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Discrimination of internal derangement
of temporomandibular joint by lateral
cephalometric analysis
Sug-Joon Ahn,a Seung-Hak Baek,a Tae-Woo Kim,b and Dong-Seok Nahmb

Seoul, Korea

Introduction: The purposes of this study were to analyze the progress of internal derangement (ID) of the
temporomandibular joint (TMJ) and to find critical yardsticks that can be used during lateral cephalometric
analysis to identify subjects with potential ID. Methods: The sample consisted of 134 women whose primary
complaints were malocclusions. They were divided into 5 groups based on the results of magnetic resonance
imaging of bilateral TMJs: bilateral normal disc position, unilateral disc displacement with reduction (DDR)
and contralateral normal disc position, bilateral DDR, unilateral DDR and contralateral disc displacement
without reduction (DDNR), and bilateral DDNR. Thirty-six cephalometric variables from their lateral cepha-
lograms were analyzed with 1-way ANOVA and discriminant analysis to determine the key factors in
identifying subjects with TMJ ID. Results: Backward positioning of the mandible, clockwise rotation of the
mandible, proclination of the mandibular incisors, and increase in overjet intensified gradually with the
progression of TMJ ID, and the subjects with bilateral DDNR showed the greatest changes in dentofacial
morphology. Stepwise variable selection in discriminant analysis identified the following 2 variables:
mandibular incisor to Frankfort horizontal plane angle and overjet. Discriminant analysis resulted in the
correct classification of 79.1% of the subjects and showed that those with smaller mandibular incisor to
Frankfort horizontal plane angles and larger overjets had high possibilities of TMJ ID. Conclusions: This
study suggests that some cephalometric variables can be used as an auxiliary diagnostic tool to help identify

patients with potential TMJ ID. (Am J Orthod Dentofacial Orthop 2006;130:331-9)
Internal derangement (ID), the most common type
of temporomandibular disorder, is characterized by
progressive displacement of the articular disc.1-3

By using magnetic resonance imaging (MRI) to deter-
mine disc position, the prevalences of ID are approxi-
mately 30% in asymptomatic adults and 84% in symp-
tomatic patients.4-7 All forms of ID are more prevalent
in female than male patients.8 ID can alter the func-
tional environment and normal adaptive capacity of the
temporomandibular joint (TMJ); this can be associated
with a change in dentofacial morphology.9,10 However,
the cause-and-effect relationship between TMJ ID and
altered craniofacial morphology is still unknown.
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Currently, various methods and devices are used to
diagnose ID of the TMJ. Among them, MRI is a sensitive
method of identifying TMJ disc displacement and is the
only method that directly depicts the disc in either a
normal or an abnormal position.11,12 In addition, it also
offers several advantages, eg, noninvasiveness, minimal
pain, minimal risk potential, and no ionizing-radiation
exposure.13 However, MRI is too expensive to recom-
mend routinely for identifying TMJ ID, particularly in
orthodontic patients.

Recent studies suggested the possibility of using
lateral cephalometric variables to identify patients with
TMJ ID.14-18 Decreased posterior facial height, de-
creased effective mandibular length, and backward
rotation of the mandible were reported to be distinctive
features of those with TMJ ID. However, most studies
focused on finding an association between TMJ ID and
dentofacial morphology. The relationship between
dentofacial changes and the progress of TMJ ID,
particularly the initial dentofacial change in the early
stages of TMJ ID, is still unclear. In addition, critical
yardsticks that can differentiate subjects with TMJ ID
from those with normal TMJs have not been presented.

If it were possible to identify patients with TMJ ID by
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using routine orthodontic records, such as lateral cepha-
lograms, this would provide clear advantages for diag-
nosis and treatment planning, as well as patient educa-
tion.

This study was undertaken to evaluate the changes
in dentofacial morphology according to the progress of
TMJ ID from its initial stage and to find key factors to
discriminate patients with potential ID from those with
normal TMJs by using lateral cephalometric analysis.

MATERIAL AND METHODS

The sample consisted of women over the age of 17.
Men were not included to avoid skewing the measure-
ments with sex-related size differences. No subject had
undergone previous orthodontic treatment or had pre-
viously been diagnosed with juvenile rheumatoid ar-
thritis. Each subject had a primary complaint of a
malocclusion, and routine lateral cephalograms were
taken. Irrespective of the TMJ status, all subjects
consented to bilateral high-resolution MRIs in the
sagittal (open and closed) and coronal (closed) planes
to evaluate the TMJs. The MRIs were obtained by
using Signa Horison (GE, Waukesha, Wis) operating at
1.5 T and a unilateral 3-in surface receiver coil (GE).
Initially, the axial scout images were obtained at the
level of the TMJs to identify the long axes of the
condyles. Nonorthogonal sagittal sections were ob-
tained perpendicular to the condyles, and nonorthogo-
nal coronal oblique sections were also obtained.
Closed-mouth images were obtained at maximum den-
tal intercuspation; open-mouth images were taken at
maximum unassisted vertical mandibular opening by
using a Burnett bidirectional TMJ device (Medrad,
Pittsburgh, Pa). T1-weighted 600/12 (repetition time
[TR] ms/echo time [TE] ms) and proton-density
4000/14 (TR ms/TE ms) pulse sequences were per-
formed in the sagittal plane by using slices of 3-mm
thickness, a 10-cm field of view, 2 excitations, and an
image matrix of 254 � 192 pixels. T1-weighted 500/12
(TR ms/TE ms) pulse sequence was performed in the
coronal plane under the same conditions.

An orthodontist (T-W.K.) and a radiologist with TMJ
MRI experience interpreted the images. According to
previous criteria, TMJ disc position was divided into 3
categories: normal disc position, disc displacement with
reduction (DDR), and disc displacement without reduc-
tion (DDNR).14 The position and shape of the disc were
evaluated carefully according to classification criteria for
the disc position (Fig 1). Some images lacking the clarity
necessary for diagnosis of TMJ ID were rejected.

A total of 140 subjects were originally selected and
analyzed. The MRIs identified 41 patients with bilater-

ally normal disc positions (group 1). There were 21
patients with unilateral DDR and normal disc position
in the contralateral TMJ (group 2). Twenty-seven
patients had bilateral DDR (group 3), and 15 patients
were identified with unilateral DDR and DDNR in the
contralateral TMJ (group 4). There were 30 patients who
had bilateral DDNR (group 5). Only 6 patients had 1
DDNR and the other joint with a normal disc position;
they were excluded because of the low sample size. The
remaining sample included 134 women (Table I).

One investigator (S-J.A.) traced all cephalograms.
The tracings were digitized by using a digitizer inter-
faced with a desktop computer. Twenty-one landmarks
were digitized on each radiograph, from which 36
variables were calculated. For convenience of analysis,
these variables were subdivided into 6 categories:
cranial base relationships, vertical skeletal relation-
ships, maxillary and mandibular skeletal relationships,
size and form of the mandible, dental relationships, and
soft-tissue relationships. The positions of the landmarks
are shown in Figure 2, and their measurements are
shown in Figures 3, 4, and 5. The differences among
the 5 groups were tested by using 1-way analysis of
variance (ANOVA) (Table II). The Duncan multiple
comparisons were done at a significance level of � �
0.05 (Table III).

To find the critical factors that can discriminate
subjects with TMJ ID from those with normal TMJs, all
subjects were classified again into 2 groups according
to TMJ ID: a normal TMJ group and a TMJ ID group.
The normal TMJ group consisted of the patients with
bilaterally normal TMJs (the 41 subjects in the group 1),
and those with ID in at least 1 TMJ were placed in the
TMJ ID group (the 93 subjects in groups 2, 3, 4, and 5).
Discriminant analysis with stepwise entry of variables
was designed, and the classification power of the
selected discriminant function was examined.

To test the magnitude of the measurement error in
this study, the lateral cephalograms of 15 randomly
selected patients were measured again. By using Dahl-
berg’s formula,19 the errors ranged from 0.22 to 0.85
mm for the linear measurements and from 0.21° to
0.96o for the angular measurements.

RESULTS

Table II shows the differences in the dentofacial
variables among the 5 groups. The results showed that
23 of the 36 cephalometric variables had statistically
significant differences. Generally, the variables related
to the mandible showed statistically significant differ-
ences. The statistical differences were mainly due to the
discrepancy between the subjects in group 5 (bilateral
DDNR) and the other 4 groups (Table III).
In the cranial base relationships, no variables had
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statistically significant differences. Of the variables that
represent maxillomandibular relationships, differences
in SNB angle, N perpendicular to pogonion, facial
convexity, ANB angle, and Wits appraisal showed
statistical significance, whereas N perpendicular to
Point A and SNA angle had no statistical significance
(Table II). The subjects with TMJ ID had small SNB
angles and N perpendicular to pogonion, and large

Fig 1. Normal TMJ disc position to condyle in A
Intermediate zone of disc (arrow) was interpos
condyle in C, closed-mouth and D, open-m
displaced relative to posterior slope of articular
disc was reduced on mouth opening. DDNR
sagittal images. Disc (arrow) was anteriorly
eminence (Em) and head of condyle (Co), but

Table I. Comparison of mean ages and age ranges of s
1 DDR and other joint with normal disc position (grou
DDNR in contralateral TMJ (group 4), and with bilate

Group 1 Group 2 G
n � 41 n � 21 n

Age (y) 22.1 � 3.7 25.5 � 7.6 24
Range (y) 17.4-32.2 17.5-43.7 18
facial convexity, ANB angles, and Wits appraisals; this
means a skeletal Class II pattern with retrognathic
mandible. The changes were more intensive as TMJ ID
progressed to severe. Multiple comparisons showed that
the differences shown were mainly between groups 1 and
2 or 3 or 4, and between groups 2 or 3 and 5 (Table III).
This means that the mandible tends to move distally as
TMJ ID progresses.

Regarding vertical skeletal relationships, differ-

ed-mouth and B, open-mouth sagittal images.
tween condyle (Co) in both positions. DDR to
sagittal images. Disc (arrow) was anteriorly
ence (Em) and head of condyle (Co). However,
dyle in E, closed-mouth and F, open-mouth
ced relative to posterior slope of articular
t reduction of disc on mouth opening.

s with bilaterally normal disc position (group 1), with
ith bilateral DDR (group 3), with unilateral DDR and
NR (group 5)

Group 4 Group 5 Total
n � 15 n � 30 n � 134

9 23.1 � 3.5 24.3 � 5.5 23.6 � 5.2
19.1-30.7 17.0-38.9 17.0-43.7
, clos
ed be
outh
emin

to con
displa
ubject
p 2), w
ral DD

roup 3
� 27

.0 � 4.
ences in FMA, SN to mandibular plane angle,
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maxillomandibular plane angle, occlusal plane to
mandibular plane angle, total posterior facial height,
and facial height ratio (total anterior facial height to

Fig 2. Landmarks used in study: 1, nasion; 2, sella; 3,
orbitale; 4, porion; 5, anterior nasal spine; 6, posterior
nasal spine; 7, articulare; 8, Point A; 9, incisal end of
maxillary incisor; 10, apex of maxillary incisor; 11, incisal
end of mandibular incisor; 12, apex of mandibular incisor;
13, Point B; 14, pogonion; 15, menton; 16, gonion; 17,
articulation of maxillary and mandibular molars; 18, pro-
nasale; 19, upper lip; 20, lower lip; 21, soft-tissue pogo-
nion.

Fig 3. Angular measurements used in study: 1, saddle
angle (Na-S-Ar); 2, articular angle (S-Ar-Go); 3, gonial
angle (Ar-Go-Me); 4, maxillomandibular plane angle; 5,
FH to mandibular plane angle; 6, SN to mandibular
plane angle; 7, SNA angle; 8, SNB angle; 9, ANB angle;
10, ramus inclination (N-S to Ar-Go).
total posterior facial height ratio) were statistically
significant (Table II). However, these variables appar-
ently did not detect the differences among the 5 groups,
and all differences shown were only between group 5

Fig 4. Angular measurements used in study (continued):
11, interincisal angle; 12, mandibular incisor to FH plane
angle; 13, mandibular incisor to mandibular plane angle;
14, maxillary incisor to FH plane; 15, facial convexity; 16,
occlusal plane to mandibular plane angle; 17, FH to palatal
plane angle.

Fig 5. Linear measurements used in study: 1, anterior
cranial base length (S-N); 2, posterior cranial base length
(S-Ar); 3, N perpendicular to Point A; 4, N perpendicular to
pogonion; 5, ramus height (Ar-Go); 6, mandibular body
length (Go-Me); 7, effective mandibular length (Ar-Pog); 8,
L1 to A-Pog; 9, total anterior facial height (N-Me); 10, total
posterior facial height (S-Go); 11, lower anterior facial
height (ANS-Me); 12, upper lip thickness (Ricketts’ E-line);
13, lower lip thickness (Ricketts’ E-line).
and the other 4 groups. This means that a backward
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rotation of the mandible appears when TMJ ID
progresses to bilateral DDNR, the terminal stage of
TMJ ID.

In the size and form of the mandible, differences in
ramus height, ramus inclination, mandibular body length,
effective mandibular length, and articular angle were

Table II. Comparison of cephalometric variables of sub
DDR and other joint with normal disc position (group
DDNR in contralateral TMJ (group 4), and with bilate

Variables
Group 1
(n � 41)

Cranial base relationships
Anterior cranial base length (S-N) (mm) 67.7 � 2.9
Posterior cranial base length (S-Ar) (mm) 34.9 � 3.5
Saddle angle (N-S-Ar) (°) 123.6 � 5.3

Maxillomandibular relationships
SNA angle (o) 81.6 � 3.1
SNB angle (o) 80.3 � 4.8
N perpendicular to Point A (mm) 2.3 � 2.6
N perpendicular to pogonion (mm) 2.2 � 10.5
Facial convexity (N-A-Pog) (o) 2.0 � 9.7
ANB angle (o) 1.2 � 4.3
Wits appraisal (mm) �6.7 � 6.5

Vertical skeletal relationships
FMA (o) 28.9 � 5.9
SN to mandibular plane angle (o) 39.3 � 6.4
FH to palatal plane angle (o) 0.6 � 3.1
Maxillomandibular plane angle

(ANS-PNS/Go-Me) (o) 28.3 � 5.5
Occlusal plane to mandibular plane angle (o) 20.0 � 4.5
Total anterior facial height (N-Me) (mm) 132.7 � 5.5
Total posterior facial height (S-Go) (mm) 83.3 � 6.1
Lower anterior facial height (ANS-Me) (mm) 76.1 � 5.1
Total anterior facial height/total posterior facial

height (%) 62.9 � 5.1
Lower anterior facial height/total anterior facial

height (%) 55.1 � 2.4
Size and form of mandible

Ramus height (Ar-Go) (mm) 51.3 � 4.8
Ramus inclination (SN to Ar-Go) 94.9 � 6.9
Mandibular body length (Go-Me) (mm) 77.5 � 4.9
Effective mandibular length (Ar-Pog) (mm) 115.4 � 8.1
Anterior cranial base/mandibular body length (%) 115.4 � 8.6
Gonial angle (Ar-Go-Me) (o) 124.4 � 6.8
Articular angle (S-Ar-Go) (o) 151.3 � 8.8

Dental relationships
Maxillary incisor to FH plane (o) 120.8 � 7.2
Mandibular incisor to FH plane (o) 62.1 � 12.4
Interincisal angle (o) 121.4 � 11.4
Mandibular incisor to mandibular plane angle (o) 90.0 � 11.3
Mandibular incisor to A-Pog (mm) 7.1 � 4.7
Overbite (mm) �1.0 � 2.7
Overjet (mm) 1.2 � 3.2

Soft-tissue relationships
Ricketts’ E-line to upper lip (mm) �1.4 � 3.3
Ricketts’ E-line to lower lip (mm) 1.7 � 2.7

NS, Not significant; *P � .05; †P � .01; ‡P � .001.
statistically significant (Table II), whereas anterior cranial
base to mandibular body length ratio and gonial angle
were not statistically significant. Ramus inclination dis-
criminated the differences among the 5 groups relatively
well compared with the other variables (Table III). As
TMJ ID progresses, ramus height, mandibular body
length, and effective mandibular length tended to decrease

with bilaterally normal disc position (group 1), with 1
ith bilateral DDR (group 3), with unilateral DDR and
NR (group 5)

oup 2
� 21)

Group 3
(n � 27)

Group 4
(n � 15)

Group 5
(n � 30) Significance

� 2.5 67.7 � 3.0 66.9 � 2.4 66.6 � 2.7 NS
� 3.1 36.1 � 2.4 36.7 � 2.7 33.6 � 4.7 NS
� 3.9 124.7 � 5.6 124.2 � 5.3 122.2 � 4.9 NS

� 3.7 81.3 � 2.9 81.2 � 2.8 81.9 � 3.7 NS
� 3.3 76.8 � 3.3 76.5 � 3.0 74.2 � 4.3 ‡

� 3.5 1.9 � 2.5 0.6 � 2.9 1.5 � 3.4 NS
� 7.0 �5.3 � 7.2 �8.3 � 5.8 �14.1 � 8.1 ‡

� 6.7 8.6 � 4.8 9.0 � 4.9 15.8 � 6.3 ‡

� 3.4 4.5 � 2.1 4.7 � 2.3 7.6 � 2.4 ‡

� 5.9 �1.0 � 3.3 �1.6 � 3.6 1.7 � 3.1 ‡

� 5.9 30.2 � 6.6 31.7 � 4.9 37.2 � 7.9 ‡

� 6.9 40.6 � 6.0 41.0 � 5.0 46.6 � 8.8 ‡

� 2.7 �0.2 � 3.1 0.6 � 2.5 0.1 � 3.8 NS

� 6.1 30.4 � 7.5 31.0 � 6.1 37.1 � 7.8 ‡

� 5.2 20.0 � 5.4 19.3 � 3.5 23.0 � 4.8 *
� 6.1 133.2 � 6.1 131.6 � 5.4 132.6 � 6.3 NS
� 5.6 83.4 � 6.5 81.7 � 3.5 77.6 � 7.6 †

� 4.6 76.7 � 5.4 76.4 � 5.6 78.9 � 5.4 NS

� 4.8 63.0 � 4.3 62.4 � 3.3 59.2 � 5.7 †

� 2.1 54.4 � 2.9 54.0 � 2.4 54.1 � 2.9 NS

� 4.1 49.5 � 5.9 46.7 � 4.1 45.1 � 4.5 ‡

� 4.8 99.8 � 6.7 101.0 � 4.8 104.5 � 5.8 ‡

� 4.4 75.8 � 4.6 75.5 � 3.7 73.3 � 5.2 †

� 5.8 111.0 � 6.8 107.4 � 4.1 104.3 � 5.6 ‡

� 6.0 112.2 � 6.8 112.9 � 8.1 110.2 � 7.2 NS
� 6.3 120.8 � 8.2 120.0 � 6.2 122.1 � 7.9 NS
� 5.8 155.1 � 7.9 156.8 � 6.4 162.3 � 7.7 ‡

� 10.1 119.9 � 7.5 118.0 � 6.9 115.8 � 8.4 NS
� 7.8 54.2 � 7.0 51.0 � 5.8 46.7 � 5.3 ‡

� 14.8 114.3 � 11.7 113.0 � 8.1 110.9 � 9.7 †

� 8.3 95.6 � 7.2 97.4 � 5.4 96.2 � 6.4 †

� 5.1 3.1 � 3.6 2.2 � 3.5 0.1 � 4.2 ‡

� 3.0 �0.3 � 3.1 �0.5 � 3.0 �0.7 � 2.8 NS
� 3.8 4.9 � 2.0 5.0 � 3.1 6.8 � 2.1 ‡

� 2.5 1.4 � 1.9 1.5 � 2.0 3.8 � 3.1 ‡

� 3.1 2.7 � 2.3 3.6 � 2.8 5.5 � 3.4 ‡
jects
2), w

ral DD

Gr
(n

67.9
34.7

125.5

81.0
77.4

2.5
�1.9

6.7
3.7

�3.1

28.6
39.9

�0.5

29.1
18.7

130.9
82.3
75.5

63.1

54.6

50.2
97.1
74.5

111.1
109.6
122.8
151.6

116.3
56.8

120.6
94.6
4.5
0.1
3.2

�0.2
1.8
gradually, but ramus inclination and articular angle tended
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to increase gradually. However, the statistical differences
became apparent when TMJ ID progressed to bilateral
DDR (group 3), except for effective mandibular
length.

In the dental variables, differences in mandibular
incisor to Frankfort horizontal (FH) plane, interincisal
angle, mandibular incisor to mandibular plane angle,
mandibular incisor to A-Pog, and overjet were statisti-
cally significant. The results showed that the mandib-
ular incisors proclined and overjet increased as TMJ ID
progressed. The variables associated with the position
of the mandibular incisors well discriminated the dif-
ference in dentofacial morphology at an early stage of
TMJ ID—ie, the difference between unilateral DDR and
contralateral normal TMJ and bilateral normal TMJs.
Among these variables, overjet discriminated the differ-
ences in the 5 groups comparatively well (Table III).

Differences in protrusion of the upper and lower
lips were statistically significant among the 5 groups in
the soft-tissue relationships. The protrusion of the upper
and lower lips tended to be more prominent as TMJ ID
progressed to a more severe condition. However, the
statistically significant differences appeared least when
TMJ ID progressed to bilateral DDR (group 3).

Discriminant analysis with stepwise entry of the
variables selected 2 variables: mandibular incisor to FH
plane angle and overjet. Unstandardized discriminant
function coefficients led to the following equation,
which gives the individual scores for assigning a new
patient to either the normal TMJ group or the TMJ ID
group (Table IV):

Individual score � �0.06

� �mandibular incisor to FH plane angle� � 0.216

� �overjet� � 2.8731

The critical score between the normal TMJ group
and TMJ ID group was 0. This means that a woman
with a score lower than 0 has a normal TMJ. However,
a woman with a score higher than 0 is expected to have
TMJ ID on at least 1 side. The percentage of correctly
classified subjects was 79.1% (Table IV). Fourteen
patients in the normal TMJ group (34.1%) and 14 in the
TMJ ID group (15.1%) were misclassified.

DISCUSSION

TMJ ID is the most common TMJ arthropathy and
is characterized by several stages of dysfunction that
involve the condyle-disc relationship.20,21 Generally,
the 2 types of derangements of the condyle-disc com-
plex are well known: DDR and DDNR. These condi-

tions can progress to DDNR by way of DDR.20
This study showed that progress of TMJ ID is
strongly associated with changes in dentofacial morphol-
ogy, particularly mandibular morphology (Table II). D e -
crease in the height of the ramus, decrease in the
effective size of the mandible, and backward rotation of
the ramus were associated with progress of TMJ ID.
These changes in mandibular morphology might influ-
ence changes in maxillomandibular relationships, man-
ifesting in decreases in SNB and N perpendicular to
pogonion, and increases in ANB angle, facial convex-
ity, and Wits appraisal as TMJ ID progresses. The
changes in the dental and soft-tissue relationships also
can be explained by changes in the mandibular mor-
phology. Increases in the proclination of the mandibu-
lar incisors, overjet, and protrusion of the upper and
lower lips as TMJ ID progresses can be explained by
backward rotation of the mandible and compensatory
forward movement of the mandibular incisors related to
decreased size of the ramus and the mandible.

Vertical skeletal relationships also changed with the
progress of TMJ ID. FMA, SN to mandibular plane,
maxillomandibular plane angle, and total anterior facial
height to total posterior height ratio increased signifi-
cantly in the subjects with bilateral DDNR (group 5)
compared with those in the other 4 groups, but there
was no statistical significance among the other 4 groups
(Table II). The changes in the vertical skeletal relation-
ships were due to decreases in posterior facial height,
because differences in the measurements of anterior
vertical dimensions of the face did not show any
significant differences (Tables II and III). However, the
vertical skeletal relationships changed significantly
when TMJ ID progressed to bilateral DDNR, the
terminal stage of TMJ ID. This indicates that the
vertical change occurs after the horizontal change in
dentofacial morphology according to the progress of
TMJ ID.

This study showed that the amount of change in
dentofacial morphology gradually increased, as TMJ
ID progressed to severe. Although the difference was
slight, SNB angle, N perpendicular to pogonion, facial
convexity, ANB angle, Wits appraisal, effective man-
dibular length, mandibular incisor to FH plane angle,
mandibular incisor to mandibular plane angle, and
overjet showed statistically significant differences be-
tween the subjects with bilateral normal TMJs (group 1)
and those with unilateral normal TMJ and contralateral
DDR (group 2) (Table III). This indicates that dento-
facial morphology starts to change during the initial
stage of TMJ ID. However, more evident changes in
dentofacial morphology were found when TMJ ID
progressed to bilateral DDR (group 3). Most variables

with statistical significance showed even more dif-
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ferences in the subjects with bilateral DDR compared
with those with bilaterally normal TMJs (Table III).
The backward rotation of the ramus, decreased ef-
fective length of the mandible, and the proclination of
the mandibular incisors were more evident at this stage.

All changes became more intensive as TMJ ID
progressed. The greatest changes were apparent in the
subjects with bilateral DDNR (group 5), and the statis-
tical differences were mainly due to the discrepancy
between those with bilateral DDNR and those in the
other 4 groups (Table III). Our results are consistent
with previous studies that showed a relationship be-
tween dentofacial morphology and progress of TMJ ID,
although their samples did not include subjects with
unilateral TMJ ID.14-18 These results strongly suggest
that disc displacement is a potential risk factor that can
influence dentofacial morphology.

In this study, discriminant analysis was used to
categorize the subjects into the normal TMJ and the
TMJ ID groups. Stepwise variable selection selected 2
variables: mandibular incisor to FH plane angle and
overjet. The discriminant analysis showed that the
subjects with TMJ ID had smaller mandibular incisor to
FH plane angles and larger overjets than those with
bilaterally normal TMJs. These 2 variables were effi-
cient in identifying subjects with potential ID according

Table III. Duncan multiple range test for group compar

Variable

SNB angle
N perpendicular to pogonion
Facial convexity (N-A-Pog)
ANB angle
Wits appraisal
FMA
SN to mandibular plane angle
Maxillomandibular plane angle (ANS-PNS/Go-Me)
Occlusal plane to mandibular plane angle
Total posterior facial height (S-Go)
Total anterior facial height/total posterior facial height
Ramus height (Ar-Go)
Ramus inclination (SN to Ar-Go)
Mandibular body length (Go-Me)
Effective mandibular length (Ar-Pog)
Articular angle (S-Ar-Go)
Mandibular incisor to FH plane
Interincisal angle
Mandibular incisor to mandibular plane angle
Mandibular incisor to A-Pog
Overjet (mm)
Ricketts’ E-line to upper lip (mm)
Ricketts’ E-line to lower lip (mm)

*Group 1, Bilateral normal disc position; group 2, 1 DDR and other
DDR and DDNR in contralateral side; group 5, bilateral DDNR.
to the progress of TMJ ID (Table III).
The first variable extracted from the discriminant
analysis was mandibular incisor to FH plane angle. The
subjects with TMJ ID had smaller mandibular incisor to
FH plane angle then those with bilaterally normal TMJs
(Table II). This might be due to the relative proclination
of the mandibular incisors associated with backward
rotation of the ramus and the mandible as TMJ ID
progresses. This is also partly explained by the com-
pensatory proclination of the mandibular incisors re-
lated to backward position of the ramus and the
mandible. As a second variable, overjet was selected.
The subjects with TMJ ID had large overjets compared
with those with normal TMJs. Similar to mandibular

ogeneous subsets with statistically significant difference (P � .05)*

(1 �2, 3, 4 �5)
(1 �2, 3 �5), (1 �4)
(1 �2, 3, 4 �5)
(1 �2, 3, 4 �5)
(1 �2, 3, 4, 5), (2, 4 �5)
(1, 2, 3, 4 �5)
(1, 2, 3, 4 �5)
(1, 2, 3, 4 �5)
(1, 2, 3, 4 �5)
(1, 2, 3, 4 �5)
(1, 2, 3, 4 �5)
(1, 2, 3 �4,5)
(1 �3, 4, 5), (2 �4, 5), (3 �5)
(1 �5)
(1 �2, 3 �5), (1 �4)
(1, 2 �4, 5), (3 �5)
(1 �2, 3, 4, 5), (2 �4, 5), (3 �5)
(1 �3, 4, 5), (2 �4,5)
(1 �2, 3, 4, 5)
(1 �2, 3, 4, 5), (2, 3 �5)
(1 �2 �3, 4, 5), (3 �5)
(1, 2 �3, 4 �5)
(1, 2 �4, 5) (3 �5)

ith normal disc position; group 3, bilateral DDR; group 4, unilateral

Table IV. Classification results of discriminant function

Actual group Subjects (n)

Predicted membership

1 2

Normal TMJ* 41 27 14
65.9% 34.1%

TMJ ID† 93 14 79
15.1% 84.9%

Percentage of original grouped cases correctly classified: 79.1%.

*Normal TMJ, subjects with bilaterally normal TMJs.
†TMJ ID, subjects with TMJ ID on at least 1 side.
ison

Hom

joint w
incisor to FH plane angle, this might be because the
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subjects with TMJ ID had retrognathic mandibles
associated with decreased size and backward rotation of
the ramus and the mandible.

As a result, the smaller mandibular incisor to FH
plane angle and larger overjet seem to be strongly
associated with a skeletal Class II pattern with vertical
dysplasia. The subjects with TMJ ID might not main-
tain normal overjet ranges despite compensatory pro-
clination of the mandibular incisors because of dra-
matic changes in the ramus and the mandible. This is
consistent with previous studies that showed that TMJ
disc displacement was associated with severe Class II
vertical dysplasia.14-16

The classification power of this model was 79.1%
for each subject. Discriminant analysis had the highest
accuracy in predicting TMJ ID (93.3%), although the
analysis showed relatively low accuracy in predicting
normal TMJs (65.9%).

Discriminant analysis was attempted again to dis-
criminate the differences among the original 5 groups,
which represent progressive stages of TMJ ID. How-
ever, this resulted in relatively few correct classifica-
tions. Only 49.4% of the original group was correctly
classified (data not shown). The reason for the low
accuracy in predicting TMJ ID might be due to the wide
range of individual variations and the complex inter-
play of dental and skeletal compensations associated
with TMJ ID. This also can be explained by the
limitations of lateral cephalometric analysis. Because
TMJ ID can change condylar morphology on the
affected side, subjects with TMJ ID with greater
severity on the unilateral side might have facial
asymmetry. Lateral cephalograms cannot accurately
account for asymmetries, because the right and left
landmarks were averaged. This can make it difficult
to discriminate the subjects in group 2 (unilateral
normal TMJ and contralateral DDR) or group 4
(unilateral DDR and contralateral DDNR) and the
other groups. Nevertheless, the accuracy of TMJ ID
stage diagnosis using lateral cephalometric analysis
is comparable with that of clinical examination,
which is reported to be too variable to acquire
meaningful conclusions.22,23

It is important to identify patients with potential ID
before orthodontic treatment, because they can develop
TMJ symptoms during orthodontic treatment or after
surgery for skeletal deformities irrespective of their
treatment.24-26 MRI is the best method to identify
patients with TMJ ID, but it is too expensive to check
patients routinely. This study showed that the initial
change associated with TMJ ID can be detected in
lateral cephalograms by careful examination. However,

these initial facial changes might be overlooked by a
clinician unfamiliar with dentofacial changes associ-
ated with disc displacement, because the amount of
initial change is not enough to be detected.

Recently, some posteroanterior cephalometric and
panoramic variables, eg, mandibular and ramus vertical
asymmetry, decreased condylar height, and distally
inclined condylar head, were also reported to be asso-
ciated with TMJ ID.27-29 Therefore, it is possible to
diagnose TMJ ID in orthodontic patients, based on
information from the patient’s history and physical
examination and evidence from routine orthodontic
records, such as lateral and posteroanterior cephalo-
grams and panoramic radiographs.

CONCLUSIONS

In this study, we investigated the relationship be-
tween dentofacial change and progress of TMJ ID to
find key factors that can identify subjects with TMJ ID.
A total of 134 women were classified by using TMJ
MRI, and their lateral cephalometric variables were
analyzed by using 1-way ANOVA and discriminant
analysis. The results showed that posteriorly rotated
mandibular ramus, steep mandibular plane, small man-
dible, protrusion of the mandibular incisors, large
overjet, and protrusion of the upper and lower lips were
associated with the progress of TMJ ID. Dentofacial
changes became more severe as ID progressed gradu-
ally to bilateral DDNR, the terminal stage of TMJ ID.
Mandibular incisor to FH plane angle and overjet were
selected in the discriminant analysis, and the discrimi-
nant function had 79.1% of classification power. This
study suggests that a quantitative evaluation of the lateral
cephalograms can provide valuable information on the
initial dentofacial changes associated with TMJ ID.
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