2. T1, T2 and T2* Measurements

Background 
To calculate T1 values of the tissue we will be using an inversion recovery turbo spin echo sequence. We will be sampling the magnetization as a function of the inversion time (TI). The observed signal intensity is given by the following equation:
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To obtain the transverse relaxation time, T2, values in the brain a series of spin echo images will be acquired by stepping through a range of TEs. The image intensity is given by the following equation:
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T2star (T2*) is the time constant that describes the decay of the transverse magnetization including local magnetic field inhomogeneities. T2* is an important relaxation time for functional studies because it is related to the amount of deoxygenated hemoglobin present in the brain. To determine the T2* values in gray, white matter and CSF, we will be using a gradient echo sequence and the signal is described by:
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Experiments

In this exercise we will acquire and evaluate human data in order to characterize T1, T2 and T2* values in brain tissue compartments. Various sequences will be used with the imaging parameters manipulated so that they provide the appropriate contrast weightings.
T1 measurements

Acqusition: Total scan time: 5m 38sec
A. Inversion Recovery Turbo Spin Echo (tse_IR) sequence with TR=3000ms, FOV=240x240, matrix=96x128, repeated for multiple inversion times TI=200, 300, 400, 500, 600, 700, 800, 1000, 1300, 1500, 1700, 2000, 2200 ms.
1. Load all the images on the viewer. 

2. Draw ROIs in gray matter areas.

3. Record the mean signal values in Table 1 for each inversion time and ROI.

4. Repeat steps 1-3 for regions of white matter and CSF.

· Lab Question 6 : Plot the measured signal as a function of inversion time for each of the tissue compartments. Calculate the T1 for gray, white matter and CSF by fitting Eq. (1) to your data. Hint: you will need to use a nonlinear fitting function such as nlinfit in matlab to accomplish this. 
T2 measurements

Acqusition: Total scan time: 9m 42sec
B.  SE sequence with TR=4000ms, FOV=220x220, matrix=192x192, 8 echo times in a range between 14.3ms and 114.4ms and inter-echo spacing 14.3 ms. 
5. Load all the images on the viewer. 

6. Draw ROIs in gray matter areas.

7. Record the mean signal values in Table 2 for each echo time and ROI.

8. Repeat steps 1-3 for regions of white matter and CSF.

· Lab Question 7 : Plot the measured signal as a function of echo time for each of the tissue compartments. Calculate the T2 for gray, white matter and CSF by fitting Eq. (2) to your data.
T2* measurements

Acqusition: Total scan time: 1m 20sec
C. 2D FLASH sequence with TR=100msec, FOV=256x256, matrix=128x128, sequence was repeated for multiple echo times TE=6, 10, 15, 20, 30, 50, 70, 90 msec.
9. Load all the images on the viewer. 

10. Draw ROIs in gray matter areas.

11. Record the mean signal values in Table 3 for each echo time and ROI.

12. Repeat steps 1-3 for regions of white matter and CSF.

· Lab Question 8 : Plot the measured signal as a function of echo time for each of the tissue compartments. Calculate the T2* of gray and white matter and CSF by fitting Eq. (3) to your data.
· Lab Question 9 : According to your measurements how do T2 and T2* compare for the same tissue compartment? Did you expect these findings? Explain why.

Table 1 – T1 Measurements
	TI (ms)
	Gray Matter
	White Matter
	CSF

	200
	-850
	-573
	-937

	300
	-662
	-341
	-829

	400
	-483
	-141
	-722

	500
	-323
	36
	-621

	600
	-170
	193
	-525

	700
	-28
	334
	-410

	800
	89
	454
	-310

	1000
	334
	667
	-119

	1300
	628
	899
	146

	1500
	792
	1010
	308

	1700
	934
	1106
	465

	2000
	1113
	1211
	682

	2200
	1219
	1269
	815


Table 2 – T2 Measurements

	TE (ms)
	Gray Matter
	White Matter
	CSF

	14.3
	IGNORE
	THESE
	VALUES

	28.6
	176.6
	1386.3
	1672.8

	42.9
	1413
	1070.4
	1650.6

	57.2
	1256.8
	917.3
	1633.2

	71.5
	1030.3
	726.1
	1616.6

	85.8
	914.6
	624.5
	1601

	100.1
	757
	495.8
	1576

	114.4
	676
	429.4
	1567


Table 3 – T2* Measurements

	TE (ms)
	Gray Matter
	White Matter
	CSF

	6
	498
	359.9
	363.6

	10
	456.3
	327.8
	348

	15
	403.9
	295.3
	301

	20
	350.4
	264.6
	274.8

	30
	266.8
	212.7
	220

	50
	118.6
	134.5
	150

	70
	43.7
	80.4
	97

	90
	18.7
	28.5
	63.8
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