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Abstract The temperature-based nomogram method for
estimation of the time period since death was used at the
scene of death as the primary method within a compound
method in 72 consecutive cases. The situation and cooling
conditions inspected and evaluated by the forensic pathol -
ogist at the scene are described as far as necessary to
enable handling of the method. A comparison of the
estimated period since death with the period determined
by the police investigations demonstrates the reliability
of the method. There were no contradictions in any of the
60 cases between the period of death estimated by this
method and that determined by the police investigations.
The crimina investigations were effectively supported in
the earliest stages in 11 cases despite the fact that the pe-
riod estimated was of considerable duration.

Key words Time since death - Nomogram method -
Rectal temperature - Practical casework

a variety of methods (compound method) and which can
be applied at the scene[1, 2, 3, 4]. For this purpose, anin-
teractive computer (note-book) program was developed
(Henssge CA, http:// home.t-online.de/home/Christoph.
Henssge/t-zeit.htm). The examination at the scene takes
about 10-15 min and the preliminary estimate is then
given. In coordination with the investigators we have used
this compound method in casework at the scene. By
means of a detailed description and analysis of all cases
further experimental experience has been gained and
problematic aspects elaborated. All examiners were expe-
rienced in using the compound method.

In this article, the main component of the compound
method, the temperature-based nhomogram method [1, 3,
4,5, 6, 7] isevaluated. Part I of this study presentsthe re-
sults of the non-temperature-based methods in detail, the
procedure, and the integrated results of the compound
method.

Introduction

Inspection of the scene of crime by the forensic patholo-
gist who also performs the autopsy is of paramount im-
portance both to him and to the criminal investigators.
A medico-legal evaluation of the time interval since death
given at an early stage may considerably assist the inves-
tigative efforts. Therefore, the reliability of such an evalu-
ation is most essential. Bearing in mind the inter-individ-
ual variability of al post-mortem changes which renders
the application of individual methods in isolation ineffi-
cient, arational procedure has been designed to integrate
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Material and methods

In 72 consecutive cases investigated between November 1993 and
October 1997 (Table 1), the scene of crime was inspected by a
forensic pathologist and the body was examined in the actual situ-
ation as far as possible. Autopsies were carried out in all cases and
histological and toxicological examinations were performed if nec-
essary.

Methods and procedure

The examination of the body at the scene began by using the rectal
temperature-based nomogram method [1, 4]. The body weight was
estimated at the scene to within 10 kg and then measured exactly
at the time of autopsy. If necessary, the preliminary estimate of the
period since death given at the scene was corrected immediately
according to the exact body weights listed in Tables 4-10 and a
comment was made if it did not fall within the range estimated.

Cooling conditions which differed from the chosen standard [1,
4, 8] were taken into account by a correction factor (cf) of the ac-
tual body weight according to Table 2 under three aspects:

a. Clothing/covering of the lower trunk, dry or wet

b. Calm or moving air

c. Type of substrate (increase or decrease of the cooling rate when
compared to neutral)
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Table 1 Details of the cases
evaluated in this study
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Case Sex Age Cause of death Event Comments
1 m 31 Bleeding, stab wound to heart Suicide
2 m 21 Cardiac tamponade, bleeding, stab wound to heart Homicide
3 f 78 Bleeding, aspiration of blood, multiple blunt Homicide
injuries
4 f 25 Manua strangulation Homicide
5 f 31 Manua strangulation Homicide
6 f 81 Manua strangulation Homicide  Samesceneas?
7 m 84 Hanging Suicide Same scene as 6
8 m 55 Protracted bleeding and finally pneumothorax, Homicide  Survival interval?
blunt force injuries (twice)
9 f 33 Laceration ponsand medulla oblongata, Homicide
bullet wound
10 m 46 Cerebral laceration, bullet wounds Homicide
11 m 31 Bleeding, aspiration of blood, stab wound to neck Homicide
12 m 49 Bleeding, stab wounds to neck Homicide
13 m 48 Skull fractures, cerebral laceration, multiple blunt Homicide
injuries, and bleeding, multiple stab wounds
to heart and lungs
14 f 60 Bleeding, ruptured oesophageal varices Natural
15 m 25 Bleeding, bullet wound to lungs and liver Homicide
16 m 62 Laceration brain, bullet wound Suicide
17 f 27 Strangulation by ligature Homicide  Stab wound to lungs
post-mortem
18 m 42 Aspiration of gastric contents, blood Homicide
alcohol 3.48%o urine 4.85%., multiple blunt
injuries to head, neck and abdomen
19 m 28 Hanging (ground contact) Suicide
20 f 44 Bleeding, knife wounds to wrists Suicide Survival interval?
21 m 44 Strangulation by ligature Homicide  Surviva interval
objectified
22 m 37 Bleeding, bullet wound to aorta Homicide
23 f 95 Myocardial infarction Natural
24  m 37 Strangulation by ligature Homicide
25 f 21 Bleeding, multiple stab wounds to lungs, Homicide
aorta, liver and spleen
26 m 26 Bleeding, multiple bullet wounds to lungs, Homicide
aorta, carotids and liver
27 f 26 Strangulation by ligature Homicide
28 m 54 Bleeding, stab wound to heart Homicide
29 m 32 Bullet woundsto brain, spinal cord and lung Homicide
30 m 48 Unclear (autopsy, toxicology, histology) U”nclear
illness
31 f 42 80% Surface burns of 2nd—-3rd degree Suicide Spray-container of
inflammable
accelerant
by the body
32 f 48 Manud strangulation Homicide
33 m 25 Amitriptyline/nortryptiline poisoning (2 mg/l, Suicide/ Malignant
varnish sniffer, no evidence of solvent in lungs) accident hyperthermia?
34 m 53 Bleeding, stab wounds to subclavian artery Homicide
and vein and lungs
35 m 83 Airembolism and bleeding, combined with Suicide A working storage-
cut throat ECG was found on
the body
36 f 23 Bleeding, aspiration of blood, stab wounds to Homicide  Same scene as 37
lungs and neck
37 m 3 Bleeding, stab wounds to carotid Homicide  Same scene as 36
38 m 53 Inhalation of fumes (CO and cyanide), 20% Suicide/
surface burns (postmortem?) of 1st—2nd degree accident
39 f 50 Combined, internal bleeding (blunt injury), “Accident”
aspiration of gastric contents, alcoholic poisoning
40 m 38 Bleeding, stab woundsto tibia vein and artery Homicide  Survival interval?
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Table 1 (continued) Case Sex Age Cause of death Event Comments
41 f 42 Hanging Suicide
42 m 57 Bleeding, multiple blunt force injuries, multiple Homicide
sharp lacerations to scalp
43 f 50 Bleeding, stab wounds to lungsin combination Homicide
with manual strangulation
44 f 74 Strangulation by ligature Homicide
45 m 13 Asphyxiaand congestion by “headstand” position ~ Accident Survival interval?
(questionable)
46 f 28 Cerebra laceration, missile retained in skull Homicide Same scene as 47
47 m 31 Cerebra laceration, missile retained in skull Suicide Same scene as 46
48 m 29 Cerebral laceration, blunt force injuries to head Homicide
with axe
49 f 22 Bleeding, multiple stab wounds to neck (carotid) Homicide
and lungs
50 f 54 Bleeding, rupture of liver by blunt injury Homicide
51 m 38 Cerebral laceration, bullet wound Suicide
52 m 34 Bleeding, stab wound to heart Suicide
53 m 35 Bleeding, stab wound to aorta Homicide
54 m 34 Morphine (blood, 0.2 pg/ml), acohol poisoning  Accident
(blood 1.62%o, urine 3.32%o)
55 m 57 Bleeding, laceration of lungs, run over by car Traffic
accident
absconding
from the scene
56 m 23 Bleeding, stab wound to heart Suicide
57 f 53 Plastic bag suffocation, intoxication, blood, Suicide Survival interval?
aspirin (200 mg/l), paracetamol (120 mg/l),
alcohol (1.79%o)
58 m 38 Bleeding, stab wound to heart Homicide
5 f 29 Gastrointestinal bleeding IlIness
60 f 43 Strangulation by ligature Homicide
61 f 40 Bronchia asthma IlIness
62 f 36 Cerebra laceration and bleeding, blunt injuriesto  Homicide
head, stab wounds to neck
63 m 40 Intoxication, chlorahydrate (blood 200 mg/l) Accident
64 m 48 Cerebra laceration, bullet wound to brain Homicide
65 m 30 Cerebra laceration, blunt force injuries to head ?
66 m 42 Plastic bag suffocation, intoxication, vinylbarbital ~ Suicide Survival period?
50 mg/l blood
66a f 9 Intoxication, vinylbarbital 10 mg/l blood Homicide
66b m 5 Intoxication, vinylbarbital 25 mg/l blood Homicide
67 f 32 Manud strangulation Homicide
68 m Internal bleeding, gastric ulcer with erosion IlIness
of large vessel
69 m 60 Agpiration of blood and bleeding, stab wound Homicide
to neck
70 m 45 Cerebra laceration, bullet wound to brain, Suicide Same scene as 71
medulla oblongata
71 f 43 Laceration of cranial region of spinal cord, bullet ~ Homicide Same scene as 70
wound to neck
72 m 52 Bleeding, stab wounds to subclavian vessels Homicide

and lungs

By means of the values given in Table 2 a combined cf was ini-
tially chosen according to the points a and b. If the substrate was
considered to have an influence, the cf was increased (>A< or
>Ap<) or decreased (>B< or >C<) accordingly, as compared to a
neutral substrate. The marks (>figure< and >letter<) were added in
Table 2 to support a comparison between the cooling conditions

described in Tables 4-10 and the cf chosen for each case. Asit is
impossible to select an exact cf, a range was chosen.

In cases with strong insulating conditions and high or low body
weight, the chosen range for the cf was additionally adapted ac-
cordingly [3, 4] by means of the computer program.

The resulting time of death was either read on the nomogram
[1] or calculated by the computer program.

The period of death was calculated in two ways:
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Table 2 Empirical correction factors (cf) of the body weight [1].
The cf values listed apply to bodies of average weight (reference
70 k), in an extended position on a thermally neutral substrate.
Only the clothing/covering of the lower trunk isrelevant! Marksin
>..< were added to support a comparison between the cooling con-
ditions described in Tables 4, 5, 6, 7, 8, 9, 10 and the cf chosen for
each case. Thermally neutral substrates are normal floors of rooms,
dry soil, lawn, asphalt. In comparison, substrates which look more
thermally insulating or heat-conducting should be additionaly
taken into account: see Table 3.10in [4]:
— >A< Excessively thickly upholstered substrates require a cf of
1.3. for naked bodies. In cases of clothed bodies the cf should be

C. Henssge et al.: Estimation of time since death |

increased by 0.1 units (thickly clothed) to 0.3 units (very thinly
clothed)

— >Ap< Means ‘A partiadly’: Insulating but not excessively
thickly upholstered substrates such as mattress (bed) or thick
carpet require a cf of 1.1 to 1.2 for naked bodies. In cases of
clothed bodies the cf should be increased by 0.1 unit

— >B< Substrates which accelerate cooling, e.g. concrete, stony or
tiled substrates on ground require a cf up to 0.75 for naked bod-
ies

— >C< In cases of clothed bodies lying on substrates according to
>B<, the cf should be reduced by 0.1 units for thicker clothes or
by 0.2 units for very thin clothes

Dry clothing/covering Air Correction Wet through clothing/ Inair In water
factor covering wet body surface
0.35 >11< Naked Flowing
05 >12< Naked Still
0.7 >13< Naked Moving
0.7 >14< 1-2 Thin layers Moving
Naked Moving >1< 0.75
1-2 Thin layers Moving >2< 0.9 >15< 2 Or more thicker Moving
Naked Still >3< 1.0
1-2 Thin layers Still >4< 1.1 >16< 2 Thicker layers Still
2-3 Thin layers >5< 1.2 >17< More than 2 thicker layers Still
1-2 Thicker layers Moving 12
or still without
influence
3-4 Thin layers >6< 1.3
More thin/thicker layers >7< 1.4
Thick blanket+ >8< 1.8
Clothing combined >0< 24
>10< 2.8

Table3 Permissible variation of 95% of the calculated time since
death in dependence on the progress of cooling ‘Q’ according to
[1] (Q is defined as rectal—ambient temperature/37.2 °C—ambient
temperature)

Progress of Standard Using corrective
cooling conditions factor

cf=1 cfz1
1.0>Q>05 +2.8h +2.8h
05>Q>03 +3.2h +45h
03>Q>02 +45h +7.0h
02>Q>0.1 Reliability does not exist

(—10 h as minimum death time)

a. Thetime of death was read off or computed using the mean val-
ues for the selected ranges of body weight, correction factor and
ambient temperature. The known permissible variation of 95%
[7] related to the progress of cooling (Table 3) was added.

b. If the selected ranges of ambient temperature and correction
factor were broad, two values for time were read off on the
nomogram [1] or computed. The (shortest) time resulting from
the combined lower limits of the evaluated ranges of body
weight, ambient temperature and correction factor and the
(longest) time resulting from the upper limits of body weight,
ambient temperature and correction factor were used. The per-
missible variation of 95% was not added to these values.

If mode b of calculation resulted in a broader range of the period
since death than mode a, thiswas used and islisted in Tables 4-10.
All mathematical calculations were performed automatically by
the computer program at the scene by means of a note-book com-
puter.

Results

The data for al 72 cases are described in detail and di-
vided into typical groups to provide practical guidelines
for evaluation of both the correction factor and the mean
ambient temperature in relation to the findings at the
scene (Tables 4, 5, 6, 7, 8, 9, 10)

In some cases in Table 5 (moving air), the situation at
the scene indicated that air movement was only temporary
and areduction of the cf was chosen between moving and
calm air. In case 11 with three layers of clothing, it was
debatable whether moving air required a reduction of the
cf or not but areduction by 0.1 units was chosen. It should
be noted that asphalt (cases 2 and 55) and lawn (case 64)
were classified as thermally neutral substrates.

In several cases given in Table 6 combined factors
such as moving air, wetness and substrates which ap-
peared to accel erate body cooling were taken into account
by using a reduced cf.

In the cases of Table 7 the cf was increased by 0.05 to
0.2 units depending on the subjective impression of the
investigator concerning the insulating features of the sub-
strate.

The bodies of four cases (Table 8) were covered with a
blanket; one further case (case 33) covered with a thick
blanket is listed in Table 10. The cf was chosen by also
taking the type of substrate into account. For the body of
the 3-year-old boy found lying on the floor on athick car-



307

C. Henssge et al.: Estimation of time since death |

>g< Apripawwi
WI00J 002 B Ul P210IS Sem
Apoq ay) Buiyloo Buirowe.
lole ‘erdsoy Jo uouy

w001 Buisal 000 JO IR + 'BPISINO 11V « T'20 190 ¢TT 990 €8¢ 090/570 +9'9/«0°S 69 (TT-60) 0T ul pssde||oo ‘RIS €9
>p< Aued 1ouys
9€0  T€0 290 900 GGe €02/£8T €6I/E6T 09 @101 TT ‘'sues| ‘1004 ‘wooy 19
>G< Aued 1oys ‘siemelp
preoqdnd JO SS09. UIYHM+ 11V « £'80 G20 8.0 2720 TGE €9¢'Se +£92/«v'GC 6S (€1-TT) 27T 'sueaf ‘g Ioojy ‘wooy 09
Apoq ays Buipuiy
uo a911jod 01 Bulpiodde
‘100]4; >G< sjplq ‘sybn
IV S0 G20 ¥'/0 8710 TSE <«0TZ/B86T £02/86T 99 (€1-T1T) 27T 'sues( ‘'q7 00| ‘wooy  6G
>E< poeu
19T VT Toc Le€t €9¢ 98T/S9T 9'8T/99T TL (TT-60) 0T ‘d7 ‘Io0j} ‘wooy 89
>h< Aued 1ouys
S'€0 2€0 €80 L0 Sve  09T/8'GT  09T/8'GT G€L (¢7-01) TT 'sueaf ‘g7 00|y ‘wooy €9
S< Aed vous
8v0  9%€0 00 ¥T0 GGE Geloee  §e/oee 6S @101 TT 'sues| ‘g7 I00|) ‘W0 2§
>p<  Aued 1oys ‘umoBiybiu
Buibuey Je1je ApmeIpawiw| 0's0 S0 880 Z'€0 8'€t 9v2/9€EC Tvenve 89 (2101) T'T Uiyl ‘g7 ‘woodyreg Ty
>h< Aued
Jouys ‘sueal( ‘uonisod
100[} + IV « é é Z'ST 9'60 '6¢ T'ST/0OCT +T'ST/«0¢CT 18 (2101) TT Bumss ‘oo|) ‘wooy 62
>h< Aued 1oys ‘sues
‘youaq e uo uonisod Bumis
8'80 8’50 €60 L'€0 GTe T60/#80 T'60/'80 29 (€101) TT ‘Uenefed e JO W00 72
wdy 2 0T-T'S
‘[eAJBIU JBLIOUS TeyMawos e Ul
Bunnsa. Buiylo Jo sehe| 7 104 MO| >0< o [esI00
Aprenbapeul ‘auads ayl e (GT'T Ueaw) ‘sanued ‘slenelp
€T-0'T pssn sulwexs ay | « 760 €60 L'TT 790 T0oge C'LT/E9IT C'LTIE9T 1% (W'T-2T) €T ‘UDs ‘g Jool) ‘wooy €2
uooualfe ay ui Apog ay Buiuiwexs >h< Aued Louys
810Jeq B Te A|pssoddns . 0ee  06¢ 92¢ €T¢ 682 2S2/«0€C 2'Sele’Se 26 @101 TT 'sueal ‘g Jooj} ‘wiooy 9T
Buiuiow ay1 ul Apoq sy Buluiwexs >p</>E< Aued
8l10Jeq W61 e A|pesoddns « €ET €90 vET 810 TTE 0V2/«022 0v2/0ve e} (T'T-0T) S0T Yoys ‘g1 'Joojy ‘wooy T
Sh<[>E< sJiesnoJ) uado
‘4onod pag e Jo Jemelp
820 €20 1’60 10 1€ O°LT/S VT 0'LT/S VT 0S (TT-0T) S0°T mops|ndsyrur gl 2T
Sh</>E< Aued 1ous
(8 3|0 L) 9 Se susds awes 0'ST 8T0 980 0€0 0'se 9'TZ/9°6T 9'02/9°0¢C 8L (TT-0T) S0°T ‘Joop wouj Buibuey ‘wooy L
Rddn  semo  seddn  semoq pssn  painses N (B>)
(0,) @1 wbem
(wdy) (wdy) ywiy -esedws) (0.)  Apoq (@6ue. ueaw)
SUBLUWIOD paufeliedsesWl]  PIeWNSe awill [e10oy aineedwe] e Iquy ey  Jo13e] uonosellod suonlpuod Buljood sesed

(uonisod auoud ui BulA|] 47 “YIeq ayr uo BulA| g1) ainresedws] Jusiquie Ueaw pue Joide) UO1199.1102 Ylog JO uoirenens Buiuseouod AlLenoiled ou Ylim sased woljeed 9|gel



C. Henssge et al.: Estimation of time since death |

308

Sh</>2< 1e Buinow
AJ1rejodwey ‘Aued poys
‘sjiesnod) ‘77 “looyy ‘doys Jo

7'q0 TS0 S'60 6°€0 6°€E SLTM.LT SLTMT.LT 8 (TT-60) 0T Joop-oouenud usdo pulyeg 22
Jo100p Aoushewe
ay1 Aq g7 01 47 wouy pebueyo >p</>g<
sem uonsod ay ‘pauado sem «Ire Buinow
Joop Auodfeq ay) uolfeu e X 3.0 joq Aj1reiodwel ‘Aued 1iouys
Y g pue wenow-1sod ulw og Nogy « 820 €720 960 000 €9¢ VvleWSZ YT oL (TT-60) 0T 'sues| ‘,d7 '100|} ‘Wooy  G9
>h</>2< e
Buinow A|Lrelodws)
J10300p ‘Aved 1oys ‘sues|
Aoushiewe Agq g1 pebueyo ‘d1punodx 990 €90 §60 6€0 g8ee OTIEO0T OTT/E0T 86 (T'1T-60) 01T ‘UMZ| UO +dT18psSINO 19
>g< e Buinow
‘Aued 1oys ‘sueal
e + 1eydsy « 2's0 8'€0 8.0 2720 2'€€  7'/0/5'G0 +¢'L0/+5'S0 08 (0T-80) 60 ‘Ileydse uo 17 'BRIS  S§
>E</>T<
«Ire Buinow A|Lrelodwe)
smopuim uado « é 120 L'/0 T?20 Sv¥e 022/08T 0TZ/06T .9 (0T-520) 60 ‘PodeuU ‘77 00|} ‘Wooy g
>z< Je Buinow
‘Aued 1oys ‘siesno
uedo ‘g ‘1oo|} ‘doys
S50 870 680 £¢€0 6€C GLIT.LT SLTTLT Z8 (0T-80) 60 JO JoOp oUW pUled  ¥E
>Sh</>2< ie
Buinow AjLrelodwsl ‘splq
0€T 67Tt T.T .01 v'Se  TLTILST  TLTILST 95 (TT60) 0T  ‘sewelAd ‘g7 ‘Jooj} ‘wood  Gg
+T'0->G< 4l Buinow ‘Aued
uonsenb ul potLiad ay) o} uoirs 1ioys ‘siued ‘slesnosy
Jayresm [eoo| 01 BuIpIooo Y+ 4 é yATA L9T T2 €9T/+01T €9T/09T 09 (€T071) TT ‘Ileydse uo g1 'spsIN0 1T
>g< Je Buinow ‘Aued poys
S'€0 920 7’30 000 T9€ 02CT/60T 072CT/60T €8 (0T80) 60 ‘sueal‘ieydseuo g1 'wONS ¢
rddn  Jemo7 eddn  JemoT pasn  painses N (B>)
(00) aim wbem
(wdy) ywi| (wdy) ywip -esedwey (0.)  Apog (8bure ueatu)
SIUBWILLOD paueleISe SWIl|  PIRWISS awWl ] 2109y ainesedwe) WeIgwy g9y  Jolde) uonoa.loD suonIpuod Buljood ased

(Ajesere| BulA| 77 ‘uonisod suoud ul BuIA| 47 “9eq a8y uo Bulk| g7) 4re BulAow JO 8srmedaq S10iJe) UOo1108.1102 Padnpal UYlIM Sased joered Gade.L



309

C. Henssge et al.: Estimation of time since death |

>O<+>¢<
Jre Bulnow ‘sssuy| 0}
umop pa||nd sJesnouy uado
‘sjued ‘uonsod Bumis >oeq

AN 150 6GT 690 09¢ 99T/9ST €9T/6'ST 09 (6'0-20) 80 psues| ‘|10s Auols ‘eseoIRIS 89
>SO<+>P<
801p0q ‘sues| 1001} a1 U0 47
(2 8l0eL) /7 se susds awes 790 8's0 S0T 670 8¢c 0€C/See 0¢€e/see .S (TT-60) 0T ‘WOoO. JusWeseq SSOIMOPUIM. 97
>SO<+>P<
seuwrlAd L1 ‘4 ‘eseolels
(83I0eL) L€ Se ausds awes 180 1.0 980 0'€0 TEE GOT/SST T9T/9'ST 29 (T'1-60) 0T Auoss ‘ssnoy Juswiredy o€
>SO<+>P< SJMeIP ‘skiesnodl
(Tol0el) 8820 903 « 7’€0 €0 .'80 T'€0 8'cc  08TIOLT GLI/SLT 69 (TT60) 0T 17 8111 "J00|} ‘wiooy 1)
>SO<+>P< Aued
690 990 T60 S€0 9C€ TZC0-/TTO- T2CO-/TTO- 96 (TT60) 0T uous ‘suesl ‘g1 ‘oS 82
Joop uoJ} uado ‘apIsINog >SO<+>P<
‘100|} pUgZ asedlels, Aued voys ‘suesl ‘g ‘Joo|)
‘Apog 8y Jesu 100} PUNOID; ¥',0 ¥7'20 6TT €90 20  TTICY0 T'TTHELO Z8 (TT60) 0T punoJb eseolers 810U0D 92
SPT< urel
‘puim ‘Aued Loys ‘siesnoy
6¢C 120 670 000 29 60T/680 6'60/6'60 €6 (8090) 20 JIom BM ‘47 ‘|10 '9pIsINO 2¢
>SO<+>GT</>VT< e Buinow
‘urel ‘Aued 1ioys ‘siesnoay
S0 €70 6S0 €00 0se  8EI/TT 87TIM/CT 9. (8090) 20 NS yoen Pm ‘17 '‘w8is Gt
>SO<+>h</>e< ie
Buinow Aresodwe ‘Aued
1oys ‘sueal ‘g ‘esealels
620 520 290 900 7’G€  98T/99T 9LT/9°LT S/9 (0T-80) 60 81]Jou00 ‘ssnoy wewedy T
ddn  Jemon ddn  JemoT pesn  peinses |\ 6x)
(Q.) 21y Wb em
(wdy) 1wy (wdy) i -eedws) Qo) Apoq (ebue. uesw)
SIUBWIWIOD  paueLBdse aWl | parew s aw | fe10ey aineledwsl Jus Iqu 9y  JOIJe} Uonv|LIoD suonipuod Buljoo)y ased

(Ajpesore| BuiA| 77 ‘uonisod auoud ui Bul
-A1 471 “i9eq aup uo BulA| g1) Buijood Apog aeleeade 01 PaWIsss Yo IYM SBTeJISONS pue SSaUeM Jo/pue e BUIAOW JO 8srmedsq S101Je) UO011994100 paonpal YIIM sased joele 9 a|de L



C. Henssge et al.: Estimation of time since death |

310

do1jod Aq painseawl O, G'8T

Sem ainjesedwal WooJ ay) aw i syl 1y
‘uolfeulLeXe 810Jaq Y T sJorebissaul
AQ paso o sem woo. |fews AJdAay) Jo

Sdy<+>g<
«Ire Buinow ‘Aved 1ouys

MOPUIM Usdo 8y [+ “Mopuim uadQ « 8€T 810 o1 S0T 8'6¢ +0'0C/+0°LT GT12/STC Ll (€T-6'0) GO'T NSyJeA ‘Yonoo Uo 77 ‘W0 $§
>dy<+>G<
Aed 1ous ‘suous exoq
T+0 9'€0 2’0 9T0 9ve ¥OTIWw'.0 V¥OTHL0 ST9 (#F'T—2T) €T  ‘sues[‘yonoouo g7 ‘wood TG
Sdy<+>p< Aued
Hoys ‘Hnsxey ‘sqolyreq
9GT TST /T 9Tt 66 C6T/ELT C26T/[ELT ZL (eT-2'T) G2'T ®euo g7 ‘1edmed Joo|) ‘Wooy 0§
>Adv<+>p</>E<
Aued Loys ‘siybn
usemiaq eyue|q Bjos Jo
uolfeuiwexs a10jsq Y ¢ susds e 1S9.-XJeq L1IM 13ejuod ul
leALLIe U0 821jod 0} BUIPIODY « 0¥t 0TI vvT 880 €ee €l2/«05c €lelele 8L (ET-TT) 2T %eqUnumejosuo 77 ‘wooy 8y
> dv<+>p< Aued 1ous
uolre[nsul feuwsy) Jebuos apinoid 01 ‘suea| ‘Beq pa|[14-1sNp e yim
pewess Beg pa||ij-1snpe yiim red syl « Ited e uo Bumis >Jeq poues|
(93|19e.1) 9Y Se ausds swes 90 €0 T60 G€0 G'GE 9gbsSeawes gy seawes Ll «(F'T—CT) «€'T ‘W00l JusWeseq SSSIMOPUIM Lt
Apoq ayy seau
sjded yresueq ‘spreoqdnd apisul, >dy<+>g< I Buirow
‘Apoq ap1saq uo iU IWeXa Jo awl Ty ‘Aued 10ys ‘siesnol
SI00p pue smopuim uadQ « €70 9'€0 190 TTO GGE ETeWST XTZhv'al STL (TT-60) 0T ‘g7 ‘edieo ‘J0o|) ‘wooy
aisun. 4620 ¥'¥0 080 20 GTE €9T/EST  8ST/BST L€ (€T-0T) TT >dv<+>g< pdfeu ‘pquoO g1 6€
>dy<+>g<
+ 1re Buirow ‘siesno
Joop uedo ‘usdo mopuim suO+ 091 0T GST 660 T8¢ 08T/0LT 08I0LT S9 (TT60) 0T ‘g1 ‘1eded ‘Joo|} ‘wooy  ge
uoouJale ayl ui Apogq
ayy Buipuy alojeq B T Ajpesoddnsg
‘Apog 8y} feau,
‘MOPU IM BY} Jesu WooJ 8y} Uly >Ady<+>p< Aued 1ous
uoleUILEXS 81048 Y Z €71 0} pabuey « 09¢ 0 Tve TSI S 88TLOST 88TAELT 99  (¢T1-T7T) STT ‘sueal ‘pag uo 417 ‘Wooy 8T
SAdy<+>T< +ie
Buinow Ajewuiw ‘paxeu
8/¢C 8'9¢ T6c 19T 6'GC 6€2/82C 6€C/8CC 85 (T'T-S2'0) 6'0 ‘SSaiiew U0 47 ‘I00|} ‘Wooy /T
0,8’z 2o1j0d >dy<+>E< paXeu
01 BupJodde uoeuiuwexs 210404 « 060 0'80 90T 090 0ve «8'€WeC veEevee 89 (2T0T) TT ‘®dRed‘I00l} 77 /d7‘Wo0d 6
Sdy<+>g< ie
wdy §TT-6'G0 Buinow ‘exue(q Yim pIBA0D
:poriad Jeuous e ul Bunnsal ‘B G668 Ajred apis auo uo diy
"BURJs 8y e parew isaepun+ é 8'v0 SeT 620 7'€€  G6T/S8T €6T/98T +L0TT (TT60) 0T ‘Aed poys ‘yonoouo g1 8
>dy<+>p</>c<  Aued uous
S'€0 920 90 800 §'GE 8TZ/B6T  802/80C €9 @101 TT ‘g1 ‘eded ooy ‘wooy G
Rrddn  Jemo  Jseddn JemoT pasn  painses|N )
(0.) 8am wyBem
(wdy) iy (wdy) ywip esedws) (0.)  Apog (ebue. ueaw)
SUSLUWIOD paufelidose aWl]  PIIeWIISS awl | [e100y ainreidws] JusIquy g9y I01Je) UoNo94loD suonIpuod Buijoo) assed

(uonsod lerr| e ul BulA| 77 ‘uonisod suoid e ul BulA| 47 YIeq syl uo BulA| g7) seseq Buire|nsul Ajfewisy) uo punoy sesed joereq /alde.L



311

C. Henssge et al.: Estimation of time since death |

>dy<+>p<  Ssolg ‘sewrlAd

0/ 01 8usds uowwod L'LT C'LT 'ee a4’ S9¢ 0'6T/0'8T 0'6T/08T 79 (€1-T1T) 27 ‘Iodseo ‘00| ‘77 ‘wooy T
>dy<+>G<
900.4yreq uado juou} ul
‘syued ‘sewrlAd ‘suoiysno
Yoy 1surefe Buiues| yuni
Jamo|ays Jo uoifal 19| pue
3eq ‘yonod pasessioydn oIy
T/ 01 8US3S UoWWoD ST 00 TvT 980 G€e 06T/08T 06T/08T 96 FT=2T1) €1 uo uonsod Bumss ‘wooy 0L
>dy<+>g<
Jre Buinow ‘Aued 1ous
‘siesnoJ) ‘1ed.ed ‘00| )
8UBTs 8y} e Lo U iwex 7€0  T€0 €0 LT0 §Ge  69T/6ST  VITHIT 88 (T'1-60) 0T  ‘doys jo Joop usdo puiyed T-69
>dy<+>E<
L'6T CET €LT 60T S'l¢C G'02/08T G'02/0'8T 09 (€107T) aT'T peXeu ‘pequo g1 29
>dy<+>G<
Aed vous ‘siybn
L'8T Z'€0 C'LT 91T 9'8¢ 2'6T/C'8T L'8T/L'8T /S (#'T—2'T) €T 'siesnod ‘yonoo uo 7 ‘Wooy /S
0,0 PUNoOfe sem uoou e
uolfeu ILexa 210Jaq 1yBIu Te apIsINo ainy
“elodwe)l 8y ] + "urefe psso|d sem pue
UOI7eU ILLRXS 210J8q SWi N 1Jous e Ul OE
10} urefe pauado sem 1| pasojd sem Sdy<+>g<
11 UBY ‘uolfeulwexe alojeq Y G Apoq e Buinow ‘Aved 1ouys
au1 Buipuly e usdo sem mopuim ay | « L0Z L0 T6T CTI 692 Z9T/+00T  Z9T/LST 8L (2T-6'0) GO'T  'siesnos ‘pag uo 77 ‘WooYy 95
Rddn  semo  Jeddn semoT] pasn  painses|N )
(0.) 8im wyeem
(wdy) ywiy (wdy) 1wy -eledwe) (Q.)  Apoq (96ue Uesw)
SIUSLUWIOD paufeliddse aWl] PSS awl ] [e100y ainreedwse) JusIquy g9y J01Je) uoNnosiloD suonIpuod Buijoo) ssed

(penunuoo) / 8|ge.L



C. Henssge et al.: Estimation of time since death |

312

pasn g 10U IsNW

poymew 8y} ‘|em euiiopde Jemo| ay} Jo >6</>8<
uolreiojoasip :uonaeseiind jo Buluuibed, é é Zesn Jou 9.2 8T (+2'z8T) 0¢C Aed voys ‘suesp d99
[e] 01 Buipioade '€ 03 pardepe
‘[e] 01 Buipiooge GZ-8'T 01 peidepe
‘paydea. Usaq sey ainfeedwe) Jus iquey é é 7}NsaJ ou Sz Ge (+029T) 8T >8< Suoys 1odg eg99
[e] 01 Bupiooe 2T
—'T 0} paidepe yBem Apoq ybiy pue >8< suous
UO1}PUOD UOIe|NSUl BuoIiS JO asnedsq # JoX0q ‘uoifeulwexe a10jeq
Sa1poq Jo Buipuno.ns Jepim pue Y G°¢ [un umop.epie yim
Jesu 8y ul sde|d Aue T sunfesedwe | « ¢ 81T Zve TYe 0€E V1292 «6'92/+6'92 91T (#0Z9T) 8T  PoJ/AA0D ‘Pag U0 g7 ‘W0 99
[e] 01 Buipioade z'z 01 peidepe sem
LT 40 Jo 3y Whem Apog mo| pue
uonIpuod uoie|nsul Buolis Jo asnedseqg
"pere [noads sem abue. pasn ay L "I01Je)
U0 1994102 8y} Auluieouod ssiddeu >8</>9<
9|qesodsIp Y1im sous Liodxa ou S1aeyl « saiddeu a|gesodsIp ‘sewre(Ad
(99I0eL) 9 seauss aWeS 820 890 780 S720 €8¢ G9T/SST  €91/8'ST ¥T {LT€T) T oIy ‘Bded Yoojy ‘wooy /€
>8</>/)<
BUe|g UIY) YIIM PISACD
Ajuo swin yresp wnwiuiw z'0>0<T 0« ¢ é 0Ty 50| B GZZ 661/68T 66T/68T zL (8T+T) 9T ‘Aued poys ‘g7 ‘Jooj) ‘WooY  OF
uonsanb u1 pouad ay Bunnp
Aep 1xau uo 901j0d AQ painsesw WooJ
ay1 ul a|1joid ainresedwel 01 Bulpioode+ >8</>/< Beq-buidssfs umop
‘(dwn Bwuwns A|rea) uoousele -Jop uado ue Y1im paJonod
8y} Ul uolfeuiwexs 1e paINses A « é é 66 18T 6'0€ +0'9¢/+07¢ 0'8¢/x0'8C 8L (8T+T) 9T ‘Awed 1oys ‘47 400|y ‘Wooy T2
(relcel) >0T</>8< fued 1ous
/ Seausos awes ‘G'z-8'T ‘[g] 01 bul '8P B o1y Wo 0
-piooge pajdepe ‘yBem Apog ybly pue Inoge Jeyebol sevue|q oIy}
uonIpuod uoie|nsul fuons Jossnesdd.  0'GT 810 90 070 69€ 9TZ/NO6T 902/90C 68 «(82072) ¥'Z omiyumpaleAod ‘pequo gl 9
Rddn  Jemo7 oddn  JemoT pasn  painses N (B>)
(00) aim wbem
(dy) i (wdy) ywi  -esedwey (0.)  Apog (e6ue. uesw)
SJUBWILLIOD paueledse awl]  palew nse awl ] 2109y aineedwe) U Iquy g9y  J10)Je} Uond81IoD suonipuod Buljoo) ased

(uonsod suoud e ui BulA| 47 ‘eq ayi uo BulA| g7) BMue|q Yiim paienod sesed Jjoerq 89|del



313

C. Henssge et al.: Estimation of time since death |

(uoiess eyrEem)

D, 2ZT-0T :Buluiow ay) ul uoireUILEXD
2loJaq 1ybIu e saunresedwel+

peo.

SO<+>GT<
puim ‘url Ariodwes ‘spuq
pue s1ydn ‘sues( pexeos 10u

[elW JO auOols Usamiaq |10S pue IV x €07 €60 S0T 6170 69¢ O€T/H00T «67¢CT/LCT €9 (6:0-20) 80 Inq siow ‘g7 ‘peos EBIN - /9
uoouss1fe Alkea ayl ul Apog ayl Buipuly >/ <[>9< Ie Buinow
210J9q WHBIU e dinkeiedws) ueallg €0¢ £02 ‘Aued ‘sbuibbe| ‘siesnosy
1z |10S; 89T €91 9T¢ <¢T1 'S [c0'ET h9'9T 'Sy F'1T-€1) GeT 'sues| ‘g7 ‘|I0S ‘9pISINO 6
(Jowwins) uoou e >h< Aued
uoleuiwex3 “(Uoness ByEem) 0,8°ZT Hoys ‘suea| * Juyb1Axs usdo
apsino B e sunmesedws) ues A « 29T ¥'ST oee 97T 8¥¢ GC/«8CT §¢C/SCC .S (€T01) TT 1001} ‘Fe]} 11 Jo W00y Zp
>SO<+>T<
Buiuiow ayy ui Apoq ayy Bulpuiy e Buinow ‘sasuy| 01 UMOP
810J5q B Te aineedws] 1ISOMO T €90 S'T0 780 8720 90€ CVT/x0L0 CVIRYT 89 (60-G0) 20 pa|indsueal ‘77 ‘peol PN /2
>h</>g< Je Buinow
Buiuiow ayy ui Apoq ayy Aresodwe ‘Aved 1oys
Buipuissiojeq 61U Te suNeIBAWS | « 860 820 11 9'G0 2'8¢ E€€T/«00T EETIEET i1 (TT-60) 0T 'sues[ ‘ume| uo 17 ‘9pSINO 02
uoou e Apoq ay1 Buipuly
210J5q WYBU e aineledwal ‘|10S; ‘IR
wdy z'0T-9%0 >p< Aed uoys
‘pouiad senoys ul Bunnsal ‘63 00T ‘stes[ ‘Ajuo 198} JO 1921U0D
—06 9US3s 8L} Te PafeW ISaepuN « 020 7'€0 97T 090 8€E L E€T/O0T 9OVIALET *CTT @101 TT punosB ‘Buibuey ‘9psINO 61
UoeM-1S1IM Uaxo.q paddois+
Buiuiow
31 Ul punoyj sem Apoq ayl ‘weis/s
Bunesy feued 10 pauin} A|eoirewoine
Yum | Aep T ybiu Ag aine >p< Aued 1ioys ‘skesnoay
-Rdwe) W00 3y} JO UOIONISUOISY « €80 +£'80 8¢l ¢.0 Z'€€ 08T/x09T 8'61/86T 86 (T071) TT uedo ‘g 'ooj} ‘wooy €T
(110s)
€20/0°20 >g< puim ‘pajs Buluuibeq
uonsanb u1 poriad ayy (1) ‘Aued 1oys Aip ‘suea( dwnp
Joj uotess Jeyresm [eoo| 03 BUIPIODY « 0GT  €¢€0 TTe T2t 19T «GT0/STO— L'TO/STO 8L (01T-80) 60 ‘g7 'yred pply Jo jlos Aig - 0T
>dy<+>p<
umob Buiuiow uedo
0,Ge da1jod 'ssaipiybiu ‘esiue|q uo Ajed
01 Bu1pJodTe UoITRUIWEXS 810504 « é é 0TT  +'90 SEE 00T Vv 89 (ET-TT) TT  d1®|lnespsulsseIRS €
Rrddn  JemoT eddn  JemoT pasn  painsea N B>)
(00) aim wbem
(wdy) i (wdy) ywi -esedwey (0.)  Apog (ebues ueaw)
SIUBLILIOD pauleliedse aWl]  Patewse awl | 2100y aineedwe) U Iquy g9y  J0)Je) Uonda1I0D suonipuod Buljoo) ased

(uonmsod Jerre| e ul BulA| 77 ‘uonisod suoid e ul BulA| 47 YIeq ayl uo BulA| g1) uonsenb ui poiad syl uiyrim pabueyd ainessdws) Jusiguie syl YdIym uj sssed woljeed 69|qel



Il 1ed s8s
‘AJuo spoypew paseq-a.nkeiedws)] uou

C. Henssge et al.: Estimation of time since death |

Sh</>g< Jre Buinow
Aj1reiodwes ‘Auved 1ioys
'sueal ‘g1 ‘|10s '9pISINO

(T'1-60) 0T uoIeUILRXS 81048 Y {7

Ag yresp sous awin 8y} JO Uoirew s uonipuod fu1j0oo ¥0'8T—0'9T >0
(uoiess Jseyream) uonsenb ul Jejnonsed 0] se Y AA) Aued 1ous ‘sues| ‘meis
poiiad ay) 1o} ke, ‘UoITeUIWeXd e |I0Sg 80U Liedxa ou ST jo aeq abre| uyym uonsod
‘uolfeuiwexe e de; ‘Mells UIYIA S0 S0 ‘pasn Jou poypew 8¢e 19°8T €8 (0ZST) 8T pueis-peay ‘episino puno4 G
GT-TT) €T >dv<+>E<
sJasnoJy umop-pajnd ‘ejos
uo 47 0JUl UoIfeuILeX
SHuN 2'0 8lojeq Y G'9 pabueyd
noge Aq "§'2 8y} 8sea ou| 0] pawinsse xuonsod paxe |j+>dy<+>p<
S1Bu1j00D [e1031 JO UoIRIBPISP Aed 1oys ‘siesnon
pasnes ayl ‘bulpunolins 0] abueyoxe ‘plemio] paxa|l Apoq
Jeay 10} MunJl SMO| JO 8Jejns ay1 Jo 1ed Joddn ejos uo
a8y seonpa. uonisod padwinis 8y | « A4 S0 SYT 680 Z6C SETOTT 6CIVTT 29 uonsod Bums utpuno4 Oy
11 1eed 98s
‘A|uo spoypew paseq-ainfessdwisl uou Aued Loys ‘77 ‘841 Aq
AQ yresp 20Us BWN 8Y} JO UOITeW ST ¢ 0'€0  PSsn jou poypu - - - zL —  pesnedafewep yimwooy  8g
(weJbowou) enwiioy
U} JO WIoU-D,Z°LE 8Y} pue (D,G5°EY)
yresp e auneledwe) [e1oe. paLINsse sy}
USaMIB( 30U 1P 8 Se saintesedwie]
JUBIqUe pue [e198. painseaw ay} >6</>8<
w04} D,£°9 JO uoNINgns ‘D, S°El JO Aed vioys ‘suous Buixoq
yresp e ainesedus) yum eiwssyuedAy Jods1 ul pasn Jou +£'GE +T°2T (rz072) 22 'siesnoi ‘1eyjue|q oIy
weuBiew Jo uonsoddns sy UO+ §'GC 500 (ot  L10) 91Ty S'8T/5'8T 29 UM pajeAod paquo g7 €€
1 Med 895
‘AJuo spoyew paseq-ainieseduis) uou
Aq yreap souts polied ayy Jo uolew s pasn Jou poylew
dle+ {108 JoTem yim Apuenbasgns €50 810 00 V10 2TE
“uewidinba Bunybij-a11) Ap yrim RRIUT >ET< Ie Buinow ‘aens
uosjed 8y} Jo uorewWe |Jul 1S114 ‘Uebaq JUBLWIBINSEaW puz Apog 1m ‘Buiyio uing
BuiysinBunxe Jeife ssInu i BWOSH €10 8'€0 6'G0 €00 €ee  €0T/C90 +E0T/xC'90 .S (80-9'0) 20 Josurwsl ‘77 '|I0S 'BPSINO  TE
>8< Buenod yiim
0,122 d1j0d 01 Sdy<+>p</>E<
BupiodJe uo iU ILeXS 91090+ BuA02 INoym Aued 1ious
uoleuiweXe 810530 Y Z *xP30 JBUIEe} UM PRIBA0D
Apoq ay) o uexel sem paq oy ay L « €90 8'50 90 070 6'GE +.TC/L6T  L'6T/L6T €9 (8T—2'T) GT 'Sseaew uo g7 00|} ‘wooy ¢
Rddn  semo  seddn  semoq pssn  painses N (B>)
(0.) 8im wybem
(wdy) yuwn (wdy) ywi -esedwsd (0.)  Apoq (96ure. ueaw)
SJUBLUWIOD paueledSe sWl]  PaTeWISe Wl 2100y aineedwe) Jue Iquy 9y  J0)Je} UonJ8II0D suonipuod Buljoo) ased

314

(uonsod pler|e ul BulA| 77 ‘uonisod suoud e ul BuIA| 47 “9eq 8yl uo BulA| g1) sesed Areulpicenxd joeled OT 2|ge.Ll



C. Henssge et al.: Estimation of time since death |

pet and clothed with relatively thick pyjamas and a dis-
posable nappy (case 37) a cf close to the value used for
bedcovers was assumed. Case humbers 6, 37, 66, 66a and
66b are examples where the cf chosen according to Table
2 was adapted accordingly [3] because of high insulating
conditions and a'so high or low body weight.

In nine cases in Table 9 the ambient temperature
changed to alarge extent within the period between death
and examination, but the variation could not be recog-
nized from the ambient temperatures measured at the
scene by day. Nevertheless, both the situation at the scene
and the calculated time since death using the actual ambi-
ent temperature measured, indicated in advance that the
lower temperature at night had to be taken into account
for evaluation of the mean ambient temperature. Where a
body was found outside this was apparent from the situa-
tion itself. More consideration was required where a body
was found in aroom (cases 13, 42, and 56 in Table 7).

Extraordinary cases are grouped in Table 10. The cool-
ing conditions were changed after the body was found,
but before examination (cases 4 and 40) and therefore
wide ranges for the cfs were evaluated, taking the cooling
conditions into account before and after the change. The
very short time of exposureto firein case 31 did not seem
to influence the rate of body cooling.

Length of the estimated period (accuracy)

In 61 out of the 67 cases where the method could be used,
the length of the estimated period resulted in the permissi-
ble variation of 95% (mode a used for calculation) corre-
sponding to the progress of cooling (Table 3).

In six cases (case 16 in Table 4, cases 54 and 56 in
Table 7, case 66 in Table 8 and cases 42 and 49 in Table 9)
the use of mode b for the calculation resulted in a period
broader than the permissible variation of 95% but this
broader period was used for the evaluation.

Reliability

The reliability of the estimated period since death can be
considered only in cases where the time of death could be
determined with certainty by the police investigations. In
all 60 cases where it was possible both to apply the method
and to ascertain the period since death, the estimated pe-
riod was consistent with the known period (Figs. 1, 2, 3,
4). In 50 cases the estimated period since death corre-
sponded completely to the known period and partialy in
10 cases. In those 10 cases where the known and the esti-
mated period were not completely congruent, death could
have occurred within the overlapping range between the
estimated and the known period.

Effects on the investigative inquiry

It is difficult to determine the effects of the estimation of
the period since death on the early stages of criminal in-
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| 15
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
hours post mortem

0 1

Fig.1 Exactly ascertained time (white bars) and estimated period
(black bars) since death (hours post-mortem). The numbers to the
right of the bars are the case numbers

vestigations and on the final outcome in an objective way.
In five cases (nos. 2, 9, 13, 49 and 67) the evaluation of
the period since death at the scene seemed to be of vital
importance for the investigations. In a further six cases
(nos. 17, 21, 43, 48, 55, 58) the evaluation of the period
since death seemed to be useful but not vital. In the other
cases the estimated period since death coincided with the
period as determined by the criminal investigations but
had no bearing on the final outcome.

Cases with a common scene

In four cases there were two bodies found at the same
scene and the question of the sequence of deaths arose.
These paired cases provided evidence for the degree of
differentiation which can be achieved with the nomogram
method.

In case 7 (Table 4) the circumstances at the scene led to
the conclusion that the husband had strangled his wife
(case 6, Table 8) manually and then committed suicide by
hanging. Despite the very different cooling conditions of
the two corpses the resulting estimation of the periods
since death coincided. Compared with case 7 the strong
thermal insulation and the higher body weight in case 6
compensated for the higher rectal temperature. The nearly
fully overlapping estimated periods since death in both
cases indicated a short interval between the death of both
persons but a conclusion on the sequence of the deaths
could not be reached.

In case 36 (Table 6) the husband killed his wife and
thereafter his 3-year-old son (case 37, Table 8) and both
the sequence and the time period of deaths could be as-
certained. Despite the very different cooling conditions
and body weights the different rectal temperatures re-
sulted in congruent periods since death.
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Fig.3 Time ascertained with 59
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(white bars) and estimated pe-
riod (black bars) since death
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Fig.4 Time ascertained be-
yond the interval of 4 h (white

bars) and estimated period N 5
(black bars) since death (hours [ ——)
post-mortem). The numbers to 60
the right of the bars are the —
case numbers : —
: e *
[ IIIIIIIIIII......... 54
—— 40
C——— '
T —

In cases 47 (Table 7) and 46 (Table 6) both the se-
guence of death and the time since death were known. De-
spite the very different cooling conditions and body
weights, the different rectal temperatures resulted in iden-
tical time periods since death.

In case 70 (Table 7) the husband killed his wife (case
71, Table 7), changed his clothes and then committed sui-
cide. According to the results of the investigation, the
time of the wife's death could be exactly verified, but the
time of the suicide remained unclear. Both the cooling
conditions and the body weights of the corpses were dif-
ferent, but in contrast to the other paired cases, this did not
compensate for the different rectal temperatures with the
result that different periods since death were calculated.
The variations of 95% were just outside the permissible
level. The question whether the deaths were coincident or
in which sequence death occurred was decisive in a law-
suit. Due to laceration of the medulla oblongata (case 70)
and the crania region of the spina cord (case 71), the
deaths occurred within a comparably short time interval
after the time of injury. In a case of suicide (case 70) the
lack of evidence as to the time of shooting meant that the
judgement had to rely on the medico-legal evaluation of
the periods since death.

Survival of fatal events

The police investigators were predominantly interested in
the time of the fatal event but not in the time of death. De-
pending on the findings at autopsy and/or toxicology ex-
aminations, the evaluation of the period since death was
immediately supplemented by an additional evaluation of
a possibly relevant interval between the time of fatal in-
jury (cases 8, 20, 21, 30, 38, 40, 45, 57) or ingestion of
toxic agents (cases 33, 54, 57, 66) and time of death. In

T T T T T T T T 1
10 11 12 13 14 16 16 17 18 19 20 21 22 23 24 25 26 27

hours post mortem

case 21 (Table 8) this aspect was significant as some ex-
travascular migration of polymorphous leukocytes into
the subcutaneous fat of the ligature mark provided evi-
dence that the manual strangulation had been survived for
a period between 30 min and 3 h.

Discussion

The main problem when using the method in an actual
case is to put the correction factor and the mean ambient
temperature in a concrete form.

Correction factor

Despite the classification of typical cooling conditions in
relation to the scale of correction factors (Table 2), thereis
dtill a subjective bias in the choice. Different examiners
would choose somewhat different ranges of cf for particu-
lar cooling conditions for cases such as those given in Ta-
bles 6, 7, 8, 9, 10. What would be the consequence of a
shift in the order of 0.1-0.2 unitsin the direction of either
higher or lower values? The resulting shift of the esti-
mated period since death depends on the body weight and
the progress of cooling. The shift is negligible if the
progress of cooling is still low (Q > 0.5) and the body
weight is not very high. The extent of the shift in cases
of high body weight will increase with advanced cooling
(Q > 0.5; >0.3). The best way to check this in an actual
case is to compute the various periods since death result-
ing from the use of a shifted cf.
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Mean ambient temperature

The possibility of making an error in evaluating the true
mean ambient temperature is greater than the choice of
the correction factor, which is exemplified by the casesin
Table 9. In case 42 for example, the body was found in an
attic flat with open skylights and the mean temperature by
night was about 10°C lower than the ambient temperature
actually measured at noon (11.25am) in summer. If this
particular circumstance was ignored, the period since death
would be greatly overestimated. Even the very broad
range of ambient temperatures used (12.8-22.5°C) was
not the best solution as could be seen subsequently from
the ascertained time since death of about 16 hours post-
mortem (hpm). The air temperature outside was 15.3°C at
the time of examination (inside 22.5°C) and shortly be-
fore the suns rays had heated the room rapidly. By using a
mean ambient temperature of about 15°C, the estimated
time since death would agree with the known time ex-
actly. In this case a reconstruction of the room tempera-
ture, e.g., by on-line measurement during the following
night (as was actually done in cases 13 and 21) was rec-
ommended but not carried out. Nevertheless, by means of
the range of ambient temperatures actually used, the time
of death determined by the investigation was within the
estimated period since death but gave a very wide range
(12.6-33 h).

The consequence of a dlight shift of the ambient tem-
perature towards either higher or lower values depends on
the body weight and the progress of cooling as discussed
concerning the correction factor.

The risk of obtaining an unreliable result

In every case, the correct use of the method by the inves-
tigator is the most important factor. The often criticized
uncertainty in choosing both the correction factor and the
mean ambient temperature seems to be more a product of
inadequate use of the method at the scene. In reality, there
is alow risk of obtaining an estimated period longer or
shorter than the real time of death by the subjective biasin
choosing the ranges for ambient temperature and correc-
tion factor.

The method includes some preventive measures against
this risk:

1. The permissible variation of 95% (Table 3) was estab-
lished empirically measuring body cooling under ava-
riety of circumstances. This was broader where a cor-
rection factor has been used because of the uncertainty
in the order of 0.1 units [1]. This was confirmed in a
multi-centre case study [4, 5].

2. The use of ranges instead of single values for the cor-
rection factor and mean ambient temperature for actual
cooling conditions.

3. The conservative mode of calculation of the period
since death.
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Limits and potentia of the method

One circumstance where the method must not be used is
after transportation of the body from an unknown place to
the place of finding. However, case 67 (Table 9) shows
that it can occasionally be employed successfully even
under these circumstances. The site of death was not the
place where the body was found, but it was obvious that
the body had been dumped and the mark of a tyre tread
pattern was discovered in a puddle beside the body. The
area was known for prostitution and drug dealing and the
victim was a prostitute. On the assumption that the victim
waskilled in a car at the place where the body was found,
the cooling conditions there could be used for estimation
of the time since death by the temperature-based method.
The assumption was confirmed by the confession of the
suspect. The success of the criminal investigation was
considerably supported by the estimated death time at the
scene.

The method meets the basic requirement of reliability
since it does not claim to offer an unreasonably accurate
estimate of the interval since death. In accordance with
the international multi-centre study of casework exclu-
sively using the nomogram method [4, 5], the estimated
interval of death did not contradict the results of the crim-
inal investigations in any case.

The single measurement of rectal temperature required
appears to be practicable at the scene. A further advantage
of the nomogram method is the possibility to take individ-
ual circumstances into account quantitatively (e.g. ambi-
ent temperature, body weight) or empirically (e.g. correc-
tion factors) as well as the possibility of taking changes of
the cooling conditions between time of death and time of
examination into account. The paired cases 36/37 and
46/47 clearly demonstrate the power of the nomogram
method to differentiate cases with very different cooling
conditions and body weights. They are also good exam-
ples of the inadequacies of the antiquated rules of thumb,
the longevity of which [9] seems astonishing.

To our knowledge, the use of any other temperature-
based method at the scene which might be compared with
the results of our field study has not yet been reported in
the literature. The results of estimating the period since
death by different temperature-based methods [9, 10] in-
cluding the nomogram method, cannot be evaluated and
discussed because of alack of details (e.g. correction fac-
tor used, mean ambient temperature, change of cooling
conditions, etc.), which form the basis of the results of the
nomogram method. Additionally, these studies did not
deal with casework at the scene. Only James and Knight
[11] reported errors in estimating the time since death in
coroners cases when using the method of Marshall and
Hoare [8], on which the nomogram method is based.
Since this method was further refined by the nomogram
method, the more general analysis of errors [11] cannot
directly be compared with the more differentiated analysis
of this study.
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