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Spin-lattice Relaxation Times in the on- and off-Resonance Rotating Frame:
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A phantom containing various concentrations of Gd'

adiabatic sweep from frequency

DTPA in various concentrations of cross'linked bovine
serum albumin was used. Spin-lattice relaxation times
in the on-resonance (T1O) ånd off-resonance (fotrfp)

and 3) an adiabatic sweep from f1 to fr. The

rotating frame and equilibrium magnetization in the
off-resonance rotating frame were measured as a
function of the locking field amplitude and as a
function of the angle between 8.11 and z-axis. Offresonance spin-lock technique has an advantage over
the on-resonance spin lock and MT. Off-resonance
spin locking is suggested to improve the tissue contrast
after paramagnetic contrast agent administration.
INTRODUCTION

The spin-lock (SL) technique allows the study of
relaxation processes that are effective at very low freld
strengths without scarifying the signal to noise ratio (1).
An interesting feature of the SL technique is that the
tissue contrast can be altered by varying the strength of

the locking field. At low locking field the contrast

properties of T1O -weighted images are similar to those of

T2-weighted. An increase of locking field strength makes
T1p of tissues longer and alter the contrast. The technique
has been shown a promise to improve the contrast and
tissue characterization in MR imaging. Mostly spin-lock
imaging techniques use RF pulses applied on resonance
(2,3).Only few studies has been done with off-resonance

spin lock (4). A phantom model simulating the MR
relaxation in tissue was used. The aim is to study spinlattice relaxation times in the on-resonance (T1p) and off-

resonance

(rofftp) rotating frame and equilibrium

frst adiabatic
sweep tilts the magnetization by an angle 0, then the
magnetization remains locked for the time TL, and finally
the second sweep tilts the magnetization back in the
direction of z-axis.
T1O was measured by applying the SL pulse on-resonance

(0=900) with BlL of 50, 100, 150, 200,250,300, 350,
400 pT. tofftO and the ratio of the equilibrium
magnetization with off-resonance locking pulse to Mo 0)
were measured with off-resonance SL pulse (8<e<65, BIL

of 25,50 and 100 pT). CNR as a function of TR
measured for these values of BlL and 0.

was

RESULTS

Ttp

with increasing BIL for all protein
The addition of Gd-DTPA reduced T1O

increased

concenFations.
values. Fig.

I

shows

tofflp

for various concentrations

as

a function of 0 (BlL = 25 pT). tofftO values decrease
with increasing 0. The addition of Gd-DTPA increases p
for various BSA concentrations as seen in Fig 2. The
relative dependence of toffl' and p on 0 decreases with
the addition of Gd-DTPA. CNR as a function of TR for
20Vo cross-linked BSA without Gd-DTPA and l5%o crosslinked BSA with the addition of 0.2 mmol/ of Gd-DTPA
for different 0 (BlL = 100 pT) is shown in Fig. 3. The
largest CNR was achieved with small 0 values ( 8-150).

magnetization in the off-resonance rotating frame without

and with the addition of Gd-DTPA. Furtherrnore the
purpose win to find out if the simultaneous use of
paramagnetic contrast agent and on/off-resonance SL
imaging increase tissue contrast.

MATERIALS AND METHODS
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All

studies were performed with 0.1T magnet imager
(Merit@, Picker Nordstar, Inc., Helsinki, Finland). Crosslinked BSA (5, 10, 15,20Vo by weight) doped with GdDTPA in concentrations ranging from 0.02 to 0.5 mmoUl
were used. SL sequence consisted of a conventional single
slice gradient-echo imaging sequence with the addition of
a locking pulse. The SL pulse includes three phases: l) an
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Fig. I T1O versus 0 for cross-linked BSA. The BIL

was

25 ttT
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t4l G.E. Santyr, E.J. Fairbanks, F. Kelcz, J.A.
Sorenson,"Off-resonance spin locking for MR
imaging," Magn. Reson. Med., vol.32,pp. 4351,1994.
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Fig.2 p versus 0 in cross-linked BSA. The BlL was
25 tLT
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Fig. 3 CNR as a function of TR for different 0. The
B

lL

was 100 pT

CONCLUSION
Off-resonance SL- technique with small 0 approaches to
the MT-technique and with large 0 the conventional onresonance Sl-technique. Our data indicates that the offresonance Sl-technique has an advantage over the onresonance SL and MT by allowing to vary both T1O and

e

It

to

increase the image
conEast with the simultaneous use of Gd-DTPA and off-

values.

seems possible

resonance SL.
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