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A 20-Year Follow-up of Signs and Symptoms of
Temporomandibular Disorders and Malocclusions in Subjects

With and Without Orthodontic Treatment in Childhood
Inger Egermark, LDS, Odont Dr/PhDa; Tomas Magnusson, LDS, Odont Dr/PhDb;

Gunnar E. Carlsson, LDS, Odont Dr/PhD, Dr Odont hc, FDSRCSc

Abstract: This investigation analyzes the influence of orthodontic treatment on signs and symptoms of
temporomandibular disorders (TMDs) and different malocclusions during a 20-year period. Originally, 402
randomly selected 7-, 11-, and 15-year-old subjects were examined clinically and by means of a question-
naire for signs and symptoms of TMDs. The examination was repeated after five and ten years. After 20
years, 320 subjects (85% of the traced subjects) completed the questionnaire. The oldest age group, now
35 years of age, was invited to a clinical examination, and 100 subjects (81% of the traced subjects) were
examined. The correlations between signs and symptoms of TMD and different malocclusions were mainly
weak, although sometimes statistically significant. Lateral forced bite and unilateral crossbite were corre-
lated with TMD signs and symptoms at the 10- and 20-year follow-ups (r 5 0.38, P , .05 and r 5 0.34,
P , .01, respectively). Subjects with malocclusion over a long period of time tended to report more
symptoms of TMD and to show a higher dysfunction index, compared with subjects with no malocclusion
at all. There were no statistically significant differences in the prevalence of TMD signs and symptoms
between subjects with or without previous experience of orthodontic treatment. This 20-year follow-up
supports the opinion that no single occlusal factor is of major importance for the development of TMD,
but a lateral forced bite between retruded contact position (RCP) and intercuspal position (ICP), as well
as unilateral crossbite, may be a potential risk factor in this respect. Furthermore, subjects with a history
of orthodontic treatment do not run a higher risk of developing TMD later in life, compared with subjects
with no such experience. (Angle Orthod 2003;73:109–115.)
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INTRODUCTION

Epidemiological studies have shown that subjective symp-
toms and clinical signs of temporomandibular disorders
(TMD) are commonly found both in children and adults.1–6

It is generally agreed that such signs and symptoms are most-
ly mild in childhood and that they increase slightly with age
up to adolescence, both in prevalence and severity.7–10 Stud-
ies on the consequences of orthodontic treatment on TMD
have shown that such treatment neither increases nor de-
creases the risk of developing TMD later in life.5,6,11 But the
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results are not conclusive, and some recent studies have
found less prevalent TMD signs and symptoms in subjects
who have received orthodontic treatment, compared with or-
thodontically untreated subjects.12–14

During the last decades, several investigations have fo-
cused on morphological and functional malocclusions as
well as signs and symptoms of TMD.3,5,6,15,16 In other stud-
ies, efforts have been made to evaluate the possible etio-
logical importance of occlusal factors for the development
of TMD.9,17–22 These studies indicate, in general, that oc-
clusal factors are of minor etiological importance for pain
and functional disorders in the masticatory system. But the
role of occlusion in the etiology of TMD is still controver-
sial.23,24

The objective of the present study was to evaluate
whether previously received orthodontic treatment, as
well as different morphological and functional malocclu-
sions, had any consequences for the long-term develop-
ment of signs and symptoms of TMD in 402 children and
adolescents who have been followed longitudinally for a
period of 20 years.
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MATERIALS AND METHODS

Because a detailed description of the subjects included
and the methods used has been presented recently,25,26 only
a brief summary is given here.

Subjects

Originally, 402 randomly selected 7-, 11-, and 15-year-
old subjects were examined by means of a questionnaire on
TMD symptoms, headaches, and oral parafunctions and
clinically regarding signs of TMD and occlusal factors. The
results were published in a doctoral thesis.1 The investiga-
tion was repeated after 5 and 10 years, using the same
methods, and the results have been published earli-
er.7,8,12,17,19,27,28 Twenty years after the first examination, an
attempt was made to find the addresses of the original par-
ticipants, who at that time had reached the ages of 27, 31,
and 35 years, respectively. Three hundred seventy-eight in-
dividuals of the original group could be traced (94%). The
traced subjects were all sent a questionnaire, and 320 (80%
of the original sample, 85% of the traced subjects), 167
women and 153 men, completed and returned the question-
naire.

Subjects belonging to the oldest age group, originally
135 randomly selected 15-year-old individuals, now 35
years of age, were also invited to a clinical examination.
Of the 124 individuals who could be traced, 114 completed
and returned the questionnaire, and 100 (44 women and 56
men) were also subjected to a functional examination of the
masticatory system (92% and 81% of the traced subjects,
respectively).

Methods

The questionnaire focused on the presence of symptoms
from the masticatory system such as temporomandibular
joint (TMJ) clicking, difficulties in mouth opening, pain
and tiredness in jaws, as well as headaches and oral para-
functions. At the 10-year follow-up, the subjects were also
asked about previous orthodontic treatment (fixed applianc-
es or more simple orthodontic treatment such as removable
plates, headgear, etc). At the 20-year follow-up, information
about previous orthodontic treatment performed in the old-
est age group was obtained by scrutinizing the individual
case records.

The standardized clinical examination1,29 comprised mea-
surements of the range of movement of the mandible, pres-
ence of deflection during mouth opening, registration of
TMJ sounds, joint locking or luxation, pain on movement
of the mandible, and TMJ or muscle pain on palpation.
From these clinical parameters, a clinical dysfunction index
according to Helkimo30 was calculated.

The registration of morphological malocclusions, such as
post- and prenormal occlusion, inverted incisors, cross- and
scissors bite, deep bite, anterior or lateral open bite, was

made according to the definitions given by Björk et al31

The following findings were registered as functional mal-
occlusions (occlusal interferences): unilateral contacts in re-
truded contatct postition; RCP (grade I/mild: reported by
the patient, grade II/grave: visible to the naked eye), lateral
forced bite ($0.5 mm) between RCP and intercuspal po-
sition; ICP, anterior forced bite ($1.5 mm) between RCP
and ICP, and occlusal interferences on the nonworking side
preventing contact on the working side during lateral ex-
cursion.

All three authors took part in the clinical examinations
after calibration, which has been described earlier.32 The
calibration was repeated at each follow-up.

The 35-year-old subjects were also divided into two sub-
groups: (1) a no malocclusion long-term-group containing
subjects for whom no morphological or functional maloc-
clusions had been registered at the ages of 25 and 35 years
(n 5 14); and (2) a malocclusion long-term-group contain-
ing subjects who had at least two different malocclusions,
morphological and/or functional, at the ages of 25 and 35
years (n 5 21).

Statistical methods

The Wilcoxon matched pairs signed rank test and Fisher
test were used for analysis of differences between variables.
The correlation between variables was calculated by means
of the Spearman (rs) rank correlation test.33 The following
levels of significance have been used: P . .05 not signif-
icant, .01 , P , .05, .001 , P , .01, P , .001.

RESULTS

Previous orthodontic treatment

At the 20-year follow-up, a total of 102 individuals
(32%) gave an affirmative answer that they had received
some kind of orthodontic treatment in childhood. Of the
respondents, 192 subjects (60%) stated that they had not
received orthodontic treatment, but as many as 26 sub-
jects (8%) did not remember whether they had received
such treatment. The corresponding figures for the oldest
group was 26%, 68%, and 6%, respectively. In this
group, a scrutiny of the case records showed that 15%
had received orthodontic treatment from specialists, and
10% had received treatment from general practitioners.
Thus, the differences between reported and true values
were small. Nevertheless, two orthodontically treated
subjects did not remember that they had received such
treatment, and three other subjects, not orthodontically
treated according to the case records, reported such treat-
ment. The prevalence figures of TMJ clicking, other sub-
jective symptoms of TMD, headache, and subjective re-
ports of bruxism at the 20-year follow-up in respect of
whether the subjects had received previous orthodontic
treatment are presented in Table 1. There were no statis-
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TABLE 1. Percentage Distribution of Reported TMJ Clicking, Other
Subjective Symptoms of TMD, Headache, and Bruxism in 27-, 31-,
and 35-Year-Old Subjects (N 5 320) According to Reports of Or-
thodontic Treatment

Variable

Orthodontic
Treatment
(n 5 102)

No
Orthodontic
Treatment
(n 5 192)

Don’t
Know

(n 5 26)

Reported TMJa clicking
Sometimes
Often

Other subjective symptoms of TMDb

Sometimes
Often

Headache
Sometimes
Often

Bruxism
Sometimes
Often

26
6

17
6

17
15

30
22

22
9

27
6

26
12

36
22

31
8

15
8

35
0

23
12

a TMJ indicates temporomandibular joint.
b TMD indicates temporomandibular disorder.

TABLE 2. Distribution of Answers at the 10- and 20-Year Follow-
ups to Questions About Orthodontic Treatment Received from Spe-
cialists (n 5 17)

Question
After
10 y

After
20 y

Did you find the treatment inconvenient?
Yes
Sometimes
No
Don’t know

Did you use your removable appliance regularly?
Yes
Sometimes neglected
No
Don’t know

Are you satisfied with the orthodontic treatment result?
Yes, very satisfied
Yes, acceptable
It could be better
No, not at all
Don’t know

Have your teeth relapsed since the treatment?
Yes, very much
Yes, little
No
Don’t know

2
6
6
3

7
4
2
4

6
5
3
1
2

2
6
8
1

2
4
8
3

8
3
2
4

16
—
—
—
1

2
—
13
2

TABLE 3. Percentage Distribution of Reported TMJ Clicking, Other
Subjective Symptoms of TMD, Headache, Bruxism, and Recorded
Clinical Dysfunction Index in 35-Year-Old Subjects (N 5 114) Who
Had Earlier Had Orthodontic Treatment Performed by Specialists
(corrective group) and by General Practitioners (interceptive group)
and Individuals Who Had Not Received any Orthodontic Treatmenta

Variable

Corrective
Group

(n 5 17)

Interceptive
Group

(n 5 11)

No
Orthodontic
Treatment
(n 5 86)

Reported TMJ clicking
Sometimes
Often

Other subjective symptoms of TMD
Sometimes
Often

Headache
Sometimes
Often

Bruxism
Sometimes
Often

Clinical dysfunction indexb

None
Mild
Moderate/severe

18
6

18
6

24
12

35
24

56
44
0

18
9

9
18

27
36

18
36

55
36
9

24
8

29
9

26
9

36
13

52
45
3

a TMJ indicates temporomandibular joint; TMD, temporomandib-
ular disorder.

b N 5 100, and N in the three groups was 16, 11, and 73, re-
spectively.

tically significant differences between the groups, but
subjects who had no experience of orthodontic treatment
tended to report more frequent headache, bruxism, and
subjective symptoms of TMD (TMJ clicking excluded)
compared with those who had received such treatment.

According to the case records, 17 subjects in the oldest
age group had received orthodontic treatment (mostly fixed
appliances) from specialists in orthodontics. Their attitude
to the orthodontic treatment changed over time. They were
more satisfied with the result of the orthodontic treatment
at the age of 35 years, compared with 10 years earlier (Ta-
ble 2). The 35-year-old subjects also answered some other
questions about their orthodontic treatment. At the age of
35 years, none of those who had received orthodontic treat-
ment regretted that they had undergone the treatment, and
80% should recommend someone in their previous situation
to have orthodontic treatment performed. Six percent of all
subjects in the oldest age group expressed a present demand
for orthodontic treatment.

There was a tendency of less frequent TMD symptoms,
headache, and bruxism in the corrective group in compar-
ison with the interceptive and nontreatment groups (Table
3). But the differences were not statistically significant.

All the recorded signs and symptoms of TMD fluctuated
considerably during the 20 years covered by this longitu-
dinal investigation as reported previously.25,26 This was also
the case among those included in the corrective and inter-
ceptive orthodontic groups. About half of the subjects in
each group did not report TMJ clicking or other subjective
symptoms of TMD on any occasion, whereas one subject
in each group reported one or more such symptoms at all
four examinations during the 20-year period. In all other
cases, there was a substantial fluctuation of symptoms dur-
ing the examination period.
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TABLE 4. Prevalence in Percent of Different Morphological and
Functional Malocclusions on Three Occasions in 135 15-Year-Old
Subjects, Some of Whom Were Followed for 20 Years

Type of Malocclusion 15 ya 25 yb 35 yc

Postnormal occlusion
Prenormal occlusion
Deep bite (overbite $ 5 mm)
Anterior open bite (overbite , 0 mm)
Lateral open bite
Crossbite

Bilateral
Unilateral

Scissors bite
Inversion of incisors
Extreme maxillary overjet ($6 mm)
Nonworking side interferences
Lateral forced bite RCPd/ICPe ($0.5 mm)
Anterior forced bite RCP/ICP ($1.5 mm)
Unilateral contact in RCP

17
3

11
1
4

12
1

11
2
4
9

23
39
10
56

20
1

13
2
3

18
6

12
3
3
4

26
33
12
72

12
2

11
1
4

22
8

14
3
3
4

28
27
12
78

a N 5 135.
b N 5 83.
c N 5 100.
d RCP 5 retruded contact position.
e ICP 5 intercuspal position.

TABLE 5. Significant (P,.05) Spearman Rank Correlations (rs) in 35-Year-Old Subjects Between Reported TMJ Clicking, Other Subjective
Symptoms of TMD, Headache, Bruxism (N 5 114), and Clinical Dysfunction Index (N 5 100), Respectively, and Different Malocclusions at
the First Examination and After 10 and 20 Yearsa

Variable
at 35 y of Age

First Examination
at Age 15 y

After 10 y
at Age 25 y

After 20 y
at Age 35 y

TMJ clicking Unilateral crossbite** (r 5 0.35) Lateral forced bite RCP/ICP**
(r 5 0.31)

Headache Crossbite* (r 5 0.21) Frontal open bite* (r 5 20.23) Grave unilateral RCP interference*
(r 5 0.20)

Postnormal occlusion**
(r 5 20.29)

Postnormal occlusion** (r 5 20.31)

Unilateral RCP interference*
(r 5 0.23)

Bruxism Unilateral crossbite* (r 5 0.26) Deep bite* (r 5 20.24)
Subjective symptoms of TMD,

excluding clicking Lateral forced bite RCP/ICP*
(r 5 0.29)

Lateral forced bite RCP/ICP*
(r 5 0.23)

Clinical dysfunction index Grave unilateral RCP interference**
(r 5 0.25)

Lateral forced bite RCP/ICP**
(r 5 0.26)

a TMJ indicates temporomandibular joint; TMD, temporomandibular disorder.
* .01 , P , .05, ** .001 , P , .01.

Malocclusions

Among those examined clinically, no gender differences
were found for the different malocclusions, and therefore
the results are pooled for men and women (Table 4). The
prevalence figures for the different malocclusions were fair-
ly constant during the 20-year period, but the number of
subjects with crossbite increased statistically significantly
during the observation period (Table 4). At the age of 35
years, 10 of the 22 crossbites registered were laterally
forced $0.5 mm between RCP and ICP. The registration of
functional malocclusions fluctuated considerably, eg, reg-

istrations of a lateral slide $0.5 mm between RCP and ICP
was registered in 52% of the subjects on some occasion but
only in 13% was it registered on all examinations. At the
age of 35 years, not less than 78% of the subjects reported
a unilateral contact in RCP, and in 19%, this premature
contact could be seen by the examiner with the naked eye
(grave unilateral RCP interference).

Some of the malocclusions were weakly correlated to
each other. For example, nonworking side interferences
were positively correlated to lateral forced crossbite (r 5
0.33, P , .01), and a lateral forced bite RCP/ICP was pos-
itively correlated both to unilateral crossbite and unilateral
contact in RCP (r 5 0.38, P , .001 and r 5 0.34, P ,
.01, respectively).

Statistically significant correlation coefficients between
signs and symptoms of TMD (including headache and
bruxism) and different malocclusions were few and, in gen-
eral, weak (Table 5). But both at the age of 25 and 35 years,
the lateral forced bite between RCP and ICP was statisti-
cally significantly correlated to subjective symptoms of
TMD (r 5 0.29, P , .05 and r 5 0.23, P , .05, respec-
tively). At the age of 35 years, TMJ clicking was three
times more common among those who had a unilateral
crossbite 10 years earlier (r 5 0.35, P , .01) and more
than twice as common among those with a lateral forced
bite at present (r 5 0.31, P , .01). For the other correla-
tions found, no conclusive pattern could be seen (Table 5).

The malocclusion long-term-group reported more fre-
quent TMD symptoms and bruxism and had more severe
clinical dysfunction than the no malocclusion long-term-
group (Table 6). The differences, however, did not reach
statistically significant levels.

Among the 35-year-old subjects, a total of six subjects
had severe clinical signs of dysfunction and/or frequent
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TABLE 6. Prevalence Figures in Percent of Reported TMJ Click-
ing, Other Subjective Symptoms of TMD, Headache, Bruxism, and
Recorded Clinical Dysfunction Index in 35-Year-Old Subjects Among
Those Who Had at Least Two Different Malocclusions Both at the
10- and 20-Year Follow-ups (n 5 21) and Among Those Who Had
No Malocclusions Registered (n 5 14)a

Variable

Malocclusion
Long-Term-

Group

No Malocclusion
Long-Term-

Group

Reported TMJ clicking
Sometimes
Often

Other subjective symptoms of TMD
Sometimes
Often

Headache
Sometimes
Often

Bruxism
Sometimes
Often

Clinical dysfunction index
None
Mild
Moderate/severe

24
9

19
5

38
14

24
33

52
38
10

7
0

21
0

36
14

22
14

79
21
0

a TMJ indicates temporomandibular joint; TMD, temporomandib-
ular disorder.

symptoms of TMD both at the 10- and 20-year follow-ups.
Two of these subjects had no malocclusion, whereas four
of them had a lateral forced bite between RCP and ICP
and/or a unilateral crossbite. Seven subjects had no signs
or symptoms of TMD at any of the two follow-up exami-
nations. Two of them had no malocclusion, whereas five of
them had either a postnormal occlusion or a deep bite. One
of them also had nonworking side interferences.

DISCUSSION

When considering the length of this follow-up investi-
gation, the loss of participants is extremely small. Further-
more, the subjects who were lost did not differ from those
who participated with respect to gender or to any of the
originally recorded signs or symptoms of TMD according
to previous analysis.25,26 All the clinical examinations fol-
lowed the same methods and were performed by the same
examiners. The questionnaires used have been the same
from the first investigation to the last one performed 20
years later, with the exception of a few added questions.
These circumstances have probably minimized the errors,
but, as always, results from questionnaires, as well as from
clinical examinations based mainly on semiobjective pa-
rameters, should be interpreted with caution.

No statistically significant differences could be found be-
tween the orthodontically treated and untreated subjects re-
garding subjective symptoms of TMD, including head-
aches, or reports of bruxism, although the figures were nu-

merically higher among orthodontically untreated subjects,
compared with those who had received such treatment.
Also in the oldest age group, for which information about
previous orthodontic treatment was gathered from the pa-
tients’ case records, only small differences concerning
symptoms of TMD could be found. Thus, in agreement
with several previous investigations, the present findings
support the opinion that subjects who have received ortho-
dontic treatment do not run a higher risk of developing
signs or symptoms of TMD later in life.10,13,14,34 An alter-
native view on this issue is that the subjects who needed
and received orthodontic treatment as children, had, as
grown-ups, reached the same level regarding risk for de-
veloping TMD signs and symptoms as those who did not
need such treatment. In Sweden, a free dental health system
exists, whereby children receive orthodontic treatment
when indicated. One frequent indication is occlusal distur-
bances. We can assume that children who had received or-
thodontic treatment had originally a worse occlusal situa-
tion, possibly with a less favorable prognosis regarding de-
velopment of TMD.

The present results also support the opinion that corre-
lations between TMD and different kinds of malocclusions
are nonexistent or weak also in the long-term perspective
of 20 years. We, however, cannot totally neglect the im-
portance of occlusal factors in the complex and controver-
sial concept of TMD etiology because weak, but still sig-
nificant, associations were found between long-term devel-
opment of TMD and some malocclusions. Especially, lat-
eral forced bite between RCP and ICP, as well as unilateral
crossbite, should be considered in this context. The possible
etiological importance of these occlusal factors for the de-
velopment of TMD in the present group has been stressed
previously17,19 and corroborates recently published results
by others.22,35–37 The finding that four of six subjects with
severe clinical signs and/or frequent subjective symptoms
of TMD at both the 10- and 20-year follow-ups had a lateral
forced bite between RCP and ICP and/or a unilateral cross-
bite supports the findings by Mohlin et al,35 who found that
crossbite was more common in TMD patients compared
with controls.

The increase of nonworking side interferences from 15
to 20 years of age is logical because third molars often
erupt during this period, and these teeth contribute to most
nonworking side interferences. The increase of crossbite is
probably also attributable to the eruption of the third mo-
lars, resulting in a lack of space in the lateral segments with
a possible development of a crossbite.

The answers to questions about previously received or-
thodontic treatment are interesting. It is obvious that a ma-
jority was satisfied with the results of the treatment both in
a 10- and a 20-year perspective. It is, however, also obvious
that in the longer perspective, perhaps because of a fading
memory or a more mature judgment, the opinion about the
treatment result is even more positive. For instance, minor
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relapses after orthodontic treatment are forgotten in a long-
term perspective. At the 10-year follow-up, half of the sub-
jects reported no relapse of the orthodontic treatment, a
figure that had increased to 87% at the 20-year follow-up.
The reports of large relapses were the same at the 10- and
20-year follow-ups (13%). In spite of this, all were very
satisfied with the result of the orthodontic treatment at the
last follow-up. Many of the 35-year-old subjects said that
they experienced the present period of their lives, with re-
spect to family and work, as much calmer compared with
their situation 10 years earlier. This may also have influ-
enced their judgment about, and acceptance of, the treat-
ment result.

CONCLUSIONS

The present investigation seems to warrant the following
conclusions:

• Subjects who previously have received orthodontic treat-
ment are in general very pleased with the treatment result,
especially in a long-term perspective.

• Subjects who have received orthodontic treatment in
childhood do not run an increased risk of developing
signs or symptoms of TMD later in life.

• Correlations between signs and symptoms of TMD and
different kinds of malocclusion are in general nonexistent
or weak, but a lateral forced bite between RCP and ICP,
as well as unilateral crossbite, might be of importance in
some individuals.
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