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FIGURE 18.16 Low resolution NMR
spectrum of ethanol showing the
3:2:1 ratio of peak areas.
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Magnetische Resonanz-Tomographie

Aufnahme einer
Projektion im
Feldgradienten
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Selektive Frequenz

Al
nregung Die verschiedenen Schnitte und Projektionen

einer Schicht . . S .
werden im Computer zu einem drei-dimensionalen
Bild zusammengefiigt, woraus man dann Schnitte
in beliebigen Richtungen generieren kann.
(altgriechisch ‘tome’ bedeutet Schnitt)

von Hugo Keller
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Aufbau einer MRT-Anlage

Spule fir das magnetische 5
Wechselfeld (Sende- und Spulen fir das
Empfangsspulen) statische Feld

Analog-
Digital-
Konverter

Computer [

Spulen fur das Gradientenfeld

von Hugo Keller
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Gradients X, Y, Z

y-axis gradient

/1 (yellow coils)

x-axis gradient
2 (blue coils)

z-axis gradient
3 (green coils)

—
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Table 18.2 Water Content of Normal
Human Tissue

Tissue % water

Relaxation time of hydrogen nuclear spins in an 8 by A
external magnetic field as a function of tissue with Brain (white matter) 84

and without tumours Ki dney e , s 31
Relaxation time Trgay (S)

- Tissue Healthy With tumour
Breast 037 108 Skeletal muscle . , 79
Skin 0.62 1.05 Bram (gra, 'matter) 79
Muscle 1.02 1.4 : :

: 71
Liver 0.57 0.83 : 3

Stomach 0.77 1.24 7 56
Lung 0.79 110 ‘ ‘ e 12
Bone 0.55 1.03 ‘ , : 10
Water 36 — ; ~

Myocardium 80
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MIZS  uses  the Same fcanner o5 MKEX

Magnetische Resonanz-Spektroskopie
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Die Ortsinformation, von woher ein Signal
stammt, wird Uber die bekannte Ortsabhéngigkeit
des B-Feldes kodiert, welche in die Resonanz-
frequenz eingeht.

von Hugo Keller
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Comparison Table: NMR vs MRI vs MRS

Feature

NMR

MRI

MRS

Full Name

Nuclear Magnetic Resonance

Magnetic Resonance Imaging

Magnetic Resonance Spectroscopy

Primary Purpose

Determine molecular structure

Visualize anatomical structures

Measure in vivo metabolite concentrations

Used In

Chemistry, Physics, Materials Science

Medicine, Neuroscience, Radiology

Medicine, Clinical Research

Sample Type

Purified chemical samples (liquids/solids)

Living organisms (e.g., humans)

Living tissues (brain, muscle, etc.)

Output

Spectrum (chemical shifts)

Image (anatomical map)

Spectrum (metabolite peaks)

Spatial Resolution

Not applicable

High (millimeter scale)

Low (single voxel ~12 cm)

Spectral Resolution

High (ppm scale)

Low

Moderate

Key Nucleus

H,C, F, P, etc.

H, P, sometimes C

In Vivo Capability

No

Yes

Yes

Chemical Information

Yes detailed

Limited (based on contrast)

Yes for select metabolites

Imaging Capability

No

Yes

No (usually overlay on MRI)

Mention of 'Nuclear'

Yes

No (removed for public comfort)

No (removed for clinical use)

Clinical Use

No

Yes

Yes (as part of MRI systems)

Comparison: Imaging vs. Spectra in MRI, MRS, and NMR

Modality

Produces Images?

Produces Spectra (delta)?

MRI

Yes

No

MRS

Optional (overlay on MRI)

Yes (spectra per voxel)

NMR

No

Yes
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Electrostatic force (only with
like charged particles)

Separation distance
of nucleons

Strong nuclear force

The force between protons

Repulsive force

This graph shows the combined effect of the strong
force and electromagnetic force between protons.

20

10

Force/ kN 2 S i

1 3 4 5  Separation fm

Protons are trapped at separations
of approximately 1 to 2 fm.

Large nuclei contain many protons and they are
too far apart for the strong nuclear force to
overcome the electromagnetic force. Lots of
neutrons are need to “glue” them together.

Attractive force Large nuclei can still fall apart much more easily.
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