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Abstract: We describe the use of a transverse field RF surface coil that improves 1.5 T proton MR spectroscopy in the 
human calf. A 2-element figure-of-eight (FO8) transverse field RF surface coil (diameter 2R=10 cm; separation between 
the two linear current elements 2s=1cm) and a circular loop (CL) coil of equal diameter where built and tested with proton 
PRESS spectra at 1.5 T. The 1H PRESS spectra obtained in the resting calf muscle of healthy volunteers showed that the 
FO8 coil allows a higher PRESS SNR (up to a factor 4.5) within a region of about 20 mm centred at about 12 mm from 
the coil plane, as compared to a standard CL coil. We found also a faster PRESS SNR decrease in the muscle tissue for 
anterior/posterior distance >20 mm using the FO8 coil. The measured PRESS SNR in the fat tissues of the calf showed a 
signal mostly localised within 10 mm from the coils surface and with an improved SNR (up to 5.5 times) observed in the 
presence of the FO8 coil as compared to the CL coil of equal diameter. The FO8 coil design can be advantageous for 
MRS applications, since it allows higher SNR from a small VOI positioned centrally within a relatively narrow region at a 
given depth in the human calf. The reported spatial SNR features of the FO8 coil design should also be useful for 1H and 
31P MRS metabolites quantification in the human brain.  
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INTRODUCTION 

 Magnetic Resonance Spectroscopy (MRS) is a well-
established tool for the non-invasive investigation of me-
tabolites in the human brain and in the skeletal muscles un-
der various physiological and pathological conditions [1, 2]. 
MRS studies in humans performed with Radio Frequency 
(RF) surface coils are usually conducted by a standard circu-
lar or rectangular loop of conducting material [3]. This RF 
coil design produces in the central region of interest (ROI) 
an RF B1 field directed perpendicularly to the coil plane  
(axial field RF surface coils). The maximum amplitude of 
the B1 field is found at the centre of the coil plane and it de-
creases as the distance from the coil axis increases. The 
transmit/receive and/or receive-only axial RF field surface 
coil is especially suitable for horizontal field MR systems, 
and in the past two decades it has been successfully used for 
a number of in vivo MRS studies [1-8]. Depending on the 
specific clinical application the diameter of the circular loop 
RF coil must be properly selected to allow a full exposure of 
the tissue/organ under study. 
 Novel RF surface coil designs comprising one linear cur-
rent element [9, 10], two crossing linear current elements 
(butterfly coil) [11], or two parallel linear current elements 
(figure-of-eight coil, F08) [12-16] positioned in the central  
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region of the coil were developed to overcome sensitivity 
and/or spatial selectivity limitations in a given ROI. These 
geometries are called transverse field RF surface coils, be-
cause the current flowing in the linear elements produce a B1 
field that, in the central region of the RF coil is, substan-
tially, a transverse RF field (i.e. parallel to the coil plane). In 
particular, it was shown that specially designed 2-element 
FO8 coils are suitable for solving the problem of signal loss 
due to the orientation of the RF surface coil within the scan-
ner [16]. Interestingly, it was also found that for particular 
geometrical conditions, along the coil axis the FO8 exhibits a 
pronounced B1 spatial selectivity, with higher B1 field ampli-
tude occurring at some distance from the coil plane [14, 15]. 
A theoretical analysis of transverse field RF surface coils, 
comprising four centrally positioned linear elements, suitable 
for 0.35 T vertical magnetic fields MR Imaging (MRI) was 
described [17]. Recently, a detailed theoretical and experi-
mental analysis of 1.5 T transverse fields RF surface coils 
comprising 2, 4 or 6 centrally positioned linear elements was 
reported [18]. It was shown that a careful selection of the 
elements geometrical disposition allows optimisation of the 
B1 field homogeneity in planes parallel to the coil. In a re-
cent work [19], the design of circular loops and butterfly 
coils giving the optimal intrinsic signal-to-noise ratio (SNR) 
was investigated. It was shown that, although for the circular 
loop there is an analytical equation giving the optimal di-
ameter, unfortunately there is no design rule for the butterfly 
or FO8 coils. A numerical optimisation method, suitable for 
3 T butterfly coils of diameter comprised from 4 to 10 cm 
and loaded with tissue models, was described [19].  
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 Proton MRS studies in the calf of adult volunteers are 
often performed with a circular or rectangular RF surface 
coil of about 8-12 cm in size, to be able to cover the full 
depth of the calf muscles [3-8]. However, the standard RF 
coil presents a RF B1 field distribution with a maximum at 
the coil plane and a progressive decrease along the coil axis. 
This spatial feature of the RF B1 field can be deleterious in 
terms of SNR and selectivity when the tissue of interest has a 
restricted thickness and is localised at a specific distance 
from the coil plane. 
 Transverse field RF surface coils are characterised by a 
RF field distribution with a sharp B1 peak located at some 
distance along the coil axis [14, 15]. This feature makes the 
use of transverse field RF coils of potential benefit for MRS 
applications requiring spatial selectivity from a specific ROI. 
The SNR advantage of the transverse field coil for 1H MRS 
was demonstrated with phantoms [20]. Recently, in a pre-
liminary study, we reported the feasibility of the transverse 
field RF coils for 1H MRS in the human calf [21]. 
 In the past years, in vivo metabolite measurement was 
performed by means of phased-array of receive-only RF 
coils [22-25]. The phased-array is composed by a number of 
axial and/or transverse field RF surface coil elements, dis-
posed with a suitable geometry and operated with electronic 
means to isolate each coil from the others. More recently, 
array of RF coils with up to 12 elements have been devel-
oped for parallel imaging MRS [26, 27], allowing applica-
tions that require high temporal resolution to monitor dy-
namic systems and/or to reduce the effects of tissue move-
ment.  
 The aim of the present study was to show that the fea-
tures of the FO8 coil offers advantages for those in vivo 
MRS applications, where the spatial selectivity and en-
hancement of the signal from a specific anatomical region of 

the sample located at some depth from the surface is prefer-
able. We have numerically investigated the dependence of 
the RF spatial B1 selectivity along the coil z-axis of trans-
verse field and standard circular loop RF coils of various 
diameters. To test the in vivo MRS efficacy of the transverse 
coil design, we have measured the SNR along the coil z-axis 
by means of 1.5 T 1H PRESS spectra acquired in the resting 
calf of adult healthy volunteers. The results reported here 
should be a useful starting point for the future clinical MRS 
applications with single transmit/receive RF coils, and also 
for the design of MRS array comprising a number of trans-
verse field RF coil geometries. 

METHODS AND RESULTS 

RF Coils Simulation 

 To compare the RF spatial distributions of a transverse 
field coil tuned at 64 MHz (proton, 1.5 T) made by two cur-
rent elements, having the current path connected accordingly 
to the FO8 geometry, and standard circular loop (CL) coils 
we used a quasi-static numerical integration of the Biot-
Savart law to model the three-dimensional RF B1 field dis-
tributions. Accordingly with previous theoretical and ex-
perimental data [15, 16], the FO8 coil diameter (2R=10 cm) 
and the separation between the two linear current elements 
(2s=1 cm) were chosen such that to allow MRS data acquisi-
tion in the human calf of adult volunteers. To compare the 
RF field distributions along the coil z-axis, a FO8 coil of 10 
cm in diameter (2s=1 cm) and a number of CL coils of di-
ameter equal to 2.5, 3.8, 5.0, 7.5, 10.0 cm were also simu-
lated. 
 Fig. (1) shows the simulated B1 amplitude per-unit-current 
plotted along the coil z-axis. For all the simulations, the B1 
amplitude was normalised to the value of the smaller size 
(2R=2.5 cm) CL at z=0 mm. As expected, the small size CL 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Normalized B1 amplitude per-unit-current plotted along the coils z-axis obtained by Biot-Savart simulation. The CL coil has a di-
ameter 2R of: 2.5 cm (triangles), 3.8 cm (diamonds), 5.0 cm (dashed line), 7.5 cm (continuous line) and 10.0 cm (circles). The circular fig-
ure-of-eight (FO8) RF surface coil (squares) has a diameter 2R=10 cm and element separation 2s=1 cm. For all the simulations, the B1 ampli-
tude was normalised to the value of the smaller size CL at z=0 mm. 
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coil presents the higher B1 field amplitude within a relatively 
narrow region close to the surface and a rapid decrease at 
deeper positions. Moreover, because of the small coil diame-
ter, the region of B1 sensitivity will be effective only in a 
very small area of the calf with size similar to the diameter. 
With such small size coil, to fully cover the calf muscles area 
a repeated repositioning of the small size coil would be nec-
essary, with the introduction of spatial uncertainty and an 
increase of the total acquisition time. Alternatively, the use 
of a phased-array coil design made by a number of overlap-
ping CL coils each connected to a pre-amplifier of suitable 
impedance would be required, making the hardware  
complex, expensive, and not readily available. As shown in 
Fig. (1), increasing the CL diameter (2R>2.5 cm) increases 
the observable depth, but the normalized peak B1 field at z=0 
mm decreases rapidly to about 0.5 (2R=5 cm) or about 0.25 
(2R=10 cm) times the value obtained with the small size CL 
coil.  
 On the contrary, as shown in Fig. (1), the FO8 coil of 
diameter 10 cm exhibits a relatively sharp B1 peak with nor-
malised B1 amplitude of about 0.8 with respect to the small 
size CL. The important features are that the B1 peak is lo-
cated at a specific depth (z=5 mm) from the coil plane and its 
peak value is significantly larger as compared to the me-
dium/large size (2R>2.5 cm) CL coils. Because of the sym-
metry of the two-elements FO8 coil, the peak B1 field ampli-
tude is centrally located in correspondence of a narrow strip 
(width about 25 mm, length about 80 mm) aligned with the 
linear current elements, with the maximum field positioned 
at some depth from the coil plane. We have previously 
shown that the width of this strip can be adjusted by a proper 
selection of the number and separation of the current  

elements [18]. Moreover, the position of the peak B1 field 
along the z-axis can be adjusted, within a limited range, by 
the selection of the current elements separation [15]. The 
above features of the FO8 coil make its use of interest for 
MRS application in the human skeletal muscles, where a 
combination of large ROI, good SNR and spatial selectivity 
at some depth from the coil surface is preferable in some 
specific studies of muscle metabolism [4-9]. 
 Fig. (2) shows the prototype of FO8 RF surface coil 
(2R=10 cm, two linear current elements, elements separation 
2s=1 cm). For comparison purpose, a standard CL RF coil 
(not shown) of diameter 2R=10 cm was used [16]. These 
coils were tuned at 63.87 MHz and MRI/MRS data were 
acquired using a 1.5 T GE SIGNA LX 9.1 scanner. This size 
of the FO8 and CL coils was chosen to allow a large area 
and depth of the muscle to be covered. As shown in Fig. (1), 
a small size CL coil (2R=2.5 cm) would give maximum B1 
sensitivity at the tissue surface, at the cost of a small area 
covered and significant signal loss from deeper tissues. The 
full details of the FO8 and CL coils construction have been 
reported elsewhere [16]. 
 The B1 modelling of the CL and FO8 coils reported in 
Fig. (1) does not take into account the noise contribution 
detected by each coil. However, previous experimental data 
obtained at 63.87 MHz have shown that the noise detected 
by CL and FO8 coils of the same diameter is practically the 
same [16]. These data justify the use of the Biot-Savart mod-
elling as a useful tool in the design of FO8 and CL coils for 
MRS applications in the human calf muscles. It is worth to 
point out that the CL coil presents a higher sensitivity, with 
respect to the FO8 of the same diameter, when considering 
the whole volume covered by the coil. However, as it will be 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). Circular figure-of-eight (FO8) RF surface coil (2R=10 cm, 2s=1 cm) prototype used for MRS at 1.5 T as seen from the sample side 
(A) and the service side (B). The y-axis was directed along the B0 field. The RF coil was constructed on a Plexiglas substrate (thickness 2 
mm) using adhesive copper strips of 4 mm width and 100 µm thickness. A series design was used to connect electrically the left-right loops 
of the FO8 coil, thus ensuring that the current flowing through the two linear current elements are equal. This series configuration produces 
negligible phase errors at the operating frequency of 63.87 MHz. Tuning of the RF coil when empty was achieved with a non-magnetic chip 
capacitor (68 pF) and a non-magnetic trimmer capacitor (1-16 pF) connected in parallel with the inductive current path. A balanced circuit 
was used for matching the RF coil (two series chip capacitors of 68 pF and a parallel chip capacitor of 470 pF). 
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shown in the following, when considering a small ROI posi-
tioned at some depth from the surface, then the FO8 coil 
presents a higher sensitivity and a better spatial selectivity 
that is advantageous for MRS experiments in the human calf 
muscles. 

In Vivo MRS Experiments 

 To test and characterise the in vivo performances obtain-
able with the FO8 and CL coils, 1H SPGR scout images and 
immediately afterwards MRS PRESS spectra were acquired 
in the presence of the resting calf of two healthy volunteers 
(average body weight 70 kg; two repeated measurements). 
Informed consent was obtained from the volunteers, and the 
local ethics committee approved the project. 

 In the present study, the FO8 coil was carefully posi-
tioned within the scanner with the linear current elements 
aligned along the direction of the main field B0 (y-axis in 
Fig. (2)). For each study, the FO8 and CL coils in turn were 
used in transmit/receive mode for 1H localisation, magnetic 
field shimming, and PRESS spectroscopy on the same VOI 
positioned at a variable depth from the coil surface. The tun-
ing and matching conditions of the FO8 and CL coils were 
practically identical. The measured reflection coefficient S11 
(at the resonance frequency of 63.87 MHz) was better than -
25 dB. The measured quality factor Q (ratio between the 
resonant frequency and the frequency bandwidth at -3 dB) 
values of the FO8 and CL coils when empty were, respec-
tively, 160 and 195. In the presence of the calf of the volun-
teers the Q values of the FO8 and CL coils decreased, re-
spectively, to 12 and 14. These loaded Q values are similar 
to that previously reported by other groups for comparable 
size RF coils [19]. From repeated measurements, we esti-
mated a small positioning error of the VOI, with respect to 
the plane of the FO8 and CL coils, equal to about 3 mm in 
the presence of the calf of the volunteers. It is worth to point 
out that, since the FO8 RF coil was used in transmit/receive 
mode and with the current geometrical disposition, the 
MRI/MRS signal amplitude is dependent from the effective 
RF field amplitude given by B

1eff
= B

1x

2
+ B

1z

2 , where B1x 
and B1z are the intrinsic field components of the coil as re-
ferred to the geometry of Fig. (2), and the main magnetic 
field B0 is assumed to be directed along the y-axis. 

 First, we acquired scout coronal SPGR images (TE=7 
ms; TR=50 ms; flip angle=10°; slice thickness=4 mm; slice 
spacing=0 mm; FOV=24 cm x 24 cm; NEX=1) for accurate 
positioning of the voxel along the Anterior/Posterior (A/P) 
direction (A/P axis is along the z-axis of the RF coil). Given 
the coil and subject geometry, the first useful SPGR image 
(slice 1) was positioned at about A/P=2 mm, where the coil 
plane was taken as A/P=0 mm. From the scout SPGR images 
of Fig. (3), we note small anatomical differences in the cor-
responding slices, due to the subsequent positioning of the 
calf on the FO8 and CL coils. 
 In accordance with the simulations of Fig. (1), the SNR 
improvement of the FO8 coil along the A/P direction, as 
compared to the CL coil, is to be expected only in a rela-
tively small VOI centrally positioned with respect to the  
linear current elements and within a given depth from the 

coil surface. On the contrary, if we consider the whole vol-
ume covered by the FO8 or CL coils, we expect the CL coil 
to perform better in terms of SNR. Moreover, the FO8 coil 
should give a more pronounced spatial selectivity along the 
A/P direction. This behaviour of the SNR along the A/P di-
rection can be explained by the fact that the FO8 coil pre-
sents, for each centrally positioned linear current element, a 
return current element of opposite direction positioned at 
some distance, giving rise to SNR subtraction within the 
whole volume covered by the coil. This is not the case for 
the CL coil. However, along the central z-axis (A/P direc-
tion) of the FO8 coil the composition of the B1 field given by 
the two linear current elements produces the spatially selec-
tive SNR pattern shown in Fig. (1), giving rise to an increase 
of the measured SNR within a relatively small ROI posi-
tioned at some distance from the coil surface. 
 The in vivo images of Fig. (3) were used to compare the 
dependence of the 1H signal amplitude along the A/P direc-
tion for the FO8 and CL coils. To this purpose, first we cal-
culated the SNR of a small ROI covering 0.5*0.5 cm2 (8*8 
pixels) centrally positioned and then we calculated the SNR 
of the whole calf covering a ROI of 10*10 cm2 (160*160 
pixels). The SNR of the selected ROI was calculated as the 
average signal in the central ROI divided by the standard 
deviation of the noise calculated in a peripheral ROI (20*20 
pixels) external to the muscle. The measured SNR for the 
small and large ROI are reported, respectively, in Figs. (4A, 
B). From the data of Fig. (4A) it can be seen that the FO8 
coil shows an increased SNR (up to a factor 2) in the small 
ROI within the slices 4 to 8, as compared to the CL coil. 
Moreover, for deeper slices (>slice 8) it can be seen that the 
FO8 coil shows a more pronounced spatial selectivity along 
the A/P direction. When considering the SNR in a ROI cov-
ering the whole calf muscles, see Fig. (4B), it can be seen 
that the CL coil gives a larger SNR for slices positioned at 
A/P >4. These MRI results confirm that the SNR advantage 
of the FO8 coil is to be expected in a small central ROI posi-
tioned along the coil axis within the first 2.4 cm from the 
sample surface. For larger depth and/or considering a large 
ROI the CL coil gives a better SNR. 
 To characterize and quantify the dependence of the 1H 
MRS amplitude along the A/P direction, we acquired PRESS 
spectra (TE=26 ms; TR=1500 ms; FOV=16 cm; number of 
repetition=8) in the presence of the human calf from a voxel 
positioned at the centre of each SPGR coronal slice, both 
with the FO8 and CL coils, (see Fig. 5). For sensitivity com-
parison purposes, in all the PRESS measurements the RF 
power transmit gain (TG) was maintained at the same mini-
mum value (TG=0 dB) allowed by the scanner. In the current 
experimental setup the voxel size was selected equal to 
8x8x4 mm3, which is smaller than the linear current separa-
tion of the FO8 coil (2s=10 mm). No water suppression 
pulse sequence was employed in the current experimental 
set-up. Fig. (5) shows typical in vivo 1H PRESS spectra ob-
tained along the A/P direction (slices 1 to 9) with the FO8 
coil (Fig. 5A) and the CL coil (Fig. 5B). For easy of visuali-
zation the PRESS amplitude was normalised to the maxi-
mum value measured with the FO8 coil. The PRESS spectra 
were analysed using Amares, a tool of the jMRUI software 
package (Magnetic Resonance User Interface, www.mrui. 
uab.es/mrui) [28]. For each A/P position, we found that the 
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Fig. (3). Typical SPGR coronal images obtained in the resting calf of a volunteer using the FO8 (left) and CL (right) coils. The RF coil plane 
is positioned at A/P=0 mm and the slice thickness is 4 mm. The slice number equal to 1 is at about 2 mm from the coil plane. The grey scale 
setting is the same for the images obtained with the FO8 (2R=10 cm, 2s=1 cm) and CL (2R=10 cm) coils. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. (4). Measured 1H SNR along the A/P direction for the FO8 (squares) and CL (circles) coils obtained from the coronal images of Fig. (3) 
by selecting: (A) a small ROI of 0.5*0.5 cm2 centrally positioned within the calf; and (B) a large ROI of 10*10 cm2 covering the whole calf. 
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Fig. (5). Typical proton PRESS spectra (voxel size 8x8x4 mm3; TE=26 ms; TR=1500 ms; number of repetitions=8) measured along the A/P 
direction in the resting calf of a volunteer using the FO8 (A) and CL (B) RF coils. The position A/P=0 corresponds to the RF coil plane. No 
water suppression was employed to acquire the PRESS data and the shim setting was the same for the two data sets.  

experimental 1H PRESS spectra showed the presence of 
white noise with practically the same standard deviation for 
the FO8 and CL coils. 
 Fig. (6) shows typical in vivo 1H PRESS spectra obtained 
along the A/P direction with the FO8 and CL coils at slice=3, 
this slice corresponding to the position of maximum lipids 
signal. From the Amares analysis of the in vivo spectra we 
identified a number of peaks, with the resonances specifi-
cally assigned in (Table 1), and corresponding to: methyl- of 
intracellular lipids (IMCL) at 0.9 ppm; methyl- of extracellu-
lar lipids (EMCL) at 1.1 ppm; methylene- of intracellular 
lipids (IMCL) at 1.3 ppm; methylene- of extracellular lipids 
(EMCL) at 1.5 ppm; α and β methylene- of lipids at 2.3-2.4 
ppm; water at 4.7 ppm; and polyunsaturated olefinic fats at 
5.5 ppm. These results are in good agreement with previous 
localized 1H MRS studies [29-32]. 

 To obtain a quantitative sensitivity comparison of the 
FO8 and CL RF coils, the area of the 1H PRESS water peak 

(4.7 ppm) component was quantified with the jMRUI soft-
ware and the SNR for each A/P position was calculated as 
the area under the peak divided by the noise standard devia-
tion taken away from the peaks. The measured maximum 
SNR of the water peak, obtained at slice=4, was about 550 
and 120 for the FO8 and CL coils, respectively. As shown in 
(Table 1) the lipid peak components obtained at slice=3 with 
the FO8 coil showed always a larger SNR in comparison 
with the CL coil. 

 Fig. (7) shows the typical spatial dependence (A/P direc-
tion) of the SNR obtained with a volunteer, and each data 
point is the average of two independent measurements. As 
reported in Fig. (7A), the measured SNR in the water muscle 
tissue component shows that the FO8 coil allows a higher 
SNR (up to a factor 4.5) within a region of about 20 mm 
centred at about 12 mm from the coil plane, narrower than 
that of the CL coil. As shown in Fig. (7A), we found also a 
faster decrease of the SNR in the muscle tissue for A/P>20 
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Fig. (6). Analysis of the proton PRESS spectra (voxel size 8x8x4 mm3; TE=26 ms; TR=1500 ms; number of repetitions=8) obtained with the 
FO8 (A) and CL (B) coils at slice 3, corresponding to the positions of maximum lipids signal. 

Table 1. Quantitative Parameters of the JMRUI Analysis of the Proton PRESS Spectra (Voxel Size 8x8x4 mm3; TE=26 ms; 
TR=1500 ms; Number of Repetitions=8) Obtained with the FO8 and CL Coils at Slice 3 

SNR  
Peak Frequency (ppm) Proton Peak Assignment 

CL FO8 

1 0.9 IMCL Methyl 10 57 

2 1.1 EMCL Methyl 11 76 

3 1.3 IMCL Methylene 116 710 

4 1.5 EMCL Methylene 92 364 

5 2.3 α and β Methylene 9 126 

6 2.4 α and β Methylene 14 48 

7 4.7 Water 65 352 

8 5.5 Polyunsatured Olefinic Fats 9 77 
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mm using the FO8 coil, as compared to the CL coil. This 
spatial selectivity feature of the FO8 coil, as compared to the 
CL coil, is also shown in the axial fast gradient echo images 
of Figs. (7C) and (D). 

 Because of the fat superficial location and the relative 
sensitivities of the RF coils, the spatial dependence of the 
measured SNR in the fat tissues are very similar for the FO8 
and CL coils, with the signal mostly localised in a narrow 
region of about 10 mm close to the coil plane, as reported in 
Fig. (7B). In the fat tissues the measured SNR with the FO8 
coil is about 5.5 times that obtained with the CL coil. 

CONCLUSIONS 

 We have described the use of a FO8 transverse field RF 
surface coil suitable for proton MRS at 1.5 T. In vivo MRS 
studies have shown that along the A/P direction this FO8 coil 
allows in the human calf tissues for the water peak a higher 
SNR (up to a factor 4.5) within a narrow (about 20 mm) re-
gion centred at a given distance (about 12 mm) from the coil 
plane, as compared to a standard CL coil of equal diameter. 
Moreover, the FO8 coil shows a more pronounced signal 
decrease in the muscle tissues for deeper locations (A/P>20 
mm) tissues, as compared to the CL coil. This behaviour of 
the PRESS SNR for the muscle tissues along the A/P direc-
tion can be explained by the fact that the FO8 coil presents, 

for each centrally positioned linear current element, a return 
current element of opposite direction positioned at some dis-
tance, giving rise to SNR subtraction within the whole vol-
ume covered by the coil. This is not the case for the CL coil. 
However, along the central z-axis (A/P direction) of the FO8 
coil the superposition of the B1 field given by the two close 
linear current elements produces a spatially selective SNR 
pattern (see Fig. 7), giving rise to an increase of the meas-
ured PRESS SNR within a relatively small ROI positioned at 
some distance from the coil surface. The measured PRESS 
SNR in the fat tissues of the calf showed a signal mostly 
localised in a narrow region (about 10 mm) close to the coils 
plane, and with an improved SNR (up to 5.5 times) observed 
in the presence of the FO8 coil as compared to the CL coil. 
The measured SNR spatial distributions obtained with the 
PRESS data are in good qualitative agreement with our 
simulated RF distributions (Fig. 1) and also with previous 
theoretical work [12]. 
 We have shown that this RF FO8 coil can be helpful in 
improving the SNR of both water and lipids 1H NMR spectra 
acquired in the human calf in a relatively narrow region. The 
above features of the FO8 coil design should also be of bene-
fit in several clinical MRS applications, as for example in 31P 
MRS metabolic studies of the human calf muscles under 
force-controlled plantar flexion exercise [5-8], where it is 
useful to increase SNR in muscles close to the surface (e.g. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (7). SNR along the A/P direction obtained from the PRESS spectra using the FO8 (squares) and CL (circles) RF coils and considering 
the two main spectral components: the water peak at 4.7 ppm (A) and the total fat peaks comprised between 0.9-1.5 ppm (B). The first useful 
voxel (8x8x4 mm3) was at about A/P=4 mm (slice number 2) from the RF coil plane, corresponding to A/P=0 mm. The calf anatomy of the 
volunteer is shown in the axial fast gradient echo images (TE=2 ms; TR=64 ms; flip angle=30°; slice thickness 5 mm; FOV=15 cm x 15 cm; 
NEX=1) obtained with the FO8 (C) and CL (D) coils. The grey scale setting is the same for the two images. 
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gastrocnemius) and to attenuate signal contribution from 
deeper muscles (e.g. soleus). Also the increased SNR could 
be useful for improving the quantification of lipids content in 
muscles [29-32] and the spatial resolution of spectroscopic 
imaging of the human skin [33, 34]. The reported spatial 
SNR features of the FO8 coil design should also be useful 
for 1H and 31P MRS metabolites quantification in the human 
brain [1, 2, 35]. 
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