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T2 Relaxation
The relaxation process is divided into two parts. The first on is T1 relaxation and the second part, relax T2, is a
bit more complicated. In general students and some radiologists have difficulties in understanding T2 and
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T1 and T2 relaxation are two independent processes. The only thing they have in common is that both processes
happen simultaneously. T1 relaxation describes what happens in the Z direction, while T2 relaxation describes

what happens in the X-Y plane. That's why they have nothing to do with one another.

Before we apply the 90° RF pulse, the net magnetization vector is the sum of all the small magnetic fields of the

protons, which are aligned along the Z-axis.

Each individual proton is spinning around its own axis. Although they may be rotating with the same speed,
they are not spinning in-phase or, in other words, there is no phase coherence. When we apply the 90° RF pulse
something interesting happens. Apart from flipping the magnetization into the X-Y plane, the protons will also

start spinning in- phase!!

So, right after the 90° RF pulse the net magnetization vector (now called transverse

magnetization) is rotating in the X-Y plane around the Z-axis at the Larmor frequency.
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Figure 9.20: De-phasing and free induction decay (FID).
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That is transverse magnetization formed by tilting the longitudinal magnetization into the transverse plane by
using a radiofrequency pulse. The transverse magnetization induces an MR signal in the radiofrequency coil
immediately after its formation, it hasa maximum magnitude, and all of the protons are in phase. Therefore the
vectors all point in the same direction because they are in-Phase. However, they don't stay like this. The
transverse magnetization starts decreasing in magnitude immediately as protons start going out of phase. This
process of de-phasing and reduction in the amount of transverse magnetization is called transverse
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This is similar to a group of soldiers walking one behind the other in a similar pattern (in- phase). If someone
stumbled resulting in a state of mini chaos with other soldiers who are walking and then walk change in different
directions: this soldier got out-of-Phase or he were (de-phasing). JY) cals as) ell (g s 3siad) G de ganal diliia 38 g
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A similar situation happens with the vectors in MRI. Remember that each proton can be thought of as a tiny bar
magnet with a north and a south pole. And two poles of the same sign repel each other. Because the magnetic
fields of each vector are influenced by one another the situation will occur that one vector is slowed down while
the other vector might speed up. The vectors will rotate at different speeds and therefore they are not ableto point
into the same direction anymore: they will start to de-phase. At first the amount of de-phasing will be small
(Figure 9.20B, C), but quickly that will increase until there is no more phase coherence left; there is not one
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In the meanwhile the whole is still rotating around the Z-axis in the X-Y plane (Figure 9.20D). A characteristic
time representing the decay of the signal by 1/e, or 37%, is called the T2 relaxation time. 1/T2 is referred to as
the transverse relaxation rate. This process of getting from a total in-phase situation to a total out-of-phase
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T2 Relaxation Curves

Just like T1 relaxation, T2 relaxation does not happen at once. Again, it depends on how the Hydrogen proton is

bound in its molecule and that again is different for each tissue.

Right after the 90° RF-pulse all the magnetization is “flipped” into the XY-plane. The net magnetization
changes name and is now called MXY. At time = 0 all spins are in- phase, but immediately start to de-phase. T2
relaxation is also a time constant. T2 is defined as the time it takes for the spins to de-phase to 37% of the
original value. Immediately after cutting-off the pulse, begin declining in the xy plane, according to the

following equation

The rate of de-phasing is different for each tissue. Fat tissue will de-phase quickly, while

water will de-phase much slower.

Time (ﬁs)

Figure 9.21: Transverse magnetization decay (T2)

One more remark about T2: it happens much faster than T1 relaxation. T2 relaxation happens in tens of
milliseconds, while T1 can take up to seconds. T2 relaxation is also called spin—spin relaxation because it

describes interactions between protons in their immediate surroundings (molecules).
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T2* Relaxation

All relaxation mechanisms are heavily influenced by temperature and molecular environment. Transverse
relaxation is the result of random interactions at the atomic and molecular levels. Transverse relaxation is
primarily related to the intrinsic field caused by adjacent protons (spins) and hence is called spin-spin

relaxation. Transverse relaxation causes irreversible de-phasing of the transverse magnetization.

By contrast, the so-called T2* relaxation (as a variant of T2) is a result of dephasing processes due to an
inhomogeneous magnet field which can be minimized by manual justification (*'shimming). Since T2* is
usually much smaller than T2, the signal decay of an FID is almost completely caused by T2* effects. In
general, T1>T2>T2*

Remember this: | S

® T1and T2 relaxation are two independent processes, which happen simultaneously.

® T1 happens along the Z-axis; T2 happens in the X-Y plane.

® T2 is much quicker than T1

When both relaxation processes are finished the net magnetization vector is aligned withthe main magnetic field

(Bo) again and the protons are spinning Out-Of-Phase; the situation before we transmitted the 90° RF-pulse.

EMehmood @ Haicdor

Echo Time

Figure 9.22: graph shows T2 andT2* relaxation curves. T2¥* is shorter than T2.
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