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The new 32-channel head coil for 3T 
provides considerable benefits over the 
standard Head Matrix coil. The coil sen-
sitivity and therefore signal-to-noise 
ratio (SNR) is increased over the whole 
head [1]. Parallel imaging performance 
(better g-factor) is increased in any 

direction, including 2D acceleration for 
3D imaging [2]. In practice, these advan-
tages translate into image data with 
better quality where higher SNR, less 
distortion in EPI scans, higher resolution 
or shorter scan times can be traded off.
All data in this report were acquired on a 
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3T MAGNETOM Trio, A Tim System scan-
ner (software version syngo MR B15A, 
SP2). Two scan sessions were performed 
on a healthy appearing volunteer. In one 
session the standard 12-channel Head 
Matrix coil was used. In another session 
the 32-channel head coil was used. 

1  T1w 2D FLASH 
(sagittal orientation, 
PAT factor 2): 
top row: unfiltered 
images; bottom row: 
pre-scan normalized 
images; left column: 
32-channel head coil; 
right column: 
Head Matrix coil. 
32, Matrix: T1w 2D 
FLASH (sagittal 
orientation, PAT fac-
tor 2), TR 280 ms, 
TE 2.57 ms, FOV 230 
× 230 mm², matrix 
256 × 256, 25 slices, 
slice thickness 5 mm, 
distance factor 20%, 
bandwidth 270 Hz/
pixel, flip angle 70°, 
1 acquisition, PAT 
mode GRAPPA, accel-
eration factor PE 2, 
reference lines PE 24, 
matrix coil mode 
auto (triple), refer-
ence scan mode inte-
grated, coil combine 
mode adaptive com-
bine, TA 0:39 min.

To ensure matching slice prescription, 
AutoAlign was run at the beginning 
of the session as well as in the middle 
of the session to adjust for potential 
subject motion during the study [3–5].
The following examples compare the 
32-channel head coil to the Head Matrix 

coil in terms of image homogeneity, 
SNR, and parallel imaging performance.

Image homogeneity
The strong gradient of the coil sensitivi-
ties of the 32-channel head coil leads to 
a larger gradient of signal intensities 

from areas close to the coil elements 
to areas more distant from the coil ele-
ments as compared to the Matrix coil. 
Therefore, application of the pre-scan 
normalize filter is essential for homoge-
neous signal intensities over the whole 
scan volume. As can be seen from 
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2 T1w 2D FLASH (sagittal orientation, PAT factor 2); horizontal signal intensity profiles for the center row of the images shown in Fig. 1, 
normalized to the mean signal intensity of the middle 16 pixels. Note the close match of the signal intensity profiles between 32-channel head 
coil and Head Matrix coil, demonstrating how well pre-scan normalize works. It also shows the very good performance of AutoAlign to align the 
slice prescription from one session to the other. 
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3 T2w TSE (transversal orientation, PAT factor 2); top row: unfiltered images; bottom row: pre-scan normalized images; left column: 32-channel 
head coil; right column: Head Matrix coil. 32, Matrix: T2w TSE (transversal orientation, PAT factor 2, TR 6210 ms, TE 84 ms, FOV 220 × 192.5 mm², 
matrix 256 × 224, 25 slices, slice thickness 5 mm, distance factor 20%, bandwidth 260 Hz/pixel, flip angle 120°, turbo factor 26, 1 acquisition, PAT 
mode GRAPPA, acceleration factor PE 2, reference lines PE 35, matrix coil mode auto (triple), reference scan mode integrated, coil combine mode 
adaptive combine, TA 0:39 min.

4 T2w TSE (transversal orientation, PAT factor 2; horizontal signal intensity profiles for the center row of the images shown in Fig. 3, normal-
ized to the mean signal intensity of the middle 16 pixels. Note the close match of the signal intensity profiles between 32-channel head coil and 
Head Matrix coil, demonstrating how well pre-scan normalize works. It also shows the very good performance of auto-align to align the slice 
prescription from one session to the other.

4

Figures 1–4, the pre-scan normalize 
filter works well for both head coils. In 
case of the 32-channel head coil where 
the signal intensities become very high 
towards the periphery of the brain, appli-
cation of the pre-scan normalize filter 
results in a flattened signal intensity 
profile very similar to that of the Head 

Matrix coil after application of the pre-
scan normalize filter. Note, though, that 
the SNR gain of the 32-channel coil is 
retained. In comparison, the pre-scan 
normalize filter has little effect on the 
images from the Matrix coil.
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SNR

Compared to the Head Matrix coil the 
SNR of the 32-channel head coil is ~20% 
better at the center of the brain and at 
least 100% better at the periphery of the 
brain [1]. The improved SNR can be easily 

appreciated in Fig. 5. A gradient of SNR 
from the periphery to the center of the 
brain can be seen for both coils. Increas-
ing the PAT factor from 2 to 3 causes a 
drop in SNR that is more noticeable 

when using the Matrix coil, especially in 
the center of the brain, demonstrating 
the better g-factor of the 32-channel 
head coil.

5 T2w TIRM (DarkFluid, transversal orientation, PAT factor 2 / 3); top row: PAT 2; bottom row: PAT 3; left column: 32-channel head coil; right col-
umn: Head Matrix coil. 32, Matrix: T2w TIRM (DarkFluid, transversal orientation, PAT factor 2), TR 7000 ms, TE 81 ms, TI 2500 ms, FOV 220 × 192.5 
mm², matrix 256 × 224, 25 slices, slice thickness 5 mm, distance factor 20%, bandwidth 271 Hz/pixel, flip angle 120°, turbo factor 16, 1 acquisition, 
2 concatenations, PAT mode GRAPPA, acceleration factor PE 2, reference lines PE 31, matrix coil mode auto (triple), reference scan mode integrated, 
coil combine mode adaptive combine, pre-scan normalize filter, TA 2:08 min; 32, Matrix: T2w TIRM (DarkFluid, transversal orientation, PAT factor 3), 
same as above but for: acceleration factor PE 3, reference lines PE 32, TA 1:40 min.

6 Isotropic T2w 3D SPACE (sagittal orientation, PAT factor 2 / 2x2); top row: PAT 2; bottom row: PAT 2×2; left column: 32-channel head coil; right 
column: Head Matrix coil. 32, Matrix: Isotropic T2w 3D SPACE (sagittal orientation, PAT factor of 2), TR 3200 ms, TE 403 ms, FOV 250 × 250 mm², 
matrix 256 × 256, 176 slices per slab, slice thickness 1 mm, bandwidth 751 Hz/pixel, turbo factor 141, 1 acquisition, PAT mode GRAPPA, acceleration 
factor PE 2, reference lines PE 24, acceleration factor 3D 1, matrix coil mode auto (triple), reference scan mode integrated, coil combine mode adap-
tive combine, pre-scan normalize filter, TA 4:43 min; 32, Matrix: Isotropic T2w 3D SPACE (sagittal orientation, PAT factor 2x2), same as above but for: 
acceleration factor 3D 2, reference lines 3D 24, TA 2:42 min.

While image quality (SNR) is better when 
using the 32-channel head coil com-
pared to Head Matrix coil at an PAT fac-
tor of 2, the difference becomes much 
more obvious when using an PAT factor 

of 2×2 (Fig. 6). Image quality of the PAT 
2×2 scan with the 32-channel head coil 
(scan time 2:42 min) is comparable to 
the image quality of the PAT 2 scan with 
the Head Matrix coil (scan time 4:43 

min) i.e. a 43% reduction of scan time 
can be achieved without image quality 
loss.
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7 Diffusion-weighted 
imaging (DWI) 2D EPI 
(transversal orienta-
tion, 6 diffusion direc-
tions (MDDW), PAT 
factor 2 / 3 / 4); top 
row: PAT 2; middle 
row: PAT 3; bottom 
row: PAT 4; left col-
umn: 32-channel head 
coil; right column: 
Head Matrix coil. 32, 
Matrix: DWI 2D EPI 
(transversal orienta-
tion, 6 diffusion direc-
tions (MDDW), PAT 
factor 2), TR 3900 ms, 
TE 94 ms, FOV 220 ×
220 mm², matrix 192 
× 192, phase partial 
Fourier 6/8, 25 slices, 
slice thickness 5 mm, 
distance factor 20%, 
bandwidth 1184 Hz/
pixel, 1 acquisition, 
2 diffusion weightings, 
b1 0 s/mm², b2 1000 
s/mm², 6 diffusion 
directions, PAT mode 
GRAPPA, acceleration 
factor PE 2, reference 
lines PE 40, matrix coil 
mode auto (triple), 
reference scan mode 
separate, coil combine 
mode adaptive com-
bine, pre-scan normal-
ize filter, TA 0:41 min; 
32, Matrix: DWI 2D 
EPI (transversal orien-
tation, 6 diffusion 
directions (MDDW), 
PAT factor 3), same as 
above but for: acceler-
ation factor PE 3, 
reference lines PE 48, 
TA 0:41 min; 32, 
Matrix: DWI 2D EPI 
(transversal orienta-
tion, 6 diffusion direc-
tions (MDDW), PAT 
factor 4), same as 
above but for: acceler-
ation factor PE 4, 
reference lines PE 128, 
TA 0:49 min.

8 Diffusion-weighted 
imaging (DWI) 2D EPI 
(transversal orienta-
tion, 6 diffusion direc-
tions (MDDW), PAT 
factor 2 / 3 / 4); top 
row: PAT 2; middle 
row: PAT 3; bottom 
row: PAT 4; left col-
umn: 32-channel head 
coil; right column: 
Head Matrix coil. 32, 
Matrix: DWI 2D EPI 
(transversal orienta-
tion, 6 diffusion direc-
tions (MDDW), PAT 
factor 2), TR 3900 ms, 
TE 94 ms, FOV 220 × 
220 mm², matrix 192 
× 192, phase partial 
Fourier 6/8, 25 slices, 
slice thickness 5 mm, 
distance factor 20%, 
bandwidth 1184 Hz/
pixel, 1 acquisition, 2 
diffusion weightings, 
b1 0 s/mm², b2 1000 
s/mm², 6 diffusion 
directions, PAT mode 
GRAPPA, acceleration 
factor PE 2, reference 
lines PE 40, matrix coil 
mode auto (triple), 
reference scan mode 
separate, coil combine 
mode adaptive com-
bine, pre-scan normal-
ize filter, TA 0:41 min; 
32, Matrix: DWI 2D 
EPI (transversal orien-
tation, 6 diffusion 
directions (MDDW), 
PAT factor 3), same as 
above but for: acceler-
ation factor PE 3, ref-
erence lines PE 48, TA 
0:41 min; 32, Matrix: 
DWI 2D EPI (transver-
sal orientation, 6 dif-
fusion directions 
(MDDW), PAT factor 
4), same as above but 
for: acceleration factor 
PE 4, reference lines 
PE 128, TA 0:49 min.
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Parallel imaging

Figures 7 and 8 demonstrate parallel 
imaging performance of the two head 
coils with increasing PAT factor for DTI 
(Diffusion Tensor Imaging) scans. At a 

PAT factor of 4 the image data becomes 
unusable for the Matrix coil while the 
32-channel coil still provides reasonable 
image quality. Image quality of the 

32-channel head coil data with PAT fac-
tors 3 and 4 compares well with image 
quality of the Matrix coil at PAT factors 
2 and 3, respectively. The figures also 

show a decrease in distortions with 
increasing PAT factor because of the 
shorter EPI readout. Scan times are 
0:41 min, 0:41 min and 0:49 min for 

PAT factors of 2, 3 and 4, respectively. 
In the case of EPI, scan times are not 
reduced with increasing PAT factor as is 
typically the case for non EPI scans. This 

is due to the increased number of PAT 
reference scans that are required with 
higher PAT factors.
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Figure 9 again demonstrates the better 
g-factor of the 32-channel head coil 
compared to the Head Matrix coil. While 
image quality is acceptable when using 
the Matrix coil at PAT 2, it becomes 
unacceptable when using an accelera-
tion factor of 2×2. At this setting, the 
32-channel head coil still performs well. 
At similar image quality, a 50% reduction 
of scan time from 6:38 min to 3:17 min 
is achievable with the 32-channel head 
coil.

Conclusions
The 32-channel head coil provides better 
performance compared to the Head 
Matrix coil in terms of SNR and parallel 
imaging capabilities. The SNR is improved 
over the whole head with the periphery 
of the brain benefitting the most. 
Because of the almost 3x number of coil 
elements, parallel imaging performance 
is improved i.e. the acceleration factor 
can be increased without imaging arti-

9 Susceptibility-weighted imaging (SWI) 3D FLASH (transversal orientation, PAT factor 2): PAT 2; bottom row: PAT 2x2; left column: 32-channel head 
coil; right column: Head Matrix coil. 32, Matrix: SWI 3D FLASH (transversal orientation, PAT factor 2), TR 28 ms, TE 20 ms, FOV 230 × 179.6 mm², 
matrix 448 × 297, 72 slices per slab, slice thickness 1.2 mm, slice oversampling 22.2%, bandwidth 120 Hz/pixel, flip angle 15°, 1 acquisition, PAT 
mode GRAPPA, acceleration factor PE 2, reference lines PE 24, acceleration factor 3D 1, matrix coil mode auto (triple), reference scan mode integrat-
ed, coil combine mode adaptive combine, pre-scan normalize filter, TA 6:38 min; 32, Matrix: SWI 3D FLASH (transversal orientation, PAT factor 2x2), 
same as above but for: acceleration factor 3D 2, reference lines 3D 24, TA 3:17 min.

9A 9B

9C 9D

facts and with an SNR that is comparable 
to that of the Matrix coil at a lower PAT 
factor. It should also be noted that accel-
eration is possible in any direction with 
the 32-channel head coil since the coil 
elements are distributed on a helmet 
shaped geometry, thereby allowing arbi-
trary slice prescriptions without having 
to consider the direction of the accelera-
tion.
Because of the helmet shaped form that 
conforms closely to the head, the 
32-channel head coil has the disadvan-
tage that some subjects with large head 
circumference will not be able to fit into 
the coil and will have to be scanned using 
the Matrix coil instead. Image recon-
struction times can be slightly increased 
as well when using the 32-channel head 
coil since about 3 times the data volume 
has to be processed. However, this is not 
a problem in routine imaging when using 
the high-end image reconstruction com-
puter.
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