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Abstract Background/purpose: There is a paucity of comprehensive information about pos-
terior open bite (POB) in patients with temporomandibular disorders (TMD) because of its rare
prevalence. The purpose of this study was to investigate the etiologies, clinical characteristics,
and treatment outcomes of patients with TMD presenting POB.
Materials and methods: This study includes a careful review of medical records and imaging
findings of 12 patients with TMD (seven men and five women, 50.9� 19.2 years, 15e72 years)
complaining of POB.
Results: In total, 11 had unilateral POB, whereas 1 had bilateral POB. In 11 patients, POB was
caused by inflammatory disorders of temporomandibular joint (TMJ). In the remaining one pa-
tient, TMJ medial disc displacement (MDD) was responsible for POB. Of 11 patients with inflam-
matory conditions of TMJ, four patients had unilateral TMJ internal derangement (ID), two had
bilateral TMJ ID, and one had rheumatism. POB was resolved in 10 of 11 patients with TMJ
inflammation following the administration of non-steroidal anti-inflammatory drugs and self-
management instructions. Prosthodontic treatment was needed in one patient to resolve
POB. POB was resolved in the patient with TMJ MDD after stabilization splint therapy.
Conclusion: POB in patients with TMD was mostly caused by inflammatory disorders of TMJ.
TMJ MDD could also be a reason. Although almost all POB was resolved by conservative treat-
ments including medications, the possibility of prosthodontic, orthodontic, or surgical treat-
ments also must be considered.
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Table 1 Clinical characteristics

Patient
No.

Age
(years)

Sex Side of
POB

Sid
pai

1 65 M Rt Rt
2 66 M Rt Rt

3 59 M Rt Rt
4 65 M Lt Lt

5 72 M Rt Rt
6 67 F Both Bot

7 57 M Lt Lt

8 60 F Lt Lt

9 22 M Lt Lt

10 15 F Rt Rt

11 35 F Lt Lt
12 28 F Lt No

ADD, anterior disc displacement; CM
inflammatory condition; Lt, left; MD
POB, posterior open bite; Rt, right;
ª 2020 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Malocclusion can be a cause or result of temporomandibular
disorders (TMD). The effects of malocclusion as a cause of
TMD could not be a major factor, but malocclusion may
affect the stability of the stomatognathic system.1 As a
result of TMD, anterior open bite is the most common type
of malocclusion. Anterior open bite can be developed due
to the degenerative joint disease of temporomandibular
joint (TMJ), idiopathic condylar resorption, or condylar
changes in inflammatory diseases such as rheumatoid
arthritis. However, posterior open bite (POB) is not as
common as anterior open bite. The careless use of anterior
positioning splint2,3 or posterior bite plane4 in patients with
TMD could cause POB, which is usually bilateral. This POB
could be permanent, and needs occlusal correction by or-
thodontic, prosthodontic, or surgical treatments. POB that
is unrelated with the use of oral appliances could occur due
to inflammatory conditions in the TMJ, hyperplastic soft
tissue formation5 or an increased thickness of retrodiscal
and findings of patients with P

e of
n

CMO
(mm)

MMO
(mm)

TMJ
MRI

TMJ
CT

S
r
P

45 45 Yes Yes In
51 51 Yes No In

48 48 Yes No In
37 37 Yes Yes In

48 48 Yes Yes In
h 38 39 Yes Yes In

45 45 Yes No In

45 45 No No In

10 20 Yes Yes In

24 28 Yes No In

27 32 No No In
43 43 No No L

m
d

O, comfortable mouth opening; CT
D, medial disc displacement; MM
TMJ, temporomandibular joint.
tissue,6,7 posterior disc displacement,8 or spasm of lateral
pterygoid muscle.9 This kind of POB is usually unilateral and
temporary, and reversible symptomatic treatments are
usually needed for its treatment. POB could also be caused
by pseudotumors or tumors in the TMJ structures,10 which
may need surgical interventions.

When it is unrelated with the use of oral appliances, POB
could be a very important diagnostic clue as well as a
symptom of TMD. However, there is a paucity of compre-
hensive information about POB in patients with TMD
because of its rare prevalence. Herein, we report the 12
cases of POB in patients with TMD along with their etiol-
ogies, clinical characteristics, and treatment outcomes.

Materials and methods

Subjects

Among the patients with TMD, who visited the TMJ and
Orofacial Pain Clinic, Department of Oral Medicine,
OB.

uggested
eason for
OB

Evidence of
inflammation
in TMJ

Presence of
internal
derangement

Presence
of DJD

flam (Rt) Rt retrodiscitis No No
flam (Rt) Rt minimal

effusion
Rt ADD with
reduction

No

flam (Rt) Rt retrodiscitis No No
flam (Lt) Lt retrodiscitis Lt ADD w/o

reduction
No

flam (Rt) Rt effusion No No
flam (Both) Lt retrodiscitis

and Both
retrodiscal
tissue rupture

Both ADD w/o
reduction

Yes (Both)

flam (Lt) Lt minimal
effusion

No No

flam (Lt) Clinical Both ADD with
reduction clinically

Yes (Lt)

flam (Lt) Lt retrodiscitis Lt ADD w/o
reduction

Yes (Lt)

flam (Both) Lt effusion Lt ADD w/o
reduction

Yes (Lt)

flam (Lt) Clinical No No
t TMJ
edial disc
isplacement

No Lt MDD with
reduction by
arthrography

No

, computed tomography; DJD, degenerative joint disease; Inflam,
O, maximum mouth opening; MRI, magnetic resonance imaging;
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Seoul National University Dental Hospital during the last
17 years (between May 2001 and April 2018), 12 pa-
tients who were presenting POB were included in this
study.

Research procedures

This study commenced with a careful review of the
medical records and imaging findings of 12 TMD patients
complaining POB. Moreover, there was a thorough exam-
ination of the findings of stomatognathic system assess-
ments including mandible movements, palpation of TMJ
and masticatory muscles, TMJ noise, and occlusion.
Thereafter, there was an evaluation of the imaging find-
ings such as plain radiography (panoramic and trans-
cranial radiographs), TMJ arthrography, TMJ computed
tomography (CT) (including cone beam CT [CBCT]), and
TMJ magnetic resonance imaging (MRI). Finally, their
etiologies causing POB, clinical characteristics, accom-
panying diagnoses, and treatment outcomes were
analyzed. A single doctor (HSK) performed all the evalu-
ation and treatment procedures.

The Institutional Review Board of Seoul National Uni-
versity Dental Hospital approved this retrospective chart
review study (#ERI19012). The Institutional Review Board
authorized an exemption from the need to obtain informed
consent from the subjects.
Figure 1 Posterior open bite (POB) of the left side in the patien
disc displacement (ADD) without reduction and left TMJ retrodiscit
first visit. (B) POB was resolved after two months from the first vis
image (repetition time/echo time or TR/TE, 2783/18) of the right
densityeweighted MR image (TR/TE, 2783/18) of the left TMJ (clos
signal of the retrodiscal tissue, indicating retrodiscitis. The anterio
observed.
Results

Clinical characteristics

Table 1 shows the clinical characteristics and findings of pa-
tients with POB. In total, 12 patients comprised 7 men and 5
women, with a mean age of 50.9� 19.2 years (15e72 years).
Among them, 11 had unilateral POB (Fig. 1), whereas 1 had
bilateral POB (Fig. 2). The mean interval between the
occurrence of POB and the first visit to our clinic was 78� 83
days (1e240 days). In 11 patients, POB was caused by in-
flammatory conditions of TMJ. Eight of nine patients who
underwent TMJ MRI showed retrodiscitis or effusion in the
TMJ of the same side where the POB occurred (Fig. 1). One
patient (No. 10) showed effusion in the TMJ of the opposite
side. However, the patient reported pain on the same side
where POB occurred and showed tenderness on palpation on
both TMJ capsular areas. Therefore, three patients, two with
no MRI (No. 8 and 11) and one with effusion in the opposite
side (No. 10), were clinically diagnosed with TMJ inflamma-
tion. POB was caused by TMJ medial disc displacement (MDD)
in the remaining one patient (No. 12). The contrast media
gathered in the medial recess at the closed mouth view and
dispersed at the open mouth view in the TMJ arthrography
(Fig. 3). The patient reported that POB mainly occurred when
he woke up in the morning and was then resolved with a click
sound.
t (No. 4) with the left temporomandibular joint (TMJ) anterior
is. (A) The clinical photograph shows POB of the left side at the
it. (C) The proton densityeweighted magnetic resonance (MR)
TMJ (closed mouth position) at the first visit. (D) The proton
ed mouth position) at the first visit. Note the swelling and high
rly positioned left condyle due to retrodiscitis and ADD are also



Figure 2 Posterior open bite (POB) of both sides in the patient (No. 6). POB of the right (A) and left (B) sides at the first visit. The
proton densityeweighted magnetic resonance (MR) images (repetition time/echo time or TR/TE, 2118/30) of the right (C) and left
(D) temporomandibular joints (TMJs) (closed mouth position) at the first visit. Rupture of the retrodiscal tissue layer, anterior disc
displacement (ADD), and degenerative joint disease (DJD) are demonstrated at both sides, and retrodiscitis is observed in the left
side.
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Of the 11 patients with inflammatory conditions of
TMJ, 1 had a history of facial trauma, 2 had bitten some
hard food, and 3 complained of the manifestation of POB
following dental treatments. The others had no specific
events related to the manifestation of POB. Four patients
(No. 2, 4, 9, and 10) had unilateral TMJ internal
derangement (ID) (Fig. 1), whereas two (No. 6 and 8) had
bilateral TMJ ID confirmed by clinical and/or MRI diagnosis
(Fig. 2). Two patients (No. 2 and 8) had anterior disc
displacement (ADD) with reduction, and the others (No. 4,
6, 9, and 10) had ADD without reduction. One (No. 10) of
the four patients with unilateral TMJ ID had ADD in the
opposite side of POB. Four of patients with ID had
degenerative changes on the mandibular condyles. One
woman patient (No. 11) with left TMJ capsulitis (Fig. 4)
had a history of pain and swelling on the proximal inter-
phalangeal joints. We conducted blood tests for screening
the rheumatologic diseases. The laboratory findings were
as follows: erythrocyte sedimentation rate of 30 mm/h
(normal range: 0e20 mm/h); high sensitivity C-reactive
protein of 1.20 mg/dl (normal range: 0e0.5 mg/dl);
rheumatoid factor of 22 IU/mL (normal value< 14 IU/ml);
and fluorescent anti-nuclear antibody had a positive,
speckled pattern (normal value, negative). The patient
was referred to a rheumatologist and diagnosed with
palindromic rheumatism. One patient (No. 9) with left
TMJ ADD without reduction and left TMJ retrodiscitis had
osteochondroma on the left mandibular condyle in the CT
images. In summary, the side of POB coincided with the
side of inflammation in all the 11 patients with
inflammatory conditions of TMJ. In three of the four pa-
tients with unilateral TMJ ID, the side of ID coincided with
the side of POB. Moreover, the side of MDD coincided with
the side of POB.

Treatment outcomes

POB was resolved in 10 of 11 patients with inflammatory
conditions of TMJ following the administration of non-
steroidal anti-inflammatory drugs and self-management
instructions including the reduction of jaw use and con-
trol of oral parafunctional habits (Fig. 1B). The period for
resolution varied from 1 week to 10 months. In the patient
(No. 9) with osteochondroma on the TMJ condyle, POB was
resolved without the surgical intervention of osteochon-
droma, which means that POB had nothing to do with this
pathology.

POB of the right side was not completely resolved even
13 months after the first visit in one patient (No. 5). The
patient visited the clinic two weeks after the manifesta-
tion of POB and complained of slight pain in the right TMJ
area that was only felt while chewing. We recommended
the patient with self-management instructions, moist hot
pack, and medications. The jaw pain was resolved, but
the complaint of POB was increased. Enhanced PNS CT
was performed to rule out the possibility of any space
occupying lesions in the oral and maxillofacial area, and
the result was unremarkable. TMJ MRI scan was also
performed to examine the TMJ area and the result was
some effusion and swelling of posterior bilaminar zone in



Figure 3 Posterior open bite (POB) of the left side in the patient (No. 12) with the left temporomandibular joint (TMJ) medial
disc displacement (MDD) with reduction. The TMJ arthrographic images of the left TMJ in the closed mouth position (A, coronal
image; B, sagittal image) and the open mouth position (C, coronal image; D, sagittal image). The contrast media gathered in the
teardrop-shaped medial recess in the closed mouth position and dispersed in the open mouth position.
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the right TMJ. The stabilization splint therapy was rec-
ommended, but the patient did not accept it because of
the negligible jaw pain. Self-management instruction
including moist hot pack and ultrasound therapy were
also performed, but POB was not completely resolved.
The patient was referred to the department of prostho-
dontics, and prosthodontic treatment was performed to
resolve the POB.

In the patient with MDD (No. 12), the stabilization splint
therapy was performed because POB was not resolved after
the self-management instructions and physical therapy
including moist hot pack and ultrasound therapy for one
month. As a result, POB was resolved two months after the
stabilization splint therapy.
Discussion

In most of our patients, inflammation of the TMJ struc-
tures was the primary reason for POB because the sides of
POB were coincident with those of inflammation and the
POB was corrected as the inflammation was resolved. The
POB might have been occurred with intracapsular exudate
or more anteriorly positioned condyle because of
retrodiscitis.

Variable factors can affect the occurrence of TMJ
inflammation. Trauma could lead to capsulitis or ID.11,12 In
our study, 3 of 11 patients with TMJ inflammation com-
plained POB after dental treatments, 2 had bitten some
hard food, and 1 had a history of facial trauma. Minor
trauma that is recurrent or persistent, such as clenching or
bruxism, could be another cause,13 and it should be
considered in patients with no obvious events for TMJ
inflammation. The state of ID that is a structural instability
may become susceptible to the development of inflamma-
tory conditions, and ID and inflammatory conditions may
exist together.14 In fact, 6 of 11 patients with inflammatory
conditions of TMJ had ID in our study. The side of ID coin-
cided with the side of POB in 5 of the 6 patients.

In our study, one case of POB was caused by TMJ
inflammation from a rheumatic disease. When patients
with jaw pain have experienced pain or swelling in other
joints of the body, rheumatism should be considered and
blood examination for screening rheumatism becomes
necessary.15 POB could also be caused by pseudotumors or
tumors in the TMJ structures,10 and surgical interventions
might be required in these cases. However, the osteo-
chondroma in our study was not related with the mani-
festation of POB. When the inflammation was resolved,
the POB was corrected without any intervention of
osteochondroma.

The effect of disc displacement (DD) on the position of
mandibular condyles must be considered. There were six
patients with ADD and one patient with MDD in our study.



Figure 4 Posterior open bite (POB) of the left side in the patient with rheumatism (No. 11). Clinical photographs of the right (A),
frontal (B), and left (C) sides taken at the first visit. These images show the midline shift to the right side and POB of the left side.
Blood tests for screening rheumatologic diseases were performed because of the history of pain and swelling on the proximal
interphalangeal joints. The patient was diagnosed with palindromic rheumatism. On the transcranial radiographs, the left condyle
(E) is positioned anteroinferiorly as compared with the right condyle (D).
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Three of them had DD with reduction, and four had DD
without reduction. Some studies have suggested that there
were no correlations between DD and condylar posi-
tion.16e18 In contrast to those studies, other research works
reported that there were significant relationships between
DD and condylar position by the MRI or limited CBCT im-
ages.19,20 In these studies, the condyles were located more
posteriorly and superiorly with ADD than without ADD.
Several studies agreed with these results.21,22 Regarding
lateral DD (LDD) and MDD, significant increases of lateral
space in LDD and medial space in MDD were observed.20

However, it should be considered that radiographs may
not accurately reflect the actual articular surface,23

because they cannot show the soft tissue covering the
bone.

These changes of condylar position could result in the
occlusal changes such as POB. In our study, ADD seems less
relevant to POB because POB was resolved with the
disappearance of joint inflammation despite of remaining
ADD, and the side of ADD did not always coincide with the
side of POB. However, in one patient having the left TMJ
MDD with reduction and POB on the left side, the POB was
resolved as MDD was treated after stabilization splint
treatment. The structural change in the TMJ due to MDD
appears to have been related to the occlusal changes in
this case.

In most patients, POB was resolved with conservative
treatments such as the administration of non-steroidal
anti-inflammatory drugs, self-management instructions,
or stabilization splint therapy. It shows that an accurate
diagnosis is essential to minimize unnecessary treat-
ments. However, one patient needed prosthodontic
treatment for the complete resolution of POB. Although
there were no other pathologies except effusion in the
right TMJ, the occlusal problem was not resolved with
conservative treatments. Some studies reported that or-
thodontic treatment, prosthodontic treatment, or surgi-
cal intervention were needed to resolve POB resulting
from thickened retrodiscal tissues6,7 and hyperplastic soft
tissue formation in the TMJ structures.5 These permanent
changes may result from recurrent and persistent load-
ings that may cause gradual tissue growth. These findings
suggest that examination focusing on tissue changes in
the TMJ structures using MRI is very crucial. In addition,
orthodontic, prosthodontic, or surgical treatments should
be considered when POB is not responding to conservative
treatments.

In conclusion, POB in patients with TMD was mostly
caused by inflammatory disorders of TMJ. Additionally, TMJ
MDD could also be a cause. POB was resolved by conser-
vative treatments, but the possibility of occlusal treat-
ments also must be considered.
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