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The Effect of Maceration Techniques for Surface and Outline
Analysis Using Human Bones
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Abstract : The maceration of soft tissues from skeletons is a critical technique in forensic and anthropological
research; however, there is no standardized method for effective bone maceration, particularly for surface analysis.
This study aimed to develop an optimal maceration protocol using detergents readily accessible in Korea to
ensure practical and reproducible application. Experiments were conducted on pelvic bones from 42 fixed Korean
cadavers and one fresh cadaver, comparing the effects of two types of detergents—non-acidic/non-bleach cleaner &
degreaser and oxygen-based bleach—at 1% and 10% concentrations. The findings revealed that both 1% and 10%
non-acidic/non-bleach cleaners slightly outperformed distilled water in soft tissue removal. In contrast, 1% oxygen-
based bleach improved bone brightness but had limited effectiveness in tissue removal. The 10% oxygen-based bleach
demonstrated superior performance, fully removing soft tissues within 12 hours at 90°C and achieving clean, bright
bone surfaces. However, extending the treatment to 72 hours led to significant surface damage, compromising bone
integrity. In conclusion, the 10% oxygen-based bleach method provided the most time-efficient and effective results
for macerating fixed cadaveric bones. Nevertheless, the condition of the cadaver (fixed vs. fresh) should be consi-
dered, as fresh cadavers exhibited superior outcomes. This study highlights the importance of tailoring maceration
protocols based on the cadaver type to achieve optimal results for forensic and anthropological applications.

Keywords : Bone maceration, Human bone, Detergent maceration, Surface analysis
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3w B2 WETA 1], kA ZF BopoN HE
Wi o] oy Ay HHy HAoLof wet ohget A3t
(maceration), A& (cleaning) BHo] A= it WE A|H
317] 9l AR AFLEE 7HF LUkl HPHL mjied
# 2, 7F9 (cooking), BFHA], 23 Aslr} 9ot

1. 0= (Manual maceration)

o] W2 7Mg et o= mA, ZAY, Tt He
Al 59 719-E o83t A=A e AlAshe Wolth. ol ¥
W2 AE7E 59| Wasx] ¢fo, EHo] vlale wo
A Ax2& AASH: dl &olstet. 22y of 2 A4
7t A e Aol AL, A2AE AASH ARk 7]
T2 A3 AFA L S0 AT o] e, W FHo)
AZAY, w2, A3 5 259t F2d A9 oS W
Azt 5 A B0l FEolxIHH2].

2. 718 A3} (Cooking maceration)

AZH A 3] B L& 4]0 7HEetAY 2ol Yol 100°C
o|3}2] oA 4 (simmering), 100°C oA A &4
(boiling) AXZAE AAS| = gt} 7HE HH4of wet w2
A AEAL AAY 4= Lo}, BEsA FHAE A Eelo]
AR AY 52 29| Ao whe} w dFEo] HojA u

3. 4 ¢3}(Enzymatic maceration)

E A (trypsin), FA (pepsin), T3] (papain), T o}
® (pancreatin) 59| A45S T2 ARSI, A9 2719
wzt @ AIZE o] o]l mtiof] Eo] Sl AxRZAS &3] A
AT 4= SltH6]. A0 /de] i, Tzt A=t
Huy w712 Zotfigl= 97t qlo] a4 TRl weh S&
2k 2| A& 7HA 2L S X sfjof gth(7].

4. 2= Hs}(Insect consumption)

A & (coleoptera), 5541 H 0| TH(dermestinae) ] L&

o]-gsto] AZS7| &= sl=tl, AIIIA| ATto] 2 &8
e}, dx2] o] B& A AEH LFo| W7bA] 9o
S7F Qlof A& A3} B WEst] AIRbE 24
SjoF ghth= @o] ok E3h A &3] AR Hl8l A=
WA 4= FA vl-go] WA 7 8].

5. 3FstH A3t (Chemical maceration)

o cto] ot ) EgfotA| E AL (ethylene-diamine-tetra-
acetic acid, EDTA), ¥H4Fsk=4 (hydrogen peroxide, H>0»),

$AEs} YEE (sodium hydroxide, NaOH), <~AEs} ZHE-(po-
tassium hydroxide, KOH), ZH53-A"}E & (sodium perborate,
BNaO;-H,0) 5% ARg-sto] Asslr| = gtrh[3,7.9]. 33t
EAE o] &3 A= B2 A7 wat FAlE 2 &Rt
Wol A AXAE AAL 5= o, FAZE =EEH W7t &
e o lom, W F53 JAlo] dojut Wt vk A
FAA7] $1& =7F EehT].

6. M| Hst(Detergent maceration)

AAIE ARZAAA, FAZAAA, A 5 ot kst
o] et glof gt oM H7HAI= dE ARE
oh1]. o2 g AlAl= A"t A 72 4= Jen, 373 %
P A= vl A o] W dsiel AlAE A%t A oFF
o2 FER Qth. 53], A3k R AlA B oM AAI7E 7}
A AAGT G2 B2 dFolA SA4EA AoE Kol
H 1 7Fs/dS ASIHTHL,10,11]. T3y 7]E Aol A
AEE AAEL dRE =l BriEA] e AEL =,
FEUE A7 B0 d8Aole FATE AT EEL
olF AIAI9] s=oF ARE- 22 et FaRt o] AAH
A gxot A+ Ao AE ol o= =Eo] AT

kA 2 d7te Sl dA 8 5 e AlAIEA
A7E e WA AR ek At B AJA)E ol
§3to] 3t A EAshL, fEvet A e 5eA
A3t WS ALl Pt ol B3 71E A &
AE SESIL, gt 2NN E 28 7t A8t Uy
7|2 vkt gt

i re

Altsta 2|gohste] w8 9 A HH0 7 7|5 o]

dog2 uE THAA 427 (FA 26, AR} 16)
Al G2 1ol A SHtwe] AW 7)Y, §
2 Q3 A3t ¥FS Kol thikE A9
Aspstgict. Aol ARSE FEY| Hit Yol
TAI(47~96A) STt SRk = -2 &2 wt 5
o] EqfAlgt +28 7L glor, w2 89]
L glo] AxZo| FRaitt £, o wojel &
BRI AfAZT ol gl FiEo] EA5t o
1Y 2748 QAT 4= tke HolA & A7l A
EoloA slEmE A2, dotewE 3
sto] RS S gict. o] Juk Qg
HAE o] gate] Hdigh A|A}L, ol
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o] Tl 7HA| ] W 0 2 X (WBT-45, FHto| 28], Q1
A)oll A3 ME T7F AUTH(simmering). 017‘ Aol Al
W Ad 2 Azt a&Folgt AFE MAIES TollA
= TsA] oF= AlFolH, E3F ASE At AlAIY Fx=7t
AEsHA BAIES] QA ottt 1A & A= g
oA = AA F BAA7F R HAM /A AA|
o} FaA) Hio] ol Gt AAY A% HEE AFstsict,
1) 12} 5574, 90°C, 72417k
2) 1% SAA e vlAbY/RES AR (EAE" 848
AZA, LGAEAZ}, AE&Al), 90°C, 72|17k
3) 10% SAA T HAY/REY A (ZAES 848
AIAAD, 90°C, 72417t
4) 1% Ak2A B8 AA (G307,
90°C, 72417+
5) 10% Ab2A] T AA (§3), 90°C, 1247+
6) 10% AbaA) F8 A|A (3-3H"), 90°C, 72417
8oL 3015 7|202 BEon], v 247k} A
Zolzol AAS] FErt Y §A5 FU). o] F wE
AuUjo] wutEa)7] (periosteal elevator)E o835k 2
ZAE gt AAT T ofghgof 2447 Bt EF W Qb
Zo] 9 g 8712 AAT F AdAZIT,

FAARZL, AZA],

FTFT(90°C, 12A1Zholl A= Ast =7t 7 u]Eshal
on Tgw FHo| Fhe] AxZ o] Ty FEETHFig.
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dAoz FREi o, B4t
) A|A|e} vl wstgls o A

1A). F9® Fo] Ao gre 7
Az AA} 1% AiA E
3l 79 Y.
2550k vlwste] 1% v/
& 7S wje] A3} aI ot
o 3] U dol Irh(Fig. 1B). A A Hsh= T2
A ggront, Egm o] A A vyl FR4RTh o7t v
ol AT} 10% HIAY/ R AAZ 4%4S Aol 1% b
A/Ese QAR A3t A3t & o E94) A2 A
A7} vlmA QA o|FolH ok, AR FTA Hjo=
Az7o] ot YGITh(Fig. 1C). FFw T A2 okzh ghop
Ao, 2559 1% vlAg/LEw AAle] 9o ulmet
o) 2 #ske glqich

Abad] o) A (KA A3t 57 FH450 vk
A/REY AA(E2E R FHojton, 19 AbaA Ed)
AN E SEEe] Azxzlo] AAH At (Fig. 1D). FL
2T BTt dzFo] R FEeG T, W ML o)A H)
ARt} gl B &4 BRE A Agith 10% Atd
A ®H A AL 12474 stol= FEmo] dzlo] 7
o] ¢hAs] AAER o, BHE 713 g Aop oz Wat
Sch(Fig. 1E). 10% AbA] 9 AIAZ Qs Ax2]o] A|A
€ w 2@e oh2 shi e j%sla gl

T AR (F2ER A
e S CR R E S

T

o?

i,
=
QW
=3
44
e

3 o] A¢ FEATHEY 2321 7]l
o] go} Z+ Futth xpol7F A et FFrolA=
Jom AulAH] A} A9 o]2ojR|R] ggron uko

=5 B39 23

FHN A AxZo] FE3FATH(Fig. 2A).

Flg 1. The pubic symphyseal surface accordmg to differences in maceration method (A) Distilled water, 90°C, 72 hours, (B) 1% Home-
star” ,90°C, 72 hours, (C) 10% Homestar 90°C, 72 hours, (D) 1% Yuhangen 90°C, 72 hours, (E) 10% Yuhangen 90°C, 72 hours. The
areas where maceration is incomplete and soft tissues remain was marked with arrowheads and circles.



Flg 2. The auricular surface of ilium accordmg to differences in maceration method (A) Distilled water, 90°C, 72 hours, (B) 1% Home-
star 90°C, 72 hours, (C) 10% Homestar 90°C, 72 hours, (D) 1% Yuhangen 90°C, 72 hours, (E) 10% Yuhangen 90°C, 72 hours. The
areas where maceration is incomplete and soft tissues remain was marked with arrowheads and circles.

21 59l Axo] AATA gkl ol gl Ho] B
on, st aup} g ket
1% SRR MRS I8 B4 TRt A
AAZ % o 43 Qs wh ok

T 3l RS HE REHOR AALA eg%os_ Aol v
oF 19iTh(Fig. 2B). MIHAL] A MIE FF40 2 Ho]

7F T 10% BlAHY/FEE AAAE 1%ET dx32]
ol ¥ =AY WuEe|7|E o83t AxF & AAT H
o, SR Tl T AAHA 2 d=3
o] ol UL, o] MYy EL Z Apo]7} AT (Fig.
2C).

AbaA 9 AA|M = Ast B3t SRee vl
o AR ET Hoen, 1% M = tiF2e] dx2]o] A
7=t (Fig. 2D). A =l FHolH= dx2o] dF %
E3f A= Aol FAHUT. WEH WP FFe vAt
A A2 Ao Fdsti o, MEHe 42 wE
A 3ttt 10% AbaA 2 AA M= 1241735 4ot
= x| fiFE AAHNCH, BH2 7P B2 Ae
ATH(Fig. 2E). 7 9] tiF-2] RupFd | At o] F
ojfon, 22X gl F2 LRoA Ao WA
o, A= - A3 B3 (dental explorer)o|ut 21447
(dental scaler)2 ol &9 &4 glo] A= Tt

n o

w3 osteological) ¥ AT-E A2 Wl AZHL
AAsK AL EE23} Azt Wolst Ropol A Bo) A8
o 2% H3t2Q, 54 5 of2 71K wa 24e e

o 2Z]& A3} (maceration)d} WE A H (cleaning)dt=
Hgo] QAR o] F Aol A & 4= e AlAlCIA
EH AT, BAE I8 71 5819 A5 e sk
A sloick. TEm FRATR(12)3} JH AAR[13]2

el O o2 o) 52 W Bl ol £

Ir

EHe) BRol/|% St o] Hole HE B olX
ol AAT LFEF} BRI 722 AT gle.
W o) %, A, o) 5 choRk AR T
2ol Qlrk. thpst A WS 48T 4 gtk Hel

;O

2

_umjgmlﬂr&l%mﬂ
- Hl
rEr

A FEW SPAgEn JYm Aee AT hyos
A,
G st

ER5E Ted] dxFo] Fo] AT HopA s
Hog dAzxzo] ZEAE A o= 2 Wak= glgen,
AR oI, A= AA7F HA oA ATt I 2
A3 ﬂo AL BE7L] A3} =] gtk 10) 18
S A7L T HAAEES AR (EFAE AL 2R
Srtt dzZo] ¥ 3EHA WAAYZ 44 d23S
AAT 4= ik B3 wicho] Aol we FH42 A3S
Ayt AR Mo] 2 Yol 7= Fot. 22t AlA 9
= H3le}l o] Mo] & o]z} Yom, AxZ o] A
Ase Arr n|estgich AR RS R (F2EY R
o} AbaA] B9 AR (REA%) A= T 23} vt §
oo o] ME A 4 UATH 1% AbiA] T A4 o A
L WEH] Mo] 2 W3S HolA] YA 10%H%E 12
A7 4rot= T "ol AL 3ol 4= O‘QiE}(Flgs 1 and
2). EZE AbaA] E8) A 10%014 4 Aol 1247
Akgol= AzxZo] A ot AAEAHFig. 2E). ol& 7
Absleane] FHgo] mE ajo] 2 melth

AbaA] 3o A ZAZE 52 wTo] Mol gholx)
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Fig. 3. In the case of simmering for 72 hours with 10% oxygen-based bleach (Yuhangen®). (A, B) 87-year-old male specimen auricular sur-
face of ilium and pubic symphyseal surface, (C, D) 88-year-old female specimen auricular surface of ilium and pubic symphyseal surface.
The areas where bone has been lost was marked with arrowheads and circles.

Fig. 4. Simmering with 10% oxygen-based bleach for 12 hours in a fresh cadaver. In 51-year-old male specimen (A, B) left side auricular
surface of ilium and pubic symphyseal surface, (C, D) right side auricular surface of ilium and pubic symphyseal surface.

W Az U2 AASA gobw P YER dAsh AFo]l o Mg Az W vl RERS Fo|n, .—E& £ Haggte
LolHT} 10% AbaA T A (FFA")Z 7247HS 4+ 22X d7g = g
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Aol FYmel M BE SRR, AN (o) EF R AT

WOl 2 7 % e AAE A
o Psion wk ole AXIAT FAAE ERlol & of AT BTHL A WM DY AF 9
H3HA) Gorom, ok Wl A% Fgo] A% untch Wy} AT mEo] 3R G nA 4 9 Ao AguEc),

UFEo] Al whAP A wiTief 1 FHo] 249 A7 B a2 AbeA B *ﬂxﬂ (A" T4 (H0,) S
ol 73kl A3 FA181H7] of 2 Rrh(Fig. 3). SHrstaL ol st 3 A1A & W) 2H Aol 8ol

10% AtAaA B9 AAE L3t B 1o o3} upie = 9o} g8 B3 Ak (deoxyribonucleic acid, DNA)=
T Wolsh © ARe AN H85 A8E ThsHel  FEdle] HASE AT AL AL WFol Basi,

E1-% lg,u WL HE Ao A9 W 2O HxZ Steadman 5 [3]> IAEeA 3%E o|8sto] A3t o]F
A BT A43T BRH0R Ssks d o4l Wl DNA S22 SI5H ZaoLt, Bk}
71 ‘21% o= Welth B3|, 124)7tolgk= B2 A EFo] B9 & AEAA (Biz")ol e DNA FEo| Ui
=0 Wo|st Al A BRET} = H AL 3oldt bl 9ok B AFo A ARLH 4}5\_74] 3
= A2 7|dgr}. RS Ropol A= W) 2 A2 i AlAle IS4 45%F Fek A, H) ARRE B



£ 045%%7) WiZoll DNA & 9 53 7/ oigh &
7+ Basi,
NAE AAT AR ke AXMA)Al(fresh cadaver)S

HIEE A3 AAAAY A9 FUT 2A(10% A4 E
) 414, 90°C, 12417helA] B Eelo] & WohA 3 e o
24 BA3| 4L A0 FAHUTHFig. 4). o) AAA
Alo] AT WS 7] Aol wiek dzlo] o 47
AA ] o2 BerE,

£ A4 10% AAA AL Azt mater A7 B
X ZRolA 7HE 940 ATHE Uehie B3], 90°ColA
12407 B¢ ARE o) P g Rk =
SolA] A2 AA7} A ghels] o|goigom, W HH
) w3 B AR A o) B AZE o %
© o5} BIE UehiH FolH, 7120} FRah Ay
88 AAE A4S PRt BA 1249 Aow gl
et

3, A1) A (15, AAD S W) 5919 72 B4,
A2 REo| B &g T AaA Eu A S
PSR 45% T 10%2 1247 AEE A7he 23
sfe] diste Awsihe, 7bg BLA W A 9 AL
S 4 9 Ao BT,
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22 Wo) 4 A2HS AASE ABK(maceration) 714 Woleknt QIS AN BEHOR AHGHE WO
WA WY B4 AR 229 A4, BE AL 5 R B4 9 BSE0 AT, 55 Wy 2w A7
9ot BES1E ASH P o3| REshul, F|Ee] WHES AZE A8, HE, BY &4 SlA A7 it
AL o3t BAIE s@stust, GFelA 44 TF 4 Gk AR AR AxA E8 NS B8}
o)1 81l A3k S TUSHYTH ABL 0°CAA 12417 R 72412 Bk AAE Yon, gkl 7

A 427, ARAA 179] BUHE o2 Zizte] dst AukE wlmstelch. AT A, HAHYREY AAE

THEY 43 A7 g Seflon, A2 AA7E H golstint. T2 A sy AAAH 2H wldde
ol S HolA| Qekeh Wb, AkaA E AlAls =2 AlAS W FH| B7] dolA] 7 Wirc o3 A
BRI 53], 10% AtA W AJA|= 90°ColA 12417 ool A=2E 79 &3] A|AsH, W TS &
ZEHA RISk H HEd QRS B ol 71 SRS B EY AAIE AR St W ET Al
I aed WA e Hold ALR FAFUT. 2 FUT 2NN 72417 F AT B, W EH|
o] TS Z712Ql & Hyolu H 240 A7 Y& & A5 BAFUY. 2 dFE 10% 4
AAZE 285 Al dstet 7 A2E A HA 9] Yde dSsHAT B3, AAAA0l 18"
At a7t o Lefss AL, o8 T3l A4l AH (A, Aok W) F22 54w A
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o > B o N kol flu oo oX & rfmome fuorN
m S :
—Q'J::

242 2N T BRAS ALV £ ATE MelS W AR AT W Astet BE A% B B
shsta, S o] AT ASH WHS ANFORN B Hoke] Ao 7ol 4 9 RO JgEch

HOtE7| L - W ASh Abe] W, A4 sk = 24
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