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Interpretation of images and discrepancy between
osteoarthritic findings and symptomatology in
temporomandibular joint
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Summary The discrepancy between osteoarthritic findings on images and symptomatology can
sometimes be problematic in clinical work. In this article, we focus on osteoarthritis and related
entities on images, and especially on MR images.
# 2008 Japanese Association for Dental Science. Published by Elsevier Ireland. All rights
reserved.
1. Pitfalls of determining osteoarthritis in
temporomandibular joint (TMJ) from X-ray
images

Osteoarthritis is characterized by osseous changes such as
flattening, irregularities of the articular surfaces, osteophy-
tosis, and erosion on images.

The arrival of panoramic X-ray machines in private dental
clinics in the mid 1970s enabled us to evaluate osseous
changes in the TMJ and osteoarthritis.

In the clinic, patients often present with a painful TMJ. In
such instances, even when a panoramic radiograph is
obtained to evaluate any osseous abnormalities that might
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be present, these changes do not always appear on the
images (Fig. 1). On the other hand, when a panoramic radio-
graph is taken to examine the entire dentition, together with
both the mandible and maxilla, in a patient with no TMJ
symptoms, severe osseous changes in themandibular condyle
may appear (Fig. 2).

Several studies found that osteoarthritis was not a sig-
nificant factor in TMJ pain [1—5], whereas several other
studies did [4,6—8]. Osteoarthritis is widespread among the
elderly, and is usually completely asymptomatic. Symptoms
related to temporomandibular dysfunction decrease with
age, and are often remitting and self-limiting [9—12].
Kurita et al. [6] suggested that TMJ pain on mandibular
movement was not a reliable predictor of osteoarthritis in
the TMJ. Mechanical and chemical stimuli have been
proposed as possible causes of pain in and around the
osteoarthritic joint. This suggests that symptoms of pro-
blems with the TMJ are more likely to be associated with
problems other than those brought about by osteoarthritic
change.
l Science. Published by Elsevier Ireland. All rights reserved.
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Figure 1 Panoramic radiograph. Patient complained of persis-
tent pain in right TMJ. However, right TMJ showed normal
osseous condition and, therefore, no evidence of osteoarthritis.
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Osteoarthritis in the TMJ is generally recognized as a
degenerative joint disease, and is often regarded as an
age-related disease. It is often difficult, however, to distin-
guish radiographically between osteoarthritis and other con-
ditions such as advanced remodeling and degenerative joint
disease. One study has suggested that flattening and defor-
mation of the articular eminence and regression of condylar
size were likely to occur in joints with persistent non-redu-
cing disk displacement, even after symptoms and signs of TMJ
disorders had resolved or reduced [13].

This suggests that other imaging modalities such as mag-
netic resonance imaging (MRI) should be adopted in attempt-
ing a diagnosis of osteoarthritis.

2. Other entities related to osteoarthritis on
magnetic resonance (MR) images

Temporomandibular joint imaging studies can provide us with
an understanding of both the normal and pathologic anatomy
of the joint and surrounding structures.

Although X-ray modalities provide relatively useful infor-
mation on osseous changes in the joint, they do not give
any information on soft tissue abnormalities, in spite of
multiple attempts to indirectly diagnose such abnormalities
by plain film criteria such as condyle position in the glenoid
fossa. In the late 1970s, it became obvious that plain film
findings on osseous abnormalities correlated poorly with
symptomatology.
Figure 2 Panoramic radiograph. Irregularity of surface (ero-
sion) (black arrows) is seen on upper portion of left condyle,
indicating osteoarthritis. However, patient did not complain of
pain in left TMJ.
Improvements in diagnostic imaging of the TMJ over the
last two decades have revealed that disk displacement is the
most frequent abnormality in patients with pain and dysfunc-
tion of the TMJ. This entity had already been described and
surgically treated as early as 1887 [14], but its clinical
significance remained unclear for a long time. More recently,
the term ‘‘temporomandibular disorders’’ (TMD) has been
introduced as an umbrella diagnosis for facial pain and jaw
dysfunction [15]. In the late 1970s, Farrar [16] and Farrar and
McCarthy [17] clarified the clinical significance of disk dis-
placement in a series of clinical studies. Disk displacement
represents one sub-category of TMD. Arthrography was
applied to the TMJ in the early 1940s, but the diagnostic
value was questioned, since no therapeutic methods were
available at the time. Arthrography, introduced by Nørgaard
[18] in the 1940s, was the prime imaging modality for
demonstration of disk displacement during the 1970s and
1980s [19—23]. However, due to the time-consuming and
technically difficult nature of this technique, clinicians gra-
dually favored computed tomography (CT). Again, although
CT met with initial enthusiasm, long-term experience
showed that CT was not a very accurate technique for
diagnosis of disk disorders.

Since its clinical introduction in the mid 1980s, the mag-
netic resonance imaging has evolved as the prime diagnostic
method for soft tissue abnormalities in the TMJ. It is non-
invasive and more accurate than arthrography; it requires
less operator skills and is well tolerated by the patient.

MR imaging can also identify other entities specifically
related to osteoarthritis such as joint effusion or bone mar-
row abnormalities of the condyle.
3. Disk displacement

Disk displacement without reduction can be accompanied by
stronger pain than other types of disk derangement.

In disk displacement without reduction (Fig. 3), the disk
remains displaced relative to the condyle, regardless of the
position of mandible. In the initial stages of this condition,
mouth opening is typically limited, and the mandible devi-
ates to the side of the affected joint. However, this clinical
characteristic is typical only during the initial (early) phase;
with time the opening capacity of the TMJ increases and the
mandible no longer deviates to the affected side. This is the
result of stretching, or progressive elongation, of the poster-
ior disk attachment and, to a lesser extent, deformation of
the disk itself. Osseous changes involving the condyle and
temporal bone often occur as sequelae of disk displacement
with reduction [1,19,24—27].

Osteoarthritis is frequently seen in joints with longstand-
ing disk displacement and no reduction (Fig. 3) [1,28]. Disk
displacement seems to be a precursor of osteoarthritis.

Osteoarthritis is infrequently seen in joints with normal
superior disk position, occasionally in disk displacement with
reduction, and more frequently when disk displacement
without reduction has been present for some time. Imaging
evidence of osteoarthritis can be seen in young patients with
disk displacement without reduction. Disk displacement and
internal derangement is, however, only one cause of osteoar-
thritis, the common final pathway for a multitude of primary
joint lesions.



Figure 3 MR images. Parasagittal proton density-weighted
closed-mouth image (A) shows anterior osteophyte of condyle
(black arrows). Disk (black arrowheads) is anterior of condyle. On
mouth opening (B), disk (black arrows) remained anterior. This
was consistent with osteoarthritis associated with disk displace-
ment without reduction.
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When osteoarthritic change in the TMJ with normal disk
displacement is encountered, we have to consider osteoar-
thritides as a differential diagnosis. Arthritides include rheu-
matoid arthritis, ankylosing spondylitis, and psoriatic
arthritis [29,30].

4. Joint effusion

Joint effusion is generally defined as the pathological collec-
tion of TMJ fluid in the joint spaces (Fig. 4). It appears as an
increased signal on T2-weighted MR images. With the knee
joint, MRI can be used to distinguish effusion from synovitis
[31]. However, with the TMJ, the joint spaces are too small,
and the signal of effusion is quite similar to that of synovial
fluid. This makes it difficult to distinguish joint effusion from
normal synovial fluid in the TMJ on MR images. Therefore,
criteria are needed to distinguish joint effusion from normal
synovial fluid on MR images.

Westesson and Brooks [32] regarded images as showing
joint effusion when more than one line of high signal in the
upper or lower joint spaces was present on T2-weighted
images. They determined frequency of joint effusion accord-
ing to TMJ status on MR images. The highest frequency of
effusion in their study was 50% (in joints with disk displace-
ment without reduction), and the lowest 7% (in joints with
normal superior disk position). Although our finding for the
frequency of joint effusion in joints with normal superior disk
position was higher (34%) than that of Westesson et al., there
was a similarity between our findings in terms of the relation-
ship between the status of the TMJ and the frequency of TMJ
effusion: the highest frequency was seen in joints with disk
displacement without reduction and the lowest was seen in
joints with normal superior disk position [33].

Takahashi et al. [34] reported that joint effusion on MRI
was seen in 63.3% of TMJs with internal derangement and in
75% of TMJs with osteoarthritis. Their criterion for internal
derangement, namely ‘‘locking of the TMJ’’, corresponded to
our category of disk displacement without reduction. In
contrast to their findings, our study showed that frequency
of joint effusion in joints with disk displacement without
reduction was higher (68%) than that in joints with arthrosis
(64%) (Fig. 4) [33]. One reason for this difference between
the two studies may be the different objectives involved. All
selected patients for Takahashi’s study had been treated with
nonsurgical modalities for at least 3 months, with no satis-
factory improvement before intra-articular pumping and
lavage were performed. Most, if not all, of the patients
probably had persistent pain. On the other hand, in our study
[33], the patients referred to us for MR imaging of the TMJ
may, or may not, have had persistent pain. Therefore, the
two studies addressed different types of patient. There is,
however, another possible reason. Although Westesson and
Brooks [32] and Murakami et al. [35] regarded more than one
line of high signal as joint effusion, high signals are also
visible on the T2-weighted images of asymptomatic volun-
teers. This suggests that this criterion for joint effusion is not
sufficient to determine a pathological collection of TMJ fluid.
Furthermore, differences in criteria for defining TMJ effusion
might explain some of the differences in the frequencies
reported in other studies.

Although disk displacement is the representative finding
for TMJ disorders, it can also be seen in nearly one third of
asymptomatic volunteers [36,37]. This suggests that disk
displacement is a normal variant. To investigate this possi-
bility, Larheim et al. [38] investigated correlation between
prevalence and type of TMJ disk displacement in asympto-
matic volunteers with that in patients. They found that disk
displacement was less prevalent and of a different type in
asymptomatic volunteers compared with in patients with
pain and dysfunction. Moreover, Larheim et al. [39] proposed
a way to grade the amount of TMJ fluid to determine the
significance of TMJ fluid in TMJ disorders. They defined



Figure 4 MR images. On parasagittal T2-weighted closed-mouth image (A), there was joint effusion in upper joint space (white
arrows). Parasagittal proton density-weighted closed-mouth image (B) shows deformed condyle with anterior osteophyte (black
arrows). Disk (black arrowheads) is also anterior of condyle. On mouth opening (C), disk (black arrows) remained anterior. This was
consistent with osteoarthritis and joint effusion in the joint space.
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marked and extensive fluid as TMJ effusion because no joints
with marked or extensive fluid were found in asymptomatic
volunteers. They found the frequency of TMJ effusion was
13.4% in symptomatic patients and 7.3% in symptomatic
joints. In our study, the frequency of TMJ effusion was
13.7% in joints with pain and dysfunction. According to
Larheim’s criteria for effusion, frequency tends to be less
varied and approximately 10%.
The association between joint effusion and pain has been
investigated several times, and is still controversial
[32,34,35,39—44]. In 1992, Westesson and Brooks [32]
showed that the frequency of joint effusion was higher in
more painful joints than in less painful joints, and concluded
that TMJ effusion was strongly associated with joint pain.
However, Murakami et al. [35] showed that there was no
significant statistical correlation between pain level and the



Figure 5 MR images. Parasagittal proton density-weighted
closed-mouth image (A) shows decreased signal from bone mar-
row of condyle (white arrowheads). There was also irregularity of
upper surface (erosion) of condyle (black arrows) and temporal
joint component suggestive of osteoarthritis. Disk was anteriorly
displaced and deformed (black arrowheads). Parasagittal T2-
weighted closed-mouth image (B) shows decreased signal from
bone marrow of condyle suggestive of osteonecrosis (white
arrowheads).
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presence of a high signal on T2-weighted images, and argued
that joint effusion was somewhat inappropriate as a screen-
ing sign for a painful TMJ. The disagreement between these
two studies may be rooted in differences in the subjects of
their studies, i.e., Murakami only included patients who
complained of unilateral painful hypomobility of the TMJ
with a diagnosis of closed lock.

Takahashi et al. [34], Haley et al. [42], Larheim et al. [39],
and Rudisch et al. [43] also agreed that there was a significant
relationship between joint effusion and TMJ pain [33]. How-
ever, they questioned whether an MRI finding of joint effusion
was useful for clinical diagnosis.

5. Marrow abnormalities of mandibular
condyle

A number of MRI studies have described abnormalities of the
mandibular condyle as being similar to the appearance of
osteonecrosis in the femoral head (Fig. 5) [40,45—48]. This
has led to the assumption that osteonecrosis can also affect
the mandibular condyle [40,45—48]. This entity was dis-
cussed long before MRI became available [49], but has
remained controversial, as no histologic correlations have
been available. A recent study analyzed core biopsies from 50
mandibular condyles and noted that edema and osteonecro-
sis may occur in the condylar marrow. Histologic evidence of
bone marrow edema was also found without evidence of
osteonecrosis, suggesting that edema may be a precursor
to osteonecrotic development, as known from other joints
[50]. The presence of osteonecrosis in the mandibular con-
dyle has not been generally accepted, and osteoarthritis has
been discussed as an alternative explanation for these MRI
findings in the mandibular condyle [51,52]. This is contrary to
the experience with other joints, where osteonecrosis was
considered to be a separate entity with a different etiology
from osteoarthritis [53]. The principle difference between
the two disease entities is that osteonecrosis starts in the
bone marrow, and osteoarthritis starts in the articular sur-
face [54,55].

In clinical work, we encounter MR abnormalities in joints
that do not exhibit signs of osteoarthritis, and the purpose of
our study was to use MR images to analyze the relationship
between bone marrow abnormalities and osteoarthritis of
the mandibular condyle [56].

Our study [56] revealed that osteoarthritis was seen in 22
of 37 joints with bonemarrow abnormalities (Fig. 5), whereas
the remaining 15 joints with bone marrow abnormalities
showed no MR evidence of osteoarthritis. There was an
association between type of bone marrow change and
osteoarthritis, and more advanced bone marrow changes
(combination of edema and sclerosis) were more frequently
seen in joints with osteoarthritis than in joints without
osteoarthritis. Edema of the bone marrow without sclerosis
was, on the other hand, more frequently seen in the joints
without osteoarthritis.

Our analysis of MR images from TMJ patients revealed that
nearly one half of joints with MR evidence of bone marrow
abnormalities showed normal contour of the mandibular con-
dyle and temporal joint component on MR imaging, which was
interpreted as no evidence of osteoarthritis. This indicated
that bone marrow abnormalities can be present without
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osteoarthritis, and contradicts the suggestions of earlier stu-
dies that bone marrow abnormalities were secondary to
osteoarthritis [51,52]. We, therefore, have postulated that
conditions in the TMJ are similar to those in other joints,
namely, that abnormalities suggestive of edema and osteone-
crosis in the bone marrow are separate entities from osteoar-
thritis [50].

In an earlier study, we found that joints with bone marrow
abnormalities in the mandibular condyle were markedly
more painful than those without [57]. Increased intra-articu-
lar pressure in conditions such as synovitis and hemophilia has
also been suggested as an etiology for osteonecrosis [53]. A
correlation between osteonecrosis and increased joint fluid
has also been reported [48,50]. In another study, we sug-
gested that pain wasmore severe in TMJs withmarrow edema
of the mandibular condyle than in those with osteonecrosis
[58]. However, another study has suggested that bone mar-
row edema pattern in the mandibular condyle does not
always contribute to the occurrence of joint pain in patients
with TMJ disorders [59].

In a recent study, we found that symptomatic osteoar-
thritic TMJ could accompany bone marrow change in the
upper portion of the condyle, adjacent to osseous changes,
showing increased signals on proton density images [60].

This result, showing increased proton density-weighted
signal in TMJ with symptomatic osteoarthritis may reflect
early stage edema.

In view of all these findings, osteoarthritis and related
entities may be reflected in clinical symptoms of problems
with the TMJ, but there is still sometimes a discrepancy
between findings obtained by imaging and patient sympto-
matology [61]. This highlights the need for effective clinical
examination in determining which findings are significant.

References

[1] Westesson PL, Rohlin M. Internal derangement related to
osteoarthritis in temporomandibular joint autopsy specimens.
Oral Surg Oral Med Oral Pathol 1984;57:17—22.

[2] Emshoff R, Brandlmaier I, Bertram S, Rudisch A. Risk factors for
temporomandibular joint pain in patients with disc displace-
ment without reduction. A magnetic resonance imaging study. J
Oral Rehab 2003;30:537—43.

[3] Sano T. Recent developments in understanding temporoman-
dibular joint disorders. Part 1: Bone marrow abnormalities of
the mandibular condyle. Dentomaxillofac Radiol 2000;29:7—10.

[4] Emshoff R, Innerhofer K, Rudisch A, Bertram S. The biological
concept of ‘‘internal derangement and osteoarthrosis’’: a diag-
nostic approach in patients with temporomandibular joint pain?
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2002;93:39—44.

[5] Wiberg B, Wanman A. Signs of osteoarthrosis of the temporo-
mandibular joints in young patients: a clinical and radiographic
study. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
1998;86:158—64.

[6] Kurita H, Kojima Y, Nakatsuka A, Koike T, Kobayashi H, Kura-
shima K. Relationship between temporomandibular joint (TMJ)-
related pain and morphological changes of the TMJ condyle in
patients with temporomandibular disorders. Dentomaxillofac
Radiol 2004;33:329—33.

[7] Emshoff R, Rudisch A, Innerhofer K, Bosch R, Bertram S. Tem-
poromandibular joint internal derangement type III: relation-
ship to magnetic resonance imaging findings of internal
derangement and osteoarthrosis. An intraindividual approach.
Int J Oral Maxillofac Surg 2001;30:390—6.
[8] Bertram S, Rudisch A, Innerhofer K, Pumpel E, Grubwieser G,
Emshoff R. Diagnosing TMJ internal derangement and osteoar-
thritis with magnetic resonance imaging. J Am Dent Assoc
2001;132:753—61.

[9] Pereira Jr FJ, Lundh H, Westesson PL, Carlsson LE. Clinical
findings related to morphologic changes in TMJ autopsy speci-
mens. Oral Surg Oral Med Oral Pathol 1994;78:288—95.

[10] Lundh H, Westesson PL, Kopp S. A three-year follow-up of
patients with reciprocal temporomandibular joint clicking. Oral
Surg Oral Med Oral Pathol 1987;63:530—3.

[11] Rasmussen OC. Description of population and progress of symp-
toms in a longitudinal study of temporomandibular arthropathy.
Scand J Dent Res 1981;89:196—203.

[12] Randolph CS, Greene CS, Moretti R, Forbes D, Perry HT. Con-
servative management of temporomandibular disorders: a post-
treatment comparison between patients from a university clinic
and from private practice. Am J Orthod Dentofacial Orthop
1990;98:77—82.

[13] Kurita H, Uehara S, Yokochi M, Nakatsuka A, Kobayashi H,
Kurashina K. A long-term follow-up study of radiographically
evident degenerative changes in the temporomandibular joint
with different conditions of disk displacement. Int J Oral Max-
illofac Surg 2006;35:49—54.

[14] Annandale T. Displacement of the inter-articular cartilage of
the lower jaw, and its treatment by operation. Lancet
1887;1:410—1.

[15] McNeill C. Temporomandibular disorders; guidelines for classi-
fication, assessment, and management. Chicago: Quintessence
Books; 1993.

[16] Farrar WB. Diagnosis and treatment of anterior dislocation of
the articular disc. NY J Dent 1971;41:348—51.

[17] Farrar WB, McCarthy Jr WL. Inferior joint space arthrography
and characteristics of condylar paths in internal derangements
of the TMJ. J Prost Dent 1979;41:548—55.

[18] Nørgaard F. Arthrography of the mandibular joint. Acta Radiol
1944;25:679—85.

[19] Wilkes CH. Arthrography of the temporomandibular joint in
patients with the TMJ pain-dysfunction syndrome. Minn Med
1978;61:645—52.

[20] Katzberg RW, Dolwick MF, Bales DJ, Helms CA. Arthrotomogra-
phy of the temporomandibular joint: new technique
and preliminary observations. Am J Roentgenol 1979;132:
949—55.

[21] Westesson PL, Omnell KA, Rohlin M. Double-contrast tomogra-
phy of the temporomandibular joint: a new technique based on
autopsy specimen examinations. Acta Radiol Diag (Stockh)
1980;21:777—84.

[22] Westesson PL. Double-contrast arthrotomography of the tem-
poromandibular joint: introduction of an arthrographic techni-
que for visualization of the disc and articular surfaces. J Oral
Maxillofac Surg 1983;41:163—72.

[23] Liedberg J, Panmekiate S, Petersson A, Rohlin M. Evidence-
based evaluation of three imaging methods for the temporo-
mandibular disc. Dentomaxillofac Radiol 1996;25:234—41.

[24] Westesson PL. Structural hard tissue changes in temporoman-
dibular joints with internal derangement. Oral Surg Oral Med
Oral Pathol 1985;59:220—4.

[25] Wilkes CH. Structural and functional alterations of the tempor-
omandibular joint. Northwest Dent 1978;57:287—94.

[26] Wilkes CH. Internal derangements of the temporomandibular
joint. Arch Otolaryngol 1989;115:469—77.

[27] Dimitroulis G. The prevalence of osteoarthrosis in cases of
advanced internal derangement of the temporomandibular
joint: a clinical, surgical and histological study. Int J Oral
Maxillofac Surg 2005;34:345—9.

[28] Westesson PL. Structural hard-tissue changes in temporoman-
dibular joints with internal derangement. Oral Surg Oral Med
Oral Pathol 1985;59:220—4.



Discrepancy between osteoarthritic and symptomatology in TMJ 89
[29] Larheim TA. Imaging of the temporomandibular joint in rheu-
matic disease. Cranio Clin Int 1991;1:133—53.

[30] Smith HJ, Larheim TA, Aspestrand F. Rheumatic and nonrheu-
matic disease in the temporomandibular joint: gadolinium-
enhanced MR imaging. Radiology 1992;185:229—34.

[31] Singson RD, Zalduondo FM. Value of unenhanced spin-echo the
knee. Am J Roentogenol 1992;159:569—71.

[32] Westesson PL, Brooks SL. Temporomandibular joint: relation-
ship between MR evidence of effusion and the presence of pain
and disk displacement. Am J Roentgenol 1992;159:559—63.

[33] Yamamoto M, Sano T, Okano T. Magnetic resonance evidence of
joint fluid with temporomandibular joint disorders. J Comput
Assist Tomogr 2003;27:694—8.

[34] Takahashi T, Nagai H, Seki H, Fukuda M. Relationship between
joint effusion, joint pain, and protein levels in joint lavage
fluid of patients with internal derangement and osteoarthritis of
the temporomandibular joint. J Oral Maxillofac Surg 1999;57:
1187—93.

[35] Murakami K, Nishida K, Bessho K, Iizuka T, Tsuda Y, Konishi J. MRI
evidence of high signal intensity and temporomandibular
arthralgia and relating pain. Does the high signal correlate to
the pain? Br J Oral Maxillofac Surg 1996;34:220—4.

[36] Katzberg RW, Westesson PL, Tallents RH, Drake CM. Anatomic
disorders of the temporomandibular joint disc in asymptomatic
subjects. J Oral Maxillofac Surg 1996;54:147—53.

[37] Tasaki MM, Westesson PL, Isberg AM, Ren YF, Tallents RH.
Classification and prevalence of temporomandibular joint disk
displacement in patients and symptom-free volunteers. Am J
Orthod Dentofacial Orthop 1996;109:249—62.

[38] Larheim TA, Westesson PL, Sano T. Temporomandibular joint
disk displacement: comparison in asymptomatic volunteers and
patients. Radiology 2001;218:428—32.

[39] Larheim TA, Westesson PL, Sano T. MR grading of temporoman-
dibular joint fluid: association with disk displacement cate-
gories, condyle marrow abnormalities and pain. Int J Oral
Maxillofac Surg 2001;30:104—12.

[40] Schellhas KP, Wilkes CH. Temporomandibular joint inflamma-
tion: comparison of MR fast scanning with T1- and T2-weighted
imaging techniques. Am J Neuroraiol 1989;152:551—60.

[41] Adame CG, Monje F, Munoz M, Gronizo RM. Effusion in magnetic
resonance imaging of the temporomandibular joint: a study of
123 joints. J Oral Maxillofac Surg 1998;56:314—8.

[42] Haley DP, Schiffman E, Lindgren BR, Anderson Q, Andresen K.
The relationship between clinical and MRI findings in patients
with unilateral temporomandibular joint pain. J Am Dent Assoc
2001;132:476—81.

[43] Rudisch A, Innerhofer K, Bertram S, Emshoff R. Magnetic
resonance imaging findings of internal derangement and effu-
sion in patients with unilateral temporomandibular joint pain.
Oral Surg Oral Med Oral Pathol Oral radiol Endod 2001;92:
566—71.

[44] Larheim TA. Current trends in temporomandibular joint ima-
ging. Oral Surg Oral Med Oral Pathol Oral radiol Endod
1995;80:555—76.

[45] Schellhas KP, Wilkes CH, Omlie MR, Peterson CM, Johnson SD,
Keck RJ, et al. The diagnosis of temporomandibular joint
disease: two-compartment arthrography and MR. AJR Am J
Roentgenol 1988;151:341—50.

[46] Schellhas KP. Internal derangement of the temporomandibular
joint: radiologic staging with clinical, surgical, and pathologic
correlation. Magn Reson Imaging 1989;7:495—515.

[47] Schellhas KP, Wilkes CH, Fritts HM, Omlie MR, Lagrotteria LB. MR
of osteochondritis dissecans and avascular necrosis of the man-
dibular condyle. AJR Am J Roentgenol 1989;152:551—60.

[48] Schellhas KP. Temporomandibular joint injuries. Radiology
1989;173:211—6.

[49] Reiskin AB. Aseptic necrosis of the mandibular condyle: a
common problem? Quintessence Int 1979;2:85—9.

[50] Larheim TA, Westesson PL, Hicks DG, Eriksson L, Brown DA.
Osteonecrosis of the temporomandibular joint: correlation of
magnetic resonance imaging and histology. J Oral Maxillofac
Surg 1999;57:888—98.

[51] Lieberman JM, Gardner CL, Motta AO, Schwartz RD. Prevalence
of bone marrow signal abnormalities observed in the tempor-
omandibular joint using magnetic resonance imaging. J Oral
Maxillofac Surg 1996;54:434—9.

[52] Katzberg RW. Discussion. Prevalence of bone marrow signal
abnormalities observed in the temporomandibular joint using
magnetic resonance imaging. J Oral Maxillofac Surg 1996;
54:439—40.

[53] Resnick D, Sweet DE, Madewell JE. Osteonecrosis and
osteochondrosis. In: Resnick D, editor. Bone and joint imaging.
2nd ed., Philadelphia: WB Saunders; 1996. p. 941—59.

[54] Resnick D. Degenerative disease of extraspinal locations. In:
Resnick D, editor. Bone and joint imaging. 2nd ed., Philadelphia:
WB Saunders; 1996. p. 321—54.

[55] Ficat RP. Idiopathic bone necrosis of the femoral head. J Bone
Joint Surg 1985;67:3—9.

[56] Sano T, Westesson P-L, Larheim TA, Rubin SJ, Tallents RH.
Osteoarthritis and abnormal bone marrow of the mandibular
condyle. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
1999;87:243—52.

[57] Sano T, Westesson PL, Larheim TA, Takagi R. The association of
temporomandibular joint pain with abnormal bone marrow of
the mandibular condyle. J Oral Maxillofac Surg 2000;58:254—7.

[58] Sano T, Westesson PL, Yamamoto M, Okano T. Differences in
temporomandibular joint pain and age distribution between
marrow edema and osteonecrosis in the mandibular condyle.
Cranio 2004;22:283—8.

[59] Chiba M, Kumagai M, Fukui N, Echigo S. The relationship of bone
marrow edema pattern in the mandibular condyle with joint
pain in patients with temporomandibular joint disorders: long-
itudinal study with MR imaging. Int J Oral Maxillofac Surg
2006;35:55—9.

[60] Yajima A, Sano T, Otonari-Yamamoto M, Otonari T, Ohkubo M,
Harada T, et al. MR evidence of characteristics in symptomatic
osteoarthritis of the temporomandibular joint: increased signal
intensity ratio on proton density-weighted images of bone
marrow in the mandibular condyle. Cranio 2007;25:250—6.

[61] Sano T, Otonari-Yamamoto M, Otonari T, Yajima A. Osseous
abnormalities related to the temporomandibular joint. Semin
Ultrasound CT MR 2007;28:213—21.


	Interpretation of images and discrepancy between osteoarthritic findings and symptomatology in temporomandibular joint
	Pitfalls of determining osteoarthritis in temporomandibular joint (TMJ) from X-ray images
	Other entities related to osteoarthritis on magnetic resonance (MR) images
	Disk displacement
	Joint effusion
	Marrow abnormalities of mandibular condyle
	References


