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Abstract

Objectives: To compare cone beam computed tomography (CBCT) and magnetic

resonance tomography (MRT) in patients with temporomandibular joint (TMJ)

arthralgia in respect of the evaluation of bony structures, and to correlate joint

space distances measured in CBCT with the morphology and the position of the

disc visualized in MRT.

Materials & methods: 26 temporomandibular joints (TMJs) in 13 patients

clinically diagnosed with TMJ arthralgia were examined by both CBCT and

MRT. All images were evaluated by use of a form. The results were compared

in regard of conformability of the diagnoses of osseous structures established by

each imaging method. Anterior, superior and posterior joint space distances

measured in CBCT-images were related to disc morphology and position

visualized in MRT.

Results: Conformability of CBCT andMRT in the evaluation of bony TMJ structures

ranged from 69.3 to 96.6 %. Osseous alterations such as erosions, osteophytes and

cysts detected by CBCT could partly not be discerned by MRT. The correlation of
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joint space distances with disc morphology (biconcave or not biconcave) was not

statistically significant. The correlation of joint space distances and disc position

was statistically significant only for the superior joint distance.

Conclusion: CBCT outclasses MRT in the visualization of osseous alterations,

which are diacritic in the differentiation of simple arthralgia from osteoarthritis.

Therefore, CBCT imaging is appropriate in patients clinically diagnosed with

TMJ arthralgia.

Superior joint space distance not being the highest joint space in sagittal CBCT

indicates an anterior disc displacement.

For the visualization of structural changes or displacement of the disc frequently

associated with osseous changes, MRT is the optimal tool. Thus, the combination of

the two imagingmethods allows a comprehensive diagnosis in TMJ arthralgia patients.

Keywords: Medical imaging, Dentistry

1. Introduction

In any field of medicine, a thorough anamnesis and a clinical exploration present the

basic diagnostic measures in a patient seeking medical consultation. In dependence

of the clinical findings, further tests or imaging techniques may be indicated in order

to verify, specify or reject the preliminary diagnosis. In the assessment of temporo-

mandibular joint disorders, diagnostic criteria have been established for clinical and

research applications (Diagnostic Criteria for Temporomandibular Disorders, DC/

TMD; Research Diagnostic Criteria for Temporomandibular Disorders, RDC/

TMD) [1, 2]. (R)DC/TMD axis I relates to clinical TMD conditions such as muscle

disorders (group I), disc displacements (group II) and arthralgia, arthritis and

arthrosis (group III). Arthralgia has been defined as pain and tenderness in the joint

capsule and/or the synovial lining of the TMJ (pain in the lateral pole and/or the pos-

terior attachment during palpation plus one or more self-reports of pain in the region

of the joint or in the joint during maximum unassisted opening or during assisted

opening or during lateral excursion). For a diagnosis of simple arthralgia, coarse

crepitus must be absent. Osteoarthritis has been defined as an inflammatory condi-

tion within the joint that results from a degeneration of the joint structures, and rep-

resents a combination of arthralgia plus coarse crepitus in the joint or plus one or

more findings in TMJ imaging, such as erosion, sclerosis, flattening and osteophyte

formation in joint surfaces. Osteoarthrosis, in contrast, has been defined as a non-

painful degenerative disorder of the joint in which joint form and structure are

abnormal. Coarse crepitus and/or osseous changes in imaging are indicative. Painful

osteoarthritis may progress into osteoarthrosis. Uemura et al. have correlated roent-

genological signs to the severity of degeneration, with erosive changes of the

condyle representing an early stage and sclerosis of the articular fossa and/or

eminence presenting severe destruction [3]. Thus, TMJ imaging is helpful in
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tracking disease progression and even necessary in the differential diagnosis of

arthralgia and osteoarthritis.

Which imaging technique should be applied in which clinical diagnosis? The two

modern imaging technologies CBCT and MRT, which are to be compared in this

study, are based on entirely different principles.

CBCT has, for various indications, become standard equipment in dental offices. It is

compact in size, easy to operate, and available for immediate imaging. In CBCT, a

circular orbit of an X-ray source (forming a three dimensional (3D) cone shaped

X-ray bundle) around the object creates a multitude of projection images which are

acquired by a 2D detector and processed to 3D reconstructions by means of cone

beam reconstruction algorithms. 3D imaging provides more detailed information

on anatomic structures than conventional 2D X-ray examination, such as panoramic

radiography or lateral cephalometry, albeit by delivering a considerably higher radi-

ation dose [4]. Thereby, in CBCT imaging, a several to ten times lower radiation dose

is used than in multislice CT [4, 5, 6, 7], which still represents the gold standard in the

diagnosis of bony defects and fractures of the TMJ.CBCT has been proved to be pre-

cise enough to supply reliable and clinically relevant data of the TMJ [8, 9]. Ikeda and

Kawamura determined the physiological position of the condyle in centric relation in

the sagittal, coronal and axial plane in healthy probationers, in order to provide norms

for the clinical assessment of condylar position obtained by CBCT [10, 11].

InMRT technique, an intense signal originates from a high number of protons (such as

contained inwater or soft tissue or liquids in the human body). This explainswhyMRT

has its strengthsmainly in soft tissue imaging [12, 13].Usually six to eight sagittal slices

are acquiredwithmouth shut and open, three ofwhich (in themedial, central and lateral

part of the joint) suffice in practice. T1-weighted MRT is optimal for the evaluation of

anatomy and topography, whereas T2-weighting facilitates the diagnosis of inflamma-

tory alterations or effusion [14]. MRT examination is devoid of the adverse effects of

ionizing radiation.MRT is usually performed in centers only upon referral, and requires

a longer imaging time than CBCT. Metallic foreign bodies, cardiac pacemakers, co-

chlea implants, vascular clips, etc. present contraindications for MRT imaging [15].

A comparative evaluation of CBCT and MRT images of the same joints was con-

ducted in order to elaborate the strengths and shortcomings of each technique in

the diagnosis of TMD.
2. Materials & methods

2.1. Subjects

The study group investigated in this retrospective analysis consists of 13 consecutive

patients (10 females, 3 males; aged 18e59 years, mean age 38� 11.626 years), who
on.2018.e00641
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presented in an orthodontic practice in Germany for clarification and treatment of a

painful condition in the TMJ region in one side or both sides. All patients were clin-

ically diagnosed with arthralgia (diagnosis III.a according to the RDC/TMD [2]) by

one clinical examiner. Patients with a severe limitation of mouth opening (RDC/

TMD diagnoses I.b, II.b) were excluded, whereas the (additional) clinical diagnoses

myofascial pain (RDC/TMD diagnosis I.a) or disc displacement without limited

opening (RDC/TMD diagnoses II.a, II.c) or the presence of coarse crepitus (RDC/

TMD diagnosis III.b) were no exclusion criteria.
2.2. CBCT data acquisition

CBCT was performed at the orthodontic practice directly after the clinical examina-

tion in order to provide an immediate diagnosis of the osseous structures, the posi-

tion of the condyle and spatial relationships.

CBCT imaging was performed with mouth shut (maximal intercuspidation) by “Pi-

casso Trio” (Vatech) in mode “high” with a field of 12 cm � 7 cm and a scanning

time of 24 seconds in a natural head position [16], by which the Frankfort horizontal

plane and the upper and lower margin of the reconstructed images are parallel. Slice

thickness was 0.15 mm. The data were stored and processed by a flat panel detector

and downloaded by EZImplant CD Viewer.
2.3. MRT data acquisition

Depending on availability of appointments, MRT imaging was performed within a

mean period of 19.92� 27.32 days (range 0e108 days) after the CBCT examination

at a practice for radiology in order to visualize soft tissue structures. MRT imaging

was performed in a lying position by the use of a high resolution surface coil in a

magnetic field of 1.5 tesla. With mouth shut (maximum intercuspidation) (example,

Fig. 1) and open, mouth-opening accomplished by means of a splint, T1-weighted

sequences consisting of 10 sagittal slices of 3 mm thickness from lateral to medial

were taken. The data were downloaded by Sectra CD Viewer.

All TMJ imaging took place in Cologne, Germany, and was indicated as standard

of care, in order to confirm and specify the clinical diagnosis as a basis for treat-

ment planning, for documentation purposes and as a baseline for monitoring.

Informed consent to the anonymous analysis of the data was obtained. Data eval-

uation was carried out at the Department of Operative and Restorative Dentistry,

Innsbruck, in the course of a thesis approved by the Medical University of Inns-

bruck, in accordance with the Declaration of Helsinki on medical protocol and

ethics and the guidelines of the ethical committee of the Medical University of

Innsbruck.
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2.4. Data analysis

2.4.1. Evaluation of CBCT and MRT images

The evaluation of all images was performed by one examiner with the help of a form,

which had been set up in accordance with the standardized evaluation protocol of

Ottl et al. [17]. It contains analysis criteria for the shape of the condyle (convex,

pointed, flattened, concave, hypoplastic, deformed, fractured), the shape of the artic-

ular tubercle (regular, pointed, flattened), the compacta quality of the condyle (reg-

ular, erosion, osteophyte formation), the spongiosa quality of the condyle (regular,

degeneration, cyst formation, inflammation, tumor), the morphology of the mandib-

ular fossa (regular, erosion, osteophyte formation) and e for MRT images only e

disc morphology (no evaluation possible, biconcave, biplanar, overall or marginally

thickened, overall or centrally thinned, marginally flattened, deformed, plicated,

spherical, perforated, destroyed/fragmented) and the disc position in the sagittal

plane (closed mouth: superior, anterior, posterior; open mouth in case of disc

displacement: reduction or no reduction).

The assignment of an identical diagnosis to osseous structures by CBCT and MRT

was defined as “conformability” in the evaluation of the bony structures.

Joint space measurement in sagittal CBCT images was performed by means of the

functions “ruler” and “tapeline” according to the method of Ikeda and Kawamura8:

The sagittal plane dividing the longitudinal axis of the condyle in half was defined as

the section which was used for measurement. The distance from the most superior

point of the condyle to the most superior point of the mandibular fossa (in reference

to the Frankfort horizontal plane) was determined as “superior space distance” (SS).

From the most superior point of the fossa an anterior and a posterior tangent to the

condyle were drawn in order to mark two points. From each of these two points an
on.2018.e00641
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auxiliary straight line was drawn at right angle to the tangents. The distance between

the point of intersection of the posterior auxiliary line and the fossa and the point of

intersection of the posterior tangent and the condyle was defined as “posterior space

distance” (PS), the “anterior space distance” was determined in an analogous way by

the anterior tangent and the anterior auxiliary line (Fig. 2).

Measurement of each image was performed three times at three different days by the

same examiner. The mean value of the three measurements was used as the deter-

mined space distance. Intraexaminer reliability was assessed by use of the intraclass

correlation coefficient (ICC), with ICCs> 0.75 being considered acceptable [18, 19].
2.4.2. Statistical evaluation

Comparison of the findings in CBCT- and MRT-images was accomplished by

means of contingency tables.

For the draw up of tables and diagrams and for the statistical analysis the software

SPSS 15.0 (SPSS Statistics, IBM, Chicago) was used.

The unpaired t-test was used to assess a correlation between joint space distances and

disc morphology or disc position, respectively. Significance was set at p < 0.05.
3. Results

3.1. Comparison of CBCT and MRT images with respect to
osseous structures

Condyle shape was conformably diagnosed in CBCT and MRT in 96.2% (n ¼ 25):

Convex in 57.7% (n ¼ 15), deformed and flattened in 19.2 % (n ¼ 5), pointed in

7.7% (n ¼ 2), hypoplastic in 7.7% (n ¼ 2), and deformed in 3.8% (n ¼ 1).
Fig. 2. CBCT-image of the same joint as in Fig. 1: Determination of joint space distances.

on.2018.e00641

ors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

https://doi.org/10.1016/j.heliyon.2018.e00641
http://creativecommons.org/licenses/by-nc-nd/4.0/


7 https://doi.org/10.1016/j.heliy

2405-8440/� 2018 The Auth

(http://creativecommons.org/li

Article Nowe00641
In 3.8% (n ¼ 1) condyle shape was diagnosed as convex in MRT, whereas it was

diagnosed as flattened in CBCT.

The shape of the articular tubercle was classified conformably in 84.6% (n ¼ 22):

Regular in 69.2% (n ¼ 18), flattened in 11.5% (n ¼ 3), and pointed in 3.8% (n ¼ 1).

In 15.4% (n¼ 4) the shape of the articular tubercle was classified as regular in MRT,

whereas it was classified as pointed in CBCT.

Compacta quality of the condyle was assessed conformably in 69.3% (n ¼ 18)

(Table 1): Regular in 57.7% (n ¼ 15), erosion and osteophyte formation in 7.7%

(n ¼ 2), osteophyte formation in 3.8% (n ¼ 1).

In 26.9% (n ¼ 7) compacta quality was classified as regular in MRT, whereas ero-

sions were found in 19.2 % (n¼ 5) and osteophyte formation was found in 7.7% (n¼
2) in CBCT. In 3.8% (n ¼ 1) osteophyte formation only was assessed in MRT,

whereas erosion and osteophyte formation was assessed in CBCT.

Spongiosa quality of the condyle was diagnosed with conformable results in 96.2%

(n ¼ 25): Regular in 80.8% (n ¼ 21), degeneration in 11.5% (n ¼ 3), degeneration

and cyst formation in 3.8% (n ¼ 1).

In 3.8% (n ¼ 1) spongiosa quality was classified as regular in MRT, whereas cyst

formation was detected in CBCT.

The morphology of the mandibular fossa was conformably classified as regular in

73.1% (n ¼ 19).

In 26.9% (n¼ 7) the fossa was classified as regular in MRT, while CBCT visualized

an erosion.
Table 1. Comparison of compacta quality of the condyle in CBCT- and MRT-

images (n ¼ 26).

CBCT MRT

Regular Osteophyte Erosion and Ostheophyte Total

Regular n ¼ 15 (57.7%)* n ¼ 0 (0%) n ¼ 0 (0%) n ¼ 15 (57.7%)

Erosion n ¼ 5 (19.2%)y n ¼ 0 (0%) n ¼ 0 (0%) n ¼ 5 (19.2%)

Osteophyte n ¼ 2 (7.7%)y n ¼ 1 (3.8%)* n ¼ 0 (0%) n ¼ 3 (11.5%)

Erosion and Osteophyte n ¼ 0 (0%) n ¼ 1 (3.8%)y n ¼ 2 (7.7%)* n ¼ 3 (11.5%)

Total n ¼ 22 (84.6%) n ¼ 2 (7.7%) n ¼ 2 (7.7%) n ¼ 26 (100%)

n, number.
* (n ¼ 18; 69.3%), conformability.
y (n ¼ 8; 30.7%), non-conformability.
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3.2. Soft tissue imaging by MRT

The morphology of the disc was classified as biconcave in 57,7% (n¼ 15) and as not

biconcave in 42,3% (n ¼ 11): overall thickened in 11.5% (n ¼ 3), marginally thick-

ened in 7.7% (n¼ 2), marginally flattened in 7.7% (n¼ 2), overall thinned in 3.8% (n

¼ 1), destroyed in 3.8% (n¼ 1), biplanar in 3.8% (n¼ 1), deformed in 3.8% (n¼ 1).

The position of the disc was classified as superior in 50% (n ¼ 13), as anterior

without reduction in 30.8% (n ¼ 8), and as anterior with reduction in 19.2% (n ¼ 5).

Comparison of disc morphology right to left side (n ¼ 13): In 53.8% (n ¼ 7) disc

morphology was biconcave in one side and not biconcave in the other side, in

30.8% (n ¼ 4) disc morphology was bilaterally biconcave, and in 15.4% (n ¼ 2)

disc morphology was bilaterally not biconcave.

Comparison of disc position right to left side (n¼ 13): In 38.4% (n¼ 5) disc position

was anterior in one side and superior in the other side, in 30.8% (n¼ 4) disc position

was bilaterally superior, and in 30.8% (n ¼ 4) disc position was bilaterally anterior.
3.3. Space distance measurements in CBCT images

Intraclass reliability (ICC) in the measurement of joint space distances was 0.92,

and associated with a high reliability level.

Mean joint space distances measured in CBCT-images were: AS 2.58 � 0.71 mm;

SS 2.82 � 0.78; and PS 2.25 � 0.59 (Table 2).
3.4. Correlation of space distances and disc morphology and
position

The correlation of mean joint space distance measured in CBCT images and disc

morphology (biconcave or not biconcave) assessed in MRT is depicted in Table 3.

For neither joint space (AS, SS, or PS), a statistically significant correlation between

mean joint space distance and disc morphology was found (unpaired t-test).
Table 2.Mean, minimum, and maximum joint space distances (mm) measured in

CBCT-images.

AS SS PS

Mean D SD 2.58 � 0.71 2.82 � 0.78 2.25 � 0.59

Minimum 1.30 1.43 0.97

Maximum 3.83 4.37 3.73

AS, anterior space distance; SS, superior space distance; PS, posterior space distance; SD, standard
deviation.
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Table 3.Mean values of joint space distances (mm) in joints with biconcave and

not biconcave discs.

Disc morphology n Mean ± SD

AS Biconcave 15 2.60 � 0.54a

Not biconcave 11 2.54 � 0.92a

SS Biconcave 15 3.05 � 0.77b

Not biconcave 11 2.50 � 0.71b

PS Biconcave 15 2.28 � 0.50c

Not biconcave 11 2.21 � 0.72c

AS, anterior space distance; SS, superior space distance; PS, posterior space distance; n, number; SD,
standard deviation.
a p ¼ 0.84; unpaired t-test.
b p ¼ 0.77; unpaired t-test.
c p ¼ 0.77; unpaired t-test.
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The correlation of mean joint space distance measured in CBCT-images and disc-

position (superior or anterior) assessed in MRT (Table 4) was statistically signifi-

cant only for SS, not for AS and PS. (Unpaired t-test).
4. Discussion

CBCT is - for various indications - more and more becoming standard equipment in

dental offices and is thus easily available for immediate TMJ imaging. CBCT pro-

vides high geometric accuracy in the display of hard tissues and a good ratio between

performance and low cost, together with a low radiation dose [20].

In case of arthralgia (RDC/TMD diagnosis III.a), a clinical condition of pain and

tenderness of the joint capsule and/or the synovial lining of the TMJ, certain features

in imaging (such as erosion of the normal cortical delineation, sclerosis of parts or all

of the condyle and the articular eminence, flattening of joint surfaces and osteophyte
Table 4. Mean values of joint space distances (mm) in joints with a superior and

joints with an anterior disc position.

Disc position n Mean ± SD

AS Superior 13 2.48 � 0.47a

Anterior 13 2.68 � 0.90a

SS Superior 13 3.23 � 0.80b

Anterior 13 2.41 � 0.52b

PS Superior 13 2.45 � 0.63c

Anterior 13 2.05 � 0.49c

AS, anterior space distance; SS, superior space distance; PS, posterior space distance; n number; SD,
standard deviation.
a p ¼ 0.49; unpaired t-test.
b p ¼ 0.004; unpaired t-test.
c p ¼ 0.08; unpaired t-test.
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formation) change the diagnosis into osteoarthrosis of the TMJ (RDC/TMD diag-

nosis III.b), an inflammatory condition within the joint that results from a degener-

ation of the joint structures [2]. In other words, the detection/presence of osseous

changes impacts the clinical prognosis. Radiographic degenerative findings have

been shown to induce changes in treatment strategy, which may be of benefit to

the patients afflicted with osteoarthrosis [21]. CBCT monitoring may further be use-

ful in tracking disease progression. Moreover, some authors have recommended

CBCT-examination in TMD-patients with confirmed anterior disc displacement

without reduction or disc deformity on MRT, who are at risk of having osseous ab-

normalities in the TMJ [22, 23].

This study provides evidence that CBCT outclasses MRT in the evaluation of bony

structures. MRT and CBCT were conformable in the assessment of the shape of the

condyle in 96.2%, of the shape of the articular tubercle in 84.6%. It seems that in the

assessment of shape, in which only major structural changes are differentiated, the

higher resolution of CBCT has little impact on the diagnosis.

In the diagnosis of compacta quality of the condyle, conformability of CBCT and

MRT was found only in 69.3%. Erosions in particular could frequently not be visu-

alized in MRT. This may be due to a better accuracy in detail in CBCT because of

lower slice thickness (0.15 mm) as compared to MRT (3 mm). These findings corre-

spond to investigations by Alkhader et al., who also stated a relatively low sensitivity

of MRT for detecting osseous TMJ abnormalities such as surface irregularities [22].

Conformability of both imaging methods in the examination of spongiosa quality of

the condyle was relatively high (96.2%), probably due to the fact that the majority of

TMJs (80.8%) showed no damage in the spongiosa in CBCT.

While the mandibular fossa was classified as regular in all MRT images, erosions

were visualized in 26.9 % in CBCT, conformability amounting to 73.1%.

Condylar erosions represent the early stage of degenerative changes, indicating that

an active degenerative disease process associated with an inflammatory component

may be occurring [3, 24]. Even though some authors have found no association be-

tween pain and an increased risk of degenerative findings in TMJ tomograms [25],

others have assessed an association of (chronic) TMJ arthralgia and condylar erosion

[26, 27, 28]. The presence of erosions may thus serve as a prognostic factor for dis-

ease progress or for treatment success or failure.

The second aim of this investigation was the correlation of the anterior, superior and

posterior joint space distances with the morphology and the position of the disc. In

the patients of this study, diagnosed with arthralgia, disc morphology was regularly

biconcave in 57.7%, and the disc was in a physiological superior position in 50%,

which confirms an association between soft tissue damage and osseous changes as

described by other authors [22, 23]. Ikeda and Kawamura assessed the “optimal
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physiological” position of the condyle, with SS being the highest joint space distance

in sagittal CBCT images in healthy male and female probationers at a mean age of 18

years (range 12e26 years).8 Lelis et al. also found SS to be the highest space dis-

tance in CBCT-based joint measurements in asymptomatic probationers (males

and females, aged 18e25 years) in maximum intercuspidation and in centric relation

by use of a different measuring method [29]. Kinniburgh et al. compared joint space

distances in CBCT images of adolescent patients (males and females, mean age 13

years, range 7e20 years) with a normal disc position (highest joint space distance

SS) and with anterior disc displacement without reduction verified by MRT (highest

joint space distance AS), also measured by a different method [30]. Also in the pre-

sent investigation, in joints with a superior disc position, SS was the highest joint

space distance, whereas in joints with anterior disc displacement (with or without

reduction) AS presented the highest joint space distance. These findings confirm

that SS is the highest space distance in joints with a physiological position of the

disc. This is due to the location of the thick posterior part of the disc in 12 o’ clock

position. The thin biconcave intermediate part is physiologically located in the ante-

rior, the bilaminar zone in the posterior joint space. In case of an anterior dislocation

of the disc, the thick posterior part is located in the anterior joint space, and AS in-

creases, the thin bilaminar zone is located in the superior joint space, thus SS de-

creases. With further (over-)extension of the posterior band and further anterior

movement of the disc, the strained inferior part of the bilaminar zone is located in

the anterior joint space, AS and PS decrease [31]. In brief, anterior disc displacement

results in a decrease of SS and an increase or - in the natural course of further dete-

rioration (the turn of anterior disc displacement with reduction into anterior disc

displacement without reduction [32]) e a decrease of AS.
5. Conclusion

CBCT outclasses MRT in the visualization of osseous alterations in the TMJ. The

detection of bony irregularities, such as erosions, flattening, deformity, sclerosis,

and osteophyte formation, differentiates “simple” arthralgia (RDC/TMD diagnosis

III.a) from osteoarthritis (RDC/TMD diagnosis III.b), and impacts the prognosis

and patient management. Therefore, CBCT is suitable and diacritic in patients clin-

ically diagnosed with TMJ arthralgia.

Superior joint space distance not being the highest joint space in sagittal CBCT in-

dicates an anterior disc displacement.

For the visualization of the position and morphology of the disc, which are of partic-

ular interest in clinical RDC/TMD diagnoses II.b to c frequently associated with

osseous alterations of the TMJ, MRT is the method of choice.
on.2018.e00641
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Thus, the combination of the two imaging methods is optimal for a comprehensive

diagnosis in TMJ arthralgia patients.
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