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Improvement of MR Images Using a Wireless Axial Pair Resonator

Hisatoshi MAEDA', Yoko ANDO', Nobuo Toyoore'

Department of Radiology, Nagoya First Red Cross Hospital

3-35 Michishita-cho, Nakamura-ku, Nagoya 453
2Department of Radiology, Okazaki Municipal Hospital

The authors constructed a wireless axial pair resonator (WAPR) to improve the

receiver response of the body coil to an incoming signal in a standard 0.5T super-

conducting magnetic resonance (MR) imaging system. The WAPR consisted of a
pair of coils, which were placed in anterior and posterior positions sandwiching a

human subject, and was inductively coupled with the body coil.

The enhancement rate of signal intensity (ERSI) was first estimated numerically

by using a simple electric circuit model. The signal intensity (SI) and signal-to-

noise ratio (SNR) were measured experimentally by imaging the prostate in ten

male subjects. The ERSI and SNR enhancement vary as a function of distance

between each coil of WAPR, and were approximated by the following equations :

ERSI:2.213-0.046x (intercoil distance in cm), r:0.803, and SNR enhancement:

2.284- 0.050 x (intercoil distance in cm) , r:0.823. Their average values were 1.23+

0.11 and I.23+0.12 times, respectively.

Improvement of image quality was assessed on Tr-weighted images of the chest,

abdomen, and pelvis obtained with and without use of the WAPR. Delineation of

the portal and hepatic veins was compared between the two kinds of T,-weighted

images : one taken by using the WAPR with a 20 cm field of view (FOV) and a

224x224 matrix size, and the other taken without using the WAPR with a 35 cm

FOV and a 256x192 matrix size. The former image exhibited more veins of small

diameter, and showed the veins with greater clarity than the latter image (p<0.

005). This preliminary imaging indicates that an improvement of image quality is

achieved by using the WAPR without having to modify an MR system.
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INTRODUCTION

MR images have frequently been employed

to display the internal structure of various

organs because of their excellent contrast

resolution for soft t issues and their multi-

p lanar capabi l i ty  features.  Commercial ly

available, standard MR systems are generally

equipped with large bore body coils designed

to take images of the chest, abdomen, and

pelvis. The large bore body coils have lim-

ited abil ity in reducing acquisit ion time when

ordinary spin echo sequences are used, and in

obta in ing  h igh- reso lu t ion  images when

detailed analyses are requiredtr'zr.

There are several techniques to overcome

these limitations, however, including increas-

ing the number of signal averagings by adopt-

ing fast acquisit ion sequencest), as well as the

use of auxil iary devices')-t).
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F ig .1  .  D iag ram o f  w i re less  ax ia l  pa i r  resona to r  (WAPR) .

(a) Each coil of the WAPR is set over and under the lorver abdomen of the subject. Inset

rcpresents a coi l  of  WAPR :  B is  a b locking c i rcui t  and C is a var iable capaci tor .  The actual  body

coi l  is  a b i rd cage type.  (b)  A photograph of  the WAPR. The loop has three turns of  Smm copper

rod r ing of  20cm diameter in f lat  conf igurat ion.  Each coi l  of  the WAPR consists of  a loop,  a

var iable capaci tance,  and a blocking c i rcui t .

An inductively coupled coil has been used

in MR spectroscopy8)-11). The signal transmis-

sion and reception are accomplished rn ith an

inductive coupler. The authors made an axial

pair resonator") composed of two coils with

their axes in l ine (axial pair), using a body

coil as a pickup coil. This type of resonator

has a more uniform sensitivity between the

two coils and a larger FOV than a single coil

of the same diameter. Therefore, this axial

pair configuration is suitable for imaging

regions deep inside the body.

MATERIALS AND METHODS

The basic scheme of the inductively cou-

pled WAPR is indicated in Fig.1. The follow-

ing equationt') gives an expression for the

signal current of the body coil (Io) as induced

by the signal current of the test coil, which is
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\ \ - i r e l e s s  a s i a l  p a i r  r e s { } n a l ( ) r

placed at the cer-rter of WAPR coils :

1+K i , , ' 'QnQ*  (1 )

I,, is the current in the body coil without

using the WAPR, Q is a quality factor, and K

is a coupling constant. The subscripts b, w,

and t denote the bod1, coil, the WAPR, and

the test coil, respectively,.

The ERSI rvas evaluated using the law of

lJiot Savarti3) and the appropriate parame-

ters of Qn of 240 and Q* of B0 for various

distances bet'uveen the paired WAPR coils.

The ERSI and SNIi enhancements were

measured in ten consecutive male patients

(average age 66.9+9.8 years) referred for

M R  s t u d i e s  o f  b l a d d e r  c a n c e r .  A l l  t h e
patier-rts assumed a supine position with an

elastic band placed around the abdomen. An

endrirectal balloon, inflated with 40ml of air,

was placed in the rectum to create an air

f i l led space as a base for the background.

Inforn-red consent was obtained orally from

all patients before imaging.

Transaxial  images cutt ing through the
prostate and the balloon simultaneously were

accluired. The images \ /ere acquired twice

successir.ely u'ithout using the WAPR first,

and ther-r images \\'ere acquired at the same

locat ion wi th one of  the WAPR coi ls set

under the nates and the other coil on the

mons pubis.

The follorving accluisit ion parameters were

used : a single echo, single section, 350 ms

repet i t ion t ime[TR] I  20 ms echo t ime [TE],
F-OV 20 cfl, matrix size 224x224, section

thickness 7 mm, and trnu'o signal averaging.

The phase-encoding gradient was set in the

anterior to posterior direction. The receiver

gain was kept constant during the study. An

automated adjusting mode was selected for

excitations because the transmission gains

were different between these two procedures.

It took from 45 to 60 minutes to comolete

each study.

The signal intensity (SI) was measured on

the monitor at the prostate using an operator

defined rectangular region of interest (ROI, 1

cm x 1 cm,about I20 pixels). Standard devia-

tions (SD) of the air-f i l led space at the en-

dorectal  bal loon were obtained from the

difference between the two successive images

using a similar ROI. The SI at the prostate

and the SD of the air  f i l led space were

measured form five different locations . The

SNR was obtatined by dividing the average

values of SI by those of SD (NEMA's method
'n)). The valuse of ERSI and SNR enhance-

ment for the images taken with and without

the WAPR were evaluated, and these valuse

were plotted against various intercoil dis-

tances.

Images were obtained with and without the

WAPR employing the identical acquisit ion

parameters : a single echo, multi section,

TR/TE 2,000/100, FOV 20 cm, matr ix s ize

224x224, section thickness 7 mm, slice inter-

val 1 mm, and two signal averaging. Images

of  the  ches t , 'abdomen,  and pe lv is  were

acquired from three patients.

Two different kinds of hepatic images, one

with an FOV 20 cm and the other with an

FOV 35 cf f i ,  were obtained from eight

patients referred for MR studies of hepatic

tumors. FOV 20 cm images were obtained

from July to August 1992 from three patients

(two men and one woman with an average

age of 57.0 years). FOV 35 cm images were

obtained from January to March 1992 from
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five patients (three men and two women with

an average age of 53.6 years) . FOV 20 cm Tr -

rveighted axial images were acquired with

the following acquisit ion parameters : multi-

section, single echo, TR/TE 390-450/16 20,

matr ix s ize 224x,224, sect ion th ickness 7 mm,

slice interval 1 mm, four signal averaging,

and with respiratory compensation. FOV 35

cm images were acquired with these parame-

ters : multi-section, single echo, TR/TE 650

700 /16, matrix size 256x1.92, section

thickness 7 mm, slice interval 1 mm, four

signal averaging, and with respiratory com-

pensation.

A section one or two slices above the hilar

region on the image film was seleted . All the

p o r t a l  a n d  h e p a t i c  v e i n s  w h i c h  w e r e

identified on the visual inspection, and which

ran  para l le l  to  the  sec t ion  p lane,  were

marked. The diameters of the vein (D) were

measured on the image film and the veins

were divided into three groups : 1) D less than

or equal to 2 mm, 2) D greater than 2 mm and

less than or equal to 5 mm, and 3) D greater

than 5 mm. Two radiologist and four resi-

dents grouped each vein marked into three

categories of visualization : good, fair, and

poor. The numbers of the count for each

category  were  p lo t ted  aga ins t  d i f fe ren t

groups of D. The statisical analyses were

performed by using the Mann Whitney rank

sum test and contingency table.

All images were obtained with a commer-

c ia l  0 .5 -T  sys tem (RESONA,  Yokogawa

Medical Systems Co., Tokyo) without any

modification.

RESULTS

The predicted values of
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intercoi l  d istances are l is ted in Table 1.

Measured valuse of ERSI and SNR enhance-

ments in the human subjects are plotted in

Fig.Za. Figure 2b indicates the image of the

prostate and the endorectal balloon taken

during the measurements of ERSI and SNR.

The average ERSI and SNR enhancements

were 1.23+0.11 and I .23+0.12, respect ively,

with an average intercoil distance of 27.I+

2.0 cm. The regression l ines were : ERSI

Improvement -  2.2I3- 0.046 x ( Intercoi l  d is-

tance in  c rn)  ,  r :0 .803 (n -10) ,  and SNR

enhancement - 2.284-0.050x (Intercoil dis-

tance in  cm)  ,  r :0 .823 (n :  10)  .

Figures 3 through 5 are the Tr-weighted

images of the chest, abdomen, and pelvis. The

tumor margins and the inner structures are

more clearly delineated on the images A

taken with the WAPR than the irnages B

taken without the WAPR.

There were 31 veins on three FOV 20 cm

images and 36 veins on five FOV 35 cm

images. Typical T,-weighted hepatic images

are shown in Fig.6. The smallest diameters of

the veins discriminated on these images were

0.9 mm and 1.4 mm. The average diameters

Table 1 . Calculated Values of Enhancement Rate of

Signal  Intensi ty (ERSI)

ICD Kb* K*1 / K51 ERSI

15.0

20.0
L L . C

25.0

1r.29
9.40
7.80
6.47
tr, 21

2.36
1.87
7.47
1 .16
0.92

1 . 6 9  1 0 '
1 ,81 IO '

r.94 r0 ,
2.08 10 '

2 .23 10 '

ICD is the intercoil distance of the WAPR paired

coi ls  ( in cent imeters) .  K and SI  denote coupl ing

constant and signal intensity. Subscripts b, w, and t

stand for body coil, WAPR, and test coil, respective-

ly. Values of ERSI were calculated from Eq. (1) in

the text.ERSI for various
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were 2.44+ 1.65 mm, and 3.47 +I .75 mm on

the FOV 20 cm and FOV 35 cm images,

respect ively (p<0.004, Mann-Whitney rank-

sum test). Frequencies in each category of

visualization are plotted in Fig.7 against a

different group of D on the FOV 20 cm

images and on the FOV 35 cm images. Sev-

enty three percent of the vessels with D < 2

mm and 96% of the vessels wi th 2<D{5 mm

were scored good to fair on the FOV 20 cm

images, whereas 50% of the vessels with D<

2 mm and 93(% of the vessels with 2<D<5

20 25

Intercoil Distance (cm)

Fig.2. Enhancement rate of signal intnesity (ERSI)

and signal-to-noise ratio (SNR) improvement for

different values of intercoil distances of WAPR. (a)

Squares depict the observed values of ERSI and SNR

enhancement, respectively. Typical error bars are

shown. Broken lines denote the regression lines of the

observed ERSI and enhancement. Solid l ine repre-

sents the values of ERSI computed from Eq. (1). (b)

Typical images of the prostate (arrow) and endor-

ectal balloon (*) taken during the measurements of

ERSI and SNR enhancement. A is obtained by using

the WAPR and B is obtained without using the

WAPR.

mm were scored good to fair on the Fov 35

cm images. In comparison with the FOV 35

cm images, the FOV 20 cm images exhibited

significantly clearer images of the veins with

a D less than or equal to 5 mm (for D< 2 mm,

p(0 .005,  and fo r  2  mm<D<5 m,  p<0.004,

contingency table). There was no statistical

difference between these images in the deline-

ation of the veins with D)5 mm.

DISCUSSION

Equation (1) is approximately propor-

tional to K*t/Ku* for the values of coupling

constant listed in Table 1. The Ko* (coupling

constant between the body coil and WAPR)

increases and the K*, (coupling constant

1 51 5

Y = 2.284 - 0.050 x
r = 0.823 (n = 10)

\ o
\ l

t t r
l \  o o
l o \

\

t r \
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Fig.3.  A squamous cel l  carc inonra of  the r ight  super ior  pulmonary sulcus (Pancoast 's  tumor)  in

a 53 t,s21 old nan. 
'fhe 

subject suffered from pain in the right shoulder and numbness of the right

har-rd.  Inrage A is  taken u, i thout  the WAPR and B is taken using the WAPR. Extrapleural

invasion of  the tunror (arrou, ' )  is  more c lear l r ,  depicted in B than in A.

Fig.4.  N4etastat ic  l iver  tumor

s r rpe r i , r r  segnre t t t  ( ) f  t he  r i gh t

in a 63 I 'ear o ld man. A mass

lobe.  Image A is grain ier  than

(arron' )  is  depicted in the antercr

image R.

b e t w e e n  t h e  W A P R  c o i l  a n d  t e s t  c o i l )

decreases, when the distance betn'een the

WAPR and test cc.ri i  increases. Therefore, the

ERSI decreases as the intercoil distance of

WAPR increases.

The resonant f requency as wel l  as the

quality factor Q*. of WAPR vary antong the

subjects and with the intercoil distance. A
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frequency shift of 3%o and a reduction of Q*

of 50%" from the unloaded state ensued n'hen

the WAPR \vas loaded with a part icular

subject  (H. M.,  I72 cm,6a Kg).  These values

are n.rl lch greater than the actuai variation in

frequer-rcy shift and Q* among the different

subjects. The observed ERSI (Fig.Za) had

diffrernt values from those predicted from
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Fig.5.  Escher ichia col i  abscess of  the r ight  ovary in a 41 year o ld pat ient  wi th d iabetes mel l i tus.

F'luid of high signal intensity (*) encapsulated in a shell of uniform thickness is shown dorsal to

the urinary bladder (U) and to the right of the uterus (arrciw). The air fluid level of the abscess
is more clearil '  shou'n in B, taken using the WAPR, than in A, which was taken without the use

of the WAPR.

Fig.6. An trOV 20 cn.r image (A)
\voman and a 40 year old man,

and an FOV 35 cm image (B) A and R are f rom a 62 year-old

respectively.

Eq. (1),  wi th the largest di f ference of  40%.

A resonant-frequency shift of 0.5o/o (100kHz)

resulted in 4096 ERSI change for the system

\\' i th Q valuse of 80. The constitutions of the

subjects, especially the l ipid content of the

body, inf luenced the resonant- f requency.

Indiv idual  resonant f requency adjustment

could have improved ERSI further, but this

u'as thought to be impractical and unneces-

sary, and no resonant-frequency adjustment

for subiects u,as made.

When the intercoil distance was less than

77 cm, the SNR enhancement became greater

than the square root of 2 (Fig.z). The same

SNR as achieved without using the WAPR

could be achieved with half the number of

signals averaging. On the other hand, when

the intercoil distance is greater than 26 cm,

the SNR enhancements are less than unity, as

indicated by the regression l ine in Fig.2a.

Applications of the WAPR should be chosen

carefully because no benefit is reaped in some

. l J  /
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Fig.7. Delineation of the vessels of the liver. Image

quality of the portal and hepatic veins is grouped as

good, fair, or poor for various diameter (D) of the

veins. A and B are for the FOV 20cm image and for

the FOV 35cm image, respectively. Refer to the text

for  detai ls .

The experimental SNR did not vary in

parallel with the ERSI (Fig.2a). Because the

noise present in the coil is a function of coil

resistancetu), the SNR is proportional to the

current in the body coil, and is thus propor-

tional to the signal intensity. The noise gener-

ated in the object is due to dielectric loss, and

the Bl f ield generated by the axial pair coils

disturbs the main magnetic field. The pul-

sati le blood flow as well as the respiratory

motion of the abdominal wall cause the SNR

to decrease. These phenomena cause the

observed discrepancies between ERSI and

S N  R .

The average diameter of the veins identified

on the FOV 20 cm images is smaller than those

on the FOV 35 cm images. The respective
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pixel sizes of FOV 20 cm and FOV 35 cm

images are 0.9 mm X 0.9 mm and 1.4 mm x 1.8

mm. Images of smaller pixel size are expect-

ed to exhibit veins with smaller diameter.

The FOV 20 cm image theoretically has an

SNR 0.75 time lower than the FOV 35 cm

image under the assumptions that a 1.23

ERSI is realized by using the WAPR, and

that the same TR/TE values is employed.

The FOV 20 cm image in Fig.6A is thus

apparently more grainy than the image in

Fig.6B. However, Fig.7 indicates that the

veins are more clearly delineated on the FOV

20 cm image. The probable reasons why the

FOV 20 cm image affords clearer images of

the veins than the FOV 35 cm image does are:

1) we adopted a shorter TR in acquiring the

FOV 20 cm images, which introduced a

greater tissue contrast between the vessels

and the surrounding liver tissue ;2) the FOV

20 cm image requires a larger number of

pixels to cover an area than the FOV 35 cm

image, leading to an impression of clearer

margins for the veins ; and 3) the motion

artifact was less obvious on the short TR and

TE images.

Because the WAPR is equipped with a

blocking circuit and the coils are isolated

electrically with insulators, the WAPR can be

applied safely without posing any high-volt-

age hazards to patients or MR systems.

The use of the WAPR is easy : the only

requirement for adopting the WAPR involves

setting the target area between the two coils

without preparation of patients. The WAPR

is neither particularly difficult nor expensive

to fabr icate,  and the use of  the WAPR

ensures no change in the front-end electronics

of the system. The authors cannot conceive

of anv obiection to the use of the WAPR in
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ordinary MR studies, although improvement

in the SI and SNR is marginal.
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