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Abstract
The aim of this summary of a longitudinal investigation on temporomandibular disorders (TMD) was to present the
prevalence figures of signs and symptoms of TMD and certain other examined variables, and the correlations between these
variables, over a 20-year period. Originally, 402 randomly selected 7-, 11-, and 15-year-olds were examined clinically and by
means of a questionnaire. The same examination procedure was repeated three times: after 4–5 years and after 10 and 20
years, respectively. Signs and symptoms of TMD were mainly mild, but common already in childhood. They increased up to
young adulthood, after which they leveled out. Progression to severe pain and dysfunction was rare, and spontaneous recovery
from more pronounced symptoms was also rare. Significant correlations between reported bruxism and TMD symptoms were
found, and a baseline report of tooth-grinding was a predictor of TMD treatment during the 20 years covered by the
investigation. Occlusal factors were only weakly associated with TMD signs and symptoms. However, a lateral forced bite
between the retruded contact position (RCP) and the intercuspal contact position (ICP) and a unilateral crossbite deserve
further consideration as possible local risk factors for development of TMD. In conclusion, a substantial fluctuation of TMD
signs and symptoms was observed in this sample of Swedish subjects followed for 20 years from childhood to adult. The
demand for TMD treatment was low at all examinations, while the estimated treatment need was larger. One-third of subjects
who had some kind of orthodontic treatment did not run a higher risk of developing TMD later in life.
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Introduction

In the late 1970s, one of the present authors carried out

a cross-sectional investigation of 3 age groups of chil-

dren in respect of malocclusions and temporo-

mandibular disorders (TMD). The results were

published in five different papers [1–5] and became

part of a doctoral thesis [6]. At the time, there were

many unsolved issues in the field of TMD. For

instance, opinions differed about the causes of TMD

and on whether or not orthodontic treatment might be

a risk factor for its development later in life. Little was

known about other risk factors, nor about the need and

demand for TMD treatment in the population.

Attempts were made in a number of cross-sectional

studies to shed light on these, and other, questions, but

the results were contradictory and inconclusive. One

possible answer to the unsolved questions might be

longitudinal, prospective studies, which were practi-

cally non-existent at that time. We therefore decided to

follow this cross-sectional sample of schoolchildren

longitudinally over a long-term period – if possible

until the participants had reached adulthood. The

findings of these follow-ups have been published in

different articles focusing on partly differing questions.

Now when these investigations have come to an end, it

is the aim of this paper to present a summary of the

findings in one single article. More detailed descrip-

tions can be found in the separate articles [7–21].

Material and methods

Subjects

The original sample comprised 136 seven-year-olds,

131 eleven-year-olds, and 135 fifteen-year-olds,
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making a total of 402 children (194 girls and 208 boys),

all from randomly selected classes of different schools

in Varberg, a town with 40 000 inhabitants located in

the southern part of Sweden. The subjects in the 4-year

follow-up [7] were 120 randomly selected children

from the 2 youngest age groups (participation rate

99%) who answered a questionnaire and were ex-

amined clinically. The 5-year follow-up included all

135 individuals in the oldest age group [8]. Reported

data and clinical information could be collected from

121 and 119 participants, respectively (participation

rates 88% and 90%).

After 10 years [13], the answers to questionnaires

were collected and presented from 293 of the original

402 subjects (participation rate 73%). Another paper

[14] dealt exclusively with the oldest age group, and

entailed reported and clinical information from 103

and 84 subjects (participation rates 76% and 62%,

respectively). A paper focusing on orthodontic treat-

ment in childhood and TMD development analyzed

the questionnaire data from all 3 age groups and

clinical information from the oldest group after 10

years [12].

At the 20-year follow-up [15,16], the questionnaire

response was obtained from 320 of the original sample

of 402 subjects (participation rate 80%), and clinical

data from 100 subjects in the oldest age group (parti-

cipation rate 81%). The results and analyses of data

collected during the 20-year follow-up have been

presented [17–21].

Methods

Questionnaire. The questionnaire included questions

about the presence of symptoms from the masticatory

system, including headaches, or if the subject often felt

stress, or was worried or depressed. Other questions

dealt with oral parafunctions, previous trauma to the

face, orthodontic treatment during childhood, experi-

ence of TMD treatment during the observation period,

and present/current demand for any such treatment.

Questions about oral parafunctions comprised tooth-

clenching, tooth-grinding at night, and oral habits such

as biting the nails, lip, cheek, and/or foreign objects.

The variable bruxism was constructed by combin-

ing daytime tooth-clenching and/or tooth-grinding

at night.

Clinical examination. The standardized clinical exami-

nation [6,22] comprised measurements of range of

movement of the mandible, presence of deflection

during mouth opening, registration of TMJ sounds,

locking or luxation, pain on movement of the man-

dible, TMJ or muscle pain on palpation, number of

teeth, number of occluding tooth pairs in maximal

intercuspation, occlusal interferences and, finally, the

degree of occlusal wear. All three authors who took part

in the clinical examinations were well trained together

and calibrated [23]. Calibration was repeated before

each follow-up.

From five clinical parameters (mandibular mobility,

TMJ function, pain on movement of the mandible,

TMJ pain on palpation, and muscle pain on palpation),

a clinical dysfunction index (Di), following Helkimo

[24], was calculated. The maximal jaw opening,

including vertical overbite, lateral excursions, and

protrusion, was measured to the nearest millimeter

with a ruler. Deflection of more than 2 mm on jaw

opening was registered. TMJ sounds were recorded as

grade 1 (palpable clicking when the TMJ was palpated

laterally) and grade 2 (audible clicking or crepitations).

TMJ and muscle tenderness was recorded if the subject

described the palpation as painful or if it gave rise to a

palpebral reflex. The TMJs were palpated for pain

laterally and also posteriorly via the auditory meatus.

The muscles palpated were the origin and the insertion

of the temporal muscle, the lateral pterygoid muscle,

the superficial portion of the masseter muscle, and the

posterior belly of the digastric muscle. All muscles were

palpated bilaterally.

Occlusal factors. When recording the number of

occluding tooth pairs in the intercuspal contact posi-

tion (ICP), only the main antagonist was counted; the

maxilla was used as basis for the counting. The maxi-

mum number of pairs in a 32-tooth dentition was

therefore 16. Occlusal interferences included unilateral

contact in the retruded contact position (RCP), lateral

deviation between RCP and ICP, large anterior-

posterior distance RCP–ICP, and interferences on the

non-working side [1,2]. Registration of morphological

malocclusions was done according to the definitions

given by Björk et al. [25]. Occlusal tooth wear was

classified in accordance with a 5-point scale: 1=no or

slight wear, 2=wear of enamel only, 3=wear into the

dentin in single spots, 4=exposure of dentin in an area

of more than 2 mm2, 5=wear of more than one-third

of the clinical crown.

Need for treatment.Assessment of an individual need for

TMD treatment was based on each subject’s signs and

symptoms, and was determined after discussion with

the individual participant. As there are no specific

criteria available, treatment need was assessed on the

basis of clinical experience, a concept of a multi-

factorial etiology of TMD acknowledging that the

causal processes are mainly unknown, and a rather

conservative approach to treatment [22].

Statistical methods

A number of statistical methods have been used in the

different analyses. Differences between the groups were

tested with Fisher’s permutation test for ordered vari-

ables [26] and by Fisher’s exact test for dichotomous
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variables. Sign tests and Wilcoxon’s matched-pairs

signed-rank test [27] was used for analysis of dif-

ferences between the different examinations, and

Pitman’s non-parametric permutation test was used to

test for sex differences [28]. Correlations between

variables were calculated by means of Spearman’s (rs)

and Pearson’s (rp) rank correlation tests [27]. Stepwise

multiple regression analysis was also performed [28],

and logistic regression was used for analyses of

predictors of different variables recorded at the pre-

vious examination. The following levels of significance

have been used in most of the papers: p40.05 N.S.

(not significant); *0.015p50.05; **0.0015p50.01;

***p50.001.

Results

Subjective symptoms of TMD

As early as ages 7, 11, and 15 years, subjective symp-

toms of TMD were common, but in most cases of a

mild character and mainly occurring occasionally. At

the first follow-ups after 4 and 5 years, there was a

statistically significant increase of subjects with one or

more TMD symptoms in the youngest and oldest age

groups [7,8]. To the 10-year follow-up, this increase

had continued in all 3 age groups [13], and at that time,

when the subjects were 17–25 years of age, approxi-

mately 10% reported that such symptoms occurred

frequently, while another 33% said that they occurred

only occasionally. It was also found that reported

symptoms of TMD, including headaches, were in most

cases significantly correlated to one another, but weak.

Females reported significantly more TMD symptoms

compared to males ( p-values ranging between 0.05

and 0.001).

At the 20-year follow-up, no further increase of

TMD symptoms had occurred in any age group,

compared to the 10-year follow-up, and the prevalence

of such symptoms was similar in all 3 age groups [16].

Now, at age 27–35 years, 13% reported frequent

occurrence of TMD symptoms, and another 33%

(exactly the same figure as 10 years earlier) reported

occasional symptoms (Table I). There was a substan-

tial fluctuation of all the individual symptoms, as well

as of presence or absence of TMD symptoms during

the observation period (Figure 1). Progression to

severe pain and dysfunction of the masticatory system

was rare. On the other hand, recovery from frequent

symptoms to no symptoms was also rare (Figure 1).

In corroboration with the results at the 10-year

follow-up, most of the TMD related symptoms,

including headaches, were more commonly reported

by women than by men. Once again, the different

symptoms were found to be statistically significantly

but mainly weakly correlated to each other as well as to

tooth-clenching and tooth-grinding (rs values ranging

between 0.11 and 0.53, p-values ranging between 0.05

and 0.001). The strongest correlations found were

between jaw fatigue and tooth-clenching and tooth-

grinding (rs=0.42 and 0.53, respectively).

Predictors of TMD symptoms. The logistic regression

procedure showed that 3 independent variables

recorded at first examination were significant pre-

dictors for reported TMJ clicking 20 years later [18].

These variables were: tooth wear index (OR 4.3,

p=0.014), clinically recorded TMJ clicking (OR 3.3,

p50.0001), and reported tooth-grinding at night

(OR 2.2, p=0.023). In a second logistic regression

model, when reported TMD symptoms, excluding

TMJ clicking, at the 20-year follow-up was the

dependent variable, only reported TMJ clicking at the

start turned out to be a significant predictor (OR 2.3,

p=0.011).

Clinical signs of TMD

Clinical signs of TMD were fairly common at baseline,

but severe signs were uncommon. At the first clinical

follow-ups after 4 and 5 years [7,8], the clinical

dysfunction index used [24] had increased in the 2

youngest age groups but remained unchanged in the

oldest. The oldest age group was clinically examined

also after 10 and 20 years. The clinical dysfunction

index remained unchanged up to the 10-year follow-up

[14], and from 25 to 35 years of age [15] there was

a statistically significant reduction of the index

(Figure 2; p50.001). During the period covered by the

investigation, the clinical dysfunction index fluctuated

unpredictably.

Table I. Prevalence in % of reported symptoms of temporo-

mandibular disorder in the 402 subjects examined originally on

4 occasions during a 20-year period

Reported symptoms

Age at examination

7–15

years

11–20

years

17–25

years

27–35

years

n=402 n=240 n=293 n=320

1. TMJ sounds

Frequent 0 5 8 8

Occasional 13 18 24 24

2. Jaw fatigue

Frequent 0 0 2 4

Occasional 5 1 14 17

3. Difficulties in mouth opening

Frequent 0 1 2 4

Occasional 6 6 7 11

4. Pain or fatigue in the

jaws or face during

chewing, for example

of chewing gum

Frequent 6 7 12 11

Occasional 47 50 51 45

5. One or more symptoms 1–3

Frequent 0 6 10 13

Occasional 19 24 33 33
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At the first follow-ups after 4 and 5 years there was

no difference between boys and girls in prevalence of

clinical signs in the 2 youngest age groups [7].

However, at the age of 20 years [8], females were

recorded to have impaired TMJ function more often

than males ( p50.05), and at both the 10- and 20-year

follow-ups [14,15], jaw muscles tender upon palpation

and TMJ sounds were more common findings in

women than in men ( p-values ranging between 50.05

and 50.01).

A significant correlation between subjective symp-

toms of TMD and the clinical dysfunction index

were found on all follow-up examinations; at the

20-year follow-up the rs value was 0.45 and the p value

50.001 [15].

The mean maximal jaw opening was 49 mm in

the 7-year-old children, 53 mm in the 11-year-olds and

56 mm in the 15-year-olds [7]. At the follow-ups, the

level of the maximal jaw opening remained constant in

those 15 years old or older (mean 56 mm, range 43–74

mm at the age of 35). The adult men had a significantly

larger mouth opening than women (57 and 54 mm,

respectively). At the age of 15 years [8], the maximal

jaw opening was negatively correlated to TMD symp-

toms as well as to the clinical dysfunction index

(rs=70.22 and 70.33, p50.05 and 50.001,

respectively), and at the age of 35 [15], this negative

correlation to TMD symptoms remained (rs=70.26,

p-value 50.01). A reduced maximal opening of the

mouth was twice as common among subjects with a

TMD treatment need compared to those with no such

need [11].

Predictors of TMD signs. Four different variables regis-

tered at baseline predicted clinical signs of dysfunction

20 years later [18]: deep bite (OR 12.5, p=0.025),

clinically recorded TMJ clicking (OR 8.3, p=0.002),

bruxism+other oral parafunctions (OR 7.7,

p=0.0031), and bruxism (OR 5.3, p=0.016).

Occlusal factors

Functional malocclusions/occlusal interferences. Occlusal

interferences were a common finding in all ages. At the

Figure 1. Variation (in %) in reported temporomandibular disorder symptoms on 4 occasions during a 20-year period.

Figure 2. Distribution of the clinical dysfunction index, Di, on four

occasions. (Reprinted from Magnusson T, Egermark I, Carlsson GE.

A longitudinal epidemiologic study of signs and symptoms of

temporomandibular disorders from 15 to 35 years of age. J Orofacial

Pain 2000;14:310–9, by permission of Quintessence Publishing

Co.).
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age of 7 years, 53% had one or more such interference,

and this figure increased to 76% at the age of 20 years

[9]. However, at the follow-up after 4 to 5 years only a

few weak and inconsistent correlations were found

between occlusal interferences and signs and symp-

toms of TMD. The only exception was lateral forced

bite between RCP and ICP, which variable was posi-

tively correlated to TMJ sounds in all age groups

(rs=0.24–0.31, p50.01–0.001). This correlation

persisted at the 20-year follow-up [20], when TMJ

clicking was more than twice as common among

subjects with a lateral forced bite (rs=0.31, p50.01).

When multiple regression analysis was performed,

the explanatory effects of occlusal factors on signs

and symptoms of TMD in a longitudinal aspect were

very small.

At ages 25 and 35 years [20], a lateral forced bite

between RCP and ICP was significantly correlated to

subjective symptoms of TMD (rs=0.29, p50.05 and

rs=0.23, p50.05, respectively). A great sagittal and

vertical distance between RCP and ICP (40.5 mm)

was more commonly recorded among those judged to

be in need of TMD treatment compared to those

without such a treatment need [11]. At the age of 25

years [14], non-working-side interferences during the

first 3 mm of lateral excursion were significantly

correlated to the presence of one or more subjective

symptoms of TMD ( p50.05, rs=0.23), and non-

working-side interferences from more than 3 mm to

maximal lateral excursion were correlated to inter-

mittent locking of the TMJs reported by 6 individuals

( p50.01, rs=0.30).

Morphological malocclusions. Some kind of morpho-

logical malocclusion was recorded in 51% of the

7-year-olds. This figure decreased to 38% at the age of

20 years [10]. In the oldest age group, the prevalence

figures for the different malocclusions were fairly

constant from the age of 15 to 35 years [20]. The only

exception was subjects with crossbite, i.e. a statistically

significant increase from 12% to 22% mostly due to

eruption of 3rd molars.

Correlations between morphological malocclusions

and signs and symptoms of TMD were weak and

inconsistent [10]. In a long-term perspective, crossbite,

anterior open bite, post-, and prenormal occlusion had

some association with the development of TMD, but

the only morphological malocclusion with a fairly

substantial explanatory value in the regression analysis

was crossbite that predisposed to TMJ pain. TMJ-

related problems were more than twice as frequent in

subjects recorded as having crossbite both at baseline

and at the follow-up examination after 4 to 5 years

compared to those with no malocclusion. At the age of

35 years [20], TMJ clicking was three times more

common among those who had a unilateral crossbite

10 years earlier (rs=0.35, p50.01).

Oral parafunctions

Reports of both occasional and frequent tooth-

clenching and tooth-grinding gradually increased

during the 20-year period in all 3 age groups. At the last

examination, both frequent tooth-clenching in the

daytime and frequent nocturnal tooth-grinding were

reported by 16% of the participants, and more than

half (55%) were aware of some kind of occlusal

parafunction frequently or occasionally [16]. Weak to

moderate correlations were found between both tooth-

clenching and tooth-grinding and all the separate

TMD symptoms, including headache [15,16].

In contrast to the increase of occlusal parafunctions,

the prevalence of nail-biting and other biting habits

decreased with increasing age, but at the 20-year

follow-up, when the subjects were 27 to 35 years of age,

as many as 14% reported that they frequently

performed such habits.

Tooth wear

At the 4- to 5-year follow-ups, there was a minor but

significant increase of tooth wear in all 3 age groups and

in all 4 dental regions [9]. The wear seemed to slow

down between 20 and 25 years [14], when the increase

was statistically significant only in the canine region

( p50.001). At the age of 25 years, the occlusal wear

index was statistically significantly correlated to

reported tooth-grinding and/or tooth-clenching

( p50.01, rs=0.39), as well as to TMJ pain on palpa-

tion ( p50.05, rs=0.23) and reports of difficulties in

mouth opening ( p50.05, rs=0.26).

During the age period 25 to 35 years [15], the

increase in wear was still minor but statistically signifi-

cant for incisors (from a mean of 2.9 to 3.1 on the

5-point scale; p50.001) and for canines (from 2.8 to

2.9; p50.05). Men had statistically significantly more

tooth wear in all dental regions compared to women

( p-values ranging between 0.01 and 0.001).

Predictors of tooth wear. Logistic regression analyses at

the 20-year follow-up [19] revealed 3 predictors for

anterior tooth wear (wear on incisors and canines). The

3 variables at first examination that predicted tooth

wear 20 years later were postnormal occlusion, anterior

tooth wear and premolar tooth wear, postnormal

occlusion being the strongest (OR 7.3, 3.4 and 4.1,

respectively, p-values: 0.0011, 0.019, and 0.019,

respectively). Of the variables recorded at the 20-year

follow-up, non-working-side interferences turned out

as a negative predictor for anterior tooth wear (OR

0.26, p=0.030), indicating that those with non-work-

ing-side interferences had an almost 4 times reduced

risk of exhibiting severe tooth wear.

Need and demand for TMD treatment. At the age of 20

years, 27% of the examined subjects were judged to be
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in need of some kind of functional treatment [11]. The

corresponding figure at the age of 25 years [14] was

fairly much the same (25%), but considerably lower

(11%) at the age of 35 years [17]. At the age of 20 years,

the treatment need was greater among women

compared to men by a ratio of 2 : 1. This gender

difference had levelled out 5 years later, and at the age

of 35 years fewer women than men were judged to have

a treatment need, the ratio now being the reverse, i.e.

1 : 2. On all three occasions the treatment interventions

suggested were minor and in most cases not time-

consuming (besides counseling and education, jaw

exercises, interocclusal appliances, and occlusal

adjustment).

On all occasions, the expressed demand for TMD

treatment was much less than the estimated treatment

need. At the 10-year follow-up, when the participants

were 17 to 25 years of age, 2% (all women) expressed a

treatment demand [13]. Ten years later [16], at ages

27–35 years, this figure had increased to 4% (all men).

At the 10-year follow-up, 7% of the participants

stated that they had received some kind of TMD

treatment [13]. This figure increased to 12% at the

20-year follow-up [16]. On both occasions, more

women than men had received treatment, the ratio

being approximately 2 : 1. In the oldest age group, 35

years of age at the last examination, 18% had an

experience of TMD treatment during the 20-year

observation period, and in this age group there was no

sex difference [17]. The most common treatment was

interocclusal appliances, but jaw exercises and occlusal

adjustment, as well as combinations of these options,

had also been used. A vast majority of those who had

been treated reported a positive treatment effect, i.e.

83% and 85%, respectively [16,17].

Predictors of demand for TMD treatment. At 15, 25, and

35 years of age [21], tooth-grinding at night was

reported statistically significantly more often by those

who had received TMD treatment during the 20-year

period compared to the others ( p-values ranging

between 0.004 and 0.0001). When logistic regression

analyses were performed, tooth-grinding at night fell

out as a predictor for TMD treatment during the

coming 20 years at 15, 25, and 35 years of age (OR 5.3,

4.9, and 50.0, respectively; p-values: 0.0038, 0.0097,

and 50.0001, respectively). This indicates that those

who reported tooth-grinding at baseline or at the

10-year follow-up had an approximately 5 times

greater likelihood of demanding TMD treatment up to

the age of 35 years, and there was a 50 times greater

chance that those who reported this parafunction at the

age of 35 years had been treated for TMD. The positive

predictive value of this variable reported at baseline was

low (36%), however, while the negative predictive

value was 90%. This indicates a high probability of not

demanding TMD treatment when not reporting this

parafunction at the age of 15 years.

Orthodontics and TMD

At both the 10- and 20-year follow-ups, one-third of

the subjects (34% and 32%, respectively) reported that

they had had some kind of orthodontic treatment in

childhood [12,20]. At the 10-year follow-up, those

who had not experienced such treatment reported

statistically significantly more pronounced symptoms

and had more clinical signs of TMD compared to those

who had received orthodontic treatment. At the

20-year follow-up, this difference persisted, but it did

not reach statistically significant levels.

After 10 years, 12% of the orthodontically treated

subjects in the oldest age group reported that they had

experienced the treatment to be inconvenient all the

time and 35% inconvenient sometimes. Thirteen

percent reported a significant relapse and 26% some

relapse. Thirty-five percent were very satisfied with the

result of the treatment. Ten years later, at the 20-year

follow-up, the subjects were more pleased with the

treatment. As many as 94% were now very satisfied

with the result of the treatment. None regretted that

they had undergone the treatment, and 80% would

recommend someone in their previous situation to

have the treatment. Still, 12% remembered the treat-

ment to be inconvenient all the time, but those who

considered it inconvenient sometimes had been

reduced to 24%. Only 12% reported a relapse, but all

judged it to be significant. At both the 10- and 20-year

follow-up, 6% expressed a present demand for ortho-

dontic treatment.

Discussion

The present series of papers presents a number of data

during a 20-year follow-up period focusing mainly on

different TMD-related variables. When performing

longitudinal studies covering such a long time period,

loss of participants and data is inevitable. However, the

participation rate must be considered exceptional and

is probably one of the highest response rates reported

for long-term epidemiological studies of TMD. When

taking into account the explainable losses, reported

and clinical information was available from 92% and

85% of the original sample, respectively, at the 20-year

follow-up. The subjects examined were considered

representative of Swedish individuals, and the long-

itudinal design made the sample suitable for descrip-

tive epidemiology. The dropouts did not differ

significantly from the remaining subjects with respect

to gender or to any of the originally recorded signs and

symptoms of TMD according to statistical analysis.

However, loss of participants always entails a risk of

skewed results, and they must therefore be interpreted

with some caution.

Twenty years is a long period of time, and during this

period much new knowledge has been acquired

concerning TMD. One of many reflections of the
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development that has occurred in this field is the

change in the name of the different functional disorders

covered by the TMD umbrella. A common labeling 20

years ago was mandibular dysfunction, a term used in

our first 3 papers. In the 1990s, the term cranio-

mandibular disorders (CMD) came into use. Finally,

today there is almost consensus on use of the term

temporomandibular disorders (TMD). The current

definition is that TMD is a collective term embracing a

number of clinical problems that involve the masti-

catory musculature, the TMJ and associated struc-

tures, or both [29].

In the 1970s, there were many unsolved issues in the

field of TMD, e.g. etiology, local and general risk

factors, treatment need and demand, just to mention a

few. We believed that one way of shedding light on

these questions might be through longitudinal investi-

gations. Our initial optimism did not last long.

Already, when presenting the results of the 5-year

follow-up [8], we wrote that the search for simple

correlations was a Sisyphus task. This feeling has been

strengthened further during the course of our investi-

gations. However, some conclusions can be drawn

from our results.

One conclusion is that TMD symptoms are common

from childhood to adulthood. This is in line with

previous epidemiological results [30]. Another obvious

and important conclusion is that there is a substantial

fluctuation of TMD symptoms over time. This corro-

borates the findings in other longitudinal studies, most

of them performed during the past decade [31–46].

Another important finding is that progression to severe

pain and dysfunction of the masticatory system was

rare. On the other hand, spontaneous recovery from

more pronounced symptoms was also rare. The latter

finding contradicts the opinion put forward that TMD

is remitting and self-limiting [29,47].

It is well established that in clinical series of TMD

patients, women predominate. This sex difference has

often been discussed, but it remains largely unex-

plained [48]. In contrast to many older epidemiological

investigations, several recent studies [39,49–52], as

well as the present one, have found more frequent and

severe symptoms and signs of TMD in women than in

men. This can partly but not completely explain the

overrepresentation of women in clinical materials.

Another contributing factor to this gender difference

might be that women have a greater sensitivity to pain

than men. This has been shown in experiments both in

animals and in humans [53,54].

At both the 10- and 20-year follow-ups, correlations

between the different TMD symptoms were found.

Also many of the clinical variables of TMD were

significantly correlated to one another. This clearly

illustrates that patients who exhibit one symptom or

sign of TMD are likely to have other such symptoms or

signs. This underlines the fact that TMD patients are

often not only multisymptomatic but also likely to

exhibit more than one clinical sign of TMD.

The correlations found between reported TMD

symptoms and tooth-clenching and tooth-grinding is

interesting. Reports of bruxism at baseline were also a

predictor for the presence of clinical signs 20 years

later. Associations between oral parafunctions and

TMD symptoms and signs have been reported in

several studies [49,52,55,56]. This indicates that such

parafunctions cannot be ruled out as possible etio-

logical factors in the development of TMD. Another

striking finding was that reported tooth-grinding at

night, both at baseline and at the follow-up examina-

tions, was a predictor of demand for TMD treatment

[21]. This finding also supports the concept of a posi-

tive relationship between nocturnal bruxism and

TMD. The impact of this variable was evident in all the

regression models tested. Most of all, the negative

predictive value at baseline was 90%, indicating a high

probability of not demanding TMD treatment later in

life when not reporting this parafunction in adoles-

cence. However, the associations found do not tell us

whether the parafunction is the cause or the con-

sequence of pain/dysfunction. It has also been observed

that patients with TMD signs and symptoms often

report that they know they brux their teeth, because

their previous dentists informed them of such habits,

even if the evidence was uncertain [57]. Parafunctional

habits are still regarded as important causative factors

in TMD by most clinicians, but their role is confusing,

and there is no strong scientific evidence of a close

relationship between bruxism and TMD [58,59].

The finding that clinically recorded TMJ clicking at

first examination predicted reported clicking 20 years

later indicates that this symptom may persist for a long

period of time in many subjects, but in most cases TMJ

clicking fluctuates considerably over time [16] and

rarely develops into locking [16,60]. We have

previously emphasized that TMJ sounds per se are no

indication for treatment, and that it can be questioned

whether clicking without pain should be seen as a

symptom or sign of TMD [15]. However, reported

TMJ clicking at start was the only significant predictor

for the presence of other TMD symptoms 20 years

later [18] and reported joint sounds at the 20-year

follow-up were also correlated to the presence of

other TMD symptoms [15]. Furthermore, clinically

recorded clicking at baseline was one of the predictors

for the development of clinical signs 20 years later [18].

Because of this, such sounds can indicate a risk of

having other TMD symptoms, or later of developing

symptoms and signs of TMD, justifying an extended

patient history and functional examination.

In the present investigation, the clinical dysfunction

index increased from the age of 7 to 15 years and

leveled out up to 25 years. This finding is in agreement

with other studies [61]. The reduction registered from

25 to 35 years of age, however, differs from cross-

sectional epidemiological investigation, where a further

increase of clinical signs with increasing age has been

reported [62]. The decrease in the present material is
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remarkable and difficult to fully explain. One possible

explanation is actually a decrease due to spontaneous

regression. Many of the 35-year-old subjects said that

they experienced the present period of their lives as

much calmer with respect to family and work

compared with their situation 10 years previously.

Another possibility is that the decrease is due to the

TMD treatment performed in nearly one-fifth of the

subjects during the period covered by the investigation.

A third explanation, one that cannot be excluded, is

that the examiners’ evaluation of the semi-objective

clinical signs of TMD had changed over time.

The figures found for maximal mouth opening, as

well as the sex difference, corroborate the findings by

Agerberg [61] and support his finding that the maximal

opening capacity of the mouth is reached in the early

teens and then remains stable in adulthood. The

finding that reduced maximal mouth opening was

twice as common among those judged to be in need of

TMD treatment [11], and the negative correlation

between this clinical parameter and the presence of

TMD symptoms both in adolescents [8] and adults

[15] is interesting. Maximal jaw opening capacity is

one of the few purely objective clinical parameters in

functional examination of the masticatory system [61].

Our findings support the notion that intra-individual

change in maximal mouth opening is a valid parameter

reflecting the functional status in the masticatory

system. Even a moderate reduction, on an individual

basis, should be noted, as this may indicate a need for

intervention.

The etiologic importance of occlusal factors in the

development of TMD is still a topic of great contro-

versy. In the present investigation, both occlusal

interferences and morphological malocclusions were

very common in all age groups. Several correlations

were found between occlusal factors and both signs

and symptoms of TMD. In most cases, however, the

correlations were weak and inconsistent. This finding

is in agreement with findings in recent research in this

field [63–65]. It has been stated that the lack of an

association between occlusal interferences and signs of

TMD is due to the omnipresence of such interferences,

and that inadequate and invalid study designs may

have led to false-negative results [66]. The consistent

finding in our studies of a correlation between a lateral

forced bite between RCP/ICP and subjective symp-

toms of TMD, as well as the finding of a larger sagittal

and vertical distance RCP/ICP in subjects in need of

TMD treatment, is interesting. It suggests that the

presence of such interferences should be considered in

the treatment planning of subjects with TMD.

Of the different morphological malocclusions, the

presence of crossbite seems to be a risk factor for

TMD. Prolonged presence of crossbite predisposed to

TMJ pain, and 4 out of 6 subjects with severe clinical

signs and/or frequent subjective symptoms of TMD

both at the 10- and 20-year follow-ups [20] had

a lateral forced bite RCP/ICP and/or a unilateral

crossbite. A recent study also reported that crossbite

was more common in adolescents with compared to

controls without TMD signs and symptoms [67].

A deep bite at baseline was one of the risk factors

found for the development of clinical signs of TMD 20

years later with an odds ratio of 12.5. The clinical

relevance of this finding is questionable, however, since

only a few subjects had this malocclusion, and they did

not turn out to have any increased risk of developing

subjective symptoms of TMD.

The degree of tooth wear increased slowly with

increasing age, but still at the age of 35 years

pronounced wear was a rare finding. This finding is

in line with the opinion that rapid wear is uncommon.

In most individual cases, it is sufficient to follow the

wear longitudinally, preferably with study casts. If, in

single cases, significant continuing wear is observed,

causes such as dental erosion should be considered. If

bruxism is an evident cause, an interocclusal appliance

can be recommended to protect the teeth from further

excessive wear [22 ]. The negative correlation found

between wear and non-working-side interferences

indicates that such interferences may protect the front

teeth from extensive wear by preventing the anterior

teeth from contact during function.

At 20 and 25 years of age, approximately one-fourth

of the subjects were judged to need TMD treatment.

This is in agreement with figures presented by others

[68–70]. At the age of 35 years, the estimated treat-

ment need had decreased to 11%. This corresponds

well with the parallel decrease of clinical signs of

dysfunction discussed above, and is probably a reflec-

tion of a calmer period in life expressed by many of the

participants. It might also be a consequence of the

TMD treatment that had been performed during the

time period covered by the investigation. A change in

the examiners’ evaluations over the years is still another

possibility that cannot be excluded.

A comparatively large number of subjects had

received some kind of TMD treatment during the

20-year period, figures higher than those presented in

other investigations [37,71,72]. One plausible expla-

nation might be that the present sample had been

regularly questioned about symptoms and been

examined for signs of TMD, leading to an increased

awareness of their presence and knowledge that treat-

ment options were available. The figure indicates an

incidence of 1% new TMD cases per year, which is

lower than the 2% to 3% suggested in a review on

epidemiology of orofacial pain [73].

The treatment proposed was in most cases simple

and not time-consuming. In only 4% of the 20-year-old

subjects was the treatment judged to be more exten-

sive, a figure in good agreement with that reported by

others [74].

Among those who had received TMD treatment

(usually interocclusal appliances, sometimes in com-

bination with jaw exercises and occlusal adjustment),

85% stated that the treatment had had a positive effect
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on their symptoms [17]. This is in accordance with

numerous reports of a favorable outcome of simple,

not time-consuming and mostly reversible, TMD

treatment [22,29].

Corroborating previous investigations [75,76], the

demand for treatment was very low in all ages covered

by this investigation. At 35 years of age, only 3 out of

114 subjects expressed an active demand for treat-

ment. One explanation might be the previous treat-

ment performed in 18% of the group.

It has been claimed that previously orthodontically

treated patients run a higher risk of developing TMD

[77]. From the analyses of TMD signs and symptoms

among those who had received orthodontic treatment

in the present material, compared to those who had

not, it is obvious that this treatment does not lead to a

higher risk of developing TMD later in life. This

finding is also in line with other recent investigations

[45,78–82].

At both the 10- and 20-year follow-ups, patients

were satisfied with the result of the orthodontic treat-

ment. An interesting observation, however, was that

opinions about the treatment result were even more

positive in the longer perspective of 20 years compared

to 10 years. Negative recollections thus seemed to fade

away and left, in the long term, a mainly positive

memory of the treatment in most subjects.

Conclusions

This article summarizes a number of studies of TMD-

related variables in a relatively large sample followed

for 20 years from childhood to adult age. The study was

not originally planned for etiological analyses, and

therefore the associations found between possible

causal factors and TMD signs and symptoms must

be interpreted with caution. Acknowledging these

limitations, the results warrant the following con-

clusions:

� Signs and symptoms of TMD were common

already in childhood, but they were mainly of a

mild character. Prevalence increased up to young

adulthood after which a minor reduction oc-

curred.

� Both signs and symptoms of TMD fluctuated, and

progression to severe pain and dysfunction was

rare.

� The gender difference in signs and symptoms was

small in childhood, but from late adolescence

women reported more symptoms and exhibited

more clinical signs than men did.

� There were significant correlations between

reported bruxism and TMD symptoms. Baseline

report of tooth-grinding at night was a predictor of

TMD treatment during the observation period.

� Occlusal interferences were numerous at all

examinations. They were only weakly associated

with TMD signs and symptoms. However, a

lateral forced bite between RCP and ICP, as well

as unilateral crossbite, showed significant corre-

lations with TMD signs and symptoms indicating

that they deserve further consideration.

� The demand for TMD treatment was low at all

examinations, while the estimated treatment need

was greater. Since 18% of the subjects in the oldest

age group had received some kind of TMD

treatment during the 20-year period, the incidence

of new TMD cases per year was approximately

1%.

� Those who had received orthodontic treatment

were in general satisfied with the treatment result,

and the recollection became more positive with

time.

� Orthodontic treatment does not imply a risk of

development of TMD later in life.
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