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Comparative Research of Decalcification Methods for
Quick Diagnosis on Bone Tissue

Sung-Chul Kim', Oun-Chul Back®, Tai-Jeon Kim?, Hyung-Joon Bae’ and Hee-Gyoo Kang’

Department of Pathology, Hanyang University Guri Hospital, Guri 471-020, Korea'
Department of Biomedical Laboratory Science, Seoul Health College, Sungnam 471-701, Korea’

These studies were done to know decalcification methods to reduce the time of decalcification for quick
bone tissue diagnosis. When bone tissue was decalcified with 10% formic acid at room temperature,
decalcification and hematoxylin & eosin (H&E) stains were complete and satisfactory after 12 hours, but
some of the tissue sections fell off during staining. In this way, decalcification, H&E stains were complete
and satisfactory after 24 hours, 36 hours and 48 hours, tissue sections didn't fall off during staining. When
bone tissue was decalcified with 10 % formic acid in a 60 C paraffin oven, decalcification and H&E stains
were complete and satisfactory after 6 hours, but some tissue sections fell off during staining. In this way,
decalcification and tissue sections were complete, with no falling off during staining after 8 hours, 10 hours,
12 hours, 14 hours, 24 hours, or H&E stains were satisfactory from 8 hours to 12 hours, but H&E stains
appeared to reddish nucleus after 14 hours and 24 hours. Bone tissue was decalcified with 10 % formic acid
for 6 hours, 12 hours and 24 hours at DECAL machine frequencies of 15Hz and 45 Hz, and for 6 hours,
12 hours and 24 hours at a DECAL machine frequency of 90 Hz. Decalcification and H&E stains were
complete and satisfactory after 6 hours at the 15 Hz and 45 Hz DECAL settings. Some of the tissue sections
fell off during staining at the 15 Hz DECAL machine setting. At the 90 Hz setting, decalcification, H&E
stains, and tissue sections were complete and satisfactory with no falling off during staining after 4 hours.
In this way, decalcification, H&E stains, and tissue section were complete and satisfactory with no falling
off during staining after 12 hours, 24 hours at all machine settings. Bone tissue was decalcified with 10 %
formic acid for 6 hours, 12 hours and 24 hours at 37 C 3 hours, 6 hours and 12 hours at 45 C and 1 hours,
5 hours and 10 hours at 60 C with the RHS-1 machine setting at 60Hz. At the temperatures of 37 C, 45
C, and 60 C decalcification, H&E stains, and tissue sections were complete and satisfactory, with no falling
off during staining except for after 6 hours at 37 C. 3 hours, 1 hours, or decalcification, H&E stains, and
tissue sections were complete and satisfactory with no falling off during staining after 12 hours and 24 hours
at 37 C, 6 hours and 12 hours at 45 C, and 5 hours at 60 C. But H&E stains appeared to reddish nucleus
after 10 hours at 60 C. From the above reults, the authors were able to deduce that decalcification is
accelerated by heat and frequency. We therefore think that it is necessary for machines which are similar to
the RHS-1 machine to be maintained at the temperature evenly with agitation effect for quick decalcification.
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sl Sk &3 (decalcification) 7
, Aol A8 43|spgs, A3
He 718, FARE] 2T 5
12k o] Q7] wiEol] kA

dst7)7} ﬂxl °‘E‘r A
% st Zas AASA = 3
193 A== A 1“ 23RS an—suom
(Matthews@r Mason, 1984; Mulliink 5
1986; von der Valk &, 1989).

gRel gelde 2 gIUS ALESE 4 Sl o)
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Atk (Lynch & 1969) gl Ak 23l
acetic acid, plank-rychlo €<, disodium ethylenediamine
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(Tortel 5, 1988) 5°] It =8 ZH$o)7)= dh} 14
A2 ol 3ol L3 BHAE B T 5 WA e W

MO 2 picric acid, trichloroacetic acid, glacial acetic acid,

chromic acid s°] 3F¥ AN Bouin &A,
Flemming &, Susa £ 5& AH&3l7|= doh
2 A7 F2FAAE A9 o ZARE A EE
23RS 22EARU0] Bt 4143] A Este] wWE
ol =50l 2 F Ae AsES A AAsHTh
AAE G5 F U WHoEE AR A2
H

% formic acidel]l *12]3}= W (Roncaroli 5, 1991),
7 A &3]8-S 60 C paraffin oven (JISICO)ol| A 7}&
3A171= W, AR ©€3)7] (Biotech, USA)S ©]-&3}
Hz (A%59)S 24 (0Hz~99 Hz)sle] €317+ Y
(Glockner &, 1983), Yl&] RHS-1 machine (Milestone srl,
Italy)oll A 60 HzS] 7|4 oA &3] HS wRIA7IE A
225 A 37T~60C)3td &3A|7]= W (Glockner
', 1983; Sanderson %, 1995) Eg o]-g-ate] &3]3t

23T, GAA] AHel Ae], hematoxylind} eosin
(H&E) AMAE NEZAE 2ATZY HENY =
S Hw RS

ﬁmﬂﬂHﬂBmﬂrﬁ

HFE
ES

oH

II. =
1. M=

B AP AAE 9w QA ME2AS gl 5%
Ano] WA ke HA 2w g o] g5gom,
10% formalin (HCOOH, MW, 46.03, Yakuri pure
chemical, Japan) &0l 24A17F 183} A8 S
A7)E o]&3lo] 1x2x05 cn Z7|= Hsto] Aol

AHgssich

Jlm

RS

2. A

1) &3] Uy

(1) 10% formic acid &9 A&
WZ2S 10% formic acid (Yakuri pure chemical,
Japan) £l Yol 1247}, 2447}, 36417t 48417t B9t

77 g8



(2) 10% formic acid 842} 60 C paraffin oven A&
W Z2]-S 10 % formic acid 8-l ¥ 31, 60 C paraffin
oven o] 6417k, 8AI3E, 10413k, 12417L, 14413L, 24412

F 27} gAY,

(3) 10 % formic acid 8§43} =53} €3]7]Q] DECAL
7] AHEH
1 225 10 % formic acid &l Fo] 233} ©3]7]
2l DECAL7]|9] ¥iL X555 15Hz, 45 Hz, 90 Hz= 7}
7} 248kl 15 Hzs} 45 Hzoll A 6413, 12417, 24A17F
2, 90 Hzoll Al 4A13E, 12A13Y, 24A13F F1F 242 23] 4]
Ze.

(4) 10% formic acid 842} RHS-17] A3

225 10 % formic acid & o] €o] RHS-17]90] ¥
I AFEFE 60 HzZ 2835 v 37 TollA| 6417, 124]
7Y, 24A17F, 45 Toll A 3A1%Y, 6413, 12413 60 CollA] 1
AIZE, BAIZE, 10A17F &7t 242 &3] A A T

2) 23 ¢85 AW

23 9ol gelie B2 229 £ FenAY
HER 23S WYEe Ao 279 93 E &9
ek

3) X& A=Y

G937t e A oOvk 2HHE ARS AR
= vlgtd FujE 3 3 372 9 7] (Microtome, Leica
Germany)E ©]&3te] ZAANAE 4-5 ym FAZ ¥pA3}
Aok GG oM 2H TR DS WR|E] 98l

3-aminopropyl-triethoxy-silane (Sigma  chemical,  Ger-
many) &9 2 x)2]¥ coating slideo] HHS F2A)71
%, Yuk H&EQAS AAJskal, canada balsam (Yakuri
pure chemicals, Japan)o. = 3¢} & Fstdn|Foz &7
Stk

HoF e WHoE RES UE
3t gaade, AAA AR, da

skt
Im. A o}

1. 10 % formic acid 2% Al2Eo| ZHn}

o
off

[}
-

¢

10 % formic acidel] o] 124]
%qu:, HAA ARG,

937} g5 E A2 124
= 12X ) qhd g4
S UrE‘rkM( able 1). T3+ 247, 36417,
2B 2% 9 ANt BHYE, G
g, SN E vlu #Fe Ay 257 ot
e T (Table 1, Fig. 1, 2).
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Table 1. Results of sections and stains in bone tissue to be
decalcified by 10 % formic acid according to times
at the room temperature

Time 12 hrs* 24 hrs 36 hrs 48 hrs
Section Bad Good Good Good
Stain Good Good Good Good

* hrs : Hours

Fig. 1. Hematoxylin and eosin stainings in bone tissue to be decalcified by 10 % formic acid for 12 hours at the room temperature
(H&E, A: x100, B: x400).



Fig. 2. Hematoxylin and eosin stainings in bone tissue to be decalcified by 10 % formic acid for 24 hours at the room temperature
(H&E, A: x100, B: x400).

2. 10 % formic acid 22z} 60 C paraffin oven A} 7F B9t ©3E A7) a1, 90 Hzol| A 4A)7E, 12A]7E, 24417
SHo| Ant S EIE AA BIAE, G dRGH, AN H

£ vl #EA3 A3 15 Hzol A= 6417, 45 Hzol A= 6

A" WS 10% formic acide]l ¥il 60 C paraffin A7, 90 Hzo| M= 4x 7kl &3)7) b8 ¥ Ao 2 e}
oven oA 6217t <t B35 AXete] B3 %, AMA] wrh ag|n GAA AR E B2 23 15Hz9 7
e, QAGHE vla #ES A, 237 = d - 6AIZIEe PSS e e AJAT AHGE T 4
AL 6AIZEoI o, GMA] R Aele alEA] X SeAlE Foy, A 5 AR ekt
skt R GA el = FosiAl UebstTh (Table 2). & 71 o] F 12417, 24417 3 E3)AIZ] Aol €3]
gt 8/\]7} 10717, 124]%Y, 14X17F, 2447 592t 242 & AE, QA dRGH, A3 E57F G5 sleR
38 A4S gagE, QuA ABgE, JAdHE e (Table 3). 71231 45 Hzsh 90 Hzol e A9 E
Hl L g A3 @3 et QAN dRYEE BF ZH GRAIEE SAE, G ARE, AN H

st ot, “*“%‘Eﬂc’ﬂ QoA E 87, 10417, 12413 BF7F 3Rk Aoz YET (Table 3, Fig. 5, 6).

< 4 < Xééﬂ::: UrEhHXl Eaha B Ag 4. 10 % formic acid 241} RHS-17| Al2%e| Z}
= 7] A&sd T (Table 2, Fig. 3, 4).

o2
x
o
ozi

TAH WE 10 % formic acidol]l B 2| RHS -17]9]
3. 10% Formic acid 31t =3ul Es|7(Ql Y3, AEFE 60 Hz2 2483 g, 255 377, 45
DECAL7| Al2t{e| Zm} T, 60 CE AR5t 37 CAXME 67, 12A17F, 24A13F
Fok, 45 ColM+= 34|17 6A17E, 12417 F<t, 60 CollA

I E WE 10 % formic acidell B2 A 233 &3] = 1417k 5A17H 1 l 7t B 238 AA g3 E, 4
719 Yl 15 Hz, 45 Hzoll M= Z4ZF 6413, 12413, 244 AA HAEAE, A4S vla #2e Ay, 37 T 1

Table 2. Results of sections and stains in bone tissue to be decalcified by 10 % formic acid according to times in 60 C paraffin

oven
Time 6 hrs 8 hrs 10 hrs 12 hrs 14 hrs 24 hrs
Section Bad Good Good Good Good Good
Stain Good Good Good Good Bad Bad
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Fig. 3. Hematoxylin and eosin stainings in bone tissue to be decalcified by 10 % formic acid for 6 hours in 60 C paraffin oven (H
& E, A: x 100, B: x 400).

B
L

Fig. 4. Hematoxylin and eosin stainings in bone tissue to be decalcified by 10 % formic acid for 14 hours in 60 C paraffin oven
(H & E, A : x100, B : x400).

= 62171kl 45 TollA = 3A1EREel, 60 CollA= 14)3E Iv. 1 =t

ghol| w2 &3]7} o] FojHth 37 T2 A4 A A

A, S €3] A7hEE vl B3 Ay 64] 23] (decalcification)= Z&°] F&E A& ige
it 23= S E AN AMA] AHdHE E4 & 2 Zgs AAst v Agste s Agste 3
ATH W AAGE e Fogh 2o Z UETh 1 o) F oz &3] (decalcifying fluid)olg} F2& &9o] A}

SolAE 94N 2 $ELh gsde nEF Aggell EDTAY A

= Aoz uehdth W Ae A 243 wedel a4 04 Fuz
(Table 4). 45 T2 44F A4 Aa14 2471e] @8 Az #wl, EDTAE 2#olest duzon Agsel 24
g A R GAdHsL B 45 Ao AAST 2oa gslde Ade] 454, 24 3%
2 ehith (Table 4). 72132 60 C= A48 4% A3l A%, 2489 2 89 G4 5 nelshel 448

op
i

Mo = fr

A A7) g3 AEE QAN Audee 25 4 A Agsier @ (A2 5, 1998).
st GAGEE 1AM A BAIRIAA = FEsht 10 g3Ae It oz 2AFe sty BES fg ik g
AZHEEE dlo] dalAdo] Beoz Yeh}y] Az 3] A (acid decalcifier) 9} 2251814 B2 95 23

23] 7]
Atk (Table 4, Fig. 7. 8). 2 2R LAY B 2o FEskste] At
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Table 3. Results of section and stain in bone tissue to be decalcified by 10 % formic acid according to frequency and times in
decal machine

Hz 15Hz 45 Hz 90 Hz

Time 6 hrs 12 hrs 24 hrs 6 hrs 12 hrs 24 hrs 4 hrs 12 hrs 24 hrs
Section Bad Good Good Good Good Good Good Good Good
Stain Good Good Good Good Good Good Good Good Good

Fig. 5. Hematoxylin and eosin stainings in bone tissue to be decalcified by 10 % formic acid during to 6 hours in 45 Hz of decal
machine (H & E, A: x100, B: x400).
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Fig. 6. Hematoxylin and eosin stainings in bone tissue to be decalcified by 10 % formic acid during to 4 hours in 90Hz of decal
machine (H&E, A: x100, B: x400).

Table 4. Results of section and stain in bone tissue to be decalcified by 10 % formic acid according to temperature and times in
RHS-1 machine

Temp.* 37 C 45T 60 C

Time 6 hrs 12 hrs 24 hrs 3 hrs 6 hrs 12 hrs 1 hrs 5 hrs 10 hrs
Section Bad Good Good Good Good Good Good Good Good
Stain Good Good Good Good Good Good Good Good Bad

* Temp. : Temperature
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Fig. 7. Hematoxylin and eosin stainings in bone tissue to be decalcified by 10 % formic acid during to 1 hours in RSH-1 machine

at 60 C(H & E, A: x 100, B: x 400).

Fig. 8. Hematoxylin and eosin stainings in bone tissue to be decalcified by 10 % formic acid for 10 hours in RSH-1 machine at
60 T (H & E, A: x 100, B: x 400).

A A ARg-o] Hsh A2 AL HIE R FHof Qe
AAoltt. w3k 22318HE] B4 o) AMREE g3l g
3] AIZte] 28 ARlERE 243 Adele AFA ¢
(A2 5, 1998).

w22 Q1ak &
= g—{g__g. /\]-Jj]. 1:1 /\51
o2 HE AAR & A=
28 GAtoll G Zg5ol u*°1—3—ﬂ+
dsldgoz HEE o] g3y
o] &3 Aot} (o] 5, 1995 ; A7 5, 1998).

B AFLE gs]Aol &alHA] Ao 7 He
Ao 2 4#Z 10 % formic acidE o]-&3F €3]] 2%
o} e dF A5 21E DEsie A wE
17F Qboll 229 &4 glo] g3 Hgs AA wE A
o &8  USAE AR 23, AR, d20A 10

>
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% formic acid 49 €3, GA A

A A 7
2l t

A, 988 5 257 453 29E dodH A
ol& 12-24X7F o) AglE Aoz et 10 % formic

acid 89S AL GE0 7 A8/ Yy =7 &
Gx e Aoz Azt B4, 60 T 9L 74 10
% formic acid &0 2 &©3|2 A3 B¢ S3HE,
o3 4 ) xé_ﬂ/\]-\;ﬂ AN

oelw Holw

}6]'

o ol AL AANTGE 8 A B8 408
gol 29 F & 202 tehdth olsh we AREe

2 ggalo] o gIEEE LE7} FolAH WA 1
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H&ERA 9] A=
7Agel Jom, e
71€ a8l Ul st'e A
Atk (A2 5, 1998).

AA, 10% formic acid SX3 ZL3}
DECAL7|E AFE3E 79 45 Hze} 90 Hzol A
7]—J,]. 4}\]7]—1:]-0]] El—:q]xé}_ oﬂ/\u/\] zq_zq/\]-gﬂ
F71 43538 Aoz YEldT (Table 3). o]+
7t 2 Roe Jgd o g 9%
3= Aolgl oAZTH 128 7] (ultrasonic
generator)oll A HHY3E Wgol| o3 wrHkE ol o) 23
Hol MEAWE Kot w2, 124 JFH o] g3AE
o] WwekA]= Aole}t Azttt 53] microwaves 713 &
3ol A nitric acidE AR&-3FH 229 4lgk HAJo] A
7]A|5}F formic acidS AH&-SFH X229 HAS =d 4 9
a1, F¢] €97 (cochleas)ol] microwaves o] &3+ €35
AAskd 14709 A9 93713k 2-6FE 5T
R3% o (Hellstrome} Nillson 5, 1992). t+

‘?ﬂ_@,iaﬁ}ﬂoﬂ*ﬂ S A W microwave ovenol
g At A7t FosiA dehdte se g
E%X% Ol\:‘r (Keithley 5. 2000).

A, 10 % formic acid &3} magnetic barS ©]-&3]
60 Hz2 Zd ¥ RHS-17] (Milestone srl, Italy)S A&
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35
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o:]/\
v

1—_‘1—[_ o)

[}
o 2o

A 3= 37 ColMe 6417, 45 CollM = 3417
Thell, 60 CellX= 1AMl w2 &3]7} o] Fol X th 4
A ABAE 9 A Y] YoiE 37 T AS 64
el 23)= AR HAARE A ARG = FA &
do, AAEE FE Ao YERT (Table 4.).
45 C9] 75 3A1ZL, 6A17E, 12417 G Azl =2 G4
Al ARge) e Qe B ettt 60 T 7
$- FAA HEAEl= 1417 5A17E 10417 €34 7t
HE 5 FEaA|vE QA EE 10417l SlojA=
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Fig. 7, 8).
ek 22 7&?%01]*1

© & Yehtr] A1t (Table 4,

ole} AN

V. d =

2 Ao v7ix] WS 3l 60 TS 60 HzZ 71
Aestd &3] A7HS AR Y F IS Bl ofy
gt dPdA] Ao geet A E st 1S A
S g UTE AS & 5 A wE A g3riEE v
23 AS T & 4 & RHS-17]9F & &3]7]
S A8she Ao] 4143 JdRde] 8o HElg o
771

ror

1. Glockner R, Pleul J. Decalcification by ultrasound and
acid in a histological routine laboratory. Zentralbl Allg
Pathol 127(1-2):51-5, 1983

2. Lynch MJ, Raphael SS, Mellor LD, Spare PD,
Inwood MJH. Medical laboratory technology and
clinical pathology 2nd ed. p1052-1054, WB Saunders
Co., Philadelphia, 1969

3. Matthews JB.
immunohistochemical stain of formalin-fixed paraffin-
embedded tissue. J Clin Path 35:1392, 1982

4. Matthew JB, Mason G.
agents on immunoreactivity of formalin-fixed,
paraffin-embedded tissue. Histochem J 16: 771, 1984

Influence of decalcification on

Influence of decalcifying



. Mukai M. Effect of
decalcification immunoperoxidase staining. The Am J
Surg Path 10(6):413, 1986

. Mullink H, Henzen -Logmans SC, Tadema TM, Mol
3, CJL. of
decalcification on the immunohistochemical staining

K, Yoshimura S, Anzai

Meijer Influence fixation and
of cell-specific markers in paraffin-embedded human
bone biopies. J Histochem Cytochem 33:1103, 1985
. Roncaroli F, Mussa B, Bussolati G. Microwave oven
for improved tissue fixation and decalcification.
Pathologica 83(1085):307-10, 1991

. Sanderson C, Radley K, Mayton L. Ethylenedi-
aminetetraacetic acid in ammonium hydroxide for
reducing decalcification time. Biotech Histochem
70(1):12-8, 1995

. Tortel MC, Casiraghi O, Krzisch S, Straub P.
Decalcification of bone specimens by ultrasound in
histopathology. Arch Anat Cytol Pathol 36(4):178-80,

1988

55

10.

11.

12.

13.

14.

15.

Von der Valk P, Mullink H, Huijgens PC, Tadema
TM, Vos W, Meijer CILM. Immunohistochemistry in
bone marrow dignosis. Am J Sur Patho 13(2):97,
1989
Witter K, Matulova P, Misek I. The effects of two
different decalcification procedures on size and
structure of embryonic epithelial tissue in objects
prepared for light microscopy. Anat Histol Embryol,
29(6):351-355, 2000
o] 3], A3 &FY dFasl tHEAAIA T
51-57, 2003
olAE®, AT, w718l o, Aed WexHA
A8l pl1-18, FEAL A, 1995

%, 44319, HHEZ, Fd<=. Histo waves ©]&-3F
5 ZAAEAANENE A 99:2-6.

=

Al

=24 23zt
2002

Adss, UL, 7GR, o8, o
2, AR, AR, 28T ASE

AAVEE A13h p192-195,



