Hindawi

BioMed Research International

Volume 2021, Article ID 6032559, 9 pages
https://doi.org/10.1155/2021/6032559

Research Article

Hindawi

Comparison of T2 Weighted, Fat-Suppressed T2 Weighted, and
Three-Dimensional (3D) Fast Imaging Employing Steady-State
Acquisition (FIESTA-C) Sequences in the Temporomandibular

Joint (TM]J) Evaluation

2,3,4

Secil Aksoy(»' and Kaan Orhan

'Near East University, Faculty of Dentistry, Department of Dentomaxillofacial Radiology, Mersin 10, Turkey
2Ankara University, Faculty of Dentistry, Department of Dentomaxillofacial Radiology, Ankara, Turkey
3Ankara University, Medical Design Application, Research Center (MEDITAM), Ankara, Turkey
*Department of Dental and Maxillofacial Radiodiagnostics, Medical University of Lublin, Poland

Correspondence should be addressed to Kaan Orhan; kaan.orhan@dentistry.ankara.edu.tr

Received 24 May 2021; Revised 20 November 2021; Accepted 29 November 2021; Published 22 December 2021

Academic Editor: Luca Pio Stoppino

Copyright © 2021 Secil Aksoy and Kaan Orhan. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work
is properly cited.

Aim. Osteonecrosis can affect the mandibular condyle, and bone marrow edema may be a precursor in osteonecrosis development
in temporomandibular disorder (TMD) patients. Early detection of bone marrow changes is crucial for occurring osteonecrosis.
The purpose of this study was to compare the diagnostic value of fast spin-echo T2 weighted (FSE-T2W), fat-suppressed T2W
(FS-T2W), and three-dimensional (3D) fast imaging employing steady-state acquisition (FIESTA-C) MR sequences for early
detection of bone marrow changes as well as TMJ soft tissue alterations. Methods. A total of 60 joints with TMD were included
in this study using a 1.5T MR machine (Signa HDxt, GE, Milwaukee, USA) using a dual surface TMJ coil. Qualitatively, the
images were interpreted by two observers for disk configuration, disk position, joint fluid, and bone marrow changes.
Quantitatively, signal intensity ratios (SIR) in the TMJ condyle, retrodiscal tissue, disk, and muscle were also measured using
all tested sequences. Kappa coeflicients were calculated to assess both intra- and interobserver agreements for each image set.
The SIR of each sequence was compared using a one-way ANOVA Bonferroni-Dunn test. Results. Overall intraobserver kappa
coefficients ranged between 0.35 and 0.88 for joint fluid and between 0.22 and 0.82 for bone marrow changes diagnosis,
suggesting high intraobserver agreement for FS-T2W and 3D FIESTA-C sequences than FSE T2W sequence (p < 0.05). 3D
FIESTA-C showed higher agreement values for disk configuration and position detection than other sequences. Conclusions.
3D FIESTA-C sequences can be used and incorporated into routine MRI protocols for obtaining high-resolution TMJ MR
images due to the short acquisition time and 3D nature of the sequence. Additional studies should be done for dynamic TMJ
imaging with this sequence.

1. Introduction

The term temporomandibular disorders (TMD) refer to sev-
eral clinical problems which involve the muscles, TM]J, and
associated structures, or both [1, 2]. TMD is the most com-
mon etiological factor of nondental pain in the orofacial
region and is considered to be a subgroup of musculoskeletal
disorders [3-5], and its prevalence is very variable and
ranges between 16 and 68% in the literature [6, 7]. Disc dis-

placements are the most commonly encountered disorder
type among these groups [8]. However, there is a discrep-
ancy between objective diagnosis and subjective patient-
reported pain and disc displacement may be observed nearly
in one-third of the asymptomatic volunteer [7].

Diagnostic imaging is essential for detecting congenital,
developmental malformations neoplasia, fractures, disloca-
tions, ankylosis and disc displacement, inflammatory disease,
and arthritis of the TMJ [9]. Magnetic resonance imaging
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(MRI) is considered to be the gold standard for evaluating the
TM]J structures including the articular disc, ligaments, and
muscles with excellent spatial and contrast resolution
[10-12]. Furthermore, MRI is the only imaging modality that
provides direct visualization of bone marrow in vivo [13].
Unlike biopsy, which is bound to specific areas, MRI provides
a more global picture of the bone marrow cellular composi-
tion [13] and clearly distinguishes fat from other tissues [14].

MRI examination of TMJ is usually performed using
T1-weighted (TIW) and proton-density-weighted or T2-
weighted (T2W) pulse sequences. While osseous and discal
tissues are best delineated on T1 and proton density-
weighted images, inflammation and joint effusions are
mainly demonstrated on T2W images [12]. However, the
TM]J is considerably smaller than other joints, before morpho-
logical changes occur, inflammatory changes of the joints are
hard to detect with standard methods. For this instance, new
sequences were started to apply especially for bone marrow
and inflammatory changes of TM]J in different studies. Sev-
eral studies used frequency-selective fat-suppressed (FS)
T2W sequence and found it to be more sensitive than fast
spin-echo (FSE) T2W images in detecting marrow alterations
and stated to be used instead of FSE T2W images [15-17]
while the others used several sequences such as half-Fourier
acquisition single-shot turbo spin-echo (HASTE) [18-20],
fast low-angle shot (FLASH) [21, 22], steady-state free pre-
cession (SSFP) (true fast imaging with steady-state preces-
sion (true FISP) [23], balanced fast field echo (bFFE),
balanced turbo field echo (bTFE), and fast imaging employ-
ing steady-state acquisition sequence (FIESTA) [24] espe-
cially for dynamic imaging of TMJ.

3D FIESTA sequence is an ultrafast pulse sequence and
used for imaging of small structures such as cranial nerves
(trigeminal neuralgia) [25], internal auditory canal [26],
middle ear, or joints [24] in the literature. 3D FIESTA and
FIESTA-C combine 3D volumetric data acquisition with
fluid-sensitive steady-state imaging which adds phase
cycling to the excitation pulse to minimize the build-up of
artifacts in the residual transverse magnetization [24-26].

To the authors’ knowledge, a comparison of the 3D
FIESTA-C sequence in the detection of TMD with that of
conventional sequences has not been assessed. Thus, the
purpose of this study was to compare the diagnostic value
of FSE T2, FS T2W, and 3D FIESTA-C MR sequences for
early detection of bone marrow changes as well as TM]J soft
tissue alterations.

2. Materials and Methods

The study population consisted of 122 patients who were
admitted to the Near East University, Faculty of Dentistry,
Department of Dentomaxillofacial Radiology for TMD. This
study was conducted following the guidelines of the Declara-
tion of Helsinki and was approved by our institutional ethi-
cal committee with IRB approval number YDU/2-6. Before
undergoing any radiographic, intraoral, or extraoral exami-
nations, the patients provided informed consent. Collected
data were only accessible to the researchers.
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All patients were examined clinically by a calibrated cli-
nician (SA) for TMJ disorders according to the Diagnostic
Criteria for Temporomandibular Disorders for Clinical and
Research Applications (DC/TMD) [27, 28]. Standardized
examination procedures include a comprehensive physical
examination of TMJ, medical history of the patient, tender-
ness to palpation of masticatory muscles, measurements of
the maximum mouth opening and lateral movements, limi-
tations of the mandibular movements, assessment of the
existence of joint sounds, and pain. The final diagnosis was
defined as the result of integrating findings from the clinical
examination according to DC/TMD guidelines and radio-
logical examinations (cone beam computed tomography
(CBCT), panoramic radiography, and MRI) [27, 28].

After each examination, the patients underwent bilateral
TM]J MRI. This study was initially based on TMJ MR images
of 122 patients who suffered from pain and dysfunction of
TM]J. Images of 62 patients, whose MRIs were not diagnos-
tically suitable for evaluation due to motion artifacts, and
those who were found to have a syndromic disease or history
of trauma, were excluded from the study. Moreover, only the
patients who had anterior disc displacement with reduction
and without reduction were included; all other displace-
ments, sideway-partial or posterior disc displacements were
excluded from the study.

The final study group was constituted as 60 patients (44
females and 16 male patients). The mean age of females was
38.1 while for males 32.4 age range 20-55 years.

All images were examined by using a 1.5T MR scanner
(Signa HDxt, GE, Milwaukee, USA) using a dual 3-inch sur-
face TMJ coil. First, an axial scout section was used to deter-
mine the mandibular condyle position, and then, MRI was
performed on a median oblique sagittal location that was
perpendicular to the long axis of the mandibular condylar
head. The MRI protocol included the 3D FIESTA-C, FSE
T2W, and frequency selected FS T2W images with the fol-
lowing parameters: T2W images (TR = 2500-3000, TE =93
-102 milliseconds (ms), echo train length (ETL) =10, 256
X 256 matrix, 3 mm slice thickness, number of excitations (
NEX) =2, acquisition time (TA) =3 minutes (min) 20 sec-
onds (sec), and field of view (FOV) =120 mm). Frequency
selected FS T2W images were acquired with TR = 2500, TE
=80ms, ETL = 10, 256 x 256 matrix, 3mm slice thickness,
NEX =2, TA=4min 35sec, and FOV =120mm. FIESTA
images were acquired with TR = 10.3, TE = 4.2 milliseconds,
flip angle 60, bandwidth 41.7kHz 384 x 256 matrix, 3 mm
slice thickness, NEX =2, TA = 1 min 50 sec, and FOV =120
mm. Oblique sagittal images were acquired perpendicular
to the long axis of the condyle in both opened and closed
mouth positions for T2W and FS T2W images with a bite-
block that was available in variable size. The patients were
instructed to move their mouths continuous slow free
open-close during the process of FIESTA-MRI. The cycles
of open-close movements for all the patients were unlimited.
To minimize magnetic susceptibility artifacts (due to ultra-
short TE and wideband thickness), constructive interference
in steady-state (CISS) was performed (FIESTA-C).

Two oral and maxillofacial radiologists with an average
of 8 years of experience evaluated the images. All observers
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FIGURE I: Sagittal MR images of the same patient using (a) FSE T2-W showing no effusion whereas (b) FS T2W and (c) 3D FIESTA-C show

a moderate effusion in the superior joint compartment (arrows).

FIGURE 2: Sagittal MR images of another patient (a) FSE T2-W showing no effusion whereas (b) FS T2W and (c) 3D FIESTA-C show a mild

effusion in the inferior joint compartment (arrows).

were kept blind concerning the clinical signs and symptoms
of the patients. Before image assessment, a calibration was
made between the observers. They received a set of guide-
lines and classification criteria for disc displacements with
MRI images. All observers evaluated the images twice in a
1-month term.

The disc configuration was classified as biconcave,
biconvex, and enlargement in the posterior band according
to a previous study for this population [29]. The disc dis-
placement of the TMJs was classified as normal, anterior
disc displacement with reduction, anterior disc displace-
ment without reduction again according to the same study
[29]. Joint fluid was classified as no fluid, minimal, moder-
ate, or marked fluid (Figures 1 and 2) while bone marrow
changes were classified as normal bone marrow, edema, or
osteonecrosis according to Larheim et al.’s studies [30, 31]
(Figures 3 and 4).

Quantitative analysis was also done in the study. There
was a 3mm diameter circular region of interest (ROI) in
closed-mouth position placed in mandibular condyle bone
marrow (MCBM) and disc (both from anterior band (AB)
and posterior band (PB), and the muscle (lateral pterygoid
muscle) (muscle)) on all MR sequences. Signal to noise ratio
(SNR) is the highest at the center of the surface coil; thus,
ROIs were placed as close as possible at the center of each

tissue to diminish a partial volume effect. The signal inten-
sity ratio (SIR) of each sequence and each tissue was mea-
sured. SIR was calculated as the ratio of the mean signal
intensity in ROI and the standard deviation of the back-
ground noise, measured in a region of no signal (Figure 5).

The calculated SIR of each tissue compared a one-way
ANOVA Bonferroni-Dunn test while kappa statistics were
used to determine interobserver agreement. The kappa
values were interpreted according to guidelines of Landis
and Koch adapted by Altman [32]: k<0.20 poor, 0.21-
0.40 fair, 0.41-0.60 moderate, 0.61-0.80 good, and 0.81-
1.00 very good. The determination of significance level was
done with the t-test using paired samples. Moreover, to
assess intraobserver reliability, the Wilcoxon matched-pair
signed-rank test was used for repeated evaluations. Results
were considered significant at p < 0.05.

3. Results

3.1. Intraobserver Consistency. Repeated evaluation of MR
images indicated no significant intraobserver difference for
both observers (p > 0.05). Overall intraobserver consistency
for observer 1 was rated at 92% and 95%, while the consis-
tency for observer 2 was found at 89% and 91% between
the two evaluations, respectively. All examinations were
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(a)

(b)

FIGURE 3: Bone marrow changes cannot be seen on (a) closed mouth-T2W images but be seen clearly on (b) open-mouth 3D FIESTA-C

sequence of the same patient (arrows).

FIGURE 4: (a) FSE T2W image showing a normal bone marrow; (b, ¢) FS T2W and 3D FIESTA-C sequences of the same patient
demonstrated decreased signal intensity within the mandibular condyle bone marrow.

FIGURE 5: Selection of ROIs on MR images. AB: anterior band; PB:
posterior band; MCBM: mandibular condyle bone marrow.

found to be highly reproducible for both observers, and no
significant difference was obtained from the two evaluation
sessions of the observers (p > 0.05).

3.2. Interobserver Consistency. Interobserver agreement on
disc configuration, closed and open mouth disc position was
moderate for T2W and FS T2W images whereas good agree-
ment was found for 3D FIESTA-C sequences (p > 0.05). Sta-
tistical significance was found for disc position (open/
closed), joint fluid, and bone marrow changes (p <0.05).
Interobserver agreement for joint fluid and bone marrow
changes on FSE T2W images were fair while frequency-
selective FS T2W and 3D FIESTA-C sequences showed very
good agreement. The diagnosis was dramatically increased
for joint fluid and bone marrow changes using frequency
selective FS T2W and 3D FIESTA-C sequences which were
statistically significant (p < 0.05) (Table 1).

Interobserver agreement for each variable showed that
the highest kappa value for FSE T2W was anterior disc dis-
placement without reduction and the lowest kappa value for
joint fluid and bone marrow changes. Contrary to these
results, FS T2W and 3D FIESTA-C images showed the high-
est kappa value for joint fluid and bone marrow changes
which was statistically significant (p < 0.05) (Table 2). When
joint fluid and bone marrow changes were examined in
detail; the interobserver agreement of FSE T2W sequence
was again fair whereas for FS T2W and 3D FIESTA-C
images had a very good agreement (Table 3).
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TaBLE 1: Kappa values for interobserver agreement according to MR sequences.
Variables FSE T2 3D FIESTA-C ES T2
Kappa Standard error Kappa Standard error Kappa Standard error
Disc configuration 0.54 0.031 0.68 0.024 0.52 0.035
Disc position, closed mouth 0.48' 0.026 0.62" 0.038 0.58' 0.039
Disc position, open mouth 0.52° 0.036 0.69° 0.033 0.56 0.027
Joint fluid 0.35° 0.028 0.88° 0.017 0.84° 0.019
Bone marrow changes 0.22* 0.044 0.82* 0.018 0.81* 0.010
Superscript numbers indicate statistical significance (p < 0.05).
TaBLE 2: Comparison among MR sequences in terms of evaluated variables.
Variable Category FSE T2 FS T2 3D FIESTA-C
Kappa
Biconcave 0.58 0.58 0.60
. . Biconvex 0.52 0.54 0.61
Disc configuration .
Enlargement of the posterior band 0.50 0.52 0.66
Biplanar 0.48 0.54 0.62
. . Superior 0.44 0.54 0.64
Disc position, closed mouth .
Anterior 0.50 0.58 0.62
Superior 0.48 0.55 0.65
Disc position, open mouth ADD with reduction 0.48 0.54 0.62
ADD without reduction 0.54 0.58 0.69
No 0.58 0.80 0.80
S Minimal 0.24 0.84 0.83
Joint fluid
Moderate 0.26 0.88 0.85
Marked 0.32 0.89 0.89
Normal 0.18 0.83 0.82
Bone marrow changes Edema 0.20 0.75 0.78
Osteonecrosis 0.24 0.89 0.90

3.3. SIR Calculations. The mean SIRs of the MCBM, AB, PB,
and muscle were calculated. The SIRs of all these issues on
FS T2W and 3D FIESTA-C ratios were significantly higher
than FSE T2W (p < 0.05). However, no significant difference
was found between FS and 3D FIESTA-C sequences
(p>0.05) (Table 4).

4. Discussion

MRI is an excellent noninvasive imaging method for the
evaluation of bone marrow and bone marrow alterations.
Several reports have shown that bone marrow alterations
were found to be associated with age, joint pain, internal
derangement, osteoarthritis, and effusion [15, 33, 34].

It remains unclear whether bone marrow edema is a pre-
cursor for osteoarthritis or may occur separately from oste-
oarthritis [31, 34]. In a recent review study by Wahaj et al.
[35], bone marrow edema, increased fluid level, and the pain
were found to be associated with osteoarthritis in the major-
ity of the TM]J studies. Most of the patients do not seek treat-
ment until the late stage due to the early-stage osteoarthritis

being asymptomatic; the need for an early detection method
is necessary. Various MRI sequences (mainly T2W) were
employed for the early detection of osteonecrosis and bone
marrow changes. Joint pain and bone marrow alterations
of the mandibular condyle result in higher signal intensity.
Tanaka et al. [15] showed that FS T2W images are better
than FSE T2W images for diagnosing the TM] effusion. Sim-
ilarly, the same results were reported for the detection of
bone marrow edema by Morimoto et al. [16]. Also, TMJ
pain is associated with high signal intensity in the posterior
disc attachment (PDA) on FS T2W images [36]. Even
though there was no significant correlation between pain
score and signal intensity, the present correlation between
the presence of TM]J-related pain and higher signal intensity
was found by Kodama et al. [37] and the FLAIR sequence
was recommended as a useful sequence in the clinical diag-
nosis of the painful TM]J. FLAIR sequence revealed a reduc-
tion in the signal intensity in TMJ with joint effusion [38]. A
high signal intensity measurement of the disc and retrodiscal
tissue was regarded as an objective sign of inflammation
[39]. Orhan et al. [40] evaluated the signal intensity changes
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TaBLE 3: The kappa values for joint fluids and bone marrow changes according to each observer.
FSE T2

Variables Observer 1 Observer 2

Kappa Standard error Kappa Standard error
Joint fluid 0.38* 0.016 0.34* 0.018
Bone marrow changes 0.21* 0.024 0.29* 0.026
3D FIESTA-C
Joint fluid 0.86" 0.017 0.88~ 0.029
Bone marrow changes 0.80" 0.018 0.88* 0.022
FS T2
Joint fluid 0.86* 0.019 0.84* 0.025
Bone marrow changes 0.80" 0.020 0.82* 0.024

TaBLE 4: Distribution of each tissue SIR (mean + S.D.) according to
MR sequences.

T2-W* ES T2-W* 3D FIESTA-C*
MCBM  729.33+102.18 895.74+105.58  936.79 = 109.07
AB 510.25+£62.01 703.5+76.93 746.61 £76.92
PB 519.78 £+ 64.81 754.36 £ 78.44 755.58 £79.72
Muscle 706.38 £99.60 872.12+101.28  886.79 £107.02

MCBM: mandibular condyle bone marrow; AB: anterior band of the disc;
PB: posterior band of the disc. * indicates statistical significance.

in the anterior and posterior band of the TM] disc using
MRI and reported that the increased SI in the posterior band
significantly correlated with the progression of internal
derangements while no significant difference was found in
the anterior band. These differences may be explained by
the higher volume density of the blood vessels and connec-
tive tissue content of the posterior band of the disc in
TMD patients than the healthy individuals. In another
study, Orhan et al. [17] revealed that SI values of the poste-
rior band were significantly lower in the anemia patients
than the healthy individuals whereas no statistically signifi-
cant difference was found for the anterior band. In a recent
study, a significant positive relationship between grading
scores and SIR measurements for the posterior band of the
disc and the retrodiscal tissue was found. SIR measurements
considered as an objective measurement of inflammation
seem to correlate with the detection of inflammation also
during arthroscopy [41].

Few studies compared the diagnostic accuracy of the static
proton density-weighted (PDW)/turbo spin-echo (TSE) T2W
sequence dynamic HASTE sequence in internal derangements
of TMJ. But they found that dynamic sequence is not a reliable
alternative to static sequence [20] and static sequence remains
as the gold standard; dynamic sequence provides additional
information about the disc-condyle position [18].

Sun et al. [24] reported that additional information was
obtained with the FIESTA sequence and this sequence could
be applied in joints with clicking. Moreover, although FSE
T2W imaging has a short acquisition time than FS T2W, it

has still the limitation for motion artifact which can affect
the image interpretation. In the present study, the acquisi-
tion time for fat-suppressed images (FS) was 4 min 35 sec-
onds while the FSE T2W image acquisition time was 3 min
20 seconds. Therefore, new sequencing modalities and 3D
imaging methods are still needed for TM] imaging. For
instance, Montesinos et al. [42] investigated the enhance-
ment filters’ effect on the image quality and visibility of disc,
condyle, and articular eminence. They reported that differ-
ent anatomical structures of the TM]J are better visualized
with the application of the filter. Besides these filtering
methods, new sequences that bring high-resolution imaging
in small joints, hyaline cartilage, neoplasms, and peripheral
nerves are being mandatory [43]. Chiba et al. [36] stated in
their study that the nonuniform fat suppression in the sup-
pressed T2W images reduces the reader’s ability to evaluate
the signal intensity of TMJ structures. Most previous studies
used 1.5T MR imaging which influences T2W image inter-
pretation because of this nonuniform fat suppression.
Because of the wider chemical shift at high-field-strength
MR imaging, the use of spectral fat suppression yields better
results at 3T than at 1.5T. It should also be stated that the
susceptibility artifacts at 3T are not strong enough to inval-
idate the advantage of a wider chemical shift. Therefore, at
higher magnetic fields, better fat suppression may be
achieved with a wider bandwidth in the fat frequency range
and a shorter RF pulse [43, 44].

Recently, 3T imaging is also being used in TMJ [45-48].
Krohn et al. [45] investigated the potential of real-time MR
imaging (dynamic TM] imaging) using 3T and concluded
the advantage of 3T for this kind of imaging. Yen et al.
[46] developed an imaging protocol on a 3T system using
the true FISP sequence that yielded an acceptable spatial
and temporal resolution for dynamic MR imaging. A recent
study used the T2 mapping technique to evaluate TM] disc
ultrastructure. They concluded T2 relaxation time measure-
ments can enable an ultrastructural analysis of the articular
disc of the TMJ [47].

Manoliu et al. [49] stated that the SNR at 3.0 T can be used
to increase the spatial resolution when imaging the TMJ; thus,
3.0T should be preferred over 1.5T for imaging the TM]J.
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Although this study was done in 1.5T, in the study, we
aimed to employ a faster sequence obtained with the
steady-state free precession (SSFP) method. These are gradi-
ent echo sequences that are shorter than the tissue’s T1 and
T2 time. RF pulses with a flip angle less than 90 degrees are
sent to have short TR. Because of this, T2 weighting is
increasing and images with high SNR are achieved. Due to
fast imaging, movement and flow artifacts occur less than
with other sequences. In the present study, the acquisition
time 3D FIESTA-C sequence was less than 2 minutes which
also allows the dynamic study of the TM]. Based on the cur-
rent results, the fat-suppressed with gradient echo sequences
has significantly higher SIR and higher agreement for detec-
tion of joint fluid and bone marrow alterations.

It should be stated that radiologists should be aware of
the advantages and disadvantages of the various fat suppres-
sion techniques available for 3T MR imaging to select the
most appropriate technique for the evaluation of TMJ. Fur-
ther studies should be done with various FS images such as
STIR, CHESS, or Dixon techniques.

Moreover, Water excitation could conduct fat-water sep-
aration in various sequences which can be a potential to
image small joints and cartilages including TM] because of
its relatively fast acquisition times and high SNR [43]. Based
on the results of this current research, further studies on var-
ious FS and ultrashort TE sequences (such as 3D FIESTA-C
sequences) can be recommended both with 1.5 and 3T for
TM] imaging with short acquisition time and decreased
magnetic susceptibility artifacts.

The limitation of this study is that the imaging sections
for dynamic MRI were planned on scout images in the axial
plane. Moreover, because of the dynamic nature of FIESTA
imaging during rapid jaw movement, MRI may still suffer
from residual streaking artifacts due to the high degree of
radial undersampling. The captured image velocity was lim-
ited to TMJ motion on dynamic imaging, in addition to the
motion artifact that may occur during the dynamic imaging
of TM]J. Further advances in image acquisition and iterative
reconstruction techniques are needed to improve image
quality and use of dynamic TM] MR imaging.

5. Conclusion

In conclusion, 3D FIESTA-C sequences can be used and
incorporated into routine MRI protocols for obtaining
high-resolution dynamic TM] MR images due to the short
acquisition time and 3D nature of the sequence. Addi-
tional studies should be done for dynamic TMJ imaging
with this sequence.

Conflicts of Interest

The authors state that they have no conflict of interest.

References

[1] M. W. Hayt, J. J. Abrahams, and J. Blair, “Magnetic resonance
imaging of the temporomandibular joint,” Topics in Magnetic
Resonance Imaging, vol. 11, no. 2, pp. 138-146, 2000.

[2] C. McNeill, “History and evolution of TMD concepts,” Oral
Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and
Endodontics, vol. 83, no. 1, pp. 51-60, 1997.

C. McNeill, “Management of temporomandibular disorders:

concepts and controversies,” The Journal of Prosthetic Den-

tistry, vol. 77, no. 5, pp. 510-522, 1997.

[4] J. P. Okeson and R. de Leeuw, “Differential diagnosis of tem-
poromandibular disorders and other orofacial pain disorders,”
Dental Clinics of North America, vol. 55, no. 1, pp. 105-120,
2011.

[5] J. P. Okeson, “Signs and syptoms of the temporomandibular
disorders,” in Management of Temporomandibular Disorders
and Occlusion, Mosby, St. Louis, 2008.

[6] M.F. Sena, K. S. Mesquita, F. R. Santos, F. W. Silva, and K. V.
Serrano, “Prevalence of temporomandibular dysfunction in
children and adolescents,” Revista Paulista de Pediatria,
vol. 31, no. 4, pp. 538-545, 2013.

[7] 1. Rozylo-Kalinowska and K. Orhan, “Magnetic resonance
imaging of TM]J,” in Imaging of the Temporomandibular Joint,
Springer Nature, 2019.

[8] R. Emshoff, I. Brandlmaier, S. Gerhard, H. Strobl, S. Bertram,

and A. Rudisch, “Magnetic resonance imaging predictors of

temporomandibular joint pain,” Journal of the American Den-

tal Association (1939), vol. 134, no. 6, pp. 705-714, 2003.

S. L. Brooks, J. W. Brand, S. J. Gibbs et al., “Imaging of the tem-

poromandibular joint: a position paper of the American Acad-

emy of Oral and Macxillofacial Radiology,” Oral Surgery, Oral

Medicine, Oral Pathology, Oral Radiology, and Endodontics,

vol. 83, no. 5, pp. 609-618, 1997.

[10] M. M. Tasaki and P. L. Westesson, “Temporomandibular
joint: diagnostic accuracy with sagittal and coronal MR imag-
ing,” Radiology, vol. 186, no. 3, pp. 723-729, 1993.

[11] R. W. Katzberg, “Temporomandibular joint imaging,” Anes-
thesia Progress, vol. 37, no. 2-3, pp. 121-126, 1990.

[12] E. L. Lewis, M. F. Dolwick, S. Abramowicz, and S. L. Reeder,
“Contemporary imaging of the temporomandibular joint,”
Dental Clinics of North America, vol. 52, no. 4, pp. 875-890,
2008.

[13] I. Nobauer and M. Uffmann, “Differential diagnosis of focal
and diffuse neoplastic diseases of bone marrow in MRI,” Euro-
pean Journal of Radiology, vol. 55, no. 1, pp. 2-32, 2005.

[14] T. Yildirim, A. M. Agildere, L. Oguzkurt et al., “MRI evalua-
tion of cranial bone marrow signal intensity and thickness in
chronic anemia,” European Journal of Radiology, vol. 53,
no. 1, pp. 125-130, 2005.

[15] T. Tanaka, Y. Morimoto, S. Masumi, K. Tominaga, and
T. Ohba, “Utility of frequency-selective fat saturation T2-
weighted MR images for the detection of joint effusion in the
temporomandibular joint,” Dento-Maxillo-Facial Radiology.
Supplement, vol. 31, no. 5, pp. 305-312, 2002.

[16] Y. Morimoto, T. Tanaka, S. I. Masumi et al., “Significance of
frequency-selective fat saturation T2-weighted MR images
for the detection of bone marrow edema in the mandibular
condyle,” Cranio, vol. 22, no. 2, pp. 115-123, 2004.

[17] K. Orhan, C. Delilbasi, and C. Paksoy, “Magnetic resonance
imaging evaluation of mandibular condyle bone marrow and
temporomandibular joint disc signal intensity in anaemia
patients,” Dento Maxillo Facial Radiology, vol. 38, no. 5,
Pp. 247-254, 2009.

[18] M. Cassetta, F. Barchetti, N. Pranno, and M. Marini, “Compar-
ing proton density and turbo spin-echo T2 weighted static

(3

—_

o
X0



(19]

(20]

(21]

(22]

(23]

[24]

(25]

(26]

(27]

sequences with dynamic half-Fourier single-shot TSE pulse
sequence at 3.0 T in diagnosis of temporomandibular joint dis-
orders: a prospective study,” Dento Maxillo Facial Radiology,
vol. 43, pp. 1-7, 2014.

E.Y. Wang, T. P. Mulholland, B. K. Pramanik et al., “Dynamic
sagittal half-Fourier acquired single-shot turbo spin-echo MR
imaging of the temporomandibular joint: initial experience
and comparison with sagittal oblique proton-attenuation
images,” American Journal of Neuroradiology, vol. 28, no. 6,
pp. 1126-1132, 2007.

F. Barchetti, A. Stagnitti, M. Glorioso et al., “Static and
dynamic MR imaging in the evaluation of temporomandibular
disorders,” European Review for Medical and Pharmacological
Sciences, vol. 18, no. 20, pp. 2983-2987, 2014.

P. Held, M. Moritz, C. Fellner, M. Behr, and J. Gmeinwieser,
“Magnetic resonance of the disk of the temporomandibular
joint MR imaging protocol,” Clinical Imaging, vol. 20, no. 3,
pp. 204-211, 1996.

W. E. Conway, C. W. Hayes, and R. L. Campbell, “Dynamic
magnetic resonance imaging of the temporomandibular joint
using FLASH sequences,” Journal of Oral and Maxillofacial
Surgery, vol. 46, no. 11, pp. 930-937, 1988.

Y. Shimazaki, K. Saito, S. Matsukawa et al., “Image quality
using dynamic MR imaging of the temporomandibular joint
with true-FISP sequence,” Magnetic Resonance in Medical Sci-
ences, vol. 6, no. 1, pp. 15-20, 2007.

Q. Sun, M. J. Dong, X. F. Tao, Q. Yu, K. C. Li, and C. Yang,
“Dynamic MR imaging of temporomandibular joint: an initial
assessment with fast imaging employing steady-state acquisi-
tion sequence,” Magnetic Resonance Imaging, vol. 33, no. 3,
pp. 270-275, 2015.

Q. Zeng, Q. Zhou, Z. Liu, C. Li, S. Ni, and F. Xue, “Preoperative
detection of the neurovascular relationship in trigeminal neu-
ralgia using three-dimensional fast imaging employing steady-
state acquisition (FIESTA) and magnetic resonance angiogra-
phy (MRA),” Journal of Clinical Neuroscience, vol. 20, no. 1,
pp. 107-111, 2013.

H. Wu, H. Yuan, F. Ma, and Q. Zhao, “Comparison of FSE
T2 W PROPELLER and 3D-FIESTA of 3 T MR for the
internal auditory canal,” Clinical Imaging, vol. 45, pp. 30-
33, 2017.

E. Schiffman, R. Ohrbach, E. Truelove et al., “Diagnostic cri-
teria for temporomandibular disorders (DC/TMD) for clinical
and research applications: recommendations of the interna-
tional RDC/TMD consortium networks# and orofacial pain
special interest groupt,” Journal of Oral & Facial Pain and
Headache, vol. 28, no. 1, pp. 6-27, 2014.

[28] R. Ohrbach, Y. Gonzalez, T. List, A. Michelotti, and

(29]

(30]

E. Schiffman, “Diagnostic Criteria for Temporomandibular
Disorders (DC/TMD) Clinical Examination Protocol,” 2014,
http://www.rdc-tmdinternational.org/.

A. Arslan, K. Orhan, C. S. Paksoy et al., “MRI evaluation of the
classification, frequency, and disc morphology of temporo-
mandibular joint disc displacements: a multicenter retrospec-
tive study in a Turkish population,” Oral Radiology, vol. 25,
no. 1, pp. 14-21, 2009.

T. A. Larheim, R. W. Katzberg, P.-L. Westesson, R. H. Tallents,
and M. E. Moss, “MR evidence of temporomandibular joint
fluid and condyle marrow alterations: occurrence in asymp-
tomatic volunteers and symptomatic patients,” International
Journal of Oral and Maxillofacial Surgery, vol. 30, no. 2,
pp. 113-117, 2001.

(31]

(32]

(33]

(34]

(35]

(37]

(38]

(39]

(40]

[41]

[42]

(43]

BioMed Research International

T. A. Larheim, P. L. Westesson, D. G. Hicks, L. Eriksson, and
D. A. Brown, “Osteonecrosis of the temporomandibular joint:
correlation of magnetic resonance imaging and histology,”
Journal of Oral and Maxillofacial Surgery, vol. 57, no. 8,
pp- 888-898, 1999.

D. G. Altman, Practical statistics for medical research, Chap-
man&Hall, London, 1991.

M. Chiba, M. Kumagai, N. Fukui, and S. Echigo, “The relation-
ship of bone marrow edema pattern in the mandibular condyle
with joint pain in patients with temporomandibular joint dis-
orders: longitudinal study with MR imaging,” International
Journal of Oral and Maxillofacial Surgery, vol. 35, no. 1,
pp. 55-59, 2006.

T. Sano, P. L. Westesson, M. Yamamoto, and T. Okano, “Dif-
ferences in temporomandibular joint pain and age distribution
between marrow edema and osteonecrosis in the mandibular
condyle,” Cranio, vol. 22, no. 4, pp. 283-288, 2004.

A. Wahaj, K. Hafeez, and M. S. Zafar, “Association of bone
marrow edema with temporomandibular joint (TM]) osteoar-
thritis and internal derangements,” Cranio, vol. 35, no. 1,
pp- 4-9, 2017.

M. Chiba, M. Kumagai, and S. Echigo, “Association between
high signal intensity in the posterior disc attachment seen on
T2 weighted fat-suppressed images and temporomandibular
joint pain,” Dento Maxillo Facial Radiology, vol. 36, no. 4,
pp. 187-191, 2007.

S. Kodama, M. Otonari-Yamamoto, T. Sano, J. Sakamoto,
K. Imoto, and M. Wakoh, “Signal intensity on fluid-
attenuated inversion recovery images of condylar marrow
changes correspond with slight pain in patients with temporo-
mandibular joint disorders,” Oral Radiology, vol. 30, no. 3,
pp. 212-218, 2014.

K. Imoto, M. Otonari-Yamamoto, K. Nishikawa, T. Sano, and
A. Yamamoto, “Potential of fluid-attenuated inversion recov-
ery (FLAIR) in identification of temporomandibular joint effu-
sion compared with T2-weighted images,” Oral Surgery, Oral
Medicine, Oral Pathology, Oral Radiology, and Endodontics,
vol. 112, no. 2, pp. 243-248, 2011.

E. Cesur, O. Ozdiler, A. Koklii, K. Orhan, and U. Seki, “Effects
of wear time differences of removable functional appliances in
class II patients: prospective MRI study of TM] and mastica-
tory muscle changes,” Oral Radiology, vol. 36, no. 1, pp. 47-
59, 2020.

K. Orhan, H. Nishiyama, S. Tadashi, S. Murakami, and
S. Furukawa, “Comparison of altered signal intensity, position,
and morphology of the TMJ disc in MR images corrected for
variations in surface coil sensitivity,” Oral Surgery, Oral Medi-
cine, Oral Pathology, Oral Radiology, and Endodontics,
vol. 101, no. 4, pp. 515-522, 2006.

P. J. Verhelst, K. Vervaeke, K. Orhan et al., “The agreement
between magnetic resonance imaging and arthroscopic find-
ings in temporomandibular joint disorders,” International
Journal of Oral and Maxillofacial Surgery, vol. 50, no. 5,
Pp. 657-664, 2021.

G. A. Montesinos, S. L. P. de Castro Lopes, T. Trivino et al,,
“Subjective analysis of the application of enhancement filters
on magnetic resonance imaging of the temporomandibular
joint,” Oral Surgery, Oral Medicine, Oral Pathology, Oral Radi-
ology, vol. 127, no. 6, pp. 552-559, 2019.

F. del Grande, F. Santini, D. A. Herzka et al., “Fat-suppression
techniques for 3-T MR imaging of the musculoskeletal sys-
tem,” Radiographics, vol. 34, no. 1, pp. 217-233, 2014.


http://www.rdc-tmdinternational.org/

BioMed Research International

(44]

(45]

[46]

(47]

(48]

(49]

T. A. Bley, O. Wieben, C. J. Frangois, J. H. Brittain, and S. B.
Reeder, “Fat and water magnetic resonance imaging,” Journal
of Magnetic Resonance Imaging, vol. 31, no. 1, pp. 4-18, 2010.

S. Krohn, N. Gersdorff, T. Wassmann et al., “Real-time MRI of
the temporomandibular joint at 15 frames per second-a feasi-
bility study,” European Journal of Radiology, vol. 85, no. 12,
pp. 2225-2230, 2016.

P. Yen, R. W. Katzberg, M. H. Buonocore, and J. Sonico,
“Dynamic MR imaging of the temporomandibular joint using
a balanced steady-state free precession sequence at 3T,” Amer-
ican Journal of Neuroradiology, vol. 34, no. 3, pp. E24-E26,
2013.

M. Schmid-Schwap, M. Bristela, E. Pittschieler et al., “Bio-
chemical analysis of the articular disc of the temporomandib-
ular joint with magnetic resonance T2 mapping: a feasibility
study,” Clinical Oral Investigations, vol. 18, no. 7, pp. 1865-
1871, 2014.

Z.].Yang, D. H. Song, L. L. Dong et al., “Magnetic resonance
imaging of temporomandibular joint,” The Journal of Cranio-
facial Surgery, vol. 26, no. 2, pp. 425-429, 2015.

A. Manoliu, G. Spinner, M. Wyss et al., “Quantitative and
qualitative comparison of MR imaging of the temporomandib-
ular joint at 1.5 and 3.0 T using an optimized high-resolution
protocol,” Dento Maxillo Facial Radiology, vol. 45, no. 1,
p- 20150240, 2016.



	Comparison of T2 Weighted, Fat-Suppressed T2 Weighted, and Three-Dimensional (3D) Fast Imaging Employing Steady-State Acquisition (FIESTA-C) Sequences in the Temporomandibular Joint (TMJ) Evaluation
	1. Introduction
	2. Materials and Methods
	3. Results
	3.1. Intraobserver Consistency
	3.2. Interobserver Consistency
	3.3. SIR Calculations

	4. Discussion
	5. Conclusion
	Conflicts of Interest

