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Relationship between internal derangement of
the temporomandibular joint and dentofacial
morphology in women with anterior open bite
Eun-Sun Byun,a Sug-Joon Ahn,b and Tae-Woo Kimc
Seoul, Korea
Introduction: Anterior open bite is known to be associated with internal derangement of the temporomandibular joint (TMJ). This study examined the relationships between internal derangement and dentofacial
morphology in women with anterior open bite. Methods: Fifty-one women with anterior open bite were
enrolled in this study. The sample was divided into 3 groups based on magnetic resonance imaging of
bilateral TMJs: normal disk position, disk displacement with reduction, and disk displacement without
reduction. One-way analysis of variance was used to compare the 3 groups with respect to the
cephalometric variables, and Duncan’s multiple comparisons were performed at the 95% confidence level to
identify the differences among the 3 groups. Results: Internal derangement of the TMJ was much more
prevalent in subjects with a more posteriorly rotated mandibular ramus, a smaller mandible, and a greater
tendency for a skeletal Class II pattern, although all subjects had an anterior open bite. These patterns were
more severe as the internal derangement progressed to disk displacement without reduction. Conclusions:
Some cephalometric characteristics, such as a decrease in posterior facial height, decrease in ramus height,
and backward rotation and retruded position of the mandible, are associated with TMJ internal derangement
in women with anterior open bite. (Am J Orthod Dentofacial Orthop 2005;128:87-95)

I

nternal derangement (ID) of the temporomandibular joint (TMJ) is defined as an abnormal relationship of the articular disk to the condyle, fossa, and
articular eminence, and is synonymous with disk displacement.1 However, perforations between the joint
compartments or fibrous adhesions between the articulating surfaces are other examples of TMJ ID. ID is a
common form of temporomandibular disorder (TMD).
Almost 80% of adult symptomatic patients and 94% of
pediatric symptomatic patients with TMD have some
form of ID.2-5
Various imaging techniques can be used to evaluate
the temporomandibular joint, such as transcranial radiography, tomography, arthrography, computed tomography, and magnetic resonance imaging (MRI). In
particular, MRI shows a high diagnostic accuracy in
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determining the articular disk position related to the
condyle and articular eminence.6-8 It has been reported
that disk displacement can be observed in 5% to 11.8%
of patients when MRI was used in asymptomatic,
juvenile orthodontic patients.9,10 In addition, MRI has
shown disk displacement in 33% of asymptomatic
volunteers and 84% of symptomatic patients.3,4 All
forms of disk displacement are more prevalent in
female than in male patients.11
Recently, there has been increasing concern about
the influence of the TMJ on facial morphology. ID is
believed to be a factor that can influence facial morphology. Several studies have assessed the associations
between the radiographic depiction of osseous TMJ
components and facial morphology in adolescents,12,13
associations between clinical signs and symptoms of
TMD and malocclusion,14-18 morphological features of
the condyles as related to malocclusion,19 and associations between facial skeletal patterns and MRIs of
TMJs.19-22
TMJ ID can alter condyle and mandibular morphology, which results in facial changes,22-25 but a proper
assessment of its association with altered craniofacial
morphology—particularly, women with anterior open
bite— has not been performed. Moreover, anterior open
bite is reported to be associated with TMJ ID.15,26 The
aim of this study was to determine the relationship
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Fig 1. Sagittal images showing normal TMJ disk position to condyle. A, Closed mouth; B, open
mouth. Intermediate zone of disk (arrow) was interposed between condyle (C) in both closed- and
open-mouth positions.

between TMJ ID and dentofacial morphology in
women with anterior open bite.
MATERIAL AND METHODS

The sample consisted of women over the age of 18.
None of them had previously been diagnosed with
juvenile rheumatoid arthritis. Men were not included to
avoid skewing the cephalometric measurements with
sex-related differences. A total of 124 women consented to the TMJ MRI, and 73 of the subjects with
anterior open bite participated in this study. They
included some women with clinically detectable TMJ
signs and symptoms (capsular pain, joint sounds, masticatory muscle tenderness, limited mandibular range of
motion, and deviation on opening), and some without
symptoms.
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, axial scout images
were obtained at the level of the TMJs to identify the
long axes of the condyles. Nonorthogonal sections,
both sagittal (perpendicular to the condyles), and coronal oblique, were obtained. Closed-mouth images were
obtained at maximum dental intercuspation, and openmouth images were taken at a maximum unassisted
vertical mandibular opening by using a Burnett bidirectional TMJ device (Medrad, Pittsburgh, Pa). T1weighted 600/12 (repetition time [TR] ms/echo time
[TE] ms) and proton-density 4000/14 (TR ms/TE ms)
pulse sequences were performed in the sagittal plane by
using a 3-mm slice thickness, a 10-cm field of view, a
number of excitations of 2, 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.

The images were interpreted by a radiologist experienced in interpreting TMJ MRIs and an orthodontist.
The TMJ disk position was divided into 3 categories
according to the following criteria:
1. Normal disk position (Fig 1). In the closed-mouth
position, the intermediate zone of the disk was
interposed between the condyle and the posterior
slope of the articular eminence, with the anterior
and posterior bands equally spaced on either side of
the condylar load point.
2. Disk displacement with reduction (DDR) (Fig 2).
The disk was anteriorly displaced relative to the
posterior slope of the articular eminence and the
head of the condyle. However, the disk reduced on
mouth- opening.
3. Disk displacement without reduction (DDNR) (Fig
3). The disk was anteriorly displaced relative to the
posterior slope of the articular eminence and the
head of the condyle, but without reduction of the
disk on mouth opening.
The position and shape of the disk were evaluated
carefully according to the classification criteria for disk
position. Some ambiguous cases were excluded in this
study.
Among 73 patients with anterior open bite, MRI
identified 13 patients with unilateral DDR and normal
disk position in the contralateral TMJ. There were 3
patients with 1 DDNR and the other joint with normal
disk position. Ten patients had bilateral DDR and 13
had bilateral DDNR. Six patients were identified with
unilateral DDR and DDNR in the contralateral TMJ.
Twenty-eight patients had normal disk positions bilaterally. Only subjects with bilateral normal disk status or
those with bilateral DDR or bilateral DDNR were
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Fig 2. Sagittal images showing disk displacement with reduction to condyle. A, Closed mouth; B,
open mouth. Disk (arrow) was displaced anteriorly to posterior slope of articular eminence (E) and
head of condyle (C). However, disk was reduced on mouth opening.

Fig 3. Sagittal images showing disk displacement without reduction to condyle. A, Closed mouth;
B, open mouth. Disk (arrow) was anteriorly displaced relative to posterior slope of articular eminence
(E) and head of condyle (C), but without reduction of disk on mouth opening.
Table I.

Comparison of means and ranges of overbite and age of subjects with normal disk position (group 1), those
with disk displacement with reduction (group 2), and those with disk displacement without reduction (group 3)

Age (yrs)
(range)
Overbite (mm)
(range)

Group 1
n ⫽ 28

Group 2
n ⫽ 10

Group 3
n ⫽ 13

Total
n ⫽ 51

23.0 ⫾ 4.6
(18.2-32.2)
⫺2.5 ⫾ 1.9
(⫺6.5-⫺0.1)

23.0 ⫾ 3.4
(19.2-30.2)
⫺3.3 ⫾ 1.7
(⫺5.9-⫺0.2)

24.4 ⫾ 6.1
(18.5-38.9)
⫺3.1 ⫾ 1.3
(⫺4.7-⫺0.2)

23.4 ⫾ 4.8
(18.2-38.9)
6.7 ⫾ 2.0
(⫺6.5-⫺0.1)

included in this study to more accurately evaluate the
relationships between progression of ID and facial
morphology. The final sample thus consisted of 51
women with anterior open bite between the ages of 18.2
and 38.9 years (Table I).
Lateral cephalometric radiographs were traced on
acetate tracing film. The tracings were digitized using a

digitizer interfaced with a desktop computer. Twentyone landmarks were digitized on each radiograph, from
which 36 cephalometric variables were calculated (Table II). The cephalometric landmarks are illustrated in
Figure 4, and the measurements are illustrated in
Figures 5, 6, and 7. One-way analysis of variance
(ANOVA) was used to compare the 3 groups with
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Table II. Comparison of cephalometric variables of subjects with normal disk position (group 1), those with disk
displacement with reduction (group 2), and those with disk displacement without reduction (group 3)
Variables
Cranial base relationships
Anterior cranial base length [S-N] (mm)
Posterior cranial base length [S-Ar] (mm)
Saddle angle [N-S-Ar] (°)
Maxillomandibular relationships
SNA angle (°)
SNB angle (°)
A to N perpendicular (mm)
Pog to N perpendicular (mm)
Facial convexity [N-A-Pog] (°)
ANB angle (°)
Wits appraisal (mm)
Vertical skeletal relationships
FMA (°)
SN to mandibular plane angle (°)
FH to palatal plane angle (°)
Maxillomandibular plane angle [ANS-PNS/Go-Me] (°)
Occlusal plane to mandibular plane angle (°)
Total anterior facial height [N-Me] (mm)
Total posterior facial height {S-Go} (mm)
Lower anterior facial height [ANS-Me] (mm)
Total anterior facial height/total posterior facial height (%)
Lower anterior facial height/total anterior facial height (%)
Size and form of mandible
Ramus height [Ar-Go] (mm)
Ramus inclination [SN to Ar-Go]
Mandibular body length [Go-Me] (mm)
Effective mandibular length [Ar-Pog] (mm)
Anterior cranial base/Mandibular body length (%)
Gonial angle [Ar-Go-Me] (°)
Articular angle [S-Ar-Go] (°)
Dental relationships
Maxillary incisor to FH plane (°)
Mandibular incisor to FH plane (°)
Interincisal angle (°)
Mandibular incisor to mandibular plane angle (°)
Mandibular incisor to A-Pog (mm)
Overbite (mm)
Overjet (mm)
Soft tissue relationships
Ricketts E-line to upper lip (mm)
Ricketts E-line to lower lip (mm)

Group 1
(n ⫽ 28)

Group 2
(n ⫽ 10)

Group 3
(n ⫽ 13)

Significance

68.6 ⫾ 3.8
36.1 ⫾ 4.0
125.1 ⫾ 4.5

68.1 ⫾ 3.9
36.7 ⫾ 2.5
124.5 ⫾ 4.3

66.1 ⫾ 2.9
31.9 ⫾ 4.4
122.7 ⫾ 6.7

NS
**
NS

81.6 ⫾ 3.2
80.1 ⫾ 4.3
1.8 ⫾ 2.8
0.7 ⫾ 8.5
2.40 ⫾ 7.9
1.5 ⫾ 3.7
⫺7.0 ⫾ 5.7

81.0 ⫾ 2.4
81.1 ⫾ 4.3
76.4 ⫾ 3.0
73.9 ⫾ 4.3
1.6 ⫾ 2.6
2.4 ⫾ 3.0
⫺6.6 ⫾ 7.4 ⫺11.0 ⫾ 6.7
9.1 ⫾ 6.0
14.4 ⫾ 7.1
4.6 ⫾ 2.6
7.3 ⫾ 2.9
⫺0.4 ⫾ 4.4
0.3 ⫾ 3.3

NS
***
NS
**
***
***
***

29.8 ⫾ 4.8
39.7 ⫾ 5.9
1.1 ⫾ 3.3
28.7 ⫾ 5.0
19.7 ⫾ 3.9
135.3 ⫾ 4.6
84.7 ⫾ 6.3
77.5 ⫾ 4.4
62.6 ⫾ 4.7
55.1 ⫾ 1.8

32.3 ⫾ 5.2
42.6 ⫾ 4.9
⫺1.1 ⫾ 2.8
33.3 ⫾ 6.8
22.6 ⫾ 4.3
134.8 ⫾ 7.3
82.7 ⫾ 6.6
78.9 ⫾ 5.8
61.4 ⫾ 3.8
54.7 ⫾ 2.5

36.6 ⫾ 8.5
47.7 ⫾ 9.6
⫺1.99 ⫾ 3.7
38.6 ⫾ 9.0
22.9 ⫾ 5.5
131.7 ⫾ 4.3
76.4 ⫾ 6.3
78.3 ⫾ 5.4
58.1 ⫾ 6.0
53.8 ⫾ 2.2

**
**
NS
***
NS
NS
**
NS
*
NS

51.7 ⫾ 4.9
95.1 ⫾ 6.1
78.9 ⫾ 4.0
116.8 ⫾ 6.4
115.3 ⫾ 7.7
124.7 ⫾ 6.1
150.1 ⫾ 7.3

48.1 ⫾ 5.5
99.5 ⫾ 7.7
75.3 ⫾ 4.8
110.0 ⫾ 8.4
110.9 ⫾ 6.8
123.2 ⫾ 7.8
155.0 ⫾ 8.4

45.8 ⫾ 3.7
103.0 ⫾ 6.0
71.8 ⫾ 4.8
104.7 ⫾ 4.9
108.8 ⫾ 6.7
124.7 ⫾ 8.9
160.2 ⫾ 8.8

**
***
***
***
*
NS
**

120.4 ⫾ 6.2
60.7 ⫾ 11.2
120.2 ⫾ 11.7
89.5 ⫾ 10.7
6.3 ⫾ 4.4
⫺2.5 ⫾ 2.0
1.3 ⫾ 3.0

123.2 ⫾ 6.4
49.7 ⫾ 4.8
106.5 ⫾ 6.8
98.0 ⫾ 4.5
3.8 ⫾ 3.9
⫺3.3 ⫾ 1.7
4.8 ⫾ 2.6

118.1 ⫾ 9.1
48.0 ⫾ 5.4
109.9 ⫾ 11.7
95.3 ⫾ 6.5
1.0 ⫾ 3.6
⫺3.1 ⫾ 1.3
6.5 ⫾ 2.5

NS
***
**
*
**
NS
***

3.3 ⫾ 4.0
4.7 ⫾ 4.5

***
**

⫺1.6 ⫾ 3.2
1.2 ⫾ 2.7

2.0 ⫾ 1.5
3.4 ⫾ 1.8

Multiple
comparisons†

1⫽2⬎3

1⬎2⫽3
1
1
1
1

⬎
⬍
⬍
⬍

2
2
2
2

⫽
⫽
⬍
⫽

3
3
3
3

1⬍3
1⬍3
1⫽2⬍3
1⬎3
1⬎3

1
1
1
1
1

⬎
⬍
⬎
⬎
⬎

3
3
3
2⬎3
2⫽3

1⬍3

1
1
1
1

⬎
⬎
⬍
⬎

2⫽3
2⫽3
2⫽3
3

1⬍2⫽3
1⬍2⫽3
1⬍3

NS, Not significant.
*P ⬍ .05; **P ⬍ .01; ***P ⬍ .001. †Duncan’s multiple comparisons were performed at level of ␣ ⫽ 0.05.

respect to all cephalometric measurements. A difference with a P value less than .05 was considered
significant. Duncan’s multiple comparisons were performed to identify differences between the groups.
Duplicate determinations were performed on 15
cephalometric radiographs, from which the measurement error was calculated by intraclass correlation
coefficient. The reliability of tracing, landmark identification, and analytical measurements had intraclass
correlation coefficients greater than 0.91.

A skeletal profile diagram was constructed by using
12 selected cephalometric landmarks measured in terms
of the x-y coordinates (Fig 8). The x-axis was constructed
parallel to the Frankfort horizontal through sella turcica
(S), and the y-axis was perpendicular to the x-axis through
S. The anteroposterior and vertical displacements of these
cephalometric landmarks were measured on the original
x-y coordinate system, and the average skeletal profile of
each group was constructed. The overall tracings were
then superimposed on the x-axis at S.
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Fig 4. Landmarks used in study: 1, nasion; 2, sella; 3,
orbitale; 4, porion; 5, anterior nasal spine; 6, posterior
nasal spine; 7, articulare; 8, A-point; 9, incisal end of
maxillary incisor; 10, apex of maxillary incisor; 11,
incisal end of mandibular incisor; 12, apex of mandibular incisor; 13, B-point; 14, pogonion; 15, menton; 16,
gonion; 17, articulation of maxillary and mandibular
molars; 18, pronasale; 19, upper lip; 20, lower lip; 21,
soft tissue pogonion.

RESULTS

Table II lists the differences in cephalometric measurements among the subjects with normal disk position, DDR, and DDNR. ANOVA demonstrated many
statistically significant differences among the 3 groups.
This indicates that there is a relationship between the
change in facial morphology and TMJ ID in women
with anterior open bite. In particular, dentofacial morphology of subjects with normal disk position differed
significantly from those with DDNR.
In this study, a reduction in posterior cranial base
length (S-Ar) was associated with TMJ ID; the anterior
cranial base length among the 3 groups was similar.
This is supported by a previous study showing the
length of S-Ar to have a negative association with
increased measures of ID.25
Regarding the relationship between the maxilla and
the mandible, subjects with TMJ ID had a significantly
lower SNB angle than those with normal disk position.
Subjects with DDNR also had greater ANB angle,
facial convexity, and Wits appraisal than those with
normal disk position and DDR. In particular, ANB
angle could discriminate between the 3 groups. These
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Fig 5. 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,
Frankfort horizontal (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).

results indicate that subjects with TMJ ID had a skeletal
Class II pattern with a retrognathic mandible.
In contrast to maxillomandibular relationships, vertical relationships can discriminate mainly between
subjects with DDNR and normal disk position. FMA,
SN to mandibular plane angle, and maxillomandibular
plane angle were significantly larger in the subjects
with DDNR than those with normal disk position. This
indicates that subjects with DDNR had steeper mandibular planes. This was caused by the smaller total
posterior facial height, because total anterior facial
height and lower anterior facial height in the 3 groups
were similar.
Among the variables that represent mandibular size
and form, all variables except gonial angle showed a
statistical significance. Subjects with DDNR showed a
smaller ramus height, a larger articular angle, and a
smaller mandibular body length than those with normal
disk position. Subjects with DDR also showed a similar
tendency, but there was no statistical significance. This
indicates that the subjects with TMJ ID had a small and
posteriorly rotated mandible compared with those with
normal disk position.
Dental relationships also showed differences between subjects with normal disk position and TMJ ID.
Subjects with TMJ ID had larger overjets and more
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Fig 6. 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.

protrusive mandibular incisors compared with those
having normal disk positions. Because all subjects in
the study had anterior open bites, overbites in all groups
were similar. In soft tissue relationships, subjects with
TMJ ID showed protrusive upper and lower lips compared with those having normal disk positions.
Superimposed images of the lateral cephalograms
of the 3 groups are shown in Figure 9. These profilograms also demonstrated significant differences in
dentofacial morphology in the 3 groups, although the
anterior open bite in all subjects had a similar range.
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Fig 7. Linear measurements used in study: 1, anterior
cranial base length (S-N); 2, posterior cranial base length
(S-Ar); 3, N-perpendicular to A-point; 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).

DISCUSSION

MRI has been used to obtain information on articular disk position within the TMJ8,27 and has provided
a direct form of soft tissue visualization with excellent
spatial and contrast resolution.27,28 In contrast to indirect imaging with arthrography, MRI produces no soft
tissue distortion because a contrast medium is not
injected into the joint space.29 Moreover, MRI is
extremely sensitive in identifying TMJ disk displacement and is the only method that directly depicts the
disk either in a normal or abnormal position.7,12 It also
offers many advantages, such as noninvasiveness, minimal pain, minimal risk, and freedom from exposure to
ionizing radiation. The aim of this study was to determine which cephalometric variables provide informa-

Fig 8. Skeletal profile diagram with 14 representative
landmarks.

tion on TMJ ID in women with anterior open bite, using
MRI as the gold standard.
According to Schellhas et al,19 there is a causal
relationship between TMJ ID and an abnormal facial
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Fig 9. Comparison of skeletal profile diagrams among
subjects with normal disk position, DDR, and DDNR.
Subjects with TMJ disk displacement had more posteriorly rotated mandibular rami, steeper mandibular
planes, and greater tendencies for skeletal Class II
patterns than those with normal TMJs. These changes
were more severe as ID progressed.

skeleton, which is characterized primarily by a retrognathic mandible, mandibular asymmetry, and occlusal
instability. However, Brand et al21 found no distinct
relationship between morphologic features of the face
and ID of the TMJ. These different conclusions are
probably the result of different methods of sample
selection. For example, Schellhas et al19 included
patients with an externally visible mandibular deformity. More recent studies suggest that TMJ ID is
associated with an altered facial morphology. Adolescents with TMJ ID showed decreased ramus and facial
heights and posterior rotation of the ramus and mandibular plane.30,31 These studies indicate that facial
morphology with TMJ ID is related to the skeletal open
bite tendency. In contrast to previous studies, the
subjects of our study were restricted to women with
anterior open bite, who have a high possibility of
potential ID. Subdividing the malocclusion patients, as
performed in this study, increases the ease and accuracy
of investigating the association between disk displacement and dentofacial morphologic changes.
TMJ ID might be related to the change in mandib-
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ular morphology, because the size and form of the
mandible were significantly different between subjects
with TMJ ID and those with normal disk position
(Table II). Only the gonial angle was not significantly
different. Subjects with TMJ ID generally had small
and posteriorly rotated mandibles compared with those
having normal disk positions. The changes were more
pronounced in the subjects with DDNR than those with
DDR. The subjects with DDNR had the least mandibular length, least ramus height, and most posteriorly
rotated ramus.
Subjects with TMJ ID had small SNB angles, small
pogonion to N perpendicular lengths, large ANB angles, large Wits appraisals, and large facial convexity,
which indicates a skeletal Class II relationship with
retrognathic mandible. In addition, subjects with
DDNR showed a steep mandibular plane because of
decreased total posterior facial height. This change in
dentofacial morphology might be associated with mandibular morphology. A reduction in mandibular body
length and effective mandibular length has been associated with skeletal Class II and retrognathic mandible,
whereas posterior rotation of the mandibular ramus and
reduction in ramal height have been associated with a
reduction in total posterior facial height and steep
mandibular plane. However, in our study, the anteroposterior position of the maxilla was similar in all 3
groups (Table II). This is consistent with previous
studies, which have been performed on adolescent
samples and patients with TMJ symptoms.22-25,35
Dental and soft tissue relationships also support the
relationship between TMJ ID and dentofacial morphology. The subject with TMJ ID had a protrusive mandibular incisor, protrusive upper and lower lips, and a
large overjet compared with those having normal disk
position. The protrusive mandibular incisor might be
due to dental compensation of that tooth as a result of
a skeletal Class II tendency. The protrusive upper and
lower lips might also be related to the retrognathic
position and backward rotation of the mandible. A large
overjet also indicates a skeletal Class II tendency with
a retrognathic mandible in subjects with TMJ ID.
This study showed that anterior open bite might be
associated with ID, because normal TMJs were not
found frequently in TMJ ID patients with anterior open
bite. Among 73 women with anterior open bite, only 28
had bilateral normal disk positions. Even though all
subjects in this study had anterior open bites, there was
a statistically significant difference in sagittal and
vertical skeletal relationships between subjects with
normal disk positions and TMJ ID, which was much
more prevalent in subjects with characteristic dentofacial findings, such as a more posteriorly rotated ramus,
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steeper mandibular plane, and smaller mandible. The
subjects with DDNR showed the greatest dentofacial
change compared with those having DDR and normal
disk position. These results indicate that TMJ ID is
associated mainly with a Class II vertical skeletal
pattern having anterior open bite. The changes in
skeletal profiles according to the state of TMJ ID are
illustrated in Figure 9.
A cause-and-effect relationship between TMJ ID
and altered craniofacial morphology is uncertain in
subjects with anterior open bite, even though associations between ID and altered craniofacial morphology
have been shown. It is possible that TMJ ID might have
been the result of the skeletal pattern with a posteriorly
rotated ramus and short mandible in the subjects with
anterior open bite. In contrast, alterations in disk
position can cause such dentofacial changes, because
TMJ ID affects the normal physiology of the condyle.32,33 Recent evidence has indicated that TMJ disk
displacement might cause dentofacial changes approaching a severe Class II open bite.34 However, this
study showed that TMJ ID was less prevalent in
subjects with a normal or Class III skeletal tendency
than in those with a skeletal Class II pattern and a small
mandible (Table II). This also suggests that a skeletal
Class II vertical skeletal pattern with a small mandible
might be a risk factor for TMJ ID.
This study showed that there is an evident association between TMJ ID and dentofacial morphology. In
addition, this association is not sex specific.25,35 Patients with TMJ ID can have the clinical symptoms
irrespective of orthodontic treatment, because ID of the
TMJ might be sufficient to disturb the normal adaptive
capacity, resulting in loss of condylar equilibrium.
Therefore, regardless of the cause-effect relationship, it
is important to screen out patients with TMJ ID before
beginning orthodontic treatment, because TMJ signs
and symptoms during or after treatment might be
interpreted to be a result of the treatment. However,
MRI is too expensive for routine use in identifying TMJ
ID. This study indicates that some cephalometric variables could provide sufficient information to distinguish patients with potential ID. It is important to
screen patients with anterior open bite and certain
characteristic findings, such as a small and retrognathic
mandible, posteriorly rotated ramus, and steep mandibular plane angle for TMJ ID.
CONCLUSIONS

In this study, we evaluated the efficiency of the
lateral cephalogram using MRI as the gold standard for
identifying TMJ ID in women with anterior open bite.
Those with TMJ ID showed a more posteriorly rotated
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ramus, a steeper mandibular plane, a smaller mandible,
and a tendency toward a skeletal Class II pattern,
compared with those having normal disk positions.
These skeletal patterns were more severe as TMJ ID
progressed to DDNR by way of DDR. This study
suggests that there is an association between TMJ disk
displacement and dentofacial morphology, even though
the subjects have anterior open bite.
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