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Image Standardization and Determination of Gray Level Threshold in the Assessment
of the Myocardial Fibrosis by the Computerized Image Analysis

Nam-Young Lee, Young-5ik Park, Jin-Haeng Chung, and Jeong-Wook Seo

Department of Pathelogy, Seoul National University College of Medigine; Heant Research Institute,
Medical Research Center, Seoul National University, Seoul 110-T99, Korea

The computerized image analysis is a useful tool for the quantitative assessment of histopathologic findings. In contrast
to the usual microscopic examination by pathologists, the computerization should be accompamed with the standard-
ization process of the image. We developed an algorithm to standardize images and to determine the optimal gray
level threshold, using a myocardial fibrosis model. Sirius red staining was more convenient for the image analysis than
Masson's tnchrome staining because of a better contrast with the surrounding structures. To get an optimal measurement,
light intensity was standardized at each of the fibrosis, myocardium and background. In this study, the most promising
method to determine the degree of fibrosis was that of revising the background without tissue to a gray level of 200,
obtaining a green component of the color image, revising the myocardial fiber to 163, and defining a partial ratio as
fibrosis index when the gray level threshold was 120, These threshold levels and parameters were determined after
drawing the binarization index curves according to the change of the gray level threshold and by the morphological
examination of the actual binarization figures overlaid to the original color image. Through these processes we could
get a consistent result on the myocardial fibrosis and we expect a similar principle applies when we analyze color
images in the histopathologic quantitation by computerized image analysis. (Korean J Pathol 1998; 32: 494 —503)
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Fig. 1. a. Microphotsgraph of myocardium seained with Sidus red (image Ble), Collagen fibers are stained red and myocytes.
light vellow, Background was compensated with image of a glass slide. Bar represents 500 ume b Microphotograph of
myocurdiom stained with imodilied Masson's trichrome (image D1hri50). Collagen fibers are stained blue and myocytes, yollow
and nuclel, red. Background was compensuled with image of a glass slide. Bar represents 50 um,
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Fig. 3. Changes of the binarization index (percentage of area with gray value less than the threshold) are plotted according
10 the change of the threshold of gray level from green fraction images (Alg-ASg, Blg-Bsg).

Alub GLTZEHS 30 gray level AEg] Heo|d HBgic)
4 33 od4eld AR} G B S AT A
E ol o_ A4 AedEk 3 507 -,L -=,§E~ gray level

o ejl= Mol T

lﬁ‘ﬁlﬁﬂ ol 5 HF37 gl BEY EZFE gray
level 2 Hebgiel o 54 53 oikedly di371 9
= REe @B gray level & T gray levcla-]- o] x] 2] 71
E%ﬁi A 24 ool A GLT Frell ul& o] x| 8}&2]
WIS Ak (Fig. 4). Eolds] FEEC A, BT
o] F7F e g B

red EE22[ AT 0lEs P& e

un:g B edal (Ale-ASe Blc-Bscjell 4] 4= £z v

LF Felile] 2 AR £HE FYew FAE A
© _r.uqmdﬂl (Als- ASS, Bls-BSs, Fig. 5)% 91glc}. 2=
Balodabell A Azt Gl SR HF gy level
05e|gla o] F A FErh gl F5e E£F gy level 2
Aapgick HHEE Aol el 2 o R ¢ E
Z3 NEE2 ol Aol Wlgle) GLT Zhell n}2 o]2] 3§
o] wWigks EAsksich (Fig 6).

4. Sirius red TE2E9| =44 9l T FEIYHMES 0|2
& M7E X SH

&S

e 1 =

3. Sirius

FFI SARY o402 HE] oL oA E ol
I (Fig )RYE B 2715 Welis 4R Hio

GLT+ 100~1402 % bebslel 31, GLT ghs 110, 120,
13025 & o o|XFEF aslel (Fg 7~9). o|&
o] 2|25 HEsle] HAEAE GLTEHS 110~13027 H
e 4 gled e GLT 120014 2] =4 Blgm (Fig. 8)¢]
o]z shEe] HRFahEel] THSYE T 298 4—‘%]&14
GLT k2] wdbel| wpE 107 o 4helld 2] o] 238
Table 137} 7tglon] o]|5% 5 GLT 12094 2 ﬂ]ilﬁ}%
= AFEE AAssc 53 AEE3] o 4ol A
Fig. 83} o] o] 23& 22% 3 Jehll: GLTE: 1320]
e 1 oufe] o]A|d} of - Fig. 102} #Zgkv). A=
—‘?‘-i]ﬂi o] Z] gk Fig. 102 SR8 o)id}l 75
Fig. Elﬂll HI'E-PI] A EA Fdo] vlElg o] o= §

3 Heon A% 4 U 020 99460 o
S A9E £ 990

5. Masson's trichrome TEM MO A & 2]

WA BA el4b (Cle-CSe, Dle-DSe)e] 7} ) A-o] )3}
B4 59 ghold ALY e W ¥ 1502 B
A A A B3] ed A (Clbr]S0-CSbrl50, DIbrl50 -DSbrl50)
ofl 4] A edlrl 4l B TF gray level 2 990]9]c),
A3k7E gl 5529 gray level S 992 HAE Z53)
AagAm s BilodAk (Clhrl50m-C3br1S0m, DI1brlS0Om-
D3br1Som)-5 et A4 F3o] A LIt S
5 el Lsislen 4Rt 2elslc 50 2



~—— Algm
—AZgm
~— H1gm

“.u.._ﬂ..o.-......n T A P e
o — B e s
R ——— o S e
o R L R R B T S R ey LT A
e e e P T e W
e e e b e B e e e o - ;
. = Ly 1 i [}
o mes e e R LR

Prpmmaesil
R
P

y e fromm

140
eshold of gra

40 degrees or less,

T3 1GR

A 321 A

T xT-
L

2
A

P ]
R

—
s
e

=

rarae
AR,

e
4

=

s
S

ar
e
A
R

¥

e

o
e,
LT
A e
B

-

:
et dv

e

o

=

100 120 140 160 180 200 220 240

20 40 o0 &0

0

Threshold

110 115 120 125 130 135
Threshold

105

100

eq (ALlpm-ASem, Blem-Bigm). b Mugnilicu-

Fay levaels 100~ 140, where hinarization md

-

-

av values at the myvoowvt

hased on gr

OrreCtion

4A hetween p

nees after ¢

dullor L

i

ees slope

1

-

=

vk 2] B 7]

S kh]

= = @ M Al
(

- [
o=
w
Lo
o
-
L

Fig. 4. a. Changes of the binarization index are plotted aceording to the change of the the

tionr of the hgure

e [l



199

ILT2) 73

=4

4
7!

el A ) el B

At oy

(=]

]

elrted 2 35l

R

L=

] — N L] o'} - - I - . —r— R e e e EES O

e dr et e g i W RO M oWl T AR SR

- — 'l | n e 1l = il = — -
w _._.___ .I_l &._U .m..l _m_U ey .ﬂ.._ (G o _ﬂ 1._ k= A _“_._ s AT .H.._H_ U.—Lﬂ., _|_ gy ...__1. I

_ " p—— " S - J-..ﬁ .Inl-. q —_ —_— — 1
— = S g v o= T FE @ B T oA L 2 = - -
s B N Al o B oo ot E R E £E E £E E E E E £ E
~ c el ol .._|._n_|..._. — n__.._ = ._U_H F .m.m ..”...i .qL_LI .U__ ...___.._ i - _.IT._.I ol [0 T s B W oy oL an oy Do
2T Wml xR e T S el — o] M = W e T D
= I S NI P 2l HE I G R I R B s B S s e R

= H . H l .

FL B VIl O K N e = e B | I B |
- —_— : ol —_— TR fi 1 ‘ . _
WG BOEAr L demFE TR, wT R BT ! [ |
—_ - 0l _._.__.._._ T o T = | a0 o I ..:T_ =l == _u_._._._ o - ) . ! !
T one ol 2 bl = v ;.w i ajo M Rt = oo R

' i = —_ fm — 1 | T I R
i o O cyE R e a1 = : a ﬂ..m. oy T e O T
—_— - et L i A —_ i f— o ' i ARy B e BT - T e -- e e
. w Als -ﬁﬂ el S falw M_ - & 2 i i [ _.?wc."m._am.ﬂ...rﬂ.v._._.tvﬁdﬁxuﬁ\am@ “.H.....w.ﬁ........m..u._........v ..?Eﬁﬂﬁwmeﬂnﬁﬁtﬂrﬂ. O

Dowo L, ey ot X ﬂ_ﬂ T e M_ - T = _ﬂ:.v.ﬁm%%.ﬂ..xﬁﬂﬂwfw.ﬁ SR e e T
s ! X « =3 o = ot =y = Tor H — ﬂ_mﬁ L L e L D L e L e M L L RN
e S -l I4 : 4 ..r_._.l = = — i3 [ A L N D e e T L AT T B
—_— il — .n_u .n_. gl o .I.n.ﬂ i q e A ey - ..m.ﬂJ.ﬁLLrﬂ....;ﬁmu...........“. S e A R LERGARLD
S ~ - ._ T 5t e _ = et b e e
- 4 als e _.f__ S ek T it ST R = R B e e R e e e
k i S Bl e ot R SremRi e coamit e

akp. - i i i | i ~ o o ﬂ " ) et ....._.....m... p s et - .u“. ...n.._h.“..........h. - ..w.;.... .....m. 7
a}d % __ap i - e Blaa I v T T 2l e T AL AR AT B S s
— T A Ze TS0 g B o o o — ol u -t = B e e R e e
= 0 = — e S Td gy ® ap © o Bt e S e e e R R
- — ek o — wil , Tl SR D e L, L L e e L e
bl AH 40 = - @ ._-___.r_ ﬂ.:. ...n..,_.. a” A ..|_._._.-_ oy = _H...n...ﬂ ._”.T .wwn.w.w._.._..”.".,....wn..m..u.."....._&....ﬂ#Wmaaw.w,m.mwwm&«mmﬁmwx:.wfmm..m.vwwm.nmﬂn.mvmmw“m 7]

b - - al. (s Rl b (i e A e N e R I B

ool do o4 —_—— T — el ] zH | i AN e e D T e b B e
o T .__.n_ mm [ M_m —_ i ' il .m....r.... ...L.1 - .H ..._...I_| ik u..”n .”n......ﬂ...n ..n.vw.._.q.ﬂw,...nvmh....-,.." .n.u.m.mn...ww.. .,..H.n“,.““..n w.ﬂu%wwwa.aaxﬁ\ﬁ.wxw. .....“.u........ MW«..N.T:_"W

- ) O 7T e e — — —t == — =l — A L LR b s B e R e s e a

e T B T EE oo Sk T o TS e R CrmnnEnaT R e
| T - = e = L= . e T = AT R AT A R AR R R s
7= 1 e = s = Ouir T — T e e e T e i T Tt
B L R R R T T gt g R e o e
e B I JEC T OB TR T I e e Bl e ety Sl e e B i e e ;

Y i T e ) T ool BT OB AV e e AR e A IR e T i R e R f
= = il o g = N A T e S R A S A S e _
e WU S W R T T BT LT T T w%.ﬁﬁ e e .

— [I— I ——] — i L L el e ! | LSO TS
e ol J T r My T 52 &2 A
(L I T A - Am o Toa A D A

1.

b=

m, Blsm-Bism

=

e ol the threshoeld of sy level from saturation

ir

vies (A lsm AS:

v values of the myvoow

-

-

Throshold

bascd on gra

ciim

-

20 40 60 80 100120 140 1680 180 200 220 240

s ahler corr

0

cticm Imag

Fig. & Changes ol the binarizalion index are plotted sccording (o the chan

fra

ER S et
-wa,..:..v.“n...n.v...,... e
o e
— ' B Bl et e R
= == T3 ey t
5 ¥ 35 R
. = L e
- .UM oW = ...,.r”..ww .“.".w...,.n.”...f..n..._.nm. :
1% T w = . o e
[ e — e
— B R
g = n = o ..¢.."”uw.....n.“.“...r.... :
4 [ e m... “..n.v"“..n.,.n..m......
o n , e s
1 en ¥ = wimdia Ther
e = e e T D
L g2 3 = ELER ERR R L
o B i i
e Eh = 32 e
[ - o EERL T e e
—_ 23 % W = B ..“M.m.....ﬂw
LA — F in R
o - | T
: O =~ BT
.._._._ ﬂﬁ_..n_ Shoa o W...«.._.M.u...._.“ b
e 5= = 2
1] - AR e
&y g I @ oz = Sl
- = o g
.r.......ﬁ —_— e R o “..“....m.w..nw,:.......".
T — ﬂ = frle o
. _ y- ”.,,.....nu......._...n.w._..r.
1 5o D
g FH e ;
o - 1.um R K
S or EE L= SRR
g R s
—~ T I R AR e
L =S — G T .
afy W.....r.... e T e, e, e [
-thnl _,.w_ = e = Fu e R A e R R
d] = =
.__ o o Y-
g gy 33 === = == =
T — B e g = iy = oc o =T o
‘] 58 oy - —
.__u.r_.tl 1_ w3 = 1”. _.._U_
L L2 a2 (24)5150/01
of — Wi = F :
.-.,_,m.u.._ L =i = ﬁ m — [ S
T el T =
- B o =2



S00 ojstde)dE ) s 32 A7 E 1993

Fig. 7. Binanzation image at GLT of 110 trom the corrected Fig. 9. Binarization image at GLT of 130 from the corrected
green image (Blgm). green 1mage (Blgm).

Fig. 8. Binanzation image at GLT of 120 from the corrected Fig. 10, Binarization image at GLT of 132 from the corrected
green image (Blgm)., Binarization index 15 22%, saturation image (Blsm) where binarization index is 22%

Compared to figure 8, there is false positive staining at the
cytoplasm of myocyies,

Table 1. The binarization index according to the gray level threshold of 100~ 140 (rows) from 10 green fraction images after
correction based on gray values at the myocytes. (Algm-ASgm, Blgm-B5gm: columns)

Threshold Al A2 Al Ad Ad Bl B2 B3 B4 B5
100 0.01 (.0] 0,06 (.01 (2,06 14.32 .22 0.51 0.6l 0.78
105 0.02 0.01 0.01 (.01 0,09 1593 &1 0.79 .80 106
110 0.04 0.02 0.02 0.02 0,14 17.83 2.54 .23 1.07 1.40
115 0.06 0.04 .04 0.03 0.21 19.94 341 | BH 1.46 1.85
120 .11 0.06 0.09 0.06 (.31 22.35 4.47 2.86 2,04 2.48
125 (119 011 0.16 (11 .25 2512 5.74 4.41] 2.90 348
130 (34 0,20 0.28 (.19 071 28.34 7.0 .87 4. 16 3.14
135 0.63 0,40 0.51 (136 1.13 32.19 9.29 10.62 6.22 7.99

140 1.16 0.81 0.99 0.71 1.99 36,80 12.03 1 6.30 078 12.84
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