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Target Audience: Basic scientists, application engineers and clinicians interested in head/neck imaging in particular in imaging of temporo mandibular joint. 

Introduction: Magnetic resonance imaging (MRI) is the primary modality for the evaluation of the temporo-mandibular joint (TMJ). Notwithstanding its clinical value, 
MRI of TMJ remains challenging due to the subtlety of the anatomical structures and because of susceptibility artifacts related to the cavities of the inner and middle 
ear. These constraints translate into stringent technical requirements to balance the competing constraints of signal to noise ratio, signal penetration, spatial resolution, 
and examination time. The sensitivity gain inherent to ultrahigh magnetic fields can be invested into enhanced spatial resolution. Recognizing these challenges together 
with the opportunities inherent to ultrahigh field MRI, it is conceptually appealing to pursue TMJ imaging at 7.0 T. Arguably, RF coil technology tailored for TMJ 
imaging at 7.0 T is still in its infancy. To advance the capabilities of high spatial resolution TMJ imaging this study proposes an 8 channel transmit/receive coil similar 
to [2] for dedicated MRI of the TMJ. The RF coil array’s performance and safety are evaluated in electro-magnetic field simulations. The RF coils applicability for sub-
millimeter spatial resolution TMJ MRI is examined in vivo at 7.0 T. 
 
Methods: The coil array comprises two modestly shaped sections to cover the left and right side of the head and to conform to an averaged neck/head geometry. Each 
section contains 4 loop elements. The elements are organized in a 2 x 2 matrix (Fig. 1A). Both rows are arranged in an interleaved fashion so that the elements are 
shifted from each other by a half element size. To conform to the left side of the human neck, the row shift of the corresponding 4-channel array was reversed. The array 
is slightly curved in order to conform to an average head/neck form and has an RF shield. Capacitive decoupling for neigboring elements is used. Other capacitors were 
equaly distributed around the loops to mitigate dielectric losses. The dimensions of the loop elements are (60 x 60) mm2. The overall dimensions of the array are (110 x 
160) mm2. 10 mm wide conductor was etched on FR4 former with 17 μm thick copper and enclosed in a dedicated casing (Fig. 1B). For each channel a cable trap was 
placed on the coaxial cable and positioned behind the RF shield. The coaxial cable was terminated by a BNC connector. The RF coil supports both a single feeding and 
a multiple feeding channel transmission mode. For the single feeding channel mode (combined mode) phase settings for each channel are fixed and achieved by phase-
shifting hardware incorporated in the power splitting network. For the multiple feeding channel regime (pTX) the phases and amplitudes could be adjusted freely to 
optimize the B1

+ homogeneity. Electro-magnetic simulations were performed with CST 2013 (CST AG, Darmstadt, Germany) to assure RF safety. The voxel model 
Duke from the Virtual Family [1] was used for the EMF simulations. The geometry and positioning of the coil were matched to reality (Figure 1A). B1

+-shimming using 
simulated data was performed for B1

+-field homogeneity within a ROI covering the whole tranversal profile. Specific absorption rate (SAR) was averaged over 10 g as 
suggested in EN 60601-2-33 Ed. 3. An in vivo study was performed in healthy volunteers using a 7 T whole body MRI system (Magnetom, Siemens, Erlangen, 
Germany). Single channel mode (combined mode) was used for in vivo imaging.  For imaging a proton density weighted Fast Spin Echo (FSE) sequence (TE = 32 ms, 
TR = 2100 ms, spatial resolution (0.29 x 0.29 x 2.0 mm)³, matrix 384x384) was used. 

  

Fig. 1: A) Conductor layout of the 8 
channel TX/RX RF coil, B) The 
proposed 8 channel TX/RX array 
(f=298 MHz). The building blocks are 
modestly shaped to conform to an 
averaged neck C) SAR distribution 
across the target region with the eyes 
showig low SAR.  
 

Results: Based upon  the EMF simulations, the coil’s RF power was limited to 8 W to stay within the 20 W/kg local SAR limit given by the IEC guidelines. The 
reflection characteristics of the elements were below -20 dB.  Decoupling was better than -13 dB for neigboring elements. The proposed 8 channel Tx/Rx array provided 
depth penetration suitable for TMJ imaging. Preliminary in vivo results shown in Fig. 2 demonstrate the high image quality as well as the high level of contrast achieved 
for PD weighted FSE imaging. The MR anatomy of the articular disc of the temporo-mandibular joint with the anterior band, the intermediate zone and the posterior 
band of the disc is nicely visualized and well delineated (Fig. 2). The retrodiscal superior and inferior layer as well as parts of the anterior capsular attachments are 
visible. The baseline SNR gain at 7.0 T together with the SNR provided by the RF coil enabled an acquired spatial resolution of (0.29 x 0.29 x 2.0) mm3. This 
improvement versus today’s clinical practice of TMJ imaging at lower fields affords an enhanced visualization of the soft tissue  structures  including the discus 
articularis, the bilaminar zone (retrodiscal zone) and a  better differentiation of changes within  these tissues. The bony parts of the TMJ including the mandibular 
condyle and the fossa mandibularis are very well delineated.  

 

Fig. 2: – Proton density weighted 
FSE image derived from  the 
parasagittal plane of the temporo 
mandibular joint using a spatial 
resolution of (0.29 x 0.29 x 
2.0) mm3. 

 

Discussion nnd Conclusion: The proposed 8-element coil meets the needs of isotropic, sub-millimetre in-plane spatial resolution imaging of the temporo-mandibular 
joint. The modestly shaped transceiver array provides patient comfort and ease of use due to its light weight and modular design. A recognized limitation of this 
feasibility study is its assessment in a limited number of subjects (n=3). Therefore, efficacy of the proposed transceiver array in a clinical routine environment awaits 
further study. We anticipate the application of the proposed transceiver array in patients with TMJ complications including a careful comparison with conventional 3.0 T 
imaging. These studies might benefit from a multi-channel transmission regime tailored to provide enhanced B1

+ homogeneity over the target region. 
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