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Quantitative measurement of MRI
Keiichiro Yamaguchi

Department of Radiology, University of the Ryukyus Hospital and
Research Center of Comprehensive Medicine, Faculity of
Medicine, University of the Ryukyus

ABSTRACT

Three types of quantitative measurement using MRI were summarized. The first type is the
T2 calculated image which can be obtained from the proton-weighted image and the T2-weighted
image. The normal T2 value in the frontal white matter is 65 msec, that in the posterior white
matter is 73 msec, that in the putamen is 63 msec and that is in the posterior crus of the internal
capsule 72 msec. These T2 calculated images are useful in case of diffuse white matter diseases
and degenerative disease such as Creutzfeldt-Jakob disease. The second type is fat measure-
ment. The principles of the Dixon method and The Three-point Dixon method were summarized
and compared. The Three-point Dixon method presented a linear correlation between signal
intensity and fat content in a phantom study. The Three-point Dixon method is useful not only for
detecting fat deposition, but also for obtaining a fat saturation image. In addition, it may possess
the capacity to measure the Bo inhomogeneity image which can correct local shift due to the
susceptibility effect. The last type is the fractal analysis of the cerebral gyrus. The surface images
of the gyrus were obtained by the MIP (maximum intensity projection) method with the
conventional T2 weighted images, and were used to obtain the fractal dimension. The dimension of
an adult brain gyrus was 1.62 and that of a 23 week-old fetus was 1.31. This fractal analysis
method is one of the methods used for the quantitative measurement of morphological analysis.
These quantitative approaches using MRI might be powerful tools for diagnosis and treatment

evaluation. Ryukyu Med. J., 16(1)3~9, 1996
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Fig.1 Principle of T2 calculated image. The signal intensity of the
proton-weighted images and the T2-weighted images represented
by the T2 decay curve. The value of the signal intensity of the
proton- weighted image and the T2-weighted image and the time
interval between proton-weighted image and T2-weighted image
will give the time constant of the decay curve.
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Fig.2 Calculated T2 value images of the brain. The higher signal
represented the longer T2 value and the lower signal presented the
shorter T2 value. Note the difference in signal intensity between the
frontal deep white matter and the occipital deep white matter.
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Fig.3 Calculated T2 values in various site of the brain at 1.5T. The
calculated T2 value in the frontal white matter is different from that
of the posterior white matter. Pallidum presented the lowest T2
value due to the susceptibility of iron in the tissue.

Fig.4 Proton-weighted image and T2-weighted image of the Creutz-
feldt-Jakob disease. On the proton-weighted image, the basal
ganglia presented a slightly higher signal than the normal controls.
However, there were no significant findings except brain atrophy.
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Fig.5 MR spectrum of water and methylene. The difference in the
resonant frequency between water and methylene is 210-220Hz at
1. 5T. Double bond presented almost the same resonant frequency as
water.
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Fig.6 The principle of the Dixon method. The signai from the water
and the fat demonstrated gathering and presented additional signal at
the in-phase. (Fig.6a). On the rotating water frame, the water signal
does not move. Compared with the water signal, the fat signal
moves slowly due to the difference in the resonant frequency. (Fig.6
b). Finally, the fat signal is positioned at the opposed side of the

water signal. (Fig.6¢c). At this time, the total signal is the signal
difference between the water and the fat.
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Fig.7 The principle of the Three-point Dixon method. The signals from the water and the fat demonstrated gathering and presented additional
signal at the in-phase.(Fig.7b). Even in the rotating water frame, not only the fat signal but also the water signal are rotated due to focal

susceptibility at the — 180 and + 180 degree phases. (Fig.7a, c)
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Fig.8 The relationship between fat content and signal intensity in the
Dixon method and the Three-point Dixon method. A linear
correlation was observed between the fat content and the signal
intensity of the Three-point Dixon method. In the Dixon method,
the signal was demonstrated as a curve.
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Fig.9 MR image of the fatty liver cases. T1 weighted image (upper
left), T2 weighted image (upper right), fat saturation T1 weighted
image (lower left) and fat image (lower right). On T1- and T2-
weighted images, there is no significant signal change in the liver.
On fat image, the liver presented a higher signal compared to the
spleen.
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Fig.10 MR images of angiomyolipoma of the kidney. On a TI
weighted image (upper), a high signal area is observed beside the
kidney. On a fat saturation image (lower), the area indicated by the
larger arrow area still represented a high signal. However, the area
indicated by the smaller arrow represented a low signal. The former
represented a hemorrhagic area, and the latter represented the fat
component.
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Fig.1l Surface image of the adult brain. The surface image of the
brain obtained by the MIP method with T2 weighted images.
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Fig.12 Fractal dimension calculation. The horizontal axis represents
pixel size and the vertical axis represents the number of pixels which
are needed to cover the surface image.

Fig.13 Surface image of the fetal brain (23 weeks). The margin of
the brain is represented as smooth and simple compared with the
image of the adult surface.
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