
Ultra-High Resolution UTE Imaging on Human Knee at 3T 
 

Y. Qian1, A. A. Williams2, C. R. Chu2, and F. E. Boada1,3 
1Radiology, University of Pittsburgh, Pittsburgh, PA, United States, 2Orthopaedic Surgery, University of Pittsburgh, Pittsburgh, PA, United States, 3Bioengineering, 

University of Pittsburgh, Pittsburgh, PA, United States 
 

INTRODUCTION  
 As ultrashort echo time (UTE) techniques have successfully advanced knee MR imaging by turning connective tissues such 
as articular cartilages, menisci, ligaments and tendons into hyper-intensity across entire thickness for better diagnosis (1-3), ultra-high 
spatial resolutions of 0.14mm (i.e., matrix size 1024 at field of view 140mm) is becoming a pursuit in technological development for 
non-invasively detecting small defects in those connective tissues during screening of early-stage degradations. The challenges to this 
pursuit are long acquisition time and low signal to noise ratio (SNR) caused by ultra-high spatial resolution. We address these 
challenges in this work by using fast UTE data acquisition and independent selection of in-plane resolution and slice thickness. The 
feasibility of this idea is demonstrated with healthy subject scans on a whole-body 3T MRI scanner.  
 
METHODS AND EXPERIMENTS 

Method  A home-developed UTE pulse sequence, the acquisition-weighted stack of spirals (AWSOS) (4), was used to 
address issues of acquisition time and SNR. Unlike other UTE sequences acquiring data along radial trajectories in the k-space, the 
AWSOS sequence uses spiral trajectories instead and accelerates data acquisition by a factor of 4-8 without use of parallel imaging. It 
also renders freedom in selecting in-plane resolution and slice thickness due to its stack of spirals and thus reduces loss of SNR by 
keeping slice thickness unchanged when increasing in-plane resolution.  Experiments  Ultra-high resolution MRI scans were 
performed on a whole-body 3T scanner (Magnetom Trio Tim, Siemens Medical Solutions, Erlangen, Germany) with an 8-channel 
knee coil (Invivo Inc., Gainesville, FL). Adult healthy subjects were scanned under an approved IRB protocol. Data acquisition 
parameters were: sinc RF pulse (0.8ms duration and 1.5 cycles), fat saturation, TE/TR/θ=0.6/60ms/18º, slices=40 at thickness 3mm, 
FOV=140mm, matrix size=1024, resolution=0.14mm, in-plane spirals=256, spiral readout Ts=17.12ms, and total acquisition time 
TA=10.24min. An isocenter positioning of the knee joint and manual shimming were implemented. Neither filtering nor correction of 
off-resonance blurring was applied to the images. As comparison, images at resolution 0.28mm were acquired under the same 
parameters except for θ=30º, TR=80ms, slices=60 at 2mm thickness, matrix size=512, spirals=64, Ts=16.80ms, and TA=5.12min.  

 
RESULTS AND DISCUSSION 

Results  Representative ultra-high resolution knee images are shown in Figs. 1-2. Fig. 1 shows patellar cartilages, illustrating 
small structures in deep, transitional and superficial zones (including the cartilage/bone interface) in the cartilage more clearly on the 
ultra-high resolution image (Fig. 1b) than on the conventional high resolution image (Fig. 1a). Fig. 2 demonstrates tibial/femoral 
cartilages. On the zoom-in image (Fig. 2b1) radial structures and cartilage/bone interface are clearly visible. The SNR in the cartilage 
regions in Fig. 2b1 was measured as 35, high enough to recognize small structures. Discussion  The acquisition time (TA) for the 
ultra-high resolution imaging is about 10 minutes and is within tolerable range for human scans. The SNR is good under optimized 
acquisition parameters (TR, flip angle and slice thickness). The contrast of signal intensity among microstructures in cartilages at 3T is 
better than we expected and thus has potential to show small defects. The contrast might be improved at 7T due to higher SNR 
available. In conclusion, this work has demonstrated that ultra-high resolution (0.14mm) imaging on the knee at 3T is technically 
feasible in terms of acceptable acquisition time and signal to noise ratio when the AWSOS sequence is used.  
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Fig. 1. Patellar cartilage images of a healthy subject at high-
resolution (0.28mm) (a) and ultra-high resolution (0.14mm) (b). 
The insets are corresponding to the dashed box regions 
respectively. The ultra-high resolution in (b) shows micro-
structures in the cartilage (arrows) more clearly than the high 
resolution in (a).

 
 

Fig. 2. Tibial/femoral cartilage images of a healthy subject at high-resolution 
(0.28mm) (a) and ultra-high resolution (0.14mm) (b). The magnified views (a1-b1) 
are corresponding to the dashed box regions in (a-b) respectively. The ultra-high 
resolution in (b1) illustrates details inside the cartilage or on the cartilage/bone 
interface (arrows) more effectively than the high resolution in (a1).
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