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- ML D54 ; VIF, variance inflation factors; BMI, body mass index.

WO F ARSI 22 e 2SI LY, 0k
L, oY EBROERE D L TWD. KIS, CT
W% 7 — % AR, YER 72 &% H o TR R R Y % i
ETDLREMERL72E 25, IEHNO T 2R A 2
RIS, R ) MBS L 2 LR s iz, 5Bk
FEMEEH & CTHGR LB L ORI T 2R s



FEIRAEAL & FEM e IR TR i 5X

B THbHBEL, 4%, B OBREDPRENS
DEEEERZLONDS.

(5) IM#&DBIEfE & FEEFEBRFRE DORER

B, MEOWEAE & SEEREEIRER & ORIFRIZO W
THRE L, SEmABIREM O e E2ER L7z (1) 126
Womy, ERITEHZEL CMEEADDOTH L
O, MO ERIIEHOMITEE L5 2 Tnwb L
EZOND. HoT, MEDOTZDDH DHIEHRMEERH
EHRAH L DOTIE RV LEZ, MEON D EDTH
BED Ll 72 & N AL AR E IR ] D HE 2 X 2 AR L 7277
fos (Lha'b'), Al (Lha'b'), KERIL (La’b)
i, I=HI NI EOT T AT v 7 IV CM-AL30IZ A
WM 24T > 7. WIR OB JE R MR o Wl i, f#E i
R rzHw o L iz 22 R LzL 2
%, adjusted R°fH2%0. 64, D F YLD L HD64% % 7t
BHWHRECTH - 72,

L', =0.7148 X L'. +0.2623 < L, — 1. 027 x 45 (1, 5
PEo -1, &) +0.9606 x SEAETEGRE (1, b
D=1, &L) +9.025
L ZAT, HEXOREDEUZD, HHOMIEE

TONTOHED T-EETH L. RHETIE, HED

IO LME, folio L i, YR, FHEGEE L V)

7254 sUSERINE L, WIS FHBHTRE RN T CTh -

7z, BT, SEBEO M EAERL R R Sz, i

DOWEfEE V256 E Wi WS, EhEh Tk

REmEEM 25 AN A MER L7z, Motz Huv

e HDEISET L L W RETH 72205, Hnewn

Y& @ adjusted R fHA%0. 5255 CHEEEAS + 10, 20/, H v

72354 @ adjusted R 230, 5379 THEEEDS + 10. 720 &,

FHE L TR L VBT KT LCwn/ BRI

MRTCH LRI TRETE T nkE, e 2B

EZONDY, SHROWEHTETH 5.

WA, MR O Pl & FEH% R # R O BIFR 2 MG L,
FERE DML Z IS, M ol & @ T R o A
THERBIEM 2 HEE T 2R EBER L%, B LA
HPATIE, ST TICMFEOM & IEHRFEBIE N O MR
Miad Lo id 7 5 v, F 72, e otz i
MULZawEEE, (1) TR LHEERLRY, JERD
A 7 & VTR B O K2 i ORIl 2 v 2 BN R,
DF ) OME NG 2 Ul RN, [ifETH5.
MEOWEAED S 5, FfE & LM %R IHH REH%
PRk & AOMBEZRTHESH 57275, wihd
NS ETH - 72, Mo Rl & s T 2 v T
PER L 7Sttt M o e s L 0, JER67TRM £ C
DOFPHT, +8. 84K DOREE CHEEWRE & 7 o 7.

PMI (H§[H) =1.759% a’ —3.022 X a’ + 2. 492 x ¥

(1, B -1, M) +0.09141 x fEhE (%) —
3.512x —E b FWEE (1, 0 -1, L) +
6.652x EWIEHE (1, Y -1, %&=L) —8.523

x@em (1, HYBE0%L; - 1, KRIFHkEEL)
-3.373x @A (1, &Y -1, &L) +33.51

BbHUIC

TEFLRBIR & OBRICOWT, I E Tl
WORMEIEE, BARER, CTHRTHR 2TV, 5k
ZAUIZ R % BT T T OHRERE DN SE A R IR i O 3
ERDVEW AT - T &7z, B O BB E I EE A G & AH
Mo LxRWAZL, FERERRR L S
D7D, FEEREE O ERUZIF L LT v e
oz, BEEEEICOWTIE, EERGARMZHEET S
bl n) Xy, EErERTHEET 2 RITIEHRLER
MORTFEZMzZ 2 Z & T, FEHERERER 2L E IR
IFFHBEZRT I ENTE . CTHRIZOWTIE, Tk
Rk e T A2 N 2B L2 b oo, FEWEE
FoEPYORETHY, FHLNVIZEHELTWD
LA, iz T, FERONGAD S i
T 0, RO AL 2 i b 371 IR O 6 fE T HE AR
BHZEETHETAETEL. WTIhoOWRD, 5%
FHEBBEEL T EARED 1O TH L. T/, HER
THITEMREREZ T TIIRL, ZoMoBEHEEE
OBROMGETR, MENTE R LR L & ORI To
21T %L, il —h—0OWKEEITHIZLITLo
T, L )MHEOEGILEREERH O E R Z/ERT 5 2
EDWMRETH D EZZTWAD, E5IT, BHEICCTEE
VREEINT2T 06, CTHET — 5122V T, JEERE
LI % LT INT, CT EORABRICOWTOmSE
ZEHICHED, LA 21T PRETH L. KIS,
INFETRNEMETHIUTMEMDO A, FEETH IR
WOAR TR ZIT> TED, 57HI1F, TNHE&TEN
FEICE R L 72l R M o2 K2 1EK 35 2 & T,
BEON ESHFTCELOTIERWAEEZ TV,

BEEB TR BRELEZ BT CEALZ LIZTE T, B
BEAD XY L HILEEEB~NORE GHIRE 2 5.
L DB EO R VAL AR O E X Z T 52 & T,
WHEAEEEZ G Z5RTFIAHLNELRY, 202 L
MBELITHEEORFHVHEEXOERIZO%23), Zov A
I NVEFEFbLL TN LT, SHRENL ERESE, HE
MR 72 B 2R EMES AT 2 b D EE X T
w5,

I

BEE T LR AR E R AR E O HIZH 20,

649



H

EELZROKAT, ECICKBOBEKISO I ) EFLHE L

EFEY. AMRICHZD,

THEEWZ& E LU

RER LR S 58 Bk IR 27 3BT 0 {th T iR sz & W 52
BOJ 4, B RFERFBER A 7ERHE R EHE O
HEEFBREMREOT 412, Tz LET.

3)

4)

6)

7)

10)

11)

12)

650

X &

HAGERE 22 1 [19824F HARE AR HHF LA S
15 | http://www.jslm.jp/about/definition.html (7 7 & A
H 2019/7 /28)

Henssge C, Madea B: Estimation of the time since death.
Forensic Sci Int, 165: 182 — 184, 2007.

Saukko P, Knight B: Chapter 2 : The pathophysiology of
death. Knight's Forensic Pathology. 4 th ed, Saukko P,
Knight B (Ed) , 55— 93, CRC Press, London, 2015.
Weatherall IL, Coombs BD: Skin color measurements in
terms of CIELAB color space values. J Invest Dermatol,
99: 468 — 473, 1992.

Vanezis P, Trujillo O: Evaluation of hypostasis using a
colorimeter measuring system and its application to
assessment of the post-mortem interval. Forensic Sci Int,
78: 1928, 1996.

Usumoto Y, Hikiji W, Sameshima N, Kudo K, Tsuji A,
Ikeda N: Estimation of postmortem interval based on the
spectrophotometric analysis of postmortem lividity. Leg
Med (Tokyo) , 12: 1922, 2010.

Arroyo A, Rosel P, Marron T.: Cerebrospinal fluid:
postmortem biochemical study. Clin Forensic Med, 12:
153 — 156, 2005.

Swain R, Kumar A, Sahoo J, et al: Estimation of post-
mortem interval: A comparison between cerebrospinal
fluid and vitreous humor chemistry. Forensic Leg Med,
36: 144 — 148, 2015.

Yadav J, Deshpande A, Arora A, Athawal BK, Dubey BP:
Estimation of time since death from CSF electrolyte
concentration in Bhopal region of central India. Leg Med
(Tokyo) , 9:309— 313, 2007.

Coe JI: Postmortem chemistry update. Emphasis on
forensic application. Am J Forensic Med Pathol, 14: 91
=117, 1993.

Thierauf A, Musshoff F, Madea B: Post-mortem
biochemical investigations of vitreous humor. Forensic
Sci. Int, 192: 78 — 82, 2009.

Usumoto Y, Kudo K, Tsuji A, Okumura M, Thama Y, Ikeda
N: Estimation of postmortem interval using electrolyte
concentrations in the cerebrospinal fluid via multiple

regression-based equations. Acta Crim Japon, 84: 103 —

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

109, 2018.

Brown PD, Davies SL, Speake T, Millar ID: Molecular
mechanisms of cerebrospinal fluid production.
Neuroscience, 129: 957 — 970, 2004.

Fukunaga T, Mizoi Y, Yamashita A, et al: Thymus of
abused/neglected children. Forensic Sci Int, 53: 69 — 79,
1992.

Arnal JF, el Amrani Al, Chatellier G, Ménard J, Michel JB:
Cardiac weight in hypertension induced by nitric oxide
synthase blockade. Hypertension, 22: 380 — 387, 1993.
David-West AS: Spleen weight distribution in Ibadan and
its relationship to disease. Afr ] Med Med Sci, 11: 53 —
59, 1982.

Aimi S, Yasoshima S, Sugai M, Sato B, Sakai T, Nakajima
Y: Studies on the weight and size of internal organs of
normal Japanese. Acta Pathol Jpn, 2: 173 — 200, 1952.
Furutani A, Noda H, Yamaguchi M, Tatsumi S, Yasui M:
Standard weight of the normal brain, spleen and pancreas
in Japanese. Acta Med Kinki Univ, 24: 19 — 25, 1999.
Hitosugi M, Takatsu A, Kinugasa Y, Yakao H: Estimation
of normal heart weight in Japanese subjects: development
of a simplified normal heart weight scale. Leg Med
(Tokyo) , 1:80—85,1999.

Investigation Committee of the Medico-Legal Society of
Japan: Reports on medico-legal data from massive
investigation performed by the Medico-legal Society of
Japan: weight and size of internal organs of normal
Japanese today. Jpn J Legal Med, 46: 225 — 235, 1992.
[in Japanese]

Kurihara K, Kuroda N, Murai T, Yanagida J, Watanabe H:
Reconsideration of organ weight in Japanese ( 1) . Heart
Acta Anat Nippon, 64: 495 —499, 1989. [in Japanese]
Ogiu N, Nakamura Y, Ijiri I, Hiraiwa K, Ogiu T: A
statistical analysis of the internal organ weights of normal
Japanese people. Health Phys, 72: 368 — 383, 1997.
Tanaka G, Nakahara Y, Nakazima Y: Japanese reference
man 1988-IV. Studies on the weight and size of internal
organs of normal Japanese. Nihon Igaku Hoshasen
Gakkai Zasshi, 49: 344 — 364, 1989. [in Japanese with an
English abstract]

Yoshimura M, Furutani A, Konishi S, et al: Normal weight
of the heart, liver and kidneys in Japanese (1988 —
1992). Med J Kinki Univ, 19: 297 — 302, 1994. [in
Japanese with an English abstract]

Planning and Investigation Committee of the Japanese
Society of Legal Medicine: Questionnaire research
performed by the Japanese Society of Legal Medicine:

Weights and Sizes of Internal Organs Measured in



26)

27)

28)

29)

30)

31)

32)

FEARZEAL & FEMR A iR IR 4E 72 5K

Forensic Autopsy Cases from 2009 to 2013 in Japan;
2015. Available from: http://www.jslm.jp/problem/zouki.
pdf. [Last retrieved on 2019 July 28].

Usumoto Y, Omura K, Sato K, et al: A statistical analysis
of standard organ weights and their changes during post-
mortem interval using forensic autopsy cases. Acta Crim
Japon, 81: 1 —6, 2015.

Usumoto Y, Kudo K, Tsuji A, Thama Y, Tkeda N: Effects of
post-mortem interval and cause of death on organ
weights. Saudi J Forensic Med Sci, in press.

Takahashi N, Satou C, Higuchi T, Shiotani M, Maeda H,
Hirose Y: Quantitative analysis of brain edema and
swelling on early postmortem computed tomography:
Comparison with antemortem computed tomography. Jpn
J Radiol, 28: 349 — 354, 2010.

Berger N, Ampanozi G, Schweitzer W, et al: Racking the
brain: Detection of cerebral edema on postmortem
computed tomography compared with forensic autopsy.
Eur J Radiol 84: 643 — 651, 2015.

Shiotani S, Kobayashi T, Hayakawa H, Kikuchi K, Kohno
M: Postmortem pulmonary edema: A comparison
between immediate and delayed postmortem computed
tomography. Leg Med (Tokyo) , 13: 151 —155, 2011.
Durlacher SH, Banfield WG Jr., Bergner AD: Post-mortem
pulmonary edema. Yale J Biol Med, 22: 565 — 572, 1950.
Durlacher SH, Banfield WG Jr., Bergner AD: Post-mortem

33)

34)

35)

36)

37)

38)

Abstract

pulmonary edema. Am J Pathol, 27: 688 — 689, 1951.
Zerbini T, da Silva LF, Lobato Baptista PA, et al:
Estimation of post mortem interval by tomographic
images of intra-cardiac hypostasis. J Forensic Leg Med,
38: 111 — 115, 2016.

Hyodoh H, Shimizu J, Watanabe S, Okazaki S, Mizuo K,
Inoue H: Time-related course of pleural space fluid
collection and pulmonary aeration on postmortem
computed tomography (PMCT) . Leg Med (Tokyo) , 17:
221 - 225, 2015.

Iwamoto C, Ohuchida K, Okumura M, et al: Postmortem
interval estimation using the animal model of
postmortem gas volume changes. Leg Med (Tokyo) , 32:
66 — 70, 2018.

Okumura M, Usumoto Y, Tsuji A, Kudo K, Tkeda N:
Analysis of postmortem changes in internal organs and
gases using computed tomography data. Leg Med
(Tokyo), 25: 11— 15, 2017.

Usumoto Y, Kudo K, Tsuji A, Thama Y, Ikeda N: Predictive
equation for post-mortem interval using
spectrophotometric values of post-mortem lividity: A
pilot study. Forensic Sci Int, 297: 47 — 55, 2019.
Usumoto Y, Kudo K, Tsuji A, Thama Y, Tkeda N: Predictive
equation to estimate post-mortem interval using
spectrophotometric blood-colour values. Med Sci Law,

59: 36 —41, 2019.

IDENTIFYING THE FACTORS THAT AFFECT POST-MORTEM CHANGE AND
CREATING AN EQUATION FOR ESTIMATING THE POST-MORTEM INTERVAL

Yosuke Usumoto

Department of Legal Medicine, Yokohama City University Graduate School of Medicine

Estimating the post-mortem interval (PMI) is essential in forensic pathology. In forensic practice, we usually use

post-mortem changes such as post-mortem lividity and rigor mortis, which occur after death of the body, and the

rectal temperature. However, the assessment of post-mortem lividity and rigor mortis is subjective, and the rectal

temperature is markedly affected by the surrounding environment, such as the environmental temperature and the

extent of sun exposure. In this paper, the four different approaches that I have developed for accurate PMI estimation

and how post-mortem changes can be assessed using a spectrophotometer, the concentrations of electrolytes in

cerebrospinal fluid, organ weights, and computed tomography are presented.
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