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Chapter 9

Conclusion

9.1 Summary and conclusions

Magnetic Resonance Imaging is an outstanding modern technique and a powerful
tool in brain research. It comes, however, with some problematic technical proper-
ties. A strong magnetic field and the use of RF signals prevent its use for certain
persons, e.g., because of pacemakers or tattoos. The use of strong electric cur-
rents within the static magnetic field of the scanner leads to Lorentz forces acting
on the scanner housing. In particular, the alternating currents generate alternat-
ing forces which induce scanner vibrations in the audio-frequency range. In other
words, these resulting vibrations are the source of the loud acoustic noise that ac-
companies MRI scanning. Subjects examined in MRI report that this noise is one of
the main causes of discomfort. Chapter 5 presents an overview of the acoustic noise
effects. It also discusses the evoked physiological effects, which pose limits on the
use of MRI for functional brain research. These effects include general annoyance,
distraction from tasks, and can results in a reduction of brain activation. Obviously,
the high sound pressure levels generated in MRI, and in particular fMRI (up to more
than 110 dB(A)), imply that MR examination should be performed only on subjects
wearing proper hearing protection.

All studies on MRI sound production indicate the necessity to reduce the gen-
eration of acoustic noise during (functional) magnetic resonance imaging. Sound
reducing methods are found in hardware modifications of the scanner. A combina-
tion of several approaches may lead to substantial reduction of the acoustic noise.
Additional reduction of the noise can be achieved by the design of the scanner gradi-
ent currents, i.e., in a software design approach. The vibration of the gradient coils
is due to these gradients currents. Avoiding resonance frequencies of the gradient
coil structure and/or the MRI scanner, leads to a decrease of the generated acoustic
noise.

The resonance frequencies of the scanner are determined experimentally, by
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measurement of the acoustic transfer function of the MRI scanner. This function
relates the generated sound wave to the driving current. In general, this provides
the tools with which the response can be predicted. However, some practical com-
plications arise. The output spectra obtained for flat input spectra contain relatively
narrow troughs for which the standard procedures produce ambiguous results. This
ambiguity appears to be largely due to harmonic distortion and other background
noise. In section 3.5, a sound pressure transfer function is proposed that takes these
two factors into account. Other methods, such as the noise response and the pulse
response, do not take these factors into account (chapter 7).

In chapters 6 and 7 the sound pressure transfer function is applied, in combi-
nation with frequency sweep signals. With these signals, the frequencies of interest
are presented consecutively, and not simultaneously as with the other methods. This
means that the harmonic distortion and noise can be dealt with properly. The lim-
itations of frequency sweep signals, e.g., the sweep rate, are discussed. The sound
pressure transfer function shows the best agreement over sweep rates. With respect
to input signal amplitudes, however, there are differences that are caused by nonlin-
earities in the amplitude responses. The sound pressure transfer functions also show
the limits of the attenuation that can be achieved by redesigning gradient currents.

Chapter 8 presents a discussion of laser Doppler interferometry measurements
of scanner vibrations. These vibrations vary over the surface of the scanner bore,
and over the surface of the scanner. Laser Doppler interferometry appears to be a
promising technique to perform vibration measurements and to establish the vibra-
tion patterns. It should be noted that this method requires precise and elaborate
alignment of laser beams and a high number of test points.

9.2 Perspectives

The longer measurement times for frequency sweep signals, can be reduced by de-
creasing the averaging window with increasing frequency. Averaging should take
place over a number of periods of the periodic signal, and not necessarily over 125
ms.

In the literature dealing with acoustics of fMRI, the measurements of the acous-
tic transfer functions are made without subjects inside the scanner bore. The pres-
ence of a subject changes the sound field (Hedeen and Edelstein [1997]; Price et al.
[2001]). This leads to a change in perceived sound pressure level, and should thus
be taken into account.

The auditory frequency sensitivity is level dependent. Therefore, the use of the
A-weighting scale is less useful for high sound pressure levels. The use of a loud-
ness scale should be preferred over a sound pressure scale. The loudness can be
calculated from the sound pressure levels, when measured in third octave bands.
With a loudness matching task, the loudness transfer can be determined directly.
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9.2. PERSPECTIVES

Such a loudness transfer function accounts for all sound and vibration conduction
pathways.
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