Patient
B low 1 low
B high f high

FIGURE 31-22 A static field that
is stronger at the bottom than at the
top. The frequency of absorbed or
emitted radiation is proportional

to B in NMR.

FIGURE 31-23 Fals¢-color NMR
image (MRI) of a vertical section
through the head showing structures
in the normal brain.

The formation of a two-dimensional or three-dimensional image can be done
using techniques similar to those for computed tomography (Section 25-12).
The simplest thing to measure for creating an image is the intensity of absorbed
and/or reemitted radiation from many different points of the body, and this
would be a measure of the density of H atoms at each point. But how do we
determine from what part of the body a given photon comes? One technique is
to give the static magnetic field a gradient: that is, instead of applying a uniform
magnetic field, By, the field is made to vary with position across the width of
the sample (or patient). Since the frequency absorbed by the H nuclei is
proportional to By (Eq. 31-11), only one plane within the body will have the
proper value of By to absorb photons of a particular frequency f. By varying f,
absorption by different planes can be measured. Alternately, if the field gradient
is applied after the RF pulse, the frequency of the emitted photons will be a
measure of where they were emitted. See Fig. 31-22. If a magnetic field
gradient in one direction is applied during excitation (absorption of photons)
and photons of a single frequency are transmitted, only H nuclei in one thin
slice will be excited. By applying a gradient in a different direction, perpendicular
to the first, during reemission, the frequency f of the reemitted radiation will
represent depth in that slice. Other ways of varying the magnetic field
throughout the volume of the body can be used in order to correlate NMR
frequency with position.

A reconstructed image based on the density of H atoms (that is, the intensity
of absorbed or emitied radiation) is not very interesting. More useful are
images based on the rate at which the nuclei decay back to the ground state,
and such images can produce resolution of 1 mm or better. This NMR technique
(sometimes called spin-echo) produces images of great diagnostic value, both in
the delineation of structure (anatomy) and in the study of metabolic processes.
An NMR image is shown in Fig. 31-23,

NMR imaging is considered to be noninvasive. We can calculate the
energy of the photons involved: as mentioned above, in a 1.0-T magnetic
field, f = 4258MHz for {H. This corresponds to an energy of hf =
(6.6 X 107*J-5)(43 x 10°Hz) = 3 x 10°] or about 107" eV. Since molecular
bonds are on the order of IeV, it is clear that the RF photons can cause
little cellular disruption, This should be compared to X- or y rays, whose
energies are 10° to 10°eV and thus can cause significant damage. The static
magnetic fields, though often large (=0.1 to 1 T), are believed to be harmless
(except for people wearing heart pacemakers).

Table 31-2 lists the recently developed technigues we have discussed for
imaging the interior of the body, along with the optimum resolution attainable
today. Of course, resolution is only one factor that must be considered; it must
be remembered that the different imaging techniques provide different types of
information, useful for different types ol diagnosis.

TABLE 31-2 Medical Imaging Techniques

Technigue Where Discussed in This Book Resolution
Conventional X-ray Section 25-12 fmm

CT scan, X-ray Section 25-12 fmm
Nuclear medicine (tracers) Section 31-7 1 em
SPET (single photon emission) Section 31-8 lem
PET (positron emission) Section 31-8 3-5mm
NMR Section 31-9 i1-1mm
Ultrasound Section 12-9 2mm
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