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INTRODUCTION 

Temporomandibular disorders are group of 
problems related to masticatory muscles and 
temporomandibular joint (TMJ) (1). These disorders 
affect significant percent of people (2, 3) that may 

reach 40% in certain populations. Accordingly, they 
constitute a burden on clinicians for diagnosing 
and treatment of such cases (4, 5). Radiographic 
imaging of TMJ is a very crucial element in the 
triad of diagnosis beside detailed history and 
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ABSTRACT

Background: Magnetic resonance imaging is the chief imaging modality used in assessment 
of temporomandibular disorders.

Aim of the study: This study aimed to investigate the validity of Volume ISotropic Turbo spin 
echo Acquisition (VISTA) pulse sequence in the assessment of temporomandibular disorders.

Subjects and Methods: Fifteen patients with temporomandibular joint related complaints 
performed MRI bilaterally using VISTA proton density and two-dimensional proton density turbo 
spin echo pulse sequences. Four-point scale was used to assess the clarity of articular disc position, 
disc morphology, cortical bone delineation, and overall image quality of both tested techniques. 
Besides, the final diagnosis of each case was obtained.

Results: The main and standard deviation of traditionally used 2D proton density images in 
determination of disc position, disc morphology, delineation of cortical bone and overall image 
quality were (2.57± 0.49), (2.37± 0.60), (2.8± 0.4), (2.57± 0.49), respectively. While those for 
VISTA images were (1.8± 0.4), (1.53± 0.72), (2.1± 0.60), (1.7± 0.64) with the same order. The final 
diagnosis was similar in both techniques in 25 cases out of 30.

Conclusion: Volume ISotropic Turbo Spin Echo Acquisition (VISTA) magnetic resonance 
pulse sequence could reveal the temporomandibular joint related structures, but with less image 
quality than that of traditionally used two-dimensional proton density images.
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through clinical examination, where the ideal 
imaging modality should be able to reveal hard and 
soft issue components of the joint (6). Therefore, 
Magnetic Resonance Imaging (MRI) is considered 
the gold standard in TMJ imaging because of 
its unique capability in revealing the articular 
disc (7) , where its position and morphology are 
considered major imaging findings in the diagnosis 
of temporomandibular disorders(8) . Moreover, 
magnetic resonance imaging does not stand far 
away from computed tomography in revealing bony 
changes in temporomandibular joint (9).  

Magnetic resonance imaging as a cross-sectional 
imaging modality shares its partners; multislice 
computed tomography and cone beam computed 
tomography, in their ability to produce images in any 
of the three orthogonal planes or any orthogonal-
derived oblique planes (10). However, this ability 
differs in its algorithm of formation in the three 
modalities. In both X-ray dependent modalities, it 
is a matter of post-imaging processing, where the 
software reconstruct the axial raw data in multislice 
computed tomography or volumetric raw data 
in cone beam computed tomography into cross-
sectional two-dimensional (2D) images in any plane 
(11). On the other side, MRI depends on intra-imaging 
algorithm to produce cross-sectional 2D images in 
the required planes, with different parameters that 
suit diverse pulse sequences (12).

“Pulse sequences” is a term confined to MRI scans 
to denote the types of produced images. Multiple 
pulse sequences families including spin echo, fast 
(turbo) spin echo, and gradient echo, are available 
in MRI scanners in order to suit different imaging 
applications for various body organs (13). Regarding 
temporomandibular imaging, multiple MRI pulse 
sequences were investigated over the last decades in 
order to determine the most appropriate sequence(s) 
for various diagnostic utilities (14-19).  Additionally, 
three-dimensional (3D) pulse sequences are 
now available to examine different organs 

including musculoskeletal systems from different  
planes (20-23). The chief advantage of tree-dimensional 
data acquisition is the possibility of reviewing the 
pathological changes that could occur in imaged 
structures from different planes and angulations, 
which augments the diagnostic capabilities of 
the utilized imaging modality, without significant 
burden on scanning time. 

The aim of this study was to investigate the validity 
of one of three-dimensional MRI pulse sequences; 
Volume ISotropic Turbo spin echo Acquisition 
(VISTA) in diagnosing temporomandibular 
disorders.

SUBJECTS AND METHODS

This prospective diagnostic accuracy study was 
approved by research ethics committee of Faculty 
of Dentistry, Cairo University. It was conducted on 
15 subjects with 30 temporomandibular joints, they 
were 12 females and 3 males, with age ranged from 
17 to 44 years with average 24.7 years. The inclusion 
criteria were patients with TMJ related signs and 
symptoms and indicated for MRI scanning; like pain 
or tenderness in the area of the joint, TMJ sounds, 
limited mouth opening, or shift in the midline during 
opening. The exclusion criteria were those who 
cannot perform MRI scan like those with pacemaker, 
cerebral aneurysm clips, intra-ocular or periocular 
foreign body, claustrophobic patients, and pregnant 
females according to preoperative MRI examination 
questionnaire (24). Moreover, patients with previous 
TMJ surgeries or arthrocentesis procedure were 
also excluded. Written informed consent was taken 
from each patient after explanation of the research 
outline, scan procedures, benefits and possible 
complications, as well as confidentiality of the data, 
except one illiterate patient, where it was verbal.

MRI scanning: Patients were scanned using 1.5 
Tesla superconductive magnet (Philips, Achieva, 
Netherlands). Scans were performed at Radio-
diagnosis outpatient clinic in Kasr El-Einy hospital. 
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The investigator was present in all MRI procedures 
to check the image quality and to instruct the patients 
what to do during the MRI examination.

MRI scan preparation: Any removable metallic 
object including removable partial dentures, 
earrings, necklace or sweater with zipper was 
removed before the start of the scan. Scout MRI 
scan was done in the beginning followed by T2 
TSE on which planning of pulse sequences were 
performed; proton density-turbo spin echo para-
sagittal cuts were obtained with the following 
parameters: repetition time (TR): 1500 msec, echo 
time (TE): 30 msec, slice thickness:  2.5 mm, inter 
slice gap:  0.3 mm, FOV: 150 mm, frequency 
matrix: 256, phase matrix: 256, NEX:  3, Number 
of slices: 11, stacks:2, scanning time 2:30 min. with 
application of TMJ surface coil.  3D imaging VISTA 
pulse sequence was performed with the following 
parameters: repetition time (TR): 1500 msec, echo 
time (TE): 30 msec, slice thickness:  1 mm, Inter 
slice gap:  0.5mm, FOV: 150mm, Frequency matrix: 
256, Phase matrix 256, NEX: 1, stacks: 2, scanning 
time 4:35 min with application of TMJ surface coil.  
Both pulse sequences were done while the patient 
occluding in centric occlusion then in maximum 
opening.

Image analysis

Images were assessed by an oral and maxillofacial 
radiologist with 17-year experience. The assessment 
was done with haphazard order of the cases, with 
Philips DICOM viewer 3.0 software on an 18.5-
inch monitor (SyncMaster B1930N, Samsung, 
Seoul, South Korea) with a resolution of 1366×768. 
Using image enhancement tools such as zooming, 
changing the brightness, or contrast was allowed. 
The assessment session was ceased after 45 minutes 
maximum or occurrence of eye or mental fatigue. A 
four-point scale was used to evaluate the quality of 
the images regarding clarity, visibility, resolution, 
and delineation as follows: 0= Poor images, 1= Fair 
images, 2= Good images, 3= Very good images. 

This four point scale was applied on para-sagittal 
cuts of both pulse sequences taken in closed position 
(Figure 1) regarding evaluation of the following: 
determination of disc position, determination of disc 
morphology, cortical bone delineation (condyle, 
glenoid fossa and articular eminence), and the 
overall quality of the images. Moreover, the final 
diagnosis of each case, whether it is normal, anterior 
disc displacement with reduction or anterior disc 
displacement without reduction, was determined 
through images of closed and open positions.

Fig. (1): Para-sagittal proton density turbo spin echo (left) and VISTA proton density (right) in closed position.
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Statistical analysis: 

Data were statistically described in terms of 
mean ± standard deviation.  Wilcoxon signed 
rank test for paired (matched) samples was used 
in comparison between VISTA and 2D proton 
density images for determination of disc position, 
disc morphology, delineation of cortical bone, and 
overall image quality, while weighted Kappa test 
was used for correlation between final diagnosis 
obtained through both techniques images. Statistical 
analyses were carried out using MedCalc software, 
Belgium.

RESULTS

In this study VISTA and conventionally used 
2D proton density magnetic resonance images were 
used in assessment of 30 temporomandibular joints. 
Regarding disc position, in proton density images, 
the score 3 was obtained in 17 cases and score 2 
in 13 cases with mean and standard deviation 2.57 
± 0.49. While in VISTA derived images, score 3 
was not obtained in any case, score 2 in 24 cases, 
and six cases got the score 1, with mean and 
standard deviation 1.8± 0.4. Wilcoxon test revealed 
significant difference between them (p < 0.0001)

For disc morphology, proton density images 
had score 3 in 13 cases, score 2 in 15 cases, and 
score 1 in two cases only. While for VISTA, twenty 
cases had score 2, six cases for score 1, and 4 cases 

for score 0. The mean and standard deviation for 
proton density and VISTA images were 2.37± 0.60 
and 1.53± 0.72, respectively. There was statistically 
significant difference between both investigated 
techniques (p < 0.0001).

For delineation of TMJ related cortical bone, 
score 2 was obtained in seven cases only and the 
remaining cases had score 3 in proton density 
images with mean and standard deviation 2.8 ± 0.4. 
In the other tested technique, score 3, 2, and 1 were 
present in 7, 20, 3 cases, respectively. The mean 
and standard deviation was 2.1 ± 0.60. Statistical 
significant difference was also revealed (p < 0.0001). 

With respect to the overall image quality, 
statistical significant difference was present (p < 
0.0001), where very good images in proton density 
were 17 cases and good images were 13 cases 
(mean and standard deviation 2.57 ± 0.49). on the 
other side, the score of very good images was not 
obtained in any case, the majority were good images 
(25 cases), fair images were in two cases, and three 
cases had poor overall quality (mean and standard 
deviation 1.7 ± 0.64) (Figure 2)

The final diagnosis obtained from closed and 
open positions images was similar between proton 
density and VISTA derived images in 25 cases, with 
correlation coefficient 0.81 and confidence interval 
0.65 – 0.96.

Fig. (2): Bar chart showing the mean of scores given proton density and VISTA images.
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DISCUSSION

This study was conducted to investigate the 
appropriateness of VISTA proton density images 
as one of 3D MRI techniques in diagnosing of 
temporomandibular disorders and compare its 
results with those of conventionally used 2D images. 
The results of the study showed the capability of 
the test technique in determination of articular disc 
position and morphology as well as delineation of 
bony articulating surfaces but with lower image 
quality than the usual two-dimensional proton 
density technique. 

Determination of articular disc position is the 
first objective in interpreting of magnetic resonance 
images of TMJ, As it is considered the chief 
diagnostic sign for differentiation between  both 
main categories of temporomandibular disorders; 
intra-capsular and muscular disorders. In the current 
study, proton density images had the highest score 
(score 3) in 56.7 % of the cases, while none of 
VISTA images got that. Visibility of articular disc 
is not confined to determination of its position, but 
extends into determination of its morphology, which 
radically influences the treatment plan and intensely 
refers to the prognosis of the case. In the present 
study proton density images scored 3 in 43.3 % of 
the cases and 50 % scored 2. On the other side, the 
highest score provided with VISTA images was 
score 2 in 66.7 % of the cases. 

These results were not similar to those of 
Sugimori et al 2013 (25), this difference is due to that 
they measured the visibility of anterior and posterior 
bands of the articular disc without focusing on the 
level of clarity of the structures or the quality of 
resultant images. 

From both previously mentioned results, it could 
be expected that VISTA-proton density has lower 
capability on diagnosing of temporomandibular 
disorder as the diagnosis obtained from VISTA 
images agreed that of proton density in 83.3 % of 
cases. Furthermore, statistical analysis showed that 

correlation coefficient between them was 0.81 and 
the confidence interval was 0.65 – 0.96.

Cortical bone changes, being a common  
sequel of long standing temporomandibular 
disorders (26) and a primary feature in cases of 
osteoarthritis (27), rendered its detection one of 
the secondary diagnostic findings in MR images. 
Regarding the delineation of TMJ related cortical 
bone, there was statistically significant difference 
between VISTA and traditional 2D proton density 
images. Where very good images were present in 
only 23.3 % of VISTA images, compared to 76.7 % 
of proton density images.

With respect to the overall image quality, that of 
VISTA was significantly inferior to that of 2D proton 
density images as the mean score of the former was 
2.57±0.49, while that of the later was 1.7±0.64. The 
reduced image quality of VISTA images could be 
attributed to the main drawback of 3D sequences 
which is the decreased Signal Noise Ratio (SNR) 
when compared with that of traditional 2D proton 
density images. The reason for decreased SNR is 
the thin slice thickness applied in VISTA sequence, 
which should be 1 mm or less to obtain raw data 
suitable for multiplanar reconstruction, where it 
was 2.5 mm in proton density images. The other 
reason is the difference in number of excitations 
(NEX) which was three folds in 2D proton density 
sequence.

The main reason for conducting the current 
study was to save the time of the scans, as 
extended  scanning time is considered one of the 
main limitations of magnetic resonance imaging. 
Therefore, any attempt to reduce the scanning time 
should be done, where 3D data acquisition allows 
for reconstruction of images in sagittal, coronal, 
and axial planes, in addition to multiple oblique 
planes. However, this reduction in time should 
not jeopardize the quality of the resultant images. 
Unfortunately, most of factors that could be used to 
increase SNR and thus improve the image quality 
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such as increasing NEX, or using larger slice 
thickness, or decreasing the acquisition matrix are 
associated with increasing the time of the scan or 
reduced spatial resolution (28).

Diagnosis of pathological conditions and 
differentiation between various diseases depends on 
quantitative and qualitative assessment of diagnostic 
tools including radiographic images. Magnetic 
resonance imaging follows this concept in some 
of its applications (29, 30) including musculoskeletal 
structures (31), but regarding temporomandibular 
joint, qualitative assessment is the dominating 
method. Therefore, the quality of the images is 
very crucial for proper diagnosis and consequently 
appropriate treatment planning. Moreover, 3D pulse 
sequences are recommended to be used in particular 
practical situations; which are presence of real 
clinical need for multiplanar reconstruction, with 
highly specifications MRI scanner, and well trained 
radiologist.

CONCLUSION

Volume Isotropic Turbo Spin Echo Acquisition 
(VISTA) magnetic resonance pulse sequence 
could reveal the temporomandibular joint 
related structures, needed for diagnosis of 
temporomandibular disorders, such as articular disc 
and cortical bone but with less image quality than 
that of traditionally used two-dimensional proton 
density images. Therefore, its usage should be 
confined to cases where multiple imaging planes are 
essential for diagnostic tasks.
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