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The well-known principle of the redundancy of
any digital diagnostic image information content [1,
11] obliges to carry out these images post-process-
ing, ensuring the extraction of patient-oriented clini-
cally relevant information [11]. A digital image is a
numerical array (voxels’ matrix) of data reproducing
the physicochemical and biological properties, bio-
logical objects’ form and their deformation (natural
for displaying all properties through 1 characteristic
feature, for example, X-ray density in computed to-
mography), associated with methods and processes
(sampling, quantization) of voxel structure CT im-
ages obtaining [9].

A lot of ways of mathematical analysis and de-
scription of image features have been developed, but
the most common is the study of histogram parame-
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ters [1, 3, 5, 9]. The histogram reflects the frequency
of pixels’ occurrence depending on the level of their
brightness [9].

The purpose of the review is to demonstrate
the informative value of various options for his-
togram analysis of digital diagnostic images ob-
tained with fundamentally different visualization
technologies.

Sonography of hepatocellular liver cancer [7].
For post-processing on US, segmentation of areas of
interest with an aperture of 64x64 pixels was per-
formed by moving this aperture around the entire
image with step in 20-pixel, and histogram was ana-
lyzed (Fig. 1, 2).

The liver echograms’ texture has typically high
spatial frequency, so the gradients were calculated

Fig. 1. Segmentation of US liver images: 1 — border tumor-normal tissue; 2, 3, 4 — normal tissue, 5, 6 —

tumor; 7 — border tumor-normal tissue,; 8 — tumor [7].
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Fig. 2. Histograms of brightness gradients (ordinate) for regions of interest 1-8 (abscissa); N—norm, T— tumor [7].

with the classical Sobel operator (discrete differen-
tial operator calculating an approximate value of the
image brightness gradient) with 3x3 window. The
result of Sobel operator application at each image
point is either the vector of the brightness gradient
at that point, or its norm.

Local orientations were considered within the
angles of 0°-180°, that is, the tangents’ angles to the
images’ local structures that are perpendicular to the
brightness gradients were actually considered. Ac-
cordingly, the resulting orientation histograms were
symmetrical relatively the horizontal axis. Formally,
orientation histograms were the vectors of the num-
bers W with length N:

W=<w,w,..,w, >,

where w, — normalized to the sum the value of
gradients’ vectors number that fall into the azimuth-
al angles’ sector with number i.

The number of angle intervals was taken N = 6,
providing the necessary compromise between sensi-
tivity (many sectors) and stability (few sectors) for
an aperture of 64x64 pixels.

Typical aperture orientation histograms of the
liver areas represent the “real” liver texture structure
(Fig. 3).

The liver texture on the echograms has typical
dominant horizontal component, which is due to
the principle of a digital image based on ultrasound
echo formation. As the quantitative parameter char-
acterizing the anisotropy degree, the anisotropy co-
efficient was used: k, = max, (w,)/mini (w).

The study of the  orientation properties of vari-
ous parts of images demonstrated that areas with
tumors usually have significantly smaller values of
anisotropy coefficients. Evidently, this is due to the

fact that the tumor occurrence destroys the natural
structure of the organ, making it less ordered and
more similar to isotropic random chaos. This opin-
ion is supported by the research results of the im-
ages’ orientation properties of other organs, which
demonstrate a decrease in anisotropy as the disease
progresses, and during natural aging.

The results of this post-processing variant are not
affected by hardly predictable pixel brightness varia-
tions (echo intensity), extremely high variability and
temporal images’ instability caused by the following
factors as the sensor position in space, fluctuations
caused by blood pulsation in blood vessels and un-
controlled changes in the degree of sensor pressure
on the patient’s body at manual scanning, different
thickness and local features of the subcutaneous adi-
pose tissue, all possible kinds of effects associated
with ultrasonic shadows, as well as the typically
high noises and the characteristic speckle images’
structure.

X-ray computed tomography of pancreatic
cancer [6]. Based on histogram analysis of comput-
ed tomographic images (CTI) during native, arterial,
venous, delayed X-ray contrast (RC) phases of the
tumor tissue, the identification method of adenocar-
cinoma, cystadenocarcinoma, acinarcellular cancer,
undifferentiated cancer, pancreatic squamous cell
carcinoma, pancreatic cancer has been developed.
As a result, the application of the clinical examina-
tion algorithm — (CT + RC) — post-processing
CTI provides quasi-pathological identification of 5
nosological forms of pancreatic cancer with a sensi-
tivity of 85.2 %.

Sonoelastography (SEG) of non-epithelial
tumors of the upper gastrointestinal tract [2].

http://www.nbuv.gov.ua
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Fig. 3. Histograms of the intact liver (1 — K* = 7.4, 2 — K* = 16.4) and hepatocellular carcinoma anisot-
ropy (3K, =29, 4—-K*=3.7); N—norm, T— tumor [7].

The histographic index I based on SEG quantita-
tive indices was distinguished: I = B/S+L, where
B is the histogram base width; S is the starting
interval, L is the prevailing gray scale grada-
tion (Fig. 4, 5), and the object strain factor is

Fig. 4. Amplitude sonohistogra- Fig. 5. Sonohistogram variants: 1 — gastric mucosa, 2 — liver,

SR (Strain Ratio): SR = B/A, where A — tumor
elasticity, B — adjacent intact tissues’ elasticity
(Table 1).

Osteoscintigraphy of breast cancer skeletal
metastasis [8]. The scope of the study is 168

phy. B — the base of the histogram, 3 — stomach wall [2].

S — the starting interval; L — the zone
of the predominant grayscale [2].

28

http://www.nbuv.gov.ua



JlydeBasisanarHoCTMKaIydeBasi T ePanmnsisi+282019

Table 1.
Histographic index and tumor sonoelastography indicators.

Histological types of tumors Index I SR Elasticity, kPa Ri
Lipoma 0,34+0,03 0,48+0,11 2,6+0,54 -
Fibrolipoma 0,30+0,04 0,30+0,06 6,8+0,78 -
Leiomyoma 0,29+0,03 2,3+0,67 4,7+0,66 0,62+0,02
Lymphoma 0,23+0,04 4,7+1,24 8,2+0,83 0,48+0,06
Endophytic cancer 0,25+0,03 9,54+2,08 8,9+2.12 0,46+0,03
Gastrointestinal stromal tumors
benign 0,35+0,04 1,2+0,88 5,9+0,76 0,54+0,05
malignant 0,22+0,03 7,8+1,91 8,5+1,93 0,48+0,01
Lymphosarcoma 0,21+0,03 11,6 9,4 0,41

breast cancer patients in the progression phase of
the disease with metastases to the skeleton. The
histogram parameters were calculated: average
brightness, brightness smoothness, third moment
of brightness, brightness homogeneity, bright-
ness entropy.

Average brightness

m =Sz, p(z,)

Standard deviation

o=yn (2)= [fo7

Smoothness

R=1-1(1+06?%)

Third moment

My = 2o (z, —m)” p(z;)
Homogeneity

U=3 pz,)

i=10

Entropy

e = —200) p(z,) log, p(z,)

The differences between pathological and
physiological hyperfixation foci (HFF) of the
radiopharmaceutical according to histogram pa-

rameters are presented in the table below in the
form of the actual values of Student’s coefficient.
Positive coefficients indicate the prevalence of
parameter values in pathological HFF in com-
parison with “physiological” HFF, while negative
ones — on the contrary (Table 2).

On the posterior projection of scintigrams for
pathological HFF in the spine, the prevalence of
the values of all indicators over similar indicators
of physiological HFF is characteristic. The sim-
ilar picture is observed for HFF on the anterior
projection. Exception: brightness homogeneity,
the differences in which between pathological and
physiological HFF are unreliable. In pathological
HFF in large joints on the posterior projection,
there is a significant predominance of the values
of the average brightness indicators, homogeneity,
smoothness of the pathological foci over similar
indicators of the physiological foci. In the anterior
projection, the values of the average brightness
and the third moment of brightness of the patho-
logical foci significantly prevail over the similar
indicators of physiological HFF.

Pathological HFF on the anterior projection in
the pelvic region have significantly higher val-
ues of all histogram indices compared to physi-
ological ones. On the posterior projection, the
prevalence of mean brightness, homogeneity and
entropy values in pathological HFF are signifi-
cantly higher than similar values in physiological
ones. On the other hand, the smoothness bright-
ness value in physiological HFF is significantly
higher than in pathological ones. Pathological
HFF in the sternum region are characterized by
reliable prevalence of all histogram indicators
over similar indicators of physiological HFF. On

http://www.nbuv.gov.ua
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Table 2.

Indicators of histogram analysis of pathological and physiological HFF of the radiopharmaceutical on
anterior planar osteosyntigrams in patients with bone metastases breast cancer [8].

Skeleton Zones Brightness | Smoothness mc?rilint Homogeneity | Entropy
Anterior projection
spine 12.8 3.2 2.7 0.3 3.1
joints 24.8 6.6 2.8 -2.1 0.8
pelvis 24.9 10.0 6.5 6.5 11.9
sternum 20.4 8.1 6.5 15.2 15.8
long tubular bones 3.6 4.2 4.4 12.9 12.4
subordinate sinuses 6.5 0.8 0.6 11.1 —10.2
skull 13.3 5.8 1.9 2.8 3.7
chest 15.4 7.7 3.8 -3.6 —4.8
Posterior projection
spine 26.9 7.3 4.8 3.2 4.3
joints 10.6 3.8 1.1 —4.3 -1.8
pelvis 24.6 4.7 2.3 11.4 9.6
long tubular bones 2.1 -3.2 0.3 —1.8 2.2
scull 13.2 3.7 —-0.01 1.3 2.6
chest 11.3 -1.9 —-1.2 0.01 —4.1

the anterior projection of scintigrams, pathologi-
cal HFF in long tubular bones are distinguished
by reliably high values of all histogram values
compared with physiological HFF. In the posteri-
or projection, the differences between the param-
eters of both groups of HFF are not significant.
The exception is only the indicator of brightness
smoothness. Its values for physiological HFF
were reliably higher than those in pathological
foci. Pathological foci in the paranasal sinuses
were characterized by significantly high average
brightness and homogeneity, and physiological —
by high entropy value.

Magnetic resonance imaging of meninges
tumors [10]. Preoperative verification of the his-
tological subtype and density of the meninges
tumors affect the approaches and predictions of
surgical intervention. In this work, an integral his-
togram (summarized from all T, WI with contrast
enhancement) in the tumor volume with subse-
quent comparison with histological diagnosis was
calculated. Before graphic construction of the
histogram, the relative intensity of the MR signal
of each voxel in the tumor was calculated. The
signal intensity in the tumor was normalized by

the brain white matter, taking into account the his-
togram shift coefficient relative to the intact white
matter (Fig. 6, 7).

Sonography at chronic pancreatitis [4]. The
pancreas and its parts’ sizes (head, body, tail), the
contours clarity, the structure homogeneity, echo-
genicity, the pancreatic duct diameter, the pres-
ence of pseudocyst, calcifications were investi-
gated in patients with chronic pancreatitis.

Additionally, ultrasound histography was per-
formed in the area of the pancreas head with the
evaluation of L, N, Kgst indicators for the results’
objectification: its L, M, T indicators are automat-
ically displayed on the screen next to the histo-
gram (Fig. 8).

With increasing echogenicity, L indicator in-
creases, and it decreases with decreasing. For
example, with respect to the pancreas, the L in-
dicator increases at fibrosis, fatty degeneration,
etc. The decrease of L can be expected in cases
of pancreatic edema (for example, at acute pan-
creatitis).

For the analysis of histograms additionally
two indicators were developed. The Homogene-
ity index is calculated with the following formula:
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Fig. 6. Histogram for meningothelial type of tumor [10].

N=(M/T) 100%, where N is the indicator of pan-
creas tissue homogeneity, M is the number of the
shadow component elements, which occurs more
often than others in the given area, T is the total
number of elements in the given area.

The histographic coefficient Kgst is calculat-
ed using the following formula: Kgst = (N/PL)*
10 000, where N is the homogeneity indicator
of the pancreas tissue, P is the maximum gray-

ness level in this histogram (see Fig. 8), L is the
grayness level, which is the most common in
this area.

The proposed indicators (V, Kgst) allowed to in-
crease the informative value of pancreas US in pa-
tients with chronic pancreatitis (sensitivity up to 85
% and specificity up to 81 %), whereas the sensitiv-
ity of traditional pancreas US, according to our data,
was 72 % and specificity — 68 %.

Fig. 7. Histogram for anaplastic/atypical type of meningioma [10)].
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Fig. 8. Histogram of echogram: by ordinate — number of pixels, by abscissa — gray level; T — the total
number of elements in the additional or fixed area; L — the scale level of the gray shadow component, which
is the most common in a particular area; M — the number of elements of the shadow component, which is the
most common in a particular area;, P — maximum grayness level in the histogram [4].

Conclusion

The values of the histogram parameters, along
with the brightness, contrast, shape and homogene-
ity of the foci structure, are the informative diagnos-
tic signs of the particular pathology on the diagnos-
tic images and can contribute to the correct pre-op-
erative express diagnostics.
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INFORMATIVE VALUE
OF HISTOGRAM ANALYSIS OF DIGITAL
DIAGNOSTIC IMAGES

LN. Dykan, N.N. Kolotilov

The purpose of the review is to demonstrate
the informative value of various options of his-
togram analysis of digital diagnostic images ob-
tained with fundamentally different visualization
technologies.

The informativeness of diagnostic imaging his-
togram analysis at hepatocellular liver cancer US
investigation, pancreas cancer X-ray Computed To-
mography, non-epithelial tumors of the upper gas-
trointestinal tract sonoelastography, osteoscintigra-
phy of breast cancer bone skeletal metastases, brain
membranes tumors MRI, echography at chronic
pancreatitis was described.

The values of the histogram parameters, along
with the brightness, contrast, shape and homogene-
ity of the foci,structure are the significant diagnostic
signs of the particular pathology on the diagnostic
images and can contribute to the correct pre-opera-
tive express diagnostics.

IHOOPMATUBHICTDB I'ICTOI'PAMHOI'O
AHAJI3Y IU®POBUX
JIATHOCTUYHHUX 30bPA’KEHb
IM. Jluxan, M.M. Konominos

Meta ommsigy — mokas3atu iH(GOPMAaTHUBHICTh
pPI3HUX BapiaHTIB TiCTOrPaMHOTO aHali3y OTpPH-

MaHHX 3a PUHIIUIIOBO PI3HUMU TEXHOJOT1IMHU Bi-
3yanizarii muppoBUX 11arHOCTUYHUX 300PaKEHbD.

Omnucana i1H(QOPMATUBHICTH TICTOIPAMHOTO
aHaJi3y I1arHOCTUYHUX 300pa)keHb NpHU exorpa-
¢ii remaroneNIoNISAPHOTO pakKy IEYiHKH, PEHT-
TeHIBCHKOI KOMIT IOTepHOT Tomorpadii paxoBHX
NyXJUH MiIIUTYHKOBOT 3aJI03M, COHOEJIAcTorpa-
¢il HeemiTemadbHUX IMYXJUH BEPXHIX BIIIITIB
IIJTyHKOBO-KHUIIIKOBOT'O TPaKTy, OCTEOCLMHTUIpa-
¢bii ckeneTHUX METacTa3iB paKy MOJIOYHOT 3aJ103H,
MarHiTHO-pe30HaHCHOI Tomorpadii myxiauH 000-
JIOHOK TOJIOBHOTO MO3KY, exorpadii mpu XpoHiu-
HOMY MaHKpEaTHTI.

3HaYeHHS TICTOTPAMHOTO IMapaMeTpiB, MOPSI
3 SICKpaBiCTIO, KOHTPACTHICTIO, (hOpMOIO 1 TOMO-
TeHHICTBIO CTPYKTYPH OCEPEAKIB, € 3HAUYIUMU
MIarHOCTUYHUMHU O3HAaKaMHU Tiel 4M 1HINOI Iaro-
Jorii Ha MIarHOCTUYHUX 300paKEHHAX 1 MOXYTh
CIIPUATH KOPEKTHOI I0onepaLiiiHoi ekcrpec - aia-
THOCTHUKH.

UHO®OPMATUBHOCTD
T'MICTOT'PAMMHOTI'O
AHAJIN3A HUDPOBBIX
JTUATHOCTHYECKHUX
MN30BPAKEHUM

U H. J[vikaH,
H.H. Konomunos

Leab 00630pa — moka3arb MH()OPMATUBHOCTH
Pa3JINYHBIX BAPUAHTOB TMCTOTPAMMHOIO aHaln3a
MOJIy4EHHBIX 10 NPUHLIUNHAIBHO Pa3HbIM TEXHO-
JOTUSIM BU3yalu3allud LUQPPOBBIX AHMATHOCTHYE-
CKHX M300pakeHuH.

Onucana WH(GOPMATHBHOCTh THUCTOTPAMMHOTO
aHaJIu3a JUarHOCTHYECKUX U300paXeHUM Mpu 3X0-
rpauu renaToLENIOUISIPHOTO paKa MEeYeH!u, PeHT-
Te€HOBCKOM KOMIBbIOTEPHOM TOMOrpaduu pakoBbIX
OIYXOJIEH MOIKETYJOYHON KEJIe3bl, COHOAIACTO-
rpaduu HeIMUTENNATBHBIX OIyXO0JIel BEPXHUX OT-
JIEJI0B KEJTYI0YHO-KUILIEYHOIO TPAKTA, OCTEOCIIMH-
TUTpaQUU CKEJIIETHBIX METACTa30B paka MOJIOYHOMN
JKeJle3bl, MAarHUTHO — PE30HAHCHOH ToMorpaduun
oIyxoJieif 000J104€K ITOJIOBHOTO MO3Tra, 3Xorpapuu
IIPY XPOHUYECKOM MTaHKPEATUTE.

3HaueHus TUCTOrPaMMHBIX IIapaMeTPOB, Haps-
Ny C SIPKOCTBIO, KOHTPACTHOCTBIO, (JOPMON U TO-
MOTE€HHOCTBIO CTPYKTYpbI O4aroB, SBJISIOTCS 3Ha-
YUMBIMH JUAarHOCTUYECKUMHU ITPU3HAKAMU TON WU
MHOW NaTOJIOTMU Ha MAarHOCTUYECKUX M300pake-
HUSX U MOTYT CITIOCOOCTBOBAaTh KOPPEKTHOM J001e-
paLMOHHON dKCIpPecC — AMArHOCTHUKE.
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