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Abstract— The authors present a statistical evaluation of the MRI images of bones and soft
tissues. MRI imaging of small bones is a problem issue because the measured bone images
are loaded with susceptibility artifacts and low signal-to-noise ratio. Therefore, we compare
the commonly used MRI contrast and looking for the best contrast to bone marrow imaging.
The acquired images are classified in terms of the signal-to-noise ratio, intensity difference and
steepness of the edges.

The aim of this research was to statistically evaluate and determine the deviation of MRI images;
this step was performed by several experts. These specialists conducted proper segmenting of
pathological and healthy tissues, and they also compared the selected areas. In some cases,
especially when the boundaries of the area are not clearly visible, the problem is to delimit the
bone marrow area. Therefore, it is not possible to use automatic segmentation algorithms, and we
focused on the manual evaluation of the statistical data in the area of the patient’s bone marrow
pathology (e.g., the probability of cyst formation can be determined from abnormal levels of
vitamin D and osteocalcin).

1. INTRODUCTION

The research of pathology of human tissues is currently very interesting [1-4]. Development of
the magnetic resonance imaging represent very significant step because this technique provides
images with excellent soft tissues contrast [5,6]. We focus on MRI imaging of small bones, it is a
problem issue because the measured bone images are loaded with susceptibility artifacts and low
signal-to-noise ratio [7-11].

In our research, we focus on a manual segmentation, data processing and a statistical analysis
of MRI data [12]. The main task of our research was to compare the number of MRI contrast
and determine the appropriate contrast for an imaging of specific tissues. The second task was
statistical data comparison. The method of measurement and data processing was tested on the
volunteers with pathology in the area of mandibular bone marrow.

2. STATISTICAL ANALYSIS

For our experiment we have to introduce the notion of a box plot. The box plot (a.k.a. box
and whisker diagram) is a standardized way of displaying the distribution of data based on the five
number summaries: minimum, first quartile, median, third quartile, and maximum. In the simplest
box plot the central rectangle spans the first quartile to the third quartile (the interquartile range
or IQR). A segment inside the rectangle shows the median and “whiskers” above and below the
box show the locations of the minimum and maximum [12].

3. EXPERIMENT

In our experiment we used a MR tomograph at the University Hospital Bohunice. The MR tomo-
graph dispose of static field flux density Bp = 1.5T. From the tomograph we obtain images of a
mandibular region and of a hip joint region to signal processing. The specialist processed the T}
Weighted Images without contrast agent — T1W and with Contrast Agent — T1W_ContAgent; T
Weighted Images — T2W; Short Tau Inversion Recovery weighted images — STIR and Diffusion
Weighted Images — DWI.

The aim of this research was to statistically evaluate and determine the deviation of MRI images;
this step was performed by several experts. These ten specialists conducted proper segmenting
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of pathological and healthy tissues, and they also compared the selected areas. In some cases,
especially when the boundaries of the area are not clearly visible, the problem is to delimit the
bone marrow area. Therefore, it is not possible to use automatic segmentation algorithms, and
we focused on the manual evaluation of the statistical data in the area of the patient’s bone
marrow pathology (e.g., the probability of cyst formation can be determined from abnormal levels
of vitamin D and osteocalcin).

Therefore, the specialists segmenting pathological and healthy tissues, namely: bone and bone
marrow; further muscle, fat, ligament, gray matter, white matter, eye. After that they performed
a statistical analysis of segmenting area. On the basis of this statistical data from individual
human tissues a new statistics (statistic from statistic) was made. By each statistical evaluation
of tissue were calculated following statistical quantities: minimum value, maximum value, mean
value, standard deviation (S.D.), skewness and kurtosis. The box plots were created.

4. RESULTS

Figure 1 shows two coronal MRI slices of human head. The specialists focus on the segmentation
and statistical analysis of mandibular region.

Figure 2 shows also two MR images of human head. Left figure shows a diffusion weighted image
of a transversal slice and right figure shows T weighted image of transversal slide. Figure 3 on the
left shows T; weighted image of the human hip and the right image shows diffusion weighted image
of the human hip. As you can see, the diffusion weighted image is affected by artefacts [13, 14].

In Figure 4 you can see the box plot obtained by statistical analysis of bone marrow. This
step was performed by several experts. First, these specialists conducted proper segmenting of
pathological bone marrow. Second, these specialist made statistical analysis of selected data. We
obtain these data from the ten specialists and we made a new statistic. Ideally, the specialists
should evaluate the same data, but really as you can see in Figure 4, the data are different. A
scattering of obtained data is represent by box plot.

Figure 5 shows a mean values box plot of individual tissues. These data was obteined form

(b)

Figure 1: Coronal slices with 2D imaging of the human head. (a) TIW image. (b) STIR weighted image.

(@ (b)

Figure 2: Transversal slices with 2D imaging of the human head. (a) T2W image. (b) Diffusion weighted
image.
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(b)

Figure 3: Transversal slices with 2D imaging of the human hip. (a) TIW image. (b) DWI image.
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Figure 4: The Box blot obtained by statistical analysis of MR bone marrow data selected and processed by
ten specialist.
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Figure 5: The Box plot of T7 weighted mean values of individual tissues.

T) weighted images of bone marrow, see Figure 1(a). There, the right hand side of mandibula is
without bone marrow pathology and left hand side exhibit a bone marrow pathology. The box
plot in Figure 5 present differences not only between healthy and pathology bone marrow, but
also statistical differences between individual tissues. These data are very useful for programing
a automatig segmentation procedure.

5. CONCLUSIONS

We evaluated a statistical analysis of the MR images of bones and soft tissues. Therefore, we
compared the commonly used MRI contrast and we found the best contrast to bone marrow imaging,
namely 77 weighted imaging. From the statistical evaluation we created the small database of
healthy human tissues: bone, bone marrow, muscle, fat, white matter, gray matter and eye. By
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each tissue we evaluated following statistical quantities: mean value, standard deviation, skewness
and kurtosis. The box plots and small statistic database were created. The results of the statistics
data are presented in the Figure 5. This database is used to identification the unknown tissues.
Further, we evaluated the statistical deviation arising by segmentation and determining healthy
or pathology human tissues; this step was performed by several experts. These specialists conducted
proper segmenting of pathological and healthy tissues, and they also compared the selected areas.
First, these specialists conducted proper segmenting of pathological bone marrow. Second, these
specialist made statistical analysis of selected data. We obtain data from the ten specialists and
we made a new statistic. Ideally, the specialists should evaluate the same data, but really as you
can see in Figure 4, the data are different. A scattering of obtained data is represent by box plot.
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