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INTRODUCTION
Temporomandibular Disorder (TMD) refers cumulatively to bone, joint, ligament and
muscular dysfunction [1,2]. Multiple terminology of TMD reflects multiple attempts for its clinical
and therapeutic approach [3-8]. Although very common [9,10] TMD has no uniform protocol for
classification and staging [7,10-15] and at least three systems meet wide acceptance, namely
the RDC/TMD system, the Helkimo scale and the Wilke’s criteria [16-23], whilst many more
are used individually. The clinical examination is the main tool for the diagnosis of craniofacial
disorder. However, all of the proposals on classification, staging and clinical diagnosis of TMJ have
shortcomings, as:

1) The subjectivity of symptoms reported by the patient. That’s why in Helkimo & RDC / TMD
scales symptoms are recorded separately from the clinical signs (Di anamnestic index in Helkimo
and Axis II in RDC / TMD) [17,20, 22].
2) The objectivity in assessing of clinical signs by the examiner: intra-examiner reliability i.e.
the same examiner who re-evaluates a patient, or inter-examiner reliability, when a patient is
examined independently by more than one examiner vary considerably. Researchers of RDC /
TMD have dealt particularly with this shortcoming [24-28].

3) Assessment of the mobility of the lower jaw, where Helkimo scale evaluates active opening.
Active opening is known to be limited either by muscle contraction or by intra-articular obstacle,
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but also by psychogenic factors (fear). For objective estimation of mandibular kinetics various
devices or computer programs have occasionally been designed [29-32]. Differentiation between
active and passive opening is considered diagnostic for mechanical obstacle and is clearly
indicated in the index RDC / TMD [18].
4) The “recurrent” dislocation and TMJ hypermobility, which is certainly related to
temporomandibular disorder, is provided only by the Helkimo index [33,34].

5) “Disk anchorage” is not recognized by any of the known clinical classifications [35,36]. It
has to be stressed however, that this condition has not been generally accepted.

6) The importance of occlusion that is not assessed at all in RDC / TMD although at Helkimo
scale employs 1/3 of the physical examination [21].

7) Co-existence of more than one pathologies in many patients with TMD cannot be recorded
in any of the existing clinical systems. Myalgias developing after anterior disc displacement or
the co-existence of chronic, irreducible displacement with osteoarthritis are frequent syndromic
pathologies. RDC-TMD system classifies patients into only one category “ignoring” other
symptoms and Helkimo scale calibrates severity numerically, without giving specific information
on each condition.

Only Wilkes criteria [23] and class IIb (disc displacement without reduction, with limited
mouth opening) of the RDC / TMD incorporate imaging, although in practice, but also in the
literature, imaging of TMJ is widespread, albeit not always successfully. Evolution in the medical
image could not let such a very common disease unaffected, even though most of clinical
examination protocols are designed to minimize the need for imaging in TMD [18,21,23,37] So
the literature for ultrasound for TMJ increased by 100% in the years 2000-2004 over the previous
quinquennium and 50% more in the next one [38]. Similar, but more durable, was the increment
for MRI. The vast majority of studies on the reliability of imaging for TMD are about MRI and
sometimes arthroscopy confirms either finding [39]. Accordingly, the clinical protocols assessed
by MRI findings, or other imaging modalities, include Wilkes and Helkimo scales [39,40], but the
most systematic studies concern the RDC-TMD [41-44]. Of course there are studies comparing
TMJ imaging to clinical diagnoses made by unknown protocols [45] or studies in which various
imaging methods are compared between them, without clinical confirmation [42,46].

ORTHOPANTOMOGRAM

The Orthopantomogram (OPG) is used for a “first look” at TMD as familiar, relatively low
cost and radiation imaging, which by digitizing the OPG became even less (estimated near 12-13
mGy), and enabling to assess the condyle in open and closed mouth[47]. But already in 1997, the
American Academy of Oral & Maxillofacial Radiology had noted the low predictive value of OPG
in TMD. Specifically, only large osteoarthritic lesions, and only on the lateral half of the condyle
are adequately depicted in OPG [48]. Experimental studies have shown the strong correlation
of the image obtained on the OPG with the movement of the beam and the head position [49].
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Nevertheless, studies comparing OPG with other images continued for long after 1997, not only
on its sensitivity of osteoarthrosis but also of the internal derangement [47,50].

Compared with the traditional static TMJ projections in showing osteoarthritic lesions, OPG’s
sensitivity is estimated on 70% [51,52]. Well-designed studies of the value of OPG in osteoarthritis
give it a sensitivity of 60-70% and, most importantly, very low negative predictive value meaning
that the absence of osteoarthritic lesions cannot exclude the disease [53]. This is probably the
biggest drawback of OPG in diagnosis of TMD.

Some authors believe that OPG can serve only for early diagnosis of TMJ involvement in
screening patients already diagnosed with arthritis [55], while others recognize CBCT as standard,
assigning a relatively low value for OPG as a screening tool [56,57]. Also OPG contributes only a
little in synovial chondromatosis where CT and MRI are considered the examinations of choice
at all stages of the disease [58,59]. Finally, precarious are the conclusions in studying condylar
size and shape in situations as the unilateral condylar hyperplasia or hypoplasia [60]. In
conclusion,the literature shows that OPG has little diagnostic value even for radiopaque lesions
of TMJ. Moreover, the excessive use of OPG in diagnostics of TMD, may lead to false conclusions
and incorrect diagnoses as usually happens for the evaluation of joint space, which proved to be
completely invalid in OPG [49]. The only definite diagnostic contribution of OPG in TMD is the
confirmation -in open mouth shots - of recurrent dislocation and hypermobility (Figure 1), which
is a strong predisposing factor for TMD without being pathology itself [61].

Figure 1: Left condyle particularity from an OPG showing subluxation and changes in shape
of the condyle.
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PLAIN (STATIC) VIEWS AND ARTHROGRAPHY
Many of the above “failures” of OPG are due to movement of the beam, but plain (static)
radiographs of the joint have the disadvantage of superimposing elements [47]. Therefore it is
said that a basic study of the joint with plain radiographs should include at least two projections,
perpendicular to each other [47,48]. Studying TMJ with plain radiographs must: a) show as many
surfaces as possible with as fewer superimpositions and deformations, b)display, if possible, both
joints and, most importantly, c) be accurate and reproducible for comparison whenever needed
[62].

Lateral Views

Lateral projections depict condyles in the sagittal plane, so that condylar poles and condyles
overlap each other, therefore it is necessary for the operator to angulate the beam appropriately.

In transcranial projection the beam is placed over the external ear canal and is directed to the
articular surface of the opposite condyle [48,63]. In transcranial view, also known as Schuller, the
condyle resembles a lot with that of OPG so that only fractures with severe displacement and only
large osteoarthritic lesions of the lateral pole can be seen.

Anteroposterior Views

The common problem with anteroposterior projections is the interference of the anterior
articular tubercle and mastoid process on the condylar silhouette. This can be handled either by
shooting in full mouth opening, although this is not always feasible in patients with TMD, or by
slight tilting of the beam in a cephalic or caudal direction to “bypass” the mastoid proccess. These
handlings display not just the articular surface of the condyle but slightly behind or slightly ahead
of it, reducing sensitivity for osteoarthritis by approximately 50% [64]. Their advantage, however,
is depicting both condyles simultaneously in condylar fractures with small displacement, when
the lateral pterygoid shifts the fragment medially, making it clearly visible [47,48,63].
In Towne’s and reverse Towne’s projection, beam is positioned near the frontonasal angle
and the receptor (film or digital medium) in the occipito-cervical area, or vice versa. Towne’s, can
display both condyles simultaneously and highlights the styloid processes and condylar fractures
[64,65].

Tomography and Arthrography

Tomography, as in OPG, uses a moving x-ray beam and moving receptor and was used widely
for imaging of other joints, before digital technology [66]. The disadvantage of tomography is that
image, above or below the plane of rotation of the machine appears blurred [67]. The movement
of the tomographic apparatus may be complex or linear, which affects the diagnostic value but
also the cost of examination [68]. Tomography is believed to have greater diagnostic value than
the static projections in displaying bone abnormalities, as it avoids superimposing, especially with
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complex movement of the tomographic apparatus [48,69-73]. Disc is not visible in tomography.
Attempts to localize disc indirectly, with measurements of joint space, lasted almost a decade. The
results were not as expected, so the relation of TMD with dental occlusion, which until then was
considered affecting condylar position, reconsidered, while prevailed intra-articular injection of
contrast medium for depiction of the disc, known as arthrography, or, when a tomography was
applied, artho-tomography [72,74-79].
In artrography a contrast medium is injected in the upper or lower joint space and small

quantity of air may also be injected, producing the dual-contrast arthrography [80-83]. The
whole process can be captured on video, improving the diagnostic value of arthrography [84].
Technical improvements, cumulatively, gave arthrography enough reliability, that even after
the introduction of CT and MRI some considered it superior in demonstrating osteoarthritic
lesions and disc adhesions or perforations [85,86]. At the same time other comparisons between
arthrography and MRI credited the first false positive findings [87].

Correlations however, in large series of patients, between clinical and arthrographic diagnoses
gave no clear conclusions about the indications and value of arthrography in TMD [84,88,89]. So,
as it is an invasive technique, and exposes patients, especially video, seriously to radiation, the
American Academy of Oral & Maxillofacial Radiology at the position paper issued in 1997 does
not give clear guide for its usefulness [48].

ULTRASOUND

Ultrasound’s first application in TMD was in 1975 [90], but the first publications considered
systematic studies, made in early 1990’s [91]. Meanwhile, the “minimal invasiveness” in TMD
therapeutics was developed, necessitating reproducible, harmless and cheap displaying of
results and, moreover, real-time disc movements or imaging guidance for operating handlings
[92,93]. Ultrasound provides information about both the position of the disc and the existence of
intraarticular fluid [93,94] .

In ultrasound a high-frequency sensor (7.5 to 20 MHz) is placed on the pre-auricular area,

perpendicular to the zygomatic arch and parallel to the mandibular ramus or, according to others,
on the line connecting the tragus of the ear with ipsilateral nasal alar, known as Camper line, and

rotated to achieve the best display [94-96]. By opening or closing patient’s mouth, static or dynamic
images are gained. The cortical bone of the condylar head, the fossa and the surface of the eminence
reflect fully the ultrasound waves (hyperechoic tissues) and appear white on the ultrasound images,

while the spongy marrow reflects in a lesser degree, appearing black. The connective tissues as joint

capsule, the retrodiscal ligament, and muscles reflect sound waves moderately (isoechoic tissues)
and heterogeneously appear gray. The “empty” spaces (upper and lower articular space-hypoechoic

tissues) appear black and are most evident with presence of effusions (fluid). The articular disc is
composed of dense fibro-cartilaginous tissue and typically appears as a thin area of low reflection
of ultrasonic waves (black), surrounded by a white “halo” [96]. The position of the disc in the open
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mouth is considered normal when located between the anterior articular tubercle and condylar
head [96,97], but the difficulty in identifying it led some to indirect calculations using parameters
such as the condyle-fossa distance [98,99].
In literature, among hundreds of papers, there are large series studies [100] or systematic
reviews [101] encapsulating conclusions of other studies, in the form of averages for parameters
such as sensitivity, specificity and accuracy of ultrasound in anterior disc displacement. These
studies provide inconsistent and often conflicting results on the diagnostic value of ultrasound
for TMD. This is due to the fact that ultrasound depends largely on the examiner’s experience,
to the frequency of the transducer, the technology of equipment and examination protocols, that
have not been standardized yet [94,95,102,103]. Ultrasound’s greater sensitivity is in detecting
joint effusion, a sign of inflammation in to the joint, in situations such as systematic arthritides
(psoriatic, reumatoid), episodes of pain in osteoarthritis but also in traumatic arthralgia due to
bruxism [95].
Ultrasound’s sensitivity in disc displacement ranges between 41% in the first publications
[104], to 90% or more in most recent ones [105]. A review credits an average of 80% to this
ascending proccess [99]. It is striking that at least in one case, the same center, by sequential
publications, records an increase of ultrasound’s sensitivity and specificity, as experience
and equipment technology improves [104,106,107]. Nowadays, sensitivity and specificity of
ultrasound for disc displacement, in the hands of experienced examiners, seems to approach that
of MRI, although there is a difficulty in locating the disc, not existing in large joins [108].

Muscular hypertrophy or contraction was studied in ultrasound by orthodontists and others
[109-112]. The conclusion from these studies is that muscular activity may be detectable by
ultrasound, but the norms (protocols) for definite diagnosis are not released yet. In osteoarthritic
defects ultrasound recorded unsatisfactory rates [113]. In a systematic review, the accuracy and
specificity of ultrasound ranges greatly (67-95 and 20-100% respectively), not allowing useful
conclusions on its ability to detect osteoarthritic lesions [100]. Conclusively, the ultrasound is
evolving technology, providing an economical and reproducible imaging for TMJ, which, in hands
of a properly trained clinician, promises to complement the clinical diagnosis and track effectively
therapeutic maneuvers and results.

CT AND CBCT

Unlike ultrasound, computed tomography is expensive and exposes patient to radiation. In
maxillofacial radiology the Cone-Beam Tomography has prevailed (CBCT) against the CT used
in imaging the rest of the body and is referred to as “medical CT» «spiral CT», «multi-slice CT»
etc. CBCT is proved to expose patient in about 20% lower radiation than spiral CT, although this
does not mean that one can repeat it often, or apply it to children or young people without strong
evidence [113-116].

The CBCT came into clinical use in the late ‘90’s, but used widely during the next decade, so the
relevant publications, concerning the CBCT in orthodontics only, today surpass 600 [117,118].
What differentiates it is the collection of data from a single rotation of beam, analyzing and
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recomposing it later, with specific software. So imaging of soft tissue is poor, due to insufficient data.
Thus, the main indication of CBCT for TMJ is imaging of hard tissues, and not disc [114,119,120].
Nevertheless some studies argue that CBCT may alter the clinical diagnosis or treatment of the
TMD, whatever it is [54].
Techniques for indirect determination of disc position in CBCT employed many researchers
who worked on the hypotheses that disc dislocation may change the position or shape of the
condyle [121-134]. Studies on the condylar position dealt with either transverse or sagittal
views, and based on the supposals that the condyle is placed posteriorly on disc dislocation, or
even that its axis is tilted [124-127]. Heterogeneity of their results increases by the fact that the
referral diagnosis “disc dislocation” ‘wasn’t placed under uniform protocol, in many “disclocated”
cases the condyle was found in “normal” position, whereas, in many asymptomatic patients the
condyle was positioned posteriorly [126,127]. The change in shape of the condyle appears to be
better documented than position change, although there are no pathognomonic changes strongly
associated with the diagnosis of disc dislocation [128-133].
CBCT is probably susceptible to further technical improvements. For example CBCT
arthtrography, which has been widely used by orthopedists, could give information on the location
of the disk that cannot be collected with the normal use of CBCT [59,135,136]. Also the technology
of fusion of the images, already applied in PET-SCAN and available as separate software, is likely
to provide additional capabilities to CBCT in the future [137].

In conclusion, the CBCT is nowadays indicated for joints suspected of osteoarthritis, where
its sensitivity is approximately 0.75, specificity close to 100% , positive predictive value 1,0 and
the negative 0.75 or in ankylosis but without demonstrating soft tissues [85]. It clearly surpasses
static views and OPG (Figure 2), but not the spiral CT and, therefore, its actual contribution in
TMD diagnostics is relatively low [138,139].

Figure 2: CBCT showing severe osteoathritic lesions of the right condyle.

Oral and Maxillofacial Diseases | www.smgebooks.com

7

Copyright  Venetis G.This book chapter is open access distributed under the Creative Commons Attribution 4.0
International License, which allows users to download, copy and build upon published articles even for commercial
purposes, as long as the author and publisher are properly credited.

MRI AND ITS VARIANTS
Although expensive and contra-indicated in patients with metal inserts and claustrophobia,
MRI replaced tomography and arthrography gradually within 10 years as non-invasive and
radiation free exam, in a dissemination needing rationalization of its costs and benefits. MRI
discerns more elements of the TMJ and surrounding tissues from other imaging. It is repeatedly
written and said that “MRI is the golden standard for diagnosis of TMD” but one has to take into
account concepts such as sensitivity, specificity, positive and negative predictive value when
accessing a diagnostic modality.

It has been noted that the MRI may indicate problems in asymptomatic patients [140,141].
False positive (but also negative) findings increase, decreasing MRI’s reliability, when the joint
is not displayed in sagittal sections, at open mouth position and when the posterior band,
instead of the intermediate zone is assessed [37,142]. Therefore, no matter how many elements
MRI discerns, there are two basic requirements crediting clinical value to MRI: a) that must be
ordered for specific clinical indications and b) the interpretation of findings should be done under
protocols [42,43,143]. By doing so, MRI may affect significantly both, diagnosis and the treatment
plan of TMD [145].

Two sequences are used in the TMJ study with MRI: T1 and T2 Weighted Image (T1WI T2WI). Their difference, due to perpendicular magnetisation vectors, could be summarized in
that the first illustrates the fluids dark, while the second light. The majority of MRI ordered for
TMJ is T1WI, and projections are mainly sagittal.

MRI’s main indication in TMD is confirmation of Anterior Disc Displacement (ADD). Incipient
displacement with reduction, which is diagnosed in closed-mouth position, has been-and still is-a
matter of dispute. According to one approach the diagnosis is made when the posterior band is
located anteriorly to the condylar top (superior aspect) in sagittal sections [37,145]. According to
the other, the dark (low signal) intermediate zone is used in the same way instead of the posterior
band [146]. Thus, the first approach considers fewer cases as pathologic. Practically, this difference
affects treatment (and thus MRI’s efficacy), as some recommend intraarticular lavage when the
imaging confirms clinical diagnosis of ADD with reduction, to “unstuck” the disk [144].
Established ADD, however, is fairly well recognized in MRI, as shown in one of the first large
studies with relatively high level of reliability, which used four independent examiners [147]. The
sequence most used to estimate disc position is T1WI although there are opposite positions [45].
The usual view is the sagittal, but frontal is of diagnostic value not yet calibrated fully, and should
be combined to sagittal views [43]. Displacement of the disc in frontal view takes as landmarks
the lateral and medial poles of the condyle. A rough definition of displacement in frontal view is
that “lateral disc displacement” is the presence of the disc over the lateral pole, whereas “medial
displacement”, is its presence above the medial pole [146]. One cannot calculate precisely the
accuracy of MRI in ADD but sensitivity is estimated to reach 0,7 specificity about 0,6, positive
predictive value 0,65 and considerably higher negative predictive value [37,85,148].
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The presence of fluid in the joint spaces (effusion) is, as said, indirect evidence of joint
inflammation concerning many TMJ pathologies [143]. The intra-articular fluid is best seen in
T2WI than in T1, while intravenous administration of “paramagnetic medium” (contrast enhanced
MRI) has not proven to increase the sensitivity of MRI in detection of effusion.

In literature enough discussion has developed on the ability of MRI to demonstrate
adhesions or perforations of disc [39,148-150]. Adhesions are thought to make ADD permanent,
“stucking” the disc in an anterior position into the fossa [35,36]. Therefore, the presence of
adhesions is an indication for TMJ lavage and this ads value to MRI in the therapeutic level. Disc
perforations however have no great practical importance, except confirming the progressive
disc degeneration. Both entities are not related, in general, to a specific stage or severity of TMD,
but have been correlated to contrast enhanced MRI. In particular, intravenous administration
of the paramagnetic substance demonstrates adhesions but not perforations, since the presence
of the latter ascertained primarily indirectly, by the presence of liquid in both synovial spaces.
In contrast, the intra-articular injection of paramagnetic substance at the upper articular space
highlights both adhesions and perforations of the disc, because, when performed lege-artis, the
contrast medium is not displayed in both spaces, if no perforation exists [151]. The technique is
known as Mr Arthrography (MRAr). MRAr has been implemented by orthopedics for the study
of many joints, mainly shoulder and hip [152]. But for TMJ had not spread particularly, perhaps
because it’s diagnostic value has little difference over conventional MRI, outweighed by its
disadvantage of invasiveness [151,153,154].

As medical imaging is rapidly developing, today’s status may change soon. The strength of the
magnetic fields produced from MRI machines is believed to play an important role in TMJ imaging
[155]. The same is supported for other specialized techniques not covered by this chapter [156].
Perhaps an important future evolution of imaging may come from the technology of image fusion
[157]. Also, video reconstruction of images from MRI, a relatively simple process (Video), or a
new development, the actual MRI video recording, may give new perspective to the study of TMD
[158,159]. In conclusion, MRI is the most “comprehensive” TMJ imaging, but often its findings
are overestimated. Also it is expensive and therefore not easily reproducible examination, with
low performance in the diagnosis of arthritides. Rational use of the MRI presupposes that clinical
examination leaves considerable doubt on the diagnosis and the user of MRI is aware of all the
possibilities and variations of MRI offered by technology.

SOCIO-ECONOMIC ASPECTS AND CONCLUSIONS

It has been written, that “diagnostic radiology is part of an objective process for the effective
and adequate treatment of the patient” [144]. In this context, as mentioned before, the TMJ
imaging is to be ordered when it is effective in 6 levels: [37,144]
1. Technically, imaging is valid only when its quality makes it readable

2. Diagnostically, the parameters: accuracy, sensitivity, specificity, positive and negative
predictive value and examiner performance should be validated
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3. Clinically, imaging is of value if it can change diagnosis or diagnostic thinking

4. At the treatment level, imaging should be capable to change the treatment plan

5. Patient outcome efficacy describes the value of an imaging in patient’s follow up
6. Social efficacy balances the cost against the benefit in socio-economic terms.

Indeed, a clinician almost never takes into account the above six points before ordering a
display. In the position paper of 1997, the American Academy of Oral & Maxillofacial Radiology
addresses exactly this problem, and lists, to raise awareness of the clinician, a table incorporating
indications and cost for any imaging for TMD [48]. Since 1997 many things have changed in the
imaging technology. But unnecessary images for TMJ are still ordered today, which makes sense,
because the medical imaging evolves, promising more than what an examiner is able to gain
from it. Recession of indicators of public health systems and social insurances worldwide, tasks
clinicians to sharpen their diagnostic capacity and to be limited to more targeted and effective
choices for imaging, taking into account as many of the 6 criteria stated above.
Despite their shortcomings, the clinical classification schemes and staging of TMD, particularly
the RDC/TMD, cover most of the needs of clinicians. Imaging should be used only when there is
a significant differential diagnostic dilemma or substantial likelihood to change a diagnosis or
treatment. Ultrasound, which has the smallest biological and socio-economic costs, could possibly
increase its advantages, MRI, at present, answers to most diagnostic queries in TMD, the CBCT is
to be ordered only where the TMD is attributed to bone lesions, and plain radiographs and OPG
should not be used at all in temporomandibular disorder.

Video 1: Video reconstruction from T1WI MRI of a left TMJ showing an anterior disc displacement with reduction.
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