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Abstract
Background and Objectives: Histopathological examination of bone tissue requires an effective decalcification
process because calcium, the principal mineral component of bone, impedes sectioning by microtomy at the
standard thickness of approximately 4 um. The presence of residual mineralized tissue can adversely affect
specimen preparation. However, sectioning artifacts were still observed, affecting tissue integrity and slide
quality. These artifacts may compromise microscopic evaluation and reduce the diagnostic quality of
histological sections. In routine histopathology laboratories, bone specimens are commonly decalcified using
ethylenediaminetetraacetic acid (EDTA) prior to tissue processing and paraffin embedding. EDTA is a calcium
ions chelating agent that removes mineralized components while preserving tissue morphology and staining
quality more effectively than acidic decalcifying agents. In addition, EDTA is particularly suitable for bone
marrow studies because it causes minimal alteration of lymphoid surface antigens and provides superior
preservation of nucleic acid integrity, including messenger RNA (mRNA). Although conventional EDTA
decalcification is generally performed for 7-14 days and is considered effective for the removal of calcium
deposits, some paraffin-embedded bone specimens remain difficult to section. This observation suggests that

residual mineral components may persist within the tissue despite prolonged decalcification, thereby affecting
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microtomy performance and section quality. Such challenges may lead to increased workload, repeated
sectioning attempts, and delayed histopathological evaluation. Despite these advantages, the optimal duration
of EDTA treatment required to improve the sectioning quality of previously processed bone paraffin blocks has
not been clearly established. Surface decalcification of paraffin blocks has been proposed as a practical and
time-efficient alternative technique for improving microtomy performance in incompletely decalcified bone
specimens. This approach involves exposing the block surface to a decalcifying solution immediately before
sectioning, thereby targeting residual mineral deposits without repeating the entire tissue-processing
procedure. Therefore, the present study aimed to determine the optimal duration of EDTA surface
decalcification for improving the histological quality of femoral bone sections obtained from Mlac:NZW rabbits.
The femur was selected as the experimental model because it is a dense long bone with substantial mineral
content, making it suitable for evaluating the effectiveness of surface decalcification. The findings of this study
may contribute to the development of standardized protocols for surface decalcification and improve the
efficiency and quality of bone tissue preparation for routine histopathological examination.

Methodology: Twenty-four femoral bone specimens obtained from New Zealand White rabbits (Mlac:NZW) were
fixed in 10% neutral buffered formalin for 48 h and decalcified in EDTA solution for 24 h at room temperature
(25°C) prior to routine histological tissue processing. The paraffin blocks were randomly assigned to four groups
(n = 6 per group) according to the duration of EDTA surface decalcification: 0 min (control), 15 min, 30 min,
and 45 min. Following treatment, tissue sections were cut at a thickness of 4 ym, stained with hematoxylin and
eosin (H&E), and evaluated for sectioning ease and histological slide quality.

Main Results: Surface decalcification of paraffin blocks with EDTA improved both sectioning ease and
permanent slide quality compared with the untreated control group. Sectioning ease increased with longer
EDTA immersion times (15, 30, and 45 min). The 30-min EDTA treatment produced the highest overall H-score,
demonstrating optimal preservation of tissue architecture and H&E staining quality, and differed significantly
from the control and 45-min treatment groups (P < 0.05). Although the 45-min treatment further facilitated
sectioning, it showed a tendency toward reduced slide quality compared with the 30-min treatment. The 15-
min treatment improved sectioning performance and slide quality compared with the control group but yielded
lower overall H-scores than the 30-min and 45-min treatment groups.

Conclusions: Surface decalcification of paraffin blocks using EDTA for 30 min was identified as the optimal
duration for preparing femoral bone tissue from Mlac:NZW rabbits. This method may serve as a practical
approach for improving bone tissue preparation and enhancing the efficiency of routine histopathological
procedures.

Keywords : rabbits ;femur ;decalcification ;decalcifying agents; EDTA
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Table 1 Histological Quality Score (H-score) Criteria for Decalcified Bone Tissue Samples

(Modified from Sanjai et al., 2012)

Parameters Score Criteria
Part |
1. Ease of sectioning 1 Cannot section.
2 Section complete with gritting sound when sectioning.
3 Section complete without gritting sound when sectioning.
Part Il
1. Staining of hard tissue 0 No staining.
1 < 50 % of tissue is stained.
2 > 50% of tissue is stained.
2. Staining of soft tissue 0 No staining.

—_

associated with the < 50 % of tissue is stained.

hard tissue staining 2 > 50% of tissue is stained.
3. Soft tissue attachment 0 > 50 % of soft tissue detach from hard tissue.
1 < 50 % of soft tissue detach from hard tissue.
2 no soft tissue detached from hard tissue.
4. Structure of hard 0 distorted /damaged structure.
tissue 1 normal structure.
5. Structure of soft tissue 0 distorted /damaged structure.
associated with the 1 normal structure
hard tissue
Results

Aaui 1 n19Uszdumlde lun126AT e (Ease of sectioning)

annsAnenluasaiinudnen H-score mﬂa%w,‘f':@ﬂ3:@.ﬂmwa“\1mmﬁ$mLLm@L%umwwzﬁquﬁm{iﬂn
wafludaeans EDTA Senfluansnsiumussazinanlunsugans Imﬂﬂzvq'ummuﬁiﬂﬁi*umﬂl,ﬁ@w EDTA #@n
Median (IQR) 284 H-score 1Aiu 1 (IQR 1.0-1.8) \fiavnnnsasauaaldaudaeans EDTA 1Wiaan 15 undl wudn
A1 Median (IQR) 489 H-score Winfl 2.5 (IQR 2.0-3.0) mmzﬁn@jmﬁmﬁmw EDTA 11119481 30 w19 HAN Median
(IQR) 284 H-score 111y 3 (IQR 3.0-3.0) ziwi”un@:uﬁié’i"unﬁmﬁmm@L%ﬂmﬁi”aﬂmi EDTA 1Tui9a0 45 uni

WLIMHAY Median (IQR) 194 H-score Wil 3 (IQR 3.0-3.0) Ta3auaniss Table 2
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Table 2 The median (Interquartile range; IQR) of Histological quality score (H-score; part I) of bone tissue

sections with/without surface decalcification with EDTA (N = 24)

Groups (animals per group) Ease of sectioning
Surface EDTA 0 min (6) 1 (IQR 1.0-1.8)
Surface EDTA 15 min (6) 2.5 (IQR 2.0-3.0)
Surface EDTA 30 min (6) 3 (IQR 3.0-3.0)
Surface EDTA 45 min (6) 3 (IQR 3.0-3.0)

Aquil 2 N31lssiiuAnININYeNA LA (Staining and structure quality)

annisdsziiuninineesa ladile faniasresduiienssgnnialindeaqanssadnudingun1smaaes

dld o a dd‘ A 1 dl o = £ =3 v
‘vmmuuu‘[mmwmmmnnﬂ@wmiﬂa‘zl,uummgmﬂ@ﬂquwmmmesnﬂm'awwwmumnmm EDTA

=

Wluaan 30 w1 (Figure 1C) TnewudnAn Median (IQR) 183Azununtsdaumndidaidaudanzansegnvinfiu

b

a

2 (IQR 2.0-2.0) Feilazuuulaiunnsineannguildioan 15 Wil (Figure 1B) wazngui lld EDTA adnupaifesi
wiihuaen (Figure 1A) wansliiunennsdenfndaeaiiiaitianszgnidnian a1mnsniuieuianIedaaanszgn

' o

%8l Osteocytes LiHanszan (Bone matrix) uazA9Uaa4 Haversian canals (ViaNNANHOIEAINEN9) BeinglsfAIN

'
=

WUINHAzLUUgININgNT a0 45 w1 T9ilA Median (IQR) Wiy 1.5 (IQR 1.0-2.0) (Figure 1D) Tudnuaes

nsdanfndiieitadauradiuaedlanszgn (Bone marrow) Wud1A1 Median (IQR) 7@4nguitldiaan 30 wid
Winfi 2 (IQR 2.0-2.0) (Figure 2C) @il azuunliunnsinsannnguinlalld EDTA (Figure 2A) uazngunldiaan
45 Wil (Figure 2D) wanaliiiudansfanmndnguiradaauanaldniaan (Hematopoietic cells) WATITARLNNG
A3ladu (Megakaryocytes) Ndalaudiadlnzuuugeninguildioan 15 winidntiaalnegian Median (1QR) Wi
2 (IQR 1.2-2.0) Tudauaasazununisinicinszninailetianszanuazlanszgnlualasmiatianiaslinuasa
wansinednauluis 4 nguniamases Tnewudinguinladld EDTA nquitldiaan 15 wai nquiildiaan 30 Wi was
nguildiaan 45 wINA1 Median (IQR) Wi 0, 0 (IQR 0-0.80), 0 (IQR 0-0.80) kA 0 AMNAIAL wans i
- . A Y . Y

ANNIRANTUIEnINg e faivassdaunanszgndainta lAtin andudalludeunzuuunisinulasaa¥e
Wailanszanlinuaanuansdrsndaauluia 4 ngunimasesdubeaiu Inawudinguilidld EDTA nguild
1981 15 W7 nguRldean 30 w7 waznguildinan 45 wINRA1 Median (IQR) Wi 0, 0, 0 (IQR 0-0.80) uaz 0
AINAAL wansliiuddeasmunistindaoidanisianalasadaeaiiadienszgnaginaluunavunvesalast
A A , v A o s X A ' e = =

\Waitlanias dougaineAanzuuunisinulassairailaialanseaninanudinguildioan 15 Wi 30 wdl uay
45 wi laldiannuuansnaaespziunluguliisla Median (IQR) W1 1 (1QR 1-1) agiglsfimnu wudidazuuuga

nangui laild EDTA $9ilAn Median (IQR) winri 0.5 (IQR 0-1) fayauansna Table 3
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Table 3 The median (Interquartile range; IQR) of Histological quality score (H-score; part 1) of bone tissue

sections with/without surface decalcification with EDTA (N = 24)

Groups(animals Staining Attachment Structure
per group) Hard tissue Soft tissue (0-2) Hard tissue Soft tissue
(0-2) (0-2) (0-1) (0-1)
Surface EDTA 0 min (6) 2 (IQR 2.0-2.0) 2 (IQR 2.0-2.0) 0 0 0.5 (IQR 0-1)
Surface EDTA 15 min (6) 2 (IQR 2.0-2.0) 2 (IQR 1.2-2.0) 0 (IQR 0-0.8) 0 1 (IQR 1-1)

Surface EDTA 30 min (6) 2 (IQR 2.0-2.0) 2 (IQR 2.0-2.0) 0(IQR0-0.8) 0(IQR0-0.8) 1 (IQR 1-1)

Surface EDTA 45 min (6) 1.5 (IQR1.0-2.0) 2 (IQR 2.0-2.0) 0 0 1 (IQR 1-1)

prunusanmn A lasliaianas

anmsinanstszifiunzuuu 2 dou (ﬂ:LLuumiﬁm”L@m’szfaLﬁlfamfmmm:LLuuqmmwM@m’
ileifianias) wudnAn Median (IQR) 209N qunnaasiilild EDTA9snuARIFnAniuFaniaiy 55
(IQR 5.0-6.8) fAauLANFARLNNEd1ATUN19aDA (P < 0.05) \flauleuiaufuen Median (1QR) ﬂjmnq’uﬁ"ﬁ
EDTA 14auAa I aufiniudanifluiaan 15 und 1unan 30 wil wazifuinan 45 unit iflAnmins 7.5
(IQR 7.0-8.0), 8 (IQR 8.0-8.8) WAz 7 (7.0-7.8) AANATAL u@ﬂmﬂﬁwudﬁmjmmimm@mﬁﬁﬂ'ﬁ Median (IQR) 184
mmuun%ﬁﬂizLﬁu@lqﬁqmﬁ@mjwmmﬁﬁ EDTA 25pupaidasiiudhudendunan 30 wifl Tnadaanaumnsing
aei19ldud1ATYN19ana (P < 0.05) ijmaﬁﬁuLﬁﬂuﬁumﬁ;wmamﬁﬁmmmﬁmme%uﬁuﬁwﬁ@mﬁumm
45 1 agelafau liwuanuuanstsadnaliad1Aun1eaia (P > 0.05) 299A1 Median (IQR) 289AZULUNNT

dszifinszndnangunimaasaild EDTA 2d9aupaidanintiudenidunan 15 win ilenfsauiisuiuazuuums

2RINGUNAABIT L1987 30 W71 uaz 45 W TasauaneAs Table 4 uaz Figure 3

Table 4 The median (Interquartile range; IQR) of Histological quality score (H-score; part | and Il) of bone

tissue sections with/without surface decalcification with EDTA (N = 24)

Groups (animals per group)

H-score
Surface EDTA Surface EDTA Surface EDTA Surface EDTA
(Total score = 11)
0 min (6) 15 min (6) 30 min (6) 45 min (6)
Overall H-score 5.5 (IQR 5.0-6.8)° 7.5 (IQR 7.0-8.0)" 8 (IQR 8.0-8.8)™ 7 (7.0-7.8)*

¢ Superscription within a row indicates the result of pairwise comparison. If there is a common letter, it shows

no statistically significant difference (P < 0.05).
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Figure 1 Representative histological images of longitudinal sectioned-rabbit femoral bone. (A) Control without EDTA
surface decalcification revealing partially distorted structure of bone tissue; (B) EDTA for 15 min; (C) EDTA
for 30 min; (D) EDTA for 45 min. Black arrows indicate osteocytes and asterisks (*) indicate Haversian canals

(H&E stain, x10)

Figure 2 Representative histological images of rabbit femoral bone marrow. (A) Control without EDTA surface

decalcification; (B) EDTA for 15 min; (C) EDTA for 30 min; (D) EDTA for 45 min. Asterisks (*) indicate

megakaryocytes (H&E stain, x40)
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Total Histological quality score (H-score; part | and Il) of bone tissue sections

13 P =0.037

P =0.003 P=10.016

P =0.027 _[_

11

B Surface EDTA 0 min [l Surface EDTA 15 min [l Surface EDTA 30 min [l Surface EDTA 45 min

Figure 3 Boxplot of Histological quality score (H-score; part | and 11) of bone tissue section with significant bar

and P value

Discussion
o = = Y = oy o o o A, '
FLHLIIANTBINTTIALAATENLRNI TN LARNNI s WA EDTA hitladediAnyndinasianinu
Pelunssinduiianszgnanglulasina Tnananisdneafaiivanaliiiuinnisiinszezinanlunisud EDTA dos
AI a a o A’l d’j 3 Y @ 1 = a a 3 <3 <
Wndszansnmlunisinguile azvieulifiudinisantsunnuaaidanuFounantinuaenaunsnanAunia
‘ﬂy dl % 1 = v v a 1 = : dgl a
wpillaitiauazusainuseluiinlulasinuld dsnalinsfindoyun wu n1sanainedduiile n9iAn chatter uaz
AN liaNLaNe Y8 ribbon ARAY NARINAIIAINITRRELNE IAAINNalnN1seangMEees EDTA Gailuansadn
= , de o = : © o I d o
wAaEeN1lsTIY chelating agent NduiLLAsLTEN laaauLazAae 7 NMdnLIsIReananilaitialnelivinans
5 d’f d‘ 1 1 o = d‘ v ° 2 < 1 1l
a9ALsznaunediie fiantineuLse uanFNaINa1sIdnwAataNLszinnIafiwiazinaulimaiondt usiilenia
AHANTENUADINUAZIBEANINAANLITINUIUATAININN19EaNANINNGT Aa e TNInIwAaTENLTII
a v =3 1 = o : j’ = d; v k% o
Aowihudenanadaenaiieane AN NN RATueaRaun N e aenAReaiLseIULeY Suvama
= . o = LA 2 o o = P = .
et al. (2013) Niszyinnisadnueaaidanasnuieanaiduiunaud Ay lunisssonalamietanszgn Wasannus
Adl % : lﬂgj lal ¥ 1 = v a 4 o : dg/
s1pnanAne luduideausninussiuse luilalulasing danaliifinaoneinauinlunisdnduileuay
i lUgn9iin artifacts 119 | 1w N1saNIIATRNLRIEe seudl (chatter) wavsaeluiin (knife marks) Tuns@nm

A3l ngunldsunisrdnueaiiaNtantihudannisiusan EDTA Wlunan 30 wii liamuninnisdnduilouas

q

pNaNysnfaaslaseaaliaiienndingunlilisunisadnueadan axeuliiuiinisantiuiniugsnsi
AnANUTRamiufenamnsodaaaailymniameaiinszudnenisdnalasuasiinanninaesduiladmuiy
nstlszidiunigqanssangnls wanainil H5e971u91 EDTA 81113098 M IASeaF19n199anensanan Aaw

ANYIOILDIUBURLAL $9NTY DNA uaz RNA IAAnd1asadnueaidanaiinnsa esainaangnsinenisduiy
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wAALTaNlaeeu (chelation) Tnelivnananefilsznauaediieiie AR AN N eifadivsunisiimngd
NNNENBINEUATTRNENTEAUTNanataaslaFuN e (Li et al., 2024)

"ﬁmﬁii’]@u%’ﬂﬂ\iﬂ’]ﬁ‘ﬁﬂw’]ﬂ%ﬁﬁ@ wiirmsifinszezaanlunisug EDTA avdaaifinmnadinglunsfatu
{Heathedeiiies LwiLﬁ@ﬁma‘mna’qm“‘u@mmwmimm’mn@wm%ﬁmm wudnIsut EDTA Wluiaan 30 wiiling

v

dd‘ Vv & U o = dl = o o ' o =
Iﬁ]ﬁli")&ﬁﬂ?\m Lmmxﬂmmuma‘m:m@ﬂumﬂ@mLm@Leﬁﬂmmm:mmwmf;f]mmmmﬂm’]ma‘mmmeﬁnmﬂ‘w

' b3 |
o

dl A a oA A M yo o oAl o Q’I d’l 2 1 :I/ 1

W nfige Wasanihusnasesniswisonalasiladiensygnldldatnag iaanssnguiie i ladawingis uses
v P = P aa o ~ 1%
oA naeInsdanduas Tassasenisqaneniangnl3liunngasae

atnglsfinn wudnauninalamilaianiasisludousesnisfindasaiiaitia udsuazgau nnstinfn
sendnaiietie wazlassafvreciiatauduaraeulifiannuansnaiuneadfssudnausiazngunaasdiiiosann
EDTA luansildadnunaiiannimnulaensiasasiatngs uaslinaliiiaaudamasiaiilaitia (Sterchi,
2019) aslinuaruuanssatinsdaau luanieinisldarsnguiiidunsa (Acid decalcifiers) a1adlmanadelu

a . . ] 1 k% d’j di v al & d?lJ di
n191Aim Overdecalfication wazdsnansznusianisiaseasiaiilatiouazamuninnisdendaasaladiiiaiionios
(Skinner, 2003) 7198 1a#A19TWNAN H-score part Il nud1Azwwwnniddanislssiduduu iuinsauizeslas
AMUNIWATY LHBLIANANNINTUAILE 0 Aude 30 Wil sl lduduiudendyu EDTA Wwaan 45 wii wudn
cd e a s o o S e o dey -

AzuusAnNEed ladidaitianinslunniadenisUsyiluiuualinanasienfausudunguildinan 30 wi

LWHANAITUNAZUUTIN (Overall H-score) Wudm@:mﬁéﬁmmm%uL@Wﬁxﬁwﬁmﬁ@ﬂﬁw EDTA {1
1981 30 WP Hazuuugandinguildioan 45 wiiiuaznguasuAnet g Ayneana uanaliiiiudnssazionn
30 wiuan1asimuzanign 1Heasana1N1Inadeannaszidea N e lunsinTuliauaz AN N8
aladlan uddinquitldioan 45 wiazliaoudialunisingangn uiazuuuannwalasdinasunduanas G
a1aifinaNN1sIsaLAa TN TInIRuANA Tl dsnasarudiLazAIN T WIasnsfanAliaiEiansygn Aaiy

= v J= ¥ o o o . = ! o = a v @ Y

HANNIANEIATINAIABAAABSIUAILUELNTDY Sterchi (2019) MLauadINT9dALARLTENIRWIZ RauTinuAanAat
EDTA aasldinaniszunn 15-30 wint ivelildnnininalasmmsnzandmiunisnamanieqanensinen

m?ﬁﬂwﬂum%\ﬁﬁgqLﬁumﬂﬁmme%ﬁmL@Wﬂ:ﬁwﬁhuﬁﬂﬂwwﬂummﬁq@ﬂﬂ\m?z@nﬁumuﬁq (Femur)
Tunsepinawintis nsfnedaniaduillunszgndeuduniac i uiueeuaaldu uuane iU Andndnsneeng

Au sandenaFeueuiudsnisednuaaidanlugluuuau @i a19azane 1% hydrochloric acid T4 70%

o

ethanol@17ava"E 10% formic acid Wisea1saratediagLou - Ala e luiesnain (Proprietary decalcifiers)
(Kang et al., 2003; Sterchi, 2019) aza1usn lidayaneniuilszanininaeinisadnuaadsianiziouinugen
o o o & X = ) ~ A o o . =
ldnsauAguLazalNIzETL uanainil nsAnmsie i luauianasinisiinatuausaeding sanlifennsaens
gaaan lun13ut @13 EDTA Wanunausinisdssiiuaduanndnelunssinduila A uasd e annEeln waz

wanlinislsziluuuunlnils (Blind assessment) iiaanaamnaalfinliuluwiazdunaulsziiy

Conclusions
nM3ANEHLAA9 LW NN3IXA LLML%m@wwfzawﬁmﬁ@ﬂwwﬂummm:@ﬂﬁummﬁaﬂ?:mﬂ

faeidns EDTA anunsnanansidsresudanuaziinanudrelunisinalas nelinsznusalassafeaeailade
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N3zaN el FEUNELITEZaINIUT WUINTuT EDTA Wlninan 30 mNNANNMNIZANTER Hasanlianea
dld ' 1 o ng dgl rdgl dl v o= o = ¥ = o

PAszndanuitelunsinduiieuaramunineesdlasiiaiiianns daualialadiansus oy nisdendands
wazpsanminsaaiautiadie lin anginsutdidungn 45 wndu i liguninaesaladiiaitioniasuenan
nauiug EDTA iluiaan 15 Wi Aviu nisutiantihufannisilusaeans EDTA wluiaan 30 wid anunsnvinly
dszgnaldidudunanainlunisszanduiianszgniisnen iatliudgsnmunnalasduiunisasanisqanens
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