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Review Article

ABSTRACT

Post mortem interval (PMI) is the period since death of human or animal remains upon discovery.
The study of decomposition of remains in forensic sciences has grown tremendously in recent
years, hence, a good number of studies have provided taphonomic data on the prediction of PMI of
decomposing cadaver remains using variables such as accumulated degree days (ADDs) and total
body score (TBS). Mathematically, ADDs is the summations of mean daily ambient temperatures
from the possible time of death to date of discovery of remains. Total body score is a quantitative
variable used to evaluate whole body qualitative changes in the decomposition of such remains.
Quantitative methods have been shown to provide a more objective and standardized assessment
of decomposition. However, the gquestion of a universal PMI model has been a difficult one to
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answer because of environmental variations within and between various regions in the world such
as temperature, humidity, and presence of scavengers. These variations make it difficult to establish
precise timelines for decomposition stages based solely on qualitative assessments. Therefore, the
purpose of this article is to quantitatively review the impact of accumulated degree days and total
body score from decomposition processes on the estimation of PMI and an attempt will be made to
provide PMI models from various researches around the world.

Keywords: Taphonomy; postmortem interval; cadaver; accumulated degree days; total body score.

1. INTRODUCTION

In a rapidly-increasing rates of outdoor crimes
and deaths globally especially in parts of Africa
and around certain regions of the world, various
research have been ongoing on the best
methods of PMI estimation. Some of the
foremost studies were done using both human
and animal cadavers in order to qualitatively
evaluate the processes of decomposition [1-5].
Ethical concerns have limited the use of humans
for this type of research prompting researchers to
seek alternate to humans with the best possible
results. The animal species that comes
conveniently due to their physiologic proxy to
human were rats, rabbits, dogs, and in most of
the cases, pigs [6—9]. Pigs were better utilized
due to similarities in skin texture, body hair and
modes of nutrition, as well as intestinal
composition of similar microbiota [9-11]. The
purpose of this article is to provide recent
updates by reviewing various predictive models
as deduced from various researches based on
the relationship between total body score and
accumulated degree days in the estimation of
postmortem interval in various geographical
regions.

Upon arrival to a particular crime scene, one of
the major duties of a forensic pathologist or
anthropologist is to estimate the possible time
since death (or post mortem interval) of
discovered remains found in such area in order
to help solve the case. In some cases where
such experts are not present, the police would
have to either rely on the ante mortem
information as obtained from either eye-
withesses or onsite videos and other
technological devices if found in or around the
crime scene [12]. Despite having such
information, solving these crime cases are
usually met with certain difficulties that could

arise either from inauthenticity of eye-
witness information or technical problems
relating to  technological devices that

were recovered — hence the need to develop
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scientific methods of estimating post mortem
interval.

2. POSTMORTEM INTERVAL: REVIEW-
ING THE EARLIEST METHODS OF
ESTIMATION

The postmortem interval (PMI) of decomposed
remains of humans and animals could be said to
be the period taken from time of cessation of life
to the time of discovery of such remains. From a
forensic point of view, a clearer knowledge of the
processes involved in the decomposition of these
remains is directly proportional to the accuracy of
estimating PMI for these remains [13,14]. These
postmortem processes are hugely associated
with both internal factors such as age, sex and
body mass of these remains, and external factors
like temperature, relative humidity, soil factors
and insect activities [8,15—-17]. Since decades
ago, several researchers in the field of forensic
science have employed a host of methods
towards estimating PMI and the accuracy of
predictions using some of these methods
especially during the early hours of death have
proven to be reliable overtime.

The early periods of death usually goes along
with bodily changes that are observed in the
eyes of the deceased victim. One of them is the
breakdown of retinal blood vessels which could
occur about thirty minutes to about three hours
upon demise [18]. Later on, the intra-ocular
pressure is significantly reduced to about 4
mmHg or a smaller amount inside six hours [19].
Other signs of early deaths include, corneal
cloudiness, pale skin texture, and discharge of
light gastric contents within two hours of death
are some of the methods of knowing the time
since death of the deceased [12].

Body temperature is arguably the earliest
biological means of estimating PMI from cadaver
remains [20-23]. During the early minutes upon
death, there is a sharp increase in postmortem
body temperature due to body cooling — which




Adheke and Oghenemavwe; Asian J. Adv. Res. Rep., vol. 17, no. 11, pp. 43-56, 2023; Article no.AJARR.102866

was followed by a drop in body temperature
levels after about 3 — 4 hours [22]. In addition to
biological methods, some of the original
publications did acknowledge that entomological
approaches were able to verify their reliabilities in
PMI estimation [24-27]. Examples of the
foremost insect families that were first discovered
were members of the insect order, Diptera,
including the Sarcophagidae and Calliphoridae
families [27].

Based upon the use of biochemical methods, a
report by Furuno and Komura [28] was one of the
foremost studies to explain from their findings
after analyzing cadaveric fluids emanating from
the eyes of human corpses that changes in
inorganic phosphorus content of agueous humor
could reveal the PMI of these remains provided
that the elements that contributed to rectal
temperature fluctuations were recognized.
Subsequently, a similar study stated that upon
immediate cessation of life of a human being,
elevated levels of ammonium compounds in the
vitrous humor were associated with
environmental changes in temperature [29].

Building on the works of Furuno and Komura [28]
and Van Den Oever [29], Henry and Smith [30]
investigated the chemistry of these cadaveric
fluids and discovered that there was a significant
increase in the potassium content of vitreous
humor with time between 12 hours to about 100
hours since death of the remains. They further
added that there were varying levels of ammonia
and magnesium contents of the vitreous humor,
as well as fluctuations in potassium content of
aqueous humor. From a chemical perspective,
the application of gas chromatography was able
to show that inflammable forms of hydrogen gas,
as well as other gases such as carbon dioxide
and methane were associated with putrefaction
of remains after about 4 days postmortem.

Other methods of PMI estimation that were
formed were morphological or cytological
methods which included changes in the
appearances of certain bone marrow cells [31]
skin discolorations (the skin of the deceased
individual looking pale, with signs of hypostasis
and rigor mortis), and muscular rigidity (with lips
becoming dry and hardness of body regions)
[32], and the degrees of skeletal mutilations due
to actions of scavengers [33]. Experimentally,
morphological changes in the shapes and sizes
of red blood cells of rats as a result of their
osmotic fragility measurements have been
observed with the aid of an electron microscope
[34].
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3. THE PROCESSES OF TOTAL BODY
DECOMPOSITION

Occurring about three hours after death, the
algor mortis stage commences denoted by
visible signs of body cooling which varies based
on temperature fluctuations and this is followed
by the rigor mortis [35]. Rigor mortis is
characterized by muscle stiffness around the
body due to an abrupt shortage in supply of
oxygen, subsequently leading to loss of
adenosine triphosphate (ATP) in muscle cells.
This usually occurs between 12 — 24 hours after
death. The final stage is livor mortis. Firstly,
hypostasis develops as spots of discoloration
within 30 minutes to 2 hours. Later, these spots
coalesce into larger patches, which is evident by
the presence of bluish-purple coloration around
the skin due to gravitational pull of blood vessels
[36,37].

In trying to ensure PMI accuracy during any
forensic taphonomic research, it is necessary to
take into account the factors that affect body
decomposition and that such factors could be
best understood when studied using both
gualitative and quantitative approaches [38].
Qualitatively, PMI estimations are done in line
with  the gross morphological stages of
decomposition of body or skeletal tissues as
observed in the decomposing carcass.
Sequentially, they were initially grouped into four
— fresh, bloat, decay, and dry stages [6,15].
Payne [1] was arguably the first to examine the
morphological changes that took place during the
processes of decomposition using juvenile pigs —
as other previous works made use of other
animals that did not share similar body
morphological attributes with humans as that of
pigs. By supporting his findings with the degree
of insectivorous activities taking place during
decomposition, he was able to qualitatively
access these changes thereby modifying the
four-stage decomposition processes as earlier
proposed in a study of decomposition of dog
carcasses by Reed [6] into six (6) phases of
cadaver decomposition using these juvenile pig
carcasses which included, fresh, bloated,
active decay, advanced decay, dry and remains
stages.

Afterwards, a similar study done by Komar &
Beattie [39] further improved on the Payne
classification of decomposition stages by
applying the use of adult pig carcasses based on
the observations from their study that there were
significant differences in decomposition patterns
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between adult and juvenile pig carcasses. Komar
& Beattie [39] suggested a five-stage
decomposition phases which comprised of fresh,
bloat, active decay, advanced decay, and dry
remains stages.

However, the Galloway et al. [40] classification of
total body decomposition using human cadavers
became the foundation for the development of
total body scoring systems based on the
observable changes as seen in the carcasses at
different stages of decomposition. These stages
of decomposition were further classified into five
namely, fresh, bloat, active decay, advanced
decay, and skeletonization [40]. The fresh stage
of carcass decomposition is usually 0 — 5 day
postmortem and is denoted by absence of
discoloration and little or no insect activity.
During bloat phase, bloating is manifested, with
its slippery skin showing a gray-greenish
discoloration and insect activities. The bursting of
bloated skin concludes this phase occurring
between 1 — 21 days postmortem. This is later
followed by active plus advanced decomposition
occurring between 3 days to 18 months; and
visible signs include, moistly tissues, saggy
flesh, caving in of thoraco-abdominal cavity,
extensive insect activity, partial skeletal exposure
in body regions and mummification. The final
stage of skeletonization (2-9 months) shows

bones with some body fluids present or tissue
covering less than half of the skeleton, dry
bones.

3.1 Total Body Score: Assessing Methods
of Scoring Decomposition

The total body score (TBS) is a quantitative
parameter that was established for the purpose
of scaling the extent of progressive decay of
cadavers [16]. By expanding on the Galloway et
al. [40] classification using human cadavers, the
total body score (TBS) technique was developed
by Meygesi et al. [16], to quantitatively predict
the time of death by scoring morphological
changes as a result of decomposition from
selected body regions — head and neck, trunk
and limbs (Tables 1-3). Since its inception, the
use of the Meygesi et al [16] method has been
reported in countless taphonomic studies using
animal carcasses.

Prediction of PMI wusing TBS system as
formulated by Meygesi et al [16] was hugely
dependent on a major factor called temperature
in the form of accumulated degree days (ADDSs).
Despite the breakthrough study done by Meygesi
and colleagues, it raised certain concerns, such
as the ethical issues associated with the use of
human cadavers and the burdens associated

Table 1. Scores of body decomposition and their morphological changes as observed in the
head and neck region [16]

Decomposition Morphological changes Poins
steps
Fresh No signs of discoloration 1
Early Pinkish appearance with skin slippage and small loss of hair 2
decomposition
Gray — greenish discoloration with some flesh still relatively fresh 3
Brownish discoloration, dryness of nose and ears. 4
Purging of decompositional fluids out of eyes, ears, nose, mouth, 5
some bloating of neck and face may be present.
Brown — black discoloration of flesh 6
Advanced Caving in of the flesh and tissues of eyes and throat. 7

decomposition

Moist decomposition with bone exposure less than one half that of the 8

area being scored

Mummification with bone exposure less than one half that of the area 9

being scored

Skeletonization

Bone exposure of more than half of the area being scored with greasy 10

substances and decomposed tissue

Bone exposure of more than half of the area being scored with 11
dessicated or mummified tissue
Bones largely dry, but retaining some grease 12

Dry bone

13
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Table 2. Scores of body decomposition and their morphological changes as observed in the
trunk region [16]

Decomposition Morphological changes Points
steps
Fresh No signs of discoloration 1
Early Pinkish appearance with skin slippage and presence of marbling 2
decomposition
Gray — greenish discoloration with some flesh still relatively fresh 3
Bloating with green discoloration and purging of decompositional 4
fluids.
Post-bloating upon emission of abdominal gases, with discoloration 5
changing from green to black.
Advanced Decomposition of tissue producing sagging of flesh; caving in of the 6
decomposition abdominal cavity
Moist decomposition with bone exposure less than one half that of the 7
area being scored
Mummification with bone exposure less than one half that of the area 8
being scored
Skeletonization Bones with decomposed tissue, sometimes with body fluids and 9
grease still present
Bone exposure of more than half of the area being scored with 10
dessicated or mummified tissue
Bones largely dry, but retaining some grease 11
Dry bone 12

Table 3. Scores of body decomposition and their morphological changes as observed in the
limb region [16]

Decomposition  Morphological changes Points
steps
Fresh No signs of discoloration 1
Early Pinkish appearance with skin slippage on hands and/or feet 2
decomposition
Gray — greenish discoloration, marbling, with some flesh still relatively 3
fresh
Discoloration and/or brownish shades, particularly at edges, drying of 4
fingers, toes, and other extremities
Brown to black discoloration, skin having a leathery appearance 5
Advanced Moist decomposition with bone exposure less than one half that of the 6
decomposition area being scored
Mummification with bone exposure less than one half that of the area 7
being scored
Skeletonization Bones exposure over one half of the area being scored, some 8
decomposed tissue and body fluids remaining
Bones largely dry, but retaining some grease 9
Dry bone 10

with acquiring them for research purposes, and
most importantly, negligence of some factors that
are closely associated with decompositional
process such as arthropod activity, as well as
possible ecological variations in different
geographical regions. Based on that, a lot of
other studies that followed were proposing
amendments to the Meygesi scoring method.
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A research by Adlam and Simmons [7] was
set out to modify the Meygesi TBS scoring
method in their evaluation of the influencing
factors that cause continuous morphological
distortions of soft body tissues during
decomposition of rabbit cadavers. One of
those distortions observed were the loss of
fur in these rabbit carcasses which was
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proven to be a relevant factor during the
assessment of TBS in the early periods of
decay. Furthermore, another reason for
modifying the Meygesi et al TBS scoring
system as stated by Adlam and Simmons [7]
was that they felt that the scoring system did not
appreciate the actions of insects in the decay
process of remains. This prompted them to
develop their total body scoring system as
observed during the decomposition of rabbit
carcasses in their study as shown in Tables 4, 5
and 6.

In an African-based research, Myburgh and
associates [41] did a study to possibly validate
the Meygesi method using pig remains. It was
found that albeit the use of pigs as human
analogues was recommendable; their study did
not completely validate the use of the Meygesi
scoring system in the accurate estimation of PMI
as they suggested that differences in seasons
among regions could contribute to varying
taphonomic processes. Nevertheless, a study
completed by Moffatt et al. [42] detected
statistical significant deficiencies in the Meygesi
scoring scale upon analysis of their study results.

Table 4. Scores of body decomposition and their morphological changes as observed in the
head and neck region [7]

Decomposition  Morphological changes Points
steps
Fresh Fresh, no discoloration 1
Early No skin discoloration, maggots visible 2
decomposition
Some flesh relatively fresh, fur loss 3
Discoloration, brownish, drying of nose and ears, and heavy maggot 4
activity
Purging of decompositional fluids, wet flesh 5
Skin brown to black 6
Advanced Caving in of flesh and tissues of eyes and throat. 7
decomposition
Wet decomposition, bone exposure <50% scored area 8
Dessication, bone exposure <50% scored area 9
Skeletonization Bone exposure >50% scored area, wet tissue 10

Bone exposure >50% scored area, dessicated tissue, incisor loss, and 11

disarticulation

Table 5. Scores of body decomposition and their morphological changes as observed in the
abdominal region [7]

Decomposition Morphological changes Points
steps
Fresh Fresh, no discoloration 1
Early Skin appears fresh, fly eggs, few maggots 2
decomposition Flesh appears red-brown, small amount fur loss (<30%) 3
Bloating, purging of decompositional fluids, heavy maggot activity 4
Bloat lost, severe fur loss (>70%), heavy maggot activity 5
Advanced Wet decay, abdominal collapse where internal structure lost, flesh grey 6
decomposition green
Wet decay, bone exposure <50% scored area 7
Surface mummification, bone exposure <50% scored area 8
Skeletonization Black skin, bones greasy, body fluids occasionally present 9
Bones with dessicated black skin over <50% scored area 10
Bones largely dry and white, mummified skin 11
Bones beginning to weather 12
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Table 6. Scores of body decomposition and their morphological changes as observed in the
limb region [7]

Decomposition Morphological changes Points
steps
Fresh Fresh, no discoloration 1
Early Flesh appears fresh, some maggots 2
decomposition Some flesh still fresh, fur loss 3
Discoloration of skin to brown, drying of extremities 4
Black skin, leathery appearance 5
Advanced Wet decomposition, bone exposure <50% scored area 6
decomposition Wet decomposition, some disarticulation 7
Skeletonization Bone exposure >50% scored area, dry papery skin 8
Bones largely dry and disarticulating 9
Bones dry and white 10

They recommended an improved equation for
the estimation of ADD, as well as recommended
a then-new pattern of scoring the first stage of
decomposition beginning at zero (0) as a
replacement for three (3) — which they concluded
would improve PMI estimation. This scale
remained in usage until another similar study
done by Keough et al. [43] sorted out to improve
the TBS technique that was developed by
Meygesi et al. [16] using pig cadavers as human

analogues. Keough et al. [43] witnessed
significant  dissimilarities between pig and
human bodies during the initial stages of

decomposition such as, visible signs of lividity
during fresh decomposition stage in pigs, skin
colour differences in neck and trunk regions
during bloat stage (darkish-red in pigs and
grayish-green in humans), loss of body hairs
and advent of maggot-filled sores at the

conclusive stages of early decomposition,
thereby prompting them to suggest a
modification of the Meygesi TBS scale for pig
cadavers. Their study did not observe differences
in the morphology and successive processes of
decomposition during advanced decomposition
and skeletonization stages. Their proposed
scoring system maintained the scoring patterns
of the Meygesi TBS system (1 — 13 for head and
neck region, 1 — 12 for trunk region and 1 — 10
for limb regions), on the other hand, they
recorded observable changes as seen in fresh
and early stages of pig decomposition (as shown
in Tables 7-9). Further studies supported the
Keough TBS scale as they were able to prove
that the use of the Meygesi TBS scale to
equate the rates of human and pig
decomposition was shown to be statistically
inappropriate [44,45].

Table 7. Scores of body decomposition at fresh and early stages and their morphological
changes as observed in the head and neck region [43]

Decomposition Morphological changes Points
steps

Fresh No discoloration; with minor lividity in form of pinkish-red 1
Early Pinkish appearance with no skin slippage and hair loss; Insect activity; 2

decomposition

a sharp pink or red form of lividity

No grayish-green discoloration; dark-red discoloration with some flesh 3
still relatively fresh; odema of ears; maggot colonization (mouth); initial
bloating of neck and skin slippage

Brownish discoloration, no drying of nose, ears, and lips; prominent 4
bloating of neck; maggot colonization (mouth and eyes); purging of

decomposition fluids (mouth).

Purging of decomposition fluids out of eyes, ears, nose, mouth; brown 5
discoloration; hair loss and skin slippage; drying of lips, nose and ears.
Black discoloration of flesh; extensive maggot colonization and 6

migration
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Table 8. Scores of body decomposition at fresh and early stages and their morphological
changes as observed in the trunk region [43]

Decomposition Morphological changes Points
steps
Fresh No signs of discoloration, with a slight pink lividity 1
Early Skin appears shiny/glossy with early bloating and may show purple- 2
decomposition black discoloration over abdominal area
Gray-purple to green discoloration: some flesh still relatively fresh; 3
marbling of abdomen with maximum bloat
Purple-black discoloration and purging of decompositional fluids; skin 4
slippage with maggot-filled blisters present; hair loss
Postbloating following release of the abdominal gases, with extensive 5

skin slippage and drying out of blisters

Table 9. Scores

of body decomposition at fresh and early stages and their morphological

changes as observed in the limb region [43]

Decomposition  Morphological changes Points
steps
Fresh No signs of discoloration, with a slight pink lividity and rigor present 1
Early Pink-white appearance with bloating of proximal parts of limbs 2
decomposition

Gray to green discoloration: marbling and shiny appearance of skin; 3

some flesh still relatively fresh; skin slippage and hair loss

Discoloration and/or brownish shades particularly at edges, drying of 4

skin (starting distal to proximal).

Brown to black discoloration, skin having a leathery appearance 5

4. TEMPERATURE (OR ACCUMMULATED
DEGREE DAYS)

Temperature as an environmental factor has
shown a high reliability in the prediction of post-
mortem interval (PMI) across different regions
[46,47]. It is impacted by a variety of factors such
as seasons, elevation, scope, deepness of burial,
water or moisture availability, moving air,
vegetation, and presence of clothing [48]. The
effect of temperature on the degree of cadaver
decomposition has been applied scientifically
upon the introduction of the accumulated degree
days (ADD) method [16,49].

Accumulated degree days (ADDs) are
mathematically expressed by the summations of
daily average temperatures between dates of
body discovery. A degree day is defined as one
entire day where the temperature stays above
the threshold by 1°C. According to Vass [50],
ADD ought to be measured in degree Celsius
(°C) and likely to reveal the ordinary temperature
at the site corresponding to the date the corpse
was found, or the temperature at the scene
adjusted by a comparison of several days to any
country’s nearby local meteorological station.
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The rate at which total body decomposition
occurs and influences PMI is a function of the
temperature of the decomposition environment in
the form of accumulated degree days (ADDS)
[51]. There is overwhelming evidence that
thermal differences in geographical regions
correlate with the rate of decomposition of
remains [52]. Vass [50] further corroborated
the significance of ADDs and suggested
a universal formula for PMI estimation
irrespective of differences in environmental
conditions. Vass studied both surface and burial
decompositions of human corpses for 20 years at
the University of Tennessee’s Anthropology
Research Facility in the United States and
gathered daily weather records of temperature,
humidity and rainfall, as well as other variables
such as soil moisture and adipocere. Results
from his study postulated two formulas
representing the different forms of decomposition
in order to predict PMI;

1285 x (decomposition/100)
0.0103 X temperature xhumidity

I, PMIsurface =

i. PMIyyriar =

1285 X (decomposition/100)x4.6 xXadipocere

0.0103 X temperature X soil moisture
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However, a related study by Cockle and Bell [53]
concluded that no universal formula could
significantly estimate PMI — which contradicts
the study mentioned by Vass [50]. According
to the study by Vass [50], soft tissue
decomposition of human corpses was evaluated
using a scale of 1 — 100%. An additional flaw to
Vass study was recommending a formula as a
general model for PMI estimation in other regions
based on the environmental factors associated
with the studied area. Cockle and Bell [53]
established from their investigation that the
formulas proposed by Vass [50] could not be
effectively useful to cases as observed in their
Canadian study site.

5. EVALUATING STUDIES OF PMI
ESTIMATIONS USING TBS AND
ADDS: QUANTITATIVE DIFFERENCES

IN PREDICTIVE MODELS IN
SELECTED GEOGRAPHICAL
REGIONS

For research purposes, the use of multivariable
regression models involves the assortment of
various data variables and analyzing the
relationships  between  predictor variables
and the outcome variables by developing
mathematical expressions [54]. In line with the
regression model developed by Meygesi et al
[16], the prediction of ADD using TBS was stated
as;

ADD = 10(0.002><TBS><TBS+1.81) + 388.16

The above Meygesi method suggested a
coefficient of determination of 68%. Since the
study done by Meygesi and his colleagues,
however, several predictive models have been
developed across various regions.

5.1 Asia and Australia

In  an Australian-based study done by
Marhoff et al [55] using four pig carcasses, the
estimation of ADD was done upon the application
of the method of scoring total body
decomposition as developed by Meygesi et al
[16]. Findings from their study revealed that their
developed regression model for predicting ADD
was;

ADD = —85.8 + 39.7(TBS)

However, the line of best fit model as deduced by
Marhoff et al. [55] had an accuracy of 20%.
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5.2 Europe

Probst et al. [56] reported from their comparative
study using both pig and boar carcasses as
human analogues in a cadaver decomposition
island (CDI) located in the German city of Reims,
that at 5 — 6 day postmortem (106 ADD) having
reached the bloat stage of decomposition, the pig
carcasses began to de-bloat on the 9th day of
postmortem (160 ADD) while the boar carcasses
commenced de-bloating at day 33 postmortem
(539 ADD). Furthermore, with a TBS score of 17
at 28 weeks postmortem, the trunk region of the
pig entered the stage of skeletonization with an
ADD value of 1527.

The scoring of TBSg,s (as it relates to surface
burial of cadavers) by Moffat et al [42] was
designed to start from 0 to 32 instead of the
unique scoring system of 3 to 35 (as proposed by
Meygesi et al method), as they postulated that
the state of no decomposition is more logically
guantified by zero. Moffat et al. [42] applied the
inverse prediction table for estimating ADD and
this resulted in the regression formula that
produced a coefficient of determination of 91%,
indicating that study estimates were generally
closer to the actual data points. The equation is
as follows;

TBSsurf = (125 X 10910ADD - 212)0-525

In applying the total decomposition score (TDS)
to predict ADD using human cadavers,
Geldermann et al. [57] reported that their R-
squared value (RZ) decreased significantly to
56% from 66%, and the prediction formula was

ADD = 10(0.03+0.19><TDS)

The reliability of ADD in PMI estimation is a
challenging one due to the fact that the
processes of decomposition could differ when
comparing outdoor and indoor remains. This is
because indoor remains have shown to have a
lesser decomposition rate as it is not heavily
influenced by external variables [52].

The study by Simmons et al. [52] conducted in a
northeastern region in England investigated
different types of decomposition using Sus scrofa
pigs and developed several regression formulas
for each of them. Their study showed that at an
accuracy of 62%, the respective regression
equations for outdoor and indoor decompositions
were:

TBS (outdoor) = —13.07 + 12.15log ADD
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TBS (indoor) = —0.97 + 6.12 log ADD

At an R? value of 0.75 (prediction accuracy of
75%), the corresponding regression equations
for burial and surface decompositions were:

TBS (burial) = 4.48 + 4.14 log ADD
TBS (surface) = —20.36 + 15.02 log ADD

After applying the deduced equation for
predicting PMI as provided by Megyesi et al. [16],
a related study done by Suckling et al. [58] noted
from their results that the equation could not be
statistically reliable for predicting PMI as their
study had a standard error (SE) of estimate of
+787.71 ADD as opposed to the SE of estimate
of £388.16 ADD.

5.3 Africa

In agreement with a study by Sutherland et al.
[59] on the influence of body size on prediction of
PMI using ADD, the average ADD needed for
smaller pigs to reach skeletonization was 875.38
ADD, while the larger ones attained
skeletonization at an average of 2400.85 ADD.

A study done by Myburgh et al [41] applied a
linear regression by means of log transformed
data in order to develop a formula. The
implication of the formula was that its accuracy in
predicting ADD with respect to TBS in the study
could only account for about 62% (with an R? of
0.623). This enabled them to deduce a predictive
equation that could be used to estimate the ADD
of an unidentified carcass that was
mathematically expressed as;

ADD = 10(0.073 X TBS+1.135)

In a study conducted in a South African region, it
was reported from their regression analysis that
TBS had an R-squared value of 0.6894 when
predicting PMI using buried remains, while that of
surface remains depicted an R-squared value of
0.474, leading the researchers to conclude that
TBS and PMI did show a moderate relationship
for buried remains as opposed to surface
remains [60]. However, Marias-Werner et al. [60]
further noted that upon plotting TBS against
ADD, the R? value significantly boosted for
surface remains to 49% and dropped for buried
remains to 61%.

5.4 North and South America

The outcomes of a study by Giles et al. [61]
established that both TBS models could calculate
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estimated ADD with high confidence value (at R?
= 0.9), pointing out that 90% of the unevenness
in the decomposition scores were accredited
to accumulated temperature values. An
investigation by Forger et al [62] upon the
application of the Meygesi TBS scoring system
explained that when the estimated ADD from
TBS is used to derive an estimated PMI, with an
accuracy of 95%. Also, significant differences
between the estimated and actual PMI are
usually observed, which further buttresses the
application of ADD-derived PMI estimation
models for medicolegal purposes.

As explained by Dautartas et al. [45] in a study
conducted in an outdoor laboratory in
Tennessee, United States, these differences are
subject to variations in body size and microbes
as specific to the decomposing remains, whether
human or non-human. Here, the accuracies in
predicting ADD with respect to TBS in their study
could account for 100% for humans and 80% for
pigs. In addition, experimental studies have
portrayed that temperature affects body
decomposition and PMI estimation variably
based on the form of burial [4,60,63].

6. FACTORS THAT INFLUENCE BOTH
TBS AND ADDS IN PMI ESTIMATION

The action of insects during decomposition have
been shown to possibly influence the accuracy
the estimation of time of death in relation to
environmental temperature within the
decompositional environment [64-66]. Varying
insect (or arthropod) species first inhabit, grow
and later move off from decomposing remains at
different time intervals commonly called minimum
postmortem interval (minPMI) thereby inducing
the rate of their decay process [67—69]. Despite
the presence of the most commonly found
insects found in such remains such as the
blowflies and houseflies, and other insect
species have shown to differ among
geographical regions because of their thermal
environmental differences [56,70,71]. Hence, the
role of forensic entomology in the estimation of
time of death at the early stages of
decomposition has proven to be a reliable
forensic tool.

Finally, several studies done on the impact of
temperature and the level of body decomposition
on the soil chemistry within various CDIs have
suggested that there are early upsurges in soil
pH due to the ammonification of proteins and
other organic nitrogen sources from the
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decomposing fleshy remains [7,72—75]. Vass et
al. [49] reported an increase in pH under human
remains at 750 ADD and later dropped to control
soil values at nearly 3750 ADD and further
declining to below control soil values up to 4500
ADD. Wilson et al. [76] also reported increased
pH from 4.6 to 7.2 during their monitoring of
buried pigs up to 378 days whereas the study by
Pringle et al. [77] revealed so much variability in
pH among decomposition islands under pigs -
although, they conclude that their study were
not validate their observation towards predicting
PMI.

7. CONCLUSIONS

Undoubtedly, temperature (in form  of
accumulated degree days) has been known to
play a significant role in total body decomposition
and could be highly reliable in the prediction of

postmortem interval of cadaver remains.
Meanwhile, from a quantitative point of view, it is
of utmost relevance for researchers to
understand how variations in  ambient

temperatures across regions affect the rate at
which these remains decompose while applying
total body scoring methods.

Furthermore, this review compared regression
models among various related taphonomic
studies and concluded that there is no universal
formula for estimating PMI using both ADDs and
TBS, instead, the differences in these models
seek to buttress diversities in global ecosystems.
The accuracies of prediction models developed
in parts of Asia and Australia were less
significant compared to other geographical
regions.

8. RECOMMENDATIONS

This review recommends that future researches
in forensic taphonomy should try to validate the
accuracies of prediction models that have been
developed in various geographical regions. Also,
the formulation and validation of models
pertaining to the type of burials across these
regions should be carefully considered since the
roles of edaphic factors are known to influence
cadaver decomposition.

ACKNOWLEDGEMENTS

Authors wish to thank the Research Ethics
Committee of the University of Port Harcourt for
granting ethical approval for this research work
(UPH/CEREMAD/REC/MM83/025).

53

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES
1. Payne JA. A summer carrion study of the
baby pig Sus scrofa. Linnaeus. Ecology
1965,46(5):592-602

Payne JA, King EW (1972) Insect
succession and decomposition of pig
carcasses in water. J Ga Entomol Soc.
1972;7(3):153-162

Rodriguez WC, Bass WM. Decomposition
of buried bodies and methods that may aid
in their location. J Forensic Sci. 1985;30:
836-852.

Mann RW, Bass WM, Meadows L. Time
since death and decomposition of the
human body: Variables and case and
experimental field studies. J Forensic Sci.
1990;35:103-111.

Catts EP, Goff ML. Forensic entomology in
criminal investigations. Annu Rev Entomol.
1992;37(1):253-272

Reed H. A study of dog carcass
communities in Tennessee, with special
reference to the insects. Am. Midl. Nat.
1958;59:213-245

Adlam RE, Simmons T. The effect of
repeated physical disturbance on soft
tissue decomposition — are taphonomic
studies an accurate reflection of
decomposition? J Forensic Sci. 2007;52(5)
Carter D, Yellowlees D, Tibbett M.
Moisture  can be the dominant
environmental parameter governing
cadaver decomposition in soil. Forensic
Sci. Int. 2010;200:60-66.

Matuszewski S, Hall MJ, Moreau G,
Schoenly KG, Tarone AM, Villet MH. Pigs
vs people: the use of pigs as analogues for
humans in forensic entomology and
taphonomy research. Int. J. Leg. Med.
2020;134:793-810.

Schoenly KG, Haskell NH, Hall RD, Gbur
JR. Comparative performance and
complementarity of four sampling methods
and arthropod preference tests from
human and porcine remains at the
Forensic Anthropology Center in Knoxville,
Tennessee. J. Med. Entomol. 2007;
44(5):881-94..

Miles KL, Finaughty DA, Gibbon VE. A
review of experimental design in forensic
taphonomy: moving towards forensic

10.

11.



12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Adheke and Oghenemavwe; Asian J. Adv. Res. Rep., vol. 17, no. 11, pp. 43-56, 2023; Article no.AJARR.102866

realism. Forensic Sci. Res. 2020;5(4):249-
259.

Wahyono A, Alim DP. Estimation of Post
Mortem Interval using Accumulated
Degree Days (ADD) Method. Malaysian J.
Med. Health Sci. 2022;18(Supp 16):102-
106

Beary MO, Lyman RL. The use of
taphonomy in forensic anthropology: past
trends and future prospects. A companion
to forensic anthropology. 2012;499-527.
Brooks JW. Postmortem Changes in
Animal Carcasses and Estimation of the
Postmortem Interval. Vet. Pathol. 2016;
53(5):929-940

Rodriguez WC, Bass WM. Insect activity
and its relationship to decay rates of
human cadavers in east Tennessee. J
Forensic Sci 1983;28(2):423-32.

Megyesi MS, Nawrocki SP, Haskell NH.
Using accumulated degree days to
estimate the postmortem interval from
decomposed human remains. J Forensic
Sci. 2005;50(3):618-26

Spicka A, Johnson R, Bushing J, Higley
LG, Carter DO. Carcass mass can
influence rate of decomposition and
release of ninhydrin-reactive nitrogen into
gravesoil. Forensic Sci. Res. 2011;209(1-
3): 80-5.

Jaafar S, Nokes LD. Examination of the
eye as a means to determine the early
postmortem period: a review of the
literature. Forensic  Sci  Int. 1994;64(2-
3):185-9.

Van den Oever R. A review of the literature
as to the present possibilities and
limitations in estimating the time of
death. Med Sci Law. 1976;16(4):269-76.
Hiraiwa K, Ohno Y, Kuroda F, Sebetan IM,
Oshida S. Estimation of post-mortem
interval from rectal temperature by use of
computer. Med. Sci. Law. 1980;20(2):115-
25.

Green MA, Wright JC. Postmortem interval
estimation from body temperature data
only. Forensic Sci Int. 1985;28(1):35-46.
Hutchins GM. Body temperature is
elevated in the early postmortem
period. Hum. Pathol. 1985;16(6):560-561.
Knight B. The evolution of methods for
estimating the time of death from body
temperature. Forensic Sci Int. 1988;36(1-
2):47-55.

Nishida K. Experimental studies on the
estimation of postmortem intervals by
means of fly larvae infesting human

54

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

cadavers. Jpn. J. Leg. Med. 1984;38(1):24-
41.

Kulshrestha P, Chandra H. Time since
death: an entomological study on corpses.
Am J Forensic Med Pathol. 1987;8(3):233-
8.

Goff ML, Omori Al, Gunatilake K.
Estimation of postmortem interval by
arthropod succession: three case studies
from the Hawaiian Islands. Am J Forensic
Med Pathol. 1988;9(3):220-5.

Kashyap VK, Pillay VV. Efficacy of
entomological method in estimation of
postmortem interval: A  comparative
analysis. Forensic Sci Int, 40(3);245-250
Furuno J, Komura S. Inorganic phosphorus
content in human aqueous humor in
relation to hours postmortem. Tohoku
J. Exp. Med. 1976;119(3):293-5.

Van Den Oever R. Post-mortem vitreous
ammonium concentrations in estimating
the time of death. Zeitschrift  far
Rechtsmedizin. 1978;80:259-263.

Henry JB, Smith FA. Estimation of the
postmortem interval by  chemical
means. Am J Forensic Med Pathol. 1980;
1(4):341-348.

Findlay AB. Bone marrow changes in the
post mortem interval. Sci. Justice - J.
Forensic Sci. Soc. 1976;16(3):213-218.
Fisher RS. Postmortem Changes and
Artifacts. A Handbook For. 1977 Jul:56..
Haglund WD, Reay DT, Swindler DR.
Canid scavenging/disarticulation sequence
of human remains in the Pacific Northwest.
J. Forensic Sci. 1989;34(3):587-606.
Tomita M, Mikami Y. Postmortem changes
of osmotic fragility and red cell shape.
Kawasaki Med. J. 1980;6:85-91.

Smart JL. Estimation of time of death with
a fourier series unsteady-state heat
transfer model. J Forensic Sci. 2010;55(6):
1481-1487.

DiMaio VJ, DiMaio D. Forensic Pathology.
New York: CRC Press; 2001.

Saukko PJ, Knight B. The pathophysiology
of death. In: Saukko PJ, Knight B, eds.
Knight's Forensic Pathology. 3rd ed. New
York: Oxford University Press; 2004:52—
97.

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

Komar D, Beattie O. Effects of carcass
size on decay rates of shade and sun
exposed carrion. J. Can. Soc. Forensic
Sci. 1998;31(1):35-43.



40.

41,

42.

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

Adheke and Oghenemavwe; Asian J. Adv. Res. Rep., vol. 17, no. 11, pp. 43-56, 2023; Article no.AJARR.102866

Galloway A, Birkby WH, Jones AM, Henry
TE, Parks BO. Decay rates of human
remains in an arid environment. J Forensic
Sci. 1989;34(3):607-616.

Myburgh J, L’Abbé EN, Steyn M, Becker
PJ. Estimating the postmortem interval
(PMI) using accumulated degree-days
(ADD) in a temperate region of South
Africa. Forensic Sci Int, 2013;229:165—e1.
Moffatt C, Simmons T, Lynch-Aird J. An
improved equation for TBS and ADD:
establishing a reliable postmortem interval
framework for casework and experimental
studies.J Forensic Sci. 2016;61:S201-
S207.

Keough N, Myburgh J, Steyn M. Scoring of
decomposition: a proposed amendment to
the method when using a pig model for
human studies. J. Forensic Sci. 2017;
62(4):986-993.

Connor M, Baigent C, Hansen ES. Testing
the use of pigs as human proxies in
decomposition studies. J. Forensic Sci.
2018;63(5):1350-5.

Dautartas A, Kenyhercz MW, Vidoli GM,
Meadows Jantz L, Mundorff A, Steadman
DW. Differential decomposition among pig,
rabbit, and human remains. J. Forensic
Sci. 2018;63(6):1673-83.

Archer MS. Rainfall and temperature
effects on the decomposition rate of
exposed neonatal remains. Sci. Justice - J.
Forensic Sci. Soc. 2004;44(1):35-41.

Goff M. Early post-mortem changes and

stages of decomposition in exposed
cadavers. Exp Appl Archaeol. 2009;49(1—
2):21-36.

Scala JR, Wallace JR. Forensic

meteorology: the science of applying
weather observations to civil and criminal
litigation. In Forensic Entomology. CRC
Press. 2019;383-397.

Vass AA, Bass WM, Wolt JD, Foss JE,
Ammons JT. Time since death
determinations of human cadavers using

soil solution. J. Forensic Sci. 1992;
37(5):1236-53.
Vass AA. The elusive universal post-

mortem interval formula. Forensic Sci Int.
2011;204(1-3):34-40.

Michaud JP, Moreau G. A statistical
approach based on accumulated degree-
days to predict decomposition-related
processes in forensic studies. J. Forensic
Sci. 2011;56:229-232.

Simmons T, Adlam RE, Moffatt C.
Debugging decomposition data—

55

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

comparative taphonomic studies and the
influence of insects and carcass size on
decomposition rate. J. Forensic Sci. 2010;
55(1):8-13..

Cockle DL, Bell LS. Human decomposition
and the reliability of a ‘Universal’model for
post mortem interval estimations. Forensic
Sci. Int. 2015;253:136-e1.

Nunez E, Steyerberg EW, Nunez J.
Regression modeling strategies. Rev Esp
Cardiol (Engl Ed). 2011;64(6):501-7.
Marhoff SJ, Fahey P, Forbes SL, Green H.
Estimating post-mortem interval using
accumulated degree-days and a degree of
decomposition index in Australia: a
validation study. Aust. J. Forensic Sci.
2016;48(1):24-36..

Probst C, Gethmann J, Amendt J, Lutz L,
Teifke JP, Conraths FJ. Estimating the
postmortem interval of wild boar
carcasses. Vet. Sci. 2020;7(1):6.
Gelderman HT, Boer L, Naujocks T,
IJzermans  AC, Duijst WL. The
development of a post-mortem interval
estimation for human remains found on
land in the Netherlands. Int. J. Legal Med.
2018;132:863-73.

Suckling JK, Spradley MK, Godde K. A
longitudinal study on human outdoor
decomposition in Central Texas. J
Forensic Sci. 2015;61:19-25

Sutherland A, Myburgh J, Steyn M, Becker
PJ. The effect of body size on the rate of
decomposition in a temperate region of
South Africa. Forensic Sci Int. 2013;231(1-
3):257-262

Marais-Werner A, Myburgh J, Becker PJ,
Steyn M. A comparison between
decomposition rates of buried and surface
remains in a temperate region of South
Africa. Int J Legal Med. 2018;132:301-9.
Giles SB, Harrison K, Errickson D,
Marquez-Grant N. The effect of seasonality
on the application of accumulated degree-
days to estimate the early post-mortem
interval.  Forensic  Sci. Int.  2020;
315:1104109.

Forger LV, Woolf MS, Simmons TL, Swall
JL, Singh B. A eukaryotic community
succession based method for postmortem
interval (PMI) estimation of decomposing
porcine remains. Forensic Sci. Int. 2019;
302:109838.

Fiedler S, Graw M. Decomposition of
buried corpses, with special reference
to the  formation of  adipocere.
Naturwissenschaften. 2003;90:291-300.



64.

65.

66.

67.

68.

69.

70.

Adheke and Oghenemavwe; Asian J. Adv. Res. Rep., vol. 17, no. 11, pp. 43-56, 2023; Article no.AJARR.102866

Campobasso CP, Di Vella G, Introna F.

Factors affecting decomposition and
Diptera colonization. Forensic Sci Int.
2001;120:18-27.

Bonacci T, Brandmayr P, Greco S,

Tersaruolo C, Vercillo V, Brandmayr TZ. A
preliminary  investigation  of  insect
succession on carrion in Calabria
(Southern ltaly). Terr Arthropod Rev. 2010;
3:97-110.

Johnson AP, Mikac KM, Wallman JF.

Thermogenesis in decomposing
carcasses. Forensic Sci Int. 2013;
231:271-277

Sharanowski BJ, Walker EG, Anderson
GS. Insect succession and decomposition
patterns on shaded and sunlit carrion in
Saskatchewan in three different
seasons. Forensic Int. 2008;179(2-
3):219-240.

Farrell JF, Whittington AE, Zalucki MP. A
review of necrophagous insects colonising
human and animal cadavers in south-east
Queensland, Australia. Forensic Sci Int.
2015;257:149-54.

Akpa HO, Tongjura JD, Amuga GA,
Ombugadu RJ. Postmortem Evaluation of
Rabbit Carcasses Using Insect
Populations in Keffi Nasarawa State,
Nigeria. European J. Biol. and Biotechnol.
2021;2(6):6-9..

Sinclair BJ, Vernon P, Klok CJ, Chown SL.
Insects at low temperatures: an ecological
perspective. Trends Ecol. Evol. 2003;
18(5):257-62.

Sci

71.

72.

73.

74.

75.

76.

77.

Hoffmann AA, Chown SL, Clusella-Trullas
S. Upper thermal limits in terrestrial
ectotherms: How constrained are they?
Funct. Ecol. 2013;27(4):934-49.

Carter DO, Tibbett M. Microbial
decomposition of skeletal muscle tissue
(Ovis aries) in a sandy loam soil at
different temperatures. Soil Biol Biochem.
2006;38:1139-45.

Stokes KL, Forbes SL, Tibbett M. Does
freezing skeletal muscle tissue affect its
decomposition in soil? Forensic Sci Int.
2009;183:6-13.

Meyer J, Anderson B, Carter DO.
Seasonal variation of carcass
decomposition and gravesoil chemistry in
a cold (Dfa) climate. J. Forensic Sci. 2013;
58(5):1175-82..

Szelecz |, Koenig I, Seppey CV, Le Bayon
RC, Mitchell EA. Soil chemistry changes
beneath decomposing cadavers over a
one-year period. Forensic Sci Int. 2018;
286:155-65..

Wilson AS, Janaway RC, Holland AD,
Dodson HI, Baran E, Pollard AM, Tobin
DJ. Modelling the buried human body
environment in upland climes using three
contrasting field sites. Forensic Sci Int.
2007;169(1):6-18.

Pringle JK, Cassella JP, Jervis JR.
Preliminary soilwater conductivity analysis
to date clandestine burials of homicide
victims. Forensic Sci Int. 2010;198(1-
3):126-33.

© 2023 Adheke and Oghenemavwe; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/102866

56


http://creativecommons.org/licenses/by/4.0

