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Ⅰ. INTRODUCTION

  Temporomandibular disorders are a heterogenous 

set of clinical conditions, characterized by pain and 

dysfunction of the masticatory system. Pain in the 

masticatory muscles, in the temporomandibular 

joint, and in associated hard and soft tissues, 

limitation in jaw function, and sounds in the TMJ 

are the common signs and symptoms of 

Temporomandibular disorders.1,2,3) Imaging is the 

only method of obtaining visual information on the 

status of the joint tissues short of arthroscopy or 

open joint surgery. Its primary purpose is to 

provide information to assist the diagnosis and 

treatment planning process.

  Radiography has long been the primary means 

for diagnosing organic diseases of the TMJ. 

However, it has been difficult to determine which 

radiographic signs are characteristic of individual 

diseases of the joint. Among the classical 

radiographic signs of joint disease decreased joint 

space has been found to be correlated with crepitus, 

a clinical sign of structural damage to the joint.4,5) 

Reduction of the joint space, subcortical sclerosis 

and flattening of the lateral part of the condyle have 

been found to be intercorrelated and frequent 

among patients with crepitus, pain and joint 

dysfunction.6)

  Despite TMJ imaging　s long history of research 

and clinical application, the quality of information 

gleaned from imaging is often less than desired. 

The small size of the TMJ, the widely varying 

fossa and condylar morphology and the surrounding 

dense osseous structures make clear and undi-

storted imaging of the joint hard tissue technically 

difficult. To overcome these obstacles, multiple 

conventional radiographic technique have been 

introduced over the years.

  In the past decade, impressive technological 

advances (computed tomography and magnetic 

resonance imaging) have come into widespread use 

making possible the characterization of both hard 

and soft tissue in almost any desired plane.7,8)

  Conventional TMJ radiography has an 

established role in the detection of structural bone 

changes and sagittal tomography has been shown 
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to yield the most information.
9)

  Chritstiansen et al.10) assessed the frequency and 

severity of the classical radiographic signs of joint 

disease: sclerosis, decreased joint space, osteo-

phytosis, cysts or pseudocysts and coritcal/ 

subcortical rarefaction. They reported these 

classical signs were correlated with the additional 

radiographic findings of lateral joint reciprocal 

reshaping, changes in condylar angulation and in 

the shape of the condyle, articular eminence, and 

glenoid fossa. They found that condylar transverse 

size, condylar angulation, condylar shape, size and 

shape of the glenoid fossa, and position of the 

coronoid process tip changed in the diseased joints. 

In that study, those variables were found to be 

interrelated and significantly correlated to the 

radiographic severity of disease.

  In the study of Tanimoto et al., Autopsy 

specimens were examined both radiographically and 

macrosopically to compare direct computed 

tomography with conventional tomography for their 

diagnostic yield of the structural bone changes in 

the temporomandibular joint. They concluded that 

conventional tomography is superior to computed 

tomography in the diagnosis of single structural 

bone changes but comparable for comprehensive 

diagnosis of TMJ disease.11)

  The purpose of this study was to depict, by 

means of conventional tomography, the bone 

changes that take place in a temporomandibular 

Fig. 1. Scanora used in tomographic imaging of TMJ

joint of patient with temporomandibular disorder 

and to correlate these changes to different variables 

such as condylar angulation, condylar type, 

condylar position and bone change type.

Ⅱ. MATERIALS AND METHODS

1. Subjects

  A series of 256 patients, referred to the 

Department of Oral Medicine and Orofacial pain and 

TMJ disorder clinic, Dental Hospital, Dankook 

University, between July and December 1999 was 

examined with conventional tomography. From this 

total, a subsample of 73 which showed symptoms 

and signs of a unilateral internal derangement in 

joints was selected for this study. 

2. Tomographic equipment

  Tomographic imaging was performed using a 

multidirectional tomograph (SCANORA, Orion 

Corporation Soredex, Helsinki, Finland). Scanora is 

a multifunction x-ray unit designed for radiographic 

examination of dento-maxillo-facial regions. The 

multifunction feature means that the imaging 

elements include arrangements for examinations 

utilizing both narrow scanning beam and 

multidirectional tomography principles. Although the 

imaging procedure are computer controlled, and 
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tomographic imaging is included, SCANORA is not 

a computed tomography device. Components of 

SCANORA include an imaging element, patient 

chair, x-ray generator. 

  Corrected tomographs were taken of the right 

and left TMJs in the sagittal plane as part of 

routine TMJ examination. A submentovertex 

projection was used to correct for orientation of the 

condylar heads with respect to the midline and to 

calculate the depth of cut. All cuts were 4 mm thick 

and collimated to include only the TMJ area. Four 

cuts were taken in maximum intercuspation and 

one cut was taken at maximum opening for each 

TMJ. The average exposure factors for the Scanora 

unit were 72 kV, 3.5 mA, 82 sec (range 57-85 kV).

  All radiographs were viewed by the same 

observer under standardized conditions and masked 

to eliminate extraneous light. The observer was not 

blinded with respect to patient name or 

identification of right and left sides but history 

regarding TMJ symptoms was not given until after 

radiographic observations were made. 

3. Scoring of Bone change

  Tomograms showing bone change in the frontal 

and 4 sagittal views of joint were counted and the 

number was used as a score of bone change for 

each subject.

4. Bone change type

  Radiographic observations of TMJs were 

recorded according to definitions described in 

previous report.11) All tomograms were assessed for 

the following features:

Concavity: a hollowed-out area on the bony 

surface of the joint with a well-defined cortical 

outline.

Cyst: a well-defined, localized area of bone 

destruction beneath an intact cortical outline of 

the joint surface.

Erosion: a localized area of decreased density of 

the joint surface and adjacent subcortical bone.

Flattening: a flat bony contour deviating from the 

convex form.

Osteophyte: a marginal bony outgrowth.

Sclerosis: a localized area of increased density of 

the cortical bony joint surface extending into 

the subcortical bone.

5. Condylar angulation

  Submentovertex(SMV) image was used to 

determine the horizontal condylar angle. Right and 

left condylar angle to axis of both external meatus 

was measured on SMV image. According to the 

measured condylar angle, the transcranial 

projections for taking lateral and frontal views were 

performed in both intercuspal and maximum 

opening position. 

6. Condylar shape

  Condylar shape were assessed from frontal view 

of condyle. Condylar shape was divided into round, 

angled, convex and flat types.12) 

7. Joint space and condylar position

  To estimate the joint space, medial 2nd 

tomographic image among 4 sagittal cuts of joint 

was used and every image was traced onto acetate 

overlays with a 0.3 mm diameter lead pencil. The 

horizontal reference plane defined by the superior 

glenoid fossa tangent, parallel to the superior border 

of each tomogram, was assumed parallel to 

Frankfort Horizontal. The reference planes for joint 

space were drafted onto the tracing papers. Linear 

     Round      Angled     Convex        Flat

Fig. 2. Four type of condylar shape
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Fig. 3. The reference plane and three spaces of TMJ 

joint spaces were defined as posterior, superior, and 

anterior in the joint(Fig. 2). Measurements were 

made manually to the nearest 1/50 mm by Vernier 

caliper. 

  Condylar position was determined from the ratio 

of posterior space to anterior space. Center position 

was defined when the ratio was in the range of the 

mean ratio±standard deviations. Posterior position 

was defined when the posterior ratio was below the 

mean ratio-standard deviation and anterior position 

Table 1. Condylar angles(CA) and differences of 

condylar angles between both condyles 

according to sex

Sex
Means of 

CA
SD

Means of 

difference of CA
SD n

F 17.72 6.34 4.8 4 44

M 20.9 7.84 5.4 3.7 29

P-value  .0078  .3552

Table 2. Comparison of joint spaces between male & female patients

 Female  Male

Space Means SD n Means SD n P-value

Superior 4.74 1.8 82 6.15 1.6 52 <0.0001

Anterior 4.19 1.68 88 5.03 1.75 58 0.0043

Posterior 3.13 1.28 88 3.73 1.04 58 0.0036

when the posterior ratio was above the mean 

ratio+standard deviation.

8. Statistic analysis

  The relationship between the bony changes of 

the factors such as condylar angulation, condylar 

shape and condylar position was tested by 

contingency table analyses. The differences of 

condylar angle and joint space between female and 

male and between both joints were compared using 

unpaired and paired t-tests respectively. The 

differences among condylar shape or condylar 

position were tested by Kruscal-Wallis test and 

multiple comparison test.

Ⅲ. RESULTS

  Table 1 shows that the long axis of the condylar 

head is angled at approximately 18 and 21°for 

female and male patients respectively in horizontal 

plane and there is significant difference between 

them (p=0.0078). There, however, is no significance 

in the difference of both condylar angles between 

female and male patients.

  The measurements of joint spaces can be seen in 

table 2. There are significant differences in the joint 

spaces between female and male patients and also 

significant differences among anterior, posterior and 

superior joint spaces.

  There does not seem to be a relationship between 

sex and condylar position as seen in table 3, 

although there are much more posterior condylar 

positions than others. 
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Table 3. Observed frequencies of condylar 

positions for sex

Sex Center Anterior Posterior Totals

F 20 27 41  88

M 15 18 25  58

Totals 35 45 66 146

 

Table 4. Observed frequencies of condylar types 

for sex and results of x²-tests 

Condylar types P=.0068

Sex A C F R Totals

F 16 49  9 14  88

M  5 32 16*  3  56

Totals 21 81 25 17 144

A:angled C:convex F:flat R:round 

* 95% significant

Table 5. Observed frequencies of bone change 

types for sex and result of x²-tests

Bone change type

Sex C E F N P Totals

F 5  9 4  65 5  88

M 3  3 1  48 1  56

Totals 8 12 5 113 6 144

C:concave E:erosion F:flat P:osteophyte N:no change

  It can be seen there is significant relationship 

between sex and condylar type (p=0.0068) indicating 

that flat condyle seems to be prominent in male 

patients in table 4. There is, however, no 

relationship between sex and bone change type 

(table 5).

  Table 6 and 9 shows that there is significant 

difference between condylar angles of male and 

female patients(p=0.0208) and above 30°of condyles 

are more in male than female. The bony change has 

a significant relationship between sex and condylar 

Table 6. Means and standard deviation of condylar 

angles measured according to sex and 

results of unpaired t-test

Sex n Mean SD

F 88 17.72 6.34

M 58 20.9 7.84

P-value .0208

Table 7. Means and standard deviation of condylar 

angles measured according to condylar 

position and results of multiple com-

parison tests

Position n Mean SD P-value

C 35 19.37 7

A 45 16.96 7.36 .0201

P 66 20.15 6.83

 C:center position A:anterior position P:posterior position

Table 8. Means and standard deviations of condylar 

angles measured according to condylar 

type and results of multiple comparison 

test

Condylar Type n Means SD P-value

A 21 18.33 6.07

.0218

F 25 18.2 7.41

C 81 19.85 7.02

R 17 15.47 51.27

A:angled F:flat C:convex R:round

angle (p<0.0001) and increases in the condyle of 

male patient with large angle(above 30 degrees) of 

condyle(p<0.01)(table 13). 

  Table 7 shows that the angles of posterior 

positioned condyles are larger than those of anterior 

positioned condyles(p=0.0201) and table 8 shows that 

the angles of convex condyles are larger than those 

of round condyles(p=0.0218), although there are no 

differences compared with angled or flat condyles.
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Table 10. Means and standard deviations of joint 

spaces according to angle and results of 

multiple comparison test

Anterior Superior Posterior

Mean SD Mean SD Mean SD

0∼10° 4.26 2.01 5.26 2.21 3.48 1.46

10∼15° 4.49 1.57 5.06 1.67 3.32 1.12

15∼20° 3.93 2.15 5.23 1.84 3.37 1.38

20∼25° 4.68 3.2 5.46 2.09 3.36 1.17

25∼30° 5.46 3.17 5.04 1.2 3.19 0.9

30°∼ 5.07 5.2 6.95 1.3 3.9 1.5

P-value .044 - -

Table 11. Observed frequencies of bone changes 

for condylar angle class and condylar 

position and results of x²-test

Condylar position P<0.0001

Angle class Center Anterior Posterior Totals

0∼10°  9 10  5  24

10∼15°  0  7*  4  11

15∼20°  7  4  7  18

20∼25°  8  7 11  26

25∼30°  0  0 20**  20

30°∼  4  0  4   8

Totals 28 28 51 107

 * 95% significant

 ** 99% significant 

  Table 10 presents the joint spaces according to 

angle. Anterior joint space has differences among 

angle classes (p=0.044), but superior or posterior 

joint spaces has no difference among them.

  Bony change has a significant relationship 

between condylar angle and position (p<0.0001) and 

bony changes increase in anterior positioned 

condyle within 10 to 15°of condylar angle and in 

posterior positioned condyle within 25 to 30°of 

condylar angle (table 11).

  Table 12 shows bony changes has a significant 

relationship between condylar type and angle 

(p<0.0001). Bony changes increase in the angled 

type of condyle with 20-25°or above 30°of angle 

(p<0.01) and in the flat type of condyle with 25-30° 

of angle(p<0.05).

Table 12. Observed frequencies of bone changes 

for condylar angle class and condylar 

type and results of x²-test

Angle class
Condylar type P<0.0001

A C F R Totals

0∼10°  0 14  5  5  24

10∼15°  0 10  0  1  11

15∼20°  8**  8  2  0  18

20∼25°  4 13  9  0  26

25∼30°  0  7  9*  4  20

30°∼  4**  4  0  0   8

Totals 16 56 25 10 107

 * 95% significant

 ** 99% significant

 A: angled F: flat C: convex R: round

Table 9. Observed frequencies of condylar angle class for sex and results of x²-test

Sex ∼10° 10∼15° 15∼20° 20∼25° 25∼30° 30°∼ Totals

F 15 22 22 20  9 0  88

M  7  9 13 12 12 5*  58

Totals 22 31 35 32 21 5 146

 * 95% significant
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  Table 14 represents that the bony change has a 

significant relationship between condylar angle and 

age (p<0.0001). The bony change increases in 

above 40 years of patients with 10∼15°of condylar 

angle (p<0.01) and in 4th decade of patients with 

above 30°of condylar angle (p<0.05).

  Table 14 and 15 represent that the bony change 

has a significant relationship between condylar 

angle and age (p<0.0001) and between condylar and 

sex (p=0.0008) respectively. The bony change 

increases in above 40 years of patients with 10- 1

5°of condylar angle (p<0.01) and in 4th decade of 

patients with above 30°of condylar angle (p<0.05). 

The bony change increases in the TMJ of male 

patients in the range of 3 to 6°of differences 

between both condylar angles.

Table 14. Observed frequencies of bone changes 

for condylar angle class and age class 

and results of x²-test

Angle class
Age class(year) P<0.0001

10∼19 20∼29 30∼39 40∼ Totals

0∼10° 0 19 5 0 24

10∼15° 4 1 0 6** 11

15∼20° 8 4 2 4 18

20∼25° 9 13 1 3 26

25∼30° 8 0 5 7 20

30°∼ 4 0 4* 0 8

Totals 33 37 17 20 107

 * 95% significant

 ** 99% significant

  The bony changes have a significant relationship 

between the difference of both condylar angles and 

age(p<0.0001, table 16), condylar type(p<0.0001, 

table 17), condylar position (p<0.0004, table 18), or 

bone change type (p<0.0001, table 19) respectively. 

The bony change increases with age and difference 

of angle within 9°of difference, although it is not 

Table 15. Observed frequencies of bone changes for 

sex and differences of condylar angles 

between both joints and results of x²-test

Sex
Difference of Angles P<0.0008

0∼3° 3∼6° 6∼9° 9∼12° 12°∼ Totals

F 23 14 26 4 10  77

M  4 17**  9 0  0  30

Totals 27 31 35 4 10 107

** 99% significant

Table 16. Observed frequencies of bone changes for 

age class and difference of condylar angle 

between both joints and results of x²-test

Age
Difference of both condylar angles P<0.0001

0∼3° 3∼6° 6∼9° 9∼12° 12°∼ Totals

10∼19  4  8 21** 0  0  33

20∼29  1 18**  8 0 10**  37

30∼39 11**  5  1 0  0  17

40∼ 11**  0  5 4**  0  20

Totals 27 31 35 4 10 107

 ** 99% significant

Table 13. Observed frequencies of bone changes for sex and condylar angle class and results of x²-test 

Sex
Condylar Angle Class P<0.0001

∼10° 10∼15° 15∼20° 20∼25° 25∼30° 30°∼ Totals

F 15 11 18 20 13 0  77

M  9  0  0  6  7 8**  30

Totals 24 11 18 26 20 8 107
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Table 17. Observed frequencies of bone changes 

for condylar type and difference of 

condylar angles between both joints and 

results of x²-test

Difference of both 

condylar angles

Type P<0.0001

A C F R Totals

0∼3°  0 19  7 1  27

3∼6°  4 27**  0 0  31

6∼9°  8 10 13 4  35

9∼12°  4**  0  0 0   4

12°∼  0  0  5 5**  10

Totals 16 56 25 10 107

 * 95% significant

 ** 99% significant

 A: angled F: flat C: convex R: round

Table 18. Observed frequencies of bone changes 

for condylar position and condylar angle 

difference class and results of x²-test

Difference of both 

condylar angles

Condylar position P=0.0004

C A P Totals

0∼3°  7  8 12  27

3∼6° 12 10  9  31

6∼9°  5  5 25**  35

9∼12°  4**  0  0   4

12°∼  0  5  5  10

Totals 28 28 51 107

 C: center A: anterior P: posterior

 ** 99% significant

consistent with the condyles having above 9°of 

difference (table 16). Table 17 shows the bony 

change increases in order of convex, angled and 

round type of condyle with the difference of both 

condylar angles. Table 18 shows the bony change 

increases in the posterior positioned condyle with 6 

to 9°of difference between both condylar angles. 

Table 19. Observed frequencies of bone changes for 

condylar angle difference class and bone 

change type and results of x²-test

Difference of both 

condylar angles

Bone change type P<0.0001

C E F P Totals

0∼3°  1 13  4  9  27

3∼6° 14**  9  8  0  31

6∼9°  7 17  3  8  35

9∼12°  0  0  0  4**   4

12°∼  0  5  0  5  10

Totals 22 44 15 26 107

 C:concave E:erosion F:flat P:osteophyte

 ** 99% significant

Ⅳ. DISCUSSION

  Tomography is body section radiogrphy. 

Tomography has become the standard for 

comprehensive evaluation of the bony components 

of the TMJ, because it allows visualization of the 

temporal and condylar component. In addition, it 

allows the best evaluation of condyle position.13) 

Interpretation of a technically correct tomogram is 

straightforward because its projection can be 

viewed in standard anatomical planes. Despite its 

many advantages, full capability tomographic 

equipment is expensive to use and is not used 

extensively in dental clinic.

  Therefore, corrected tomographic equipment 

(SCANORA multifunction x-ray unit), which is 

less expensive spiral tomographic system, was used 

in this study.

  Both tomograhic and plain projections have 

distortion effects if the angles of the x-ray beam 

are not related to the horizontal axis of the condyle 

and mandibular fossa. Hence a cephalostat is 

required such as head support and chin rest used in 

this study. The following radiological principles 

should be kept in mind. Projections should be taken 

in two or more planes. Axial correction should be 

made of the condylar axis by the use of preliminary 
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submentovertex view followed by orientation with 

a cephalostat. Solberg14) suggested that sagittal 

views should be taken in the medial, central and 

lateral parts of the joint to represent 

maxillomandibular positions of clinical relevance. In 

this study 4 sagittal views were taken with a 4 mm 

of focal thickness from medial pole of the joint to 

investigate extensive bone change of the condylar 

head. The frontal view is most valuable in 

demonstrating condylar remodelling and other 

changes.15) Often the changes seen in frontal view 

are not well identified in sagittal projections. It is 

reasonable, therefore, to propose that at least the 

following tomographic views be recommended to 

examine the TMJ: closed sagittal views (medial, 

central or 2 central, lateral cuts), maximally open 

sagittal view (central cut only), frontal plane view 

with the jaw open, and panoramic survey of the 

jaw region.
14) 

This study was carried out to 

determine whether there is a relationship between 

the bony change of condylar head and one of 

predisposing factors such as condylar position, 

condylar type, condylar angulation and bony change 

type. It is believed that the use of MRI for this 

purpose is justified. Although MRI has a good 

resolving power for soft tissues, it was thought 

conventional tomography might be enough to 

assess the bony changes.

  The bony contour of the upper component of the 

temporomandibular joint is thought to be an 

important factor in the etiology of internal 

derangement.16-23) Kurita et al.26) found that a 

flattened articular eminence was more common in 

disc displacement without reduction than in disc 

displacement with reduction. It has been suggested 

that flattening occurs with progressive internal 

derangement.
21-25) 

It has also been reported that the 

greatest difference in the steepness of the eminence 

is seen between the joints with bony changes and 

those without.
21) 

It is well known that osteo- 

arthritic changes are more frequent in disc 

displacement without reduction than disc 

displacement with reduction.

  Those results suggested that flattening of the 

articular eminence may occur in disc displacement 

without reduction as a result of remodelling or 

degenerative changes secondary to internal 

derangement. This hypothesis was supported by 

Kurita's finding that disc displacement without 

reduction was more frequent in older individuals 

where degenerative changes are more likely to 

develop.26) In this study on the bony change of the 

condylar head, the results also show that the bony 

changes in the condylar head are more frequent in 

disc displacement without reduction (33%) than in 

disc displacement with reduction (10%). It can be, 

therefore, thought that anatomy of the condylar 

head as well as the articular eminence may 

predispose to disc displacement and eventually 

bring to degenerative change.

  Joint anatomy varies remarkably between 

individuals and often between sides in the same 

individual, complicating interpretation and 

achievement of consistent, quality imaging. Yale12) 

identified four basic condylar morphologies, which 

were used to classify the condyles in this study. He 

classified basic morphology of 3008 condyles in dry 

mandibles finding 3% round, 11.6% angled, 58.3% 

convex, 25.2% flat and 1.2% other. The result of 

this study shows 11.8% round, 14.6% angled, 56.3% 

convex, and 17.4% flat. The differences in flat and 

round condyles between Yale's and this studies are 

thought to be due to the variability of naturally 

occurring condylar shapes described previously.

  When evaluating the clinical presentation of a 

TMJ disorders, one should be aware of possible 

disturbing influences of the contralateral joint. In 

the past study the overall difference in 

predictability of unilateral versus bilateral cases 

was small.27) In the present study, only unilateral 

cases were selected to investigate the difference 

between symptom and symptom-free sides of TMJ. 

There were, however, few differences between 

them and all joints were examined simultaneously 

in this study to investigate the effects on the bone 

change by various factors.

  Stengenga et al. reported that three major 

categories of symptom and signs might be 
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distinguished in patients with osteoarthrosis and 

internal derangement, i.e., changes in joint 

mechanics, pain and tenderness, and radiographi-

cally detectable degenerative changes.

  However, pain-related symptoms or radiographic 

information did not appear to be useful 

discriminating symptom categories, as opposed to 

variables related to joint mechanics. They 

suggested that diagnostic criteria should be 

primarily based on the latter variables.

  In their study, the distinction between reducing 

and permanent disk displacement categories was 

used as the standard. However, the results from the 

analyses performed suggest that this distinction 

still leaves considerable variability within these 

groups. Besides the characteristic signs of the 

classical internal derangement groups, less common 

symptoms and signs were seen within these 

groups. They reported, on the other hand, that 

radiographically visible degenerative changes were 

present in about half of the number of patients with 

reducing disk displacement.

  This observation indicated that bony changes 

may precede permanent disk displacement, which 

supports previous findings.
28-30) 

In the present 

study, the results also support those findings 

although radiographically visible bony changes 

were present in 10% of the number of patients with 

reducing disk displacement and 33% of the number 

of patients with permanent disk displacement, 

which were lower than the results of the previous 

study.31)

  In Liedberg's study,32) the condylar position was 

assessed as posterior, central, or anterior, whereas 

Blair et al.33) and Kopp and Rockler34) had two more 

scores, namely inferior and superior. In this study 

the inferior and superior positions also were used to 

combine with anterior, posterior or center positions, 

but many positions are likely to decrease the 

significant difference between the joint spaces in 

various condylar positions. Therefore, this study 

assessed the condylar position as posterior, central, 

or anterior.

  The standard sagittal technique involves aligning 

the tomographic layer perpendicular to the average 

horizontal and vertical condylar angulation 

measurements. Fifteen or 20 degree is the most 

often used horizontal angulation, and the usual 

vertical angulation is zero degree.35) In this study, 

the results show that the average condylar angles 

of male and female subjects are 20.9°and 17.7°

and are in the range of standard criteria, although 

the angle of male is significantly larger than that of 

female. Angulation of the condylar long axis in both 

horizontal and vertical planes is extremely 

variable.12) If the central X-ray beam is not aligned 

paralleled with the long axis of the condyle in both 

the horizontal and vertical planes, an oblique 

projection occurs in which the medial condylar pole 

may be projected outside of the true condylar 

profile image. The broad range of variation in 

horizontal and vertical angulation often produces 

projection errors and artifacts, particularly if they 

are not considered and accommodated in the 

projection technique. Impressions obtained from 

imaging must be tempered with an appreciation for 

the multiple potential sources of distortion.

  This study showed differences in the angle of the 

mandibular condyle in joints with different bony 

changes. A clear pattern was found with larger 

condylar angle in joints with more advanced 

pathologic bony changes related to temporoman-

dibular joint disorders. These observations support 

speculations in earlier studies.36-42) In this study, the 

differences of angles between both condyles were 

investigated and the bony changes according to the 

difference of angles were compared.

  The results suggest that larger difference of 

angles between both condyles or higher angle of 

the condyle increases the bony change in the 

condyle as well as the condyle with larger angle. 

This means that the difference of angles between 

both condyles should be also considered as a 

important factor as much as condylar angle.

  In the previous study, Westesson et al.36) reported 

that they didn't suggested a causal relationship 

exist between internal derangement and a high 

condylar angle clearly, although a statistically 
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significant association was documented. They 

suggested two possible explanations:

(1) joints with a higher condylar angle may have a 

greater tendency for disk displacement and 

degenerative joint disease, and (2) remodeling 

changes of the bone that occur in association with 

internal derangement and degenerative joint disease 

may result in an increased condyle angel. 

Mechanically, the first theory that joints with a 

high condylar angle have a greater tendency for 

internal derangement to develop makes sense.

  In a joint with a high condylar angle, there seems 

to be a possibility for more stretching in the lateral 

attachment of the disk to the condyle during 

anterior translation of the condyle than there is in 

a joint with a low condylar angle. Then, the 

condyle will move straight forward on opening and 

there will be some stretching in the lateral 

attachment of the condylar angle, the more 

pronounced this stretching will be. The lateral 

attachment does not have the same elasticity as the 

posterior disk attachment, and if it is stretched 

beyond its capacity, it could result in permanent 

elongation that will subsequently lead to 

displacement of the disk and internal derangement. 

The first theory is supported by the results of this 

study The second theory, however, condyle angle 

might be increased in association with degenerative 

joint disease is not supported by this results. 

Although it is not included in the results of this 

study, the statistic result showed that bony 

changes increase, but condylar angle decrease in 

the joint with the disk displacement without 

reduction compared with disk displacement with 

reduction against the previous study.36) Longitudinal 

imaging studies will be necessary to answer the 

questions raised by this investigation.

  The results of the past study support that clinical 

and conventional radiographic information is 

sufficient to predict the stage of osteoarthrosis and 

internal derangement regarding disk displacement 

in many cases. In personal opinion, routine use of 

invasive or expensive procedures like arthrography 

and MRI si not realistic. These techniques should 

be preserved for difficult or confusing diagnostic 

cases and for research purposes.14) In this study, 

however, there are significant correlation in bone 

changes among various factors seen in tomographs 

such as condylar angulation, condylar type, 

condylar position and bone change type. These 

results, therefore, suggested that some tomographs 

should be included to predict the predisposing 

factors relative to anatomy of TMJ.

V. CONCLUSIONS

  In conclusion, these results support the hypothesis 

that the condylar shape, condylar angulation and 

condylar position are related to the development of 

bony change in the joint. Bony changes of condylar 

head are more likely to be found in the joints of male 

patients with posterior positioned and above 250 of 

high condylar angulation and especially in the flat or 

angle type of condyle when the age of patients is 

in the 2nd or 4th decade respectively, and when the 

difference of both condylar angles is in the range of 

9 to 12 degrees.
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국문초록

턱관절장애환자의 일반단층촬  소견에 관한 연구

단국대학교 치과대학 구강내과학교실․의학레이저연구센터

서 성 종․김 기 석

  상촬 술은 개방형 외과적 관절수술이나 관절경 검사법을 할 수 없는 상태에서 관절의 상태에 대한 시각적 

정보를 확보할 수 있는 유일한 방법이다. 이것의 주된 목적은 진단과 치료계획과정을 도와주는 정보를 제공하는 

데 있다. 그중 방사선 촬 술은 턱관절의 구조적 질병을 진단하는데 기본적인 수단으로서 오래동안 사용되어 왔

다. 그러나 어떠한 방사선 소견이 개별 관절질환의 특징적 소견인지는 찾아내기가 어려운 실정이다. 그러나 통상

적 턱관절 방사선 촬 술로서도 구조적 골변화를 찾아낼 수 있으며 특히 시상 단층촬 술은 턱관절에서 가장 유

익한 정보를 보여준다고 한다. 또한 보고에 의하면 턱관절 장애는 다양한 해부학적 요인들과 관련이 있다고 한다. 

따라서 본 연구에서는 통상적인 방사선 단층촬 술을 이용하여 턱관절 장애환자의 턱관절에서 나타나는 골변화

를 찾아내고 이러한 골변화가 하악과두 수평각, 하악과두 형태, 과두위치 등과 같은 여러 요인들과 서로 관련이 

있는 지 찾아보고저 하 다. 단국치대 구강내과 안면동통진료실에 내원한 256명의 환자 중, 턱관절장애를 편측으

로만 호소하는 환자 73명을 대상으로 SCANORA를 이용하여 방사선 단층촬 을 시행하 다. 먼저 악하두정위 

촬 을 통해 정중선에 대한 하악과두의 방향을 찾아내고 단층촬  부위를 계산하 으며, 모든 촬 면은 4 mm 

두께로 하고 턱관절 부위에만 국한되도록 조준하 다. 폐구 시 4개의 시상 촬 과 개구 시 한개의 시상 및 전두촬

상을 구한 후, 하악과두, 과두 형태 및 하악과두위치 등과 같은 요인들에 대한 골변화간의 관련성을 조사하고저 

자료를 측정한 후 Contengency table analyses를 시행하 다. 본 연구의 결과에 따르면 결론적으로 하악과두의 

형태, 하악과두의 수평각 및 하악과두의 위치 등은 턱관절의 골변화와 상호 관련이 있다는 가설을 확인할 수 있었

다. 즉 하악과두상의 골변화는 과두가 후방위치되고 과두각이 25도 이상 크며, 특히 20대에서는 flat type, 40대에

서는 angled type의 과두형태를 가지며 두 과두각의 차이가 9도에서 12도 정도로 큰 차이가 있는 남성환자에서 

증가한다.




