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Preoperative and postoperative temporomandibular disorders (I'MDs) were observed in 72 patients before
surgical-orthodontic treatment and about 2 years after bilateral sagittal split osteotomy. Prevalence and
degree of TMD were assessed using the modified clinical dysfunction index of Helkimo. A total of 49
women and 23 men (mean age 32 years) were included in the study. To find out which patients benefit
most from the treatment, the sample was classified into subgroups—myogenous, arthrogenous, or both
components of TMD. The prevalence of clicking and headache decreased significantly with the treatment,
while the incidence of crepitation increased. In general, severity of the dysfunction was greatly reduced.
Furthermore, multiple regression analysis showed that patients with excessive overjet and previous occlusal
splint therapy benefit most from orthognathic treatment. In addition, patients with signs of mainly
myogenous origin got more relief from their dysfunction than patients with mainly arthrogenous
components of TMD. The results suggest that in patients with severe maxillomandibular discrepancy
surgical-orthodontic therapy is a good choice of treatment for reducing myogenous TMD pain and
discomfort. [J Sagittal split osteotomy; surgical orthodontic treatment; temporomandibular disorders
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McNeill (1) has defined temporomandibular disorders
(TMDs) as a collective term embracing a number of
clinical problems that involve the temporomandibular
joint (TM]) and/or the masticatory musculature. It
predisposes a patient to headache and facial pain (2, 3).
Between 5% and 35% of adults are reported to have
subjective symptoms of TMD, while clinical signs are
estimated to be twice as common as symptoms. Although
most of the signs and symptoms are mild, it has been
estimated that about 10% of the population seek care for
severe signs and symptoms of TMD (4, 5). On the whole,
the etiology of TMD is known to be multifactorial,
including both central and local factors. One of those
factors is malocclusion, since dysfunction of the mastica-
tory system has been reported to be more frequent in
subjects with dentofacial anomalies than in those without
(6, 7). However, in most studies the etiological role of the
malocclusion on TMD has proved to be minor (8-11). If]
however, malocclusion is of etiological importance, it is
reasonable to assume that surgical-orthodontic correction
of malocclusion has a favorable effect on TMD.
Orthognathic surgery is widely used to correct severe
congenital and acquired dentofacial discrepancies. Apart
from improvement in appearance, one important goal of
orthognathic treatment is to improve masticatory function
and reduce TMD. Most studies report that surgical
correction of dentofacial anomalies has a beneficial effect
on certain signs and symptoms of TMD (12-14), and that
the relief or impairment of clinical signs in individual
patients cannot be predicted preoperatively (15). Since
surgical-orthodontic treatment is a long-lasting and costly
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process, it is important to investigate its effectiveness on
TMD in order to be able to estimate the significance of
occlusion on harmonious masticatory function, and to
direct the treatment towards the major cause of the
problem.

Besides structural abnormalities of TM]J (e.g. internal
derangement of the temporomandibular joint or degen-
erative disease), muscular hyperfunction is considered to
play an important part in the pathogenesis of TMD
(16, 17). Recently, distinctions have been made between
subgroups of TMD patients according to the primary
diagnostic categories; temporomandibular joint articular
disorders and masticatory muscle disorders (1).

The aim of this study was to test the following
hypotheses: 1) surgical-orthodontic treatment usually
relieves the signs of TMD, and 2) the benefit of
orthognathic treatment is better in patients with mainly
myogenic components of TMD than in subjects with
mainly arthralgic components of dysfunction.

Subjects and methods

There were 49 women and 23 men with maxillomandib-
ular discrepancies referred for consultation and treatment
to the Department of Oral and Maxillofacial Diseases,
Kuopio University Hospital. Their mean age was 32 years
(standard deviation (s) 11.1, range 16-53 years) and they
underwent surgical-orthodontic treatment between 1998
and 2004. All were operated on with bilateral sagittal split
osteotomy (BSSO); 56 had advancements and 16 setbacks
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Table 1. Distribution of the subjects (n=72) according to the
primary clinical diagnosis

Diagnosis n %
Mandibular hypoplasia/retrognathia 46 64
Mandibular hyperplasia/prognathia 14 19
Mandibular asymmetry 1 1
Anterior open bite 4 6
Dentoalveolar malposition 7 10

of the mandible. Internal rigid fixation with the screws was
used for the osteosynthesis, and all the patients had
preoperative and postoperative orthodontics. The distri-
bution of preoperative primary diagnoses is given in Table
1. Patients who had BSSO because of obstructive sleep
apnea syndrome (4 subjects) and those who moved away
during the orthognathic treatment (9 subjects) were
excluded from the study. Six of the patients had poly-
arthritides, 1 had operated cleft palate, 4 had cardio-
vascular disease, and 9 had allergies or asthma.
Preoperatively, 72% of the patients named TMD as the
main reason for requesting orthognathic treatment, and
28% had previously had stabilization occlusal splint
therapy because of TMD.

Before preoperative orthodontic treatment, the patients
were asked to give their subjective symptoms of TMD,
including the frequency of headache. The clinical
examinations were performed by two senior orthodontists
and two dentists specializing in orthodontics. Occlusion
was registered in the intercuspal position in accordance
with the criteria of Bjork et al. (18), but with slight
modifications (19). The underlying skeletal deformity for
the diagnoses was assessed on lateral cephalograms.

With the patient in a supine position, clinical signs of
TMD (jaw deviation on maximal opening, palpatory
tenderness of the masticatory muscles and that of the TM],
and TM]J sounds such as clicking and crepitation),
mandibular mobility (maximal opening, maximal latero-
trusion to the right and left and maximal protrusion), and
slide between the retruded contact position (RCP) and
intercuspal position (ICP) were registered. Degree of TMD
was assessed using the modified clinical dysfunction index
of Helkimo (20), where category E, ‘Pain on movement of
the mandible’, was substituted by frequency of headache
(never/rarely =0, 2-3 times a week=1 point, almost
daily = 5 points). Hardly any patient had pain on move-
ment of the mandible, and so this sign was not system-
atically recorded in the study.

Before the start of the treatment, one of the specialist
dentists inspected the morphology of each condyle visually
on panoramic radiographs. The smoothness of cortical
outline of the condyle was classified as follows (the
prevalences of the findings in parentheses): bilaterally
normal (28%), subcortical sclerosis (38%), irregular/coarse
outline (19%), osteophyte (12%), marginal erosion (3%),
and microcyst (0%) at least on one side (21). The articular
space and temporal parts of the TM]J were not analysed.
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Furthermore, the severity of the change in condylar
morphology was classified according to the modified
method of Rohlin & Petersson (22): no change, slight,
moderate, and severe abnormality. With the present
method, intra-examiner reproducibility for the radiologi-
cal registrations was good; the kappa values ranged from
0.83 to 1.00. The values were satisfactory only in the case
of sklerosis, varying from 0.23 (left condyle) to 0.61 (right
condyle). Therefore, for the statistical analyses we
considered sklerosis as a variation of normality/mild
condylar change with no sign of pathology. The kappa
value for the change in condylar shape (0 =no change/
mild change, 1 = moderate/severe change) was 0.69.

After the postoperative orthodontic treatment and
retention period (mean 1.9 years (s 0.5) after BSSO), the
subjects were clinically re-examined and asked in the
questionnaire about the influence of the treatment on their
masticatory function and symptoms of TMD. The study
was approved by the Ethics Committee of the Kuopio
University Hospital in 2004.

Statistical methods

Chi-square statistics and the Fisher exact test were used
to analyse the differences in prevalence of TMD signs
between genders. The differences in dysfunction index
(Di0-Dilll) between preoperative and postoperative ex-
aminations were tested with the Wilcoxon signed-ranks
test. The McNemar test was used to assess the significance
of changes in TMD signs before and after surgery.

For the statistical analysis, the subjects were classified
mto three subgroups depending on type of disorder based
on the modified criteria described by the American
Academy of Orofacial Pain (AAOP) (23). Initially, 17
subjects had no clinical or radiologic signs of TMD. The
TMD myo group comprised 22 patients with pain on
palpation of at least one masticatory muscle and no TM]J
tenderness or no radiographic evidence of organic changes
in the TM]Js. The TMD arthro group was composed of 22
subjects with no palpatory tenderness of the muscles, but
pain on palpation of TMJs and/or radiographic evidence
of organic changes in the TMJs and/or clicking. Eleven
patients with signs both in muscles and TMJs were
classified in the TMD combi group.

Multiple regression analyses were used to estimate the
associations between reduction of the dysfunction index
(pretreatment index score minus post-treatment index
score) and the following dichotomized (0 =no, 1 = yes)
variables: myo group, arthro group, combi group,
previous occlusal splint therapy, direction of the BSSO
(1 = mandibular advancement, 2 = mandibular setback),
radiological evidence of organic condylar changes (0 = no/
mild changes, 1= moderate/severe changes), and an
asymmetrical (>3 mm difference between the right and
left sides) movement of the mandible during surgery.
Pretreatment overjet (mm) and overbite (mm), and the
amount of mandibular movement during surgery (mm),
were included in the models as continuous independent
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Table 2. Prevalence of preoperative and postoperative TMD signs in 72 orthognathic patients according to gender

Female (n = 49) Male (n=23) Total (n=72)
Preop. Postop. Preop. Postop. Preop. Postop.

Slgn % % % % % %
TM]J pain 25 12 13 4 21 10
Clicking 35 12 35 13 35 13
Crepitation 12 18 0 0 8 12
Locking of the TM]J 4 2 9 0 6 1
Muscle pain 39 31 17 4 32 22%
Deviation on opening 35 27 13 26 28 26
Headache 49 14 39 9 46 13

* Significant difference between gender by the Fisher exact test.

variables. The effects of age (in years) and gender (0=
female, 1 = male) were also considered. For all compari-
sons, P values <0.05 were considered statistically signi-
ficant.

Results

Although females tended to have numerically more signs
of TMD and headache than males, both preoperatively
and postoperatively, the difference between genders was

Table 3. Changes in TMD signs between preoperative and
postoperative examinations in 72 patients who underwent bilateral
sagittal split osteotomy (BSSO)

TMD sign n P¥
TM]J pain 0.057
Disappeared 11
No change 4
Appeared 3
Clicking 0.002
Disappeared 20
No change 5
Appeared 4
Crepitation 0.375
Disappeared 1
No change 5
Appeared 4
Locking of the TM]J 0.375
Disappeared 4
No change 0
Appeared 1
Muscle pain 0.167
Disappeared 13
No change 10
Appeared 6
Deviation on opening <0.001
Disappeared 15
No change 5
Appeared 14
Headache <0.001
Disappeared 27
No change 6
Appeared 3

statistically significant only in postoperative muscle pain
(Table 2). The most consistent sign seemed to be
crepitation, since there was only one patient whose sign
disappeared between the examinations, while four new
cases with crepitation appeared (Table 3). The improve-
ment was most remarkable in clicking and in headache.
Table 4 gives the severity of the modified clinical
dysfunction index before and after surgical-orthodontic
treatment. After treatment, severity of the dysfunction was
significantly reduced. In 37 patients the signs disappeared
or became milder with the treatment, while in 10 subjects
new signs appeared or previous signs became worse.
Preoperatively, 8 patients (11%) had had severe signs of
dysfunction, but about 2 years postoperatively nobody
suffered from severe dysfunction (Dilll), and 9 out of 10
patients were either free of TMD or had only mild signs.
Figures 1-3 show the scatterplots of preoperative and
postoperative dysfunction indexes in the arthro-, myo-,
and combi groups. The effect of the surgical-orthodontic
treatment on TMD was significantly beneficial in the myo-
and combi groups (P values <0.001 for the changes in both
groups). In the arthro group the change was not
statistically significant. The mean score of the dysfunction
index in the myo group was 6.9 preoperatively and 1.9
postoperatively. In the arthro group the scores were 3.2
and 1.0, and in the combi group 10.2 and 3.4, respectively.
Multiple regression analysis (Table 5) showed that
pretreatment overjet and occlusal splint therapy were

Table 4. Changes in clinical dysfunction index (Di0O-Dilll) between
preoperative and postoperative examinations in 72 patients who
underwent bilateral sagittal split osteotomy (BSSO)

Postoperative examination

Preoperative
examination (1) Di0 () Dil () Dill () Dilll (i)  P*
Di0 (16) 7 9 0 0
Dil (26) 9 16 1 0
Dill (22) 6 14 2 0
DilII (8) 2 3 3 0
Total (72) 24 42 6 0

<0.001

* McNemar test.

* Wilcoxon signed-ranks test.
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Fig. 1. Scatterplot of preoperative and postoperative dysfunction index and mean regression prediction
line with 95% confidence intervals in the arthro group (n = 22).

Preoperative
dyslunction
index

-2 o] 2 4 6 3

Postoperative dysfunction index

Fig. 2. Scatterplot of preoperative and postoperative dysfunction index and mean regression prediction
line with 95% confidence intervals in the myo group (rz = 22).
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Fig. 3. Scatterplot of preoperative and postoperative dysfunction index and mean regression prediction
line with 95% confidence intervals in the combi group (n=11).

significantly related to decrease in dysfunction index.
Furthermore, in the myo- and combi groups in particular,
the effect of the surgical-orthodontic treatment on TMD
was good, while no significant association was found
between the reduction of the index and the arthro group.

Discussion

One senior orthodontist started some of the treatments at
the beginning of 1998, but another senior orthodontist has
continued in his position since autumn 1998. The latter
orthodontist (RP) also supervised the treatments per-
formed by the specialist dentists. The recording methods of
the juniors had thus been calibrated. The radiological
registrations of the condyles were done by one specialist

Table 5. Relationship between the change in preoperative and
postoperative dysfunction index and independent variables by
multiple regression analysis

Independent variable Regression coefficient P

Pretreatment overjet (mm) 0.15 0.011
Myo group (0,1) 3.13 <0.001
Arthro group (0,1) 1.34 0.078
Combi group (0,1) 2.60 0.025
Previous occlusal splint therapy (0,1) 2.03 0.010

R%=10.508.

dentist (JH), calibrated by one senior radiologist. Panora-
mic radiography is a routine method in general practice
screening TM]J areas in orthodontic/orthognathic patients,
although it is known that even slight variations in head
posture during X-ray can produce distortions simulating
condylar flattening, ostophytes, decrease of the articular
space and asymmetry (24). Intraobserver reliability in
condylar panoramic diagnosis has proved fairly good (25),
but the sensitivity of the method is low (26). For more
accurate diagnosis of TM]J abnormalities, more sophisti-
cated methods, such as MRI and CT, are therefore
needed.

There has been criticism of Helkimo’s index in that it
does not distinguish between joint and muscle dysfunction
(27) and for producing false-positive results (28). Despite
these problems, however, we used it as the basis of the
present index in order to determine the effectiveness of
the orthognathic treatment on TMD. In the original
Helkimo’s index there are basically two categories for TM]
dysfunction (impaired TMJ function and TM]J pain), one
category for muscular dysfunction (muscle pain), and two
categories which may relate to the masticatory muscles as
well as to the TM joints (impaired range of movement and
pain on movement of the mandible). Since pain on
movement of the mandible was not recorded in this study
(this is a rare sign among our orthognathic patients) it was
substituted by headache in order to balance the muscular
and arthralgic components of the index. Although the
etiology of headache is known to be heterogeneous, in the
present sample we considered this symptom as represen-



ACTA ODONTOL SCAND 62 (2004)

tative of mainly tension-type headache, since patients with
migraine were already diagnosed and medicated.

It has been widely reported in the literature that TMDs
are more common in females than in males. The pattern
of TMD signs is also suggested to be more consistent in
women than in men (29). Regarding preoperative and
postoperative signs of TMD in orthognathic patients,
Smith et al. (30) found an increase especially in clicking in
some of the females but not in males. In agreement with
the study of Westermark et al. (31), no significant
difference between genders was found in improvement of
TMD in the present report. In the multiple regression
analyses, neither gender nor age of the patients was related
to the improvement of the index.

The prevalence of crepitation increased, but clicking
decreased after treatment; these findings parallel those of
Feinerman and Piecuch (32), but contrast with those of
Panula et al. (15). In addition to being an indicator of
degenerative changes in the TM]J (33, 34), crepitation is
presumed to be present in TM]Js with altered disk position
(34). Although condyles have been found to displace only
minimally with surgery (30), an alteration in disk-condyle
integrity cannot usually be avoided in surgical procedures.
Furthermore, Harper and co-workers (35) have shown in
their EMG investigations that surgical advancement of the
mandible in Class II cases normalizes the preoperative
hyperactivity of the lateral pterygoid muscle; this may
partly explain the decrease in postoperative joint sounds,
e.g. clicking (30).

In the present report, degree of overjet was significantly
related to decreased dysfunction index, indicating that
patients with an excessive overjet clearly benefit from the
surgical-orthodontic treatment. In our previous long-
itudinal studies on children and adolescents, excessive
overjet has been found to increase the risk of TMD signs
systematically, mainly muscular tenderness (36). This kind
of malocclusion also predisposes to large mandibular
movements (37), most likely for functional (articulation of
speech and bite) and esthetic (habitual protrusion to
compensate mandibular hypoplasia) reasons, and is thus
likely to cause muscular hyperactivity. In their arthro-
graphic study on orthognathic patients, Dahlberg et al.
(38) found that disk displacement is frequent in patients
with dentofacial anomalies. To conclude, these findings
underline the importance of harmonious occlusion on
physiological fine oral motor activities.

In order to find out what patients might benefit most
from the orthognathic treatment, we classified the sample
into subgroups according to type of TMD. Previously,
Rauhala et al. (39) used this method based on the criteria
of AAOP. In order to get enough patients in the arthro
group, we modified the criteria to include clicking as one
indicator of an arthralgic component of TMD, although
current opinion is that TM joint sounds as a sign of TMD
can be questioned. This new classification made compari-
sons between the groups possible.

The finding that improvement of dysfunction was most
marked in orthognathic patients with mainly muscular

Surgical-orthodontic treatment and TMD 243

origin of TMD is in agreement with the studies of Kerstens
et al. (40) and Panula et al. (15). However, it has to be
taken into account that preoperatively the dysfunction
scores in the present study were higher in the myo- and
combi groups than in the arthro group. Considering the
organic changes in the condyles, and specific structural
abnormalities of the TM]Js (e.g. internal derangement and
degenerative diseases), it is usually unrealistic to expect
normalization in condylar form and disk-condyle integrity
after orthognathic treatment. As Solberg and co-workers
(41) have found, there are likely to be extensive TM]J
changes with a long exposure of severe malocclusion. This
raises the question whether severe malocclusions should be
treated early, either orthodontically or with surgical-
orthodontic treatment, as soon as the growth has ceased,
if irreversible organic TM]J changes are to be avoided.

Furthermore, multiple regression analyses have shown
that subjects with previous occlusal splint therapy benefit
from the surgical-orthodontic treatment. Although the
effectiveness of previous (in some cases even several years
before the surgical-orthodontic treatment) occlusal splint
therapy was not recorded in this study, most of the patients
claimed that the splint had relieved their signs and
symptoms of TMD. It seems that balancing severe
malocclusion with surgical-orthodontic treatment is effec-
tive in decreasing especially myogenous signs of TMD.
Further research will give information on the effectiveness
of orthognathic treatment on subjective symptoms of
TMD, changes in mandibular movement capacity, and
improvement of occlusion by the treatment.

In conclusion, the present results show that in cases with
severe maxillomandibular discrepancy, orthognathic ther-
apy 1s a good choice of treatment for reducing orofacial
pain and discomfort, especially in patients with myogenous
components of TMD. In addition, the importance of
harmonious occlusion i producing a physiological
masticatory muscle pattern cannot be underestimated.

Acknowledgements.—We express our warm thanks to all members of the
‘orthognathic team’ at Kuopio University Hospital. In addition,
special thanks are extended to Riitta Myllykangas, dental hygienist,
for her contribution throughout the study. Financially, the study was
supported by a grant from Kuopio University Hospital.

References

1. McNeill C. Temporomandibular disorders. Guidelines for classi-
fication, assessment, and management. Chigaco: Quintessence;
1993. p. 11-18.

2. Reik L, Hale M. The temporomandibular joint pain-dysfunction
syndrome: a frequent cause of headache. Headache 1981;21:
151-6.

3. Knutsson K, Hasselgren G, Nilner M, Petersson A. Cranioman-
dibular disorders in chronic orofacial pain patients. J Cranio-
mand Disord 1989;3:15-19.

4. Salonen L, Hellden L, Carlsson GE. Prevalence of signs and
symptoms of dysfunction in the masticatory system: an epidemio-
logic study in an adult Swedish population. J Craniomandib
Disord Facial Oral Pain 1990;4:241-50.

5. Kuttila M, Niemi PM, Kuttila S, Alanen P, LeBell Y. TMD



244 R. H. Pahkala & . P. Heino

10.

11.

12.

13.

14.

16.

17.
18.

19.

20.

21.

22.

23.

treatment need in relation to age, gender, stress, and diagnostic
subgroups. J Orofacial Pain 1998;12:67-74.

. Wadhwa L, Utreja A, Tewari A. A study of clinical signs and

symptoms of temporomandibular dysfunction in subjects with
normal occlusion, untreated, and treated malocclusion. Am J
Orthod Dentofac Orthop 1993;103:54-61.

. Sonnesen L, Bakke M, Solow B. Malocclusion traits and symp-

toms and signs of temporomandibular disorders in children with
severe malocclusion. Eur J Orthod 1998;20:543-59.

. Helm S, Petersen PE. Mandibular dysfunction in adulthood in

relation to morphologic malocclusion at adolescence. Acta
Odontol Scand 1989;47:307-14.

. Egermark-Eriksson I, Carlsson GE, Magnusson T, Thilander B.

A longitudinal study on malocclusion in relation to signs and
symptoms of craniomandibular dysfunction in children and
adolescents. Eur J Orthod 1990;12:399-407.

Pullinger AG, Seligman DA. Quantification and validation of
predictive values of occlusal variables in temporomandibular
disorders using a multifactorial analysis. J Prosthet Dent 2000;84:
114-5.

Egermark I, Magnusson T, Carlsson GE. A 20-year follow-up of
signs and symptoms of temporomandibular disorders and mal-
occlusions in subjects with and without orthodontic treatment in
childhood. Angle Orthod 2003;73:109-15.

Magnusson T, Ahlborg G, Swartz K. Function of the masticatory
system in 20 patients with mandibular hypo- or hyperplasia after
correction by a sagittal split osteotomy. Int J Oral Maxillofac
Surg 1990;19:289-93.

Egermark I, Blomgyist JE, Cromvik U, Isaksson S. Tempor-
omandibular dysfunction in patients treated with orthodontics in
combination with orthognathic surgery. Eur J Orthod 2000;22:
537-44.

Panula K, Somppi M, Finne K, Oikarinen K. Effects of ortho-
gnathic surgery on temporomandibular joint dysfunction. A
controlled prospective 4-year follow-up study. Int J Oral
Maxillofac Surg 2000;29:183-7.

. Sostmann M, Meyer ], Berten JL. TMJ function following

orthognathic surgery. Dtsch Stomatol 1991;41:487-9.

Ash MM. Current concepts in the etiology, diagnosis and treat-
ment of TMJ and muscle dysfunction. J Oral Rehabil 1986;13:1—
20.

Okeson JP. Orofacial pain. Guidelines for assessment, diagnosis
and management. Chigaco: Quintessence; 1996. p. 113-84.
Bjork A, Krebs A, Solow B. A method for epidemiological
registration of malocclusion. Acta Odontol Scand 1964;22:27—41.
Laine T, Hausen H. Occlusal anomalies in Finnish students
related to age, sex, absent permanent teeth and orthodontic
treatment. Eur J Orthod 1983;5:125-31.

Helkimo M. Studies on function and dysfunction of the masti-
catory system. II. Index for anamnestic and clinical dysfunction
and occlusal state. Swed Dent J 1974;65:7-21.

Peltola JS, Kénoénen M, Nystrom M. A follow-up study of
radiographic findings in the mandibular condyles of orthodon-
tically treated patients and associations with TMD. J Dent Res
1995;74:1571-6.

Rohlin M, Petersson A. Rheumatoid arthritis of the temporo-
mandibular joint: radiologic evaluation based on standard
reference films. Oral Surg Oral Med Oral Pathol 1989;76:594-9.
Dworkin SF, LeResche L. Research diagnostic criteria for tem-
poromandibular disorders: review, criteria, examinations and
specifications, criteria. ] Craniomand Disord Facial Oral Pain
1992;6:301-55.

Received for publication 3 June 2004
Accepted 15 July 2004

24.

25.

26.

27.

28.

29.

30.

3

—

32.

33.

34.

35.

36.

37.

38

39.

40.

4

—

ACTA ODONTOL SCAND 62 (2004)

Ruf S, Pancherz H. Is orthopantomography reliable for TM]J
diagnosis? An experimental study on a dry skull. J Orofac Pain
1995;9:365-74.

Vidra MA, Rozema FR, Kostense PJ], Tuinzing DB. Observer
consistency in radiographic assessment of condylar resorption.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2002;93:
399-403.

Dahlstrom L, Lindvall AM. Assessment of temporomandibular
joint disease by panoramic radiography: reliability and validity in
relation to tomography. Dentomaxillofac Radiol 1996;25:197—
201.

Le Bell Y, Lehtinen R, Peltomiki T, Peltola J. Function of
masticatory system after surgical-orthodontic correction of
maxillomandibular discrepancies. Proc Finn Dent Soc 1993;89:
101-7.

Laskin DM, Ryan WA, Greene CS. Incidence of temporoman-
dibular symptoms in patients with major skeletal malocclusions: a
survey of oral and maxillofacial surgery training programs. Oral
Surg Oral Med Oral Pathol 1986;61:537—41.

Winman A. Longitudinal course of symptoms of craniomandib-
ular disorders in men and women. A 10-year follow-up study of
an epidemiologic sample. Acta Odontol Scand 1996;54:337-42.
Smith V, Williams B, Stapleford R. Rigid internal fixation and
the effects on the temporomandibular joint and masticatory
system: a prospective study. Am J Orthod Dentofac Orthop
1992;102:491-500.

. Westermark A, Shayeghi F, Thor A. Temporomandibular

dysfunction in 1,516 patients before and after orthognathic
surgery. Int J Adult Orthod Orthognath Surg 2001;16:145-51.
Feinerman DM, Piecuch JF. Long-term effects of orthognathic
surgery on the temporomandibular joint: comparison of rigid
and nonrigid fixation methods. Int ] Oral Maxillofac Surg 1995;
24:268-72.

Mejersjo C, Hollender L. TM]J pain and dysfunction: relation
between clinical and radiographic findings in the short and long-
term. Scand ] Dent Res 1984;92:241-8.

Pereira IJ Jr, Lundh H, Westesson P-L, Carlsson L-E. Clinical
findings related to morphologic changes in TM] autopsy
specimes. Oral Surg Oral Med Oral Pathol 1994;78:288-95.
Harper RP, de Bruin H, Burcea I. Lateral pterygoid muscle
activity in mandibular retrognathism and response to mandibular
advancement surgery. Am J Orthod Dentofac Orthop 1987;91:
70-6.

Pahkala R, Qvarnstrém M. Can temporomandibular dysfunc-
tion signs be predicted by early morphological or functional
variables? Eur J Orthod 2004;26:367-73.

Pahkala RH, Qvarnstrém M]. Mandibular movement capacity
in 19-year-olds with and without articulatory speech disorders.
Acta Odontol Scand 2002;60:341-5.

. Dahlberg G, Petersson A, Westesson PL, Eriksson L. Disk

placement and temporomandibular joint symptoms in orthog-
nathic surgery. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 1995;79:273-7.

Rauhala K, Oikarinen K, Raustia A. Role of temporomandib-
ular disorders (TMD) in facial pain: occlusion, muscle and TM]J
pain. J Craniomand Pract 1999;17:254-61.

Kerstens HCJ, Tuinzing DB, van der Kwast WAM. Temporo-
mandibular joint symptoms in orthognathic surgery. J Cranio-
maxillofac Surg 1989;17:215-8.

. Solberg WK, Bibb CA, Nordstrém BB, Hansson TL. Malocclu-

sion associated with temporomandibular joint changes in young
adults at autopsy. Am J Orthod 1986;89:326-30.



