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Background: To compare and analyze nine MRI sequences of the TMJ and determine the optimum 
sequence for the rapid diagnosis of TMDs so as to develop new clinical guidelines.
Methods: Twenty young volunteers (a total of 40 joints) aged 22–26 years were recruited. Three basic 
sequences, T1-weighted imaging (T1WI), T2-weighted imaging (T2WI), and proton density-weighted 
imaging (PDWI), together with three positions, oblique sagittal (OSag) with closed mouth, oblique coronal 
(OCor) with closed mouth, and OSag with opened mouth, were selected in combination for testing. In 
the OCor position, four regions of interest (ROIs), the condyle (C), the disc (D), the disc outside (DO), 
and fat (F), were analyzed. For the OSag with closed mouth position and the OSag with opened mouth 
position sequences, the four ROIs were the condyle (C), the disc (D), the disc ahead (DA), and the disc 
rear (DR). The signal-to-noise ratio (SNR), contrast-to-noise ratio (CNR), and signal intensity ratio (SIR) 
were calculated and analyzed using independent sample t-tests and one-way analysis of variance. Two senior 
radiologists scored the images of the nine MRI sequences subjectively and selected three optimal sequences. 
Using the three selected sequences, 1479 patients with anterior disc displacement with reduction (ADDwR) 
or anterior disk displacement without reduction (ADDwoR) were evaluated by comparing the preoperative 
TMJ MRI with the outcomes of the maxillofacial arthroscopy or open surgery.
Results: The T1WI sequence showed the highest SNR while the T2WI group had the lowest SNR. The 
ROIs of the T2WI group had the highest CNR and SIR values in the OCor and OSag sequences. In the 
OCor sequence, the value for the SIR F/DO group was higher than the SIR C/D and SIR C/DO values. 
Using subjective analysis to evaluate the quality of the scans, the highest total scores were obtained for the 
OSag T2WI with opened mouth and OSag PDWI with closed mouth sequences. From the objective and 
subjective analysis, the three optimal sequences selected were OSag PDWI, OCor T2WI with closed mouth, 
and OSag T2WI with opened mouth. In patients with anterior disc displacement, the comparisons of the 
surgery and the selected MRI sequences indicated that the total diagnostic accuracy of the MRI was 96.3% 
(1,425/1,479 cases). For patients with ADDwoR, the diagnostic accuracy was 98.5% (1,372/1,393 cases), and 
for those with ADDwR it was 61.6% (53/86 cases). There were significant differences between the ADDwoR 
and ADDwR groups (χ2=312.92, P<0.01).
Conclusions: The three optimal MRI sequences for the rapid and efficient diagnosis of TMD were 
determined to be OSag PDWI, OCor T2WI with closed mouth, and OSag T2WI with opened mouth.
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Introduction

Temporomandibular joint disorders (TMDs) are defined 
as an assorted set of clinical conditions characterized 
by pain and dysfunction of the masticatory muscles, the 
temporomandibular joint (TMJ), and the associated hard 
and soft tissues (1-3). Reports have shown that about 
5–14% of the population experience clinical symptoms 
of TMD (2-4). In addition, radiographic evidence has 
shown that approximately 45–70% of people over the age 
of 65 have some degree of TMJ degeneration (5). Precise 
TMD diagnosis and treatment requires the assessment 
of structural characteristics by imaging. With the rapid 
development of modern medical imaging techniques, 
magnetic resonance imaging (MRI) has become the gold 
standard for the noninvasive evaluation of the TMJ region 
due to several factors. Firstly, there is no X-ray radiation 
with MRIs and secondly, MRIs provide clear visualization 
of the articular disc, the retrodiscal tissue, soft-tissue 
structures, the cartilage, the masticatory muscles, and 
the synovial fluid. This is particularly important in cases 
where comprehensive evaluation of patients with TMD 
is required (6-8). However, few studies have performed 
systematic and detailed analysis and comparisons of the 
MRI sequence techniques for imaging the TMJ. To date, 
there is no uniform standard for the conventional sequence 
and no clear guidelines for the evaluation of the related 
TMJ anatomical structures using different sequences. 
Moreover, different sequences are used in different hospitals  
(9-19) (Table 1), and the scanning time can range from 20 to  
40 minutes, requiring the patient’s cooperation and 
tolerance for a significant period of time. Our study 
compared and analyzed three basic MRI sequences 
(including two combinations of scanning directions and 
mouth positions), and determined the optimum sequences 
for the rapid diagnosis of TMD within 10 minutes. 

Methods

Volunteers and patients

A total of 20 young volunteers, including 14 females and  
6 males, aged between 22 and 26 years (mean age 
23.61±2.23 years) were included in this study. From these 
volunteers, a total of 40 asymptomatic joints were examined. 
Three basic sequences, T1-weighted imaging (T1WI), T2-
weighted imaging (T2WI), and proton density-weighted 
imaging (PDWI), were examined (9-19). These sequences 

were combined with the three positions: oblique sagittal 
(OSag) with closed mouth, oblique coronal (OCor) with 
closed mouth, and OSag with opened mouth (Table 2). All 
volunteers underwent a simultaneous bilateral scan of the 
TMJ. A total of nine MRI sequences were used. The main 
scanning parameters of all the sequences are presented in 
Table 2. 

A total of 1,479 patients with anterior disc displacement 
who were admitted to the Ninth People’s Hospital, 
Shanghai Jiao Tong University, and the School of Medicine, 
between May 2018 and July 2019 were included in the study. 
There were 1053 females and 426 males aged between 
22 and 60 years, with a mean age of 36.18±7.32 years.  
All patients were diagnosed in the department of Oral 
Surgery or Orthodontics and were administered regular 
conservative treatments for several months prior to surgery. 
Arthroscopy or open surgery on the TMJ was conducted if 
patients were not responsive to conventional therapy. 

None of the volunteers or patients had contraindications 
for MRI. The exclusion criteria were pregnancy and 
claustrophobia. No metal artifacts were encountered in the 
imaged areas. Volunteers who presented with severe bone 
changes in the condyle and abnormal signals in the regions 
of interest (ROIs) were excluded. 

Machine and position

All participants underwent MRI scanning and images 
were produced using a 3.0T MR scanner (Ingenia, Philips 
Healthcare Systems, The Netherlands). The surface coils 
were adjusted to the center of the bilateral TMJ close to 
the surface of the joint, and the scanning range included 
the entire TMJ region. Based on the axial position, the 
condyle head could be viewed clearly. MRI images were 
acquired in both the closed mouth and opened mouth 
positions. Closed-mouth means the status that the mouth is 
closed and the posterior teeth are clenched. Opened-mouth 
means the status that the patient should open its mouth to 
the maximum. The location lines for the OSag with closed 
mouth position were perpendicular to the long axis of the 
condyle head, while the location lines for the OCor with 
closed mouth position were parallel to the long axis of the 
condyle head. The OSag position with opened mouth was 
adjusted according to the actual degree that the patient’s 
mouth was opened. Patients were requested to bite onto a 
modal block with their teeth and keep it in place for about  
2 minutes (the scanning time required for a sequence).
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Table 1 The sequences used in most studies

Year Coil
Position & sequences

Machine System
Sequence 1 Sequence 2 Sequence 3 Properties

1998, 
(9)

7-cm diameter  
surface-coil 

OSag PDWI  
(closed mouth & open mouth)

– OCor T1WI  
(closed mouth  
& open mouth)

FSE/SE General electric/
siemens

1.5 T

2003, 
(10)

3 inch Surface coil OSag T1WI  
(closed mouth & open mouth)

– OSag T2WI  
(open mouth)

FSE/SE Siemens 1.0 T

2007, 
(11)

Circular-polarized  
transmit-and-receive  
TMJ coil

OSag PDWI (closed mouth) Cor PDWI  
(closed mouth)

Sag PDWI  
(open mouth)

TSE Siemens 1.5 T

2008, 
(12)

8-cm diameter surface  
coil

Sequential Gradient Echo T1WI 
(closed mouth & open mouth)

Fast Stir T2WI  
(closed mouth & 
open mouth)

– FSE/SE General electric 1.5 T

2010, 
(13)

Circular-polarized  
transmit-and-receive  
TMJ coil

Sag PDWI (closed mouth) Cor/Sag TIRM FS 
(closed mouth)

Sag PDWI  
(open mouth)

TSE Siemens 1.5 T

2012, 
(14)

3 inch Surface coil OSag T2WI (closed mouth) OSag T2WI fat sat 
(closed mouth)

– FSE General electric 1.5 T

2014, 
(15)

Double loop array coil PDWI/T2WI (closed mouth) – PDWI/T2WI  
(open mouth)

HASTE 
(free)/TSE

Siemens 1.5 T

2015, 
(16)

3 inch Surface coil OCor T2WI (closed mouth) OSag PDWI  
(closed mouth)

OSag T2WI  
(open mouth)

– General electric 
(signa, excite)

1.5 T

2016, 
(17)

Dual surface coil Head 
coil

OCor T1WI OSag T2WI/ T2WI FS OSag PDWI 3D T1WI 
FS+C

Philips siemens 1.5 T/3T

2017, 
(18)

3-inch diameter  
surface coil

Sag/Cor PDWI (closed mouth) OSag/Cor T2WI 
(closed mouth)

Sag PDWI  
(open mouth)

TSE Siemens 1.5 T

2018, 
(19)

64-channel head coil 
32-channel head coil

Ax/Cor T2WI (closed mouth) 3D T1WI/+C  
(closed mouth)

– – Siemens general 
electric

1.5 T/ 3T

T2WI, T2 weighted image; PdWI, proton density weighted image; T1WI, T1 weighted image; OCor, Oblique coronal; OSag, oblique sagittal; 
Cor, coronal; Sag, sagittal; Ax, axial; FSE, fast spin echo; TSE, turbo spin echo; FS, fat sat; HASTE, half-Fourier acquisition single-shot 
turbo spin-echo.

Table 2 Acquisition parameters of the applied magnetic resonance sequences

Sequences Position TR/TE (ms) FOV (mm) Thickness/gap (mm) Flip angle (°) Slices NSA TA Bandwidth (kHz)

T2WI Closed (OCor) 2,500/70 110×110 1.5 90 16 2 2’13” 290.7

PDWI Closed (OCor) 2,000/20 110×110 1.5 90 16 2 2’05” 234.8

T1WI Closed (OCor) 500/7.5 110×110 1.5 90 16 2 2’03” 226.9

T2WI Closed (OSag) 2,500/65 110×110 2 90 16 2 2’07” 206.5

PDWI Closed (OSag) 2,000/20 110×110 2 90 16 2 2’05” 234.8

T1WI Closed (OSag) 500/7.5 110×110 2 90 16 2 2’03” 226.9

T2WI Opened (OSag) 2,500/65 110×110 2 90 16 2 2’07” 206.5

PDWI Opened (OSag) 2,000/20 110×110 2 90 16 2 2’05” 234.8

T1WI Opened (OSag) 500/7.5 110×110 2 90 16 2 2’03” 226.9

T2WI, T2 weighted image; PdWI, Proton density weighted image; T1WI, T1 weighted image; OCor, oblique coronal; OSag, oblique sagittal.
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Statistical analysis

All data were measured on the same display (24-inch 
widescreen LCD monitor, 1,920×1,200 pixels, 74.04 kHz, 
60 Hz; Hewlett-Packard Development Company, L.P., 
Palo Alto, CA, USA). Statistical analyses were performed 
using SPSS® software v.17.0 (IBM Corp., New York, 
NY, USA; formerly SPSS Inc., Chicago, IL, USA). Two 
senior radiologists analyzed the images using a double-
blind method. To determine the inter-reader agreement 
on the qualitative MRI analyses, kappa statistics were used. 
Kappa values of 0.41–0.60 were considered moderate 
agreement, values of 0.61–0.80 were considered substantial 
agreement, values of 0.81–0.99 were considered almost 
perfect agreement, and a value of 1.00 was considered 
perfect agreement. In the OCor position, four ROIs (ROI1–
ROI4), condyle (C), disc (D), disc outside (DO), and fat (F) 
were selected. For the OSag with closed mouth position 
and the OSag with opened mouth position sequences, 
four ROIs, condyle (C), disc (D), disc ahead (DA), and 
disc rear (DR), were selected (Figures 1,2). In addition, the 
background noise of each image was measured. The mean 
signal intensity (SI) values of each group were calculated 
on a workstation (Ingenia Extended WorkStation; Philips 
Healthcare Systems). The signal-to-noise ratio (SNR), 
contrast-to-noise ratio (CNR), and SI ratio (SIR) values 
were calculated and analyzed using an independent sample 
t-test and one-way analysis of variance for the volunteers. 
The calculation formulae for SNR (20-24), CNR (25,26), 
and SIR (27,28) were as follows: 

[1]/
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/
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n N n

n N

SNR S

CNR S S S

SIR S S

σ=

= −

=

[2]

[3]

σ: standard deviation of the background noise

nS , NS : mean SI value of different ROIs
Values of P<0.05 were considered statistically significant. 
Two senior radiologists reached marking consensus and 

scored the images of the nine sequences subjectively. The 
scoring criteria were as follows: 3 points for clear contrast 
and definite recognition of contours without artifact; 2 
points for moderate contrast and probable recognition of 
the contour with or without a little artifact; and 1 point for 
low contrast and unclear contours with or without artifact. 
The mean value and standard deviation were measured for 
all nine combinations. Based on the subjective and objective 
evaluation methods, three optimized sequences were 

selected for rapid TMD MRI diagnosis. For the patient 
group, MRI diagnosis and operation results were compared 
and analyzed according to the three optimized sequences. 
The statistical analyses were performed using the Chi-
square test. P values <0.05 were considered statistically 
significant. 

Results

Nine imaging sequences, consisting of three OCor 
sequences with closed mouth and six OSag sequences (three 
closed mouth and three opened mouth positions), were 
successfully obtained from all the volunteers. All imaging 
sequences were feasible (Figure 1). For the repeated ROI 
measurements, there was good or excellent agreement 
[intraclass correlation (ICC), 0.78–0.99] for all ROIs in the 
volunteer group. For the coronal position, the four ROIs 
were the condyle (C), the disc (D), the outside of the disc 
(DO), and fat (F). For the sagittal position, the four ROIs 
were the condyle (C), the disc (D), the DA, and the DR.

The SNR was measured by comparing the signal of the 
MRI image to the background noise of the image (29,30). 
The SNR values of the nine sequences were measured 
according to the imaging characteristics (Figure 2, Table 3).  
Among all nine combinations, the ROIs in the T1WI 
sequences had the highest SNR (Table 3). The disc of the 
T2WI sequence (in both the OCor and the OSag positions) 
had the lowest SNR value (Table 3). 

The CNR values were obtained by calculating the deltas 
between the SNR values of the two tissue types. The CNR 
values measured for the three coronal sequences were  
(C-D)/C and (F-DO)/F, while the SIR values assessed 
for the coronal sequences were C/D, C/DO, and F/DO  
(Table 4). In the SIR comparison, it was found that the value 
of F/DO was higher than that of C/D and C/DO (Table 4). 
There were significant differences among the three OCor 
sequences (multiple comparison) for all five CNR and 
SIR comparisons (P<0.05 for all comparisons, Table 4). In 
addition, the CNR and SIR values were the highest in the 
T2WI sequences (Table 4). 

For the six sagittal sequences (three with closed mouth, 
C-OSag, and three with opened mouth, O-OSag), the 
CNR values measured were (C-D)/C, (C-DA)/C, and  
(C-DR)/C, while the SIR values measured were C/D,  
C/DA, C/DR, DA/D, and DR/D (Table 5). The highest 
CNR and SIR values of the eight measured items were 
observed in the T2WI sequences for both closed- and 
opened-mouth OSag. There were significant differences 
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Figure 1 The nine MRI sequences (from a combination of three basic sequences, two plane positions, and two mouth postures). (A) OCor 
T1WI (closed mouth); (B) OCor PDWI (closed mouth); (C) OCor T2WI (closed mouth); (D) OSag T1WI (closed mouth); (E) OSag PDWI 
(closed mouth); (F) OSag T2WI (closed mouth); (G) OSag T1WI (opened mouth); (H) OSag PDWI (opened mouth); (I) OSag T2WI (opened 
mouth). (A,B,C) show the OCor position with closed mouth; (D,E,F) show the OSag position with closed mouth; (G,H,I) show the OSag 
position with opened mouth.

A

D
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B

E

H

C

F
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Figure 2 Regions of interest. The four regions of interest (ROIs) in the OCor position were ROI1 condyle, ROI2 disc, ROI3 disc outside, 
and ROI4 fat (shown with red circles). The same four ROIs examined in the OSag with closed mouth position (yellow circles) and the OSag 
with opened mouth position (green circles) were ROI1 condyle, ROI2 disc, ROI3 disc ahead, and ROI4 disc rear.

A B C

ROI 2

ROI 1 ROI 3

ROI 4

ROI 4

ROI 4

ROI 2

ROI 1

ROI 3

ROI 1

ROI 3

ROI 2

Table 3 The signal-to-noise values for each group

Sequence Condyle (ROI 1) Disc (ROI 2)
Disc (ROI 3) 

(outside)
Fat (ROI 4) Condyle (ROI 1) Disc (ROI 2)

Disc (ROI 3) 
(ahead)

Disc (ROI 4) 
(rear)

C-OCor T1WI 38.86±1.30 15.56±1.06 14.07±1.32 45.87±0.80 – – – –

C-OCor PDWI 22.47±0.78 11.47±0.69 10.34±0.62 26.69±0.67 – – – –

C-OCor T2WI 30.33±1.02 3.95±0.33 3.67±0.25 41.63±2.61 – – – –

C-OSag T1WI – – – – 41.05±1.27 18.07±0.63 27.10±1.66 19.76±0.53

C-OSag PDWI – – – – 37.51±0.95 12.38±0.48 22.05±0.62 17.21±0.39

C-OSag T2WI – – – – 23.71±0.61 2.02±0.55 9.67±0.38 4.58±0.19

O-OSag T1WI – – – – 32.89±0.62 12.69±0.50 18.31±0.44 15.79±0.40

O-OSag PDWI – – – – 22.99±0.74 9.02±0.33 15.98±0.17 14.94±0.16

O-OSag T2WI – – – – 13.84±0.15 1.97±0.02 6.57±0.20 6.21±0.16

C-OCor, C-stands for closed mouth; O-OSag, O-stands for opened mouth; T2WI, T2 weighted image; PdWI, Proton density weighted  
image; T1WI, T1 weighted image; OCor, oblique coronal; OSag, oblique sagittal.

Table 4 The comparison results of anatomical structures in coronal sequences

Sequence CNR (C-D)/C CNR (F-DO)/F SIR C/D SIR C/DO SIR F/DO

C-OCor T1WI 1.51±0.17 0.69±0.28 2.51±0.17 2.78±0.26 3.29±0.31

C-OCor PDWI 0.96±0.08 0.61±0.02 1.96±0.08 2.18±0.11 2.59±0.13

C-OCor T2WI 6.76±0.88 0.91±0.01 7.76±0.87 8.3±0.71 11.35±0.35

P value <0.05 <0.05 <0.05 <0.05 <0.05

SIR C/D, CNR (C-D)/C: C stands for Condyle; D stands for Disc. CNR (F-DO)/F, SIR C/DO, and SIR F/DO: C stands for Condyle; F stands 
for Fat; DO stands for outside of Disc. T2WI, T2 weighted image; PdWI, proton density weighted image; T1WI, T1 weighted image; OCor, 
oblique coronal; OSag, oblique sagittal; c-, closed.
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between the T2WI sequence and both the T1WI and PDWI 
sequences, for both the closed and opened mouth positions 
(P<0.05 for all comparisons, Table 5). In the closed mouth 
position, the CNR and SIR values of the PDWI sequence 
were higher than those of the T1WI sequence. In the 
opened mouth position, the CNR comparison indicated that 
the values of the T1WI sequence were higher than those of 
the PDWI sequence. Furthermore, in the SIR comparisons, 
with the exception of SIR DA/D and SIR DR/D, the values 
of the T1WI group were significantly higher than those of 

the PDWI group (P<0.05, Table 5). 
The quality of the nine sequences was assessed and scored 

subjectively. A histogram of the mean values was generated 
for the three OCor and six OSag sequences (Figure 3). The 
disc and condyle of three OCor sequences were scored. The 
scores of T2WI with closed mouth were the highest (2.875 
and 2.925 points). The C-Sag PDWI and O-Sag T2WI 
sequences obtained the highest scores for the articular disc, 
DA, and DR (2.75, 2.825, and 2.8 points, respectively, for 
C-Sag PDW; and 2.8, 2.9, and 2.8 points, respectively, for 

Figure 3 The histogram of the mean values for nine sequences. A histogram of the mean values was generated for nine sequences. Four-
color histograms stand for disc (blue), condyle (green), disc ahead (light brown) and disc rear (purple) regions, respectively. The scores of 
T2WI with closed mouth were the highest (2.875 and 2.925 points). The C-OSag PDWI (2.75, 2.825, and 2.8 points) and O-OSag T2WI 
(2.8, 2.9, and 2.8 points) sequences obtained the highest scores for articular disc, disc ahead, and disc rear, respectively; the CSag T2WI (2.875 
points) and CSag PDWI (2.85 points) sequences obtained the highest scores for the condyle. C, closed; O, opened.

Table 5 The results of contrast-to-noise and signal intensity ratio related to the anatomical structures in sagittal sequences

Sequence CNR (C-D)/C CNR (C-DA)/C CNR (C-DR)/C SIR C/D SIR C/DA SIR C/DR SIR DA/D SIR DR/D

C-OSag T1WI 1.27±0.09 0.34±0.04 0.52±0.01 2.27±0.09 1.52±0.08 2.08±0.05 1.50±0.09 1.09±0.03

C-OSag PDWI 2.03±0.11 0.41±0.02 0.54±0.01 3.03±0.11 1.70±0.05 2.18±0.06 1.78±0.05 1.39±0.04

C-OSag T2WI 10.74±0.36 0.60±0.02 0.81±0.01 11.74±0.36 2.45±0.11 5.19±0.25 4.79±0.20 2.27±0.10

O-OSag T1WI 1.61±0.78 0.44±0.01 0.52±0.01 2.61±0.08 1.8±0.02 2.09±0.03 1.45±0.05 1.25±0.03

O-OSag PDWI 1.55±0.85 0.30±0.03 0.35±0.26 2.55±0.08 1.44±0.06 1.54±0.06 1.77±0.02 1.66±0.02

O-OSag T2WI 6.02±0.88 0.53±0.15 0.55±0.14 7.02±0.09 2.11±0.07 2.23±0.07 3.33±0.11 3.15±0.09

P value <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

C-Sag, O-Sag: C-stands for closed mouth; O-stands for opened mouth. CNR (C-D)/C, CNR (C-DA)/C and CNR (C-DR)/C: C stands for 
Condyle; D stands for Disc; DA stands for Disc ahead; DR stands for Disc rear. SIR C/D, SIR C/DR, SIR DA/D and SIR DR/D: C stands for 
Condyle; D stands for Disc; DA stands for Disc ahead; DR stands for Disc rear. T2WI: T2 weighted image; PdWI: Proton density weighted 
image; T1WI: T1 weighted image; OCor: oblique coronal; OSag: oblique sagittal. 
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O-Sag). The C-Sag T2WI and C-Sag PDWI sequences 
obtained the highest scores for the condyle (2.875 and 2.85 
points, respectively). The combinations with the highest 
total score of the four items were OSag T2WI in the 
opened mouth position (11.25 points) and OSag PDWI 
in the closed mouth position (11.225 points). Through 
the subjective and objective evaluation of data, senior oral 
radiologists selected three optimal sequences, OSag PDWI 
with closed mouth, OCor T2WI with closed mouth, and 
OSag T2WI with opened mouth.

The three selected optimal sequences were then used 
for the MR imaging of 1,479 patients with anterior disc 
displacement with or without reduction (ADDwR and 
ADDwoR, respectively). MRI scanning of the TMJ was 
conducted prior to maxillofacial arthroscopy or open 
surgery. The results of the comparison of surgery and 
MRI diagnosis are shown in Table 6. The total diagnostic 
accuracy of MRI was 96.3% (1,425/1,479 cases). The 
accuracy for ADDwoR was 98.5% (1,372/1,393 cases), and 
the accuracy for ADDwR was 61.6% (53/86 cases). There 
were significant differences between the ADDwoR and 
ADDwR groups (x2=312.92, P<0.01).

Discussion

Selection of optimized sequences

In MRI, the SNR is conceptualized by comparing the 
signal of the MRI image to the background noise of the 
image (29,30). The increase in the associated SNR could 
be successfully transitioned into imaging at a higher 
spatial resolution, allowing for the improved assessment 
of anatomical and pathological structures (31,32). In the 
same sequence, CNR values can be obtained by calculating 

the deltas between the SNR values of two tissue types. 
The CNR is not directly affected by most acquisition 
parameters; rather, it is major influenced by SNR when the 
other parameters are the same, and thus CNR has become 
a core quality parameter for the MRI diagnosis of diseases 
(31,33). It has been reported that quantitative alterations in 
the SIR could reflect the clinical features and can therefore 
be used as a complementary method to evaluate the 
correlation between the tissue signal changes and clinical 
outcome (27). Consequently, we selected the above three 
quantitative indices as objective evaluation measures to 
determine the optimal rapid scanning sequences in the MRI 
of the TMJ. 

In this study, we found that objective evaluation was 
insufficient and that subjective analysis was preferable in 
real practice. Although the T1WI sequence had the highest 
SNR value among the three groups, it was not selected as 
one of the optimal TMJ imaging sequences. Two positions 
(OCor in the closed mouth and OSag in the opened mouth 
positions) of the T2WI sequence were selected, although the 
SNR values for these positions were the lowest. The T2WI 
sequence in both the coronal and sagittal positions had the 
highest CNR and SIR values, particularly for CNR (C-D)/
C. Therefore, the SNR value did not strongly correlate with 
the sequence selection, but the quantitative alterations in 
the CNR and SIR obtained from the calculation of the SNR 
correlation were of great significance in TMD diagnosis. 
In comparing the SIR values in the coronal position, the 
SIR F/DO values were higher than those of the other two 
groups, which indicated that the tissue signal was clearer 
in the lateral area of the disc-condyle complex and was 
thus advantageous in the diagnosis of lateral displacement 
of the articular disc. Similarly, in OSag imaging, the SIR  

Table 6 The results of the comparison of surgery and the magnetic resonance imaging diagnosis

Category
MR diagnosis

Total P value
Wrong Right

The surgical result

ADDwR 33 53 86 χ2=312.92; P<0.01

Percentage 38.4% 61.6%

ADDwoR 21 1,372 1,393

Percentage 1.5% 98.5%

Total 54 1,425 1,479

ADDwR, anterior disc displacement with reduction; ADDwoR, anterior disk displacement without reduction.
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C/D value was the highest, particularly in the T2WI 
sequence, which indicated that the OSag T2WI sequence 
was optimal for visualization of the disc-condyle complex.

Senior radiologists subjectively evaluated all images 
and awarded scores of 1 to 3 for each image. The scores of 
the OCor T2WI with closed mouth and OSag T2WI with 
opened mouth sequences were the highest, which agreed with 
the findings of the objective evaluation. However, the scores 
were the highest in the OSag PDWI sequence with closed 
mouth in the same group, with the exception of the condyle 
in subjective evaluation. On this point, there are differences 
between subjective evaluation and objective evaluation. 
Therefore, after comprehensive subjective and objective 
evaluation, the three optimized sequences were chosen as the 
preferred sequences for the rapid diagnosis of TMD. 

Study limitations

The present study had some limitations. First, in the 
experiment, we could only select patients who had surgical 
results and MRI scans for statistical analyses. Hence, for 
patients who did not undergo surgery, the accuracy of 
image diagnosis by using these three optimized sequences 
could not be determined. To further develop clinically 
optimized sequence versions and measurement protocols 
that best match different clinical situations, investigations 
with an increased sample size must be conducted. Second, 
in addition to the basic sequences investigated in this study, 
there are other sequences with unique advantages that were 
not included in this study, such as dynamic imaging, ultra-
short echo time imaging, and 3D imaging. The sequence 
combinations chosen in this study are mainly suitable 
for TMD, TMJ trauma, joint ankylosis, and some tumor 
or tumor-like lesions such as synovial chondromatosis. 
For TMJ traumas, the main diagnosis from imaging is 
to determine whether traumatic disc displacement has 
occurred and whether the ligament or bilaminar region 
has been injured. For joint ankylosis, imaging is used to 
determine whether the joint disc is present or not. For 
synovial chondromatosis, a large amount of effusion and 
free bodies can be observed on T2WI with opened mouth 
imaging, which is the typical radiological manifestation of 
synovial chondromatosis. Of course, these three sequences 
are not sufficient for all tumor diseases in the TMJ region, 
and other sequences and positions need to be considered. 
Identifying the optimal set of sequences will be helpful 
for the comprehensive evaluation of TMJ diseases. Third, 
not all parameters and factors were considered in this 

study. Aside from the selection of optimized sequences, the 
adjustment and application of parameters are especially 
important. For example, Montesinos and colleagues (34)  
reported that the use of enhancement filters could be 
beneficial in the MRI imaging and diagnosis of TMJ 
diseases. Fourth, whether this sequence combination is 
significant for different clinical stages of TMJ disease 
requires further investigation. Moreover, whether this 
sequence combination could be used to guide clinical 
operations is yet to be determined. Lastly, due to the 
extended interval time between the preoperative MRI 
examination and the actual operation, the surgical results 
and MRI results differed. In the clinical group, 1,479 
patients with ADDwR or ADDwoR underwent maxillofacial 
arthroscopy or open surgery. The accuracy of image 
diagnosis of ADDwR was 61.6%, and that of ADDwoR was 
98.5%. The main reason for the inconsistency between the 
operation results and the MRI, and the reason ADDwoR 
was misdiagnosed as ADDwR, was the extended interval 
time between the preoperative MRI examination and the 
actual operation (5–8 months on average). It is possible that 
ADDwR was misdiagnosed as ADDwoR due to the patient’s 
mouth not being opened to the maximum position in the 
opened mouth scan because of pain or an incorrectly sized 
mouth opening device being selected. Indeed, the time 
required for articular disc reduction in some patients with 
ADDwR was at the end of the period of mouth opening. 
We suggest that the interval time between TMJ MRI 
examination and surgery should not exceed over 1 month.

In summary, the three optimal MRI sequences selected 
for the rapid and efficient diagnosis of TMD were OSag 
PDWI, OCor T2WI with closed mouth, and OSag T2WI 
with opened mouth.
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