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TECHNICAL REPORT
Selection and application of coils in temporomandibular
joint MRI
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!Department of Radiology, Shanghai Ninth People's Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai,
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Objective: To compare and evaluate the signal-to-noise ratio (SNR) and the contrast-to-
noise ratio (CNR) values between a 15-channel phased array head coil and 6-channel dS Flex
M surface coil in the MRI of temporomandibular joint.

Methods: 300 patients were randomly assigned to two groups: 150 patients were examined
by using a 15-channel phased array head coil and the other 150 patients were scanned by
using a 6-channel dS Flex M surface coil. All of the data were set in the same 6 regions of
interest including the temporal lobe, condyle neck, lateral pterygoid muscle, parotid gland, the
adipose area and an area of the background noise ) . SNR and CNR values were measured
respectively.

Results: The numerical variation law of SNR and CNR values measured in regionsof interest
of each group was similar, although different coils were used. There were statistically signifi-
cant differences of SNR values in all of the oblique sagittal (OSag) proton density-weighted
imaging, the part of OSag T, weighted image (7,WI) except for SNR, and SNR.. and oblique
coronal (OCor) T,WI sequence except for SNR,. On the contrary, SNR, and SNR, values
in the OCor T,WI and SNR; values in OSag T,WI sequences by using the surface coil were
higher than those by using the head coil. There were no statistically significant intergroup
differences of CNR values in OSag proton density-weighted imaging sequence except CNR
and in OSag 7T,WI sequence except CNR,. But, statistically significant differences of all the
values in the OCor T,WI sequence except for CNR | were observed.

Conclusion: Both the phased array head coil and dS Flex M surface coil can be used for
temporomandibular joint MRI.
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Introduction

Temporomandibular joint disorder (TMD), a collective
term for the various pathologies of the temporoman-
dibular joint (TMJ) and the masticatory muscles, is a
common clinical disease.!'* TMD that often decreases
the quality of life and causes great social economic costs
is associated with a wide variety of frequent conditions
such as tension, migraine headache, depression, fatigue,
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sleep apnea, obesity, and type II diabetes mellitus.>!°
With the development of modern medical imaging,
main auxiliary diagnostic methods for TMD are
changing fast, including X-rays, arthrography, CT, and
MRI; meanwhile, the studies and reports about TMJ
imaging have been increasing.>*%"!112 [t is well known
that MRI is the golden-standard for non-invasive eval-
uation of TMJ because of the following characteris-
tics: no X-ray radiation; clear display of the articular
disc, retrodiscal tissue, soft-tissue structures, cartilage,
and bone, particularly in cases of articular disc dislo-
cation.!! Currently, 3.0 T MRI scanners are widely used
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Table 1

Acquisition parameters of the applied MR sequences were displayed.

Sequences Position TRITE (ms) FOV (mm) Reconstruction Matrix Thicknesslgap (mm) Flip angle (°) Slices NSA TA  Bandwidth (kHz)

T2WI1 Closed 2500/70 110 x 110 384 x 224
(OCor)

T2WI Opened  2500/65 110 x 110 384 x 224
(OSag)

PDWI Closed 2000/20 110 x 110 400 x 256
(OSag)

1.5 90 6 2 2137 290.7
2 90 16 2 207 206.5
2 90 16 2 2057 234.8

FOV, field of view; OCor, oblique coronal; OSag, oblique sagittal; PDWI, proton density-weighted image; TE, echo time; TR, repetition time;

T,WI, T, weighted image.

in the early screening and diagnosis of various clinical
diseases. This approach not only obtains a high signal-
to-noise ratio (SNR) and tissue resolution images but
also improves the detection of small lesions.'*!* SNR, an
important quantity that is used to describe MRI system
performance, is frequently used to evaluate images,
measure contrast enhancement, assess sequence pulses,
compare radiofrequency coils, and perform quality
assurance, which is defined as the ratio by the signal of
protons in the pixel and their noises.!* !> Contrast-to-
noise ratio (CNR) is defined as the ability to detect the
differences of the different tissue components and also
used as the indicator of image quality.!® The larger the
SNR and CNR values are, the better the image quality
becomes. Meanwhile, how to select the most effective
sequence for TMJ MR diagnosis in a limited time is of
great significance. Stehling et al'?> and Schmid-Schwap
et al? better visualized the anatomical structures and
improved diagnostic accuracy in cases of anterior disc
displacement by using a 3.0T MR scanner, respectively.
Manloiu et al*> also compared the imaging of TMJ
MRI by using a standard TMJ surface coil and a head
coil of a 3.0 T scanner. However, only the SNR of a
phantom model and a few volunteers were measured in
these studies, so the quantitative TMD measurements
could not be determined. So far, only a few studies have
investigated the technical aspects of TMJ imaging.>7!314
Our study aimed to compare and analyze the SNR and
CNR by using the 15-channel phased array head coil
and 6-channel dS FLEX M surface coil on MRI of
TMJ, respectively.

Methods and material

Patients

Institutional review board approval of Shanghai Ninth
People’s Hospital Ethics Committee was obtained for
this study.

From December 2016 to July 2019, 300 patients were
randomly divided into 2 groups of 150 patients each:
66 males and 84 females with a mean age 38.03 + 14.41
years underwent imaging with a 15-channel phased
array head coil; and another 63 males and 87 females
with a mean age 38.45 + 14.48 years underwent imaging
with a 6-channel dS Flex M surface coil. None of the
patients had contraindications for MRI. The exclusion
criteria were pregnancy and claustrophobia. Moreover,
no patients had metal implants in the mouth, so no
metal artifacts were encountered in the imaged areas.
All patients with suspected TMD were diagnosed in the
Department of Oral Surgery or Department of Ortho-
dontics, while the postoperative patients and patients
who needed orthodontic or orthognathic treatment
were excluded.

In addition, patients younger than 16 years and
older patients wearing dentures, as well as patients who
did not co-operate well during the TMJ scanning were
excluded. After scanning, the senior doctor judged
whether the case was enrolled in the group (Second
elimination ) . The severe bone changes in the condyle
and abnormal signal in the regionsof interest (ROIs)
were also excluded.

Figure 1  Six ROIs from 17 to 20mm? in size were drawn on the median oblique sagittal and coronal position, respectively. ROI,, temporal lobe
(red circle); ROI, condylar neck (black); ROL, lateral pterygoid muscle, LPM (green); ROI,, parotid gland (purple); ROI;, adipose area (orange);
and ROI6, the background noise (yellow). LPM,lateral pterygoid muscle; ROI, region of interest.
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Table 2 Sex and age of the 300 patients included in the study
Type M F
Group Sex (Cases) Age ( Years) Sex (Cases) Age (Years) Age (Years)
Head coil 66 39.83 + 15.15 84 36.62 + 13.72 38.03 £ 14.41
(150 cases)
Surface coil 63 40.08 = 14.90 87 37.28 £ 14.14 38.45+14.48
(150 cases)
p-value >0.05 >0.05 >0.05

Scanning position and measurement method

All of the participants underwent MR scanning on a
3.0 T MR scanner (Ingenia, Philips Healthcare Systems,
The Netherlands). Conventional MRI protocols that
300 patients underwent were used, and the main scan-
ning parameters of sequences are shown in Table 1.
All patients underwent simultaneous bilateral scanning
of TMI: proton density-weighted imaging (PDWI)
sequences were acquired in oblique sagittal (OSag)
planes with a closed mouth; 7, weighted images (T,WI)
were acquired in oblique coronal (OCor) planes with a
closed mouth; and 7,WI were acquired in OSag planes
with an open mouth (with auxiliary opening fixation
device).

The patients lay in the headfirst supine position; the
scanning range included the entire TMJ region (disc—
condyle complex) and the surrounding muscle tissue.
The surface coils were adjusted to the center of the
bilateral TMJ close to the surface of the joint and fixed
with a soft cloth or bandage.'>'® The head coil requires
no adjustment, and the patients’ shoulders reached the
bottom of the coil without the auxiliary fixation device.
Based on the axial position, the condyle head could be
displayed clearly and the oblique sagittal location lines
in the closed mouth position were perpendicular to the
long axis of the condyle head; the oblique sagittal posi-
tion of opening mouth should be adjusted according to
the actual opening location.

Five ROIs from 17 to 20mm?® in size (ROI , temporal
lobe; ROI,, condylar neck; ROI,, lateral pterygoid
muscle, LPM; ROI,, parotid gland; and ROI, adipose
area) and one ROI of the background noise were
selected and drawn on the median oblique sagittal and
coronal position, respectively (Figure 1). The calcula-
tion formulae for SNR and CNR were as follows:

Table 3 Temporomandibular joint disorders included in the study

Type TMDs (cases)

Group By head coil By surface coil Total
Single R 19 22 41
Single L 35 35 70
Bilateral 70 67 137
Neither 25 27 52
Total 150 150 300

TMD, temporomandibular joint disorder.

SNR_ =S /0 (n=1,2,3, 4,552

CNR. = [S.-S, | /o (& = 1,2,4,5)2

o: standard deviation (SD) of the background noise
S, S,: mean signal intensity (SI)

S, . mean SI of the lateral pterygoid muscle

Statistical analysis

The anonymized MR images of each patient were sorted
in a random order. Two senior radiologists analyzed the
images using a double-blind method. The clarity of the
anatomical structures was rated from 1 to 5 according to
a previously published grading system"*° : 1, not visible
and impossible to diagnose; 2, poor visibility with more
motion artifacts affecting the diagnosis; 3, moderate
visibility with a small amount of motion artifact but not
affect the diagnosis; 4, good visibility with little motion
artifact; and 5, excellent visibility and clear contours
with no artifacts.

SPSS® software v. 21.0 (IBM Corp., New York, NY;
formerly SPSS Inc., Chicago, IL, USA) was used for
the statistical analyses. The SNR and CNR values of
each group were compared and calculated on a work-
station (Ingenia Extended WorkStation; Philips Health-
care Systems). All of the data were compared on the
same display (24-inch widescreen LCD monitor, 1920
X 1200 pixels, 74.04 Horz Freq [kHz], 60 Vert Freq
[Hz]; Hewlett-Packard Development Company, L.P,
Palo Alto). The results were statistically analyzed using
the independent sample z-test. Values of p < 0.05 were
considered statistically significant. To determine the
inter-reader agreement on the qualitative MRI analysis,
K statistics was used. Kk values of 0.41-0.60 were consid-
ered moderate agreement, 0.61-0.80 were considered
substantial, 0.81-0.99 were considered almost perfect,
and 1.00 was considered perfect.

Results

There was no significant intergroup difference between
the 300 patients in sex or age (Table 2) (p > 0.05). Among
the 300 cases, 52 had a bilateral normal disc—condyle
complex relationship; 137 had bilateral TMD; 41 were
diagnosed as right TMD; and 70 were diagnosed as
left TMD. The MRI diagnosis positive rate of TMD
was 82.67% (Table 3). Among 600 sides, 138 cases of
unilateral TMJ were found with simple joint noise or
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Table 4 Distribution of clinical symptoms was as follows

Phase array coil (150 Surface coil (150

cases) " cases) *
R* (150 L* (150 R* (150 L* (150

sides) sides) sides) sides)
Joint noise/ 34 35 33 36
snapping (Single)
Limitation of 35 37 36 36
mouth opening
(Single)
Facial discomfort 28 23 27 27
with pain (Single)
Two symptoms 43 47 45 42
All symptoms 10 8 9 9
Total 150 150 150 150
P #p>0.05 p>0.05

snapping, 144 sides with limited mouth opening, 105
sides with facial discomfort, 177 sides with 2 symptoms,
and 36 sides with 3 symptoms (Table 4). There were no
statistically significant intergroup differences (phased
array head coil and surface coil by R and L sides, respec-
tively; p > 0.05).

Good or excellent agreement was found for SNR and
CNR measurements and anatomical structure clarity
between the two radiologists (intraclass correlation coef-
ficient, 0.79-0.95). No statistically significant difference
in SNR and CNR could be observed between the left
and right sides in the same patient by using the same coil
(Tables 5 and 6). In each group, the variation of SNR
and CNR values measured from five ROIs were similar,
although different coils and sequences were used. The
SNR values were sorted from large to small as follows:
SNR, > SNR > SNR, > SNR > SNR; Similarly, the
CNR values were as follows: CNR, > CNR > CNR, >
CNR | (Figures 2 and 3).

Comparison of SNR values

The value of SNR, was the lowest in both coils; and the
value by using the surface coil was lower. There were
statistically significant differences of SNR values in all
of the OSag PDWI and the part of OSag T,WI sequence
except for SNR and SNR .. Similarly, statistically signif-
icant differences of SNR values in OCor 7,WI sequence
except for SNR, were also observed. On the contrary,
SNR, and SNR; values in the OCor T,WI and SNR,
values in OSag 7,WI sequences by using the surface coil
were higher than those by using the head coil (Figure 2,

Table 95).

Comparison of CNR values

The lowest CNR value was CNR ; and there were no
statistically significant intergroup differences of CNR
values in OSag PDWI sequence except CNR and in
OSag T,WI sequence except CNR.. But, statistically
significant differences of all the values in the OCor T,WI
sequence except for CNR, were observed (Figure 3,
Table 6).

The images by using these two coils were obtained
to meet the requirements of the imaging diagnosis
(Table 7). Among them, the average score in the group
by using head coil was 4.20 £ 0.80, and the average score
in the group by using the surface coil was 4.4 £ 0.81.
And there was significant difference between two groups
(p <0.01). 126 (84% ) and 132 (88% ) cases were more
than Grade 3 by using the different coils in two groups
respectively. The number of Grade 5 images by using
the flex coil was higher than that by using the head coil,
but there was no significant intergroup difference in the
total number from Grade 3 to 5 images. Neither group
had one score case.

Table 5 SNR measured left (L) and right (R) in five ROIs using different MR sequences with head (H) and surface (S) coil

Group Closed-mouth (R) Opened-mouth (R) Closed-mouth (L) Opened- mouth (L) PE
SNR OSag PDWIT OCor T,WI1 OSag T, W1 OSag PDWI  OCor T,WI OSag T, W1 (H-S)
SNR1 (H) 76.89 £ 6.09 7645+ 11.61 61.99 +8.02 77.01 £6.22  77.49 +10.26 61.63 £9.02 p<0.05
SNRI1 (S) 62.14+£795 71.11 £11.21 56.11 £ 14.86 59.25+6.98 71.54+11.07 55.13 £ 14.95

SNR2 (H) 84.87 £ 10.37 80.82 £ 11.04* 71.52 £ 12.45 83.89+9.66  80.96 £ 10.69+ 71.65 £ 12.94 *p>0.05
SNR2 (S) 71.54+6.45 79.62 +11.24* 65.92 £ 7.04 70.67 £593  79.99 £ 11.55% 65.35+8.22

SNR3 (H) 49.61 £9.90 48.83+9.01 33.84 £9.99 49.65+8.02 49.03+9.13 33.96 £ 7.01 p<0.05
SNR3 (S) 37.99£6.92 35.03+897 24.84 +7.36 37.59£7.03 3576 +£9.23 25.01 £7.13

SNR4 (H) 86.92+7.52 105.02+14.02 7047 £12.51 87.01 £7.89 10496 +13.76  70.84 £ 13.72" p>0.05
SNR4 (S) 74.85+6.35 115.12+£10.43  68.59 +6.16 75.12+594 11528 +£9.95 68.87 £ 6.72"

SNRS5 (H) 97.54+6.97 153.56 £ 1544  85.62 + 14.36" 97.23+6.75 154.01 +13.21 85.19 + 14.73* #p >0.05
SNR35 (S) 89.44+£9.19 17743+ 11.13  87.43 £10.72*% 87.99 £6.58 177.92+11.98 87.05 £ 10.97%

PER-L) - - - p>0.05 p>0.05 p>0.05 -

OCor, oblique coronal; OSag, oblique sagittal; PDWI, proton density-weighted imaging; ROI, region of interest; SNR, signal-to-noise ratio;
T,WI, T, weighted image.

Dentomaxillofac Radiol, 49, 20190002

birpublications.org/dmfr


http://birpublications.org/dmfr

Selection of coils in Temporomandibular Joint

Sun etal

50f 9

Table 6 CNR measured left (L) and right (R) using different MR sequences with head (H) and surface (S) coil

Group Closed-mouth (R) Opened-mouth (R) Closed-mouth (L) Opened-mouth (L) &
p
CNR Sag PDWIT Cor T,WI Sag T,WI Sag PDWIT Cor T,WI1 Sag T,WI (H-S)
CNRI(H) 1.69+0.28" 3.84%1.01 1.97 £0.65 1.64£0.31* 3.83%+1.19 1.98 £0.56 pr<0.05
CNRI (S) 1.50 £0.35 387+1.53 2.02 £0.63 1.51 £0.39* 3.88+1.21 2.01 £0.88
CNR2(H) 231+0.80 4.12+1.19% 2.69 £0.84 232+0.64 4.15%1.327 2.70 £ 0.81 p*<0.05
CNR2(S) 2.28 £0.55 5.59 £ 1.66% 2.73 £0.54 2.28£0.49 5.58 £ 1.52% 2.76 £0.53
CNR4 (H) 248+£0.72 6.91 £ 1.63% 2.65%0.76 2.47 £0.57 7.02 £ 1.57% 2.67 £0.63 p*<0.05
CNR4 (S) 243+0.70 995+ 1.71¢ 2.79 £0.67 2.45 %045 10.01 + 1.62% 2.80 £ 0.61
CNRS5(H) 3.30£1.02 13.13 + 2.06* 2.34 £ 1.34% 3.30 £ 0.91 13.09 £ 1.91* 3.36 £ 1.23* p*<0.05
CNRS5 (S) 3.36 £ 0.81 17.85 £ 2.02* 4.24 +0.87* 3.31 £0.68 17.83 £2.03* 4.25+0.85*
PfE(R-L) - - - p>0.05 p>0.05 p>0.05 -
CNR, contrast-to-noise ratio; PDWI, proton density-weighted imaging; 7,WI, T, weighted image.
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PDWI, proton density-weighted imaging;ROI, region of interest; SNR, signal-to-noiseratio; 7,W1, T, weighted image.
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Table 7 The clarity of the anatomical structures was rated
Type

Score Head coil Surface coil Total
5 60 90 150
4 66 42 108
3 18 12 30
2 6 6 12
1 0 0 0
Total 150 150 300
Discussion

The radiofrequency coil is an essential component of
the MRI system. MRI scanning requires the coil to
display the location and the structure of disease clearly.*
The function of the RF coil is to transmit RF pulses
and receive the MRI signals. RF coils can be divided
into orthogonal, phased array, surface flexible, intra-
operative, and array types.”® The selection and reason-
able application of the RF coil are the most important
components. The phased array coils are composed of
multiple single coils, which can provide more detailed
MRI information for the inspected position. The soft
surface coil is used to cover a limited area of the body
during MRI, which can use the structure’s characteris-
tics to bring the coil as close to the detected position as
possible to improve image quality.'** In our study, the
head coil that consists of a basilar coil and its upper
coil is a phased array coil>?; it is equipped with a
supporting platform with a built-in rear coil for the head
examination (30cm, 15 channels). The dS Flex surface
coil, which is mainly used for imaging small joints and
limited regions, is a loop coil with a pedestal on the
bottom and an annular integrated flex coil. It can be
divided into small (10cm, 4 channels), middle (15cm, 6
channels), and large (20cm, 8 channels) model that can
clearly show the joint anatomy and lesions in small field
of view imaging.

Most hospitals are currently equipped with a head
coil but not the special TMJ surface coils. It is gener-
ally believed that surface coil can ensure a higher SNR
by reducing the imaging range and depth.”’ Here we
compared the SNR and CNR by using a 15-channel
phased-array coil and the 6-channel dS Flex M surface
coil on a 3.0 T MRI to identify the best coil for diag-
nosing TMJ disease. One investigation evaluated the
MRI image quality of different protocols at 1.5 and
3.0 T and concluded that the increased image quality
and higher CNR were associated with the higher SNR
due to increased magnetic field strength.”® Manloiu A
et al found that the 32-channel head coil yielded a more
accurate representation of TMIJ structures, including
the articular disc, bilaminar zone, and lateral pter-
ygoid muscle for the volunteers.> However, another
study reported that the imaging spatial resolution and
positive detection rate of lesions of the multichannel
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phased array head coil were lower than those of the
surface coil.® In this experiment, from the aspects of
coil structure, design, and characteristics, the closer the
surface coil was to the skin’s surface, the stronger the
signal was; also, a higher SNR can be obtained under
the same scanning conditions. However, with increases
in vertical depth, the SNR decreases of the surface coil
were more obvious than those of the head phased array
coil (SNR,). Most SNR values of the 15-channel phased
array head coil were higher than those of the 6-channel
dS Flex M surface coil on the Philips Ingenia 3.0 T MRI
(all but SNR, and SNR; in OSag 7,WI and SNR, in
OCor T,WI). Due to the difference in the inherent phys-
ical properties between the surface and head phased
array coils, the values of SNR, and SNR in OCor T,WI
and SNR; in OSag T,WI sequences were higher using
the surface coil than using the head coil. We also found
that the comparison results of CNR values were oppo-
site on the PDWI and OCor T,WI sequences. All of
the CNR values of the surface coils were higher than
those of phased array coils on the OCor T,WI and
OSag T,WI sequences. On the OSag PDWI sequence,
the results were opposite except for CNRg, but there
was no significant intergroup difference in the imaging
diagnostic rates in our study. The cause of the different
results between our and other studies may be due to
differences in machinery and coil structure; and differ-
ences in study populations.

In our experience, the dS Flex M surface coil can be
used for routine clinic scanning and satisfy the need for
the regular imaging diagnosis (Figure 4 ) . The disc—con-
dylar complex relationship can be displayed clearly in
less than 8 min. However, in cases of neoplastic lesions
in the TMJ region or the need for diffusion, dynamic, or
three-dimensional imaging sequencing, the head or neck
phased array coil (according to the specific lesion loca-
tion) should be selected (Figure 5). Moreover, we also
studied another group of patients (not included in the
study) for whom an MRI of the TMJ was performed
immediately post-operatively and learned that 19 of 30
patients considered the phased array head coil more
comfortable, while the others felt no significant differ-
ence between the two coils; and 13 of 30 patients felt
pressure pain in the operative area induced by the dS
Flex M surface coil since it required placement close to
the skin to ensure extra fixation. With the post-operative
dressing fixation in the TMJ region, the surface coil
could not completely get close to the surface skin of the
lesion, which affected the SNR and CNR values. In this
study, we found another interesting phenomenon: The
pre-scanning time using the phased array head coil was
longer than that using the surface coil. Each sequence
was 10-15s depending on the patient’s condition. This
may be related to the number of channels of the coil
because the higher the number of channels involved, the
longer the time needed to draw sensitive maps.

This study has some limitations. First, greater sample
sizes should be included in future studies. Second, the
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Figure 4 It clearly showed the relationship between articular disc and condyle by using Surface coil. TMJ MRI showed anterior disc displace-
ment without reduction and medium amount of effusion in the upper articular cavity, which were obtained by the surface coil (Upper images
were OSag PDWI with closed mouth, lower images were OSag 7, WI with opened mouth). The surface coil has better contrast although the signal
decays very fast with the increasing in the depth of object, which can make the disc-condyle complex displayed clearly. OSag,oblique sagittal;
T,WI, T, weighted image; TMJ, temporomandibular joint.

Figure 5 This is a patient with pain and swelling in the temporomandibular joint area. During the scanning, we found that it was a giant mass
of parotid gland involving the temporomandibular joint area. Phased array coil has high signal-to-noise ratio and uniformity, and it can support
a larger and longer scanning range; moreover, it is also very clear for displaying the structure of deep tissue.
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researched types of diseases in this sample were rela-
tively simple, so the results need to be further improved.
Third, we did not assess patients with metal implants.
Of course, we only compared SNR and CNR values of
the two coils on the Philips Ingenia 3.0 T MRI scanner;
further research is required to determine whether the
same results can be obtained on other machines. There-
fore, a more objective evaluation is needed to improve
the imaging quality of TMJ MRI in future studies.
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