent among Finnish university students (25.9% of women, 11.4% of
men)9. An earlier investigation of Finnish adolescents observed that 48% of the study participants had
reported TMJ clicking at least once throughout 9 years, and that the prevalence increased with age10.
TMD signs and symptoms can fluctuate through time, resolve, or become chronic. Fluctuation of TMD has
been noticed in different longitudinal studies. In Japan, a longitudinal study performed on high school
students reported fluctuation of TMD signs over the 3-year-period of the study11. Similarly, an
epidemiological study by Magnusson et al.
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observed a substantial fluctuation in TMD signs among

participants over 20 years. Another Swedish 10-year-follow-up study also observed fluctuation of TMD
symptoms in participants during the period of age 17 to 28 years, but with a significant difference in the
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disease course between genders; 92% of the women versus 29% of the men who reported symptoms of
TMD at the age of 17 years also reported these symptoms 10 years later13. Some studies hypothesized
that the fluctuation of TMD signs may be related to the fluctuation of possible background factors such
as insomnia and hormones14,15.
As for chronicity of TMD, the presence of TMD symptoms in early childhood could be a predictor of chronic
TMD in adulthood16. The same applies to adults; a 10-year follow-up study conducted on 50-year-old
cohort participants found that reporting TMD symptoms at baseline increased the odds of reporting them
10 years later17. Furthermore, muscle disorder and the presence of frequent pain have been suggested as
predictors for developing chronic TMD18, as well as the number of painful palpation sites and overall body
sites in pain19. Moreover, high stress levels were found to increase the risk for chronic facial pain, yet it
was suggested that association was mediated by depression20.
The background behind pain-related TMD signs is yet not fully understood, and it appears to be an
interaction between different general factors governed by individual-specific factors. Few studies have
addressed those factors and their long-term effect; however, using relatively small sample sizes or
samples not representative of population. Therefore, further longitudinal studies with large
representative samples are needed.
Arising from the importance of a biopsychosocial approach in studying pain, this study aimed to
investigate the longitudinal change in the prevalence of two clinically assessed pain-related TMD signs,
i.e., TMJ pain and MM pain on palpation, based on an 11-year follow-up on Finnish adults, and to study
their association with gender, age, number of teeth, denture status, and educational level. The hypothesis
here is that the risk for exhibiting TMJ pain and/or MM pain on palpation increase in relation with genderrelated factors, aging, the accompanying loss of teeth and the use of dentures as well as low
socioeconomic status represented by educational level..
Material and Methods
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The data for the study were based on the comprehensive, nationally representative Finnish Health 2000
and Health 2011 Surveys, carried out by the National Institute for Health and Welfare (THL) 21,22.
The main sampling frame in 2000 comprised 8,028 adults aged 30 years or over, living in mainland Finland,
of whom 6,986 (87%) were interviewed in their home or in an institution, and 79% participated in health
examinations including oral health23. The two-stage stratified cluster sample was representative of the
whole Finnish population aged 30 years or over, allowing for good generalizability of the results. Persons
aged 80 years and over were oversampled by doubling the sampling fraction21.
Sociodemographic background information including gender, age and education were obtained during
home interviews21. Information on number of teeth and removable dentures were obtained through
clinical oral examination23. All teeth were counted to obtain number of teeth, including third molars,
deciduous teeth and tooth remnants that were visible or tactile in the mouth during the examination. If
both deciduous and the respective permanent tooth were present, the latter one was counted.
Removable denture type (i.e. partial or complete) was recorded separately for the upper and the lower
jaw.
Assessment of TMD signs
A standardized clinical oral examination was performed by five calibrated and experienced dentists, who
assessed the signs of TMD23. The examiners were trained prior to the examinations by experienced
specialists in order to increase the reproducibility of the clinical examination. The assessment of TMD
signs included recording of maximum mouth opening, auscultation of TMJ noises, and palpation of the
TMJs and two MM, i.e., temporalis anterior and masseter superficialis. TMJ tenderness to palpation was
assessed by applying a force of about 0.5 kg over the immovable condyle, and MM tenderness was
assessed with a force of about 1 kg. Attempts were made to standardize the palpation force by exerting
the forces on a measuring scale (using a letter weighing scale) between the examinations. TMJ and MM
pain on palpation was recorded if the subjects reported pain when asked or showed a protective reflex.
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Except for the maximum inter-incisal distance, all the findings were recorded separately for both sides.
The percentage agreement between examiners and the referent examiner was: 92% (Kappa value, 0.26;
95% CI, 0.19–0.34) for pain in joints and 95% (Kappa value, 0.47; 95% CI, 0.41–0.53) for pain in masticatory
muscles.
All participants included in the Health 2000 Survey were invited to participate in the Health 2011 Survey22.
The sample of those aged 30 or over comprised 7,964 participants. Clinical oral examinations were carried
out in the same manner as in the Health 2000 Survey; however, due to limited resources they only covered
subjects who were living in Southern (Hospital Districts of Helsinki and Uusimaa) and Northern (Hospital
Districts of Kainuu, Keski-Pohjanmaa, Pohjois-Pohjanmaa, Lappi, Länsi-Pohja, Pohjois-Savo, and Vaasa)
Finland, with 41% participation rate24.
For this study, those who participated in the clinical oral examination and TMD signs assessment in both
surveys (the Health 2000 and the Health 2011) were included. The final study sample comprised 1,210
participants (535 men, 675 women).
When encoding the variables, the subject was considered TMJ-pain positive in the presence of pain on
palpation on either side of TMJs, and negative in the absence of pain on both sides. The corresponding
criteria were set for MM pain, i.e., those having pain in either of the MM were set as MM-pain positive.
Age was encoded into five age groups: 40 years or under, 41-50 years, 51-60 years, 61-70 years, and 71
or older. The number of teeth variable was encoded as follows: 0 teeth, 1-19 teeth and 20 or more teeth,
based on the notion that 20 teeth are the limit for adequate function, below which a reduction in the
masticatory efficiency can occur25. Denture status variable was based on number of teeth and the
presence of removable denture and was encoded as follows: dentate with no denture, dentate with
denture, and edentulous or with complete denture. Educational level was trichotomized into basic,
intermediate and higher education. The basic education category included those with no formal
vocational training or senior secondary education, intermediate education included those who had
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completed vocational training or passed the matriculation examination, and higher education included
those with degrees or diplomas from higher vocational institutions, polytechnics, and universities.
Statistical analysis
The statistical significance of TMJ/MM pain on palpation association with age group, gender, number of
teeth, denture status, and educational level were evaluated using chi squared tests both at baseline and
in the follow-up. Logistic regression analyses were used to analyze the associations between the
explanatory variables at baseline (presence of TMJ/MM pain on palpation, gender, age as a continuous
variable, number of teeth, denture status, and educational level) and the presence of TMJ/MM pain on
palpation in the follow-up. To obtain representative results for the target population, both the surveys
used stratified cluster sampling and took into account the non-response rate by using weight coefficients.
The data analyses were performed using SAS Callable SUDAAN software (Release 11.0) to take into
account the two-stage cluster sampling design.
Results
At baseline, the prevalence of MM pain on palpation was 9.5% (4.7% of men / 13.6 of women, p < 0.001)
and was the highest among the 61-70-year-olds, complete denture wearers, and those with basic
education (Table 1). The prevalence of TMJ pain on palpation was 2.1% (0.6% of men / 3.3% of women,
p=0.012) and was the highest among the 71-year or older, complete denture wearers and basic education
group; however, with no significant associations (Table 1). In the follow-up, the prevalence of MM pain
on palpation was 4.6% (2.4% of men / 6.5% of women, p=0.002), and associated significantly with level of
education being the highest among those with basic education (Table 1). The prevalence of TMJ pain on
palpation was 3.5% (2.4% of men / 4.4% of women, p=0.032), with no significant associations with the
other factors (Table 1).
In the logistic regression analysis, none of the explanatory variables at baseline were associated with the
presence of TMJ pain on palpation in the follow-up, though the estimate (OR=2.0, 95% CI 1.0-3.8) for
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female gender was elevated and almost significant (p=0.060) (Table 2). The presence of MM pain on
palpation at baseline (OR=8.2, 95% CI 4.7-14.4), basic education (OR=3.7, 95% CI 1.9-7.3), intermediate
education (OR=2.4, 95% CI 1.1-5.0) and female gender (OR=2.1, 95% CI 1.0-4.3) were strong predictors for
the presence of MM pain on palpation in the follow-up, whereas all other factors showed insignificance
(Table 2).
Discussion
The present study showed that the prevalence of clinically assessed pain-related TMD signs varied during
the 11-year follow-up period. The prevalence of MM pain on palpation decreased from 10% to 5%,
whereas TMJ pain on palpation increased from 2% to 4%. Presence of MM pain on palpation at baseline,
low education, and female gender increased the risk of the presence of MM pain on palpation in the
follow-up.
Women showed a higher prevalence of TMJ and MM pain on palpation compared to men, thus confirming
the results from previous studies5,8,9,26,27. The higher prevalence among women could be partly related to
their higher tendency to report pain compared to men28. Furthermore, in the present study female gender
significantly increased the odds of exhibiting MM pain on palpation in the follow-up, and the same was
observed for TMJ pain on palpation, although the association was not significant. The higher prevalence
among women might also be related to the effect of female hormones on lowering the pain threshold15.
Moreover, pain upregulation mechanisms could also give a plausible explanation; studies have proposed
that patients with pain-related TMD suffer from a generalized hyperexcitability in their central nociceptive
pathways29,30, which women are at a higher risk of due to the greater temporal summation and after
sensation they exhibit compared to men31. The prevalence of MM pain on palpation decreased markedly
in women during the follow-up, which could possibly be partly related to increase in the age of the cohort
and related hormonal changes 32.

9
At baseline, the prevalence of MM pain on palpation decreased from the youngest age group and
increased substantially in the 61-70-year age group, and then decreased towards the oldest-age group. In
the follow-up the prevalence decreased in the 41-50-year age group (previously ≤40) and peaked at the
age of ≥71 years (previously 61-70). The prevalence of MM pain on palpation was significantly associated
with age only at baseline. On the other hand, the prevalence of TMJ pain on palpation was independent
of age in both years. Longitudinally, age at baseline did not associate with exhibiting pain on palpation
(i.e., MM pain and/or TMJ pain) in the follow-up. The association between TMD and age varies between
studies; some studies have reported a negative association between TMD symptoms and increasing
age33,34,35, while others have found them to be independent36. On the other hand, some studies have
shown a positive association between clinical TMD signs and increasing age35,37, thus at least partly
support the present results. Some studies have suggested that, compared to the younger groups, the
older individuals accept more physiological dysfunctions and report less symptoms, whereas they have
more clinical signs35. Other studies have found that both signs and symptoms of TMD increase with age
and attribute it partly to the use of dentures26. So far it appears that different study designs affect the
reported prevalence in different age groups. The present findings suggest that age itself is not a major
contributive factor to clinically assessed pain-related TMD signs, but rather the other backgrounds that
prevail in certain age groups in a given society.
The current results showed a high prevalence of MM pain on palpation among complete denture wearers
with a significant association only at baseline, which implies a weak contribution to the pain; however, it
should not be overlooked. While some clinical cross-sectional studies have found a significant association
between TMD and the use of partial denture38,39, clinical follow-up studies and literature reviews have
found no direct association between TMD and teeth loss or denture use40,41,42 which could support the
current results. Previous investigation on the Health 2000 participants has found an association between
clinically assessed TMD signs, edentulousness, and denture use in women7. In the present study, although
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local factors such as number of teeth and denture status had a more remarkable role at baseline on the
prevalence of MM pain on palpation; after follow-up of the cohort for 11-years they did not associate with
the presence of such pain and the prevalence decreased markedly among complete denture wearers,
which suggests the involvement of other confounders in the background within the timeline. It should be
taken into consideration that the treatment of edentulousness has improved in Finland in the past decade,
including treatment approaches such as implant-supported overdentures, which could at least partly
explain the observed differences. However, further investigations are needed to clarify this. Another
explanations could be related to the increased awareness of health upkeep among individuals, the
fluctuating nature of such pain, or body adaptability1.
In the present study, the presence of MM pain on palpation associated significantly with the educational
level at baseline and in the follow-up, with increasing prevalence with lower education. Furthermore,
having a lower education at baseline significantly increased the risk of exhibiting MM pain on palpation in
the follow-up. The possible effect of education could be mediated through low income, which leads to a
poor response to increasing living demands, which in turn increases the risk of psychosocial-related health
issues. The troublesome area of low income has been linked to depressive and anxiety disorder43;
moreover, earlier investigations on the baseline sample have found an association between clinically
assessed TMD signs and psychological distress44, which might be a possible explanation for the current
results; however, this remains to be determined. On the other hand, a low educational level did not
associate with the presence of TMJ pain on palpation in the follow-up, suggesting that socioeconomic
status might not have a major influence on TMJ pain.
Generally, MM pain on palpation was more prevalent than TMJ pain on palpation in both years, the same
was found in another Finnish birth-cohort study8 and also by Magnusson et al.12.Addtionally, in a study on
TMD first-onset more subjects developed MM pain compared to TMJ pain,37. which supports the current
findings and point out the different pathophysiology of the two pain signs. Furthermore, during the 11-
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year follow-up the prevalence of MM pain on palpation decreased suggesting a favorable prognosis, which
was consistent with several long-term longitudinal studies10,12,17. On the other hand the prevalence of TMJ
pain on palpation increased among the cohort within 11 years suggesting that it might be a condition that
develops in adults over time; yet, the associated backgrounds could not be determined in this study.
Similarly, Johansson et al. reported an increase in TMJ pain over 10 years among adults17. Despite that,
pre-existing MM pain on palpation showed an eightfold risk of appearance in the follow-up compared to
twofold risk for TMJ pain on palpation that was not statistically significant. This could suggest that
individuals showing MM pain on palpation at a given time are more susceptible to recurrence, and this
could be mediated (among other factors) by gender and educational level. Such factors (i.e., female
gender and poor socioeconomic status) have been linked to chronic pain conditions according to different
studies31,45, which may in part explain the current results.
Several studies have shown that TMD signs and symptoms typically fluctuate10,11,12,13. The present study
also showed that clinically assessed pain-related TMD signs are not constant in a relatively long-time
interval, whereas it was not possible to investigate the fluctuation during shorter time periods due to lack
of information between the time points. Some longitudinal studies have observed the presence of
fluctuation in TMD symptoms or signs either in short- or long-time intervals. A 20-year longitudinal study
on adolescents observed a substantial fluctuation in signs and symptoms of TMD at 5, 10, and 20 years
from the first examination12. Könonen et al.10 also observed the fluctuation of TMJ clicking in adolescents
over 9 years. Moreover, some studies have attempted to explain the fluctuation of TMD and linked it to
the fluctuation of background factors that affect the pain threshold, such as the hormonal changes during
the menstrual cycle15,32, and severity of insomnia14, for instance.
Limitations and strength of the study
Due to the study design, the results can be generalized to adults living in northern and southern Finland;
however, the data represent two large areas with various living conditions. The follow-up time interval
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was relatively long, which is also a strength of the study. Furthermore, the study reported objective painrelated TMD signs based on clinical assessment performed by trained professionals, which is more reliable
than relying on subjective symptoms alone. One of the limitations was that the participation rate in the
clinical oral examination was lower in the follow-up (41% compared to 79% at baseline). The present study
compared prevalence of clinically assessed pain-related TMD signs between the data collections in 2000
to 2011, and no information on the occurrence of the signs and their fluctuation between these time
points was available. Moreover, pain-related TMD signs were determined based only on palpation of MM
and TMJ, which did not allow a conclusive diagnosis of TMD to be made. Using validated, international
diagnostic protocols, such as RDC/TMD, or recently developed Diagnostic Criteria for Temporomandibular
Disorders (DC/TMD) was not possible for practical reasons related to the large sample size.
Conclusions
Based on the results of the present study it could be concluded that palpatory MM pain is prevalent in
adults compared to TMJ pain; however, with a favorable prognosis in the long term. Women and people
with a low level of education seem to be more susceptible to exhibiting such pain. Those who have
experienced palpatory MM pain before have a higher risk to experience it later in life. Neither age nor
denture status seem to perpetuate palpatory pain in either MM or TMJ. Palpatory TMJ pain appears to be
a progressive condition in adults, indicated by the overall increase in its prevalence in the 11-year followup. Additionally, the differences between palpatory TMJ and MM pain with regard to prevalence and
association with background factors emphasize the different pathophysiology. Finally, it seems that
sociodemographic factors do not pose much risk on adults for developing TMJ pain.
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Table 1.
Prevalence pain on palpation of temporomandibular joints (TMJs) and masticatory muscles (MM pain) among Finnish adults who participated in the clinical oral examination and TMD
signs assessment both in the Health 2000 and Health 2011 Surveys (n= 1,210) by gender, age group, number of teeth, denture status, and educational level.
Health 2000

Health 2011

MM pain§

TMJ pain‡

Total
1,210

n¶
25

%
2.1

Gender
Male
Female

535
675

3
22

0.6
3.3

Age
-40
41-50
51-60
61-70
71-

376
348
295
153
38

9
8
5
2
1

2.3
2.3
1.8
1.2
2.9

Number of Teeth
0
1-19
20+

82
181
947

5
4
16

6.8
2.2
1.6

Denture status
Dentate, no denture
Dentate with denture
Edentulous, complete denture

943
184
83

17
3
5

1.7
1.6
6.8

Education
Basic
Intermediate
Higher

294
394
517

8
10
7

2.8
2.5
1.3

All

p*

n¶
118

%
9.5

26
92

4.7
13.6

33
23
28
30
4

8.4
6.5
9.3
19.4
10.4

17
23
78

20.8
12.3
8.0

80
21
17

8.2
11.1
20.5

55
29
24

18.3
7.1
6.4

0.012

p*

Total
1,210

n¶
42

%
3.5

535
675

12
30

2.2
4.4

350
335
322
203

16
11
7
8

4.3
3.3
2.2
3.9

98
203
909

3
7
32

2.7
3.3
3.6

929
183
98

32
7
3

3.5
3.7
2.7

281
362
557

10
11
21

3.3
3.1
3.8

<0.001

0.833

n¶
55

%
4.6

13
42

2.4
6.5

14
13
12
16

4.0
4.1
3.6
8.2

7
13
35

7.4
6.4
3.9

36
12
7

4.0
6.4
7.4

26
14
15

9.1
3.8
2.7

0.181

0.118

0.860

<0.001

p*
0.002

0.872

0.022

0.244

p*

0.340

0.014

0.456

MM pain§

0.032

0.006

0.334

‡ Pain in temporomandibular joint on palpation, left or right.
§ Pain in either temporalis muscle or masseter, left or right.
¶ number of affected participants
* chi2 test value

TMJ pain‡

0.136

0.844

0.001
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Table 2,
The association of baseline variables (in 2000) with masticatory muscle (MM) pain and temporomandibular joint (TMJ)
pain on palpation after the 11-year follow-up (in 2011), presented with Odds ratio (OR) and 95% Confidence interval (CI)
(n=1,205).

MM† pain in 2011

TMJ‡ pain in 2011
OR (95% CI)

Gender
Male
Female
Age (continuous)
Denture status
Dentate, no denture
Dentate with denture
Edentulous, complete denture
MM† pain in 2000
No
Yes
TMJ‡ pain in 2000
No
Yes
Education
Basic
Intermediate
Higher
† pain in either temporalis muscle or masseter, left or right.
‡ pain in temporomandibular joint on palpation, left or right.
* statistical significance (p = 0.043)
** statistical significance (p < 0.001)
*** statistical significance (p = 0.001)
**** statistical significance (p = 0.030)

1.0
2.1 (1.0-4.3) *
0.99 (0.97-1.03)

1.0
2.0 (1.0-3.8)
0.98 (0.95-1.02)

1.0
1.2(0.6-2.2)
0.7(0.2-2.2)

1.0
1.3 (0.4-4.3)
1.2 (0.3-4.2)

1.0
8.2 (4.7-14.4) **

-

-

1.0
1.8 (0.4-7.4)

3.7 (1.9-7.3) ***
2.4 (1.1-5.0) ****
1.0

1.0 (0.5-2.3)
0.9 (0.4-1.9)
1.0

