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Purpose: Recently, the development of ultra-high field MR scanners is growing rapidly. In theory, if the coil and the subject are equivalent then the 
SNR will be almost linearly related to B0. SNR behavior, however, is apparently more complex, especially for human applications at 7T (mostly due 
to susceptibility artifacts and widened chemical shift) [1]. The aim of this study was to investigate the performance of clinical MR sequences in in-

vivo ankle imaging at ultrahigh-field (7T). Ultrahigh-field MR imaging may substantially 
benefit from higher signal-to-noise ratio (SNR) and better spatial resolution. 
Methods and Materials: Ten volunteers were consecutively measured at 3T MRI (Tim Trio, 
Siemens Healthcare, Erlangen, Germany) and 7T (Siemens Healthcare, Erlangen, Germany) 
with similar multi-element coils (3T -> 8-channel knee coil, In Vivo, OR, USA, 7T -> 28 
channel knee coil, QED, USA) on each scanner with three different standard clinical 
sequences: 1). 3D-GRE, sagittal orientation, T1 weighted, TE 3.57ms, TR 8.3ms and spatial 
resolution [0.4mm]3, 2) 2D-FSE, coronal orientation, PD-weighted, TE 25ms, TR 3000ms 
and spatial resolution [0.31x0.31x3.00mm]3) and 3) 2D SE, T1 weighted, TE 13ms, TR 
800ms and resolution [0.36x0.36x3.00 mm]3). SNR of different structures (cartilage, bone, 
synovial fluid, Kager's fatpad, muscle and Achilles tendon, Fig. 1) was compared between 3T 
and 7T using one-way ANOVA test for repeated measures. Standard deviation of noise was 
estimated by Steckner ‘difference pixels’ method [2]. Contrast-to-noise ratios (CNR) were 
compared using the same statistical approach between these structures: cartilage/bone, 
cartilage/fluid, cartilage/muscle and muscle/fat pad.  
Results: Overall mean SNR for 3T was 24.74 ± 5.16 and for 7T 53.25 ± 14.8 (Fig 2, 3). SNR 
was significantly higher at 7T vs 3T in the following structures (# sequences): bone (1,2), 
cartilage (1,2,3), fluid (1,2,3), fat pad (1,2,3), muscle (1,2,3) and tendon (1,2).  
Non- significant differences were found only with sequence #3 in bone (p=0.207), fat pad 
(p=0.51) and tendon (p=0.401). We observed higher CNR at 7T as a ratio of selected tissues 
(sequences): cartilage/bone(1,2), cartilage/fluid (2), cartilage/muscle (2) and muscle/fat pad 

(1,2).  
 

 
Fig. 1 Definition of region-of-interests on 3T image 
(similarly done on 7T)  drawn in JiveX (Visus, Bochum, 
Germany). 
Conclusion: The study revealed a significantly better 
performance of clinical MR sequences in ankle joint imaging at 
7T in comparison to 3T in two of three investigated sequences. 
This proves the clinical applicability of 7T MR in routine ankle 
scanning. One of the possible study limitations was the SNR 
calculation procedure which may be slightly inappropriate for 
multi-element coils. Advanced methods of SNR estimation 
from multi-elements coils (such as multiple-acquisition or 
multi-pseudo replica) are not suitable in clinical applications. 
Therefore, the noise was estimated from images measured with 
zero voltage. The same procedure of SNR calculation was used 
for similar coils, and therefore the potential bias was 
minimized. We can conclude that the substantial benefit from 
ultrahigh-field could be demonstrated.  
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↓ Fig. 3. SNR comparison of 2 field strength showed significantly 
positive difference (SNR7T>SNR3T) in seq.1 (A) and seq 2. (B) 
(marked by asterisk) Seq. 3 showed higher SNR in 3T due to strong 
artifacts on 7T images (originating from incorrect frequency settings 
for fat excitation, typical problem for ultra-high field MR (Fig. 2F)). 

Fig. 2 Examples of images obtained at 3T (A - seq. 1, B - seq. 2, C - seq. 3) 
and 7T (D - seq. 1, E - seq. 2, F - seq. 3). The improvement of image quality of 
7T images (resolution, SNR) is clearly demonstrated for seq. #1 and #2. 
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